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SCIENTIFIC MANPOWER UTILIZATION, 1967

TUESDAY, JANUARY 24, 1967

U.S. SENATE,
SPECIAL SUBCOMMITTEE ON SCIENTIFIC MANPOWER

* UTILIZATION OF THE COMMITTEE ON
LABOR AND PUBLIC) WELFARE,

Washington D.C.
The special subcommittee met at 9 :30 a.m., pursuant to call, in room

4232, Senate Office Building, Senator Gaylord Nelson (chairman of
the special subcommittee) presiding.

Present: Senators Nelson (presiding), Javits, Dominick.
Committee staff members present: William Spring, special counsel

to the subcommittee.
Senator NELSON. The special subcommittee will be in order.
We have as witnesses this morning Congressman Bradford Morse of

Massachusetts; Karl Harr, Jr., president, Aerospace Industries Asso-
ciation of America; and Dr. E. R. Roberts, vice president, develop-
ment, Aero-Jet General Corp., El Monte, Calif.

On June 2 through June 10, and on July 2z, 1965, Senator Clark
and I conducted lien.:ings on the impact of Federal research and de-
velopment policies on scientific and technical manpower.

Out of those hearings rwe developed and drafted S. 2662, t bill to
mobilize and utilize the scientific and engineering manpower of the
Nation, to employ systems analysis and systems engineering to help
fully. employ the Nation's manpower resources to solve national
problems.

I conducted hearings on this bill in Los Angeles, Calif., on Novem-
ber 192 1965. On that occasion we heard from the four corporations
that did the studies for the State of California.

On May 17 and 18, 1966, we conducted further hearings here in
Washington and heard from the various Federal agencies.

On August 12, 1966, Senator Scott introduced a bill and on the
same day, I believe, Congressman Morse introduced a bill in the House.

I discussed this subject sometime last year with Con an Morse
and with Senator Dominick and suggested the idea trlifeirhaps we
could work out n hearing and a bipartisan bill that utilized this con-
cept. These hearings are a consequence of those discussions at that
time.

At this point in the record, without objection, I order the text of the

(The bills, S. 430 and S. 467, follow :)
1
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90TH CONGRESS
1sT Swim S. 430

IN THE SENATE OF THE UNITED STATES

JAMIIMIT 17 (legislative day tiANUAIRY 12), 1967

Mr. Nuscac (for himself, Mr. CLAIM, and Mr. Remnant) introaced the
following bill; which was read twice and referrei to Committee, on
Labor and Public Welfare

A BILL
To mobilize and utilize the scientific and engineering man-

power of the Nation to employ systems analysis and systems

engineering to help to fully employ the Nation's manpower

resources to solve national problems.

1 Be it enacted by the Senate and House of Bcpretenta-

tives of the United States of America in Congress assembled,

8 That this Act may be cited as the "Scientific Manpower

4 Utilization Act of 1967".

5 Sm. 2. It is the purpose of this Act to facilitate and

6 encourage the utilization of the scientific, engineering, and

7 technical resources of the Nation in meeting urgent problems

8 facing the Nation or localities within the Nation, by promot-

9 ing the application of systems analysis and systems engi-

II
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2

1 neering approaches to such problem The problems re-

2 ferred to in the preceding sentence include, but are not lim-

3 ited to, problems in the area of education, unemployment,

4 welfare, clime, juvenile delinquency, air pollution, housing,

5 transportation, and waste disposal.

6 SEC. 3. The Secretary of Labor (hereinafter referred

7 to as the "Secretary") shall carry out the purposes of this

8 Act by--
9 making appropriate grants to States, and

10 (2) by entering into appropriate arrangements

11 (whether through grants or contracts, or through other

12 agreements) with universities or other public or private

18 institutions or organizations,

14 for the purpose of causing the systems analysis and systems

15 engineering approaches to be applied to national or local

18 problems of types which the Secretary, by regulations, ilesig-

11 nates as being within the purview of this Act.

18 SEC. 4. (a) Any grant made under section 3 to a State

19 shall be used only for () purpose for which the grant was

20 made, and may be ut a by the State for such purpose di-

reetly, or through the State's entering into appropriate

22 arrangements for the carrying out of such purpose (whether

23 through grants olL contracts, or through other agreements)

24 with universities or other public or private institutions or

25 organizations.
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3

1 (b) No grant under this Act shall be made to a State

2 unless the Secretary inds that--

3 (1) the knowledge and experience expected to be

4 gained from the employment of such grant would have

5 substantial relevance to problems within the purview of

6 this Act which exist in other States;

7 (2) the State has presented a plan setting forth in

8 detail the purposes for and manner in which such grant

9 is to be used, together with the objectives expected to
10 be achieved from the use of such grant;

11 (3) the State has designated an officer or agency
12 of the State who has responsibility and authority for
13 the administration of the program in which such grant
14 is to be employed; and

15 (4) the State agrees fully to make available to the
16 Federal Government and to other States (and political
17, subdivisions thereof) data and information regarding the
18 employment of such grant and the findings and results
19 stemming therefrom.
20 (c) There shall not be granted to any State under this
21 Act amounts the aggregate of which exceed 20 per centum

22 of the aggregate of the amounts which have been appro-

priated to carry out this Act at the time amounts are granted
24 to such State hereunder.

25 (d) Two or more States may combine to apply for one
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1 or more grants jointly to carry out the purposes of the Act

2 with respect to one or more of the problems which they

3 have in common and which are within the purview of this

4 Act, and in any such case, the provisions of subsection (1))

5 shall be deemed to require the submission of a joint plan

6 for the utilization of the grant and the designation of one

7 or more officers or agencies having responsibility and au-

8 thority to carry out the joint plan. Each State participating

9 in such a joint plan shall be deemed, for purposes of subsec-

10 tion (e) , to have received an amount equal to the amount

11 produced by dividing the amount of the grant received to

12 carry out such plan by the number of States participating

13 in such plan.

14 SBa. 5, The Secretary, in awarding grants to States

15 and in entering into arrangements with universities or other

16 public or private institutions or organizations, shall follow

17 procedures established by him for the purpose of assuring

18 that the grants or other expenditures made to carry out the

19 purposes of this Act will be equitably distributed among the

20 various major geographic regions of the Nation.

21 SEO. 6. For the purpose of making the grants and

22 entering into the other arrangements provided under section

23 3 of this Act, there is hereby authorized to be appropriated,

24 without fiscal year limitation, not more than $125,000,000.
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Wra 00t4701tESS
Isr Szaarox S. 467

IN THE SENATE OF THE UNITED STATES

JANUARY 18 (legislative day, JANUARY 12)) 1967

Mr. SCOW (for himself, Mr. ALLOT') Mr. Daman, Mr. CABE, Mr. DOMINICK,
Mr. FANNIN) Mr. FOND, Mr. GRIFFIN, Mr. JAMS) Mr. JORDAN of Idaho,
Mr. Km lazt., Mr. Morrox, Mr. MURPHY, Mr. Noun-, and Mr. Town)
introduced the following bill; which was read twice and referred to the
Committee on Labor and Public Welfare

A BILL
To provide for a study with respect to the utilization of systems

analysis and management techniques in dealing with prob.
lems relating to unemployment, public welfare, education,
and similar problems.

1 Be it enacted by the Senate and House of Represent°

2- tives of the United States of America in Congress assembled,

3 CREATION OF COMMISSION

4 SECTION 1. In order to study and recommend the man-

5 ner in which modern systems analysis and management

6 techniques may be utilized to resolve problems relating to

7 unemployment, public welfare, education, and similar na-

tional and community problems in the nondefense sector,

II
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2

1 there is hereby established a National Commission on Public

2 Management (hereafter in this Act referred to as the "Com-

3 mission") , under the general supervision and direction of the

4 Secretary of Labor.

5 MEMBERSHIP OF THE COMMISSION

6 SRO. 2. The Commission shall be composed of a Chair-

7 man, a Vice Chairman, and eleven ottta members to be

8 appointed by the President, by and with the advice and con-

9 sent of the Senate. Members of the Commission shall be

10 individuals concerned with the subject matter to be studied

11 by the Commission, including individuals with experience

12 derived from Government, business, the labor movement, or

18 from teaching and research.

14 DUTIES OF THE CHAIRMAN AND VICE CHAIRMAN

15 SEG. 3. (a) The Chairman shall be responsible for call-

16 ing regular quarterly meetings of the Commission and other

17 special meetings as he deems necessary. The Chairman shall

18 determine the time, place, and agenda for each regular or

19 special meeting.

20 (b) The Vice Chairman shall act in the Chairman's

21 absence.

22 QUORUM

23 SEC. 4. Seven members of the Commission shall consti-

24 tuts a quorum.
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3

1 COMPENSATION OF MEMBERS. OF THE COMMISSION

2 Sm. 5. (a) Members of the Commission, other than

3 officers or employees of the Federal Governmen; shall re-

4 ceive compensation at the rate of $75 per diem while en-

5 gaged in the actual performance of duties vested in the

6 Commission, plus reimbursement for travel, subsistence, and

7 other necessary expenses incurred by them in the perform-

8 moo of such duties.

9 (b) Any members of the Commission who are officers

10 or employees of C e Federal tiovernment shall serve on the

11 Commission without compensation, but such members shall

12 be reimbursed for travel, subsistence, and other necessary

13 expenses incurred by them in the performance of duties

14 vested in the Commission.

15 STAN'

16 SEC. 6. (a) The Commission may appoint an Execu-

tive Director and such other personnel as it deems advisable.

18 The Executive Director shall be the chief staff member of the

19 Commission and shall be responsible to the Commission for

20 the direction of its staff. The annual compensation for the

21 Executive Director shall be $28,500.

22 (b) The Commission may procure temporary and in-

23 termittent services in accordance with section 3 109 of title
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5, United States Code, but at rates not to exceed $75 per

day.

EXPENSES OF THE COMMISSION

SEC. 7. There are hereby authorized to be appropriated

such sums as may be necessary, but not exceeding $500,000

in the aggregate, to carry out the provisions of this Act

during the initial year of Commission operation.

DUTIES OF THE COMMISSION

SEC. 8. The Commission shall concern itself with the

management of the public business and shall give attention

to the development, dissemination, and implementation of

modern management technology and analysis of the systems

interrelationships involved in public business problems.

The Commission, in the performance of its duties, shall:

(1) Develop information on the methodology of

the systems approach and its applications.

(2) Analyze the possible application to public( pro-

grams of such recognized management planning and

control techniques as operations analysis and research,

econometrics, mathematical programing and modeling,

simulation, project management, and the utilization of

automatii data processing devices and procedures for

program control and information systems.

(3) Determine and categorize the national and
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1 community problems to which the application of such

2 techniques offers the greatest promise of solution.

3 (4) Assess the proper relationshii? between gov-

4 enunental and private investment to obtain the most

5 effective application of the techniques involved.

6 (5) Make recommendations to the executive and

legislative branches of the Federal Government regard-

8 ing data requirements, management techniques, and

9 systems interrelationships in th formulation of

10

11 (6) Conduct studies into unemployment, public
12 welfare, education, and other specific problem areas and
13 make recommendations.

14 (7) Schedule seminars, symposia, and prepare pub-

15 lications to expand public knowledge of and stimulate

1,6 the use of modern management technology.

17 (8) Encourage the Nation's best talent in Govern-

18 ment, labor, university, and private enterprise to study

19 public management problems and to participate in the

20 improvement and extension of modern management

21 technologies and their application to public problems.

22 (9) Analyze alternative methods and make recom-

23 mendations of Federal, State, and local governmental
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1 support and encouragement of the application of modem.

2 management technology to public problems through the

3 use of various contracting procedures, grants, loans; cost

4 allowances, and tax incentives.

5 REPORTS

6 SEO. 9. (a) Within one year after the first meeting of

7 the Cornmissior it shall submit to the President and the

8 Congress a preliminary report on its activities with particular

9 emphasis on the plan for the study and investigation pro-

10 'died for in section 8 and any activities undertaken to carry

D. out such plan, including an estimated budget for the remain-

12 der of the life of the Commission.

13 (b) Within thirty months after such first meeting the

14 Commission shall submit to the President and the Congress

15 a final report on its study and investigation which shall in-

16 elude its recommendations and such proposals for legislation

17 and administrative action as may be necessary to carry out

18 its recommendations.

19 (o) In addition to the preliminary report and final report

20 required by this section, the Commission may publish such

21 interim reports as it may determine, including but not limited

22 to consultants' reports, transcripts et testimony, seminar

23 reports, and other Commission findings.

70-510 0-07-r--2
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7

1 POW= OF THE COMICt38ION

2 SEc. 10. (a) The Commission or, on the authorization

8 of the Commission, any subcommittee or member thereof,

4 may, for the purpose of carrying out the provisions of this
5 Act, hold such hearings and sit and act at such times and
6 places, administer such oaths, and require, by subpena or
7 otherwise, the attendance and testimony of such, witnesses

8 and the production of such books, records, correspondence,

9 memorandums, papers, and document' as the Commission
10 or such subcommittee or member may deem advisable. Sub-
11 may be issued under the signature of the Chairman of
:12 the Commission, of such subcommittee, or any duly desig-
n Dated member, and may be served by any person designated
14 by such Chairman or member. The provisions of section
16 102 to 104, inclusive, of the Revised Statutes (U.S.C., title
16 2, secs. 192-194) , shall apply in the ease of any failure of
17 any witness to comply with any subpena or to testify when

18 summoned under authority of this section.
19 (b) The Commission is atflorir.cd to secure directly
20 from any executive department, bureau, agency, board, com-
21 mission, office, independent establishment, or instrumentality
22 information, suggestions, estimates, and statistics for the
23 purpose of this Act; and each such department, bureau,
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1. agency, board, commission, office, establishment, or instru-

2 mentality is authorized and directed to furnish such informs

3 tion, suggestions, estimates, and statistics directly to the

4 Commission, upon request made by the Chairman.

5 (o) The Commission is authorized to hold seminars or

6 informal conferences as it deems appropriate to provide a

7 forum for discussion of the application of modem systems

8 analysis and management techniques to the solution of n&-

9 tional community problems.

TERMINATION

6ic. 11. On the sixtieth day after the date of its sub-

12 mission of its final report to the President, the Commission

13 shall terminate and all offices and employment therein Lail

14 expire.
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Senator NELSON. Our first witness this morning will be Congress-
man Bradford Mom.

STATEMENT OP RvR. P. BRADFORD MORSE, A REPRESENTATIVE
IN COMM FROM THE STATE OF MASSACHUSETTS

Mr. MORSE. Thank you, Mr. Chairman. I am indeed grateful to
you for permitting me to appear before your subcommittee this
morning.

I certainly want to commend you on the initiative which you have
taken in introducing S. 430 and in scheduling these important hear-
ings, which demonstrate your determination to find an effective solu-
tion to the intensifying national economic and social problems which
face us.

I think there is great merit in your approach to the utilization of
the scientific manpower which has been developed in our space and
defense programs, for the solution of some of our nondefense, non-
space public problems.

Therefore, I am particularly grateful for this opportunity to dis-
cuss the approach we have taken in the House and that some of our
colleagues in the Senate have taken to achieve the same goal, namely,
the application of modern management techniques to the effective
solution of these public problems.

Last August more than 40 of my Republican colleagues joined me
in introducing legislation to create a National Commission on Public
Management. Briefly, the Commission would be charged with the
mandate to determine the applicability of modern management tech-
niques, and to help develop specific recommendations and programs
for individual problem areas.

Senator NELSON. That is the bill that was introduced on this side
also and which is before this committee?

Mr. MORSE. It is slightly different. The bill which has been intro-
duced in the Senate this year, Mr. Chairman, has a few modifications
which I will dismiss later on. It is essentially the same concept.

Designed to be a working, rather than a figurehead commission, the
public management body would produce a report after 1 year on its
progress to date and its work plan for the remaining 18 months of its
life. There is a 21/2-year life cor.templated by the bill. Among its
specific tasks would be to assess the relative merits of various financing
techniques.

Senator Nmsow. Do you discuss the membership of that committee?
Mr. MORSE. I do in a moment, Mr. Chairman.
Rather than take the time of the committee, I would ask to submit

for your record a copy of my current bill, which was introduced in the
90th Congress, H.R. 20, and copies of the statements which I have
made on the floor of the House discussing the Commission proposal
in detail.

Senator Nnsox. Your bill and your remarks will be printed in full
in the record.

4
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(The bill aril remarks referred to follow :)
[H.R. 20, 90th Cong., lit *en.]

A BILL To establish a National Commission on Public Menegiunent, and for other purposes

Be It enacted by the Senate and 'rouse of Representatives of the Unite States
of America in, Congress' assembled,

CREATION OF COMMISSION

Szeziox 1. In order to study and recommend the manner in which modern sys-
tems analysis and management techniques may be utilized to resolve national
and community problems in the nondefense sector there Is hereby established
a National Commission on Public Management (hereafter in this Act referred
to as the "Commission").

MEMBERSHIP OF THE COMMISSION

Sze, 2. The Commission shall be composed of a Chairman, a Vice Chairman,
and eleven other members. The Chairman, Vice Chairman, and seven other
members are to be appointed by the President, by and with the advice and
consent of the Senate. The Commission shall include two Members of the Senate
to be appointed by the President of the ,Senate and two Members of the House
of Renresentatives to be appointed by the Speaker of the House of Representa-
tives, 'Atembers of the OODYMISSIOU shall be individuals concerned with the
subject matter to be studied by the Commission, including individuals with
expeAence derived from government, business, the labor movement, or from
teaching and research.

DUTIES or THE CHAIRMAN AND VICE CHAIRMAN

SEC, 3. (a) The Chairmen shall be responsible for calling regular quarteLly
meetings of the Commission and other special meetings as he deems necessary.
The Chairman shall determine the time, place, and agenda for each regular or
special meeting.

(b) The Vice Chairman shall act in the Chairman's absence.

QUORUM

Sze. 4. Seven members of the Commission constitute a quorum.

COMPENSATION OF MEMBERS OF THE COMMISSION

Ste. 5. (a) Members of the Commission, other than officers or employees
of the Federal Government, shall receive compensation at the rate of $100
der diem while engaged in the actual performance of duties vested in the Com-
mission, plus reimbursement for travel, subsistence, and other necessary ex-
penses incurred. by them in the performance of such duties.

(b) Any members of the Commission who are officers or employees of the
Federal Government shall serve on the Commission without compensation, but
such members 'shall be reimbursed for travel, subsistence, and other necessary
expenses incurred by them in the performance of duties vested in the Commission.

STAFF

Sze. 0. (a) The Commission may appoint an Executive Director and such
other personnel as it deems advisable. The Executive Director shall be the
chief staff member of the Commission and shall be responsible to the Commis-
sion for the direction of its staff. The annual compensation for the Executive
Director shall be $28,500.

(b) The Commission may °cure, without regard to the civil service laws or
the Classification Act of 1949, as amended, temporary and intermittent services
to the same extent as is authorized by section 15 of the Administrative Expenses
Act of 1946, but at rates not to exceed $75 per day.
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EXPENSES OF THE COMMISSION

SEC. 7. There are hereby authorized to be appropriated such sums as may
be necessary, but not exceeding .3:400,00(t in the aggregate, to carry out the
peovisions of this Act during the initial year of Commission operation.

DUTIES OF THE COMMISSION

SEC. 8. (a) The Commission shall concern itself with the management of the
public business and shall give attention to the development, dissemination, and
implementation of modern management technology and. the analysis of the sys-
tems interrelationships involved in public business problems. The Commi..7ion,
in the performance of its duties, shall:

(1) Develop information on the methodology of the systems approach
and its applications.

(2) Analyze the possible application to public programs of such recog-
nized management planning and control techniques as operations analysis
and research, econometrics, mathematical programing and modeling, simu-
lation, projects management, and the utilization of automatic data processing
devices and procedures for program control and information systems,

(8) Determine and categorize the national and community problems to
which the application of such techniques offers the greatest promise of
solution.

(4) Assess the proper relationship between governmental and private in-
vestment to obtain the most effective application of the techniques involved.

(5) Make recommendations to the executive and legislative branches of
the Federal Government regarding data requirements, management tech-
niques and systems interrelationships in the formulation of legislation.

(6) Conduct studies into specific problem areas and make recommen-
dations.

(7) Schedule seminars, symposia and prepare publications to expand
public knowledge of and stimulate the use of modern management technology.

(8) Encourage the Nation's best talent in government, labor, university
and private enterprise to study public management problems and to par-
ticipnte in the improvement and extension of modem management technol-
ogies and their application to public problems.

(9) Analyze alternative methods and make recommendations of Federal,
State, and local governmental support and encouragement of the appli-
cation of modern management technology to public problems through the
use of various contracting procedures, grants, loans, cost allowances, and
tax Incentives.

REPORTS

SEC. 0. (a) Within ew year after the first meeting of the Commission itshall submit to the President and the Congress a preliminary report on its
activities with particular emphasis on the plan for the study and investigation
provided for in section 8 and any activities undertaken to carry out such plan,
including an estimated budget for the remainder of the life of the Commission.

(b) Within thirty months after such 2.rst meeting the Commission shall submit
to the President and the Congress a fit.al report on its study and investigation
which shall include its recommendations and such proposals for legislation and
administrative action as may be necessary to carry out its recommendations.

(c) in addition to the preliminary report and final report required by this
section, the Commission may publish such interim reports as it may determine,
including but not limited to consultants' reports, transcripts of testimony,
seminar reports, and other Commission findings.

POWERS OF THE COMMISSION

SEC. 10. (a) The Commission or, on the authorization of the Commission,
any subcommittee or member thereof, may, for the purpose of carrying out theprovisions of this Act, hold such hearings and sit and act at such times andplaces, administer such oaths, and require, by subpena or otherwise, the
attendance and testimony of such witnesses and the production of such books,records, correspondence, memorandums, papers, and documents as the Commis-sion or such subcommittee or member may deem advisable. Subpena may be
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issued under the signature of the Chairman of the Commission, of such sub-
committee, or any duly designated member, and may be served by any person
designated by such Chairman or member. The provisions of sections 102 to
104, inclusive, of the Revised Statutes (2 U.S.C. 192-194), shall apply in the
case of any failure of any witness to comply with any subpena or to testify when
summoned under authority of this section.

(b) The Commission is 'authorized to secure directly from any executive
department, bureau, agency, board, commission, office, independent establish-
ment, or instrumentality information, suggestions, estimates, and statistics for
the purpose of this Act; and each such department, bureau, agency, board,
commission, office, establishment, or instrumentality is authorized and directed
to furnish such information, suggestions, estimates, and statistics directly to
the Commission, upon request made by the Chairman.

(e) The Commission is authorized to hold seminars or informal conferences
as it deems appropriate to provide a forum for discussion of the application of
modern systems analysis and management techniques to the solution of national
community problems.

TEMINATION

Szo. 11. On the sixtieth day after the date of its submission of its final report
to the President, the Commission shall terminate and all offices and employment
therein shall expire.

[From the Congressional Record, Aug. 25, 1966]

MANAGING THE PUBLIC BUSINESS

The Ser.,ars. Under previous order of the House the gentleman from Massa-
chusetts [Mr. Morse] is recognized for 30 minutes.

(Mr. Morse asked and was given permission to revise and extend his remarks
and to Include extraneous matter.)

Mr. Mown Mr. Speaker, today over 40 Members of the miniority of this House
have introduced legislation which would create, if enacted by the Congres.1 of the
United States, a Commission on Public Management.

Mr. Speaker, among the Members who filed this legislation are the following; :
F. Bradford Morse, of Massachusetts ; John B. Anderson, of Illinois ; Mark

Andrews, of North Dakota ; William H. Bates, of Massachusetts; Alphonzo
Bell, of California ; William S. Broomfield, of Michigan ; Clarence Brown, jr.,
of Ohio ; Howard H. Callaway, of Georgia ; Elford A. Cederberg, of Michigan ;
Don H. Clausen, of California ; James C. Cleveland, of New Hampshire.

William C. Cramer, of Flomida ; Glenn Cunningham, of Nebraska ; Thomas B.
Curtis, of Missiouri ; Edward J. Derwinski, of Illinois ; Robert Dole, of Kansas ;
John J. Duncan, of Tennessee ; Florence P. Dwyer, of New Jersey ; Robert F.
Ellsworth, of Kansas; John Erlenborn, of Illinois; Paul Findley, of Illinois ;
Peter B. B. Frelinghuysen, of New Jersey ; Seymour Halpern, of New York.

Frank J. Horton, of New York; Craig Homer, of California ; Theodore Kup-
ferman, of New Ycrk ; Odin 'Amgen, of Minnesota ; Robert McClory, of Illinois ;
Joseph M. McDade, of Pennsylvania ; Charles McC. Mathias, Jr., of Maryland ;
Chester L. Mize, of Kansas ; Charles A, Mosher, of Ohio ; Albert H. Quie, of
Minnesota ; Charlotte T. Reid, of Illinois.

Ogden R. Reid, of New York ; Reinecke, of California ; Howard W. Robison,
of New York; Donald Rumsfeld, of Illinois ; Herman T. Sehneebell, of Pennsyl-
vania ; Richard S. ,Schweiker, of Pennsylvania ; Garner E. Shriver, of Kansas ;

Henry P. Smith III, of New York ; J. William Stanton, of Ohio ; Bob Wilson, of
California ; and John W. Wydler, of New York.

Mr. Speaker, Congress has over the past decade enacted a host of creative
Programs designed to solve our public, social, and economic problems. We have
made important strides forward in education, health care, pollution, control and
urban development, tut the dimensions of our remaining problems are staggering :
10,000 of our Nation's communities will face serious problems of air pollution;
the demand for water consumption may exceed the available supply before the
end of this century ; there are 9 million substandard housing units In the United
States, most of them in urban areas ; traffic Jams cost the Nation over $5 billion
each year; and scientific and technical information is doubling every 15 years.

lit is elm that problems of this magnitude are not susceptible to the traditional
solutions. We must reach beyond our history for few ways to manage the public
business effectively and economically.



18 SCIENTIFIC MANPOWER UTILIZATION, 19 6 7

We have available to us already a wealth of knowledge and technology inprivate industry. We have seen how new techniques of management analysisthe so-called "systems approach"have streamlined our defense establishmentand brought the universe within man's reach. We must now determine whetherthese techniques can help clean our water, educate our children and improve thequality of life In our cities.
We are today introducing legislation to establish a National Commission onPublic Management.
This Commission would bring to bear on the management of public business thevery best minds in private industry, Government, labor, and education. Itsmandate is to answer two fundamental questions : How can new managementtechnology aid us in solving problems that lie in the nondefense sector? Whatis the best way to take advantage of the opportunities these new techniquesprovide?

THE SIGNIFICANCE of THE PROPOSAL

The technological revolution of our times has brought ith it the capacityto solve the most difficult problems which modern societ4 'aces. And it hasbrought this challenge: Can our political creativity keep pace with the relentlessmarch of science and with the mounting complexity of an increasingly urbansociety?
The Commission which we propose today represents merely the first step inan entirely new departure in American political thinking. We wish to see thefree enterprise system with its new capacities engaged in and responsible forthe solution of public problems. In one sense the concept is as re7olutionaryin political science as the technological explosion has been in physical science.In another sense, the concept is as old as free enterprise and America itself.Systems management techniques and tools have given to the private sector acapacity for problem solving that the government has not yet developed. It isimperative to recognize the opportunity that this technology in private handsaffords our society to solve gnawing and longterm social, problems without re-lying solely on government to provide the answers, the machinery, the manpowerand the money.
By engaging the private sector the government can employ the most moderntechnology available without expanding its own influence into the everyday livesof human beings.
We should not ignore the caution urged by those who see modern technologyonly as the precursor of a society of robots, where individual identity is sub-sumed in the mass production of everything from man's comforts to his per-sonality. We can avoid that world, the world of "1984," only if we make thenew technology our servant, and not allow it to be our master. The best as-surance that the progress of science will not mean the insignificance of man is torecognize the revolution in technology, to anticipate its growth, to assure adequatepersonal safeguards from its excesses, and to employ it for the betterment ofman. We must not merely be awed by science ; we must be inspired by It tosummon equal creativity in the political and economic fields.Through bailie systems management approaches, the increasingly serious endcomplex problems of water and air pollution can be brought under control.The new technology can test for pollution ; it can anticipate pollution ; it canprovide the techniques to prevent and correct pollution. Using the systems ap-proach society can measure today's needs against the supply for decades to comeand can provide the formulas for conservation which can allow the citizensof today to take advantage of their resources without impairing the life offuture generations.

The air and surface transportation problems of today are nothing com-pared to the probb e which can be predicted for tomorrow. Systems manage-ment techniques can be applied to the problems of urban transportation to per-mit the free flow of city workers to suburban homes. And only the use of sys-tems management techniques and equipment can resolve the incredibly compli-cated problems of air safety and air traffic simultaneously. Our systems arebarely adequate today, and it takes no prophet to know that the growth of airtravel will continue on its sudden expansion.
Increasingly, the problems of urban housing, urban renewal, and urban de-velopment will be appreciated, as they should be, as continuing concerns of anindustrial society. The application of systems technology and of the equipment
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upon which it depends can improve the efficient design of housing, can sim-
plify the planning of housing pfitterns, provide for more efficient and rapid ad-
ministration of housing dAvelopn ent programs, develop testing systems to as-
sure the maintenance of safe standards, and promise a life of greater ease and
comfort in the home of every American.

In education, In health services, in law enforcementand equally important in
rehabilitationin the distribution of public welfarein all these areas and
more, the United States has within its grasp a completely new set of tools. We
must proceed carefully ; we must proceed with order. But we must proceed. That
is the reason why we propose this Commissionto survey the tools at hand and
to consider their application to the problems which confront our society.

Three facts have led to this initiative. First, the domestic problems of our ur-
ban society are growing more awesome and complicated everyday, and too many
assume that only government can solve them. Second, there exists a technology
for problem solving and administration which seems uniquely suited for appli-
cation to these public problems. Third, that systems management technology is
in the hands of TJ.S. industry, which in a fortuitous alliance with Government can
solve the problems within a framework of free enterprise. There is a need for
political creativity now ; and thus a need for the Commission we propose.

NEED FOR A NATIONAL COMMISSION

The tasks of management in both public and private enterprise have become
more difficult and complex due to the ver., nature of the problems inherent in
a dynamic and growing society such as ours and advances in science and tech-
nology. The problems of managing even the largeut Federal programs of a gener-
ation ago were small compared to those of today. All levels of governmentFed-
eral, State, and localare finding it increasingly difficult to solve their com-
plex management problems on a piecemeal basis, to a large extent because they
lack the management techniques and skills that have been applied so success-
fully in private industry.

Although there are studies in progress dealing with the use of systems analysis
in several specific nondefense areas, the questions of where the systems approach
is most applicable and how it best can be applied are still largely unanswered. It
is our belief that these crucial questions require the attention of a Commission,
appointed by the President and the Congress, to include the best minds in the
field of modern management technology. This Commission can complete a com-
prehensive study and investigation, taking utmost advantage of the assistance of
such testimony and consultation from recognized experts in the field as can be
obtained during its active life of 30 months.

Some of our distinguished colleagues have recently introduced legislatioyi
which would authorize the expenditure of public funds, either directly by execu-
tive departments or through grants to the States, for contracts with universi-
ties or other public or private institutions or organizations which would attemp to
apply the systems analysis approach to public problems. We fully support our
colleagues on the basic issue of stimulating governmental support for such en-
deavors, but we also believe that a national commission is required first to
provide the overall analysis and informed recommendations needed by all go -
ernmental authorities who may have reason to use the systems approach in the
future.

Initially this Commission must define the problems involved. Then it must de-
termine the applicability of the many systems analysis and management tech-
niques as they relate to a myriad of problems ranging from those relatively sim-
ple and local in nature to extremely complex national issues. Finally, it must
recommend optimum means for developing government-private enterprise coop-
eration to encourage and support the techniques found to be applicable. Unless
these crucial points are investigated thoroughly, we will not be able to provide
guidelines for the many future applications of the systems approach, and in-
stead we will be limited to trial and error procedures. We require a "conceptual
definition" phaseto borrow from Department of Defense terminologybefore
we can move full speed into the implementation phase. This, in fact, is merely
using good systems analysis procedure.

Technology will continue to expand, and the Commission should anticipate
its growth. The Commission should become a repository of information on how
the management techniques presently available have been applied, provide in-
formation and guidance to business and government through seminars, confer-
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ences, and appropriate publications and encourage the best talent in. government,business, and the universities to study public management problems. It shouldconsider how existing and new techniques can he fed into the legislative andadministrative processes on a continuing basis. It should address itself to thequestion of how to insure that new legislative programs provide for data thatwill make systems management possible and take into account the necessary in-terrelationships between programs and agencies.

NSW MANAGEMENT TOOLS

What are these new management tools? Although there is no completelyaccepted name or definition covering the whole area of new management tech-nology, it is generally referred to as the "systems approach". The concept hasbeen developed primarily by the Department of Defense, the National Aeronau-tics and Space Administration and the aerospace industry for the developmentand production of major weapon and space systems. Although the term"system" is by no means a new one, the high degree of expertise in this area nowavailable within a sizable segment of U.S. industry and the Federal defense andspace agencies has only recently come of age.
The systems approach is a way of thinking about the job of management. Itprovides a means for arriving at the host solution to a complex problem or com-bination of problems by means of a logical process of identification and control

of all their interrelated segments. The genius of the systems approach is itsability to bring order out of tremendous numbers of diverse and interacting
elements and factorsorder that not only stabilires but creates the conditionsfor progress as well.

The approach has two main features. First, the problem or problem& to he
solved are rigorously defined, la terms of performance objectives rather than interms of product specifications or partiotasr technologies. Thus instead of speci-fying the types of garbage disposal, sewage, or antipollution devices required toprovide an integrated waste management system in a community, the system
objectives would be defined in terms such as the desired purity of the water sup-ply, the percent allowable impurities in the air, and the convenience desired bythe housewife in the disposal of solid wasteall tied to a realistic cost rnd timeschedule.

The second feature of the systems approach is its emphasis on the interrelationswithin a system. Rather than dividing a problem into manageable su,bproblems
and solving each Independently, the systems approach enables the managers todevelop and implement a plan capable of achieving the entire objective. It pro-vides for comprehensive planning, traces out Lle effect of any set of choices and
decisions upon all other relevant decisions, and then arrives at the solution tothe total problem. Thus the problem of water resources for any given area in-volves water sources, land use, urban development, waste disposal, and recrea-tional facilities. Since each factor is so closely linked with the others, the prob-lem must be looked at as a whole.

Systems analysis has been described as "a technology which applies the scien-
tific method to the allocation of limited resources among a variety of competing
demands. The goals of the system are definedthe train must arrive on time ;the constraints and conditions are statedcost or time limits. Systems analyelsattempts to arrive at the optimum satisfaction of the goals within the statedcondition."

The application of the systems approach and its related analytical tools to thesolution of a large variety of national and local problems in the nondefense sector
holds great promise for the future. The possibilities have already been recognizedby a number of commentators.

The National Commission on Technology, Automation, and Economic Prog-
ress, in its February 1966 report, pointed out that :

"There is a strong need for the development of systems analysis capabilities inindividual branches of the Government and in Congress. Beyond this, there is
the broader question of how these different intellectual resources, which are beingemployed primarily to deal with the programs of the agencis, can he coordinated
and used for the analysis of the various social problems that confront us."

In addition to specific recommendations for the application of new technologies
and management techniques in such areas as health care, transportation, control
of air and water pollution, and housing, the Commission pointed out the need toimprove the decision-making process which determines the priority of various
proposals. The Commission said :

FI
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"Such decisions are often made piecemeal with no relation to each other
vested interests are often able to obtain unjust shares, andfew mechanisms
are available which allow :us to see the tamp of alternatives and thus enable us
to choose with a comprehension of the consequences of our choices."

CURRENT EXAMPLES

Examples a attempts to apply these modern management principles to State
and local affairs already exist.

The so-called "California studies" make up one such set of examples. In
November 1904, the State of California announced its plan for the application
of systems engineering techniques to four important public problems.

This plan was predicated on three primary considerations. First, national
consideration was being given to the possibility of reamed Federal spending in
defense. Second, California had a particularly large investment in the defense,
aerospace, and electronic industries, and was therefore particularly vulnerN to
a cutOack. These industries also provided the State with experienced F Ott.
boners in systems technology. Third, the State had a continuing come)
a number of problems: air and water pollution, crime. population grog: a
planning, welfare, education, and so on.

Preliminary discussions between the Governor's office and industry
indicated that there was considerable enthusiasm for initiating studies to
mine the feasibility of applying "systems engineering" and "systems anal.) iF'
to socioeconomic problems. As the likelihood of reduced defense spendim ,1?
minished, the focus of these discussions changed somewhat from "How can
we help 'the distressed aerospace industry?" to "How can we make a new and
broader use of available skills?"

Following a round of competitive bidding in which each bidder outlined the
approach he would take and the resources he would apply to the study, the
State of Californa, awarded four $100,000 study contracts to aerospace firma.
The areas selected for study were transportaton, waste management, crime, and
information control.

The State of California is currently evaluating, with the assistance of the
Ford Foundation. and others, the results of these four studies. Preliminary
evaluation indicates that it is feasible to apply the systems capability of the
aerospace industry to socio-economic problems and produce meaningful and
valuable results. In fact, California is no enthusiastic over their success that
additional studies are being initiated to utilize the systems approach in analyz-
ing land use in Santa Clara County and statewide social welfare programs.
The State antcipates conducting follow-on studies on a solid waste subsystem
of an integrated waste management system, a statewide crime information
system, and a federated statewide information system tieing together all State
and local agencies.

One can cite many other examples of systems analysis applied by forward-
thinking governments. The city of New York, under the dynamic leadership of
John Lindsay, is moving toward a near real-time information system which will
die all of the city's departments and agencies into an integrated computer-based
system. This system will provide data in usable form for the policymakers as
well as for those at the operating level.

New York State is currently developing a computer-based identification and
intelligence system for law enforcement, the first of its kind in the world. The
system will provide unified information to all State and local agencies which
deal with the administration of criminal justice. The agencies will have ace( 'is
only to that portion of the information which falls within their respective lewd,
right-to-know restrictions. The scope of the system is broad:

"In support of the normal daily operation of (state and local) participating
agencies, the fully implemented system will provide rapid access to summary
crindual history, as well as detailed criminal, social, and modus operand! data
on each subject; will rapidly transmit graphic data, such as photographs and
fingerprints, fraudulen+. checks, warrant-and-wanted notices, stolen motor vehi-
cles, stolen property, la andry marks, stocks and auto registration forgeries ; and
will provide direct scanning and computer-based searching of all fingerprints on
file, tee arrest and disposition reports, and inteilgence information."

Even in the international field the systems approach is finding adherents.
The Greek Government announced last March that it is negotiable a multimil-
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lion dollar contract with a large diversified American industrial concern for re-
gional economic development on the island of Crete and western Peloponnesus.
The U.S. firm, applying the system approach and developing proposals for re-
view and approval by the Greek Government, will provide the management
capability. In 10 years its hoped that both regions will be industrialized and
transformed into tourist attractions.

These illustrations only scratch the surface of the many large system projects
we can anticipate. We can reasonably predict that many other public problems,
as yet unheard of, will demand solution. As Mr. Karl G. Harr, Jr., president of
the Aerospace Industries Association, has stated, "only if this otuation is fully
grasped, only if the experience in coping with such problems which are already
at hand is analyzed and applied, and only if the total potential for addressing
these problems is positively exploited, will future managers both in government
and out have the tools with which to marry technological advances with. a society
of free men and free institutions."

We need to focus attention on these challenging ideas at the highest levels of
government. The examples cited indicate that the systems approach can beused. However, we need to take a longer, more comprehensive, look at the
total opportunty for applyng the resources we have available to us. The pro-
posed Commission can provide this necessary perspective.

VIE JOB OF TIIS COMMISSION

What specific types of questions could such a Commission be expected to study
and investigate?

One question would involve the definition and categorization of those social
and economic. problems in the nondefense sector to whch the application of the
systems approach appears to hold promise. Some of these are obvious, particu-
larly at the national level, but others such as local community problems are
more obscure and require thoughtful analysis.

The California studies provide a representative listing of the most crucial of
the current problems facing a large State. But other States and local communi-
ties will have different needs which can also be approached from a total systems
standpoint. At the national level, the problems of relating sometimes conflict-
ing State and local problems into an integrated regional or national system re-
quire a thorough analysis.

The distinctions between the use of systems techniques for planning, organiz-
ing, and controlling public programs also deserve considerable attention by the
Commission. Planning procedures and tools such as the Planning, Programing
and Budgeting System (PPBS), cost-benefit analysis, mathematical modeling
and simulation, operations analysis, and others need to be studied in the con-text of the real life environment of Federal, State, and local government plan-
ning operations to determine how they can best be utilized.

The planning, programing, and budgeting systemPPBSis an adaptation
of a management tool originally used by the Department of Defense to developa clearer relationship between the planning operations of the various defensesectors and the annual budgeting operations of the Department. PPBS is cur-rently being installed throughout the executive branch of the Federal Govern-
ment and is also being studied by several State and city governments. It seemscertain that the general principles of PPBS will be applicable and perhaps man-datory for most future public programs.

Cost-benefit analysis, or cost-effectiveness evaluation, is another management
planning tool developed by the Department of Defense. It provides a frame-work of analysis enabling us to select between competing programs based onthe benefits versus the coot of several alternative approaches. In the defense
area, benefits or effectiveness can be defined in terms of kill probability or pay-loed or other such quantitative measures. In the nondefense sector, the defini-tion of effectiveness becomes extremely complicated by human factors and po-litical consideration.

The use of mathematical modeling and simulation is widely used in manage-ment training programs to illustrate the effects of specific decisions in particularbusiness situations. Many other variations of modeling are in use, all with theobjective of eliminating the need for costly trial and error in the real world.But they all have certain limitations which need to be analyzed in conjunctionwith their proposed application.

4
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These planning tools can be effective in streamlining the decision-making
processes involved in any type of public program. The decisions, of course,
remain the responsibility of the authorized officials, but the facts required to
arrive at these decisions can be made more readily available and useful.

Other types of management techniques developed recently are concerned with
the control of complex programs during their implementation. These manage-
ment tools are identified by such acronyms as PI4)RT, PERT/Cost, PAR, and
many others. Basically they can be described as near real-time computer-based
information systems, such as those being developed in New York State, which
provide the feedback information on program activities that is necessary to
quickly isolate problem areas for prompt management action. These techniques
have been proven in some of our largest weapon system developments such as
the Polaris and Minuteman ballistic missile systems. They now need to be
studied as they relate to public programs in the nondefense area, where success
involves a large human and social element rather than the hardware-oriented
output of the defense and space fields.

THE ROLE OF GOVERNMENT

Overriding all of this is the question of an optimum organizationboth at the
public and private levelto accomplish effective system planning and imple-
mentation. This question of organization leads logically to a Commission review
of the appropriate relationships between and among several overlapping systems
and the demands thus placed on Intergovernmental coadinetton at the Federal,
State, and local levels.

Should there be a program manager responsible for all activities in a given
problem area and organizationally located in one level L the several State and
local jurisdictions which may be involved? Or shoul'1 the responsibilities be
divided among several jurisdictional authorities? In either case, should an in-
dustrial prime systems contractor be hired on a turnkey basis? Or should the
systems management responsibility reside within the Government, with major
pieces of the job given to several wow/date contractors? These and many other
questions need studying to determine the best of the multitude of systems man-
agement techniques for use in any given situation.

The geographic boundaries and historic charters that once created obvious
adminberative divisions are no longer of central importance. For example, the
problem of pollution in the Merrimac River is one involving at least two States
and several local communities. They must find new means for working together
to solve this problem, irrespettive of jurisdictional lines.

Functional interests have already been the foundation for hundreds of new
governmental units: agencies and boards to run airports and ports, to adminis-
ter reservoirs, to build highways and to educate children. The resident of Bos-
ton is governed not only by the city government, but by the Massachusetts Port
Authority, the Metropolitan District Commission, the Massachusetts Bay Trans-
portation Authority, and a plethora of other boards and commissions. An aware-
ness of these revolutions in jurisdictional authority must be included in any
thorough analysis of government's partnership in public programs.

We are all aware of the problems which can arise when two programs or two
levels of government, in pursuit of separate but somewhat overlapping objec-
tives, proceed with tunnel vision toward their respective goals. This situation
arises on the national level as well as on the local leve. The need for intersystem
management to coordinate such efforts is apparent, but the optimum methods
for accomplishing it need to be determined.

One source which can be tapped to assist in this endeavor is the wealth of ex-
perience in the systems approach residing within those Federal research and
development agencies involved in the Nation's defense and space effort. There
is a need to determine how the other Federal administrative agencies and State
and local governments can best expdse their own personnel to this experience
by cross-training programs with the Department of Defense and the National
Aeronautics and Space Administration. There are attempts now being made to
accomplish some of this interagency transfer of system's experience. For ex-
ample, the Institute for Defense Analysis and tb.e Department of Defense have
developed the defense systems analy'sis education program. Officer and civilian
Personnel from the Department of Defense, the Department of State, and the
CIA are receiving trailing by IDA and University of Maryland personnel in an
effort to fill the need to" decisionmarkers skilled in systems management tech-
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niques, The 'stimulus of a national COMMIS/31011 investigating the opportunities
gnd procedures for transfer would be most welcome in encouraging and advancingthis trend for nondefense agencies.

00VZRNMENT-INDUSTRY szrATILONerlies

Another area for Commission study would most certainly involve an appraisalof the proper relationships between the various levels of government and theprivate sector. The question of the proper balance between public and privateinvestment must receive careful analysis. The level of governmental activity
will vary with each class of problems and it is doubtful that the approach that
satisfies one class will be useful in another. The Commission would be expectedto recommend the best means for stimulating private investment wherever pos-sible. Conversely, where direct Government investment is necessary, the Com-mission would provide 'suggested guidelines for the proper balance between
Federal and local funds.

As we proceed past the initial phases in the application of the systems ap-
proach to public problems, it will become more important to use the best possible
techniques for supporting private industry. The possibilities include several
types of modern contracting methods, such as incentives and award fees; and
various other financial transactions to stimulate private 7ffort, such as loans,
tdx incentives, and cost allowance's. Also needed Is an analysis of which level
of government is best qualified to handle the end funding and with what control
from other authorities. It is likely that different procedures will be suited todifferent situations. It is quite possible that the Commisolon's effortn can lead to
better methods than have yet been devised for solving the procurement problem.

INDUST/MU, SYSTEMS CAPAB/LITY

Along with study of the applicability of the systems approach and. the Gov-
ernment relationship to systems, management, the Commission can investigate
the requirements which will be placed on private industry--both in aerospace
and nonsterottpaee companies. It is highly probable that even those aerospace
companies with the most experience with the systems approach will find that theapplication of this approach to new kinds of public problems is different from
their past experience. The California studies have shown that the systems
approach is feasible, but that its application requires a certain amount of ex-
perimentation to determine the best way to proceed. In other words, the systemsapproach cannot be transferred directly from the aerospace environment to
socioeconomic concerns without some modification and a learning process by all
those involved.

In fact, the review of these studies by the California Department of Finance
points out many problems which require further study. Systems analysts from
the aerospace industry are used to working for large, rich, monolithic organiza-
tions. State or local agencies, and even the Federal agencies concerned with
socioeconomic problems, must operate with limited budgets which cannot readilybe expanded beyond estimates. Changes in legal authority and in budgets
and procurement regulations may be required.

In the aerospace context, the value of a :system is usually well defined in terms
of capability versus dollars. But in government these values may be less clear.The value of murder prevention or a 50-percent reduction in air pollution is difil-
eult to define quantitatively.

The California evaluations also noted weaknesses in certain broad areascommon to each study, There was a feeling that conclusions were perhapstoo positive for the brief nature of the studies and the size of the problems.
There was a feeling that some of the ideas presented were imaginative and
appealing and very probably workable, but not totally and adequately proven.
In some cases, the cost factors for implementing the presented recommendationswere considered inadequate. There was concern that many of the legal andpolitical problem in implementing the recommendations had been slighted.
It was found that the establishment of criteria for the evaluation of any activity
was extremely difficult and frequently highly arbitrary. Similarly, the analysisof methods of evaluation against theso criteria was often inadequate. A poten-tially serious problem is that of communication between the systems orientedscientists and the specialists in the substantive areas. It was found that
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scientists and engineers whose background is in military culture and hard
sciences often find it difficult to eommnnicate with those steeped in social, eco-
itomic, political, and behavioral fieienceb.

These points are mentioned not to degrade in any way the notable success of
the California studies and the excellent jobs done by the aerospace companies
involved. They do emphasize, however, the need to iron out some of the natural
problems of transition from one frame of reference to another.

ROLE OE WALL BUSINESS

An important area for investigation is the role of small business in the solu-
tion of public problems. It is clear that the industrial teams required for imple-
mentation of these socioeconomic systems will not be made up entirely from big
industry. The unique talents of small business will be required as much here
as they have been in the development and deployment of weapon and space
systems. Yet to be determined, however, are the specific contributions which
small business can make, aril even more importantly, how they can best be
brought into the scheme of things.

An excellent example of one of the approaches which has already been
taken in this area is a recent executive seminar entitled "The Management of
Growth and Technological Change," conducted by Northeastern University and
Harbridge House and sponsored jointly by the Small Business Administration,
the Department of Defense, and the U.S. Arms Control and Disarmament Agency.
This seminar provided a forum for 30 corporate executives, representing small
technically based firms in the Roston area, to explore, by means of case studies,
the experiences of firms which had responded successfully to drastic changes in
their product markets, The seminar also highlighted the management tech-
niques involved in analyzing corporate capabilities, market prospects, and the
development and em. cution of a strategic plan for growth. Even more im-
portantly, it served to stimulate ti e collection and analysis of data by the
participating firms and the development of a plan for individual company
growth. The program was so successful that Northeastern University is now
undertaking additional ease studies for use in future seminars.

'The Commission could undertake an expansion of this seminar concept in
cooperation with universities throughout ate country. Its findings can provide
an important service to the email business segment of our economy as it strives
to keep pace with rapidly moving technology:

In addition, these findings can be expected to speed the adoption of modern
systems analysis and management techniques by smaller companies in non-
aerospace industries, so that they too will be capable of attacking public prob-
lems using the systems approach. We would expect the final Commission report
to be a highly educational monograph which can be used by these companies
and, in the field.

LABOR PARTICIPATION

We consider It most important that organized labor play a significant role
in the activities of the Commission. There will be many questions to answer
concerning the requirement for retraining and relocation of the labor force
in response to the application of new technology and modern management in
public programs. Other groups, such as the National Commission on Tech-
nology, Automation, and Economic Progress, have studied this area, but more
effort is required. We must Insure that the high productivity and capability of
this Nation's labor force is utilized as efficiently as possible in any of our plan-
ning for the future. For in the end, no matter how good. our scientific and man-
agement tools may be, it is the worker who digs the holes, lays the bricks, and
connects the wires which give any project its final form.

USING 'UNIVERSITY RESOURCES

The university community can also participate in and contribute to this
endeavor in several important ways. A number of colleges and universities
are already offering courses and degree programs in operations research, and
business and engineering administration programs reflect the emphasis on new
management techniques. The number of data processing complexes in the uni-
versities has nearly doubled in the past 8 years. In fact, the requests of the
86 colleges and universities seeking assistance under the National Science
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Foundation computing facilities program totaled $14,604,810 for fiscal year
1966. The effectiveness of these programs should certainly be a subject forcareful study by the Commission.

In addition, there is an obligation to utilize the intellectual resources of theuniversity in both an objective determination of the problems suitable for in-vestigation and in the applicability of the various management techniques tothese problems. This will provide the universities with an important opportunity
to gain intimate knowledge of the real problems confronting; the managers of
public programs. This knowledge will enable the universities to prepare futuregenerations of managers through revision of current curricula and addition of
new courses. One educator has called for the development of "highly qualified
generalistsmen able to correlate knowledge in different fields in a meaningful
and predictable way. Furthermore, there is a logical argument that engineering
is now taught backwards," producing specialists in various technical disciplines
instead of graduates with "broad systems understanding" which puts business,
engineering, economic, social, and other problems in perspective.

To counteract this tendency, the Commission could study the feasibility ofGovernment cooperation in establishing or encouraging the formation of inter-
disciplinary groups within the university which would combine the study of allaspects of current and future public sector problems.

COMMISSION OPERATION

With these and many more questions and issues to study and investigate, theCommission should have a busy and fruitful existence. The Commission wouldconduct a full schedule of hearings, receiving testimony from the recognized ex-perts in the systems field representing all segments of our society. It could drawon the advice of consultants as required, and could contract directly with pri-vate organizations to conduct more detailed studies of certain specific subjects, ifthis were deemed necessary. In addition, it would be appropriate for the Com-mission to sponsor one or more seminars in order to stimulate informal discus-sion and help to generate additional support from both public and private lead-ers. The seminars could be held on a geographic or functional basis.At the end of the first year, or definition phase, the Commission will have com-pleted its preliminary analysis of the subject and prepared an interim report forsubmission to the President and Congress, This report will include a precisedescription of the problems to which the Commission is addressing itself, a pre-liminary analysis of the applicability of various systems analysis and managementtechniques to these problems, and a detailed plan for a continuing study leadingup to the final report to be submitted 18 months later.
This final report will contain explicit plans, including completed case examples,for applying particular systems analysis and management procedures to vecificpublic problems. These plans would contain estimates of cost, staffing require-ments, schedule, skills required, and other hard data for each application, so thatany government agency at the Federal, State, or local level would have readyaccess to usable guidelines. In addition, the Commission's final report would beexpected to contain recommendations for legislation, Federal executive action,and State and local governmental action in order to better facilitate the applica-tion of modem technology and systems analysis to the solution of current andfuture public problems.
We have attempted to describe some of the benefits and accomplishments whichcan be foreseen from the initiation of an effort at the national level to analyzein depth the application of these systems techniques to our many national andcommunity problems. We are sure that none of us can forecast the full measureof worth to this Nation which such an endeavor may ultimately provide. Weare equally certain that the use of modern technology coupled with the ap-plication of modern management techniques may provide solutions to many of theproblems which now appear insoluble. It is up to us in the Congress to insurethat these steps are taken in a timely fashion.

(From the Congressional Record, Jan. 10, 1967]
NATIONAL COMMISSION ON PUBLIC MANAGEMENT

Mr. Mourn of Massachusetts. Mr. Speaker, last August more than 40 Republi-can Members of the House introduced legislation to create a National Commis-sion on Public Management with the mandate of determining whether the
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management techniques of systems analysis, developed so successfully in our
space and defense programs, could be applied to the solution of nondefense public
problems such as transportation, pollution control, health services, and others.
Since that time we have received considerable expressions of interest and supportfor the legislation and for the concept of using our most modern management
tools to improve the quality of American life.

On November 4 the board of directors of the U.S. Ch4ntber of Commerce gaveits endorsement to the measure and we have been most heartened by the expres-
sions of interest from the business community.

There is also increasing evidence at all levels of government that the old ap-proaches are no longer sufficient. In our initial statement we commented at
length on the California research contracts, and we have also been made awareof the efforts in New York State, New York City, and other areas to use these
new tools to improve governmental efficiency and effectiveness. Vice President
Humphrey, speaking on November 10, said :

"We have seen, too, what government research and development contracts
given to the university and to private corporations have produced in overcoming
scientific and technological obstacles in the remarkably short time.

"The same partnership concept, the same systems approach ; the same invest-
ment in research and development, applied to other public needs may prove to be
the way in which our rich nation may finally be able to overcome economic and
social problems which have been generations in the making."

Senator NELSO' of Wisconsin has also introduced legislation that would ap-proach the application of modern management to the public sector. In short,Mr. Speaker, there is growing agreement that rational management will be re-quired if we are to allocate our resources wisely and develop comprehensive
approaches to our mammoth public problems. Right here in the Congress we
made a start in this direction last year in passing the Demonstration Cities and
Clean Rivers Restoration Acts, each designed to encourage a comprehensive
program to revitalize our cities and clean up our rivers and streams.

I am very hopeful that we can focus attention on these new tools at our disposal
in the 90th Congress and am reintroducing the bill along with 40 of my colleagues.
Early hearings on the measure would help to educate the Congress and the public
on the possibilities for a completely new attack on our national problems, on the
dimensions for participation that these tools open up for the private sector, and
on the experience of States and cities in app"Aying these techniques.

Mr. MORSE. I would also like to submit for the record and call to
your attention, Mr. Chairman, an editorial which appeared in the
'Washington Star on January 16 endorsing the approach which I have
discussed.

Senator NELSON. That will be printed in the record also.
(The editorial referred to follows :)

(From the Washington (D.C.) Evening Star, Jan. 16, 1967]

WANTED: SPACE-AGE GOVERNMENT

Amid the uproar as the 90th Congress opened for business was a little-noticed
bill introduced by Representative F. Bradford Morse of Massachusetts. We will
hear of thi8 measure again. For it not only has the backing of 40 other Repre-
sentative4 and 10 Senators, but It proposes a remarkable idea : Applying private
management techniques of the space age to our creaking government machinery.

The bill would create a National Commission on Public Management. Mem-
bers, appointed by the President, would study and recommend ways in which
sophisticated tools of industry, such as computers and systems analysis would
be used to solve public problems.

There already is precedent for such action at the state level. New York State,
for example, is developing a computer-based intelligence system for law enforce-
ment. California, aided by the Ford Foundation, has farmed out contracts to
aerospace firms to study hew the state can best solve problems in transportation,
waste disposal, crime and information control.

The point of all this is that while the problems of urban life have been mount-
ing and increasingly thrust upon the federal government, the techniques of

76-510 0-67---3



28 SCIENTIFIC MANPOWER UTILIZATION, 1967

dealing with them have not. Welfare, for example, is a maze of federal, state and
local jurisdictions. Flood control is supposedly the domain of the Corps of
Engineers, yet what happens 200 miles upstream in forest cutting and planting
has a direct effect on floodsand comes under the purview of other government
agencies.

Mr. Mor,se and his colleagues are to be commended for stepping back and view-
ing the problem in a new perspective. Congress should open hearings soon on this
broad-gauge proposal. The richest, most powerful nation in the world should
make sure it is availing itself of the best management tools available.

Mr. MORSE. With respect to the difference between the two bills,
there are minor differences between the bill originally introduced in
August in the House and in the Senate, and the bill which has been
introduced this year by Members of the 'U.S. Senate.

Section 1 of the bill which has been introduced by Senators Scott,
Dominick, and others in the 90th Congress makes specific reference
to unemployment and education in section 1.

In section 2 of the bill, which deals with the membership of the
Commission, the Commission would be composed of a Chairman, a
Vice Chairman and 11 other members. In the original bill and in the
present House bill, section 2 specifically requires congressional Mem-
bers, two Members appointed by the President of the Senate and two
Members by the Speaker of the House of Representatives.

The bill which has been introduced by Senator Dominick, Senator
Scott, and others in the Senate this year does not have the requirement
for congressional Members. I would like to point out that in the event
your committee does conclude that some combination of the Nelson
approach and the approach we have offered previously is feasible ar. 1
the Commission might be in order, I would urge that congressional
Members be included in whatever recommendation the committee
maios.

Section 5 of the present Scott-Dominick bill differs from the original
bill in the compensation for members of the Commission, which was
originally $100 a clay. According to the current Senate bill, it is $75
a day.

Section 8, subsection (a) (.6). of the bill identifies specific problems
and includes in the new version unemployment, public welfare, educa-
tion, and other specific problem areas. The new Senate bill in section
7 provides for the authorization of a half million dollars maximum for
the first year. The House bill provides for an authorization of only
$200,000. I think the Senate figure is far more realistic.

I do not see any basic inconsistency between the National Commis-
sion approach which I have recommended and the Scientific Man-
power Utilization Act which the chairman has proposed. I think
clearly the goals are the same, but. I would warn against confining
ourselves to a grant-in-aid approach at this time.

Senator NELSON. I didn't hear what you said.
Mr. MORSE. I think the two bills are compatible. There isn't any

basic inconsistency. But I do have some doubt as to whether we should
confine ourselves to a grant-in-aid approach, which seems to be the
principal purpose of S. 430.

Since the initial introduction of the Commission bill, which is
H.R. 20, a number of projects already underway by States and others
have been brought to my attention. We are all familiar with the
California projects, which involved State contracts. I am also aware

4
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of other studies which have been initiated by pill/ate industry and then
brought to the attention of Government agencies, of consortia of sys-
tems and nonsystems firms combining to develop a systems approach
to a specific problem, and of systems models developed for one area,
but, with application for others.

In short, I think there is so much activity already underway in this
field that we should take a comprehensive look at the "state of the
art" and try to develop a, coordinated approach to our mutual goal;
in other words, take the "systems approach."

There is a danger that we will fragment our efforts in this field,
just as we are now fragmenting our efforts in transportation, pollu-
tion control,, and the other areas where we seek change. The Cali-
fornia experiment worked particularly well in that State because of
the presence of the leading aerospace firms with the system capability
and the academic base for university- industry cooperation. I am not
sure that this model would be as applicable in other States.

What I would suggest, Mr. Chairman, is a combination of our two
approaches. I see no reason why a National Commission on Public
Management with a broad mandate could not serve as the administer-
ing 'agency for the types of contracts you contemplate in the Scientific
Manpower Utilization Act, while at the same time exploring other
possible financial approaches and making a complete study of the
techniques for the solution of the problems which plague us.

I do not suggest that the Commission bill does not lend itself to
amendment. I would be interested in suggestions as to how to insure
that rapidly advancing tt.dinology would be available to Government
on a continuing basis. Rapid 9bsolescence is one of the principal
problems we face. I would be interested in comments on the esti-
mated cost of the Commission's efforts in terms of its very broad man-
date. And I would welcome comments on any of the specific duties
of the Commission as listed in section 8 (a) of ER. 20.

There is really much more at stake here than any individual piece
of legislation. We are on the threshold of an entirely new approach
to the management of the public business. Last year an esteemed
political scientist told me that the concepts which were included in
the bill which I filed and the bill which the chairman of this distin-
guished subcommittee filed were as much of a dramatic departure in
the field of political science as the discovery of the atom bomb was in
the physical. sciences.

The hearings which you are holding this week are part of an impor-
tant educational process both for the Congress and for the public.
The implications of our mutual exploration are great: for intergov-
ernmental relations, for the structure of Federal, State, and local gov-
ernmental units, and for the relationship between business and
government.

I think we can go forward with specific projects as contemplated in
S. 430, but I think we must also make the broad inquiry thn is sug-
gested by II.R. 20.

Thank you very much, Mr. Chairman.
Senator NELSON. Have you had the opportunity to check on what

source of personnel there might be for heading up any kind of pro-
gram in the systems analysis field; that is, where are they being
trained, apart from the aerospace industry, for example?
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Would it be part of vour idea that the National Commission would
explore the question of where you will get the personnel to be utilized
by the States and the Federal Government to be used in this program
of _systems analysis ?

Mr. MORSE. The trick would be finding the people to do the jobs Mr.Chairman. There is a great abundance of competence in the privatesector. I am pies' sed to note that in recent months a number of gov-
ernmental agencies have obtained the services of the people who have
been trained in the systems disciplines.

For example, Dr. 'William Whitson has recently been retained on a
consulting basis by the Agency for International Development to in-quire into the feasibility of the application of systems techniques toour foreign aid program.

The Department of State has a small office within it which is seeking
to determine the application of systems management techniques onsome of our diphimatic problems.

One of the great difficulties both agencies have had has beenin finding qualified people who can participate in the type of ac-tivities in which they are engaged. I am sure that the Commission
which I envisage would be cha.^ged implicitly with the respnsibilityof determining the availability o skilled and trained systems people
for this kind of public application.

Senator NELSON.. You don't think there is any question about theidea of using a commission approach to make some kind of a study
and evaluation of the status of the art and the need for the applica-tion of this concept. I certainly endorse that concept. However, isit not true that there do exist the specific problems right now in which
we can apply the concept; for example, air pollution and water pollu-tion?

The big problem has been that we have tackled this issue of pollu-
tion piecemeal and in fragments in various parts of the country, Thefacts is it has to be tackled on a natonwide basis. Air and watertravel across State lines. What happens in New York to Lake Erieaffects all States bordering that lake. What happens to Lake Mich-igan on the southern tip, so far as pollution is conerned, affects Green
lay in northeast Wisconsin, and the whole coast of Michigan.

Senator DOMINICK. Did you hear what happened in Boston yes-terday ? They had an excess of air pollution. They found it wasbecause the wind was coming from the southeast. The air pollutioncollector was heading northwest and it was getting all the smoke from
the Health and Welfare Building and that is what was creating theair pollution.

Senator NELSON. I think that emphasizes the fact that the.problemhas to be looked at in toto and evaluated on a nationwide basis.
Mr. MORSE. Yes. I think it is appropriate that Federal agencies,wherever they deem the application of systems techniques to be feasible,

should be encouraged to go on.
The Department. of Commerce at the present time has let a systemsanalysis contract rather than a systems management contract, with

reference to the high-speed rail transportation in the northeast cor-ridor. I think this is a perfectly proper application.
It does seem to me, and I plead my own ignorance and lack offull understanding of the systems techniques, that it is desirable
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that we get the best minds in our society to make a broad gage
study as to just how the techniques should be applied rather than
once again doing it piecemeal.

I am apprehensive about doing things on an ad hoc basis where
it seems to me we should first make a comprehensive study of the areas
of feasibility. There may be some areas which quite obviously would
lend theniselves to the application of systems techniques. The chair-
man has mentioned waste manager 'ent and pollution control. Trans-
portation is another.

There are perhaps many other areas in which systems techniques
would immediately lend themselves or would lend themselves after
study.

Our postal system certainly is something that ought to be thought
of, perhaps, in systems terms. There are some of the problems of
education that certainly would, with the proper understanding, be
subject to improvement by the application of systems techniques.

I think we have to get the best minds in our country to think about
this in an organized way before we can really hope to gain the full
advantage from the techniques which our private sector, especially
our aerospace and electronics industries, have developed.

As I said, Mr. Chairman, I don't see anything inconsistent about
this sort of study that I suggest and the solution of specific problems
which are suggested by the chairman's bill. I do have some doubts
as to the grant-in-aid approach. It is not that I argue against it;
I don't. But as the chairman just noted, many of the problems that
we have are national problems.

The matter of pollution is a national problem. The water that
goes in the Merrimac River from New Hampshire to Massachusetts
doesn't purify itself when it passes the State line.

I am not sure that limiting ourselves to grants-in-aid to the States
is the proper approach. I think we confine ourselves unnecessarily
when we do that. But I would certainly urge that you and your com-
mittee carefully consider the combination of the two approaches :

the creation of the Commission and the inclusion among the Com-
mission's responsibilities of serving as the agency which would make
the awards which are contemplated in S. 430.

Senator NELSON. The bill that I introduced does contemplate grants
to individual States and to groups of States where the problem is
regional.

Mr. MORSE. Yes, and I applaud that, Mr. Chairman.
Senator NELSON. I think we all recognize that the so-called concept

of systems analysis, itself, is very old; that the only thing that is new
is that we are now able to use computers in order to implement the
systems engineering concept.

It seems to me that one of the things we are going to have to do is
to encourage the States, for example, to develop their own comprehen-
sive State plan. One of the necessary tools in applying the concept
of syb.tems analysis, itself, to any problem is that we have the basic
facts. Wisconsin is one of the few States to develop a comprehensive
State plan.

We used the systems analysis concept= although we made very little
iuse of the computers. It is necessary, it seems to me, for each State
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itself to have a comprehensive State plan in order to really utilize
the concept.

You need to know, No. 1, where your population was 30 years ago
and where it is now, so that you can project where it is going to be
20, 30, and 40 years from now. We did a population analysis and a
population projection. Then we used overlay maps so that we could
take any area of the State and drop an overlay map down for 1980
and then see where the cities will be, where the people will be, and an-
cther overlay to see where it would be in 1990, and another one for the
year 2000.

For example, once you have the basic population figures and a
good, sound projecti, n of where your population and traffic is going
to be 20 or 30 years hence, you are in a position to start a transporta-
tion study now, recognizing where the traffic is going to be and
recognizing that you ought to do some preemptive zoning in order to
preserve areas for your traffic in the future. If we had done this inthe past it wouldn't be necessary to condemn valuable property to
create traffic arteries.

You proceed from there to an analysis of your public facilities.
When you look at population, you also have to have a qualitative
analysis of the population so that you know how many kids will be
5 and i3 years old and entering school 20 years from now; how many
are going to be of college age 20 years from now; how many are going
to be elderly; what percentage of the population will be elderly and
retired 20 yea:s from now; what percent of the population will be
mentally retarded, so we can project our institutions for the mentally
retarded, oui institutions for the elderly, our institutions of primary
and sew :dart' learning, and college.

Once you have your bask population figures and a qualitative
analysis of them, then you can proceed from there with a comprehen-
sive public facilities projected plan, a transportation plan, a recreation
plan, each of them using various techniques, including overlay maps
to designate to the people who have to do theplanning and the legisla-
tors who have to do the legislating as to what the problems are going
to be 10, 20, and 30ryears from now.

The only thing new in the whole business is that we now have
computers so that we can ask a question and get an answer in a matterof minutes.

A lot of people make the mistake of thinking that systems analysis
is the use of computers. Computers are simply a tool to be used in
systems analysis. The first people in the-business of using computers
in systems engineering apparently were the aerospace industry and
then, of course, over in the Defense Department.

Senator Dominick is a member of the Labor and Public Welfare
Committee and a cosponsor of the bill on our side. We intend to worktogether to develop a bipartisan bill that will be acceptable to theCongress.

Senator Dommicx. Mr. Chairman, I am delighted to be at thesehearings. I want to congratulate Congressman Morse for having
initiated the work in the House on this particular type of proposal.I want to say I am go' to look forward to these hearings with
interest. Unfortunately, after you had set your hearings, the Armed
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Services Committee scheduled an executive session on the supple-
mental defense bill for Vietnam. Since I have been appointed to that
committee, I will have to go there.

I want to welcome the valuable aid and assistance that Mr. Morse
has given to this very important problem.

I want to say to you, Mr. Chairman, that I hope we can work this
out in a fashion which will enable us to move forward in this session.
I think it is of extreme importance.

It does seem to me that the major difference at the moment between
the approach that you suggest in your b S. 430, and the one that we
suggest in S. 467 is that you have more or less solidified on the system
of grants to the States. We are asking that a commission be appointed
to determine whether this is the best way to approach the problem.

There is a pretty strong difference here, but I think perhaps we could
work out a compromise. It does seem to me that there are certain
problems which could be worked out by the States, such as the system
that you mentioned you started in Wisconsin, but I would. suspect
there are a great many States in our country who are wholly, we will
say, at sea as far as putting this type of operation into effect.

It would.strike me that perhaps what we ought to do is to go fairly
slowly to see if there might not be somewhere along the line a regional
approach which would be more fruitful than the State approach. I
am thinking of the Rocky Mountain area where I come from. The
pollution problem in that area is growing. There isn't, any doubt
that the powth of population in that area will be fantastic over the
next 20 1.;e 30 years, Perhaps a regional approach to these problems
would be more effective than the other. I don't know. I am not
expressing ag.necessary predilection that woy, It does seem to me
that a Commission study of this might be fruitful.

Once again I want to welcome Congrei, man Morse for his initiative
and able leadership in this field.

I apologize to you, Mr. Chairman, for having to leave, although
I see I have my very capable senior collettgae, Mr. Javits, to take care
of our side of the aisle.

Senator NELSON. Thank you, Senator Dominick.
Senator Javits is a member of the Specie l Subcommittee on the

Utilization of Manpower and participated :1) the hearinAs last year.
Senator, you did not have the opportunity to hear Congressman

Morse's testimony, but if you have some questions you would like to
address to him, the floor isyours.

Senator JAMS. texpress my pleasure in having him testify as one
of our most gifted Members ol the House, and to state for the record
that his bill has been introduced here in the Senate by Senator Scott,
of Pennsylvania , with me as a cosponsor.

Mr. MORSE. Thank you, Mr. Chairman.
Senator NELSON. Think you very much, Congressman Morikt. We

appreciate having you come. Even I recognize you as a very creative
and brilliakt Congressman.

Mr, MORSL. Thank you, Mr. Chairman.
Senator NELSON. Our next witness is Karl Harr, Jr., president of

the Aerospace Industries Association of America.
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STATEMENT OF KARL 0, HARR, IR., PRESIDENT, AEROSPACE IN-
DUSTRIES ASSOCIATION, ACCOMPANIED BY WARD DENNIS,
NORTHRUP CORP. ; AND H, L, WHEELER, NORTH AMERICAN
AVIATION

Mr. HARR. Mr. Chairman and Senator Javits, the Aerospace Indus-
tries Association represents the principal manufacturers of aircraft,
missiles, and spacecraft and their componentsin short, the aerospace
industry. This industry manufactures virtually all of the, Nation's
commercial and private aircraft, helicopters, and the like, but it is
still, despite the tremendous growth in commercial air transport and
general aviation, primarily a supplier of weapons and space systems
to the Federal Government.

As such, it has been a principal partner in the evolution of a body
of highly developed capabilities for the solution of complex problems
which are frequently referred to as the systems approach.

My remarks will be directed at the feasibility of applying this ap-
proach beyond the national defense and space effort, particularly to
problems connected with improving the quality of American life.

Many of these problems, such as air pollution and water pollution
control, relief of traffic congestion, provision of adequate food supply,
school systems, housing, and crime control are already fully identified
and very much on the front burner of public concern.

The question is: How much, if any, of the systems approach tech-
niques and capabilities developed in the course of our national defense
and space efforts can be effectively transferred to the solution of those
other problems?

Certainly the answer requires I 4. least understanding how the sy..;;ems
approach came about, what it is, I "iie scope of its potential application,
and what is needed to effect that application. And perhaps first a
word of caution..

One of the greatest values of the systems approach lies in the
enormous number of variables it can encompass. But There is danger
of being complex for complexity's sake, and that particular danger is
nowhere more manifest than in the dialog surrounding this subject.

Most of the important considerations in7olvirg i.he systems ap-
proach are, to the contrary, quite simple. Such is certainly the case
with respect to the gene is.

All of us are well a xare of the technological revolution that has
occurred since World War II. Equally obviously,, one of our most
vital national concerns was to ma,lier this technological revolution at
least to the extent of our national security interests. Because of the
growing complexity of technology, this task presented an unprece-
dented challenge both to Federal agencies having national security
responsibilities and to those segments of industry upon which such
agencies rely. Their joint responses in terms of technological mastery,
advanced managerial techniques, and refinement of Government-
industry roles created the systems approach.

What is it? In terms of general definition, it has three elements :
systems analysis, systems engineering, and systems management.

The first of these embraces techniques for making a problem under-
standable, offering possible avenues for its solution, and establishing
criteria for the selection of the best alternative.
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Systems engineering consists of designing plans for tbs.. conduct of
a system, development program, including its schedules and costs.

Systems management consists of directing and controlling such a
program to completion, on schedule, and at the prescribed cost.

Following my remarks,. witnesses expert in the use of the systems
approach will describe it in detail. However, I should like to make
some general observations which I think bear somewhat on the ques-
tion of its potential applicati"n to nondefense and nonspace activities.

First, the extent to which the systems approach is something new or
radical or unique is merely one of degree. It is not an absolute science
or a magical new formula or a sudden discovery or a brilliant inven-
tion. It is merely.an extremely high degree of capability to evaluate,
plan, and do certain complex and difficult things.

Its relevance to this discussion lies in the fact that many of the
things necessary to the improvement of the quality of American life
appear to require that high degree

i
gree of capability.

A second important i.point is that this improved capability, called
the systems approach, is not the exclusive province of industry. The
challenges to and the responses by Government were no less stagger-
ing than those of industry, and the upgrading of industrial capability
has had to be accompanied by a commensurate upgrading of the cus-
tomer interface with which industry deals, in our case two agencies of
the Federal Government, the DOD and NASA.

However, we must face the fact that at this point in time the advan-
tages of the systems approach have been pretty well limited to those
situations in which there has been recognition of a. clear and present
danger to the United States and for which there has existed an insti-
tutional framework able to exploit these advantages, in the form of
agencies of the Federal Government having specific responsibilities
to combat that danger.

However, the happy .part of the story is that, whatever the genesis,
in the course of forging these capabilities under the pressures of
arbitrary and sometimes cruel national defense and space require-
ments, a new national asset has been created which obviously has
broader application if the political and institutional keys can be
found. The techniques and tools developed in fashioning an effective
systems approach are in no way wedded to or limited by the purposes
which gave them birth. They are somewhat complex, and while cheap,
they are not inexpensive. But though superlative techniques and
tools for problem analysisand, therefore, improved bases for choice
and decisionmakingfor program planning and for program man-
agement they are of a more or less abstract character.

The questions seem to boil down to these:
What is it about our national society that has permitted our Fed-

eral Government and certain segments of private industry to come
so quickly and effectively to grips with the hideously complex prob-
lems of defense and space programs ? And do these same charac-
teristics of our society portend successful coping with the socioeco-
nomic problems that lie before us ?

It is readily discernible that in achieving our national defense and
space objectives, in fact in being able to develop and apply the re-
quired systems approach to these problems, our society has had three
things going for it :
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1. A superb technological base --a reservoir the scope and depth ofwhich is unequaled anywhere else in the world or at any time in ourown, history.
2. The incentives of the free enterprise systemproviding con-stant motivation for our competitive private nidustrml community

to further refine techniques and capabilities; in short, to come up withbetter ways of doing things.
3. An adaptable and flexible governmental structure which couldadjust to the fulfillment of its responsibilities in a time of rapidly

changing public needs.
Each of these three elements pinys an essential part in our Federal

Government-private industry achievement of national defense andspace objectives. The first two; that is, our national technological
base and the motivations of private industry, are as applicable to the
improvement of the quality of our environment as they are t achieve-
ment of defense and space objectives.

The third; that is, the adaptability of our governmental structure,
will be tested in a new way. Rather than the Federal Government,
it will be the lower echelons of our Federal structure; that is the Stateand local governments, which will have to demonstrate their crea-tivity and adaptability, although the Federal Government will stillplay a role.

So now it seems to me we get to the nub of the problem. Will we,as a nation, be able to devise the formulas that will bring into playthe full strength of our political system? The only significant re-spect in which applying the modern systems approach to socioeco-
nomic and human environmental problems will differ from its applica-tion to defense and space problems lies Li the fact that, of necessity,
the public authority will be primarily at a level other than the Fed-
eral Government. Otherwise the fundamentals will be the same.Clearly, there must L a public-private mix. Ultimate choice andcontrol obviously will have to rest with responsible public authority
at the appropriate level.

Clearly, there must, also be a pinpointing of responsibility for re-sults. One of the most valuable lessons of our national defense and
space efforts has been its demonstration of the values of competitive
free enterprise in this respect. A company which risks its corporatelife on the success of its performance ezperiences a pinpointing of re-sponsibility of the most, acute order. Whether we like to accept thefact or not, experience has shown that the diffusior responsibilityin public authority rarely produces so 1,harp a focus.

Senator NELSON. If I may interrupt, as to the statement of yoursin the middle of the page, you say :
The only significant respect in which applying the modern systems approachto socioeconomic and human environmental problems will differ from its ap-plication to defense and space problems lies in the fact that, of necessity,the public authority will be primarily at a level other than the FederalGovernment.

I would like to say et this point that I think that is not. quitecorrect. At least if .von wan to the exclusion of the Federal Gov -ernment, I certainly disagree. The very problems that you, mentionedearlier in the statement, of water and air pollution, will demand actionat the national level.
I agree with you that the question rou seem to be raising is the

question of the flexibility and adaptability of various units and formsof government at various levels.
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Earlier you point out that the concept has been applied by NASAand DO]). This was really a relatively simple thing to do because
the money was there and all they had to do was to make one decision
within the Department. of Defense or within NASA to apply the
systems analysis approach to the problem, using all the modern
techniques.

The problem, for example, of solving the pollution of the Missis-
sippi River is, in my judgmentor to put it another way, the prob-
lem of making the systems analysis of that problem is much simpler
than almost any problem that NASA or Defense has dealt with. But
it, is a very complicated political problem because the Mississippi
River diviaes the Nation in half am' runs all the way from up in
Minnesota down to the. Oulf of Mexico and involves innumerable
political units of government.

But to apply the systems concept to analyze the problem and come
up with a, proposed solution would be a relatively simple one. What
we would have to do is to analyze or compute all the factors that are
polluting the Mississippi River, and then make an analysis of what
it would cost to require compliance with certain water quality
standards.

In St. Louis, for example, the reason this is a tough political prob-
lem is that it doesn't make any sense for St. Louis to clean up her
waste because all she would be doing is cleaning the water for some-
one downstream to use.

But I think applying the concept of systems analysis to the prob-
lem of the pollution of the Mississir; is not exceptionally difficult
to do. But implementing a, solution to the problem is very compli-
cated because of the dozens and dozens of political snits within vari-
ous jurisdictions and various States involved. This kind of a problem
has to be dealt with on a regional and national level.

The reason I raise that in respect to your statement about emphasis
on State and local level solving these problems is that on this kind
of a problem the State and local government cannot do much aboutit unless they are under compulsion to comply with some Federal
standard. Then they might do it.

Mr. ARR. Mr. Chairman, I am not presumiH ng, and it would be
presumptuous for us to suggest, from your vantage point that we
have any hard answers on the political formulas or the scope in terms
of political jurisdiction of the respective areas that will have to be
involved in the solution of such problems.

It is certainly true, as you say, that identifiable ones among them
are iuttional in scope and are interrelat4one-to another.

I think the point that comes home to us from n supplier's point of
view, from a private industry point of view, is as you turn from rather
pure national problems such as defense and space efforts, in which
lower echelons of our Federal structure are not involved at all, really,
except as jurisdictions within which factories and plants are placed,you do bring into play to a degree pat present before the question
whether these lower levels of public authority can adapt themselves
to this need effectively, either constructively and positively taking theinitiative, or at least. being able to accommodate to some broader
scheme.

Senator Aram. The reason these bills were introduced at all wasthat some people feel that this concept which has been utilized so suc-cessfully in the aerospace industry which you represent, in defense, in
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NASA, can, in fact, be applied successfully to many social problems
that confront the country, that is, water and air pollution for example.

Would you not agree that if the aerospace industry were asked, for
example, to apply this concept to the Mississippi watershed and all of
its tributaries and come up with an analysis of what the problem is and
a prvosed solution, would you not agree that yca would have that
capability to handle that type of problem as well as you have handled a
number of others ?

I am not talking about the politics side. The implementation v ouldbe the tough part.
Mr. HARR. I certainly would, Mr. Chairman. I set pretty oratorical

on that subject as I go on in my statement. But picking out the pointsthat I think are fundamental as to whatever formula is involved, Ithink it is also clear that regardless what level of public authority
is involved, it will remain true that the pertinent public authority must
bear the responsibility of knowing what it wants.

Those responsible to the public must put the rabbit into the hat.
Otherwise the system breaks down. Not only is it inappropriate forthe private contractor to go beyond a certain point in this part of the
act, but it is also beyond his scope and undesired by him.

We have seen in the defense and cpace business that, independent,
nonprofit think groups can effectively supplement the Government's
in-house analysis capabilities, and that private industry can contributeby expanding and sharpening alternatives, by "selling" privately spon-
sored technological advance, by advising and critiquemg, and by aidingin the production of tools and techniques fox systems analysis. But notonly the weighing of alternatives but also the primary job of systemsanalysis must be wholly and closely under the control of the user.There will be many differences between the problems of establishing
effective public-private interfaces at the State and local level and thosewhich were involved in creating the existing effective interfaces forour national defense and space programs.

Senator JAvITS. Mr. Chairman, I have one problem, an executivemeeting of ti.t' Government Operations Committee. Could I ask onequestion at this point ?
Senator NELSON. Certainly, Senator Javits.
Senator JAvITS. Naturally, we are trying to work out a planwhichI wish to be part ofto deal with this ',Try critical problem of havingthe Government hel,, nierican ivate enterprise and. technology.

develop +he necessary manpower to do this job.
Have you told us, are you telling us, or will you tell us, which ofthese two approaches seems to you to be the best calculated to advancethe project sooner and in the most effective way; that is, of the twoapproaches in the bills which are before us, S. 430 and S. 467?
We have the problem of choosing a course. I don't think there ismuch question about the justification for moving in this field, as Sen-ator Nelson has properly said. But I do think we have some questionabout which course to take, whether to take the course of moving rightinto a program, which is the Nelson bill: or whether to take the courseof establishing soire overall commission and letting it developprogram.
Mr. HARR. Senator. I don't really believe lo have the answer tothat. I think the conclusion of the remarks I have prepared deals with
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the question of various elements to be involved. Certainly experi-
mentation will be involved whichever course is taken.

This is one of tit3 primary lessons we learned working so closely
with the Federal agencies Ohat is, that working out the exact forms
and so forth involves considerable experimentation no matter what
direction we go. What I have been trying to say to the industry people
whom I represent is that they, too, have a responsibility for pushing
this one step forward; that is, taking the initiative where the knowledge
that they have acquired through their respective corporate perspectives
points a way to solve some problems that some civic authority, either
Federal or sub-Federal, has not undertaken.

What I am saying is that I don't think any of us really knows, any
one pat formula to do it. I think we all feel that if each element of the
picture, and this would include, certainly, the industry and the Fed-
eral Government2 but also initiatives at the lower levels, pushes it
alongand that is what is happening now; it is being pushed along
at all levelsthe important thing is to get going because we have a
wonderful asset here.

Senator fr Ts. Taking your industry, the aerospace industry, does
it have any ling that it can operate better or get further with either
one of these alternate plans?

Mr. HAnn. The simplest format, of course, is the Federal Govern-
ment. There is no question about that A lot of ground. has been
broken there, a lot of experience exists. The lines are politically much
more direct, .and so forth. We are very experienced in our industry in
dealing within the Federal Governmental contract structure on large
programs,

Senator NELSON. Some time last year, Senator, I discussed this with
Congressman Bradford Morse, and Senator Dominick, and again this
morning. We are pretty generally agreed that we can combine both
concepts.

I certainly would agree that the idea of a national commission to
do some evaluating of where best to start and how best to utilize the
technique, with an overall view of the total problem, is a very valuable
idea. But also, since we do know what the concept is, it can be applied,
as it is being applied in various parts of the country now, to specific
problems. We could combine on ft bill using both concepts.

Senator JAvrrs. Thank you, Mr. Chairman.
I would like the witness to do one thing for us 'because, again, we

need great specificity.
You are urging your industry, the private sector, to do% etail closely

with Government. Will you undertake for your association. to study
these two bills and give us in detail precisely what you think you can
do in the framework ,vith Os merged plan which the chairman has
outlined?

If you find there are ny deficiencies or any areas which would dis-
able you from cooperation or close coordination and contribution be-
cause of the terms of the 11,w, will you tell us?

In short, I certainly feel it should be our purpose to have a legal
structure which has the maximum receptivity to private enterprise con-
tribution, participation, and, initiative.

I would invite, as one Senator, and my guess is my colleagues would
have no difference with me, that you study this statutory plan as the
chairman has just laid it ou, and give us your suggestions: One, as
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to whether it does facilitate the relationship with your industry that
you think is desirable, and, second, if not, what needs to be done in. the
law to facilitate it.

Is that clear? I think that we need specificity. Also, frankly, we
need some commitment by the industry. It would be very helpful to
us at this stage in getting this legislation passed. It is not enough
to come here and just say, "We like it." You have to tell us how you
are going to help implement it. No law means anything unless it is
actually going to work and has the resources and the backing that
will make it work.

I want to know from you what you are going to do to help this work,
and whether the legal framework which our chairman has laid out
accommodates your concepts of how the aerospace industry can con-
tribute to this effort.

I bar nothing, not even money, facilities, or management. You tell
us what you want to do in this respect, and whether what you want to
do is accommodated by the statutory scheme our chairman has laid
out.

Mr. HARR. I will be glad to try, Senator, up to the point to which
we can properly go.

Senator ,l'Avrrs. May I ask the chairman for that information?
Senator NELSON-. Certainly. Can you have that in soon?
Mr. HARR. Yes, Mr. Chairman. Actually, I can address myself,.I

think, somewhat to that proposition at this point because we are in
business. Primarily we are in the Government business. One of thethings I think that is most notable that has occurred, although, perhaps
its occurrence has developed somewhat imperceptibly, is the fact that
a large segment of private industrywhich includes a good part of
the aerospace industry and other industrieshas come to have confi-'dense that it can operate in conjunction with public interfaces over a
substantial period of time and still make a profit, still live up to its
first responsibility in that regard.

That is very different from what you would have found 10 years ago,
both on the Government side and on the industry side.

Living together in these large and complex defense and space pro-
grams there has been considerable expertise developed as to what arethe proper parameters and so forth.

The point we are trying to make here, and perhaps I have over-stated it in my statement, is that when you leave that portion of Gov-
ernment with which th( ee is such experience, and try to get on to other
areas of government, or into other areas of government, at the lowerlevels, if that be necessary, such as a city, a municipality which wants
a systems approach to this, that or the other part of its problems, or aregion or State, you are breaking new ground on both sides.

We 'try to identify from our experience on the industry side of theindustry-Government relationship what are the fundamentals of therelationship that have made it work and where these fundamentalscan be found elsewhere., or whether they exist elsewhere.I think the chairman put his finger on on key point which is thatfor a large Federal agency such as Defense or NASA, given theauthority and appropriations from Congress, the decision to go aheadis a .pretty simple one. After that, it just becomes a matter of doingthe job, however complex.
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Centralization of authority of most public authorities below the
level of the Federal Government is often not quite that clearly defined
and is often interrelated with that of sister cities, sister States, or
sister regions in a way that further complicates the picture. We
think the problem has to be solved there, however.

We think that the initiatives, the commitments, and the investment
of desire and will, have to rest at least in substantial part with the
public authority which has jurisdiction over the area most directly
concerned. We recognize, of course, that our city, State, and regional
structures are often not well tailored to cope systematically with the
problems with which we are now faced.

Part of the ingenuity and creativity that will be demanded is for
all sides to address themselves to finding a way to apply the systems
approach. We think far and away the best way to proceed is through
contract with private industry, but in tasks measured by the scope
of ' there jurisdictions.

Senator J'Avrrs. I thank the Chair.
Senator NELSON. Senator Javits has been a strong advocate,. and I

agree with him, of utilizing the contracting techniques to assist the
Government in solving these problems.

For example, if the Department of Interior, which is reEponsible
ifor water in this country, interstate waters, were to ask your industry,

or any industry of competence, to set up a team to work with them
in evaluating the total water problem in this country, with your indus-
try or another one doing gins on a private contracting basis, you
wouldn't find any problem in working in that area, in this way, with
the Government, wouldyou ?

Mr. HARR. I would like to answer that very carefully.
I think we would give a positive answer to such a proposition, but

there would also be a lot of other .groups scrambling for attention in
the form of think groups organized for research purposes and so
forth.

Senator NELSON. I am not suggesting it might only be done by
your industry. There might be a private contract with a university.
There are all kinds of private think groups.

The question is, would you find it feasible to work with the agencies
in tackling this kind of a social problem?

Mr. HARR. I think that would in substance not differ all that much
from the kind of problems that are now presented.

Senator JAMS. Thank you very much, Mr. Chairman.
Senator NELSON. Thank you, Senator.
Mr. HARR. To the degree to which the effort to transfer structures

and techniques that are now being applied to broader human environ-
mental objectives involves the introduction in one degree or another
of participation by lower levels of the Federal structure, there are
obviously going to be differences from what we have been used to.

However, I think it is very important to keep in mind the great
positive assets we have to work with.

In the highly developed techniques comprising the systems approach
we have a capability which, while not a magic new formula, is so
different in. degree from what has gone before as to be different in
kind. It provides us the precious capability to assemble, digest, eval-
uate, decide, plan, program, and manage an almost infinite number
of factors, taking advantage of all available information. It permits
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US to provide public authorities with an intelligent choice among
alternatives and these public authorities in turn to communicate these
alternatives in comprehensible fashion for purposes of public partici-
pation in decisionmaking. It permits decisions to be made in time to
be effective, an increasingly precious characteristic in these complex
and fast-moving days. Finally it permits intelligent choice among
alternatives to be made at a time of minimum investment of resources.

We have an unsurpassed and expanding national technological
capability and, as we have learned elsewhere, technological advance
breeds technological advance in the areas in which it is applied, almost
geometrically.

This is one of the unprovable but empirically demonstrated experi-
ences that we have had in the defense framework and in the whole
aviation framework, that as you do apply your superb technological
base, taking the Nation as a whole, to one of these areas, it breeds tech-
nological advance in that area very rapidly, which I think is significant
in terms of transferring it to other socioeconomic purposes.

We have a reservoir of _private industrial experience in joint public-
private systems approaches coupled with a recognition by private
industry that participation in such ventures is wholly consistent with
its profit motive. In fact, given the scope of the problems that lie
before us and the virtual certainty that many of the largest enter-
prises of the future will involve public-private joint endeavors, the
wisest among us already know that some of the big markets of the
future will lie in such areas.

But above all we as a nation are blessed with a flexible and creative
multilevel political structure to serve as a vehice for addressing our-
selves imaginatively and effectively to the solution of whatever prob-
lems beset us.

In short we've got all the ingredients of a formula that can marrythe three great advantages of our national political and economic
systemunparalleled technological capability, free enterprise incen-
tives and a Federal political structure affording opportunities for in-
depth political creativitytoward the improvement of the quality of
American life.

Perhaps, however, there is a single lesson that lit, been learned
from our defense-space experience that is most pertinent to the subject
of these hearings. That, is, that the precise methods of State and
local use of Li public- private systems approach have to be worked out
by experimentation. DOD and NASA have arrived at a point of
considerable sophistication and expertise in this regard. They did notdo so overnight or without considerable experimentationand per-
haps theirs was an easier task .than authorities below the Federal level
of government will face.

In the course of this experimentation they developed a high degree
of appreciation of the strengths of the systems approachand of its
limitationsand of the optimum roles, all 4 actors considered, of the
Government on olio hand and of private industry on the other.

Similar experimentation must be undertaken if we are to expand
the utility of the public-private systems approach to levels below the
Federal Government. We must be most careful to walk before we run,for there are as many added complexities to operating below the na-
tional governmental level as there are differences between the needs,
structures and capabilities of each subdivision of our Federal
structure.
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For most of the large identifiable problems today the modern sys-
tems approach is obviously the essential tool. It remains for us as
a nation to find the various political formulae for its application
wherever needed. Whatever he cost it will be far cheaper to solve
these problems than not to, and far cheaper to solve them well than
to muddle through. It will also be much easier to answer the difficult
question, "How can we?", than it will be to answer the impossible
question "Why didn't we?"

Mr. Chairman, I have with me two experts from aerospace com-panies, Mr. Ward Dennis of the Northrop Corp. and Mr. H. L.
Wheeler of North American Aviation, who have prepared an examplein detail to describe what, in the defense-space business, the systems
approach really boils down to.

Senator NELSON. We will take a brief recess before proceeding with
their. statements.

(A brief recess was taken.)
Senator NEr.sow. The subcommittee will be in order.
Mr. Harr, foi the record, would you introduce and identify the two

witnesses you have with you ?
Mr. HARR. I have two witnesses, Mr. Ward Dennis, on my right,

of the Northrop Corp., and Mr. H. L. Wheeler, of North American
Aviation, both of whom have long experience in the application of the
systems approach.

Senator NELSON. You may proceed in whatever fashion you wish.
Mr. DENNIS. We prepared a dual presentation for you this morning.
I am going to talk on the systems process in outline form which has

been developed by the Department of Defense which has application
as a process to other national problems that we have.

Mr. Wheeler is going to follow on segments of my presentation with
an example of application to a current military problem to illustrate
the complexity and all the factors that have to be considered.

Mine is intentionally oversimplified to get down to key elements
and key points in the systems approach. Mr. Wheeler's example is
much more complicated to really portray the complexity of the prob-
lem that does exist.

First is the objective of the systems approach, to arrive at the best
operating solution to a complex problem on time and at a reasonable
cost, beginning with a general understanding of the problem.

First,.the systems approach starting with the general understand-
ing carries through to the point where there is a solution to the opera-tion. It doesn't stop simply with the analysis of the problem, but
carries through to where the solution is implemented and is operative.

Second, as you have well pointed out, this is not a new technique.This has been going on for thousands of years. What has happened
in the last decade and a half or so is that the techniques and capability
for analyzing complex problems have accelerated a great deal and to-
day they are a very effective approach to analyzing a complicated prob-
lem on a major scale and it is a very exciting tool to apply to some of
our national problems outside of the Defense Department.

Mr. Wheeler will pick up at this point and start with a definition of
the problem of his example.

If you have any questions as we go along, please feel free to ask.
Senator NELSON. The charts that you speak of will be printed in therecord at this point.
(The charts referred to follow:)

764510 0-67-4
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THE AEROSPACE SYSTEMS PROCESS

JANUARY 24, 1Y 7
PREEMIE)

BY
THE AEROSPACE INDUSTRIES ASSOCIATION

WASHINGTON, D.C.

SYSTEMS APPROACH
OBJECTIVE

ARRIVE AT BEST OPERATING SOLUTION TO A COMPLEX PROBLEM

ON TIME S AT A REASONABLE COST

BEGINNING WITH A GENERAL UNDERSTANDING OF THE PROBLEM

SYSTEMS APPROACH
STEP ONE

o SYSTEMS CONCEPT DEFINITION BEGINNING WITH GENERAL UNDERSTANDING OF PROBLEM

. DEVELOP A DETAILED UNDERSTANDING

DETERMINE ALTERNATIVE WAYS OF SOLVING THE PROBLEM THROUGH SYSTEMS

ANALYSIS TECHNIQUES

ARRAY RESULTS FOR DECISION ON ONE OR MORE PREFERRED SOLUTIONS

p

4
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SYSTEMS APPROACH
STEP TWO

PROGRAM DEFINITION - BEGINNING WITH ONE OR MORE PREFERRED SOLUTIONS

SPECIFY SYSTEM DETAILED CHARACTERISTICS UTILIZING SYSTEMS

ENGINEERING

DETERMINE TOTAL COST FOR PROGRAM

DETERMINE SCHEDULE FOR IMPLEMENTATION

SYSTEMS APPROACH
STEP THREE

SYSTEM IMPLEMENTATION

ENGINEER, PRODUCE, EMPLACE ANDIOR OPERATE THE FINAL SOLUTION

UTILIZING SYSTEMS MANAGEMENT TECHNIQUES IN ACCORDANCE WITH

PREDETERMINED COSTS & SCHEDULES

WHO ACCOMPLISHES THESE STEPS?

SYSTEMS CONCEPT DEFINITION

DEPARTMENT OF DEFENSE, ALLIED ANALYSIS & EVALUATION ORGANIZATIONS, WITH

SUPPORTING STUDIES & TECHNICAL DATA FROM INDUSTRY

PROGRAM DEFINITION

INDIVIDUAL CORPORATIONS OR INDUSTRY TEAMS WITH A GOVERNMENT PROGRAM

MANAGEMENT AGENCY

SYSTEM IMPLEMENTATION

ARMED SERVICES DEPARTMENTS & INDUSTRY THROUGH PROGRAM MANAGEMENT

OFFICES
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HOW ARE THESE STEPS FUNDED?

SYSTEMS CONCEPT DEFINITION

DEPARTMENT OF DEFENSE OPERATING BUDGETS, CONTRACTUAL ARRANGEMENTS WITH

SUPPORT ORGANIZATIONS, & SMALL STUDY CONTRACTS WITH INDUSTRY

PROGRAM DEFINITION

FIXED PRICE CONTRACTS WITH INDUSTRY

SYSTEM IMPLEMENTATION

CONTR;(15 WITH INDUSTRY HAVING VARYING DECREES OF INCENTIVES DEPENDING

ON RISKS INVOLVED

HOW ARE INDUSTRIAL TEAMS SELECTED?

SYSTEMS CONCEPT DEFINITION

BASED ON REQUEST FOR PROPOSALS, CONTRACTORS DESCRIBE THEIR EXPERIENCE,

PERSONNEL & PRELIMINARY APPROACH

PROGRAM DEFINITION

BASED ON REQUEST FOR PROPOSALS, CONTRACTORS DESCRIBE THEIR SYSTEM DEFINI-

TION PROCEDURE, TECHNICAL DEVELOPMENTS & CAPABILITY TO UNDERTAKE SYSTEM

IMPLEMENTATION

SYSTEM IMPLEMENTATION

BASED ON RESULTS OF PROGRAM DEFINITION,
PARTICULARLY SIGNIFICANT TECHNICAL

FEATURES & COST/EFFECTIVENESS OF THE TOTAL SYSTEM

EXAMPLE Of THE

SYSTEMS PROCESS
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HYPOTHETICAL EXAMPLE

TACTICAL LOGISTICS SUPPORT SYSTEM

REQUIREMENT

o DETERMINE THE MOST COST-EFFECTIVE MEANS OF PROVIDING LOGISTICS SUPPORT TO U.S.

TACTICAULIMI TED WAR FORCES IN THE 1970-1910 TIME PERIOD,

KEY PROBLEMS

SIZE & GEOGRAPHIC LOCATION OF FORCES TO BE SUPPORTED DIFFICULT TO PREDICT.

PRESENT TRANSPORT AIRCRAFT CAN'T ACCOMMODATE PROJECTED 1970-1910 TACTICAL

EQUIPMENT,

SURFACE TRANSPORT TOO SLOW.

47

SYSTEM PROCESS PHASES

SYSTEMS
CONCEPT

DEFINITION

.;;

S

DEVELOPMENT

STEM IMPLEMENTATION

SYSTEM PRODUCTION

INITIAL OPERATION

2 OR MORE 1 YR. 3 YEARS 7-10 YEARS OR MORE

YEARS OR
LESS

UNITS OF RESOURCES REQUIRED

1 10 100+ i 1,000+
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PREREQUISITES FOR ENTERING PROGRAM DEFINITION PHASE

PREREQUISITE

BASIC STRATEGY & TACTICAL ENVIRONMENT OF
1970-1980 PERIOD DEFINED

BEST SYSTEMS CONCEPTS HAVE BEEN SELECTED
AND COMPARED

TECHNOLOGY IS IN HAND

COST-EFFECTIVENESS OF NEW AIRLIFT SYSTEM
ROVED FAVORABLE VS. COMPETING GOVERNMENT

SYSTEMS

AIRLIFT SYSTEM SCHEDULES & TOTAL S. .STEM
COSTS ARE CREDIBLE

SYSTEMS ANALYSIS TAR§

OPERATIONAL REQUIREMENTS DESCRIBED

SIZE & LOCATION OF FORCES

NATURE OF EQUIPMENT

"SCENARIO" OF TACTICAL OPERATIONS

49

CONCEPT EVALUATION PROCESS COMPLETED

CONTRACTED AIRCRAFT SYSTEMS CONCEPTS
STUDIES COMPLETED & ANALYZ1D

LAND, SEA, AIR SUPPORT SYSTEMS
COMPARED

MEASURES OF EFFECTIVENESS ESTABLISHED

NO MAJOR TECHNICAL ADVANCEMENTS REQUIRED

COMPETING SYSTEMS S IMULATED & RANK ORDER
COST-EFFECTIVENESS DETERMINED

GOVERNMENT STUDIES SUPPORTED BY CONTRACTOR
DMA COMPLETE

PREREQUISITES FOR ENTERING SYSTEM IMPLEMENTATION PHASE

o THE RECOMMENDED SYSTEM IS DESCRIBED IN DETAIL

PROPOSED NEW & DEVELOPMENT PROGRAMS WITH TEST PLANS TO DEMONSTRATE
FEASIBILITY

FORESEEABLE TECHNICAL PROBLEMS & PROPOSED SOLUTICA ISCLUDING BACK-UP
EFFORTS

TIME/COST/PERFORMANCE COMPARISONS WITH MAJOR ALTERNATIVE SYSTEMS &
INFORMATION gtilug, OPERATJOIK kriliriFFECTIVENESS QE

o PERFORMANCE SPECIFICATIONS FOR EACH ENO ITEM REQUIRED FOR OPERATION & MAINTENANCT
OF THE SYSTEM ARE COMPLETE

o PROPOSED PRODUCTION SCHEDULE & COST DATA COMPLETE

DETAILED COST P1F.AKDOWN RELATED TO PERT/COST

ESTIMATES OFIQTAEMBAMMI TO THE GOVERNMENT 110 YEAR PERIOD)

FIRM COST PROPOSALS FOR DEVELOPMENT & FIRST PRODUCTION
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RESEARCH &
DEVELOPMENT

PRODUCTION

AIRCRAFT SYSTEMS
DELIVERIES

TACTICAL ,'..401STIOS SUPPORT SYSTEM

(HYPOTHETICAL EXAMPLE)

YEARS AFTER START

2 2 z 2 2 19 11 12

DECISION ---0

--1DECISION

DECISION-01

10 50 150 250 300 00 50 20

400 500 500 400 400 400 200 200 100

10 15 i al 35 40 40 20 23 10

SYSTEM PROGRAM
ECONCEPT FIN -

DEFINITIONDEFINITION TION

sr,

SYSTEM IMPLEMENTATION

DEVELOPMENT 1 PRODUCTION

SUMMARY
SYSTEM TECHNIQUES AS ONE MASTS FOR EXECUTIVE DECISION

o CONCEPT DEFINITION SYSTEMS ANALYSIS PROVIDES

ALTERNATIVE APPROACHES 10 SATISFY REQUIREMENTS

RELATIVE EFFECTIVENESS OF EACH

PROBABLE EXTENT OF GOVERNMENT OBLIGATIONS

o PROGRAM DEFINITION - SYSTEMS ENGINEERING PROVIDES

PREFERRED SYSTEM DESIGNS WITH ALTERNATIVES

COST/EFFECTIVENESS OF EACH

FIRM PLANS AND SCHEDULES FOR DESIGN & DEVELOPMENT

o PROGRAM IMPLEMENTATION SYSTEMS MANAGEMENT PROVIDES

PLANS AND COSTS reR ORDERLY SYSTEM DEVELOPMENT,
PRODUCTION AND OPERATION

TIMING AND NATURE OF OBLIGATIONS

ASSURANCE OF COST AND PROGRAM CONTROL
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Mr. Wmtzrzu. We selected an example that we felt would be both
within our 'Nifty to describe in a period of time that we have, and
one which. Aelt would be sufficiently clear to trace the process.

We also picked an example which we feel has a good basis for
comparison with problems outside the Department of pefense sphere.

This example is a hypothetical one of a tactical logistics support sys-
tem. However, it is drawn from real experience with Department of
Defense programs. So although this is not in itself an actual program,
it does represent a real problem and set of events.

Here we set up a requirement as a basis of getting a systems study
started. The problem put :n the form of a requirement was to deter-
mine the most cost effective means of providing logistics support to
U.S. tactical limited war forces in the 1970-80 time period. This was
the very general requirement which initiated thu systems analysis pro-
ceeding ultimately to a system.

At this point in the example, it was noted that three problems were
of significant importance First, the sizes and geov4phie, location of
forces during the 1970-80 time period would be difficult, to predict. A
common problem, as you were mentioning earlier, Mr. Chairman, in
predicting the environment many years in the future.

Secondly, in examining the me lns of transport available in trans-
porting material and people in the military sense, it was forecasted
that the existing aircraft and other logistics systems would not be able
to accommodate equipment of this advanced time period.

Thirdly, for our problem of rapid disposition of forces ,And,equip.
merit, it was evident that existing surface transport, existing of some
years ago, WM too slow to probably solve the problem.

Here we have an example, then, of the beginning of the require-
ment, to begin a systems analysis activity.

Mr. DENNIS. We have divided the systems approach into three steps.
These are sequential steps that are followed.

The first step is the systems concept definition. The systems concept
definition is beginning with the general understanding of the problem,
first to develop a detailed understandiag, second to determine alternate
ways of solving the problem through systems analysis techniques, and
third to array results for decision on one or more preferred solutions.

There are teiro points here. The most critical part of the whole sys-
tems approach and in step 1 is developing a detailed understanding of
the problem. We talked about this earlier. What is going to happen
in the futurA1 The systems approach is applied to future problems.
What is the situation gonig to be in 1970, 19801

If the detailed understanding of the problem is not developed first,
a very good engineering solution can be prepared to solve the wrong;
problem.

So this is probably the most critical step of the whole process.
Second is to determine alternate ways of solving the problem

through systems analysis techniques. These are the techniques that
have been developed in the last decade or so in the aerospace industry
and in doi'ense work, in which mathematical models are used to simu-
late the actual problem that exists, computers are used to run many
hundreds of solutions through to arrive at the best solution to solve the
problem.
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The final step in the systems concept definition is to array resultsfor decision on one or more preferred solutions. Here is where thetechnique of assessing cost and effectiveness, and, as the term is usf3din the Depar'ment of Defense, the cost - effectiveness criteria, is used toselect one or more preferred solutions for the next step.
Mr. WHEELER. We have, as a mechanical aid to tracing the process,a flow chart, and a more detailed chart for your closer examination,Mr. Chairman. They are also in the material made available to thepress.
In this flow chart, the number of boxes and the complexity in detailis not necessarily significant. What is significant, I think, to us is thatin our example a very large number cf steps and some key decisionswere accomplished in these two steps where Mr. Dennis started, withstep 1. All of them lead to the point where the Government could beconfident that they have the best solution to the systems problem.So to begin step 1 in our example, a series of six study areas wereundertaken, all looking at different aspects of the general militarylogistics problem.
First, are the basic considerations of policy and strategy, not justrelated to the problem I will describe further, but to the whole questionof logistics support of military forces. Here the study was directedto the question : Is it possible to change our basic approach which wehave used for a great many years; that is, of landing a small numberof forces, very slowly building up and providing supplies to thoseforces, or, rather, is it possible with a new approach to transportrapidly a very significant quantity of men and materiel to any pointin the world ?
That is the general study which would ponder the question of policy.At the same time, there were general studies, systems analyses,looking at what in the gross sense are systems that could satisfy thisrequirement. Is it best, for instance, to pre-position equipment or sup-plies at, laid bases? Is it best to pre-position them on ships? Whatis the composition of the aircraft fleet which could be used? This isin the same sense that civil transportation studies attempt to lookat very gross systems in the beginning so that nothing is overlooked.At the same time, possibilities in combinations of airlift, systemswere studie in, again, the gross; but with a good deal more detailthere being studies a what is th& state of the art of the late 1960'sand early 1970"s in advanced transport aircraft, and how advancedan aircraft and all the systems which go with it, logistics systems,support, maintenance, and so on is feasible in an engineering senseand also practical of application.

These studies, the four I just mentioned, conducted by the Govern-ment, supported by not-for-profit and in-house agencies, were done.At the same time, there was a great deal of technology informationsupplied by aerospace industrial contractors and also the results oftheir own advanced studies.
So these studies pursued a course of looking at the same gross prob-lem in a very large number of ways. Out of this, in our example,came two principal products of considerable importance to us. Onewas in the systems analysis process finding a way by which we could

measure the effectiveness of each of these candidate systems to accom-plish an airlift mission.
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That, systems analysis job produced measures of cost effectiveness.
will do my .best to give a very simple example.
As in a socioeconomic problem in systems analysis, one of the most

difficult things is finding these measures that truly give you an answer
as to what is effectivity, what does it mean when compared with cost.
and truly can the standard be used to compare systems of quits dif:
ferent physical characteristics.

In this case, it was felt necessary to compare the use of a worldwide
logistics system on two different basks. One is considering using this
logistics system in a peacetime operation. What measure, then, of
effectiveness should we use?

In this case, it was determined most practical to use a measure of
effectiveness rather like that which commercial airline operations use;
that is, the operating cost and all other costs per mile for the life of
the fleet over, let's say, a 15-year period.

That gives you, then, a peacetime kind of measure of effectiveness
of the system.

Secondly, because this is a military system, looking at an emergency
situation and then considering the principal measure of effectiveness
is how many tons per day can be moved to a given place on the earth,
and considering that this system must be self-contained and able to
operate in a number of different environments, that system operation
then is measured against its cost per day.

So this determining of standards of cost effectiveness is a principal
part of this step 1, primarily a systems analysis process.

Second, out of this process came the selection of an airlift system
which seemed to be that which was most effective when compared with
the two cost-effectiveness measures I just described.

Once this general concept had then been determined, the Government
wrote out requests for proposals to describe requirements to our in-
dustry to do systems concept studies. The industry job was to tell the
Government what are the possible airlift alternatives, and give the
Government comprehensive information on what it is likely to cost
and how effective it will be.

In our example here, some 10 industrial companies responded with
proposals to do these system concept studies, and the Government
selected four such contractors. These contractors were to provide in
all probability, and in this model in fact, quite different approaches
to solution of the airlift problem.

After these contracts were completed in a 6month period, the Gov-
ernment agencies then evaluated each of these airlifts concepts again
against the standards or the measures of effectiveness which I just de-
scribed, and at that point compared the effectiveness of this possible
new airlift system with the basic considerations of alternatives of land
basing, sea basing, the contribution of each such system to a possible
change in strategy and general policy related to tactical war.

It was concluded then that the airlift system, when reviewed against
all other competing systems, was the most effective way to solve one
large aspect of the logisticsproblem. At that point, a critical one, this
system concept was then selected. At that point we now have a basis
for beginning the second step of the process.

Mr. DEN/C18. Step 2 of the systems approach is called program defi-
nition. This begins with one or more preferred solutions that have
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been arrived ut as a result of the systems analysis step, to specify system
detailed characteristics utilizing systems engineering techniques, de.
termine the total cost for the program, and determine the schedule for
implementation.

In this step the preferred solutions are detailed and the specifica-tions written as to exactly what that solution is. A cost is projected,
and a schedule for implementation is projected.

In the last 10 years or so, the systems engineering techniques havebeen able, through this process, to more forward on these very com-plex problems. Systems engineering here is grouping together large,diverse elements of technology,, resolving the interfaces, seeing 'thatthey all work together, predicting reliability, forecasting personnel,
training requirements, and the ultimate total cost of the systemthroughout its lifetime.

At the conclusion of step 2, sufficient information is known that acontract for implementation can be let. So this is the preparatory stepfor contract implementation.
Mr. WHEELER. In our example, as is common practice in DefenseDepartment systems processes, before entering this second step, thatof actually defining a real progrpn, the Government, itself, had to re-view its activities and those of industry in this first step to see if allof the necessary prerequisites were complete.
In our example, it was determined that in looking at the tactical

environment of the 1970-80 time period, that operational requirementshad been described in sufficient detail to tell the Government what thesize and location of forces were likely to be, what the nature of equip-
ment and support requirements were likely to be and then in our busi-ness terms a scenario had been written, or a series of them, depicting
what worldwide military operations were likely to be.This gave, as in any other system problem, un environmental basisto proceed. We had some notion at this point of the general environ-ment in which the system would beoperating.

Secondly, it was determined that all of the systems conce s con-sidered were a sufficient array to have covered all aspects of the prob-lem. These concepts,. then, reviewed, with a concept evaluation processcompleted and using industry studies and Government studies, arriv-ing at the conclusion that I mentioned before : that an airlift systemis most practical.
At this time it was also determined that there were not major tech-

nical advancement, problems that were likely to impede developmentof an airlift system.
Lastly, the Government, all through this first step, had been pro-vided a great deal of co9t, and performance and schedule informationby the four contractors participating in concept formulation studies.this gave the Government a basis for defining in some detail the likely

financial obligations of the Government.
In this example, as we enter step 2, the program definition phase,the Government determined that, in fact, it was possible, it was feasi-ble, to obligate funding and proceed with a system.
So tut this point funds, originally some $300 million for develop-ment, but contemplating a., program of in excess of $1% billion, wereobligated. Shortly following this, the Government completed its verydetailed requirements for program definition proposals from industry.

4
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This example of program definition had some 1,000 pages of speci-
fications to which the contractor would respond. It was a very de-
tailed definition that would enable the contractors to understand, the
job the Government required of them.

In our example, although we had proposals from 10 members of
the industry in the first step, we find now proposals from only five such
members. Here the difference in number is that fewer contractors felt
it possible to respond to the total requirements that they developed
from the very detailed work statement, so we have come down to a
smaller number of companies who now submit proposals to the Gov-
ernment to actually define the system in considerable detail.

These proposals were then evaluated by the Government with a view
of which contractor can respond best in defining the system. At this
plaint, two such contractors were selected, based upon their ability to
develop and produce a system.

Again, the system approaches that were likely were evaluated based
upon the cost-effectiveness measures I described earlier.

The contractors selected completed a 6-month contract definition
program. At that point they produced a very substantial volume of
data to the Government to give an adequate definition of the system
they proposed, its costs and its nature. These were compared for
effectiveness both in a peacetime and in an emergency operation, and
a contractor recommended for selection based upon his having the
most efficient system in a cost-effectiveness sense, and one which had
the bt,;,. number of desired technical features.

Mr. DENNIS. The third and last step in the systems approach is the
system implementation step. This is where the solution to the

imple-
mented.

that was defined in the program-definition phase is actually mple-
mented. Here we engineer, produce, emplace, and /or operate, depend-
ing on the characteristics of the systen), the final solution utilizing
systems management techniques in accordance with predetermined
costs and schedules.

Again, in this phase, the systems management techniques developed
in the Defense Department are very critical to the success of the imple-
mentation _phase, techniques like PERT cost, where you have an abil-
ity to predict the final schedule and final cost of the total system as
the system is being put into place and being operated. This is the
third, and last step of the systems approach.

Mr. WHEELER. In our example, we had a group of Government pre-
requisites satisfied in going from step 1 to step '2, and in the same re-
spect, in this example, and in common practice, a group of prerequi-
sites to allow the Government to proceed from program definition into
implementation of the system were reviewed. These prerequisites in
our ,,lase were a recommended system design desoribed in sufficient de-
tail and with development programs and necessary testing described
so that the Government could have confidence in a contractor or teams
of contractors to carry out the implementation of the program.

Secondly, foreseeable technical problems have been described in
considerable detail. In our example, these did not appear to be of
large order. Solutions, however, to possible technical problems were
proposed and ways of responding to Government needs, should the
Governmerri- make some changes in system requirements as the pro-
gram moved along.
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Thirdly., comparisons in a time sense, in the cost sense, and in effec-
tiveness sense w-,re moile of several airlift system designs, showing
their features in a compt;rative sense and providing information on
how much each woulel rcpt and how effective it was, and comparing
those, in turn, with a recemmended system design.

That recommended syqem had detailed specifications for each enditem; that is, each piece of physical equipment, training procedures,
maintenance procedures,, and so on, necessary to operate the system.

Imstly and very signicantly, production information on schedules
and costs of sufficient detail that they could be compared one system
to another were completed. Mr. Dennis mentioned PERT. Cost
systems in this case were completely drawn out to the point that the
Government could look at variations of time and its effect on cost, and
vice versa.

Then estimates of a 10-year-production period of the program and
the developments preceding it, were provided and also firm. COet pro-
posals to the Government for development and then first production
quantities of the airlift system.

At that point, the Government had sufficient information to begin
a rather substantial program backed up with also very substantial
data.

Mr. DENNIS. This is a summary chart of these three steps that I
will show you next: systems concept definition, program definition,
and the r, stem implementation.

Generally, in major systems in the Department of Defense, the
systems concept definition takes a period of about 2 or more years
to fully understand the problem and look at the alternative solutions.

The systems program definition is on the order of a year or less.
Systems implementation varies depending upon the type of ro-

gram ii volved. In the particular example that we are talking about
here, the development part, was about 3 years and the implementa-
tion. was 7 to 10 yea s.

Perhaps in a national problem other than in defense, I woul'1 say
that the 2 years or mcre for systems concept definition is reasonable,
a program definition of 1 year or less is reasonable. As far as de-
velopment is concerned, it, may be that, 3 years would be a reasonable
number for a pilot establishment or a test case. If that were success-
ful, then it could be applied to other systems as well, other arms of
the States as well.

Senator NELSON. Is that the production phase, the 7 or more years,
which contemplates the problem of producing the equipment to im-
plement the program?

Mr. :DENNIS. Yes. In the case. of the airlift, this is the develop-
ment of the airplane, and then there is the production of the air-
plane and its actual use over its lifetime.

Senator NELSON. So if you had the equipment you wanted, if you
had the airplane, you would be knocking off 10 years?

Mr. DENNIS. That is right.
Senator NELSON. That is, if you had the ideal aircraft at the time

you startedt and when on came to ,your conclusion if you had it on
hand, the ideal aircraft, you would save 10 years on the whole
operation?



SCIENTIFIC MANPOWER 'UTILIZATION) 19137 57

Mr. DENNIS. You would not go beyond the point of system pro-
gram definition. One thing that might be analyzed is -whether or
not the existing aircraft is satisfactory for another 10 years or whether
a new aircraft is required.

As far as costs are concerned, these are just gram estimates, but
they might be of interest to you. For every dollar that is spent in
the systems concept definition phase, in the Defense Establishment,
about $10 is spent during the program definition phase. In the de-
velopment, it is about $100, and in the production and operation is
about $4000.

We have talked a bit as to whether these numbers are realidtic when
we look at other types of problems than defense, and I think they
probably will hold up in rough orders of magnitude fairly well.

The low expenditures are in the systems definition and the pro-
gram definition. Before a decision is made to implement and spend
arge, quantities of money, at this point in time the total cost which

is going to be accrued by system implementation, and its schedule
will be well known and at this point in the defense business a con-
tractor will go under a contract.

Senator NELSON. Just for purposes of the record, if this concept,
this system, were to be applied to a social problem, of course, wheth.er
or not there would be chat 7- or 10-year period, whatever, wculd de-
pend upon the nature of the problem. You may not have to develop
any equipment at all, but we would just change the system.

Mr. DENNIS. If we take the Mississippi water pollution problem
that we were talking about at recess, it may take 7 to 10 years to put
it in completely. In that case, it is an implementation and not a
production problem, really.

We thought it might be of interest to you as to who accomplishes
these steps in the Defense Establishment. I have broken down the
three steps again: In systems concept definition,, here the Department
of Defense, allied analysis and evaluation organization, with support-
ing studies and technical data from industry; in the program defini-
tion phase, individual corporations or industry teams with govern-
mental management agency supervision; and in the system imple-
mentation phase, the armed services departments and industry through
program management offices.

I think it is interesting here to point out that in the systems con-
cept definition, industry .plays a relatively minor part in the first
phase.

Senator Nrteox. Your systems concept definition includes that part
of the phase of understanding the problem ?

Mr. DENNIS. That is correct.
Here the knowledge that exists in the Department of Defense and,

let me say, the nonprofit type organizations and academic institutions,
far exceeds that which we have in industry. When you are trying
to understand the total problem, there are disciplines and knowledge
which the industry does not have. So generally these types of orga-
nizations make the contribution to the systems concept. definition.

There is a second reason for minimizing the role of industry here,
and that is to szet an objective solution to the problem. If industry
came up with the concept definitions and later on had to implement
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them, it may be that looking downstream they may feel that they could
put their own system in that wasn't the preferred solution in a subse-
quent step. So one of the advantages to minimizing industry's role
here is that they don't grade their own papers, they don't come up with
a preferred solution and then implement it. That gives an objective
analysis of the problem.

Mr. WHEELER. In our example, perhaps we can clarify the respon-
sibility relationship of these people.

If you recall, at the beginning we had some six studies. The general
policy atudy was conducted in-house at the DOD management level.
The general analyses of comparing systems and general analyses of
what are capabilities of airlift systems were done by analytical and
evaluation organizations within the Department of Defense assisted by
not-for-profit companies, and using nformation supplied by the indus-
try as to what is the state of the art and what is practical and feasible.

Then the detailed studies on actual airlift systems concepts were
managed and directed by the Air Force through its agencies and with
a very direct interchange of information from the industry as to what
is technically possible and from the industry as to what systems will

ibe envisioned in solving the problem.
As was mentioned, however, this is of an informational nature.
It is also valuable to have the industry critique approach of Govern-

ment, in terms of whether this is a practical, thing and should it be
instituted. The emphasis in the first step is rather heavily in the Gov-
eminent sector.

In the second step, the emphasis is in the Air Force management
agency with industry participation, and in the third step of actually
implementing the system, systems management by a contractor as
directed by an agency of the Air Force.

So this relationship gradually shifts in terms of the amount of effort
applied to the problem from in-house Department of Defense analyses
through to more and more participation by the industry until, in sys-
tems implementation, the bulk of the work is now being performed and
the bulk of the systems management responsibility performed by the
industrial teams.

Mr. DErms. We have also indicated how these industrial teams
are selected. In the systems concept definition phase, the selection is
based on a request for proposals where the contractors describe their
experience, their personnel and preliminary approach.

For the program definition phase, again it is based upon a request
for proposals and the contractors describe their procedures, technical
developments, and capability to undertake systems implementation.

In the third step, system implementation, it is based on the result
of the program definition phase, particularly significant technical fea-
tures and cost effectiveness of the total system being included.

I would like to point out N o things here : Very often contractors
will be asked to participate in systems concept definition where they
might have a unique technical solution but where they are not quali-
fied to carry the prod.um on further.

This is the contribution through the whole process where industry
assists in a systems concept definition. For example, in a water pollu-
tion problem it may be that a small company has a filter that might be
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a, key to the solution of the problem, but the small company cannot
take on the total program management to clean up a major polluted
area. He will be asked to participate in the concept definition simply
to evaluate his filter.

The second point is in the program definition the contractor ex-
presses his technical development6 and ea ability. Recognizing that
the system implementation is the phase where the contractor wants to
participate, this is the end goal of the whole proeests.the implementa-
tion phase. Recognizing that the program definition phase is the
necessary step to get to here, the compe.titive naturq of the defense
business has forced the industry to anticipate upstream the system
implementation contract, to the point when they begin to invest their
own money in research and development in corn' ig 11 with new solu-
tions and -flew ideas so that during this phase they ('Au get a competi-
tive edge for the system implementation phase.

There has been a great, deal of discussion on the application of aero-
space teelmology to some of these other national problems and how to
involve the aerospace technology. My feeling is that if this process is
followed on these other national problems: and understanding that
there are system implementation contracts in the future, in anticipa-
tion of these contracts the aerospace industry will start to direct their
technical capability toward unique solutions to problems so they will
be more eompetitive for the final phase. This is a way that this tech-
nology can bridge the gap from defense to these other national
problems.

Mr. WirEELER. In the example, returning to the selection prat s,
Mr. Dennis was mentioning that, in our model, 10 industries in the
early phases felt, they had significant technical contributions to make
to this tactical airlift, system problem.

Four of these in. the Government's opinion had mfficient ability to
make a material contribution to that evaluation prooess. By the time
a system was actually defined, there were then only a limited number
of industrial firms, five in this case, who had the preceding work, the
background and the ability to go ahead and produce the system.

The number of people involved, the number of competing compa-
nies, narrowed, if you will, in a rather natural process, based upon their
own assessment of their situation, their ability to proceed with the
program, their ability to respond to the requirements of the
Government.

From the five contractors, then, two were selected so that the Gov-
ernment would have two cliff/wont of view in their information,
and two different approaches to a system implementation program,
and two differing types of capability in actually producing the system.
It was felt necessary in this system to have at least two companies in
the program definition phase so the Government has the fullest
amount of information about companies who are qualified to actually
go ahead and produce the system.

The selection in each case is basically, in our model here, by the Air
Force management agency, with the review and concurrence of the
Department of Defense.

The boric responsibility rests with the Air Force to determine the
ca,pivbil cues of the contractors and their contributions to the program.

76-510-07-5
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Mr. DENNIS. We also indicated how these steps are funded. In
the systems concept definition phase, Department of Defense operat-
ing budgets, contractural arrangements with support organizations
and small study contracts with industry.

For the program definition. phase, generally the contracts are with
industry on a fixed price basis.

For the system implementation phase, the contracts are with indus-
try having varying degrees of profit incentives, depending on the risks
involved.

As I pointed out earlier, the ratios here are where this is $1, the next
is $10, and the third step can Pun from $100 to $1,000.

Mr. WHEELER, In our extvnple the cost ratios that Mr. Dennis
described were generally borne out, I find them quite interesting,.
Our industry would not be aware of the cost of bilious() system studies
at the very beginning of the program, because those studies are initi-
ated inhouse in the Defense Department. However, some $10 mil-
lion worth of systems definition contracts were lot in the first step,
followed by some $50 million of program definition. contracts. We
didn't guile o from 10 to 100, but we are in the same general
nei /1111°0.

example, the development program of some $700 mil-,

t he uctual implementation and production program some -
I hi Eg g:cater than $2 billion.

In this ey,:ample, it was apparent, to the Government that it was ap-
propriate to proceed with contracting for both development and pro -
duction at the same time, or contracted at the same time, I should say.
So the first several years of production and the development preceding
it were all contracted for at the beginning of this system implementa-
tion phase.

On examination of other examples one might find that the Govern-
ment would elect to go ahead with the development program and re-
serve decision as to final implementation of the program.

Mr. Dr;xxis. This is the final chart, and it is a kind of summary to
pull all the factors that we have talked about togoOler.

Again there are the three steps: Concept definition, which utilizes
systems analysis techniques, which provides alternative approaches to
satisfy a requirement, the relative effectiveness of each, and probable
extent of Government obligations.

The second step is program definition, which utilizes systems engi-
neering techniques. rt provides a preferred systems designs with
Olternatives, the cost effect iveness of each, and fi.1.111 plans and schedules
for design and development.

The third and last, step is program implementation, utilizing systems
management techniques. It provides plans and costs for orderly sys-
tem development, production, and operation. It provides the timing
and nature of the obligations, and assurance of cost. and program con-
trol.

This kind of ties up the three steps and the techniques involved.
Senator NELsox. Thank you very much, gentlemen.
I think that anyone who had the opportunity to listen to the pres-

entation in detail would understavd the system approach that was
used here. What troubles me a little bit is that most people who will
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be considering this problem in the Congress will not have heard this
presentation in detail and I think it will be a little difficult for them.

I say this only by way of asking you, Karl, this question. As I
recall, in the California contracts there were four of them, one being
crime and delinquency, one pollution, one transportation, and one
information handling.

Would it be possible to take the pollution one, which I think was
the smallestthough this is very fine in the record for anyone who
wants to take the time and look at the charts in the record, and they
can understand that after examining itr---I was wondering if it would
not be possible for whichever one of the corporationsand I think
it was Aerojet that did the pollution studyto take that study and do
a narrative presentation.

The report, itself, is too big, detailed, too fat to go into the record.
But if one of the persons who worked on that could take it so that we
could submit it into the record ahead of or behind this one, it would be
helpful. It would be a narrative explanation, so that the general
public could understand the concept, such as you would find in a maga-
zine, for example. Would that be possible?

Mr. J [ARR. Dr. Roberts is here.
Mr. ROBERTS. When you ask if it is possible, Mr. Clmirman, the

answer is "Yes," it is possible.
Mr. HARR. fam sure we can do that, Mr. Chairman, and will.
Senator NELSON. Maybe if we ask someone who knows too much

about the subject, they can never get it simple enough for the rest of us
to understand. But I have read the report, and I think you could
write a narrative explanation, it seems to me, of the pollution systems
analysis report that was made in California. Don't you think so?

Mr. Romanis. We will be glad to, sir.
Senator NELSON. I think it would be very helpful. Anyone listen-

ing to this fine presentation in detail would understand it. But I
think we need a simple narrative explanation. The only reason I sug-
gested pollution is because it is one of the social proUt ins which now
has a high-level visibility and interest thryughout the country.

Mr. IIAnn. We will certainly be glad to do that )4r. Chairman. My
only hesitancy, and I am sure it is unnecessaryl.is that one of the pur-
poses of this rather full-blown exami Haim de.pth of a hybrid
model study was to go beyond the phase involved in the California
contract, and studies and show to wiut ilepth there is an interface, a
working together, and sharing of reQponsibilities, throughout all the
way to implementation.

Senator NELsoN. I think it is excellent. But there is this one other
problem. If the committee finally ieports a bill, it then goes to the
floor of the house and the floor of the Senate. Everybody is very
busy and there will be three or four people in each 'louse who have
read the hearings in detail.

Somebody is going to say, "Give me, a good example." We can say,
"There is a very fine example right here."

But if you can give a narratim example on a social problem, I think
it would be helpful in explaining to Members of Congress what we are
talking about. I think most people have not interested themselves
in the idea of systems analysis and they will say, "Well, what is it

A simple narrative explanation will help the record for the presenta-
tion to other Members of Congress.
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Mr. HARR. It will be done.
Senator NELSON. I want to thank you very much. It has been an

excellent presentation, and it is very valuable for the record. I ap-
preciate your taking this time.

Mr. HARR. Thank you, Mr. Chairman.
Senator NELSON. Our next witness is Dr. E. R. Roberts, vice presi-

dent, Aerojet-General Corp., El Monte, Calif.

STATEMEPT OF R R. ROBERTS, VICE PRESIDENT' (DEVELOPMENT),
AEROJET- GENERAL CORP., EL MONTE, CALIF.

Mr. ROBERTS. Thank you, Mr. Chairman. It is a pleasure, indeed,
to testify before you on a subject which we consider to be very im-
portant.

Mr. Chairman, the gentlemen who have preceded me today have
very aptly pointed out what the systems approach is and how it is
used in solving problems associated with the design, development,
implementation, and management of complex defense and space pro-
grams. There are, It ever, some fundamental differences between
these problems and filmic of a social or socioeconomic nature. There-
fore, a review of our eyperiences in this field might 1 e appropriate.

This is the third time that our company has had opportunity
of addressing you. In 1%5 Dr. Culver, manager of our life sciences
division, discussed the findings of our waste management study, and
Mr. Lehan and Mr. Kuhn presented the results of our crime and
delinquency. study. Since then we have become engaged in two more
studies of similar nature.

Today, with your permission, I would like to review our total ex-
perience from the standpoint of

(a) To what degree our talents and our methodology is translatable
to solve socioeconomic problems.

(b) What kind f,f difficulties we have experienced.
(c) What contribution to the solution of these problems can be ex-

pected from the aerospace industry.
And finally, to what time schedul2s could we perform ?
Let me start with the translatibility of our talents and methodology.
We found that in all cases we studied, the system. enigneer had no

unusual difficulty understanding the problem, and with the help of
systems analysts, statistician, computer scientists, and consulting ex-
perts from the particular socioeconomic field, he was capable of
putting the methodology fully to use.

Indeed, Mr. Chairman, in all cases he could construct a systAi»
framework within which the problem could be logically attacked. i.
wish to emphasize that we had to construct a system framework, be-
cause as yet the various operations, which must contribute to the solu-
tion of the problem within a so-called socioeconomic system, do not
operate in unison to accomplish a defined objective. Indeed, if we
accept the simple definition of the systemthat it is a set of operations
designed to perform a specified objectivewe must say we have very
few, if any, socioeconomic systems operating today. We do have a
numbcr of socioeconomic problems, which may have grown to the pro-
portion in which they exist today, exactly because of the lack of such
systems.
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With that thought in mind, it is of significance that we have been
able to east these problems into a system framework. We have
shown in previous presentations to you block diagrams representing
such systems framework for the criminal justice and the waste manage-
ment systems. I have no intention of discussing these systems in any
detail today. But I would like to take a few minutes, running the
danger of being repetitious, to give some specific examples from each
of the studies we performed to date to show that the systems method-
ology gave us, Iced, a better insight into the problem.

For example, in the crime study, we introduced the concept of the
so-called career cost of the criminal, wnich is the cost to the State of
any criminal during his criminal career. The data indicated that
the most costly criminal is a check forger, which is a rather unexpected
finding.

We have succeeded in our social welfare study to quantify the char-
acteristics and magnitude of that part of the population which is
most likely to be a welfare recipient.

In our waste administration seedy, as you recall, we have found
ample evidence that all types of waste, whether it is solid, liquid, or
gaseous, must be dealt with together as a part of one system.

These findings and the several others which we prevented in our re-
port, per se, do not solve the problems, but they give us a much better
insight and permit us better planning while we are seeking solutions
to these problems.

New, let us take a look at the difficulties we encoun' red. In all the
studies we undertook to date, Mr. Chairman, we ran into two major
obstacles. Both may stem from the previously mentioned lack of
existence of truly planned socioecommiic systems. These two obstacles
are :

(a) The uncertain nature of goals and objectives.
(h) The lack of necessary data to find cause and effect relationships.
While we strongly believe that these are only temporary obstacles

since systems analysis is particularly suited to solve this kind of prob-
lem, nevertheless, they do exist today, and it is important to fully
understand their significance. To shed better light on this area, let
me refer for the moment to a typical military weapon system develop-
ment. The Government (frequently with the help of nonprofit or-
ganizations) sets specific goals for the system. The industry evaluates
various possible concepts, elects the one which offers the best solution,
sets performance requirements on all the subsystems, and then per-
haps hundreds or thousands of companies go to work to reduce the
concept to hardware. If, in the course of development, problems
ariseand they always dothe quantitative impact of the problem
upon the total system is evaluated, and if the problem persist:, an
alternate route might be explored. Important is the fact that the
problem can always be assessed quantitatively in terms as it affects
the total system performance. In contrast to this, the socioeconomic
"systems" have evolved without the setting of firmly defined goals.
The problems with which they have to deal exist against. a backdrop
of -;ociai, political, legal, and economic influences.

Since the socioeconomic systems today have no quantitatively estab-
lished objectives, the magnitude of the problems they face cannot be
measured in terms of system performance. Thus, a logical solution
to the problem is obstructed until we remove this obstacle.
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Further, in order to come up with solutions, at least reasonable
understanding of cause and effect relationship Cetween the more sig-
hiPcant contributing fuctors must be developed. This is particularly
important since solutions to socioeconomic problems must evolve from
the present environment. This environment, regardless of how bad
it may be, cannot be swept away like an obsolete weapon system when
it is replaced by a more modem one.

Thus, in attacking a socioeconomic problem, without the knowl-
edge of why things are the way they are, we are starting not from
point zero, but we start from a negative position. This is not an
unusual .situation. I well remember, Mr. Chairman, that 20 years
ago, we were in a similar situation in the rocket industry. We had
difficulty writing good speeifications, because we did not know what
could be accomplished. We ha(1 difficulties of solving problems, be-
cause we had no good knowledge of cause and effect relationship. So
most of the rockets just blew up. We had to analyze, correlate, hy.
pothesize, experiment, and evaluate, and reiterate the process again
and again in order to arrive to point zero, in order to advance to the
point where reasonable goals could be established and systems capable
of coping with problems could be evaluated and developed. We are
today m a similar position in many of the socioeconomic fields, with
the exception that we now have a proven methodology and a substan-
tially advanced technology at, our disposal.

Senator NELSON. May I interrupt you a moment?
The fact that you couldn't come up with a final answer to some social

problem still wouldn't mean, would it, that the methodology could not
help you come up with some answers and thus would be of great value
anyway ?

Mr. ROBERTS. Certainly.
Senator NELSON. As a matter of fact, I would guess that in a fair

percentage of the most pressing social problems you will not have all
the answers because in most of them flier ),re human factors involved
that we don't have a capacity to evaluate ialiyway.

This is true of the use of pesticides in this country. We are sc.eing
consequences from their use that are causing ecological imbalances in
the seas, in the lakes, in the soil, in the whole environment that couldn't
be predicted. But that doesn't mean that you couldn't tackle the pol-
lution problem, including pesticides, and come up with an answer that
improves the situation vastly. That is what I am getting at.

Mr. ROBERTS. That is correct. The fact that you don't know ulti-
mately what ,you want simply makes it very difficult to come up with
the best solution to the problem. It doesn't make it impossible to come
up with improvements, and with systems methodology we can intro-
duce improvements without having that ultimate goal.

What I would like to stress is that this system analysis would per-
mit us to set very intelligent standards which today are lacking.

With this in mind, let us take a look iat what the aerospace industry
can contribute and on what time schedule the accomplishments can be
realized.

Since each system is beset with different kinds of problems and our
contributions may vary vastly from one to the other, it may be more
meaningful to take the crime study and waste management study
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as specific examples rather than talk in generalities. These systems
happen to be typical of two kinds of systems : No. 1, the crime study
deals mainly with software; that is, the generation handling, and dis-
semiration of information, and No. 2, the waste management system
has primarily a hardware orientation.

In the area of crime and delinquency, we believe, there are activities
which we can profitably undertake immediately. For example, sub-
stantial benefits could be derived by improving the information flow
within the system and assure the availability, of maximum meaningful
data at the decision points in the system. Further, we could improve
the system to effect a, faster processing of the criminals. In under-
taking this effort, which would take from 3 to 5 years, we are dealing
primarily with methods of handling the proillein, rather than with
the problem itself. More germane would be our contribution to the
solution of the problem, Mr. Chairman, by designing, with the help
of social scientists, behavioral scientists, penologists, psychologists,
psychiatrists, and so forth, well designed and monitored. statistically
significant sociological experiments to yield data which would permit
us to verify or reject hypotheses previously made. The very nature
of this iterative process and the long leadtime required for feedback
takes at least 5 to 15 years before meaningful data can be expected.

On the basis of the data resulting from such experiments, we might
be enabled to intelligently use our resources to cause the basic pro7)-
lemJo recede. Finally, as far as the criminal problem is concerne.i,
we can contribute to pinpoint areas of basic research and help to evalu-
ate data obtained in the course of the research. This activity would
be directed. to understand what makes a human become a criminal and
would have to go on, like cancer research, until the problem is totally
resolved.

In the waste management area, our immediate contribution should
be directed to establish useful environmental quality standards. We
believe that within 3 years, through a program of basic research, in-
volving environmental sciences and system analysis techniques, we
could fix useful quality standards for air, water, and land. Further,,
we believe that within 5 years we could design concepts capable of
meeting these standards, Paralleling this effort, within 10 years, these
concepts could be reduced to hardware, and in 15 years, we could start
the implementation of the system and really solve the problem of pol-
lution. We are fully aware of the fact that no socioeconomic system
can be implemented in a vacuum, and we must take utmost car.e to
avoid or at least minimize adverse effect on interfacing systems of our
society.

Having presented evidence that the systems methodology and our
talents are translatable to socioeconomic programs, and havirg dis-
cussed the problems encountered in the past and our potential contri-
bution in the future, let us examine what the roles of government,
educational institutions, and industry should be to permit an effective
attack on these problems.

First of all, we do not believe that any new institutions are required.
A better definition or realinement of responsibilities of existing insti-
tutions is, however, desirable to facilitate their capability to handle
programs on a "systems" basis.
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Jost of our sock, economic problems, such as pollution, for example,do not have the arbitrary boundaries of political entities, such as Statesand inunieipalities. Consequently, the Federal Government wouldhave to plai, in this ease, a significant role in establishing nationwideguidelines. Further, the Federal Government should stimulate re-seareh and development pertaining to countrywide ivobleins.Complementing this activity, the State and local governments shouldhave the responsibility to undertake research and development pertain-ing to local problems and have the responsibility of implementing therequired solutions. As far as the universities are concerned ill thisendeavor, we believe that they should be cohtinued to be supportedwith grants to undertake research with the craditional freedom ehar-acteristio to such institutions, recognizing the fact that Knell reseailmight be fragment ed. The pinpointed effort to solve emnplex systemproblems on specific time schedules must be assigned to industry.In summary, we believe that we have today more than just conjec-ture, but actual evidence that we, indeed, can use our methodologyand technology in our endeavor to solve socioeoonomic problems.As a result of our participation in the various studies, we havegained a better insight into these problems, and we can, indeed, iden-tify areas where an immediate attack on the problem appears, at leastto us, to be logical. We can identify problem areas where a relativelyshort-term solution could be expected. I believe t to 1i years is a rela-tively short, term when you are looking at problems of this nature.But the latent eapability, of our industry to deal with these problems,we believe, is not enough in itself. We need much more. We need avery close cooperation with Goverhgnent institutions; we need a veryrealistic assignment, of funds and time to exploit this capability to thebest interests of our society.
Thank you very muoh for your attention, sir.
Senator NELSON. Thank you.
The Congress some few years ago made grants aye liable to Statesand municipalities for purposes of comprehensive planning, Stateplanning, regional planning within a State of several counties, andso forth.
In many States, city, as well as regional planning commissions, havebeen developed, especially in the past 6 or 7 years, and have bee i ac-celerated as time goes ley. Would you not agree that in te° ins oftackling quite a few social problems, comprehensive plans have to bedeveloped by the regions, by the local areas, by the cities, by the States,in order to provide the detailed information so that you can apply thesystems analysis eoncept ?
Mr. ROBERTS. I would like to state a little in reverse. First, I feelthe Fedcral Government has to give a guideline of what has to beaccomplished, and then the local areas can come up with the detailedplan which would fit into the overall guidelines. But there must be ageneral, uniform guideline. Otherwise, we might find that the variousregions are coming up with conflicting interfaces when they meet atone point of the geographical map.
Mr. Chairman, today in California we are actively engaged in aSolid Waste Management Study for the State of California for theFresno area. This study is funded by a grant from the FederalGovernment.
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Senator NELSON. I believe that legislation was passed about a year
ago.

Mr. ROBERTS. Yes, sir.
Senator NELSON. I thank y911 very much for your very fine presen-

tation.
Mr. ROBERTS. You are welcome.
Senator NELSON. That will conclude the hearing for today. We will

resume in the morning at 9 :30.
Thank you all very much.
(Whereupon, at 12 :08 p.m., the subcommittee recessed, to reconvene

at 9 :30 a.m., Wednesday, January 2511967.)
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WEDNESDAY, JANUARY 25, 1967

U.S. SENATE,
SPECIAL SUBCOMMITTEE ON SCIENTIFIC

MANPOWER UTILIZATION OF TIM
COMMITTEE ON LABOR AND PUBLIC WELFARE,

Washington, D.C.
The special subcommittee men at 9:30 a.m., pursuant to recess, in

room 4232, Senate Office Building: Senator Gaylord Nelson (chairman
of the special subcommittee) presiding.

Present : Senator Nelson ( presiding) ._
Committee staff members present: William Spring, special counsel

to the subcommittee.
Senator NELSON. We will continue hearings today on S. 430, the

Scientific Manpower Utilization Act cf 1967, and S. 467, the National
Commission on Public Management.

This morning WO will have testimony from Senator Hugh Scott of
Pennsylvania; Dr. Simon Ramo, vice chairman of the board, TRW,
Inc.; and Dr. Robert Lekachman, chairman, Department of Eco-
nomics, State Univorsity of New York.

Mr. Kurt Bauer, executive director, Southeast Wisconsin Regional
Planning Commission, was unable to get a plane out of Milwaukee
because of weather, so he will not be here this morning.

We are very pleased to welcome the distinguished U.S. Senator
from Pennsylvania, Hugh Scott, who is the author of S. 467, the
National Commission on Public Management.

We are pleased to have you here this morning, Senator Scott.

STATEMENT OP liON. HUGH SCOTT, A U.S. SENATOR FROM TIIE
STATE OF PENNSYLVANIA

Senator Scow. Thank you very much, Mr. Chairman. I am very
happy to be here and have the opportunity to discuss the approach
embodied in S. 467.

In the current issue of 'U.S. News & World Report, there is an
article on the future, and there is a line in that article which says that
the dreams often have a way of coming true. The point is made that
in this past short decade alone, advances have occurred which greatly
affect the present and will more greatly affect the future of all our
citizens.

The point is made that 10 years ago there were no jet commercial
a; craft and virtually no activity in space, and that the use of com-
puter systems was just beginning.

69
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Projections are made for the wars 1970, 1980, 1990, 2000, with some,
fascinating prospects held forth fora long and better life in forth-
coming ems. I believe the article ends with the statement that we
w- re born too soon. The best is yet to come.

It is in line with forward thinking, then, that introduced S. 467.
1 appreeiate -IL's opportunity to appear before this subcommittee

and dismiss a matter of vital eoneern to all Americans.
Members of Congress have become increasingly aware that dynamic,

innovative steps must be taken if this Nation is to continue its progress.
The past decade has been a period of creative legislative action insofar
as the establishment of polieles and programs to solve our socitl and
economic problems is concerned.

Significant achievements have been registered in pollution control,
planned urban development and renewal, housing and education, pub-
lic health, and the preservation of our natural resources.

T might note, parenthetically, that in his state of the Commonwealth
address yesterday, the Governor of Pennsylvania, Raymond P. Shafer,
has taken note of many of these demands and has made very progres-
sive and challenging recommendations to the legislature in the fields
of urban transportation, public welfare, po lution, publ:c health, and
many other fields.

I am glad to see that this Governor and, for that matter, most of
our Governors, are becoming aware of the role of the States in this
area. But it is the role of the Federal Government in partnership
with local and State governments to which I address myself.

In spite of this retiord of significant achievements that I noted a
moment ago, the responsible, authorities at all levels of government
local, State, and Nationalface a host of serious problems caused by
a society which is characterized by its increasing complexity, rapid
rate of growth, and high mobility.

The magnitude of the problems leave no doubt that traditional
solutions alone will not provide relief. The resources of all facets of
this Nation must be marshaled to meet this challenge. This genera-
tion of Americans has lived through an era spanning the past 25 years
that has brought numerous and deeply felt changes in our way of life.
Atomic power, the space age, and various evolutionary changes in
our defense capability have come about through the ingenuity, busi-
ness acumen, and industry of all facets of society.

As the result of the endeavors of private industry, the universities,
and governmental components, a great deal of useful knowledge and
an appreciation for new equipments and procedures have accrued.
We have seen new techniques of management analysisoften termed
the "systems approach "-- developed, tested, and incorporated into the
mainstream of industrial activity.

While the systems approach most often is associated with the work
performed by the Department, of Defense, the Atomic Energy Com-
mission, and the National Aeronautics and Space Administration,
attention recently has been given to applying it to the problems in
the public domain which I just enumerated.

Although the United States is a wealthy nationindeed, the
mightiest in the history of the earthits resources are not unlimited.
The decisionmakers of the Nation must assess carefully -:here and
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how to expend these resources. No longer can we afford to expend
90 percent, of all Federal research and development funds on defense,
space, and nuclear energy developmental projects.

Not only must the Federal Government increase its expenditures
to combat, pollution, urban sprawl, and natural resources dissipation,
but the State and local governments must do likewise.

What steps can be, taken to achieve our ultimate, goals? Two
worthy efforts have been initiated within. the Congress which can go
far in helping to resolve the national and community problems in the
nondefense nonspace sector. You, Arr. Chairman, proposed, a bill in
October 1665, remtrodueed as S. 430 last week, which delineates a
course of action in precise terms : To mobilize and utilize the seientifie,
and engineering manrwer of the. Nation to employ systems analysis
and systems engineering to help to fully employ the Nation's man-
power resources to solve national problems.

A wseries of hearings were held last year which have, been most use-
ful in obtaining factual data and commentary, from experienced par-
ticipants in using the systems approach in various applications areas.

A voneurrent approach, I believe to be complementary both
in concept and ultimate ramifications, was introduced last August
which called for the, establishment of a National Commission on
Public Management, 111a(1 the honor to introduce this measure,
which was cosponsored by nine other Senators; a companion bill was
introduced in the House of Representatives by the Honorable F.
Bradford Morse of Massachusetts and mom than 40 of his eolleagues.

With the convening of the 90th Congress, these bills were reintro-
duced by Representative Morse '20) ; and myself (S. 467) with
the same strong support.

The mandate of the Commission, as I stated in my introductory
speech on the floor of the Senate oil January 18, will 14 to answer two
fundamental questions : "Can the, systems approach contribute to the
solution of these problems? If so, how caul it best do the job?"

The Commission, to be composed of 13 outstanding representatives
from business, labor, edueation, and Government, would have, a full-
time stag. With a, basic, purpose of studying the ways in which mod-
ern systems analysis and management techniques may be utilized to
overcome stwiety's problems, the results would be in the form of
specific recommendatrms for legislation, Federal executive, action, and
implementing action State and local jurisdictions.

Senator NELsow. If may interrupt, Congressman Bradford Morse
was before the committee yesterday. I understood him to say that
last year your bill lit d on that Commission, Members of Congress,
And this year your bill in this House does not. Ain I incorrect?

Senator SCIY11.1. I cantiot speak with certainty about Congressman
Morse's bill, but mine, both last year and now does not.

Senator Nusox. 1T ealled my attention to that, and was urghkg
that Members of Congrem be on the Commission. I understand his
version does include Meiners of Congress. Is there a policy reason
for not including Members 6.1 Congress?

Senator Suxyrr. No, there is no policy reason, Mr. Chairman I
would have no objection at all. Mr. Morse has told me of his willing-
ness to accommodate me by combining the two approaches. I would,
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in turn, have no objection whatever to considering the advisability
of ineluding- in fact I would react favorably toward includinga
provision that members of the Commission either may or shall be
Members of Congress, as seems best after I have a chance to talk
with Mr. Morse.

Senator NELSON. I don't personally have an opinion on it. lie
seemed to have one, so I though I would call it to your attention.

Senator Scow. I appreciate that. 'We will consult with Repre-
sentative Morse.

During the current set of hearings before this special subcommittee,
emphasis has been placed upon learning more about the ways in which
the systems approach, as developed in private industry, can be brought
to bear on these pressing problems. I feel that the subcommittee is
wisely inquiring into the role and relationships of themany participat-
ing elements in this complex environment : the State, local, and regional
governmental groups, the universities and colleges, the "think-type"
institutionsboth profit and not for profitand. the Federal Govern-
ment.

I did not mean the last statement to be wholly exclusionary; I would
not exclude 'the Federal Government from the category of "think-type"
institutions, although I would like to give that some consideration, also.

Many tools and techniques, including the electronic computer, have
nen developed and applied to the spectrum of domestic problems. In

a subjectinstances, as in the State of California, where specific suject
studies were undertaken by selected aerospace firms, valuable data
concerning the nature of the problem and possible mechanisms for
solution were obtained.

It is my firm belief that before steps are taken to allocate funds to
various gtates, we need to know more about which management tech-
niques can be really effective in coping with the complex problems
which were miler identified.

Forecasting the future is a responsibility to be shared by all of us
in the policymaking role. The problems are multidimensional and will
be solved only by.the joint efforts of the private and public sectors. I
was particularly impressed by your call to action, Mr. Chairman, when
you Armed:

Nothing short of a massive effort by industry and government at every level
will halve this problem. This can be done only after a total analysis of the prob-
lem and development of an overall program of action.

Th© Congress has ev;nced willingness to confront the issues of the
.day, and to pose solutions. Technology is now available which will
allow us to purify our streams, cleanse the air we breathe, construct
good housing at a fair.price, and provide health care for every citizen.
The men and women of America have had to comprehend and US-
similate new techniques for producing the everyday necessities, en-
gaging in recreation, and communicating with their neighbors. For-
ward progress is not always smooth and some term Ai and adjust-
ment is involved in almost all technological change. But our record for
meeting these challenges in this country is very good.

In summary, I commend this subcommittee as it moves forward to
provide a better way of life for this generation and generations to come.
It will be the responsibility of the Congress to take those steps neces-
sary to provide the forces of our society with the guidance and re-
sources to establish a reasonable course of action.
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The problems are complex, and the myriad possibilities for resolving
some of them equally complex. To my way of thinking, the time
f'r decision and action is now The future of this Nation depends
upon our foresight and forcef 1T1CSS in this, as in many other areas
of new challenges.

I want to thank the chairman for his consideration, in. arranging for
me to testify at this time.

Senator NEr SON. I appreciate your appearance before the subcom-
mittee today.

As you know, Senator Dominick, who cosponsored your measure,
is a member of the Labor and Welfare Committee and had intended
to be sitting on these subcommittee hearings, but there are some very
important hearings on the supplemental Vietnam budget wl,ich de-
manded his attention.

I have talked with him about working out or attempting to work out
a bipartisan bill that incorporates the concept in your bill, anCt te
concept in the one I introduced. I think all of us agree that search
as hard a you might, you can't find a, partisan issue in this bill. It is
a matter of equal concern to all people, regardless of pa

I find, in talking with my friends who are systems engineers that
one of the problems that seems to puzzle them the most, and which is
difficult but wouldn't puzzle you as much, is the implementation of
the program owe you have done the analysis of the problem. They
have been accustomed to dealing, for example, with DOD. Once they
accumulate the facts, identify the problem and evaluate alternative
methods of solving the problem, immediately when the decision is
made, DOD goes ahez..d. and does it.

The difference in applying it to social problem is when you get
to the decisionmaking stage, it i

a
just a question of DOD and the

systems engineering group to say, "We will now take this --ley that
has been appropriated and spend it." When you get to the social
side, then it has to go to the city councils, the county boards, the
regional planning commissions, and the Congress of the United States.

The political decision to implement a, program which has been eval-
uated and alternative solutions proposed, is a political decision. They,

think, found it difficult to visualize how that would work. I don't
think it is quite so difficult as they do.

I know it raises tough political questions, but I am satisfied that once
you get an evaluation which came up with a constructive solution of
the air pollution problem, the political leadership of this country
will have the capacity to implement it because the public demand is
there and will be there.

Senator SCOTT. I would think so, Mr. Chairman, I don't think
there is any politics in crystal balls here or in peering into the future.
The application of these techniques to social problems involves these
elements that you mentioned, and involves also the interaction on
human beings,

The Departinent of Defense, of course, can decree methods toward
solution. That somewhat more arbitrary technique is not quite as
applicable when you get to social problems. The political and social
.difficulties are certainly not insurmountable, but the approach, to my
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mind, is essential if we are going to do our best to manage the future
in keeping with the concepts which guide this country's way of gov-
ernment and way of life.

We, in my office., would be very glad to help and would be very
happy to be associated with some combined and common effort by
yourself, Senator Dominic*, and any others of like mind if we can be
useful in thai, area.

Senator NELSON. I certainly will want to work with you.
I want to make one more observation : There is, in fact, (ON a bit

of systems engineering, systems analysis technique, being used in the
social field already in this country by our many regional planning
commissions. One of the early ones was 1)ade County in Florida.

While I was Governor, we created the southeast regional planning
commission, which involved seven of the largest and most populous
counties in our State and also the Wolf River Planning Commission.
Each one of those commissions is deeply involved in the technique we
are talking about and very successfully so.

That is why I particularly wanted iqr. Kurt Bauer to be present, but
he is unable to be here today.

I think the record will show that there are many places in this
country where the very techniques we are talking about are presently
being applied to the solution of social problems. The Southeast Re-

ional Planning Commission of Wisconsin is developing a compre-
hensive transportation plan and recreational plan, and several other
plans, using the very techniques that we are discussing here.

So I don't think there is any question about the feasibility of apply-
ing the technique to social problems. It will vary in its feasibility.
Air and water pollution may be a whole lot simpler one to tackle, say,
than some of the social problems that involve a more direct human
element.

Senator Scow. I think it is quite interesting that Governor Shafer,
in his state of the Commonwealth message yesterday, concludes the
message with certain recommendations, the last, of which is:

Adoption of a new Pennsylvania Municipalities Planning Code to help our
communities plan better for the growth that is coming.

I am a memiNer of the Pennsylvania, State Planning Board,.along
with my senior colleague, Senator Clark. My legislative assistant,
Mr. Richard W. Murphy, wh9 sits with me this morning, attends its
sessions whenever I am unable be present. We have a continuing
interest in these problems and ) relationship between the Federal
Government and our Commonwc-ith.

Senator NELsox. Thank you very much, Senator Scott. I ap-
preciate your taking the time to appear before us.

Senator Scow. Thank you, Mr. Chairman.
Senator NELsorr. Our next, witness is Dr. Simon Ramo, vice chair-

man of the board, TRW, I e., of Cleveland, Ohio.

STATEMENT OP DR. SIMON RAMO, MY CHAIRMAN OF THE BOARD,
TRW, INC., CLEVELAND, OHIO

Dr. RAMO. Senator, I am very happy to be here. I have no written
or prepared statement. I have prepared myself to make extempora-
neous remarks and provide answers to your questions. In preparation
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for this day, I have read all of the testimony and I have been informed
as to the testimony of the last day.

Senator NELSON. Would you identify your company and some of
your background for the record, Doctor

Dr. RAMO. Yes. TRW is a large, diversified corporation, at a sales
level of about $1 billion. Some hundreds of millions of dollars of
that is made up of work for defense, either directly or indirectly, or
for space.

Senator NELSON. What does TRW stand for ?
Dr. RA o. Formerly, Thompson Ramo Woodr:Age : the official

name of the company, the legal name is now TRW, Inc.
A considerable fraction of our work is for the Federal or other

agencies of Government, about one-third. Within that there is a very
large segment that is involved in systems engineering, including some
several millions of dollars on what might be called the social system
engineering type of effort with which this subcommittee is concerned.

motor NELSON. This is on a contracting basis?
Dr. Ritmo. Yes. Some of it is being done through our own funds

as initial studies, preliminary toward contractual work with agencies
of the Government.

Senator NELSON. I don't want to, from here, direct the course of
your presentation. Would you prefer to go ahead and make your
extemporaneous reman 3 ?

I was going to ask you to identify some of the systems engineering
work that you have clone in the social field. I will assume you will
do that.

Dr. RAMO. I will be happy to do that.
May I first comment on the fact that a good deal of what I would

have felt desirable to write out in an effort to be helpful to the sub-
committee has been, I think, exceedingly well done in previous testi-
mony. In fact, I might add that what has been brought out here
publicly in these hearings, I think, is very impressive in providing
what might be called a textbook on what systems engineering is, and
how it might be applied.

I think some, clearly not all, of what the bill to create a National
Commission on Public Management seeks to accomplish is being
accomplished through these hearings.

You have brought out that systems engineering or systems analysis
is not magic, it is not new, but that, indeed, particularly over the last
decade or two, that methodology has been developed to a very high
degree of competence, and applicability, and that it indeed is broadly
applicable to the social engineering problems.

TRW, as I indicated, is very active in systems engineering and
more recently active in what I might call social systems engineering
projects. It may be that we have the largest team of systems engi-
neers in industry. We have in work now some 8 or 10 projects
that are in the fields of health, transportation, information systems,
land use, and other such social problems.

It might be helpful for me to take one or two examples and make
some comments about those prior to your asking some questions, if it
seems suitable to you

76-510-67-6
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I have chosen these examples under the heading of "Implementa-
tion." I have chosen them particularly in the last moment or two in
hearing your remarks of a few moments ago.

It appears very well established by the previous testimony that
systems engineering is applicable to major public or social problems.
I consider myself basically a systems engineer although I have been
an executive for the last several years. I think we all tend to see
systems engineering as a natural quantitative analysis, quantitative
commonsense, as it has been called by some witnesses here, and of
considerable applicability, to problems such as those to which S. 430
and S. 467 are addressed.

But we are not skilled on the political side. Naturally, we have
interfaced with the political side for many years, but we don't
consider this our area of maximum expertise. Therefore, the imple-
mentation of systems engineering, as you brought out a few moments
ago, is most important, but seems to some of us rather Oficult in
those problem areas by comparison with the application of systems
engineering in, let us say, defense areas.

Two examples come to minds one has not yet started officially under
contract, but that we hope might be started fairly soon with ;us or
some other organization.

One is a project of the Los Angeles Police Department. Here you
have a more or less single entity in government with leadership that
recolnizes a problem. It has occurred to them that to handle the
increasing problems of that police department, they have some choices,
and those choices inmide spending available funds in part to augment
the police force under, shall we say, conventional concepts, or to
improve communications, information handling, command) and
control in such a way as to make the manpower much more effective
by being in a better position to use their resources at any given time.

It has also been apparent to this leadership that if they are going
to do this, they must have aid from those who are experienced 'in the
analysis of the flow of information, and who know the latest tech-
nology in the handling of information, in the acquisition of it, in the
storage of it, in the assembly and processing, and finally in the com-
municating and display of that so that it can be used for superior
command and control of operations.

In this connection, we have naturally come together and we are
studying that problem, But the implementation and attendant man-
agement relationships would appear there to be relatively straight-
forward. I think there is a lesson to be learned from this: That is,
as our studies show the economic gain and the performance gain that
can be obtained by the use of modern technology in reorganizing the
handling of information, and command and control functions within
the police department, the department would then request that part
of the funds available for the police department, in effect, be allocated
for the implementations modification, and organization required; for
the installation of equipment, the training in new procedures and,
in general, for changing the man-machine interrelationship within
the police department in order to attain this higher performance.

They would be able to see not only what it would cost, but what they
could hope to gain from it. They will be in a position to explain
and defend what the advantages will be.
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I think it will be so convincing a case that it will be relatively easy
for them to obtain the necessary sponsorship to make this happen.
When they do that, I think it will be an example for other police
departments throughout the Nation, and the process will 'grow quite
naturally.

Senator NELSON. If you are going to another Sxamplo, I would like
to mention something.

What you have just said demonstrates that systems analysis can
be applied in a limited, narrow scope, such as in the police force in
Los Angeles, to improve their techniques of policing, so to speak.
We do that in program budgeting in a limited fashion.

At the same time, if you are going to look at the problems of the
police departments, you have to also, at some stage, do an analysis of
what causes crime, what causes the juvenile delinquent.

I have noticed recently in talking with a principal of a high school
in Milwaukee who has a Teachers Corps team of three teachersand
I don't want to stand on these statistics, but will correct the record
when it comes back to mewho had in this school 40 or 50 children
\, ho were quite a problem. They came from a particular part of the
city, a very limited area. They were flunking two or three courses,
or more, and they were disciplinary problems in the school.

This year when they had the Teacher Corps team, they took about
30 of those youths who were flunking three courses or more and as-
signed them to a Teacher Corps student on a one-to-one basis, and
instead of sending them to the principal, they were sending them to
the Teacher Corps teacher, to sit down and work with them on their
problem in school.

Pretty soon a substantial percentage of them were passing all their
courses, and another percentage were only flunking one course. Pretty
soon the discipline problem disappeared.

This is all by way of saying that in dealing with the police side you
can apply the technique to improving the management and the eftec-
tiveness of the handling of information and that sort of thing, but
to get at the total problem, you have to get behind it and find out what
caused the youth, for example, to get into trouble in the first place.

It is here where I think systems analysis can provide some very ef-
fective answers. You can keep spending money and become more and
more efficient, but you still have more and more prcblems that you
are dealing with because you are not getting at the social problem that
would solve that problem.

This one in this school demonstrated a very simple example of sud-
denly getting rid of very difficult disciplinary problems, suddenly get-
ting children who were getting special help Becoming better students,
cooperative and part of the useful social community in that school.

Dr. RAMO. I think your remarks, taken with mine, constitute an
opportunity to emphasize a point which has not yet been emphasized
in the hearings. Systems analysis conjures up in the minds of many
people who are associated with it the concept of completeness, the

.concept of recognizing the tremendous amount of interaction between
various pieces in any complex problem.

The experienced systems engineer expects this and arranges his
work so as to give great attention to this interaction in optimizing or
insuring a harmonious ensemble of all the pieces of the solution he
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proposes. L (mover, in parallel with this, and notwithstanding that
major aspect of the value of systems engineering, it is important not
to neglect what might be called. that systems problem which is one level
below. To the super-systems man it is a subsystem.

The Los Angeles Police Department, for example, will have a cer-
tain amount of funds that it can expect to have allocated to it to cover
the salaries and the operations of the police department, to handle
crime, which should and might be lower if the whole problem of crime
were, over a period of ,years, properly subjected to adequate total sys-
tems analysis and study. But, we know that some of it will remain.

The question can to some extent be separated: How can they make
the best use of the salaried people, which takes up a good part of their
total budget, by knowing where all the cars are, when all the police-
men are? Or isn't, that an advantage?

So we need to do both. First, we need to arrange that we encom-
pass problems in their totality and bring in the methodology for doing
this neatly and efileiently in the way that systems engineers have
learned to handle. We also need, in parallel, to take some of the
pieces, and even though they could be better done if the whole job were
completed, we need to improve the pieces in order to get something
done that is highly beneficial to society. Otherwise we are not doing a
good systems application.

Perhaps the next example will bring out some more of this. We
are heavily involved in the study and the design, and ultim:,tely the
implementation, of a new medical center iii. Alberta, Canada. This
will be a $100 million complex. It, involves university operations, it
involves training, and it involves, of course, patient care.

The leadership there knew that" they wanted to uplift, the health of
that entire region and they wanted to do this on both a short- and a
long-range basis. They sensed that there was a great deal of inter-
relationship between preparing for the future on the one hand and
handling the emergency of the moment.

They also sensed that they could not arrive at the best solution
to their problem with their funds by, let's say, superior design of
buildings alone. Problems such as the total amount, of information

about that $100 million complex, having the right information
at the right piece and at the right time, doing this sensibly and effi-
ciently and taking into account the interactions between information
and patient care, between information and businesfi operation, between
information and training and education, were all factors which also
had to be considered.

They also recognized they had a problem of logistics in handling
material, the right amount of material, the proper amount of it stored
and ready for use, a:, proper inventory control ; and, of course, the
movement of that material.

Then, of course, there are the people, those who are at work doing
speeifie, jobs as well as the people who are patients. The number of
tasks to be performed and interrelationship amongst them were
enormous in quantity.

They recognized the need, then, to put all these and other param-
eters on a logical, systematic basis, as has been discussed before this
group.
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My reason for choosing this example is not to use it as a further
opportunity to eluoidlte on the principles of systems engineering,
which has been adequatAy done, but rather to emphasize that here is
a project that is being implemented. It is being implemented, because,
again as has been brought, out this morning between you and Senator
Scott, when the public adequately understands that it wants to do
something serious about a particular problem area, and when the
leadership to whom the implementation is allocated 'lave an apprecia-
tion for what has happened in modern technology, and what has hap-
pened in methodology for handling, for properly assesssing and con-
sidering all of the diverse, complex parameters; then the step
implementing a solution seems much less difficult.

Senator NELSON. Are you, in your analysis of this $100 million
medical setup, giving some consideration to a problem that the medical
profession has never, so far as I know, addressed itself to very cre-
atimly. That is, some consideration to the problem of a comfortable
environment. the :patient who gets there?

I have observed the hospital environment sufficiently to conclude
that you frequencly cure the disease but you make a ps7chosomatic
case out of the patient because of the coldness and sterileness of the
environment, within which you put him.

This is a problem rhicli has been ignored. in the construction of
hospitals and treatment centers, th© factor of the consideration of the
feelings of the patient who is there.

Dr. RAMO. Senator, you have brought out something here which I
think again enables a comment to be made which has ix...slaps not been
brought out fully in previous testimony.

If you look at the systems engineering fraternity of this Nation,
whether it, be in industry, universitie3, government, or nonprofit insti-
tutions, I believe, you find that by and large it represents consid-
erable amount, of competence useful in the social field, but it also has
some shortcomings.

Specifically, TRW would not, despite its having a very large and
experienced systems engineering organization, presume for a moment
that we could, alone, go in and design this complex. Rather, we
consider ourselves partners with those who have been practicing medi-
chic for years, those who have been living with that side of the prob-
lem which includes the human being.

This is not to say that systems engineers are unaware of and have
not experienced problems that involve the social as well as the eco-
nomy., the psychological, and the political side. But there are always
specifics in any problem that only a person who has been living with
that particular specialized field would know adequately.

The first thing we have done, even in our propostds which lead to
winning a competition, is to spend a great deal of tune living and
working with those who have been hi the hospital areas, for example,
and who have listed all the things they have found as problems, things
they would like to see better in the future.

The problem you brought up has been an eximple. We would not
do a good systems engineering job, which, of course, we hope to do,
unless we included that class of problem, and, in effect, tried to
arrange the entire system to do that.
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I looked at one detail before I came here which I think demonstrates
this. This is the queuing problem. Anyone who has been in the
hospital and has been able to walk around to get is tests made is,
I think, always annoyed by standing around with a semiopen gown
waiting for his X-ray to be taken. If you list the tests that have to be
made, coverin g. a wide range of different kinds of medical cases, and
you look at the way in which you make those testi, the apparatus
to be used, the number of operators, the length of time it takes, what
is to happen to the test results; you could find, if you don't quanti-
tatively consider all of these factors of capacity, speed, timing, and
interrelationship, that you will have arranged a hospital system in
which a typical patient may, after he has his tests made, wait so long
for the tests to come back out of the system to be acted upon that he
will be long sincegone.

Take another problem of less serious consequence : He will be wait-
ing to long in the hall in line. So one of the things we are doing is
analyzing all of the queuing lines, putting numbers on, and then coming
back to the medical people and saying

What kind of a waiting time do you consider to be satisfactory, desirable,
an absolute lower or an upper limit above which it is too luxurious? You are
experienced in the handling of patients.

All through the system we are looking at queuing lines, and we are
doing it for efficiency reasons, one might say, the same as we would
do if it were a piece of freight, or a package of medicine. But we
are also doing it for human reasons.

Senator NELSON. I am glad you brought out this point. What I
was really wanting to get at is I think most people have the impression
that systems analysis involves just engineers, statisticians, and so forth,
whereas the fact is that the team that you would use depends uponthe problem you are attacking, the sociologists, psychologists, and
educators having as much a part in systems analysis techniques; if
the problems are in their areas, as the engineer does in problems with
the DOD.

Dr. RAMO. Yes, Senator. I think a way to summarize that is to say
that each problem, has an optimum team. A good system job depends
oia understanding the nature of the problem well enough to identify
the kinds of specialists as well as generalists one needs. A good sys-
tems engineering team for a pr9blem is one that is properly inter-
disciplinary in nature, not just is interdisciplinary in sociology, but
in the total socioeconomic sphere involved.

It appears to me that implementation of systems engineering, sys-
tems analysis, systems design, or systems management to the social
problems filet are unsolved and urgent before the Nation requires
us, first of all, to recogAtize that this is a broad pervasive method-
ology. Everyone, in a sense, should be using quantitative common-
sense where it is applicable, and it is applicable to some extent
everywhere and has been for all time.

Having recognized this, in seeking to improve the implementation
of this methodology it is important to find ways to disseminate what
systems engineering is and to encourage its broad use. This is what
these hearings are doing and what these various bills in one measure or
another seek to accomplish.
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It, means that, like arithmetic, you would not expect to set up a
special operation or a special agency to use arithmetic for the Govern-
ment. You would expect everyone to use it.

I do not think this is too much of an exaggeration. It is an ex-
aggeration if one tries to be overly rigid and prom:174ra]. on a very
simple problem. But whether you are designing a way of taking
care of your family budget or designing a chair, a railroad, an in-
tercontinental ballistic missile system, a host' al, or a water pollu-
tion system, you obviously want to understanc, the problem, the inter-
action of the various variables, and you want, to use the modern tools
which are available.

This means throughout government, city, State, local, regional, Fed-
eral, in all of the agencies, this methodology to one or another extent
has applicability.

Unless one recognizes the pervasive nature of this, the best imple-
mentation is not likely to arise.

The problem comes when you want to really do something, such as
take the Mississippi River and improve the situation as to pollution,
and recognize that in order to get something done you not only need
to have an understanding of what it is you want to do, and have it
well thought out, which presumably comes from the study side, the
preliminary

it
side, but you want to arrange a structure of manage-

ment to get t done, to arrange the funds and to arrange the coordina-
tion of the whole.

This is multi le agency in nature. As a systems engineer, but not
an expert in political arrangements, I can only offer perhaps one view
of this. That is to say that we cannot expect to reorganize Govern-
ment so that there is always a single agency with clear, total control
over any one of these social problem areas which today are multiple
agency in nature.

We will have to learn to live with the idea that when you want to
do something about one big area of national life that needs attention,
the problem usually overlaps into other areas. Government will al-
ways be organized so that various segments of it have responsibility
for some piece or other of the total area or problem,

You will rarely have a situation as good as, let's say, the Manhattan
project .or the intercontinental ballistic missile program, where total
responsibility and control of funds to get a project done could be put
into one agency.

I do believe? though, that having recognized that we have to live
with this multiple agency problem, we can, for most of them, arrange
what has to be done as a clear-cut, well-defined project, and give pri-
mary responsibility to one or another agency. Ultimately we will have
to learn to do this, and expect the other agencies who have a part to
heckle, to some extent to have veto powerbut not total veto power
and to fight thr.ough the problems of interactions between agencies.

Systems engineering, well done in support of a prima7 project
agency, or I should say the agency that has primary responsibility for
a project, can do something that perhaps is the real center core of
workability. That is, it can bring out the facts, it can be objective: it
can show what is the soundest thing to do, and it can provide that which
ought to be somewhat a controlling guide to all of the agencies in-
volved.

,40
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Senator NELSON. To use your example of the Arississippi River, it is
perfectly clear that a systems team could evaluate all the factor's that
are causing the pollution of that river, and could evaluate, industry by
industry, the amount, nature, and character of the pollutant going into
the stream ; evaluate the cost of requiring each industry to install treat-
ment equipment that meets the highest current status of the art ; and do
the same for the municipality side.

It could do all these things and then shat e the cost, both public.,
and private. Then it could also make an evaluation of the benefit,
the cost-benefit ratio, of having a clean river.

In other words, the benefit gained by the municipality and the in-
dustry in being able to take in clean water and me it versus taking in
dirty water, cleaning it using it, and returning it dirty.

It could also evaluate the value, from a recreation st andpoint in
two terms: One, just the environmental value of people living better,
which you wouldn't measure in dollars; and the other an estimate of
the economic value from H. commercial recreation standpoint of having,
a clean river running all the way from. above the Twin Cities to the
Gulf of Mexico.

You could do all those things and stop there if you wanted to. You
could do all those things with a systems analysis team.

Dr. RAMO. Yel.
Senator Nmsols. And without a team Of sow sort you would not

ever end up doing it. St. Louis can't do it, or Minneapolis and St.
Paul can't d.o it.

You can do that and could quit them*, and every' in all the politi-
cal units would have the necessary information to do something if
they wanted or were able t(, do something.

This is the question that always seems to baffle the systems engineers,
the political implementation. ''llere would not be any reason at all
why you could not then proceed to say, "Here are methods of solving
this problem at the political level : One, you can apply the system to
the Mississippi River Basin that the Germans applied to the Ruhr
Valley, which involved numerous industries and commu nities.

You could suggest the Ruhr Valley solution. You could suggest
regional p:anning commissions. You could suggest that the Federal
Government establish water quality standards, set dates and enforce it.
There would be three methods, but you could think of more.

The point is you could continue then and analyze proposed political
solutions. TTnlike when you are dealing with DOD and you propose
a solution and the Defense Department says it is fine and they go ahead
and do it, that situation would not apply here. But you could suggest
feasible alternatives that the most creative people could think of,
and then it is up to the Federal Government, the State govermnents,
to proceed or not proceed. But at least they have before them a pro-
posal, or several proposals.

Is it not correct that using systems analysis you could do all that
I have just suggested?

Dr. RAMO. I think everything you have said is correct. I ,:ould
like, if I may, to add one or two other points as a citizen, not as a sys-
tems engineer. I would find it very disappointing for us to Atli) any
department from attacking these problems in a logical way, b'it I
would be even more disappointed if we limited ourselves simply to
studies bringing out the facts.

4
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I would hope that as these facts were brought out as a nation, we
would in parallel find our total voting public, our total citizenry, so
convinced of the importance of the benefits to society, of the savings
economically, that they would support implementation of improve-
ments in all of these fields.

Therefore, my thinking cannot help but go to the question of how do
you best insure that implementation proceeds? I think we agree it
tends to be easy when the problem is of swill a nature that the bulk
of the problem is eonfined within a partieular ageney, whether geo-
graphival or whether at the State, vounty, or Federal level.

The real problem, the big problem, is the kind thai, crosses these vari-
ous levels. It crosses States, it (Tosses vounties. it crosses hi another
sense: It (Tosses funding problems. But only if the solution is going
to be applied again and again wherever there is that kind of problem
can you justify the tt'emendons amount, let's say, of development in
order to implement, the logieal solution.

This means that inevitably the Federal Government would appear
to be involved. From the standpoint of logical systems management
it would seem possible to understand the problem in such a way that
you could have a high-echelon systems level at which the interactions
and the broad specifications are laid out and controlled. Perhaps to a
considerable, extent that means the funding must be controlled at that
level.

Then you decentralize major segments of implementation, but yon
have, in effect, audit and control so that each segment is done within
overall specifications and with proper interrelationship with the rest.

1.21 a sense this is no different, from what we (lid on the intercontinen-
tal ballistic missile program, which was the biggest systems engineer-
ing program we have had in the Nation, and which was big in another
sense : It was a crash program. We were trying to do in 5 or 6 years
what should normally, by the average of our previous performanee
nationally, require 15 or '20 years. We had to envisage the entire
system. When we finally saw this system clearly enough, going
through again and again a chicken-and-egg problem, we then could
specify what the propulsion system needed to be so the propulsion
specialists could bring that system to vomplet ion, could test and check
it out at the right time, and would find it compat able, harmonious, and
near optimum to meet the overall missile requirement.

We vouMn't design the whole system in such a way as to properly
specify any single segment, without considering that segment in great
detail first. And we couldn't design that segment without also con-
sidering the whole system first. Part of the expertise in systems engi-
neering is to learn 'how to handle this chicken-and-egg problem of
interrelationships. Once you have done this, it should be possible to
delegate projects for implementation, and, as I say, audit and control
to see that they are meeting the specifications that have been set.

If they find undiscovered problems as they implementand when
you actually do something, you run into experiences that you never get
out of studies aloneyou must be in a position to consider any changes
required in the whole SySieln because of interactions. You must al-
ways be on top of the whole problem.

I imagine then that we will find a method of implementation
which will involve leaving Government to a first approximation, un-
changed as each project arises.
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This is not to say we won't have modifications, of course, conti,'
ually, at all levels of goverment. But we will not change plans foe
each project. Rather, we will find a way initially to make the total
technical direetion at, the topat the proper leveland then decen-
tralize the pieces while continuing to maintain systems project co-
ordinative management, over them.

In this way we will get the job done.
Senat or NFr,sag. The problem is still the Sallie as the problem you

deal NVith in the Department of Defense. Ultimately the Department
of Defense, has to say that one of the alternative proposals you have
made is acceptable to them. When you do the work for them, you
can't make that decision. it is not within your authority. POD would
not delegate it to you.

Dr. Dario. That is right.
Senator NELSON'. And the Department of Defense may ultimately

say, "We like alternative No. 1, whieh cost al dollars, "and that, is
aceeptal)le to us," and then DOD also has to get the money from
Congress.

The problem is the same on the Mississippi River, It is a tougher
problem, a more complicated problem, it involves more units of Gov-
ernment. And it does not involve national defense, which sells itself.

But when you do get through with the Mississippi Valley evaluation,
somebody else politically is going to make the decision as to whether
or not and how you would implement the work that has been done, by
the team of systems analysts.

That is why I suggested at least in many cases it would be valuable,
and in fact I think critical to a successful project, that political meth-
ods of solution be suggested.

One that I neglected which would be more obvious would be a Mis-
sissippi River Valley commission with the authority to implement its
decisions. It then is clothed with governmental authority. Congress
can do that.

That would be just one other political solux ion. The only point. I am
making is that I think you can always make suggestions for political
solutions, and analyze fill the possible ones. Once you have dime that
somebody at some political level is either going to have to accept it. or
reject it, just, as the Department of Defense does.

Dr. RAmo. Yes, Senator. I think good systems work in support of
the Government can do two things to help in this regard, backing up
the statements you have just made. One is it brings forth the various
possible solutions and shows the tradeoffs and the benefits versus cost.

It shows the complexity, the interactions with existinir, society
structures. With all of this information available FIO that it is not a
matter of guesswork, emotion, or huneh about, things that are very
complicated and in which there would be enormous differences of
opinion.. It is to a greater extent a matter of seeing the facts in clear
outline.

There is another thing that systems anplysis can do. I put, this
from my background, which is not political but, rather managerial. I
put this under the heading of "Management." When you see the sys-
tem, what people and machines are going to be doing, when you see
how you implement this, when you see the timing and the costs, the
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geographical location, the interconnection of material and information
flow that makes the whole thing work, when you see the tasks assigned
to people who are pare of the operations, then you see also how to break
it up so that its rrts aro manageable in implementation and in
operation.

You try to arrange management so that responsibility, authority,
implementation, and control. are consistent with one another. Good
systems work naturally suggests organization of effort. I think this
is in support of the remark you were making, but using the systems
managers' language.

Senator NELSON. Where do you find systems analysts and how do
you train them? Where are they being trained in this country? I
am told there are a half dozen places, but I am only really aware that
Carnegie Institute claims to be the one. What is a systems analyst?

Dr. R. iwo. Ten years ago some of the.questions that came up in these
hearings also came up within the technical fraternity. I had occasion
to write a paper on this subject which I reviewed to see if I might
want to submit that for the possible aid of your staff.

I think your staff has a copy of that paper. It is 10 years old. It
shows systems engineering is not new.

Senator NELSON. The reason I raise this question is frequently peo-
ple in the field say, "Where are you going to find them?" That gets
around to the quest ion of what is he, NO At qualifications does lie need,
can he be trained in an educational institution, or can lie only learn by
experience?

When I was Governor of our State, I had a man who headed lip the
department of administration who only had a bachelor's degree. He
was a budget analyst by background. But he was a genius as a systems
analyst. There wasn't any problem of any kind that you could not
throw at him and automatically and instinctively he knew how to
tackle solving that problem whether it was in his field or not. But he
had no training for it. Ire had an instinct for analysis in
administration.

Where do you find these people? How do you train them and what
qualifications do they need?

Dr. RAMO. Let me be very responsive to that question. I brought
up the paper because it has some comments on this subject. You
might want to look it over afterward. The colleges of the country,
the universities by and large, today, are doing something and some-
thing very useful about systems methodology. They are doing it in
engineering schools, the engineering colleges, the engineering depart-
ments of major universities. They are doing it in business manage-
ment. They are doing it in economics departments, But they are not
beginning to do enough.

It turns out there is quite a lag between the recognition of the need
for and potency of intellectual disciplines and the arranging of the
teaching of them. We usually tend to start from case studies of some-
thing new. We go with case studies for many years before we find
the proper kind of philosophical educator-type of individual who culls
out of these many examples the fundamental generalizations. This
is going on.

There is another thing the universities are doing: They are teach-
ing the tools. One tool, for example, is to learn how to use a very
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large eomputer to simulate, to put down quantit at ive relationship and
to process these so that you can create, ii1 effect, a maillematiettl model.
This hits been, of course, dismissed in detail before, this group.

Universities are teaching some of this. The universities are begin-
ning to teach now, but not adequately, that all real live problems have
9.11 infinite number of possible solutions, no one of which is perfect.

A typical problem 111 college, is: "Given this condition, what is the
answer'?" Real live problems, however, are statistieal in nature. They
involve probability. You never can state perfeetly and with exaetitucle
any part, of the problem or the total problem. For example, there is
always noise in the radio system, there is human error in putting down
records, there is the leeving of the phone off the hooksomething you
did not expect people were supposed to do when you designed the
system.

Yon have all of these things that go wrong and you have the prob-
lem of simply coming up with the best solution by some kind of criteria
that, you must learn how to establish. There is the multiple-paramete-
problem, the interdisciplinary problem.

What, really happens, then, is that right now, before, the universities
have yet, had the opportunity to fully embrace this subject in order to
prep axe a good systems man---but are nevertheless doing part of the
pl,systems men are discovered. They are people of talent, such as
the individual you mentioned, talent, to have the proper combination
of interest in the total of the problem, the ability to rise above the spe-
cial details and yet see their interaction, to be interested in the inter-
disciplinary facets, to he the kind of a person who is as interested in
the socioeconomic, side as well as in the purely teehnieal.

When you discover these people, they are usually graduates of some
special field. They may be graduates of engineering or of economies.

mail that, was a computer designer, or another one that up until that,
time did market, research, finally gets drawn into embracing more of
a problem and begins to be interested in its interactions. Ire learns
these tools.

Senator NELSON. This is precisely the question I was asking because
that is the impression I had.

The systems engineers T have knownquite a few of them never
went to school for it. They eame, out of business here or govern-
ment there; they came from someplace, ;tad suddenly they are in the
systems analysis field. That is true of some very topnotch people
who are in the Federal Government, in DOD, in N'ASA. So far as
I know none of them went to school to become systems engineers.

My query is: Are yon just, going to find them by accident ?
1-)r. It:or°. No, T think in the future you can expect that there will

be individuals whose formal education will be on systems. In a
number of universities today it is possible to major in systems in one
way or another. There are departments with that title in a number
of our colleges and universiON. There is something T think that,
even overrides this, however, in importance :A shortening of our edu-
cational system, a shortcoming of what you might call our intellec-
tual discipline professional system.

Tf you ask for a quick definition of what engineering is, and to
distinguish between engineering and science, they will tell you that
engineering is the application of science to the problems of society.
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Then you N..)uld expect a man. who calls himself an engineer, who
has been trained for this, who has had a formal education, to spend
about as much time, or to spend a premeditated, arranw.,,d amount
of time, in understanding society well.

How do you apply one thing to the other if you have only studied
the one

Senator .NErsorr. That is one general definition of an engineer. But
we do not turn them out. We turn out electrical engineers, for
example.

Dr. RAMO. We turn out engineers trained on the technical side of
engineering by that definition. All engineering schools and colleges
require a certain amount of social sciences and humanities, but they
do it largely so that the individual will be broader, be a better father,
a good citizen, but not because it is part of his professional qualifi-
cations.

Senator NELSON. He usually takes courses against his will.
Dr. RAM0. There is some of that, although there is less of that now,

to be fair to these youngsters. We need social technologists, we need
to trainwitt a premeditated arrangementthe political-econo-
socio-technologist. We need to recognize that we need more indi-
viduals who are hybrid in their training, and whose job it is to work
in the field Gf interdisciplinary science or interdisciplinary social
arrangements.

I think we will work toward this, but we certainly won't do it fast
enough but what for the next 10 years it will be true that most sys-
tems experts will be individuals who have chosen that area, who have
come into it, but whose specialty originally as to formal education
and early professional work was simply engineering, mathematics,
sociology, and so on.

Senator NELSON. But it is in -your judgment, then, possible to set
up courses within academic institutions which aim at producing sys-
tems engineers?

Dr. RAMO. It is. It is difficult, always, to do something new. But
there Rre backgrounds which can be taught just as well as any other
course we alread, have. It is an urgent thing to create more individ-
uals who are spec steered in this direction.

It may be hard to find out what individuals have this talent early,
but it is also difficult in the freshman year of pre-med to find out
whether that individual ought to go into medicine, into law, or into a
political life.

Senator NELSON. And he mu go into it and finish it and may not
be any good, too.

Dr. Ritmo. That is right.
Senator NELSON. Did you give us all of the examples of the social

fields that you have had experience in ?
Dr: RAMO. I have made the comments I had in the back of my mind

as being topics it would be well to discuss to be helpful beyond what
was in the previous testimony.

Senator NELSON. I assume if the committee has some questions which
require further elaboration we could send them to you ?

Dr. RAMO. Yes. We would be prepared, of course, to give you
abstracts or discussions of the numerous other projects TRW is in-
volved inin land use, in water, in various aspects of medical and
health problems, and transportation problems.
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Senator NErsoN. If you have any material which you think may be
valuable for the record, we would appreciate it if you would send it
to us. The record will be open for 10 days after the hearings have
concluded.

Dr. RAMO. Thank you very much.
Senator NELSON. I thank you very much for a very fine presenta-

tion.
Dr. RAMO. Thank you.
(The material referred to, subsequently submitted by Dr. Ramo,

follows :)

SUPPEMENTAL STATEMENT OF DR. SIMON RAMO, VICE CHAIRMAN OF THE
BOARD, TRW, INC., CLEVELAND, OHIO

In addition to this broad discussion on the subject, I would like to describe,
in detail, a few specific projects in which TRW is involved. I believe these activi-
ties are of the type this Bill contemplates utilizing to a greaterdegree.

HEALTH

Edmonton Health Sciences Centre
This $100 million medical center is being developed by the Province of Alberta,

Canada. The six-year project will involve the design and construction of ten
buildings, in the development of a major medical complex that will provide
patient care, education and research.

In a project oat this magnitude and complexity, .systems analysis is an es.7ential
tool to aid in planning, evaluating alternatives, and preventing schedule slippages.
TRW is also designing a fully integrated communications-logistics-data handling
system, so that ultimately anything that movesinformation, supplies, etc.in
the complex will do so as part of this system.

Our systems analysis effort should reduce construction costs, provide con-
tinuing review and examination of alternatives, optimize such factors as site
location, and identifyin advancepotential delays or other problems.

Our design and information systems effort is expected to lead to substantial
reductions in operating costs over the life of the complex, and to enable operating
efficiencies never before realized in a medical center of this type.
Regional Medical Program

This federal program evolved from the deBakey Presidential Committee on
Heart Disease, Cancer and Stroke. The .program contemplates methods for
making availal,"1 on a broad basis the medical excellence that now exists within
the nation's rr _dical schools and related teaching hospitals.

The program is federally funded, but administered on a regional buts. We
are under contract to the Northern New England Region, with the University
of Vermont as its centroid. Our role is to provide analytical and technical sup-
port and to work with local and regional agencies as the "engineering member-of-
the-team," to plan and implement the regional objectives.

This activity demonstrates one method of employing engineering innovation
towards the solution of civil or social problems. Our engineers are working
together with regional and local representatives of the medical profession, hos-
pital administrators, public health authorities, and educators, to create a har-
monious ensemble that can bring to play all the resources necessary to a frontal
attack on the nation's three killer diseases : heart, cancer and stroke.

Department of Defense Hospital Feasibility Study
Several months ago TRW completed a hospital systems study for the Depart-

ment of Defensein which we were teamed with Beckman Instruments and the
architectural/engineering firm of Daniel, Mann, Tohnson & Mendenhall. Purpose
of the study was to examine the feasibility of applying advanced engineering
techniques to the operation of existing military medical facilities, and to the
design of future military hospitals. Feasibility was established ; the studies
clearly demonstrated that significant operating cosi: reductions could be realized
through the employment of the systems approach in the initial design of a medical
facility.
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Automated Medical Examination SI/dents
Another happy marriage of engineering and medical profession is in the making

with the advent of the speedy, inexpensivebut comprehensivemedical exami-
nation. Here again, the application of advanced engineering technology can lead
to a systems design and improved methods of integrating the various subsystems,
so that the product will be a superior means of providing medical examinations
and a more effective method of utilizing the latest advances in medical diagnosis.

TRAIleFORTATION

High, Speed Ground Transportation (Northeast Corridor)
The problem of moving people within the so-called "Northeast Corridor" is

one of the nation's most critical transportation problems. The Office of IIigh
Speed Ground Transportation (HSGT), which will be an element of the new
Department of Transportation, has contracted with TRW to perform analytical
services and technical support, leading to the system definition of an optimum
High Speed Ground Transportation System for use in the densely populated
corridor between Boston and Washington, D.C.

T nder this program, we will analyze the various st, "stems and provide techni-
cal syntheses that will permit the IISGT office to see the system that will best
meet the intercity transportation requirements. Our engineering analysis will
be supported by specialized research and cost studies, as necessary, to assure the
successful completion of the project.
Airline Transportation Problems

Although TRW's participation in the solution of the numerous airline problems
is still relatively minor, this is an area in which advanced technology is essential
to help overcome the congested airport situation, airline scheduling, flight
separation, and terminal-to-city ground transportation.

Work is progres.iing on technical solutions to these technologically-caused
problems. These solutions will involve such advanced techniques as the employ-
ment of communications satellites for relaying voice communication between
aircraft and ground, improved air traffic control systems, and tLe development
of computer scheduling techniques.

URBAN SYSTEMS

California Land Use Information System,
TRW is currently under contract to the State of California to develop a

regional improved land use information method. The project has the specific
objective of providing the means for more effective sharing of information
between departments within a government jurisdiction, and between jurisdictions.

The project requires the determination of needs for land use data, the develop-
ment of criteria to satisfy system requirements, and the design of a land use
information system within the framework of the prospective federated informa-
tion con,ept in the State of California.

Then, using Santa Clara County (California) as the base, TRW will demon-
strate the operation of the proposed system.

Again, through the application of sophisticated engineering techniques, and
with the aid of the big computer, we will be able to handle problems, and moun-
tains of data in a manner that will vastly improve efficiency and reduce costs.
Another example of the benefit of applying modern technology to government-
oriented problems,
Law Enforcement

Authorities in the law enforcement field say the only way they will be able
to cope with the growing urban crime problem is through the employment ol the
latest teci.. )logical advances, particularly in communications, electronics and
information storage and retrieval.

Take, for example, the deployment of police patrol cars and other emergency
vehicles. We now know that a mobile system's efficiency can be improved three-
fold, through the use of modern communications, display devices and information
systems. As I mentioned earlier, the Los Angeles Police Department hopes to
solve some of its problems along these lines. Other police departments around
the country are also exploring ways of obtaining more law enforcement at less
cost, by utilizing advanced engineering technique&
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WATER
Ground Water Simulation

TRW is currently under coy tract to the San Bernardino Valley MunicipalWater District, in California, to perform computer simulations and analyses ofground and surface water flows in the San Bernardino Valley. The simula-tions will portray water distribution and movement, to assist municipal, Indus-trial and agricultural users in identifying underground watercourses and locat-ing potential sites for wells, etc.
Another objective of this computer-based effort is to explore, analyze, evaluate,and present a range of possible plans for the coordinated use of ground and sur-face water resources to meet the increasing water needs of the area.

De8alination
For the Office of Sr line Water (U.S. Department of Interior), TRW is study-ing membxuue proces3es such as electrodialysis and reverse osmosis, to desalinatewater economically. Information derived from our studies of the biologicalmechanisms of ion transport is expected to lead to the development of moreefficient membranes capable of operatim4 for prolonged periods and low tempera-tures, low pressures, and with minimal energy requirements.A systematic and comparative investigation of certain salt transport charac-teristics is also underway to determine the relationship between the divergentsalt tolerance properties of these bacteria and membrane structure and function.

As you can see from this varied activity, there are numerous places wheresystems engineering, information systems, electronics and other advanced tech-nologies can make significant contributions to the solution of many of the prob-lems facing us today.
We think we speak from experience when we endorse this legislation ; it willprovide a mechanism to bring the nation's full technological resources to bearon its civil, social, biological and economic problems,
Senator NELSON. We have one more w:cness, Dr. Robert Lekachman.
Before we proceed with that witness, however, we will take a brief

recess to give the reporter a moment to rest.
(Whereupon a brief recess was taken.)
Senator NELSON. We will now resume the hearing.
Our next witness is Dr. Robert Lekachman, chairman, Department

of Economics, State University of New York, at Stony Brook, LongIsland.

STATEMENT OF DR. ROBERT LEKACHMAN, CHAIRMAN, DEPART.
MENT OF ECONOMICS, STATE UNIVERSITY OF NEW YORK, STONY
BROOK, LONG ISLAND, N.Y.

Senator NELSON. Doctor, we are very pleased that 37911 would takethe time to come here this morning and present your views to thecommittee.
Mr. LEKACIIMAN. I feel privileged to be with you, Senator. If it is

your procedure, I will present the statement I have drawn up.
Senator NELSON. That will be fine.
Were you here during the presentation of the previous witnessMr. LxictomfrAx. Just the last 10 minutes or so of it.
Senator NELSON. I was going to say you could make any additional

comments you wished to on that statement.
You may proceed.
Mr. LEKACIIMAN. Thank you, Senator.
As a social scientist, I naturally rejoice at the power of the tech-niques comprised under the heading of systems analysis. These areanalytical tools which, as previous testimony to this committee has indi-tated, promise superior solutions to some of the increasingly serious
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ailments of an evermore crowded urban societythe problems of traffic
management, waste disposal, crime control, and the like, which have
proven only moderately amenable to the vieccmeal, ad hoc, uncoordi-
nated methods of current practice and tradition.

An economist, in particular, finds himself in sympathy with the new
approach because from its inception as a field ot specialized study eco-
nomics has been concerned with the efficient allocation of resources.
Each society, including affluent America, perceives resources as scarce
in relation to the almost infinite variety of ways in which they can be
used.

Hence, any technique which improves the efficiency with which a
society uses its scarce supplies of talent and capital is blessed.

Therefore, I endorse the legislation, which Senator Nelson has in-
troduced to promote public experiment with the new techniques and I
look with anticipation at attempts in California, New York City, and
elsewhere to apply the new tools on a scale large enough actually to
alter and improve the urban environment.

Nevertheless, it is extremely important to suggest some of the limita-
tions of systems analysis as it might be applied to social and economic
problems.

If we are indeed on the verge of making extensive intellectual and
financial commitments to a new mode of reasoning about public affairs,
we need to be clear about what we can gain and also what we are un-
likely to gain from the new outlook.

Let me start wtih some of the ismes of principle involved in plac-
ing quantitative values upon the social and individual preferences of
ordinary citizens. Intelligent advocates of systems analysis are frank
to concede limitations upon the capacity of their technique to assign
numerical weights to some of the important variables in social or, for
that matter, military problems.

What they very properly prescriFe is the measurement of the meas-
urable, the identification of the un neasurable, and the evaluation of
what has been measured and what has resisted measurement by the
appropriate decisionmaker whether fie be the Secretary of Health,
Education, and Welfare, the mayor of New York, the chief of a local
police force or, possibly a member of a legislative body.

Although the logic of this prescription is impeccable, the outcome is
something else again. The temptation to misuse of the method is sub-
stantial. Since by hypothesis some elements of certain problems can-
not be measured, an official or a businessman may reach his conclusions
by ignoring in practice all considerations which do not yield to meas-
urement.

I may make the point clearer by recalling a familiar academic
dilemma : How do we decide whom to promote to a tenure position in
a university department? Almost everywhere formal policy stresses
teaching, research, and service to the university as the prime criteria
of evaluation.

Few institutions, possibly. none, will knowingly promote a re-
searcher, however gifted, who is an utter catastrophe as a teacher.
The rub is, how do we measure good teaching? By enrollments ?
High enrollments may indeed testify to enlightening teaching. Tin-
fortanately, they may only signify that the teacher :s an easy grader,
an entertaining showman, or a dispenser of small assignments.

76-510-67-7
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Thus, it is that everywhere lipservice is accorded to teaching, the
great =measurable, and concluswe actual weight is given to research,
the great measurable.

umbers imply precision and certainty, the resolution of doubt, and
the end of indecision. Unless we take care we shall imperceptibly
move toward a condition in which numbers and techniques determine
the kind and the quality of the decisions which we f,tre capable of
making.

In this context it is relevant to ask how extensive use of systems
analysis will affect the quality of our politics and the path by which
we reach public decisions.

If I may, I shall quote a portion of an evaluation of the automation
commission report which I made in the May issue of CommenfR,i y
magazine:

Just as Robert McNamara has used cost effectiveness and program 12. P

to rationalize the $60-70 billion which the Department of Defense annute
pends, we can apply cost-benefit and systems analysis to the program a;
social spending.

As a proposition this is exceedingly seductive. It amounts to a recipe for
research rather than hot politics, orderly university training rather than untl(IN,
street demonstrations, and the forging of a consensus out of rational thought
rather than out of conflict of ideologies and interests. Even if the picture mis-
represents reality, one would like to believe that its central premise can be turned
into a creative social myth of the sort which persuades people to behave in new
ways.

That is why it is a pity that so little in our recent experience or our immediate
profqx.-(thi lends plausibility to such a vision of orderly social change. As it hap-
pens, our technology has been quite adequate for a long time to reach certain so-
cial goals. * * * We do not need systems analysis to send larger checks to wel-
fare clients; nor are there any technical obstacles in the way of liberalizing
training allowances, educational grants to the talented sone and daughters of poor
families, and unemployment compensation payments.

To put the matter baldly, systems analysis can unquestionably aid
us in achieving ends upon which we are reasonably united as a society.

Therefore, it is quite possible that in the next decade general public
support for Federal auto-safety standards, effective control of pesti-
cid.es, and genuine assaults upon pollution will permit important ad-
vances in rational techniques of social planning.

These are environmental hazards which afflict everyone and if sys-
tems analysis, computer science, and cost-benefit analysis measurably
increase the safety of the city and the countryside, we shall all have
cause to be grateful to their exponents.

But it is equally important to identify the kind of issues where con-
flict, not consensus, is likely because basic conflicts of interest or valua-
tion exist. Of the many examples which might be offered, let me point
to four.

The first is the choice which we make steadily between tax cuts and
increases in public spending.

Federal taxes at current levels of gross national product are $20
billion lower each year than they would have been at 1963 tax rates.

This is a sum which could have financed substantial increases in
public employment, elucation, urban housing, and health care, as well
as a generous negative income tax into the bargain.

As a, society we decided that increased private spending by the
prosperous was a better use of additional Federal revenue than an
enlargeA program of benefits to the needy.
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This sort of choice represents the interests and the valuations of
the prosperous, as it must. If the bulk of prosperous America were
to conclude, as it has not, that slums and poverty were blights upon
our society substantial enough to warrant personal sacrifices to elimi-
nate, then systems analysis would have something to say about the
most efficient way to go about the job.

My second illustration relates to housing, a related area, in fact.
Suppose that tomorrow building technology were modernized,

craft-union sabotage of efficient _practice defeated., and ancient building
codes granted decent burial. Our progress to decent urban housing
would still be blocked.

The enemy is the persistent racial prejudice which has prevented
substantial construction of low-income housing in the suburbs and
confined growing numbers of Negroes and Puerto Ricans to central city
ghettos.

Important social changes are far more likely to occur when the
interests of the politically potent are allied to the changes that when
the techniques which make change easy have been developed.

Indeed: I would add here that if there is a strong enough desire to
make social change, then the techniques probably will be developed
which will lend effect to the wish.

A third illustration concerns tax equity in local-State circumstances.
Last year, Mayor Lindsay proposed to tax the incomes of both com-

muters and New York City residents at similar rates. What the State
legislature finally gave him was the authority to impose one set of rates
upon residents and a very much lower set of charges upon the com-
muters to the city.

Imagine, contrary to the fact, that the mayor had had available a
cost-benefit analysis of commuter trx payments and the value of city
services to commuters. Would the clear conclusion of such a study
that the commuters pay less than their fair share (which everybody
suspects already, and, possibly even the commuters) really persuade
commuters to accept with good grace a new tax which their political
power and personal influence might enable them to avoid?

LOCAL IMPROVEMENTS

As a final example of the fluidity of actual political issues, let me cite
a, trio of controversies currently agitating the residents of Suffolk
County where my own university is located.

The State road department has proposed to widen Route 25A, a
picturesque but narrow and winding road which currently bears a
heavy traffic burden. Robert Moses, among others, projects a bridge
to connect Long Island with Connecticut. One of the possible sites of
the long-disputed fourth jetport for the Now York metropolitan area
is located in Suffolk County.

How shall we decide whether to make these improvements? Cer-
tainly the most careful calculation of benefits and costs should be
made. But after they are made the argument has only begun. In-
evitably the experts will value homes and business properties less
highly than will their owners. Even if this were not the case, the
experts are unlikely to agree with the partisans of scenic beauty, space,
trees, foliage, and sanctuaries for wildlife.
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In the computer age politics is still about power and influence. It
may be entirely rational for powerful persons to conclude that their
own interest, their own influence, and they own profit fail to coincide
with a decision which rational social analysis demonstrates to be
beneficial to the community.

What I have said permits of easy summary. It is an American
temptation to substitute technique and method for open argument
about values and priorities. Overemphasis upon technique and ne-
glect of genuine conflicts of interest and valuation is a sin to which
social scientists in particular are subject.

I reiterate my support of the legislation before this committee, but
I must add at the same time that undue emphasis upon systems analy-
sis or any other technique of social choice is likely to produce com-
placency about such issues as the distribution of income and wealth
in our society, the crippling effects of racial prejudice, the equity of
our tax system, the capacity of powerful, special interests to have
their way, and the limitations of human sympathy which combine
to defeat the most rational of social calculations.

Thank you very much.
Senator NELSON. I think you make several important points. In

particular that if there is not acceptance by the decisionmakers at the
political level of a solution to some problem, it is not going to happen.

I would make the point that sometimes, frequently or always, per-
haps, if you have the analysis of a problem, with a demonstration of
its cost, its need, and it is a compelling analysis it may not be politi-
cally acceptabl today', but it has influence over a period of time.

In a, number of instances in my own State on issues which were
unacceptable to settlement 10 or 12 years ago, sudde.,Aly are being
widely. discussed and will shortly be acceptable.

So I think even though a solution to a problem is not acceptable
immediately, if all the facts are presented to the public, I do think it
has its impact over a period of time in causing changes.

Wouldn't you agree with that ?
Mr. LERACIIMAN. T certainly would agree with that, Senator. If

I were being cheerful about a proposal which I personally support,
some form of negative income tax, or income maintenance, I would
have hoped that over a period of years this particular approach is
going to gain support, not only because it appeals to human altruism.
but because it may be demonstrated that it is a less expensive way of
providing for social welfare needs.

Yet I suppose that what runs through my mind is partly a question
I am far from an expert on systems analysisabout whether this is a
technique that is as neutral as it appears to be.

I caught just the final minutes of Mr. Ramo's testimony, so I should
not comment upon that. But lei me say just generally that I think it
is going to make a significant difference whether the practitioners of
this new technique are primarily trained as engineers, or whether they
are primarily trained as social scientists.

I don't mean by that to suggest anything as unfair, by way of com-
ment, as a bias on the part of either group. But what I am suggesting
is that it is a bias of an intellectual type which is imparted by the
training.
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I think very bro.-idly, and perhaps I am saying this somewhat ration-
ally, the engineering approael) does place very, very heavy emphasis
upon what is already immediately measurable, and social, scientists,
although they have certainly yielded to some of the same temptations,
are at least by training more likely to try to measure some things
which are currently very difficult of measurement, indeed.

I suppose nave in mind when I say that such things as local road
improvements which, from an engineering standpoint, may look en-
tirely feasible, and where the opposing interest may be indeed the
proponents of trees, natural beauty, and some residential graciousness
in the area.

I don't know how you quantify this sort of thing. All I am airing,
I suppose, is the suspicion that if a heavily engineering approach
becomes the dominant, one in systems analysis, there will be variables
which will be either ignored or neglected.

The universe of a physical planner is a great deal more tidy than
the emphasis of the social planner. The emphasis on tidiness is one
which r mistrust in this analysis.

I am suggesting, in fact, something like this, as I was saying in my
formal paper, that where there really isn't very much social conflict
I can see great, and immediate possibilities for systems analysis.

But where there is real social. argument I have a suspicion that the
technique, itself, is going to become a put of the argument rather
than a resolving force.

Senator NELSON. The example you gave of the highway happens to
be one in which you and I couldn't lose. The engineers, who have had
the responsibility for the highways, if they were subjected to a systems
analysis technique would probably be required then to give some value
to environmental quality, whereas what they do now is draw very
straight, lines and are not so concerned about such matters.

Here is where with the systems analysis technique you would come
up with environmental and scenic beauty values which would have to
be given consideration by the highway engineers who have tradition-
ally not given consideration to such factors.

I think any system we use has whatever bias in it the people of the
system themselves have. We may not be able to avoid being influenced
by that. But I would consider it poor systems analysis team that did
not have represent atives on that team of people who were authorities
on all aspects of the problem that they were analyzing.

If they do that, I think it provides some protection. I agree with
you, that you certainly can become an exponent of a system to the point
that it is such an infallible technique in the engineering field, in the
defense field, and so on, that whatever results that technique produces
in the social field may find more acceptance in the community than
it ought to have. I would agree with that.

I thank you very much for your very fine presentation and appre-
ciate your taking the time to come before the committee and give us
the benefit of your advice.

Mr. LEXACITIMAN. Thank you, sir.
Senator NELsorr. The committee will resume hearings tomorrow

morning at 9 :30.
(Whereupon, at 11:20 a.m., the subcommittee recessed, to reconvene

at 0:30 a.m., Thursday, January 26, 1967.)
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THURSDAY, JANUARY 26, 1967

U.S. SENATE,
SPECIAL SUBCOMMITTEE ON SCIENTIFIC MANPOWER

UTILIZATION or THE COMMITTEE ON
LABOR AND Puma, WELFARE,

Washington, D.C.
The special subcommittee met at 9 :30 a.m., pursuant to recess, in

room 4232, Senate Office Building, Senator Gaylord Nelson (chair-
man of the special subcommittee) presiding.

Present : Senator Nelson (presiding).
Committee staff members present: Stewart E. McClure, chief clerk,

and William Spring, special counsel to the subcommittee.
Senator NELSON. We will continue the hearings this morning on

S. 430, Scientific "Manpover Utilization Act of 1967, and S. 467, Na-
tional Commission on Public Management.

Our first witness is Dr. Charles Kimball, president of the Midwest
Research Institute, Kansas City, Mo.

We are leased to have you appearing before us this morning. You
have testified at other hearings before us and we have found your
contributions very valuable.

You may proceed however you wish.

STATEMENT OF DR. CHARLES N. KIMBALL, PRESIDENT, MIDWEST
RESEARCH INSTITUTE, KANSAS CITY, MO.

Dr. KIMBALL. Thank you, Senator.
Senator NELSON. I unfortunately did not get a chance to see your

testimony in advance, so perhaps you better read it so I can interject
any question I may have.

Dr. KIMBALL. Fine, I have a prepared statement here, Senator, that
is 20 pages. It is really too long to read. I will just abst. act from
this.

Senator NELSON. The full text of Dr. Kimball's testimony will be
printed in full in the record.

(The prepared statement of Dr. Kimball follows:)

PREPARED STATEMENT OP DR. CITARLES N. KIMBALL, PRESIDENT, MIDWEST
INSTITUTE, KANSAS CITY, Mo.

I am pleased to have this opportunity to enter into your discussions about the
systems approach, and in its application to many Problems of national concern.
Because these issues do invlove a multidiscipline point of view with a strong
mission orientation, I want to say a few words about the independent not-for-
profit research institutes and their rolepresent and potentialin the enormous
task of resolving social problems and building stronger cities and regions across
the country. As I understand them, your discussions and your legislative con-

97
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siderations have asked how we in this country can best apply our resourceshuman and financialto make progress at a faster rate : to begin to catch upwith the problems generated by growth and change, before they catch up withI am not an operations analyst nor am I an expert on systems analysis, and,therefore, I am not equipped to use the proper jargon. I am an engineer bytraining, exposed during the past quarter century to all the different languagesused in science and technology. I now find business english a more comfortablelanguage.
The "systems approach" is an overworked and poorly defined term, but Itcan be descriptive. I would use it to include three characteristics :1. An inter-dependence between subsystems or building blocks, and thewhole problem,

2. Performance requirements which have a major anticipatory aspect,and
3. A full awareness of the fact that an economic analysis of the socialcost of any one part of the system must recognize its impacts on all theother parts.

I prefer, however, to say that systems analysis, at least in my language, isa "point of view" supported by many clever, useful, and mostly new analyticaltechniques or devices. It is a gocl discipline because it demands that we con-sider problems as a whole, define our terms, heparate ends from means, identifytrue costs, and understand the relevance and priorities of countless factors andinterfaces which bear on any given problem or situation.
It Is not a "black box" procedure to be accomplished by a computer because toomany of the forces relevant to any pro'nem we will discuss canot be quantified.My main mission today is to put the group of organizations we call independentnot -for- profit research institutes into something of a time perspective. I wantto comment on who they are, where they came from, and where I believe theyintersect with the subject at hand.
There are ten or fifteen institutes that are usually named when one lists theindependent not-for-profits. In the aggregate they employ about 7,000 peopleand their total research volume now reaches about $230 million annually. Thus,they account for roughly 1 percent of all the R&D work funded in the UnitedStates.
The largest in terms of staff and research volume are Battelle Memorial In-stitute at Columbus, Ohio and Stanford Research Institute at Menlo Park,California. Then come a group of middle-sized institutesour own at KansasCity ; JUT Research Institute at Chicago ; Cornell Aeronautical Laboratories ;Southwest Research Institute at San Antonio ; Franklin Institute Laboratoriesat Philadelphia ; Mellon Institute at Pittsburgh ; Southern Research Instituteat Birmingham ; and Research Triangle Institute at Durham, North Carolina,There are some recent additions to the list such as Gulf South Research Institutein Louisiana ; Spindletop In Kentucky ; North Star at Minneapolis ; and a newinstitute which 14IRX helped to organize just last year in Rhode Island. Youwill note from this list that we have pretty well covered the United Statesmap.
We refer to these organizations as "independent" because they operate undertheir own corporate charters, and most of them are independent of formal tiesto other institutions. Each of us, however, enjoys multiple professional workingrelationships with a number of other institutions, universities and other pertinentgroups, which enables us to expand our resources in quality and quantity asneeded.
The majority of the institutes were founded In the late '40's when leadersin various parts of the country recognized the need to conserve and reorganizethe regional research capability built up during World War II, and to expandupon this. If you examine the charters of these institutions, ours for example,you will find that most of them were founded by groups of regional businessleaders, who recognized 25 years ago the need to apply science and technologyto build up Industry, to develop new products, to increase productivity and tocontribute to regional growth and problem solving.The Internal Revenue Service categorizes these institutes as tax exemptorganizations. Each has, to varying degrees, received tax deductible contribu-tions from private industries, individuals, and foundations, largely for plantand equipment, Each is controlled by a board of governors or trustees. Allinstitute employees receive specific stated salaries, have no equity in the insti-
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tutions, and receive no part of any net proceeds. None of these institutes seek
contributions to defray operating costs in any substantial ongoing way. Each
seeks to recover all operating costs from its project sponsors, plus an increment
which is used to finance research, otherwise unsponsored, to improve experi-
mental facilities, to fund special technical educational programs, and to provide
required working capital. In most instances, the increment of income over
expense permitted for projects sponsored by governmental agencies is more
modest than for projects for industry.

It is encouraging that we are today discussing yoablems which so closely fit
the charted objectives that were set forth in Kansas City over two decades ago.
I say it is encouraging because in the past 25 years many of these institutes have
had to look outside their own regions to find an adequate market .nor their
talents.

Our founders hoped that we would work for regionally based industry and
for the smaller companies who then had least access to research. While MRI
has done this for the material benefit of several hundred companies in our
region, yet most of our industrial research as measured in dollars has by market
enforcement, been done for the giants of industry Kith headquarters in New
York, Chicago, Los Angeles and other large cities.

Our founders envisioned these institutes also as a strong resource for state
and local governments in their own regionyet by far the larger share of the
government work of each of these !institutes is performed for federal agencies.

Our founders saw, at the end of World War II, a chance to apply the nation's
scientific talent to the problem of peace and the civilian economy, yet the larger
proportion of work these institutes have done for 20 years relates to defense.
This has not been a matter of personal preference for most institute professional
people or for institute managements. It has been dictated by the marketplace
and the hard economies of research.

Most of these institutes have neither endowment nor unearned income and so
must generate all of their income from contracts. To retain and attract come
potent professional people, to purchase new equipment, and generally keep the
house in good order in good times and bad is a very difficult task. Yet I believe
you will find that each of these institutes has consistently put its best efforts
into the forefront, into the leading edge of technology application where the
market is always thinnest. In the rarefield atmosphere where truly new and
original concepts are generated, it is nearly always impossible to sell major in-
novations, whether they are products, concepts or new marketing approaches, at
anytMng like their real development cost.

I believe the institutes have an enviable record In this respect. I would point
to the development of the Xerox process at Battelle after it had been rejected
by a number of companies. Or the breakthrough in banking automation made
at Stanford Research after being termed infeasible by many hardware developers,
or the development of magnetic wire recording at Armour Research Foundation,
now Jim. Or the development of solid film lubricants at our own institution
which may have application to maintenance and machine performance. These
and many many other breakthroughs would have taken much longer if left to
private industry alone, because the development economics, or payout looked
fairly remote at the time.

I suggest that there is a direct analogy between the development problems
of these very tangible benefits and the problems you are considering: getting
new management concepts and analytical techniques usefully applied to our
public problems.

I am very much encouraged by the changes I now see taking place in the
flatlet). Most important is the 'increased understanding that systems analysis
and all the other contemporary tools of problem diagnosis and solution can in-
deed be applied to civilian and social problems, just as they have been so success-
fully used on space and defense :oardware problems.

At the same time, we see a clear and rapid emergence of what Joseph Kraft
and others have called "the contract state". All this really meanr is that gov-
ernments at all levels, institutions and private industry are learnii g the lessons
of systems analysis. They are learning to contract for whole programs rather
than piecemeal projects. They are learning to contract for systems management
rather than just the design of systems. They are learning thatwith great
carecertain aspects of social and political responsibility can be contracted out
to professional managers whose rarformance can be carefully monitored. .; Is
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this conceptual breakthrough, rather than systems analysis itse' or its attend-
ant techniques which will make the major difference in our future national and
regional rate of progress and development. Let me quote from Max Ways, writ-
ing in Fortune Magazine last month :

"The new style of dealing with the future offers to millions of living Americans
an opportunity far more significant than material progress. Since Socrates, at
least, Western civilization has respected the examined conclusion, the conscious
conclusion, the conscious connection between thought and action, the intentionallife. That we are now developing a set of more effective methods for shaping
the future represents a fundamental advance along the main line of social and
individual evolution."

Clearly, systems analysis offers a way to make major dents in major prob-
lemsespecially in the long term. But when one sneaks about applying these
concepts at the local or regional level he runs immediately into problems.

First, there is a serious shortage of human resources to apply these techniques.
Systematic analysis of any region's problems requires all of the skilled assets
yo'i have been discussing in these hearings. Interdisciplinary groups are needed
because of the diverse variables in any systems problem, be it a transportation
system, a health system or even a good city management system. These people
must be "systems oriented" and they must have a good understanding of the
subject being analyzed. They must have a coherent approach. They must also
be regionally oriented when the problems are regionalthat is, fully aware of and
sensitive to peculiarities, personality quirks and folkways, social and business
customs, of the region they are dealing with. They must share, in fact, a storeof "house wisdom" about the more subtle relationships of the area they serve.
Like a salesman, they must know the territory.

A second major problem is the need for exposure timea period of initiation
and incubation during which Cate and local government people and the private
leadership can get used to systems approaches. It will take years, not months,for local governments and state governments to convert their affairs to the
Programing-Planning-Budgeting Systems approach, especially for the early pio-
neers. Yet we believe at MRI that within a decade most major cities will havemade the switch. If state, local and regional governments can adopt these for-
malized management approaches as rapidly as private industry has adopted -r-malized long-range planning conceptsa process which has been widely expanded
in the past decadethey will be doing very well.

Third, there is the problem of money with which you gentlemen are also con-
certed. Well designed and well managed systems in the public sector may not
cost less ; they might well cost more. Their virtue is that they may also produce
more, way out of proportion to the increased costs. But once state and local
governments or regional groups are ready to move, they must have new funds
to work with, since the old systems cannot be closed down while the overhaultakes place. Federal funds which recognize this need are available now, butvirtually all of the existing aid programs offer only piecemeal assistance. The
regional medical programs of the Public Health 'Service are bringing systemsanalysis to bear on our health care delivery. The Section 701(b) programs of
the Department of Housing and Urban Development offer some initial help on
governmental reorganization at the state and local level. The Regional Com-
missions established under the Economic Development Act are beginning to helpat the interstate level. But much more money will be needed when the process
begins to speed up.

Finally, there is a very real problem of implementationgetting things done.All too often brilliant systems analyses end up on the shelf, like so many poten-
tially useful research reports, because no one has thought through in advance
the process of implementation and the selection of eni.. on a priority of actionbasis.

It is too easy, when surrounded by charts, flow diagrams and computers full
of cost data, to underestimate the real cost of human inertia at the applicationend.

I hope this will not be the fate of the exciting studies carried out by the four
aerospace companies for Governor Brown, in the event that "too much" informa-tion has been disclosed for the state system to digest, with the time and fundsavailable.

I believe that independent research institutes like MRI may hold part of the
answer to these problems of skilled human resources, exposure time, money and
implementation. Let me mention a few of the things we are involved in at MRI
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as examples of a smaller scale approach. Like a good systems analyst, I will
mention these in functional categories which core Nspond somewhat to the cate-
gories used in PPB. Let me also point out that al,aost every project we under-
take contains an element of ,systems analysis, again dictated by the market
place. Before we sign a contract, we must analyze with great precision exactly
what the work flow, time schedule, equipment and manpower costs will be.

One functional category is transportation. In this area we have worked out
computer planning models and demand studies for state highway departments,
including Missouri. On another tack we are developing a socio-economic model
to show the impact of certain railroad mergers, ranging from community devel-
opment to the transportation patterns of specific goods and commodities. For
a large city, we are looking at the alternate consequence of rapid transit fare
rate structures. We have a whole range of transportation systems studies under
way for private industry, ranging from profitability to route struccures and
long-term demand forecasting. Virtually all of these studies focus on a six- or
nine-state region in the Middle West. Taken individually, these studies are bits
and pieces in the big picture, though these bits and pieces are of vital economic
importance to our clients. Taken together, these could represent the launching
stage for a much more comprehensive systems approach to the transportation
needs of the whole region.

They also might logically provide a base for work in some other functional
areas. Take law enforcement or safety for example. Since we have under
development a systems model of the Missouri state highway netwolt, would not
it make sense to utilize the data bank for law enforcement and accident data?
One new aim would be to develop the best possible schedule for state highway
patrol routes. This kind of planned spill-over from one area to another can be
far less expensive than starting from scratch.

Or take environmental control, another area of pressing interest to every
region in the country. Our analytical chemists and engineers have for a dozen
years been helping cities, metropolitan areas, river commissions and private
clients through systematic pollution surveysboth air and waterand the
design of control programs. It might be wise to fill in the missing data links
needed to build towards a regional model.

At the same time, MRI t LtIntists and systems analysts are designing a national
network to monitor pesticide residues in the human population. What is the
best means to determine on a natilm-wide basis which kinds of pesticides leave
harmful traces among our people, and what are the medical effects? The result-
ing system must define what tissue samples are taken, where, when and from
whom ; how they are collected, transported, analyzed, and then how the data
are employed to give the Public Health Service the answers it must have. This
is a national problem rather than regional cut at one part of our total environ-
mental control problem. In effect, it is a vertical slice, looking at a single
problem area in depth. How much would it cost and what would be the benefits
of a horizontal or regional slice of the total environmental control problem?

Another functional area of particular concern to our region is food supply.
Over a number of years, MRI has dev(oped a very remarkable program for the
State of Nebraska. Nebraska has levied a one mil tax on real property, and
with these funds has sponsored a research program to generate new end uses
for their field crops. As one product, MRI has developed a new water soluble
packaging film from amylose corn starch. The process was patentable.
Nebraska now holds the patent and has licensed production to a private company,
thus putting money back into this system through jobs and consequent economic
development. How much better if this kind of novel approach could be extended
to many states in a whole region?

As one final functional category, let me mention our cities and their problems
of management. For one large city government, MRI recently completed a
systematic analysis of all of the forms of federal aid available to it. Rather than
simply cataloging federal aid programs, however, we attempted to establish
cost/benefit ratios for each aid channel. Obviously, it costs a city government a
great deal more to obtain a dollar of aid for some purposes than for others.
During this study, we found not only that they had never measure(' ,lieir invest-
ments in these programs (in terms of time to process applications, counterpart
funds, predicted time delays), but that there were a surprisingly large number
of high returnon-investment programs which they had never even heard of.
And this was a city larger than San Diego, with a comparatively competent
city hall staff. The project was an eye opener for them, for us, and for the
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Department of Rousing and Urban Development, which we now expect to sponsorfurther study along the same lines.
I bring this up as an example of the sort of highly applied systems analysiswhich is likely to help the groups you are concerned about most in the nearterm. It is also typical of the kind of innovation, coupling technical skills withsocial and economic insight, people have come to expect from these institutes.I believe that we can help local, state and regional groups in many such waysat a pace they can accenmodate and at a cost the nation can afford.For some areas, as I said a moment ago, these research institutes may be thewrong place to look for help. The universities, for example, have a vital roleto play in longer terms, involving more basic research with much less immediacyof results. For some fields, where intensive concentration, a verti;m1, in depthcut, on a single subject of great national import Is needed (highway safety, lawenforcement, for example), special national institutions patterned after NIIImight be desirable or required.
At AIRI we have long had a hand in the process called technology transfer,and in fact we were the first regional dissemination center :set up by NASAin 1961 to interpret and disperse to the private sector (some 500 midwesterncompanies) advanced technology developed by NASA.I think that is essentially what we are looking for here to'lay. It is unlikelythat any state, city or region can afford the development costs of a new tool asvaluable as PPBS or even critical path scheduling. What our states, citiesand regions need is helpand continuing helpin understanding, adapting andusing the tools that are already available. Since our institutes stand or fallon their performance record, we have made it a habit to attract as many expert"appliers of science" to our staff as possible. These people are by nature"transfer agents" who become acutely unhappy when the results of their workend up on a seven-foot shelf. "Vithout implementation, unsuccessful follow-through by our clients, our overall performance record would not look as goodas it does today.
I say all this because, as you well know, our skilled human resources in thiscountry are stretched very thin, and this is particularly true with regard to

talent which can and will be helpful to state, city and regional governments. Asyou consider the problems, then, I urge you to consider these institutes as a
resource already in being, trained, staffed and equipped for the large part, todo the job these people need.

Let me be more specific. I see at least several ways to increase the regionalvalue and regional impact of these institutes. I believe these are some of themeans to the ends we seek :
We can do much more of the kinds of work we presently do for state and

available the information needed for more effective government th,:oughoutour region.
We can do much more of the kinds of work we presently (10 for state and

local government, either by scaling up the size of the problem area we
work with, or by adding to depth and continuity of our research and supportservices.

We can develop continuing research and consulting arrangements with
various governmental groups, on e, drawing account basis.

We can provide the vitally needed link between private industry andthe public sector in critical social problem areas like housing, city renewal,
job training or medical care. We find that the companies are willing iftheir risks can be minimized, and we know that state and local (revernments
are ready to experiment. The missing link is the matchmaker createsa workable market place in objective, impartial and apeAtical terms.

In collaboration with certain universities, we can create highly pragmatic
training programs for state and local government people, to help speed
the transfer of systems management 1:now-how and other techniques. Thisis a logical extension of the technology tratrifer programs which we have
successfully developed for NASA and the Office of State Technical Services.These are the kinds of directed help which will produce results. It is clear,however, that neither the institutes nor the governmental groups involved arenow in a position to pay the cost of such programs. At the same time, I can tellyou that these research institutes would welcome a greater opportunity to fulfillthis role. It would mean, for MRI at least, an opportunity to intensify the

accomplishment of the chartered objectives set forth nearly 25 years ago, but in
a much more effective and meaningful way than founders visualized at that time.I am convinced that the answer requires something more consistent than the
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historical project by project approach. What is needed i funding for sustained
programs which can carry over the peaks and valleys of local need.

This is exactly the kind of relationship which could be established. between
institutirins like our own, and the state or local authorities, if funds could be
made available as outlined in your legislative proposal. I want to stress my
belief that the multiplier value of a sustained relationshipcan be much greater
than a single project attack alone. For instance, we are now engaged in a long
range tax study for the State of Missouri, forecasting potential revenue and
expenditure growth. The value of our work is heightened, I feel sure, because
we "know the territory". Our final recommendations or alternatives for tax
reform will reflect MRI's aggregate house wisdom about the region, and will be
all the more pragmatic for it. This Is the "common sensical" element, which Mr.
Henry Rown, the new President of Rand, has suggested, is so badly needed if the
results of systems analysis work are to be successfully applied.

How much more effective could our efforts on such problems be if we could
maintain the working relationship over years, instead of weeks or months? How
much better if we could find a way to maintain and support continuing aialogne
between the experts and analysts of our staff and those in state and local govern-
ment burdened with the operational problems?

A good example, for your consideration, might be the Mississippi Research and
Development Center which, although barely under way, has been conceived as a
means to provide state agencies and the rest of Mississippi's leadership with just
such continuing help and analysis. While some of its operations are supported
on a project by project basis, both under federal and state programs, she sustain-
ing funds come from special appropriations of the State Legislature. It seems
likely that the type of funding to states which you have proposed could greatly
magnify the achievement of that organization.

A short time ago, in a different approach, the Carnegie Corporation's acting
president, Alan Pifer, suggested that general support grants be made directly to
independent research institutes by the federal government, just as DOD and NM
now provide sustaining a.Ad general support grants to universities. I can see
many benefits in providing part of such support through the states by the legis-
lative mechanism you have proposed.

A further extension to this general approach might be sustaining grants to
research institutes to couple one or more of the activities I have mentioned
earlier. An additional reinforcing element might be training grants to permit us
to bring in people from various levels of government and from universities, and
expose them to new techniques in the working research environment.

As a final piece of perspective on the independent research institutes, let me
cite one or two numbers. Our staff at MRI totals about 400 persons, with an
annual research volume of approximately $a million. Over the past two decades
we have accumulated research experience at a total value in excess of 00
million. I believe that it is vital to the progress of our region, our states and
our cities that we find a way to transfer and build upon the value of this ac-
cumulated experience.

Over the past several years, we have made important selective additions to
our professional staff so that MRI could respond vigorously to the increasing
requirements of the public sector at all levelsmunicipal, county, state and
federal.

Your proposal can link a closely knit, coherent, sociologically conscious re-
search group like MRI to state and regional problems on a continuing basis,
and can trigger many multiplier public benefits.

Our in-house knowledge would thus be kept current, tuned to tomorrow's
issues, and put to work where it is most neededat the right time and with
minimal start-up effort.

In spite of their small number and relatively small portion of the total na-
tional R&D budget, these not-for-profit institutes are high lev 'age organiza-
tions, almost uniquely equipped to have a major impact on the regions they
serve on a continuing basis. They offer a singular resource in terms of multi-
ple discipline expertise, relevent to the pressing public problems of the time,
in terms rx broad familiarity and understanding of the most advanced analytical
and implementive techniques, in terms of established relationships as trusted
sources for scores of governmental units at all levels. And they are eager to
extend their useful contribution, to respond more forcefully to the needs of the
regions of which they are a part.
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Dr. KIMBALL. I am glad to be here today because the issues you are
discussing are related to a multidisciplinary, point of view.

One of the subjects I want to treat today is the role, both present
and potential, of the independent, not-for-profit research institutes,
ani the role they could play and have played in building stronger cities
and regions.

I understand that the question you are discussing here is how, in
this country, we can best apply our resources, both human and fin-
ancial, to begin to catch up with the problems that are generated by
growth and change, before the problems catch up with us.

I should say at the beginning, Senator, that I am neither an opera-
tions analyst nor am I an expert in systems analysis, so I am really
not equipped to use the proper jargon. I am an electrical engineer
by training, and during the past, 25 or 30 years I have been exposed
to many of the languages that are used in science and technology,
but I find business English a more effective way to express myself.

I would like to start by saying that systems analysis, in my language,
is a point of view that is supported by many clever, useful and mostly
new and 'analytical techniques and devices. It is a very good dis-
cipline because it demands, among other things, that people consider
problems as a whole, define terms, separate ends from means, identify
true costs, and understand, above all, the relevance and priorities of
many factors and interfaces which bear on many problems.

Systems analysis is not a black-box procedure to be accomplished
by 94 computer. In fact, too many of the forces involved in the things
you axe discussing here cannot be quantified.

My main mission today is to put the group tq organizations which
are called independent, not-for-profit research institutes into some-
th_ ag of a time perspective. I would like to comment on who they are,
where they came from, and where I believe they intersect with the
problem at hand.

When this category of nonprofit institutes is discussed, usually 10 or15 are implied or included. In the aggregate these organizations em-
ploy about 7,000 people and their total research volume is about WO
million annually. Therefore, they account roughly for 1 percent of
the total R. & D. expenditures in the united States.

The largest of these in terms of staff and research volume are Battelle
at Columbus, Ohio, and Stanford Research Institute on the coast.
Then come a group of middle-sized institutes; Midwest Research at
Kansas City, the Research Institute of the Illinois Institute of Tech-
nology at Chicago, Cornell Aeronautical Laboratory at Buffalo, South-
west Research at San Antonio, Franklin Institute at Philadelphia,
Mellon Institute at Pittsburgh, Southern Research Institute at Bir-
mingham, and the Research Triangle Institute at Durham, N.C. There
is Denver Research Institute, too, in Colorado.

Senator Nrir,sox. These are all nonprofit?
Dr. KIMBALL. Yes, sir.
There are some recent additions to this list, recent in the last few

yearsGulf-South Research Institute of Baton Rouge, Spindletop in
kCentucky, North Star in Minneapolis, and a new institute which we
helped to put together last year in. Rhode Island. So you can see
from the list that they pretty well cover the map of the United States.
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These groups are called independent, because they operate under
their own corporate charters, and most of them are independent of any
formal tie to any other institution But they enjoy working relation-
ships with other groups such as universities and consultants.

The majority of these institutes were founded in the late 1940's, when
leaders in various parts of the country recognized the need to conserve
and reorganize the regional research capability that had been built up
during World War II, and to expand on this.

You will find if you examine their charters that most of these or-
ganizations were founded by groups of gional business leaders who
recognized, 25 years ago, the need to apply science and technology to
build industry, to develop new prod, acts, to increase productivity, and
to contribute to regional growth.

The IRS categorizes these institutes as tax exempt; each of them, is
controlled by a board of governors or trustees. All institute employees
receive specific stated salaries, have no equity in the institutions, and
receive no part of the net proceeds.

It's encouraging to me today to come here and dismiss problems that
fit so closely the chartered objectives that were set forth in

Kansas City 25 years ago I say if, is encouraging because over the
past 25 years, many of these inst antes have had to look outside their
own regions to find an adequate market for their talents.

Our founders, for example, hoped. that we would work for regionally
based industry and for the smaller companies who then had less access
to research. MRI has done this for the material benefit of sev-
eral hundred companies in our region, most of our industrial research,
as measured in dollars, has been done for the giants of industry, I think
this is characteristic of all of these institutions.

Our founders also envisioned these inctitutes as a strong resource for
State or local government in their own regions, yet by far the largest
part of work for governments by thes e. institutes has been done for the
Federal Government.

Most of these institutes have neither crylowment nor unearned in-
come, so they must generate all of their inclme by contracts.

To retain and attract competent professional people, to purchase
new equipment and generally keep the ship in order in good times and
bad is a very difficult task. Yet I believe that you will find that each
of the=1 institutes has consistently put, fort"o As best effort, especially
into the leading edge of technology application where the market is
always the thinest.

These institutes have an enviable record in this respect. I will give
you three illustrations. I would point to the development of the Xerox
process at Battelle, after the same process had been rejected by a num-
ber of large companies. Or the breakthrough in banking automation,
the first of its kind, made at Stanford Research after the system had
been termed not feasible by many hardware developers. Cr would
point to the development of magnetic wire recording at the Armour
Research Foundation in Chicago, now called IITRI.

I would point to the development of solid film lubricants at MRI
which may have wide application to maintenance and machine per-
formance.

The point I wish to make here is that these and other breakthroughs,
that I could allude to, would have taken much longer if left to private
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industry alone, because the development economics, or payout, looked
quite remote at the time.

And I would suggest that there is a direct analogy between the
development problems of these very tangible benefits, and the prob-
lems you are considering, which I understand to be getting new man-
agement concepts and new an'ilytical techniques usefully applied to
public problems.

There is an increased understanding of systems analysis in the
Nation, and all other contemporary tools of problem diagnosis. And
I believe that the solutions can be applied to civilian and social prob-
lems just as they have been so successfully applied on space and
defense hardware problems.

Governments at all levelsFederal, State, local, and municipal
institutions and private industryare learning the lessons of systems
analysis. They are learning to contract for whole programs rather
than piecemeal projects; they are learning to contract for systems
management rather than just the design of systems; and they are also
learning, with considerable care, that certain aspects of social and
political responsibility can be contracted out to professional managers
whose performance can be carefully monitored.

It is this conceptual breakthrough, rather than systems analysis
itself, or its attendant techniques, which will make the major difter-
ence in our future use of this new tool.

So systems analysis does offer a way to make major dents in public
problems, especially in the long term, but when you talk about apply-
ing these concepts at the local or regional level, I see some considerable
problems ahead.

First, there is a serious shortage of competent human resources to
apply the techniques. The ,eople who do this must be tistems
oriented and not merely mathwaticians; they must have a, good un-
derstanding, above all, of the subject being analyzed rather than only
the technique they employ to analyze it. They must have what I call
a cohennt approach, ana if the problems are regional, these people
better be regionally oriented themselves. That is, they have to be
fully aware and sensitive to the pecvliarities, personality quirks, the
social and business customs of the region they are dewing with. They
must, in fact, share a store of "house wisdom" obout the more subtle
relationships of the State, region, or city in which they are working.
I suppose I could paraphrase by saying that like a salesman, they
better well know the territory. That's one problem, the serious short-
age of competent human resources.

The second n.proble is the m..(41 for exposure timea, period of
iinitiation, or incubation during which State and local government

people and the private leadership can get used to systems approaches.
I think it will take years, not months, for local governments and State
governments to convert their affairs to the program planning, budget-
ing systems approach, and especially will this be so for the early
pioneers in the effort.

Yet, we believe that within a decade most major cities will have
made this switch. And I say if State, local, and regional governments
can adopt these formalized, management approaches as rapidly as
private industry has adopted formalized long-range planning con-
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cepts, a process which too many people is relatively new, then these
States, these governments will be doing well. That is the second
problem, the need for exposure time.

The third one is the problem of money. Well-defined and well-
managed systems in the public sector may not cost less. They may well
cost more, but their virtue is that they may well produce more tad,
in fact, way out of proportio:. to the increased cost. But one State,
local, and regional groups are ready to move, they must have new
funds to work with, since the old system, that is, the way they are
doing it now, cannot be closed down while the overhaul takes place.

Federal funds which recognize this need are now available, but vir-
tually all of the existing aid programs provide only. piecemeal assist-
ance. The regional medical programs of the Public Health Service,
for example, are bringing systems analysis to bear on health care
delivery.

The 701 programs of HUD offer some initial help on government
reorganization at. the State and local level.

Senator num. I might, if I could interrupt there, Dr. Kimball.
The 701 grants have, I think, been a dramatic example of the time-
exposure problem that you talked about. As of 7 or 8 years ago, there
was v.ery little understanding or consideration given to regional
planning in this country. When the Congress made appropriations
available uncle- the 701 grants for State and regional planning, the
result was an awakening of interest in planning.

Suddenly now, in the past 2 or 3 or 4 years, we see the rapid de-
velopment of regional planning commissions all over the 'United States
as a direct consequence of the inducement of the 701 grants.

Dr. KilkinArx. I perhaps should have mentioned a fourth point,
that pride of ownership or pride of authorship, which oftentimes
comes in importantly.

I would add to your comments sir, that the regional commissions
that have been recently established under the Economic Development
Act are also beginning to help at the interstate level appreciably.

The last problem in this regard I want to mention is perhaps, the
real one, and that is the problem of implementation, getting things
done.

My own experience has berm that, all too often brilliant systems
analyses end up on the shelf, like so many potentially useful research
reports, simply because nobody has thought through in advance the
selection of ends on a priority basis. They have paid more attention
to means.

It is too easy when surrounded by charts, flow diagrams, and com-
puters full of cost data to underestimate the real cost of human inertia
at the application end.

Now, I believe that these institutes, of which I represent one, may
hold part of the answer to this problem of skilled human resources,
exposure time, and implementation. If I may, let me mention a few
of the things we are now involved in at Kansas City, as an example of
a smaller scale approach.

I think this will illustrate what I am trying to say here. One func-
tional category in the public concern sector is transportation.

In this area we have worked out computer planning models and de-
mand studies for State highway departments, one of them being Mis-

76-510-67---8
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souri. On another tack we are developing a socioeconomic model to
show the impact of certain railroad mergers, ranging from community
development to the transportation patterns of specific goods and com-
modities.

For quite a large city we are looking at the alternate consequences
of rapid transit fare rate structures.

Senator NEtsox. May I interrupt there for a moment?
Dr. KIMBALL. Yes, sir.
Senator NErsoN. Are you in the process of developing a transporta-

tion plan for the State of Missouri ?
Dr. KIMBALL. Yes, sir. Traffic plan, layout, optimum layout of

highways.
Senator NELSON. For the use of the highway department?
Dr. KIMBALL. Yes, sir.

ASenator NELSON. And the development of their highway system?
Dr. KIMBALL. It is a tool to forecast future traffi3 volumes on current

and future highways.
Senator NELsox. But it is a plan that will predict where the traffic

flow will be and what the traffic problems of the future will be ?
Dr. KIMBALL. And where new roads will be needed.
Senator NELSON. Now, in the implementation of that plan, when

you are throughfor example, you make a prediction based on
your traffic studies, population studies, where it will be necessary to
develop a highway system network. I assume that you will then be
recommending to the highway commission that they will have to get
into the hard problem of preemptive zoning ?

Dr. KIMBALL. Our current efforts are limited to traffic volume
studies, as I stated earlier.

Senator NELSON. Which ought to have been done all over this coun-
try, but I have not seen much of it, done anyplace. We wait until
everything is built and then tear it all down.

Do you contemplate this poses a pretty tough political problem in
Missouri ? I don't know what their zoning laws are.

Dr. KIMBALL. Of course, in Missouri there are only t WO large cities.,
St. Louis and Kansas City, and many of the roads that we think will
be needed are roads from those cities to other parts of the State like
the Ozarks. For example, there is no really good road from Kansas
City south.

You put your finger on a critical problem. Who is going to do
something about it after these forecasts are made, and

going
are we

going to overcome the problems that the planning e_ then un-
earths?

Senator NELSON. If you are predicting 10, 15, 20 years in advance
and you know, then, that a highway should be placed between two
certain points and then you must zone it so it cannot be built on in the
ft. ',ure. This immediately has consequences for the owner of the land
that you are taking and some rather dramatic conseque aces for the
abutting landowner, who is going to have an enhancement of value
to his property just based on thei zoning, which really just a predic-
tion that you will build a highway there someday. Of course you
might change your mind because the facts may change in the next 10
or 15 years in some unanticipated way.

This seems to me to be the tough part.
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Dr. KIMBALL. There has been a lot of that going on. I understand
that happens even today in large cities where the Interstate System
has to go through.

Well, we have a whole range of transportation studies underway as
well as private industry, that range from profitability to long- r.uig©
forecasting.

The point I am making licre, Senator, is that virtually all these
studies focus on a six- or nine-State region in the Midwest.
individually these stadies, in respect to the big picture, are ust bits
and pieces, but they are not bits and pieces in respect to the economic
importance to the people who are getting them done, but taxen to-
gether these studiesand I am sure other groups are doing similar
thingsrepresent a launching stage for a much more comprehensive
systems analysis of the transportation problem of tne whole region.

We have a whole group of building blocks that are not connected
yet. They also might logically provide a base for working in some
other functional areas.

Take law enforcement or traffic safety, for example. Since we now
have under development a systems model of the Missouri State high-
way network, would it not make sense to utilize this data bank for
law enforcement or accident data? One new aim? for example, might
be to develop the best possible schedule for State highway patrol routes
in the law enforcement sense.

The point here is that this kind, of planned spillover from one area
to another can be far less expensive tht if you start from scratch.
Or taken environmental control, another area of pressing current
interest.

Our analytical chemists and engineers at MRI have for a dozen years
been helping cities, metropolitan areas, river commissions, private
clients through systematic pollution surveys, both air and water, and
in the design of control programs. It might be wise to fill in the miss-
ing data links needed, to build toward a regional model, and the basis
of the air sheds that are now being discussed.

Now, coincident with this effort our peoplescientists, systems
analystsare designing a national network to monitor pesticide resi-
dues to the human population. Hero are some of the questions we
are trying to answer :

What is the best way to determine, on a nationwide basis, which
kinds of pesticides leave harmful traces among our people and what
are the medical effacts?

Th© resulting system, and we have the responsibility for develop-
ing this, must define what tissue samples are taken, where, when and
from whom? How are these to be collected, transported, analyzed?
How is the data that will develop from these to be employed, to give
the Public health Service the answer it must have?

Now, this is a national problem rather than a regional cut at one
part of our total environmental control.

Senator Nelson. has your institute done some work in this area?
Dr. KIMBALL. We are designing now the national program for pes-

ticide residue observation and control, yes.
Senator NELSON. Have you any reports on it as of this date?
Dr. KIMBALL. Yes; two or three interim reports.
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Senator NmsoN. I am particularly interested in that because I have
two pieces of legislation on the pesticide field myself for creation of a
scientific evaluation team to evaluate the effects of pesticides in the
environment. I am not sure that it is the best approach. That is why
I would be interested in what you are doing.

Dr. KIMBALL. Yes, sir; I will get, them for you.
Another fundamental area of particular concern to our part of the

country is food supply.
Over a number of years MRI has developed a very remarkable r "o-

gram for the State of Nebraska. This State has levied a small ax
on real property, and with these funds have sponsored. a research
program to generate new end uses for their field crops.

As one of several products we have developed a new water-soluble
packaging from amylose cornstarch. The process was patentable.
Nebraska passed legislation which permitted it to hold, as a State, therights to the patent.

Senator NELSON. Are you the ones doing the worksomebody said
to me, recently, we are going to reach the stage someday where we will
eat the package as well as the contents.

Dr. KIMBA L. This could be done in this case and I have seen itdone as a demonstration purpose, yes; amylose corn, of course, is edible,
soluble, useful, of course, in packaging frozen foods. If you had
frozen spinach, you put the entire package in a pot. When cooked,
you are eating the package as well ,as the spinach.

Senator NELsox. My kids would. rather eat the package.
Dr. KIMBALL. Well, these people have licensed production to amajor company, which has built a plant in Nebraska, and are thus

putting money back into the system through jobs and consequent
economic development. How much better it would be if this kindof novel approach could be extended to many States in the region
rather than one.

As one final functional category let me mention cities and their
problems of management.

For one large city we recently completed a systematic analysis of allof the forms of Federal aid available to this city. Nov, rather than
simply cataloging Federal aid programs, we attempted to establish
cost - benefit ratios for each aid channel. Obviously it cost the city
government a great deal more to obtain a dollar of aid for some pur-poses than for others.

During this study Nind not only that this city had nevermeasured its investments in these programs, investments in terms ofstaff time to process application, counterpart funds, and predictable
time delay, but that there was a surprisingly large number of high
return on investment programs which they had never even heard of.Now, this is a city larger than San Diego with a comparatively com-petent city hall staff. The project was an eyeopener for them, and
for us, and also for the Department of Housing and Urban Develop-ment. I bring this up

is
an example of the sort of highly applied

systems analysis which is likely to help the groups you are concerned
about most, in thenear term.

It is also typical of the kind of innovation which couples technical
skills with social and economic insight, that people have come to expect



SCIENTIFIC MANPOWER UTILIZATION) 3,9 d 7 111

from these independent research institutes. =o I believe that we can
help these local Stall and regional groups in many such ways, at a pace
they can accommodde, and a cost the Nation can afford.

Now, for some areas these research institutes may be the wrong place
to look for help. The universities, for example, have a vital role to
play in longer terms involving more basic research with certainly
much less immediacy of results, and their problem is always of coupling
with the private sector.

In some other fields where intensive concentration is needed, such as
a vertical type cut on a single subject of great national importance
highway safety nationally, law enforcement, for examplethen special
national institutions might be desirable. I would suggest that these be
patterned after the 9 or 10 individual National Institutes of Health.

At MRI we have had a long exposure in the process called tech-
nology transfer and, in fact, we were the first regional dissemination
center setup by NASA in 1061, to interpret and disburse to the private
sector, advanced technology developed for another purpose by NASA.
We have b; working now over these past 6 years with some 500
middle west companies.

I mention this because I think what we are looking at here today is
essentially this issue of technology transfer. It is unlikely in my
view that any State, city, or region can afford the development costs
of a new tool as valuable as PPBS, or a tool as primitive today as
critical path scheduling.

What our States, cities. and regions need is help, and continuing
help in understanding, adapting and using the tools that are now
available, let alone the ones that are going to be developed. Since the
institutes like MRI represent or stand or fall on their performance
record, we made it a habit to attract as many expert appliers of sci-
ence to our staff as we can. These people are by nature transfer
agents who, I must say, became acutely unhappy when the results
of their work end up on a 7-foot shelf.

Senator NELSON. Let me ask a question here. Why do you think
it is too expensive for a State or local government to develop a tool
as valuable as PPI3S.

Dr. KLM13ALL. Well, it would be too expensive if they just started
off on their own. I think they could start at an intermediate point,
with some outside help from people who already know the subject.

Senator NELSON. Let me ask this question: On almost any one of
these questions, whether it is crime, highway safety, pollution, are
not almost all the solutions that one might come up with transferable?
In other words, if a city such as ran Diego did a crime study, police
enforcement study-7 r^41;,::, there are differences among all cities
but if your institute a systems analysis of a problem for a com-
munity of a certain size, generally speaking would not the results of
your effort be transferable to another city elsewhere in the country ?

Dr. KIMBALL. Yes, sir; give or take the differences between the cities,
that is correct. We do int need basic research on this subject. We
need more coupling from the source of knowledge to the people who
need to have it.

Senator NELSON. So then, If, for example, the Federal Orovernment
were to adopt some version of two bills that are before us and were



112 SCIENTIFIC MANPOWER 'UTILIZATION) 1967

then to make some grants for study purposesregional, city, so
forththe results of that effort when the study was all over, would
be valuable and usable in all parts of the country where the circum-
stances are roughly comparable ?

Dr. KIMBALL. I agree. They would have what I call a very high
multiplier effect; yes, sir.

Well, I have said what I have today because, again to repeat, the
Nation's skilled human resources are stretched thin, and this is par-
ticularly true with regard to talent which both can and wants to help
State, regional, and city governments, and as you consider these prob-
lems, Senator, I would urge you respectfully to consider these institutes
as a resource already in being, trained, staffed, and equipped to do the
job that these people need.

Now, let me be more specific. I see several ways to increase the re-
gional value and regional impact of these institutes I have named.
Here are just a few of them : Create regional data centers to collect,
process, analyse, and make available the information needed for more
effective government through a given region. We could do much more
of the kinds of work we presently do, either by scaling up the size of
the problem area we work with or by adding depth, or we could de-
velop continuing research and consulting arrangements with various
governmental groups on a drawing account basis, if you will.

Here is an important one, I think : We could provide the vitally
needed link between private industry and the public sector, and there
is a link needed here, in critical social problem areas like housing, city
renewal, job training, or medical care. We find that private com-
panies are willing to get into this if their risks can be minimized; we
know that State and local governments are ready to interpret.

The missing link is this matchmaker, the coupling element, who
creates the workable marketplace and objective, impartial, and apoliti-
cal terms. And the final .point is that in collaboration with certain uni-
versities we could create highly pragmatic training programs for State
and local government people to help spread the transfer of systems
management know-how and other techniques. This is a logical exten-
sion of the technology transfer work we have done for NASA, and
some of the efforts of the Office of State Technical Services.

These are the kinJs of directed help, in my view, that have produced
results, but it is clear also that neither the institutes I have mentioned
nor the governmental groups involved are now in a position to pay the
costs of such programs. But I can also tell you that, these research
institutes would welcome a greater opportunity to fulfill this role.
It would mean in Min's case, for example, an opp Drtunity to intensify
the accomplishment of the chartered objectives that were set in the
middle forties, but in a much more effective and meaningful way than
our founders could have visualized at the time.

I am convinced that the answer requires something more consistent
than the historical project-by-project approach. What is needed is
funding for sustained programs which can carry over the peaks and
valleys of local need. I want to stress my belief that the multiplier
value of a sustained relationship can be much greater than a Single-
project attack alone.

For example, another project case history. We are now engaged
in a long-range tax study for the State of Missouri forecasting poten-

4
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tial revenue and expenditure growth. The value of our work is height-
ened, T feel, because we know the territory. Our final recommenda-
tions or alternatives for tax reform will not only reflect our own aggre-
gate "house wisdom," but it will be pragmatic as a result of it.

Now, this is the commonsense element, which Mr. Rowan of Rand
has suggested is so badly needed, if the results of systems analysis work
are to be successfully applied. How much more effective would efforts
on such problems be if the working relationship could be maintained
over years instead of weeks or months. how much better if we could
find a way to maintain and support continuing dialog between the ex-
perts and the analysts, and those people in State and local governments
who are burdened with the operational problems.

I have one example for your consideration to illustrate this point.
There is a new group in Mississippi known as the Mississippi Researcl.
and Development Center which, although barely underway, has been
conceived by the State government as a means to provide State agen-
cies and the rest of Mississippi's leadership with just such continuing
help and analysis. While some of its operations are supported on a
project-by-project basis, either under State or Federal funding, the
important point is that sustaining funds have come from special appro-
priations from the Mississippi Legislature.

It seems likely to me that the type of funding to States v hich you
have proposed could greatly magnify the achievements of similar
groups.

A short time ago, in a different approach, the Carnegie Corp.'s act-
ing president, Allen Pifer, suggested that support grants be made to
independent research institutes by the Federal Government, just as
DOD and NIII now provide sustaining and general support grants
to universities.

I could see many benefits of this. A further extension of this ap-
proach might be sustaining grants to groups like our own, to couple
one or more of the activities I have mentioned earlier, such as training
grants, to permit us to bring in people from various levels of govern-
ment and universities and expose them to various techniques in the
working research environment.

As a final point on this, let me cite one or two numbers. Our staff
at Kansas City now numbers 400 people. It does an average annual
research volume of $6 million. Over the past 20 years we have ac-
cumulated research experience working for some 900 private clients
and 200 public clients, and the volume is in excess of $50 million. I
believe it is vital to the progress of the region, the States and the cities
in it, that we find a way to transfer and build on the value of this
accumulated experience.

I will close with this comment, sir. In spite of their small number
and their relatively small proportion of the total national R. & D.
budget, 1 percent, these not-for-profit institutes are what I call high-
leverage organizations. They gt things done, they are almost
uniquely equipped to have a major impact on the regions they serve.
They offer a singular resource in terms of multidiscipline expertese
which is relevant to these public problems of our time.

In terms of broad familiarity and understanding of the most ad-
vanced techniques, they also understand the consumer or clients' need,



114 SCIENTIFIC MANPOWER UTILIZATION, 1967

and they have over a long period of years established relationships,
in the sense of what I term trusted sources, for scores of Government
units at all levels, and they are eager to extend this contribution to
respond more forcefully to the needs of this region.

That is the end of my prepared or rather, paraphrased statement,
sir.

Senator NELSON. The points you were addressing yourself to for
the last 10 minutes have been precisely the kind of contribution that
the committee is interested in.

Two years ago when I conducted the hearings on the allocation of
scientific manpower, at which time you appeared, it was out of those
hearings that we developed the idea, th© proposal that is now before
us. But I am not particularly satisfied with the way my bill is drafted.
There seem to be some gapsalso in the other bills pending before
us. One of them creates a national commission to evaluate the prob-
lem and propose an approach while my proposal authorizes the Gov-
ernment to make allocations of funds for the application of the
concept of systems engineering to State governments, to local govern-
ments, to groups of one kind or another. But how to implement the
program really is the question. Who is prepared at the Federal Gov-
ernment, level to give it a broad spectrum look and say, here is the
way we ought to proceed and here is the approach we ought 1 o take ?

do not think we have anybody prepared to make that decision. I
think it would be very valuable to have the consulting advice of re-
search groups such as yours who have years of experience in dealing
in both the private and the public sector, and my question is this:
am wondering if you could examine carefully file two bills that are
before 11S and then prepare some suggestions on the best method of
approach. We are probably going to merge the two concepts one way
or another and, obviously, make a number of changes in them, and
we expect to oiler a bipartisan bill.

But no one I have talked to on the legislative side is really pre-
pared to say that he has the best answer for how we ought to proceed.
It would be helpful to the committee if you would only analyze these
bills carefully and then write your suggestions upon how it ought to be
done, who ought to allocate the money, what kind of advice should they
have in allocating the money, what objectives should we seek to ac-
complish and how should we accomplish these objectives 9

I think based upon the experience of your organization, the people
you have there, that you probably could give us the best testimony
that we can get on making this approach.

Dr. KIMBALL. We will give it a good effort, Senator.
Senator NELsoN. Your testimony has been very valuable.
We will give the reporter 5 minutes.
(Whereupon, a brief recess was taken.)
Senator NELSON. Our next witness is Dr. Donald Schon, president,

Organization for Social and Technical Innovation, Cambridge, Mass.
Dr. Scion.
Dr. Swim Good morning, Senator.
Senator Nnsorr,. We appreciate having you appear here this morn-

ing.
You have a prepared text. Your text will be printed in full in the

record and you may proceed to read it or extemporize or however you
wish to present it.
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STATEMENT OF DR, DONALD A, SCION, PRESIDENT, ORGAITIZATION
FOR SOCIAL AND TECHNICAL INNOVATION, CAMBRIDGE, MASS,

Dr. &How. I think I will begin by reading and then cover the
high points of the remainder.

I wanted to begin with a definition of this term "systems approach"
since it has come to be used with such frequency and sometimes in so
many conflicting ways.

I would like to define the term "systems approach" around a specific
model which I think has some independent interest for this committee.
This is the schools construction system development project in Cali-
fornia, led by Ezra Ehrenkrantz. The rationale of that project, sup-
ported in its early stages by the Educational Facilities Laboratory of
the Ford Foundation, has been described as follows :

The why of SCSD is apparent in the gap between the increasingly complex.
constantly changing demands being made on our schools, and the ability of
traditional building practices and products to meet them. New teaching mehods
and equipment call for new ways of arranging new types of instructional space.

Changes in curricula, teaching techniques, organization and grouping of stu-dents and staff, require corresponding changes in buildings. And change is be-
ginning to be recognized by educators as a continuing part of the educational
scene. Upgraded educational standards paint to an upgraded environmentgood
lighting, effective Hound control, air conditioning, even carpeting. At the same
'time, the student population grows and shifts ; budgets remain tight. In short,
we are asking for more variety, greater flexibility, higher quality, and lowercosts ---a combination the schoolhouse can seldom provide.

Collectively, schools form a building market second only to housing; but be-cause they are built one at a time, schoolhouses do not offer the manufacturerenough volume to spur product development to meet new educational require-
ments. As a result, school architects must select from products which are de-
veloped independently, often for other building types, and therefore do not fit
perfectly either the school's physical needs, its budget or one another. Too muchof the architect's time is spent fitting together bits and pieces of material, in-
stead of grappling with vital problems of program and design.

In 1901, when SOSD was established, it was abundantly clear that such pro-ceduresinefficient educationally as well as economicallywere not the best
answer to the demands of a decade in which taxpayers would buy $27.3 billionworth of primary and secondary public schools, and in which change would be the
only constant. And it was becoming evident that current attempts at reform
stock plans, prefabs, portables, and so onoffered only limited solutions and werewinning only limited acceptance. Certainly, no latter-day Henry Ford was inthe offing, ready to start rolling identical schoolhouses off an assembly line.

What he did was to adopt a British model which focused on theproblem of assembling a market large enough to attract industrial
contributions to the development of new technology. lie succeeded indoing this by inducing groups which formed a consortium which
could guarantee markets big enough to support the development workand tooling. He then proceeded along the following lines :

1. The dev loping of new products designed specifically for
schools.

2. Encouraging manufacturers to work together so that their
products would constitute a system.

3. Guaranteeing a sufficiently large market for the products.
4. Finding a satisfactory way to bring products, producers, and

purchasers together.
When he had assembled his market, he then began with a study of

user requirements for a school. He began with the people who were

6
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going to use them, teach in them, interact in them, and he focused on
three basic sets of requirements:

1. Freedom in overall planning, from the single, large loft
building to the multiunit, campus-style school.

2. The simple and economical arrangement of a variety of spaces
in a variety of ways for a variety of purposes. For many of the
districts the self-contained classroom for 30 students was no longer
the basic teaching space.

3. Altering and rearranging these spaces as the need arises. In
fact, one of the assumptions underlying the design criterial Wft3
that an average of 10 percent of the interior partitions would '63
changed yearly.

He then divided the basic design of a school into a set of component
systems. These were the structural system, the ceiling lighting system,
the air-conditioning system and the movable and operable portions.
He did not select either the exterior brickwork or the plumbing because
of special union problems.

For each of these it then became the objective of SCSD to develop
performance criteria, that is to say, statements which indicated what
the systems must do rather than materials or design specifications.
SCSD was then in a position to go out for bid to industry and to attract
large firms with major technical capability who would not have been
attracted to the market offered by individual schoolsfor example,
Inland Steel, John's Manville, Hauserman Partitions and others. A.
bidding process was designed which involved perliminary qualifying
bidding and the refinement of performance criteria on the basis of the
capabilities of bidding companies.

That is to say, he engaged in the dialog with the companies testing
performance criteria, testing what they could conceivably do.

While work was going on, efforts were also being made to bring
school superintendents, local political leaders and, perhaps most im-
portant, union leaders into the building process.

Neil Haggerty of the building trades department of the AFL-CIO
was selected to sit on his advisory committee. What he was attempting
to do here was design the social process of getting buildings built as
well as the system of schools themselves.

When bids came back and schools were built, they demonstrated
improvements such as these:

First, long-span structures are usually too expensive for schools
built within California State aid formulas. SCSD schools will get
long spans, and the interior flexibility accompanying large, column-
free space, for $1.81 per square foot. Structure for the typical school
with a roof span of only 30 feet costs an average of $3.21 per square
foot.

SCSD will provide air conditioning for all academic areas (but
not such spaces as gymnasiums, kitchens and storerooms), with local
temperature control for all spaces of 450 square feet or more, plus a
5-year maintenance contract, for only 34 cents more per square foot
than California schools now pay. for 'heating and ventilating alone.

The lighting-ceiling system, which not only meets stringent lighting
requirements but also provides for air distribution, fireproofing, and
sound absorption, will cost $1.31 per square foot, as against $1.67
ordinarily spent for ceiling plus lighting.
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Although the specifications called for fixed as well as demountableand operable partitions, the demountable partitions turned out to beno more expensive than the fixed if educational work surfaces areincluded. lhe operable partitions, panel and accordion type, includebuiltin supporting framese that make them movable, tooa featurepreviously unavailable at any price. Yet this near-total partitionflexibility will be provided for slightly less than the cost of conven-tional partitions.
Approximately five of these schools are under construction in Cali-fornia, and others are under construction in this country, according tothe plans Ehrenkrantz laid out in his problem.
I have gone at such length into this example because it illustratessome of the key features of a systems approach to public sectorproblems:

1. The object of inquiry was the whole systemthe school andall its functionsnot just a part or component of that system.2. In the course of inquiry, the system was divided into inter-connected subsystems.
3. For these subsystems performance criteria were developed.4. A process was set in motion which led to the making of avariety of alternative inventions meeting these performancecriteria.
5. Through the consortium of school sy3tems, markets werecreated which served to attract technological innovation.G. The whole building process, including its social and political

problems, was taken as a subject of study and an attempt wasmade to design that process.
The term "systems approach" is sometimes used as though it con-tained a kind of magic which is new to our time. I do not believe thisis the case. Nevertheless, it has beL, one major consequence of ourefforts in the defense and aerospace fields over the last 20 or 30yearsperhaps in the Manhattan project and the recent major proj-ects of NAri'A more than in any other areathat we have begun tobelieve in the possibility of taking whole and analytical approachesto complex civilian problems. In my opinion, the key contrihutionsof the "systems approach" in the civilian areas we are talkin:, about,are as follows

1. We now believe that we can attack certain complex prob-
lems as whole and analytically.

2. We have raised the level of aggregation at which they aretackled. We no longer talk only about filters or electrostaticprecipitators, for example, brought about the whole problem ofurban and environmental control.
3. We have learned the difference between materials anddesign specifications and performance criteria, which open uppossibilities of technological innovation at the same time as theyprovide guidelines for performance.
4. We have begun to explore the mobilization of private in-dustry to work on public systems problemsthus meeting Gal-braith's excellent argument in "The Affluent Society" to the effectthat private industry and the market mechanism had been effec-tive in the development of the consumer products, but not in the



118 SCIENTIFIC MANPOWER UTILIZATION, 1967

solution of public systems problemsand we have undertaken this
mobilization by and large, through the "pull" of markets rather
than through the "push" of Gove iment intervention.

5. We have begun to use simulation techniques, and other tools
of analysis, to handle system that present us with "more informa-
tion than we, can handle."

It seems to me these are among the principal contributions.
But there are some major differences between civilian public sector

problems and military and aerospace systems problems which must be
attended to. Their solution presents us with some of the principal
challenges to this field. It seems to me there are principally two of
these.

In civilian areas, each public sector problemtranspol iation: hous-
ing, water management, pollution control, education, and the likeis
already a cent's of fragmented but tightly interconnected private ac-
tivity. Each sector constitutes a mo -e or less closed system, in which
needs are met through a network of companies and other institutions
which provide sets of interlocking products and services. Current
technological solutions to the requirements of these sector needs tend
to be locked in though : Specification-based standards, regulations,
codes, fragmentation of market, and institutional boundaries.

An example is the field of housing, particularly low-cost housing,
and the as yet unsuccessful attempts of major firms to enter that field
on anything approaching a systems basis. In the last; 10 years many
companiesincluding Monsanto, Union Carbide, Johns Manville,
United States Steel, and several of the aluminum companieshave
attempted to take a systems approach to housingthat is, to attack the
housing problem as a whole. They have invested amounts varying
from $1 to $12 million, to my knowledge, and have nevertheless lead
to drop their efforts.

he reason was, by and large, that they had greatly underestimated
the total marketing costincluding distribution, sales, and merchan-
disingwhich would be required to crack these fields. They discov-
ered that traditional product componentsfor example, 2 by 4's and
cast-iron pipetend to be locked into place (a) by specification-based
standards and an institutional structure for establishing the standards
which is largely controlled by traditional firms and is highly resistant
to change, (b) by building codes based on specification-based stand-
ards, and reinforced by (c) labor practices tied to current product.

Moreover, they discovered that whereas it was possible to wr vk their
way into one municipal systemfor example, with polyvinyl pipe
each system tended to function more or less independently of all the
others, and there were many thousands of such systems in the United
States.

The total cost of cracking these systemsovercoming specifications,
code, labor practice, and the institutional settings surrounding each
of these --was far greater than any profit they could hope to realize,
within a reasonable time, from their investment.

It is no accident that the principal innovation in housing in recent
years has been the introduction of prefabricated trailers--- Truly of
which are transported to a site, put up on blocks and never moved
againand which now constitute about 20 percent of the housing
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market. These have been marketed essentially in an end-run around
traditional housing practices and have found their locations generally
outside of municipal code areas.

Senator NELSON.. May I interrupt a moment That figure of 20
percent of the market is so startling, I want to ask you again, Is that
accurate ?

Dr. Scrim. Yes; In fact, I would guess that since my numbetrs come
from a year or more ago, that number is somewhat conservative.
That is 20 percent of the total housing starts.

Senator lgEnso.N. Musing starts right as of
Dr. Scum At the current time.
Senator NELSON. That statistic surprises me.
Dr. Swum Trailers have been a way in which it has been possible

to industrialize the construction of dwellings? but not to market them
as dwellings and, therefore, they have provided a loophole through
the closed system of the building industry. It has been possible to
take a systems approach to the construction and marketing of trailers
and doing cost benefit analysis of their production in ways it has not
been possible to do in traditional housing practices.

I think that roughly similar situations could be shown to exist in
the fields of water resource management, education, transportation,
pollution control and the like. In each of these areas, because of the
social and institutional reinforcementE, of existing products, it is
generally feasible to engage in improvement on ft product-by-product
or a component-by-component basis, but not to undertake approaches
to these systems as wholes, and it is precisely tackling the problem
of the system as a whole which gives its fundamental attraction to
what we have called the systems approach.

There is a basic need, therefore, to deal with problems of social,
regulatory and institutional innovation in order to open up public
sector markets to technological innovation. I shall have more to
say about this question later on.

Moreover, public sector problems affect people who use the systems
and who cannot and ought not to be seen as cogs in a machine or as
components of a "man-machine system." The humans involved in
the Manhattan project or in NAS 's Project Apollo are, for the most
part, members of an organizatioh charged with a mission to complete
that project and they are under the direct authority and control of
the project.

In areas of public systems we encounter a new category of people
who are and want to be autonomous with respect to the system and
who are not uLder its direct control. These are the people who act
with, are affected by, and use the system. It is one step forward in
this respect for us to begin to be concerned with user requirements, as
in the school example earlier.

For example, the needs of teachers for flexible space.
iIt is an even further step for us to begin to be concerned with

user and community participation in the design and implementationof these public sector systems. Failure to understand and work outthese problems leads to poor design in the ultimate sense; namely,
inadequacy to the needs of people; and then to lack of use, or evenhostility to use of the system which has been designed.
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The technological or social designer troubled by the hostile or un-
comprehending attitudes of users of the system of services he pro-vides, has become a common and troubling spectacle in our society.We need to learn how to plan and design processes which incorporateuser requirements and user participation on all the levels at which
public systems must be designedin communities, States, and regions.
We need to develop both models for doing this and ways of building
the skills required to do it.

These, it seems to me, are some principal differences between aero-space and civilian areas which require major change in our views of
how systems approaches can be applied.

Now, it seems to me there are some trends which are aimed at over-coming these problems, trends toward the introduction of systemsapproaches in civilian areas and they run roughly as follows:First, there is a tendency for products to be replaced by systems asthe business of industrial corporations. Industrial corporations
have tended to define their business in terms of systems rather than interms of products.

There is a trend for the involvement of private industry and busi-ness in public sector problems. And there is a trend toward theopening up of new public sector problems and markets.
Although progress in these directions is halting and stumbling, itseems to me that these trends seem to portend a major change in ouruse of technology and in our lives.
I would like to briefly illustrate some of these trends. First, withrespect to what is now called city business.

large number of companiesamong them General Electric,
Westinghouse, Sunset Petroleum, and various aluminum com-panieshave begun to identify themselves as being in the "city busi-ness" rather than in the materials or product business. This has ledthem to move to the acquisition of large tracts of land, to the plan-ning of the use of this land, and to the design for neighborhoods, com-munities and cities, rather than of individual buildings.

Companies like G.E. and Westinghouse see these cities not only as
opportunities for the sale of traditional products like appliances, but
as new opportunities for profit and contribution in themselves. Ithas been estimated that approximately 70 such new cities are in vari-
ous stages of development and construction in the United States atthe present time, which are associated with the moneys and efforts oflarge industrial corporations.

Senator NELSON 70?
Dr. SCUM Yes, that number comes from an analysis done by the

General Electric-Temple Corp. in Santa Barbara. A new city now
may vary anywhere from a rather large neighborhood development
which incorporates industries, shopping centers, schools and the like,to like a city like Columbia between Baltimore and Washington,
which aims eventually to include .50,000 people, which James Rousehas conceived.

I think for the first time, at least in our country and in our time, itallows one set of planners or designers to address themselves fromscratch to the problem of the design of a city as a system.
Britain and the Scandinavian countries have had experience with
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this before, but we have not in general. But we are having it now
and large industrial corporations are having it now.

The second area is the area of crime control and prevention.
know this committee is familiar with the Aerospace General study
of the California system. of justice. My own corporation has been
working with the District of Columbia and the National Crime
Commission.

The Institute for Defense Analysis has worked for the National
Crime Commission on applications of science and technology to the
prevention and the control of crime, with special attention to the
development of computer simulations of the system of criminal justice.

The District of Columbia Crime Commission has explored systems
studies of the cerations of its courts.

Arthur D. Little, Inc., has conducted studies in Philadelphia on the
operation of the courts.

Under the National Crime Commission there has been the beginning
of the development of a point of view which links the systems prob-
lems of the administration of criminal justice to overall community
development objectives that we associate with programs like the
poverty program.

A third example, we could characterize as a systems approach to
community im_provement.

During the last 6 months my corporation has been invloved with the
Housing and Urban Development in the detailed plannin' of what
came popularly in the Fees to be called the concept for hoi.cmg.

This notion had certain key features to it. It wished to address
itself to the problems of the improvement and rehabilitation of
neighborhoods conceived as total systems. That is to say, we wished
to look at the physical rehabilitaton of dwellings, at new construction,
at the problems of management, financing and control, at the provision
of essential community services and to maintenance of dwellings and
at the problems of involvement of local groups on the neighborhood
level in the management of these corporations.

Whereas, the large-scale national program which was conceived
has not as yet been ' ought into being; a number of local projects
in the spirit of the h apt for housing are it the works. One of
these is the recently ttlinounced Bedford-Stuyvesant project in New
York City. Another is the 114t1i Street projectA. Harlem, in which the
U.S. Gypsum Co. is heavily involved. There are projected com-
munity development projects which approach the problems along the
firms I have just, described in Now Jersey, in I3oston, and in other cities
as well.

A fourth area of example is in what might be called the f .d of
man-and-job matching. It was u .consequence of the work of the
Commission on Automation, Technology, and Economic Progress
that a project, was initiated with the Neil) of IBM to explore the de-
velopment of a large-scale system which would match occupational
requirements, on V_ Jne hand, and skills and capabilities of job-
seeking individuals, on the other hand, initially on a municipal and
then on a national basis.

And a computer program and cryltem for doing this is now under
development.
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The fifth area is in the health field. There is interest in planning
for and the begininngs of work in the field of large-scale diagnostic
screening systems. One of the areas in which these systems are being
explored 13 111 the health programs related to Indian reservations.

There are many approaches now being taken which are characterized
as systems approachN to the functions of hospitals.

The Lockheed Corp. and Halt,, Beranek & Newman, among others,
have addressed themselves to the problems of hospital information
systems. Thompson-Ramo-Woolridge in California is undertaking
work on the design of large-scale health facilities, using what they
speak of as systems engineering techniques. And Federal agencies
such as the Health Service now have begun serious efforts to
reformulate their OW11 programs in terms of what we are here calling
the systems approach.

The sixth area, of example is educational systems. I am sure you
are familiar with the various combinations a private corporate ven-
tures which have come into being as a result of the attractions of the
educational market, so-calledthey include the General Electric-Time
combination, Raytheon, Litton Industries., and Xerox.

Among the developments in tliis field is the emergence of the idea
that the design, management, and implementation of an educational
system such as a junior college system or even the total skill and train-
ing needs of the community could be undertaken by private industry,
under general community yolicy guidance.

Even more significant is the, beginning, made by many communities
at present to define the objectives toad. performance criteria for metro-
politan eft.a.ational systems, and efforts to set in motion the planning
process in the community aimed to bringing those systems into being.

A seventh area of illustration is in the field of transportation. Let
me point to two among what I think are many illustrations here.

When I was in the Department of Commerce as Director of the In-
stitute for Applied Technology,, we undertook, with the Office of
High-Speed Ground Transportation, what I think is the largest com-
puter simulation of a transportation network which has yet been at-
tempted. This WM the computer simulation of all of the municipal
modes and links within the Boston-to-Washington-corridor area.

The purpose of doing this was to provide a vehicle for evaluation of
the various technological alternatives to the problems of transporta-
tion in the corridor; highspeed rT il, vertical takeoff aircraft., and the
like, which were and are being developed.

The corridor program is perhaps the single largest scale effort a4
systems approach to intercity transportation currently underway.

Senator NELsox. This is a project you are working on now ?
Dr. Scrim No, sir. This was a project I was involved in. when I

was in the Department of Commerce.
My firm now is working:, liuvvever, on another transportation sys-

tems problem which, I thinl-, illustrates the trend we are here dis-
cussing, and this again with the city Pf San Diego.

I was interested to hear Charlie Kimball's reference to this area. We
have formed a team with the city of San Diego, the county of San Diego
and the Ford Motor Co., whose function is to take a systems approach
to the long-range urban transportation needs of San Diego.
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In many ways that approach is based on the model of the school
systems pro'9ct that described earlier and has the following steps
or componei '11 it.

First, the o.evelopment of user requirements for future transporta-
tion systems in the San Diego region.

Second, the formulation of performance criteria for those systems,
including requirements for the phasing of one system with another
and for flexibility.

yllird, the involvement of user constituerwies, groups of people,
within the.San Diego community in the process of planning out the
city 'p requirements for transportatioil and, converser the effect of
possible transportation alternatives on what the city wishes to become.

The point here being that the choice of transportation system will
determine the future direction and character of growth for the city
of San Diego.

And the development of performance criteria must be derived from
its choices about the direetions in which 4, wishes to grow.

Then, finally, the involvement of industrial corporations in a man-
ner analogous to the school systems projects and the development of
new technology vo meet the requirements formulated in this fashion,
so there will he an industrial competition and bidding process fol-
lowing the development of performance criteria for transportation
systems as part of the San Diego transportation systems program.

Allied to the trends which I have illustrated is the fact that many
new organizations have come into being to supplement the nonprofit
corporations which have been in being for the last 50 years, which
are concerned with systems approaches to teehnological and social
changes.

One of these is the Organization of Social and Technical Innova-
tion, a nonprofit corporation based in Cambridge, Mass., which I rep-
resent. In addition, a number of the aerospace companies, such as
TRW Systems and, Litton, have made significant strides in this
direction.

Many universities, including, for example, Massachusetts Institute
of Teclmology, University of Michigan, University of California at
Berkeley, have developed or are developing programs and faculties
designed to do research on the processes of public systems develop-
ment, to undo. take specific projects in this area, and to train people
in disciplines and skills which are related to the problem.

All of thisthe discussion of what the systems approach is, the
major problem q T see in attempting to transfer system skills from the
aerospace and military to the civilian area and the trends in this direc-
tion that we can now see ongoinglead me to a few suggestions or
recommendations about how the character of these trends might be
accelerated.

The first is this: I have indicated earlier that in every major talk
systems area the principal obstacle to pressing forward a systems
approach for technological and social change is the network of regula-
tory, administrative, legal, and institutional factors which are tied
to current technology and to current corporate interests in these
fields.
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What I am sa-ying here is not the development of methodology and
technology ; it is the social and institutional change which would
open up markets for the application of these skills, whieli, I think, is
a far more difficult problem.

As far as I can tell, the problem of changing these factors is a
separate one for each public systems area, frequently requiring State
and local and Federal change in each instance, and may even be a
separate problem for earl). municipl area in question. It does not
seem to me likely, therefore, that legislative change could be effective
on a broad national basis in solving these problems.

However, there may be institutional approaches which can be taken
either by the Congress or by the executive branch to coordinate, keep
track (4, provide assistance in, and stimulate regular administrative,
legal, and institutional change at the many local and State levels where
they will be required.

Senator NELSON. May I interrupt there?
In the first sentence above it does not seem likely, therefore, that

legislative change could be effective on a broad national basis. You
refer to legi:;:tation that may remove local barriers to

Dr. &nem. Yes, sir; I am thinking, for example, of again the
housing example. I do not believe it is going to be feasible to enact
a national performance-based building code or to change through
legislation the combination of private material suppliers, craft labor
unions, regulatory agencies, code offices, and the like which make up
closed system of the industry.

I think that has to be handled on a municipal, regional, State-by-
State basis.

Senator NELSON. You would not say that would apply, however,
to such problems as air pollution, water pollution. There are some
problems there. But you could legislate nationally--we are doing
some legislating nationally now. Air pollution is a regional and na-
tional problem as well as local.

Water is the same, and I think you can do all the legislating neces-
sary there if the Congress really wants to. We have moved quite
a way in this field recently. On a national transportation system

roblem you could solve that one also. We (lid with the I system.
of that we solved the transportation problem. But what I mean

to say is, you have the authority on a national level and it is feasible on
interstate travel involving highways, rail and so forth.

you were referring particularly to a number of local problems,which suppose would include the problem of policing crime and the
problems of buildings and housing codes?

Dr. Scrim. I think there may well be many areas in which national
legislation can provide funds to undertake programs which no region
or local area can adequately provide funds to do. There may be
some areas, as you have mentioned, which have interstate character-istics to them where it is possible to put into being regulations whichwould then stimulate the thinking at local and regional levels.

But the kind of institutional and regulatory and administrative
barriers to changing these fields which I have encountered for in myown business today, it is hard for me to see that national legislation
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alone can solve. Nevertheless, it seems to me there is opportunity, and
a rather major one, to provide some form of central national resourceto the many municipal, local, State, and regional entities which aretrying at their level to cope with these problems and which have
neither the resources, the training, the knowledge, or the connectedness
to allow them, to do it properly

It seems to me there is one place where there is room for effective
national assistance.

Secondly, it seems to me there is an urgent need for the development
of performance criteria for public systems. This phrase is much moreeaelly said than it is implemented. In fact, most of our standards inall el! the public sector areas we have talked about are not based on
performance criteria, but on materials design specifications.

We, in general, tend not to have performance criteria for what atransportation system or vehicle must do. Our standards refer towhat it should be made up and what its design and measurements
should be. Part of the reason for that is the technical difficulty for
stating the performance. This is the major technical problem. Itis particularly a problem at the high level we are talking about.

e were talking about systems, the problem of development of per-formance criteria for the Minuteman missile is a major development.
San Diego's transportation system is a, far more technical problem.It seems to me here this is one area in which Government participationmakes excellent sense. This is not an area in which Government canbe accused of competing unfairly with private industry ; it rather is a,technical concern which will help to set the framework for what pri-vate companies can do. It would, on the contrary, have the effect of
creating easier entry into markets which are now foreclosed.

The National Bureau of Standards represents one major Federalresource for the development of performance criteria in public sys-tems fields. It has received relatively little attention or support fromthe Congress, given its national importance. N3W attention and sup-port is very much within the scope of interest of this committee.
Third, the Federal Government disposes of enormous purchasingpower in many areas, that is, building and constructions hospital andhealth facilities, and waste dimosal systems. There is need for a.variety of instances to provide demonstration or models of the open-ing up of markets based on performance criteria for new systemssolutions
The Federal Government could itself model the kinds of systems ap-proach as a consumer, which is being advocated here. While somestarts along this line have been made, particularly in the military and

aerospace fields, relatively little has been done in civilian areas.
Small beginnings have been made with military housing require-ments and with the building and construction needs of the General

Services Administration. The broad-scale use of Federal purchas-ing power as a modeling vehicle and as an incentive to broader civilianactions along the same line will be of great importance.
If the Federal Government as a consumer used the same criteria for

procurement that we are asking clients on the State and regional levelto use in order to stimulate systems approaches to the solution of those
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problems, they could provide a major model and demonstration of the
process which we are live trying to encourage.

Two other items which are not in the written testimony, but which
I would like to add, are these. A number of university, programs are
now beginning. to address themselves toward the kinds of systems skills
which are required not only to do the technical job of analysis, but also
to deal with the problems of social innovations whicl' are so criticalitsts success.

To my knowledge programs are underway at three universities.
They are also large part of progams of new universities which are
being planned, for example, in Nassau County in New York State, to
support the development of trained skillful people in these areas would
be one useful contribution.

Furthermore, if the systems approach as we have been discussing it,
is to be effective at State, regional, and local levels, there must be at
those levels clients who are prepared to understand it. If funds are
provided for it or legislation is in being which requires it and yet the
client systems, the people who bay it, are not equipped to deal with it,
to buy it effectively, it is not going to be successful.

So, it seems to me there should be as part of an overall approach to
this problem an effort made to provide funds for the training and de-
velopment of knowledgeable, professional, skillful clients for systems
approach solutions to problems at the community, State, and regional
levels.

Senator, that concludes the prepared testimony.
Senator NELSON. Thank you very much, Dr. Scholl, It was a fine

presentation.
Have you had a chance to examine the two pending bills carefully?
Dr. Sonorr. Only schematically, not in detail.
Senator NELSON. Do you have any ideas or suggestions you would

make in the preparation of legislation to accomplish the purpose that
these bills see-eek to accomplish ?

Our objective is to encourage theseveral objectives, one of them
is to encourage the use of the concept of systems analysis, which can
be rather simply done by giving the 701 grants, but that is probably
not the best way.

I am also interested in using the technique on a regional basis.
You could set up a series of regional systems, engineering groups

maybe, that would have available consultants to regional planning
commissions, to cities, States, and so forth. I do not know whether
that would work or whether it is a good approach, but I am wonder-
ing if you would have some suggestions about whq you would do if
:you were drafting the legislation in order to best implement the ob-
jectives thatwe seek to accomplish.

Dr. Scum I have a couple of comments that come to mind.
Whether they make sense in terms of the real problems of drafting
legislation, I am not sure.

One is this: That characteristically in this business there is an almost
absurd discrepancy between the sophistication of the material that is

y.
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offered and the ability of the client to use it. So that any amount
of consulting resource provided to State and local and regional groups
or governments which are not prepared for this, either because they
are shorthanded or because the level of person who is buying simply
is not trained to understand what it is he is buying, will lead to the
failure of the approach.

What we will have proved is, it was invested in by people who
were not prepared to use it. So there should be the education of
the clients who are going to use it.

Now, how to do this training? Supplementary grants to enable
State and municipal governments to hire sorts of persons who will be
able to purchase intelligently systems analyses, systems engineering
jobs. This may be one approach.

The development of regional institutes to which city governments,
State governments could send members of their administrative staffs
in order to work with consultants, not to solve specific problems but to
learn the skills which will later be involved in buying intelligently.
These will help substantially.

I do knowand I think Dr. Kimball might agree from his indus-
trial experiencethat everything will depend on the receptivity of the
people who are going to buy. The consultant stops at the point where
he hands his plan on to the person who purchases the plan.

This is one comment.
The other comment is that it seems to me it's very difficult to think

about how you change something as complicated as the United States
from some central point like its Congress, what you are really trying
to do is propagate a frame of mind throughout the country. You are
trying to develo.p a frame of mind that is conducive to tackling the
community problems in a system-oriented way.

You are wanting to persuade. Now, one strategy for doing this is to
see a central pot of money fanned pretty much homogeneously across
the States. Another approach to it is an approach which would iden-
tify a relatively small but important and highly publicized number of
instances chosen because they make such good demonstrations of what
is being proposed.

It seems to me the thought might be given within the bill to the
setting up of a relatively small number of demonstration projects
which might be chosen across the spectrum of public systems needs
community improvement, low-cost housing, urban transportation, the
administration of State government itself, for example, which could
be developed as demonstration centers. And then provide vehicles
for the training of others.

I guess what I am getting at here is that the resources of skilled per-
sons able to do what we are talking about are much smaller than we
ordinarily think they are. There are not large hordes of people who
are skilled in doing systems analysis in civilian areas. They are rel-
atively small numbers who are. There are many more who have the
potential for doing so if they were able to learn certain other things.

It seems to me that a program which would at least include in its
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beginning a relatively small number of demonstration instances, part
of whose function would be teaching and training, would in some ways
be a more intelligent program.

Senator IsTErsorr. You observed that it is difficult to educate people
in large countries, the United States. I might point out that part of
the objective of Vie bill is to educate the Federal bureaucracy, too,
since there are a number of national problems which should be ap-
proached in this fashion which are handled in a thousand piecemeal
ways.

Thank you very much. We will give the reporter a 5-minute break
and we will resume with Paul Grogan, Director; Martin Robbing, As-
sistant Director, for the Special Programs Office of the State Technical
Services of the Department of Commerce.

(Whereupon, a brief recess was taken ,)
Senator Nmsorr. We will resume hearings at this time. 1 am glad

to welcome Mr. Paul Grogan who, as I said, is Director, and Martin
Robbins, Assistant Director for Special Programs, Office of State
Technical Services of the Department of Commerce.

We will be glad to hear Dr. Grogan. lie was a former professor
of engineering at the University of Wisconsin. We are glad to have
you here to present your testimony.

Do you have a prepared text that will be printed in full in the
record.? You may read it or extemporize, however you wish to
proceed.

STATEMENT OP PAUL GROG/IN, DIRECTOR, OFFICE OP STATE TECH-
NICAL SERVICES, DEPARTMENT OP COMMERCE, ACCOMPANIED
BY MARTIN ROBBINS, ASSISTANT DIRECTOR POR SPECIAL
PROGRAMS

Mr. GROGAN. Thank you, Mr. Chairman, I will use it to guide
my remarks and try to tighten it up in the interest of time.

I appreciate your reference to Wisconsin. I have a word or two
to say about that in the course of any remarks.

We are pleased to have this opportunity to appear before the Special
Subcommittee on Scientific Manpower Utilization of the Senate Com-
mitth on Labor and Public Welfare to present some of the experiences
and examples in ongoingprograms under the State Technical Services
Act of 1965 that we believe relate to the ,..mbject of your hearings.

The Office we represent was established November 19, 1965, to
administer the State Technical Services Act of 1965. The association
of Mr. Robbins and myself with this work therefore has been cor.
respondingly brief. However, we believe that our experience in the
field. of State technical services is pertinent to your deliberations.

In addition, Mr. Robbins' immediate previous assignment was with
the Denver Research Institute, one of those nonprofit organizations
Dr. Kimball referred to, where he gained an appreciation of the in-
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terplay between technological and sociological forces that seem in-
creasingly to .-,lominate our life and times.

I have only recently interrupted a 15 -;Tear association in university
extension at the University of Wisconsin, where, as you well know,
Mr. Chairman, they practice daily the involvement of a major in-
stitution of higher learning with the total environment of the State.

In the interest of your time and to avoid possible duplication with
what already has been said, we will attempt to confine our remarks
to experiences in administering the State Technical Services Act.

First, a few words about the structure and purposes of the Office of
State Technical Services.

The Office was established to deal with many of the scientific and
technical needs of American business and industry.

In particular, we are concerned with the ability of industry to
acquire and apply new technology. The basis for this concern is
the relationship between the rate of application of new technology
by industry and the overall economic growth of the Nation.

This sense of mission with respect to the application of new sci-
ence and technology in the civilian sector of our economy has taken
on anew urgency in recent years. Certain segments of the economy,
particula:ly those related to military preparedness, space exploration,
and atomic energy, have forged ahead of the civilian sector of the
economy in terms of the generation and application of new knowledge.

Correspondingly slower growth and expansion by other segments
of American business has resulted i., -Lumber of problems and im-
balances having a generally unfavorable effect on the national econ-
omy. Major program concerns resulting from these imbalances fall
into five general categroies :

We see teclmological change as causing unfavorable imbalances in
our economy. Individuals, companies, metropolitan complexes,
States, and regions share unequally in the benefits to be gained. from
the acquisition and application ofnew technology.

This is demonstrated by the uneven concentration of scientific,
technological, managerial, and. financial resources between potentially
similar regions, industries, and educational institutions.

Traditional practices and policies with respect to the national re-
search and development effort tend to accentuate this condition.

2. Technological change has caused obsolescence among men and
machines: Technological obsolescence and pockets of unemployment
develop into major problems as individual job skills and whole seg-
ments of industry can no longer compete effectively in the American
econcomy.

Scientists, engineers, technicians., and craftsmen must acquire and
practice the new knowledge in their respective fields or face obsoles-
cence.

The same threat applies to organizations and machines that are not
adapted to changes in technology. Programs addressed to this prob-
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lean) to date, have not realized the full potential of transferring ad-vanced technological practices and skills to the improvement of orga-nizations and people.
3. Technological change has become an economic determinant in oursociety : The general prosperity or this country depends, in largemeasure, upon, the ability of industry to apply new technology.
Industry has not always directed a sufficient measure of its resourcestoward developing new technology, no has it taken lull advantageof the technology derived from overnment-supported research.The more broad application of new technology by industry shouldresult in higher profits, greater productivity, increased employment,new products, and general local and regional. prosperity.
4. Technological chapge abroad has increased foreign competition:As foreign industry becomes more selective in the application of newtechnology to produce goods used in the civilian economy, competi-tion becomes mor9 intense and displaces American goods, jobs, andbusiness opporturmies.
Comparable emphasis is lacking in this country with respect to theuse of advanced technology to produce goods for consumer marketsat home and abroad.
5. Technological change has impaired some aspects of the quality oflife: The bright promise of the 20th century begins to pale, for wantof solution to the problems of urban sprawl and central-city slums;of wasted water resources and polluted. air; of freeways that destroysense of neighborhood while failing to solve traffic problems; greatexpenditures and advances in education while culture and personalintegrity are often said to be lacking; of social and economic pressuresinducing more and more people to take up living in large cities wheremenaces to public health and safety more often abound.
The State Technical Services Act of 1965 applies to the 50 States, theDistrict of Columbia, Guam, Puerto Rico, and the Virgin Islands.The planning process required by the act before engaging in tech-nical services began almost immediately and universally a. year ago.We now have, in other words, 63 political entities engaged in theplanning process and 42 States have prepared and submitted Statetechnical services programs for our review.
The State Technical Services Act calls for a designated agency ineach State, appointed by the Governor, to administer and coordinatethe technical services programs of that State. The gubernatorialdesignations are nearly equally divided between State agencies re-sponsible for economic development and State universities.We note, Mr. Chairman, that the proposed legislation on the utiliza-tion of scientific manpower makes reference to a similar State-designated agency or office.
The subcommittee may find of interest this list of designatedagenciesand principal personnel contacts by States who administer and co-ordinate the STS programs. We offer this information for the record.(The document referred to follows :)
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TJ.S. DEPARTMENT OF COMMERCE, OFFICE OF STATE TECHNICAL SERVICES

State designated agencies

State Designated agency and official Working contact

Alabama

Alaska

Arizona

Arkansas

California

Colorado

Connecticut

Delaware

DistrI3 of Columbia.--

Florida

Georgia.....

Hawaii

Idaho.

Illinois

Indiana

Iowa

Mums

Kentucky

Louisiana

Maine

Dr. Wilford S. Bailey. director of re-
search, Auburn University, Au-
burn, Ala.

Mr. William M. Dickson, commie-
sioner, department of economic de-
velopment and planning, Post Office
Box 1421, Juneau, Alaska.

Dr. P. Pendleton Gaines, dean of
continuing education, University
of Arizona, Tucson, Ariz.

Dr. Berton A. Westerlund, director,
Industrial Research and Extension
Center, University of Arkansas,
Technology Oampu , Post Office
Box 3017, Little Rock, Ark.

President (lark Kerr, Vniveisity of
California, Berkeley, Calif.

Mr. Dwight E. Neill, director, divi-
sion of commerce and development,
600 State Services Building, Denver,
Colo.

Mr. Herold F. Heintz, executive sec -
retary, Connecticut Remareh Com-
mission, room 411, State Capitol
Building, Hartford, Conn.

Mr. George M. Worrilow, vice presi-
dent, division of urban affairs, Uni-
versity of Delaware, Newark.. Del.

Most Reverend Edward B. Bunn,
chairman, Consortium of 'Universi-
ties of the Washington Metropolitan
Area, 1903 N St. NW., Washington,
D.C.

Dr. J. B. Culpepper, chancellor, board
of regents, office for continuing ed-
ucation, Box 1502, Tallahassee, Fla.

Dr. George L. Simpson, Jr., chancellor,
board of regents of the University
System of Georgia, 244 Wieihington
St., Atlanta, Or.

Dr. Shelley M. Mark, director, de-
partment of planning and economic
development, 426 Queen St., Hono-
lulu, Hawaii.

Miss Louise Shadduck, executive sec-
retary, Idaho Department of Com-
merce and Development, State
Capitol Building, Boise, Idaho.

Mr. Gene Graves, director, depart-
ment of business and economic de-
velopment, Springfield, Ill.

Hon. Roger Branigin, Governor
of Indiana, Indianapolis. Ind.

Mr. Stanley Redeker, president, State
board of regents, State Office Build-
ing, Des Moines, Iowa.

Dr. Christopher E. Barthel, Jr., execu-
tive director, Research Foundation
of Kansas, Topeka, Kans.

Miss Katherine Peden, commissioner,
Kentucky Department of Com-
merce, Frankfort, Ky.

Mr. William T. Hackett, Jr., executive
director, Louisiana Department of
Commerce and Industry, Post
Office Box 4185, Capitol Station,
Baton Rouge, La.

Dean Thomas H. Curry, department
of industrial cooperation Boardman
Hall, University of Maine, Orono,
Maine.

Dr. Wilford S. Bailey, director of re-
search, Auburn University, Auburn,
Ala.

Mr. William M. Dickson, commissioner,
department of economic develop-
mcnt and planning, Post Office Box
1421, Juneau, Alaska.

Dr. Benjamin S. Mesick, professor of
mechanical engineering, office of con-
tinuing education, 'University of
Arizona, Tucson, Ariz.

Mr. Daniel 33. Howard, manager,
business and technical services,
Industrial Research and Extension
Center, Unice dity of Arkansas,
Post Office Box 3017, Little Rock,
Ark.

Dean Robert L. Wiegel. director, State
technical services, 714 University
Hall, University of California,
Berkeley, Calif.

Mr. Dwight E. Neill, director, division
of commerce and development, 600
State Services Building, Denver,
Colo.

Mr. Harold P. Heintz, executive sec-
retary, Connecticut Research Coin-
mission, room 411, State Capitol
Building, Hartford, Conn.

Mr. Robert W. Cook, director, tech-
nology and business services. Univer-
sity of Delaware, Newark, Del.

Dr. Elmer West, executive secretary,
of University of the

Washin,tton Metropolitan Area, 1903
N St. NW., Washington, D.C.

Dr. Robert W. Lang, State coordinator,
Post Office Box 1562, Tallahassee,
Pls.

Mr. Alton J. Jenson, senior re arch
engineer, Rich Electronic Com inter
Center. Georgia Institute of eth-
nology, Atlanta, Ga.

Col. Wilbur W. Hurt, research and de-
velopment coordinetor, department of
planning and economic development,
426 Queen St., Honolulu. Hawaii.

Mr. Lloyd Howe, economic: analyst,
State of Idaho Department of Com-
merce and Development, State
Capitol Building, Boise, Idaho.

Dr. Louis A. Volpp, associate provost,
University of Illinois, Urbana, Ill.

Hon. Roger D. Branigin, Governor of
Indiana, Indianapolis Ind.

Mr. Waldo W. Wegner, director, Center
for Industrial Research and Sorvice,
201 Building 13, Iowa State Uneven.
sity, Ames, iov, a.

Mr. Kenneth Ratak, associate dean of
engineering, Research Foundation of
Kansas, Topeka, Kane.

Mr. Damon W. Harrison, executive
assistant, Kentucky Department of
Commerce, Bush Building, Frank-
fort, Ky.

Mr. Gene esonornic develop-
ment specialist, I ost Office Box 4185,
Capitol Station, Baton Rouge, La.

Mr. P. Philip Dufour, coordinator, STS
program department of industrial
cooperation, Boardman Hall, Uni-
versity of Maine, Orono, Maine.
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U.S. DEPARTMENT OF COMMERCE, OFFICE Or STATE TECHNICAL SERVICESCon.

State designated agenciesContinued

State Designated agency and official Working contact

Maryland..

Massachusetts

Michigan

Minnesota

Mississippi

Missouri

Montana

Nebraska.....

Nevada

New Hampshire

New jersey

New Mexico

New York

North Carolina

North Deltas

Ohio

Oklahoma

Oregon

Pennsylvania

Puerto Rico

Rhode Island.

Mr. George W. Hub ley, jr., director,
Maryland Department of Economic
Development, State Office Build-
ing, Annapolis, Md.

Hon. John A. Volpe, Governor of
Massachusetts, Boston, MSS,

Mr. Robert J. McIntosh, direetoe,
department of commerce, Lansing,
Mich.

Mr. Ray Lappegaard, commissioner
of administration, 120 State Capitol,
St, Paul, Minn.

Dr. Kenneth C. Wagner, director,
Mississippi Reeearch and Develop-
ment Center, Post Office Box 2470,
Jackson, Miss,

Mr. Henry C. Maddox, director, divi-
sion of commerce and industill
development, Jefferson
Jefferson City, Mo.

Dr. Norman E. Taylor, director,
bureau of business and economic
research, University of Montana,
Missoula, Yont.

Dean E. W. janike, extension division,
206 Nebraska. Center for Continuing
Education University of Nebraska,
Lincoln, Nebr.

President Charles Y. .Armstrona, *Uni-
versity of Nevada, University Sta-
tion Post Office, Reno, Nev.

Hon. John W. King, Governor of New
Concord, N.H.

Commissioner Robert A. Roe, depart-
ment of conservation and economic
development, Trenton, N.J.

President T. L. Pepelo5, University
of New Mexico, 1b21 Roma Ave.
NE., Albuquerque, N. Mex.

Commissioner Keith S. McHugh,
Department of Commerce, 112 State
St., Albany, N.Y.

Mr. E. L. Rankin, Jr., director, State
department of administration, Post
Ofesee Box 1351, Raleigh, N.C.

Mr. Fred Brandt, executive director,
North .0itkota State Planning
Agency, State Capitol Building,
Bismarck, N.Dak.

Dr. John D. Millet ,t director, Ohio
Board of Regents, 88 East Broad St.,
Columbus, Ohio.

President Oliver S. Willham, Okla-
homa State University, Stillwater,
Okla.

Mr. Samuel Mallicoat, administrator,
division of planning and develop-
ment, 550 State 0111ce Building,
Portland, Oreg.

Dr. Eric A. Walker, 'president,
Pennsylvania State University,
University Park, Pa.

Mr. Raphael Durand, administrator,
Commonwealth economic develop-
ment administration, San Juan,
P.R.

Hon. John H. Chafee, Governor of
Bloods Island, Providence, R.I.

Mr. John Jiosford, chief, economic
research, Maryland Department of
Economic Development, State Office
Building, Annt.polis, Md.

Dr. Howard I). Segool, director,
Massachusetts Technical Resource
Service, Commonwealth of Massa-
chusetts School of Engineering, Uni-
versi
Mesety

of Massachusetts, Amherst,

Mr. David M. Poxson, industrial
agent, Michigan Department of
Economic Expansion. Stevens T.
Mason Building, Lansing, Mich.

Mr. Ray Lappegaard, commission, e
of administration, 120 State Capitol,
St. Paul, Minn.

Dr. Kenneth C. Wagner, director,
Mississippi Research and Develop-
ment Center, Post Office Box 2470,
Jackson, Miss.

Mr. Michael Corcoran, acting director,
State technical services, 130 Engl.
neering Building, University of
Missouri, Columbia. Mo.

Dr. Norman E. Taylor, director,
bureau of business and economic
research, University of Montana,
Missoula, Mont.

Dr. George Shrader, director, State
technical services, 205 =C Nebraska
Center for Continuing Education,
University of Nebraska, Lincoln,
Nebr.

Mr. Robert B. McKee, Jr., director,
State technical services, University of
Nevada, Reno, Nov.

Dr. Robert N. Veinier', dean, College
of Technology, University of New
Hampshire, Durham, N.H.

Mr. Howard L. Wolf. special assistant
to the commissioner, department of
eon .1rvation end economic develop-
ment, Trenton, N.J.

Mr. Arthur A. Blumenfeld, director,
bureau of business research, ne21
Roma Ave. NE., Albuquerque, N.
Mex.

Mr. Robert W. Larson, consultant,
New York Department of Commerce,
112 State St., Albany, N.Y.

Dr. William L. Turner, dean of univer-
sity extension, Holladay Hall, North
Carolina State University, Raleigh,
N.O.

Mr. Loren Stadig, economist, North
Dakota State Planning Agenth
State Capitol Building, DIME' 'CX,
N. Dak

Mr. James M. Furman, executive officer
Ohio Board of Regents, 88 East
Broad St., Columbus, Ohio.

Dr. J. C. Evans, dean, university
extension, Oklahoma State Univer-
sity, Box 1008, Stillwater, Okla.

T. G. La Follette, consultant, technical
services, Commerce Building, 158
12th St. NE., Salem, Oreg.

Dr. II. Leroy Marlow, director,
PENNTAP, Pennsylvania State
University, University Park, Pa.

Mr. Gerardo E. Maldonado, coordi-
nator, office of technical services,
Commonwealth economic develop-
ment administration, San Juan,
P.R.

Mr. James W. Norman, do Bliss Hall,
University of Rhode Island, King-
ston, R.I.
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U.S. DEPARTMENT OF COMMERCE, OFFICE 0$' STATE TECHNICAL SERVICES --Con.

State designated agenciesContinued

State Designated agency and official Working contact

South Carolina

South Dakota

T11111615110

Texas

Utah

Vermont

Virginia

Virgin Islands

Washington

West Virginia

Wisconsin

Wyoming

11111=1It

Dr. Henry C. Schultze, director, De-
velopment Reieirch Center, State
development board, Post Office Box
i27. Columbia, S.C.

Mr. Francis Chichester, acting direc-
tor, State planning agency, State
Capitol, Pierre, H. Dak.

Mr. Robert S. Hutchison, executive
director, Government Industry
Law Center. University of Tennes-
see, 1000 White Ave., Knoxville,
Tenn.

Dr. Faster B. Harrell, Jr. , acting com-
missioner of higher education, co-
ordinating board, Texas College and
University System, Stun Houston
State °ince Building, Austin, Tax.

Mr. L. Ralph Mecham, assistant to
the president for special projects,
University of Utah, 210 Park Build-
ing, Salt Lake City, Utah.

Hon. Philip II. Hoff, Governor of
Vermcnt, dontpalier, Vt.

President T. Marshall Hahn, Jr.,
Virginia Polytechnic Institute,
Blacksburg, Ve.

President Lawrence C. Wanlass,
College of the Virgin Islands, St.
Thomas, V.I.

Mr. Daniel B. Ward, director, State
Washington Department of Com-
merce and Economic Development,
Olympia, Wash.

Mr. Angus E. Peyton, commissioner,
West Virginia Department of Com-
merce, State Capitol, Charleston,
W. Va.

Professor George Strothcr, University
of Wisconsin, 432 North Lake St.,
Madmen, Wis.

Dr. Dwight M. Blood, director, divi-
sion 01 business and economic re-
search, Box 3275, University Sta-
tion, University of Wycanl.ag,
Laramie, Wyo.

Mr. A. Cartwright Hart, administra-
tor, technical services program,
441 ate development board, Post
(Mice Box 927, Columbia, S.C.

Mr. Francis Chichester, acting direr,-
tor, Rate planning ovary, State
Capitol, Pierre, H. Dak.

Mr. Reuben E. Harris, director, Ten-
noose* Industrial Refearch Advisory
Service, 810 Broadway, room 200,
Nashville, Tenn.

Mr. Joe W. Tyson, director, State
technical services program, coordi-
nating board, Texas College and
University System, Sam Houston
State Oilics Building, Austin, Tea.

Mr. Gene Hansen, assistant director,
State technical services, University
of Utah, Salt Lake City, Utah.

Mr. David 0. Emery, coordinator,
State technical services, industrial
division, Vermont Development De-
partment, Montpelier, Vt.

Th. Roger L. Smith, planningdirector,
inate technical services, Virginia
Polyteehni a Institute, Blarksh irg,
Va.

Walter M. Taylor, project director,
Siate Teehni'nl dc Act,
C enage of the Virgin Islands, Box
1820. St. Thomas, V.I.

Mr. Kennard Weddell, coordinator,
Washington State technical services,
department of commerce and eco-
nomic Gevelopment, Olympia, Wash.

Mr. Allen T. Peyton, Jr., technical
services coordiatcr, industrial de-
velopment division, State Capitol,
Charleston, W. Va.

Dr. Ofegory Redden, director, ST8
UniversityprogramUniversity of Wisconsin,

Extension Building, room 301, 432
North Lake St., Madison, Wis.

Dr. Dwight M. Blood, director, divi-
sion o! business and economic re-
search, Box 8275, University Station,
University oZ Wyoming, Laramie,
Wyo.

Mr. GROGAN. The State Technical Services Act also calls for the
appointment of an advisory council that is representative of broad
community interests.

This council reviews, evaluates, and reports on proposed STS pro-
grams to the Governor and to our Office. Over 600 representatives of
the business and industrial community are presently serving in this
capacity.

When all of the advisory councils have been constituted throughout
the Nation, this number is expected to reach 800. This commitment by
the States, along w:th the full-time designated agency personnel and
the matching financial support from non-Federal sources, offer elo-
quent testimony to local leadership, initiative, participation, and
resources being brought to bear on the objectives of this act.

I believe the planning process, which all of the States must carry
out to participate in State Technical Services Act programs, will be
of interest to the subcommittee.

The State Technical Services Act requires that the State-desig-
nated agency prepare a 5-year plan that outlines the technological and
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economic conditions of the State. The problem areas identified in the
5-year plans reviewed to date describe a wide range of conditions
existi; g at present among the States.

These conditions tend to cluster around four main categories :
1. Existing industries fail to apply modern methods.
2. Shortages of experienced managers and qualified technical

personnel.
3. Economy in transition is seen as unfavorably influencing

economic growth and development.
4. Lontion, resource, and climate factors seen as limiting

development.
These main points have been broken down into some 20 subtopics

and they are submitted for the rv,ord.
(The information referred to follows :)

MAXOR STATE ?ROBLEMS AS EXPREBBED IN 5-YI;JAR, PLANS

1. Existing local industries fail to apply modern methods.
a. Lack of information about modern technology.
b. Lack of know-how in applying technological information.
o. Services needed in support of service-oriented industry.
d. Resistance to change by some businessmen.
e. lhortage of investment capital.
1. Obsolete equipment arid physical plant.

2. Shortage of experienced managers and qualified technical per Dnnel.
a. Fe 'v academic, governmental and inc istrial research facilities in

State.
b. Young people leaving State after completing education.
0. Lack of continuing educational facilities to up-date graduate en-

gineers.
d. Spirit of entrepreneurship often lacking.

8. Economy in transition unfavorably influencing growth and development.
a. Need for new industry and greater industrial diversification.
b. Declining agriculture has placed burden of employment upon

growth.
c. Cyclical swings in manufacturing.
d. Technological changes reducing employment in major industries.
e. Pockets of poverty in some areas of State.
f. Problems of urbanization.

4. Location, resource and climate factors seen as limiting des elopment.
a. Major dependence on a few resource-based industries with high

seasonal fluctuations in employment, for example, agriculture,
lumber, construction, tourist trade and mining.

b. Natural resources and partially processed products being shipped
to other states to be transiormed into consumer goOds.

o. Physical conditions in State impede industrialization, for eraniple,
severe winters and mountainous topography.

d. Sparsity of population and distance from major markets, resulting
in unfavoraVe freight-rates as a shore of cost of both imported
and exported materials and goods.

Mr. GROGAN. There are many ways in which the individual States
have approached planning for technical services. Some have inte-
grated such planning into a systems concept of economic development
for the State.

By the way, we are pleased with the definitions of systems analysis
given by Dr. Kimball and Dr. Schon.

The 5-year plan from Nebraska, for example, envisages combining
several factorsresearch, technical services, community services, and
promotionpublic educationwith adequate systems management to
reach the common objective of economic development.

The 5-year plan for Massachusetts, on the other hand, contemplates
a more elaborate systems approach in performing technical services on
behalf of the economy of the Commonwealth.
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This plan discusses (.1.) activity centers, (2) consultative services,
(3) informational services, (4) educational services, (5) liaison serv-
ice_,s and (6) referral services.

The Massachusetts plan has the further attribute of being coordi-
nated with the potential regional plan for the New England area.

The example of regional planning. in New England is but one in-
stance in which the States are beginning to realize that their economy
is closely linked into the economic system of the region.

The New England States realized their interdependency long ago
and c re now engaged in regional planning for participation under this
act.

Other regions are beginning to look at this approach to their eco-
nomic development, as in the examples of the Rocky Mountain States,
the Gulf Coast States, and the Pacific Northwest.

While the processes at work in these several examples are very rudi-
mentary in terms of sophisticated thinking about systems, they still
represent significant and imaginative undertakings in this new pro-
gram. They demonstrate a genuine understanding of the need for
overall systems planning.

The technical services supported by Federal matching grants are
performed by "qualified institutions," which are colleges and univer-
sities with accredited programs in engineering, science, or business
administration.

Other educational institutions, State F ,encies, and nonprofit organi-
zations may be deemed. "qualified" if th.; meet certain criteria. More
than 100 qualified institutions participated in the 24 State programs
approved in 1966.

I think this is interesting; it figures out to be an average of four
institutions per State. Potentially, this number might grow as the
State programs take on more ambitious activities.

Virtually all of these were the major universities and colleges within
their respective States.

We have a tabiiiation, Mr. 'Chairman, of institutions participating
by States among the 24 programs approved in fiscal year 1966.

This information, which might be of interest to you, is available for
the record.

Senator NELSON. That will be included at this point.
(The information referred to follows :)

PARTICIPATION IN STATE TEcrancer, Blown= GRANTS AND PROGRAMS-OFFICES,
AGENCIES, AND INSTITUTIONS, BY STATES, FISCAL YEAR 1966

Alabama : Auburn University
Alaska : Dept. of Economic Development
Arizona : University of Arizona
Arkansas : University of Arkansas
California :

University of Calif. at Berkeley
California State Library
Humboldt State College
Univ. of California at L.A.

Colorado : Div. of Commerce and
Development

Connecticut : Connecticut Research
Commission

Delaware : University of Delaware
District of Columbia : Consortium of

Universities of the Washington Met-
ropolitan Area

Florida :
Board of Regents
Brevard Engiraering College
Florida A&11. University
Florida State University
University of Florida

Georgia :
Board of Regents
Georgia Institute of Technology
Savannah State College
University of Georgia
West Georgia College

Hawaii : Department of Planning ami
Economic Development

Idaho : Department of Commerce and
Development
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PAUTICIPA"ION IN STATE TECIINICAL SERVICES GRANTS AND PROGRAMSContinued

Illinois :
Department of Business and Eco-

nomic Development
IIT Research institute
University of Illinois
Southern Illinois University

Indiana : Office of Governor
Iowa :

Board of Regents
Buena Vista College
Clarke College
Drake University
Iowa State University
Morningside College
State University of Iowa

Kansas
Kansas State University
University of Kamm
Wichita State University
Research Foundation of Kansas

Kentucky : Kentucky Department of
Commerce

Louisiana :
Department of Commerce and In-

dustry
Gulf South Research Institute
Louisiana Polytechnic Institute
Loyola University

Maine : University of Maine
Maryland : Maryland Department of

Economic Development
Massachusetts : Office of the Governor
Michigan :

Department of Commerce
Central Michigan University
Eastern Michigan University
Ferris State College
Grand Valley State C' ege
Michigan State Unive. ity
Michigan Technological University
Northern Michigan University
University of Michigan
Wayne State University
Western Michigan University

Minnesota :
Department of Administration
Department of Business Develop-

ment
St. Olaf College
University of Minnesota

Mississippi : Mississippi Research and
Development Center

Missouri :
Department of Commereo and In-

dustrial Development
St. Louis 'University
University of Missouri
Washington University

Montana : University of Montana
Nebraska : University of Nebraska
Nevada : University of Nevada

New Hampshire : Office of the Governor
New jersey :

Department of Commerce and Eco-
nomic Development

Stevens Institute of Technology
New Mexico : University of New Mexico
New York

Cornell University
Department of Commerce
Fordham University
Manhattan College
New York University
Polytechnic Institute of Brooklyn
Pratt Institute
Rensselaer Polytechnic Institute
Rochester Institute 4:.;4I. Technology
St. Lawrence University
State University of New York at :

Alfred 'University
Buffalo
Stony Brook

Syracuse University
University of Rochester
Western New York Nuclear Re-

search Center, Inc.
North Carolina :

Department of Administration
North Carolina State University
Wake Forest College

North Dakota :
North Dakota State Planning

Agency
Minot State College
North Dakota State University
University of North Dakota

Ohio : Board of Regents
Oklahoma :

Oklahoma State University
Lampton University
Oklahoma City University
Southeastern State College
Southwestern State College
University of Oklahoma
University of Tulsa

Oregon : Bureau of Planning and De-
velopment

Pennsylvania :
Graphic Arts Technical Foundation
Franklin Institute
Pennsylvania College of Textiles

and Sciences
The Pennsylvania Stith University
University of Pittsbuih

Puerto Rico : Economic Development
Administration

Rhode Island : Office of the Governor
South Carolina : State Development

Board
South Dakota : State Planning Agency
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Tennessee :
University of Tennessee
Christian Brothers College
East Tennessee State University
Middle Tennessee State University
University of Chattanooga
Vanderbilt University
Tennessee Technological University

Texas:
Texas College and University Sys-

tem
Southern Methodist University
Texas A&M University
Texas Women's University
University of Texas

Utah : University of Utah
Vermont : Office of the Governor
Virginia : The Virginia Polytechnic bi-

stitute

Virgin Islands :
College of the V.I., St. Thomas
College of the V.I., St. Croix

Washington :
Department. of Commerce and Eco-

nomic Development
Eastern Washington State Univer-

sity
Gonzaga University
Pacific Lutheran University
University of Washington

West Virginia : Department of Com-
merce

Wisconsin :
University of Wisconsin, Madison
University of Wisconsin, Mil-

waukee
University of Wisconsin, Wausaw

Wyoming : University of Wyoming

Mr. GROGAN. The "Technical Services" under the act consist of in-
formation centers, referral centers, field visits, demonstrations and
educational programs in a variety of formats. Nearly 600 separately
identifiable activities were supported in 24 State programs in fiscal
year 1966.

These services range from continuous programs run by a full-time
professional staff to one-time conferences or short courses. These
services are in progress all across the country. Several representa-
tive examples include :

1. Michigan : A program at Ann. Arbor, May 24, 1966, on how
to apply computer technology in business was attended by more
than 200 businessmen. In another pair of programs on the
numerical control of machine tools, 69 participated at Ann Arbor
and 44 at Traverse City.

2. Wisconsin: The State 'technical services program in Wiscon-
sin is sponsoring a series of conferences around the State in which
the applications and the economic benefits to be derived from new
technologies, such as fluid power, adhesives, welding, powder
metallurgy, metal forming and cutting (removal) and computer
applications in industry are presented in such a way that the top
manager has a better basis for judging the relevance of the new
technology to his company products or processes.

The most recent STS newsletter from Wisconsin lists more than
30 engineering short courses in Madison and Milwaukee the first
3 months of this year. Topics include : Computer-aided solid
circuit design, manufacturing cost analysis, critical path method,
adhesives for wood and paper, adhesives for metal and plastics,
matrix methods of structural analysis and nondestructive testing
techniques.

3. In Iowa, where there is more of a plastics industry than
people realize, they ran a course on plastics for 2 days, attended
by nearly 100 persons. An industrial engineering workshop at
Ames was attended by more than 80 persons.
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4. Illinois : The Illinois Institute of Technology Research Insti-
tute has designed a series of 1-day seminars on numerical control
techniques aimed at the needs of small- and medium-sized "tool
and die shop" type operations. Firms wishing to go deeper into
the subject may then engage in a practical working experience in
the application of numerical control to various manufacturing
processes.

5. New York: Syracuse University is operniing a technical in-
formation service sensitive to the scientific; and technical needs
of central New York business, commerce, and industry. Interest
profiles of local industry have been compiled, with inventories of
technical information 1.'esources established and made available to
industrial users.

6. Texas : Conference and workshop activities served a total of
100 persons in the three specialized areas of professional engineer-
ing, production management and nondestructive testing tech-
niques using neutron activation analysis.

The second annual technical services program was recently sub-
mitted by the State of Michigan. The designated agency in Michigan
is the Department of Commerce, with specific responsibility for
administering the program delegated to their Office of Economic
ExprInsion.

Michigan institutions will participate in the program as follows:
1. Ferris State College.
2. Western Miclii,n4an University.
3. Grand Valley State College.
4. Northern Michigan University.
5. Michigan Technological University.
6. Eastern Michigan Ifniversity.
7. The University of Michigan.
8. Central Michigan University.
9. Michigan State 'University.

10. Wayne State University.
11. Saginaw Valley College.

The first priority set by Michigan is the development of a statewide
system for coordination and information interchange.

They are carrying this out by establishing a network of technical
service.) directors at each of the participating Aistitutions and an over-
all statewide systems manager.

The Michigan people rightly understand the complexity of the task
of transferring technology to industry. This complexity, they believe,
is due, to the staggering range of skills needed to deal with all of the
scientific and technical disciplines which are needed by Michigan
industry.

No one individual can presume to have competence in all fields for
purposes of effecting meaningful technology transfer to large numbers
of Michigan firms. However, an individual can serve as a fulcrum
around which such transfer takes place. This individual in the
Michigan plan is the initial contact point through which the firms in
his area are connected to the appropriate technological resources.

Each participating institution in Michigan has been assigned a
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State technical services program director. These directors are the
link between industry and the statewide system which contains the
reservoir of technical, expertise.

Through, this arrangement, the various institutions provide Mich-
igan industry with rapid access to applicable technology, including a
statewide information retrieval and dissemination system. They be-
lieve in Michigan that this system will provide the leverage ttii effect
exchanges of large quantities of technology over a wide geographic
area and among highly diverse industrial firms at a fraction of the
unit cost of any other method.

The Michigan program also calls for each of the participating in-
stitutions to conduct seminars, workshops, and demonstrations of new
technology. They believe this approach provides an effective means
for limited transfer of technology. By "limited," they mean that such
transfer mechanisms are by nature more general than specific. They
stimulate awareness and prepare large numbers of people at low costs
for specific transfers. Within that framework, they are a major part
of Michigan's plan.

Seminars, workshops, an4 demonstrations that will be conducted
in Michigan fall into three general categories :

1. Industry and commercial techniques.
2. Advanud management practices.
3. Technology transfer techniques.

Seminars will be run under these categories on such diverse subjects
as plastics technology, metallurgy of new materials and their tooling
requirements, tungsten inert gas welding techniques, neutron activa-
tion analysis, numerical control, new product development, and in-
novation and technology transfer.

To descrith, typical State programs and some of the specific areas
of technological served, we have available a special issue of the State
Technical Services Newsletter. This newsletter includes a sampling
of technical services activities approved by our office last year. We
offer it for the record.

(The newsletter follows:)

STATE TECHNICAL SERVICES NEWSLETTER-MS. DEPARTAISCNT OP COMMERCE -- OFFICE
OF STATE TECHNICAL SERVICES, NOVEMBER 1900

REPRESENTATIVE ACTIVITIES APPROVED IN MOAT, TEAR, 1966

This issue is given over entirely to describing representative activities of the
nearly 000 technical services incorporated in the 24 State Programs approved in
Fiscal Year 1900. The activities described here were selected on the basis of their
representativeness in the following categories of technical services : information
dissemination, referral services, field services and industrial liaison, directed
news of STS activities in States, courses in information dissemination, use of
educational TV, courses in use of computers in business, and courses in specialized
technology.

Each entry under the above categories includes a title and brief description of
the activity and the name and location of the participating institution responsible
for the conduct of the technical services. Information about the listed activities
was abstracted from the contents of the 24 approved State Programs. Additional
information concerning an activity may be obtained from the working contact of
the Designated Agency for the State wherein the participating institution is
located.

An over-all tabulation on page 18 is a comprehensive listing of approved STS
activities by State Programs, under four major categories of technical services.

76-510-67-10
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It is hoped that this description of representative activities will promote dis-
cussion among the states concerning their respective approaches and common
problems and thus stimulate new thoughts with respect to program content and
format for technical services that will be offered subsequently.

Finally, this issue highlights the special merit programs funded by the Office
of State Technical Services during Fiscal Year 1060. The Act provides for the
support of these programs which are intended to stimulate technical services
having broad national or regional significance and employing new methods or
techniques generally not included in the State Programs. Information con-
cerning these projects may )3e obtained by writing to the individual listed as
project director.

INFORMATION DISSEMINATION SERVICES

Information System Program.This program will develop a state retrieval
system for material from information eources including Federal Government,
State agencies, professional societies, colleges, universities, and others both in
and out of the State. It is expected to be a regional program operated in cooper-
ation with other Mid' estern States.University of Arkansas, Little Rock,
Arkansas.

Public Library Scientifie and Technical Information Network.---A regional sys-
tem of reference centers envisioning the use of computers and reading machines
for monitoring and disseminating current scientific and technical information
will be planned. The system will be a part of an existing public library system
which serves industry and commerce.Calitornia State Library, Sacramento,
California.

Information Services for Industries.--Information services will be organ, zed
for the following State industries : minerals, sand, gravel, clay, glass, tile, ckay
pipe, brick, porcelainware abrasives, and electronic-ceramics. The services will
include information on recent technical advances and new methods of processing
and control, and demonstrations on new production methods.University of
Florida, Gainesville, Florida.

Dissemination of Technical Information. --A center will be established to search
out, list, contact, and determine the availability of technical information from
the several major sources throughout the United Staten. This information will
be disseminated to technically based firms whose records indicate related inter-
ests.Iowa State University, Ames, Iowa.

Kansas Technical Services Centers and Field Offices.These Centers will
monitor incoming information, encourage improved communication between col-
leges, universities and industry, and maintain close liaison with the designated
agency. The Center will also coordinate the work of its three field offices which
will serve as regional technical service centers. Field offices will receive, ana-
lyze, and direct available and pertinent technical information to appropriate
industries. Kansas State University, Manhattan, Kansas ; The University of
Kansas, Lawrence, Kansas ; Wichita State University, Wichita, Kansas.

Information Retrieval and Dissemeination.Each of the participating institu-
tions will appoint a resident manager who will be responsible for establishing
the mechanics of an information dissemination system in the area served ))37 his
institution under the State Technical Services Act of 1965. The participating
institutions will select a State systems manager for technical services who will
be responsible for supervising the development of a statewide information pro-
gram and for coordinating the technical services programs of the participating
institutions involved. The ten State-supported schools have formed the College
and Universities Technical Services Council to function as an executive board.
Finally, the resident managers will conduct field studies on the needs of busi-
ness in their region.All Michigan Participating Institutions.

Activity Management.This information service will prepare and disseminate
technical reports, abstracts, computer tapes, microfilms, and other reviews of
scientific and engineering information.University of Minnesota, Minneapolis,
Minnesota.

Cooperation with the Clearinghouse for Federal Scientific and Technical In-
formation. --The University of Missouri Extension Service field staff will con-
tact local firms beyond the reach of the Pic;jartment of Commerce field offices to
make arrangements for the selective dissemination of the Fast Announcement
Service and retrospective packaged reviews published by the Clearinghouse for
Federal Scientific and Technical Information, and to acquaint industrial execu-
tives with the other services of the Clearinghouse. University of Missouri,
Columbia, Missouri.
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Information Center. This activity for companies in the Southern Tier area
of New York, will include the development and operation of a technical informa-
tion center which will publish digests of significant technical developments.
Cornell University, Ithaca, New York.

Bibliography and Abstract Sort/ca.Library resources, including foreign lan-
guage publication for the graphic arts and garment industries, will be developed
for the New York City area and Westchester, Rockland and Orange Counties.
In addition, a format for a monthly bibliography and abstract service will be
prepared.New York University, New York, New York.

Information Center: An information center will be established for newspaper,
commercial printing, and related firms to disseminate new technology of interest
to the newspaper and printing industries. The sources of information will in-
clude the Rochester Institute of Technology as well as other research labora-
tories.Rochester Institute of Technology, Rochester, New York.

Computer-Based Data Bank of Updated Information.A computer-based data
bank of updated technologleal information for firms in the Buffalo area will be
established. The oxisting computer center at the University will be used to make
maximum use of existing Federal, State and local repositories of technical in-
formation.State University of New York, Buffalo, New York.

Library Information Service.Mechanisms to handle information requests will
be developed for companies in Nassau and Suffolk Counties and operated by a
technical library staff familiar with the needs of local industry. State Univer-
sity of New York, Stony Brooks New York.

Technical Information Dissemination Service.The service for companies in
Central New York will supply selected scientific and engineering information
based on individual interest profiles. Inventories of technical information re-
sources will also be compiled.Syracuse University, Syracuse, New York.

Technical Information Center. Scientific and technical knowledge will be
made available to the industrial community by acquiring information resources
and by seminars on the services of the Technical Information Center.North
Carolina State University, Raleigh, North Carolina.

Problem Identification. A. staff member at Southeastern State College will
serve as liaison between the State Technical Services staff, and the National
Aeronautics and Space Administration sponsored Technology Utilization Center.
He will also develop specific program for ai swering needs of local businessmen by
using information available at the Technology Utilization CenterSoutheastern
State College, Durant, Oklahoma.

Penntap (Pennsylvania Technical Assistance Program) Information Center.
An experimental information center will be established with activities including
definition of needs and problems of industry ; gathering, organizing and analyzing
technical information; and serving as a mechanism for the transfer and dis-
semination of this knowledge.Franklin Institute, Philadelphia, Pennsylvania.

Reorganizing Technical Information Files.Existing files on aerospace tech-
nology at the University of Pittsburgh will be reorganized awl made available
to the State institutions qualified to participate in PENNTAP (Pennsylvania
Technical Asqistance Program). This effort represents one phase of an overall
statewide technical information switching program. University of Pittsburgh,
Pittsburgh, Pennsylvania.

Industrial Research Advisory Program.The Tennessee Industrial Research
Advisory Program (Txras) will be expanded to include an information dis-
semination service.The University of Tennessee, Nashville, Tennessee.

Information Retrieval.This information Service for businesses in the Dallas
area will provide "demand searches" of the Southern Methodist University's
document collection. The activity will also provide a "current awareness"
service for the solution of specific problems by supplying users with a bibliog-
raphy of relevant reports on a bi-weekly basis.Southern Methodist Univer-
sity, Dallas, Texas.

Document Distribution.This Information service will provide business and
Industry in tine Dallas area with access to technical reports resulting from gov-
ernment sponsored research and development programs.Southern Methodist
University, Dallas, Texas.

Information Retrieval and Dissemination dentenThis information center
will acquire, review, evaluate, prepare, and disseminate engineering and technical
information to individual industrial organizations.University of Utah, Salt
Lake City, Utah.
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Technical informal/4 Service.Existing library technical literature holdings
in the Spokane metropolitan area will be expanded to include information from
abstracting and Indexing Cervices, and government documents. These resourceswill then be made available to area Industry.Gonzaga. University, Spokane,Washington.

Information Retrioral, Processing and Analysis.This information servicewill collect, identify, analyze, and disseminate new technological informationfrom a wide range of sources. The resources of the Unversity of Wisconsin
library, other special libraries in the State and federal agencies will be utilized.
Contact with industrial firms and a survey of their needs will also be initiated.
University of Wisconsin, Madison, Wisconsin.

University Industry Research, Information Services.An office at the Uni-versity of Wisconsin at Madison will be established to answer requests for tech-nical information from industry and from "switching points" at Milwaukee andWausau. It will also function as a switching center to other university, federal,
state and private sources of expertise.--University of Wisconsin, Madison, Wis-consin.

REFERRAL SERVICES

Referral Service.-- Directories of organizations and individuals offering pro-fessional and technical services will be compiled for use by Industry and busi-nesses in Arkansas. Initial fields to be covered will include accounting and audit-ing, engineering, finance, government services, management services, marketresearch, and product research and development.University of Arkansas, LittleRock, Arkansas.
Technical Manpower Registcr.Modern data handing methods will be used tolocate specialists in various fields, in. rsspoilse to expressed. needs of variousindustries. These specialists may be required as private consultants in suchgroup activities as special conferences or institutes.University of Florida,Gainesville, Florida.
Register of Scientific Engineering and Management Manpoteer.The informa-tion files of the Georgia Technical Services Program will be extended to includea current register of scientific and engineering personnel.Georgia Institute ofTechnology, Atlanta, Gecrgia.
Directories of Specialized Personnel, Facilities and Service,s.Rosters of con-sulting engineers, management consultants, university specialists and specializedfacilities and servees will be developed and prepared for use by business andindustrial organizations.Itesearch Foundation of Kansas, Topeka, Kansas.Directory of Professional Services. --A comprehensive publication will listprofessional and business services to provide a rapid and orderly method of iden-tifying and locating sources of technical and management expertise dealing withthe problems and needs of industrial firms.University of Missouri, Columbia,M ,sours.
Inventory of Faculty Expertifte.An inventory will be prepared of the specificareas of competence and interests of the University of Missouri faculty. Clas-sified listings will be prepared for ready access and use in matching the prob-lems and needs of industrial firms with available sources of expertiseyUni-versity of Missouri, Columbia, Missouri.
Industrial Referral ,service. --This activity will consist of direct assistanceto industrial firms in obtaining published information or locating sources relatingto propretary interests. Services to be rendered many include identificationand definition of problems ; suggestions of alternative procedures for solvingthese problems, the location of sources of published and unpublished literature,and, referral to sources of professional expertise.University of Missouri, Co-lumbia, Missouri.
Food Processing 'Technology Referral Service. --A list of available laboratories,

consultants, products, and machinery will be compiled and made available tofood industries.Cornell University, Ithaca, New York.
Referral Serriee.This reference service for business concerns in the South-ern Tier area of New York will supply on demand, sources of technical informa-

tion, references to literature, and lists of consultants.Cornell University, Ithaca,New York.
Referral Serrice.A list of technical and business consultants, for the graphicarts and garment Industries, will be compiled covering New York City andWestchester, Rockland, and Orange Counties.New York University, New York,New York.
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Geologic Referral Bernice. A geologic reference and referral file will be com-

piled for publication and distribution to industries in this field. Follow-up and
evaluation procedure will also be initiated on referrals.Rochester Institute of
Technology, Rochester, New York.

Referral Service. This activity for the ceramic industry involves the forma-
tion of an advisory panel which will refer technical inquiries to relevant indi-
viduals or organizations.State University of New York, Alfred, New York.

Referral Serviec.A referral service will be operated for small business in
the Buffalo area to provide a link with competent professional and technical serv-
ices.- -State University of New York, Buffalo, New York.

Referral Service.This activity for the wood Indust* will represent expan-
sion of an existing referral service. Firms in the wood and forest products in-
dustries will be referred to sources of technical expertise.Syracuse University,
Syracuse, New York.

Nuclear Science and Technology Referral Service.A referral service will be
organized to refer industrial users of nuclear technology to sources of informa-
tion or expertise, This service will utilize the information retireval service of
the computer center to be established at the State University of New York at
Buffalo. In addition, sources of qualified consultants will be provided.West-
tern New York Nuclear Research Cente, Inc., Buffalo, New York.

Industrial Service and Research.An Industrial service and research LAU-
tute for small businesses will be set up. One function will be the referring of
small businessmen to agencies or organizations offering technical help. A second
will be to assist entrepreneurs in the marketing of their products.--Oklahoma
State University, Stillwater, Oklahoma.

Directory of Technicians. --This directory will permit quick identification of
experts. It will be organized by specific fields of interest, giving names, titles,
and telephone numbers of individuals in universities, private consulting Brans,
and government agencies.Puerto Rico Economic Development Administration,
San Juan, Puerto Rico.

Industrial Resea:ech Advisory Program.The Tennessee Industrial Research
Advisory Program (TIRAS) will be expanded to include a referral service offer-
ing information on sources of expertise in the State.University of Tennessee,
Nashville, Tennessee.

Referral Servicc.The referral service for companies in the Dallas area will
function as a switching mechanism by referring inquiries to appropriate centers
or s( .vices. In addition, the referral service will provide source guidance so
that appropriate manufacturers of a given product needed by the user can be
located when needed.Southern Methodist University, Dallas, Texas.

Directory of Industry Services.A directory of engineering, scientific, and
management services will be prepared listing private and public agencies which
are qualified to render services to industrial firms. University of Utah, Salt
Lake City, Utah.

inELD SERVICES AND INDUSTRIAL LIAISON

Yield Services.Field services will be used to assist firms in identifying and
solving problems. Field service agents will be individuals familiar wth sources
of scentific and technological information.University of Arkansas, Little Rock,
Arkansas.

Field Implementation of Disseminated Information.This field study will
counsel and assist individuals and firms in locating technical information.
Iowa State University, Ames, Iowa.

Wood Industry Field Service.This activity will provide the woodusing in-
dustry with the results of research conducted by various agencies, and familiarize
them with publications pertaining to various operations, such as procurement,
sawing, drying and gluing.Louisiana Polytechnic Institute, Ruston, Louisiana.

Field Service Program. - -Field agents will visit Nassau and Suffolk Counties
to discuss industrywide problems, and to assist in determining solutions to
specific problems. The needs of industry in the area will also be ascertained
in this phase of the program,State Univer ey of New York, Stony Brook, New
York.

Information Assistance for Industrial Development.Area industrial env':
opment associations will be assisted through field service contacts and meetings
aimed at disseminating technical information for the improvement of industry
operations.North Carolina State University, Raleigh, North Carolina.
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Regioral Industrial Services.A field service activity will be established toassist local businesses and industries in identifying and solving specific tech-nological problems. Visits will be made on a request or referral basis.North
Dakota University, Fargo, North Dakota.

Technical Services F 01d Staff.Two full-time staff members will maintainregular contact with b"4inesses. They will identify problems and refer busi-nessmen to facilities of participating institutions or other agencies and orga-nizations capable of providing problem solving aids. Oklahoma State Uni-versity, Stillwater, Oklahoma.
Local Teohneal Advisors Program.-- -This program will give technical advice

through plant visits to local factories. The aim of the technical advice is toreduce costs in manufacturing firms; to improve their technical and managerialorganization; and to bring to their attention new materials, manufacturing tech-
niques, processes, machinely, and systems. The service is for small. business
and manufacturing companies.Puerto Rico Economic Development Adminis-tration, San Juan, Puerto Rico.

Industrial Research Advisory Program.The Tennessee Industrial ResearchProgram (TIRAS) will be expanded to include a program of field visits toins try. University of Tennessee', Nashville, Tennessee.
Field Bervice.This project will provide field service to Rf-, firms in theDallas area in implementing new technology in their activities. , 'Ahern Meth-odist University, Dallas, Texas.
Soientio and Tcchnioai Information.The field service staff will introduce

management in the primary metals and electroniz components and accessories
Industries to available scientific and technical information resources related to
their fields.- -Texas A&M University, College Station, Texact

Technical Service Field Work.This activity will: (1) ,,:cquaint business
management with State Technical Services Aci, and the Utah Industrial Services
Agency ; (2) identify specific technical problem areas and initiate technical as-sistance programs; and (3) develop input data for a master Ale of Utah indus-
trial firms.University of Utah, Salt Lake City, Utah.

Technical Informatie4 Field Offices.---Field offices will be established in the
Wausau and Milwaukee areas to: (1) maintain basic reference materials, (2)
provide referral records for sources of expertise, (3) assist in the interpretation
and application of technical information at the point of use, (4) provide diag-
nostic aid to defining problems and needs of businessmen, (5) acmes local needs
for educational activities such as conferences, classes and workshops, and (6)refer industry to sources of expertise, federal, state anu *vate.University ofWisconsin, 'Wausau and Milwaukee, Wisconsin.

DIRECTED NEWS OF STS ACTIVITIES IN STATES

State Technical Services Program Announcement Activity. This program will
inform the business community of the Florida Technical Services Program. Spe-
cific activities will include provision of engineering and other technical speakers
for civic, business, and technical groups; release of fact sheets assembled fromthe programs of the participating institutions will be distributed.University of
Florida, Gainesville, Florida.

Information on State Technical Service Programs.A monthly publication forthe participating institutions in Iowa will be prepared and distributed. Thispublication will be a vehicle for public inforwation about meetings and other
programs for Iowa business and industry under the State Technical Services Actof 1065.Iowa State University, Ames, Iowa.

Public Information and Education. In order to familiarize industry with the
Kansas Technical Services Program, a brochure will be prepared and distributed,
and several conferences will be held for professional, technical awl industrialgroups. Research Foundation of Kansas, Topeka, Kansas.

Publication of Pamphlet.A pamphlet will be prepared describing the purposes
of the State Technical Services Act and the program and services of the Univer-
sity of Missouri ior implementing the Act.University of Missouri, Columbia,Missouri.

Information Scrviec.This activity for the food industry will involve the pub-lication of a periodic newsletter or bulletin containing food processing informa-
tion derived from Cornell's library facilities. Special communications will oc-casionally be sent to specific segments 0-, f this industry.Cornell University,
Ithaca, New York.
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Bibliography and Abstract Service.Library resources, including foreign Ian-
gua re publications, for the graphic arts and garment industries, will be developed
for the New York City area and the Westchester, Rockland and Orange Counties.
In addition, a format for a monthly bibliography and abstract service will be
prepared.New York University, New York, New York.

Technical Library Hervices.This three-part program will extend services of
the Rensselaer library to industry in the Capital District of New York. First, a
monthly information newsletter containing current information on innovations,
new processes, etc., will be prepared and distributed. Second, subject bibliog-
raphies or title listings will be developed based on searches in the RPI collec-
tion. Third, the library holdings will be augmented and made available to area
industry based on indicated local needs and interests. Rensselaer Polytechnic
Institute, Troy, 'New York.

Graphic Arta Progress Information Services. The existing bulletin, Graphic
Arts Progress, will be expanded to include a great v scope and content and pro-
vide a wider distribution.Rochester Institute of Technology, Rochester, New
York.

Management Information.Bulletins and a monthly newsletter will be pre-
pared and released to satisfy the needs of local management regarding indus-
trial and technical Information.Puerto Rico Economic Development Adminis-
tration, San Juan, Puerto Rico.

Promotional Brochure.This brochure describes the type of field services
which will be offered under the Puerto Rico Five Year Plan. The brochure will
be widely distributed to industry and commerce. Puerto Rico Economic Devel-
opment Administration, San Juan, Puerto Rico.

Technical Service. Current industrial engineering techniques, and new in-
formation will be surveyed and made available to the technical and manage-
ment personnel of textile plants. Technical brochures and boosiets will be
prepared and disseminated to assist in operation and management.- -The Uni-
versity of Tennessee, Knoxville, Tennessee.

Technical Information Service Brochure.A technical services general infor-
mation brochure be published describing the objectives,, services, and or-
ganization of the Utah Industrial Services Agency. This multiple -use docu-
ment will be disseminated through mailings, public meetings, and personal
visits.University of Utah, Salt Lake City, Utah.

Technical Information Newsletter. Five newsletters will be issued to inform
the business community of technical services developments and to serve as a
means for continuing contactUniversity of Utah, Salt Lake City, Utah.

Public Information. --The activities of the Utah Industrial Services Agency will
be publicized through discussion meetings, speaking engagements, news releases,
direct mall, or personal visits.University of Utah, Salt Lake City, Utah.

Newsletter and Direotory.A newsletter will be distributed by the adminis-
trative staff of the State Techr, teal Services Program. It will provide informa-
tion to the state's industry and individuals interested in the Wisconsin pro-
gram.University of Wisconsin, Madison, Wisconsin.

COURSES IN INFORMATION DISSEMINATION

Information services for the Chemical Industry. --A curriculum will be de-
veloped for the p- Aration of a course on technical information services avail-
able to Industrie. .emical firms. Possible publication of course materials is
foreeeen.Univer: r of California at Los Angeles, Los Angeles, California.

Obstacles to the 14-aneer uj Technology. -- A one-day conference will he held
at which papers e, ill be ?resented on innovation and transfer of technology. A
panel discussion will follow and the proceedings will be drawn from the follow-
ing aspects of technology transfer: communications barriers to transfer, pro-
prietary rights barriers, financial and entrepreneurial barriers, analytical bar-
riers, and institutional barriers.University of California at Los Angeles, Los
Angeles, Ct. fornia.

Federal TcAnical Information, Services.A curriculum will be enveloped and
preparations wil be made for a course directed toward giving the business com-
munity a wider knowledge of the technical information services provided by the
Federal Government. Possible publication of course materials is foremen.--Uni-
versity of California at Los Angeles, Los Angeles, California.

Operations and Services of Technical Information Oenters.A. course designed
to acquaint potential information center staff members with the used and opera-
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Lions of technical information centers will be perpared. Possible publication
of course innterials is foreseen.University of California at Los Angeles, Los
Angeles, California.

Management, Technical and Scientific Information.Conference training will
be provided for the management of small business establishments in the inter-
pretation and application of scientific and technical information in company
operations.University of Georgia, Athens, Georgia.

Innovation and Technology Transfer Techniques. Using a hypothetical model
of a large corporation, this program for management will cover the effective use
of science and technology and available information resources. In addition alter-
native models for using such resources wil be examined.Wayne State Univer-sity, Detroit, Michigan.

Innovation and Technology Transfer Techniques.A program for the small
company will deal directly with the identification and use of information sources
available to small business.Wayne State University, Detroit, Michigan.

Technical Services Program.The activities of the Minnesota Technical Serv-
ices Program will be explained to individuals and organizations in the State who
might derive benefits from these services. Presentations at Minneapolis-St. Paul,
Duluth, Moorhead, Mankato and Rochester will explain the methods and pro-
cedures that will be used to achieve technology transfer. Emphasis will be on
how the programs can be of value to Minnesota businesses.State of Mnnesoth.
Department of Business Development, St. Paul, Minnesota.

Source of Information.A one-day conference will feature, for business and
industry research personnel, the availability of various sources of information
and materials in scientific and technical fields. Statistical information, patent
information, R&D reports, specifications, and government documents in general
will be discussed.St. Louis University, St. Louis, Missouri.

Technical Innovation.A two-day conference will be offered to focus public
attention on roles of Federal and State gove nments in providing technical serv-ices to industrial and commercial firms.Uuiversity of Missouri, Columbia,
Missouri.

Technology Transfer in Civilian Business and Industry.This conference will
encourage industry in the Rochester area to identify possible applications of
technology by pointing out factors and problems affecting technology transfer.
University of Rochester, Rochester, New York.

Techniques of Operating a Technical Information Center.AApart of the over-
all information switching program, a one-day travelling seminar will be con-
ducted at participating institutions in the State to provide instruction in the
use and maintenance of information files, and in techniques developed by the
Knowledge Availability Systems Center.University of Pittsburgh, Pittsburgh,
Pennsylvania.

Technical Information Resources. This workshop will acquaint the small
businessman in the Dallas area with the vast amount of technical information
available from government .sponsored research programs, and the services avail-
able at the Science Information Center.Southern Methodist University, Dallas,
Texas.

Effective Information Disseminaiion.The purpose of this activity is to
acquaint smaller petroleum companies with information pertaining to prospecting,
drilling, nroducing, transporting, refining, and marketing of petroleum and its
products ; and to ascertain the most effective method for the dissemination and
utilization of this information. This objective will be accomplished through
the means of interviews conducted by the field service staff.Texas A. & M. Uni-
versity, College Station, Texas.

Information Technology and Services.Course materials will be developed for
a summer institute to acquaint the technical libraries with the theory and tech-
niques of information storage and retrieval.Texas A. & M. University, College
Station, Texas.

USE OF EDUCATIONAL T.V.

Educational Materials for the Ceramic Industry.A series of films or televi-
sion tapes on various fields of interest to the ceramic industry will be prepared
and subsequently made available to the industry. Members of the faculty of the
College of Ceramics will also visit designated areas for discussions on the sub-ject matter of the film.State University, of New York, College of Ceramics,
Alfred University, Alfred, New York.
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Use of Educational Television. --A study and evaluation of current educational

television methods will be directed towards improving the use of the State'S edu-national television facilities. The project will include cataloguing available videotapes on scientific and technical subjects, summarizing the existing and planned
uses of education television throughout the nation, and evaluating the effective-ness of existing programs.North Carolina State University, Raleigh, North
Carolina.

Management Information. Systems.A two-hour television program combined
with discussion groups in four areas of the State is intended to acquaint business
managers in medium and small sized indu'stries with guidelines for establishing
information systems in their respective firms. The program will be presented on
educational television stations in Tulsa and Oklahoma City.Oklahoma State
University, Stillwater, Oklahoma.

Management Information Systems Seminars.Three seminars consisting of
six weekly two-hour sessions will be held in a number of Oklahoma communities.
They are Intended as a follow-up to the television session and will give more
detailed study to the application of information systems to small businesses.
Oklahoma State University, Stillwater, Oklahoma.

Televising Conferences. A maximum of three hours of selected conferences
and seminars held at The Pennsylvania State University will be video taped,
and subsequently transferred onto film. The final product will consist of indi-
vidually-filmed programs available for use by technical groups.The Pennsyl-
vania State University, University Park, Pennsylvania.

COURSES IN USE OP COMPUTERS IN BUSINESS

Electronic Computers in Business.A one-day conference will feature topics
such as Electronic Data Processing (EDP), integrated systems technology, the
processing cycle, computer units, programming, the feasibility study, payout
applications, long range contributions of EDP, and personnel aspects of conver-
sion to EDP.University of Arkansas, Little Rock, Arkansas.

Application of Computer Simulation to Problems of Physical Distribution
Models.A program of study on the use of TRANSIM in the solution of physical
distribution problems will be offered to managers of transportation and distri-
bution organizations. TRANSIM is a method of simulating transportation
and/or distribution problems on a computer.University of Cali,..ornia at Los
Angeles, Los Angeles, California.

Computer Sciences for Small Business.The rational methodical and effective
application of computers in small businesses will be developed at a one-day
seminar.Brevard Engineering College, Melbourne, Florida.

Management Scionce.Seminars will be conducted on the application of in-
ventory management, computer simulation, and linear programming to manage-
ment decision-making. University of Georgia, Athens, Georgia.

Computers, Computations, and Computational Mathematics.--A course for re-
aearch scientists and engineers will be offered on the organisation of modern
computer systems, including the structure of current and future programming
systems. The meaning and results of an algorithmic procedure, as well as the
basic underlying mathematics of numerical algorithms, will be discussed.
University of Illinois, Urbana, Illinois.

Industrial Applications of the Computer.A seminar on computer applications
to the manufacturing and packing industries will be held for middle and upper
management personnel.Clark College, Dubuque, Iowa.

Digital Computers in industry.This course will provide industrial manage-
ment and engineering personnel with an understanding of computer technology
and will include the language limtations and data requirements. %he computer's
role in management will be especially stressed.Iowa State University, Ames,Iowa.

Electronics and Manpower in Banking.This seminar will be designed to ex-
plain to banking management the benefits obtained through the use of computers
and electronic equipment in the banking profession.Morningside College, Sioux
City, Iowa.

Computer Technology for Business Usage.A workshop for the industrial
community of Northern Louisiana will acquaint management with the values of
analog and digital computers and with the impact of computers on industry.
An opportunity to practice computer 'techniques will be provided to partici-
pants.--Louisiana Polytechnic Institute, Ruston, Louisiana.
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Data Processing for Small Business.A one-day conference will be directed
at motivating management of small and medium-sized companies to examine the
potentials of electronic data processing. The conference will be followed by
a series of closed circuit television presentations, training films, and taped
portion of the conference. It is estimated that approximately twenty half-
hour programs will be developed.NortLern Michigan University, Marquette,
Michiga n.

Computer Technology.The topics in this one-day conference of interest to
small and medium-sized businesses will include potential profitability of com-
puters, evaluation of the benefits of Electronic Data Processing (EDP), acquisi-
tion of an EDP capacity, computer operation and organization, communication
with a computer and computer time-sharing operations.University of Michigan,
Ann Arbor, Michigan.

Computer Graphics and Time Shared Computers. This two-day workshop will
be a follow-up program of the preceding computer technology conference. Its
contents will be determined largely by the specific interests and qualifications of
the conference attendees.University of Michigan, Ann Arbor, Michigan.

Information Systems and Computers.An eighty-hour course will be devoted
to managerial considerations in systems design, the role of operations research
and econometrics within an information system, and recent developments in
computer hardware.University of Minnesota, Minneapolis, Minnesota.

Use, Value, and Dangers of Computers in Small Business.This short course
will cover the applications and values of the computer for sales analysis, account-
ing, production, inventory, and payroll. Discussions will evaluate the strengths,
weaknesses, and dangers of computer systems. No previous knowledge of auto-
mated data systems will be necessary.Washington University, St. Louis,
Missouri.

Remote Terminal Computer Systems.This institute for engineers and applied
scientists will be concerned with the acquisition, financing, operation, program-
ming, and other aspects of remote-terminals coupled to large computer systems.
Washington University, St. Louis, Missouri.

Introduction to Digital Computing. Businesses in the Southern Tier area of
New York will be offered a short course on digital computing that will cover
basic instruction in programming techniques ; and include a discussion of current
and potentially available computer equipment and computer applications. A
summary of the capabilities and economics of digital computers in support of
research, engineering and industrial administration will also be presented.
Cornell University, Ithaca, New York.

Business and Industrial Computer Use.A conference for small business man-
agement will survey existing computer programs to demonstrate the feasibility
of using computers by firms presently unable to afford the ownership of computer
equipment.Tennessee Technological University, Cookeville, Tennessee.

Computers and Industry.The content of this three-day course will include
computer technology and its limitations.College of the Virgin Islands, St.
Thomas, Virgin Islands.

Applications of Data Processing.A ten-week institute for small businessmen
in the Spokane area will be conducted to provide training and skill in manage-
ment decision-making. A computer simulation game will be run, along with
workshops on the following subjects : (1) functions of management and business
leadership, (2) electronic data processing as it affects modern business opera-
tions, (3) scientific decision-making techniques, (4) cash flow analysis and use
of funds statements, (5) sources of capital, (6) financial planning and control
for small business, (7) problems in buying, (8) inventory modeling, and (9) fore-
casting and planning for profits.Eastern Washington State College, Cheney,
Washington.

Wood Technology
Recent Scientific and Technological Developments in Wood Utilization.This

two-day workshop which will cover recent scientific breakthroughs in wood
and fiber utilization is designed for management and technical personnel of the
Northern California lumber and wood products industries.--Humboldt State
College, Arcata, California.

Wood-finishing.New developments in wood finishing for management and
factory workers of wood-using industries will be presented in a short course.
Subject matter will include wood anatomy, properties of wood, wood finishes,
finishing systems, finishing techniques, and quality control. This course will be
offered in two areas of the State.University of Illinois, Urbana, Illinois.

COURSES IN SPECIALIZED TECHNOLOGY
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Kiln-Drying.The process of seasoning green or air-dried lumber for conver-
sion to more usable products will be covered in a short course for wood-using
industry management and primary supervisory personnel. The subject matter
will include wood-liquid relations, air seasoning vs. kiln-drying, thermodynamics
of kiln-drying, preparing kiln schedules, and quality control of the sex,r ;ling
process. This course will be offered in two areas of the State.University
Illinois, Urbana, Illinois, and southern Illinois University, Carbondale is.

'Wood Drying.A short course will furnish information on drying of proaucts
that can be applied to various phases of the wood-using industry. Methods of
moisture removal, moisture determination, types of kilns, and stacking methods
will be discussed. The course will involve the use of the school's dry kiln.
Louiblana Polytechnic Institute, Ruston, Louisiana.

Hardwood Log and Lumber Grading. A course for the woodworking induAty
will review basic hardwood lumber and log grading and their correlation. The
objective of this adivity 1s to enable industry personnel to accurately determine
the grade and value of hardwood timber stands.Louisiana Polytechnic Institute,
Ruston, Louisiana,

Wood Products Marketing.Au int7oductory conference on the function and
role of the University of Montana as a continuing source of technical information
in wood technology. New marketing techniques and their application to forest
products will also be presented.Montana University, Missoula, Montana.

Forest Proclucts.Two seminars will be directed toward channeling new re-
search to the needs of small wood processing industries. They will (1) empha-
size the application of new scientific principles to the development of wood
processing technology, and (2) highlight the use of management tools such as
statistical quality control, operations research, and systems analysis in the solu-
tion of small-firm problems.University of Washington, Seattle, Washington.

Regional State Technical Services Conferences.These conferences, for man-
agement personnel of medium sized companies, will be held in five different re-
gions throughout the state to highlight new development in technology. The
programs will feature (1) machining of metals, (2) wood processing, (3) electri-
cal insulation, (4) preservation of foods, (t) non-destructive testing, (6) fluid
power, (7) value assurance and computer technology, applications to industrial
problems, and (8) powder metallurgy. Topics will be related to industries lo-
cated within each region. University of Wisconsin, Madison, Wisconsin.
Metal Working

Introduction, of Numerical Control Technology. A series of four one-day
seminars for the metal working industry, especially small tool and die shops, will
be offered during the year on the general subject of numerical control. Specific
items will include the introduction to symbolic control, manual programming of
numerical control machine tools, computer-aided programming and cutting of a
typical part, plant preparations required to incorporate numerical control tech-
niques, and management in numercial control.Illinois Institute of Technology
Research Institute, Chicago, Illinois.

Automatically Programmed Tools-Part Programming-Basic Course.This
course for metal working industries will highlight fundamental concepts and
techniques of Automatically Programmed Tools (APT) Part Programming. The
subject matter will include APT languages, techniques of Part Programming,
concepts of tools and workpiece geometry, a point-to-point program, and a two-
dimensional program.Illinois Institute of Technology Research Institute, Chi-
cago,

Automatically Programmed Tools-Part Programming-Advanced Course.This
activity for metal working industries wilt consist of an advanced course in APT
Part Programming for which the APT Part Programming Basic Course is a
pre.equisite. The subject matter will include repetitive programming, geometry
manipulation by matrices, special surfaces, and multi-axis programming.Illinois
Institute of Technology Research Institute, Chicago, Illinois.

Advanced Applied Automatically Programmed TookSeveral workshops (of
four to six people each) will be organized for metal working industries in solving
practical Automatically Programmed Tools (APT) problems. Prerequisites for
participation are the APT Part Programming Basic Course and the Advanced
Course.Illinois Institute of Technology Research Institute, Chicago, Illinois.

Basics of Numerical Control.Basic information on numerical control for
metal working industries will be presented at a seminar. The subject matter in
relation to numerical control will include the history and advantages of numerical
control, management Implications, use in product design, positioning controls,
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point-to-point work, contouring, manual programming, servomechanisms, and in-
spection and testing.Illinois Institute of Technology Research Institute, Chi-
cago, Illinois.

Metal Oaating.This seminar for foundry S up er v was will be designed to
present the latest technological developments in metal casting.State 'University
of Iowa, Iowa City, Iowa.

Three-Dimensional Contouring.Itecent research findings in the area of three-
dimensional contour machining in the machine tool industry, and the effect of
these findings as applied to production problems, will be highlighted in a two-
day workshop for participants from Western Michigan industry.-14Ierris State
College, Big Rapids, Michigan.

Metallurgy of New Materials and Tooling.A two-day seminar will be pre-
sented to participants from the machine tool industry of Western Michigan.
Pertinent research findings regarding the development of new metals and related
tooling techniques will be discussed. The material prepared the seminar will
be assembled into a compendium for further dissemination.,, St ate College,
Big Rapids, Michigan.

Modern Metal,Working Techniques.This conference for engineers and man-
agers will emphasize the uses of new machining, forming and joining methods.
University of Missouri, Kansas City, Missouri.

Theory and Practice of Numerical Control.-12vresentatives of manufacturing
facilities will be trained in numerical control as applied to metal working pree-
esses. The capabilities, advantages, and limitations of numerical control will
be covered. University of Chattanooga, Chattanooga, Tennessee.
Mineral industries

Applications of .X-ray Methods to the Mineral Industriefr.A one-day con-
ference for mining and mineral processing personnel will cover the themy of
X-ray diuraction and fluorescence; and the application of X-ray technology to
elemental analysis as a tool for automatic control and mineral exploration.
Other technical uses of X-rays by the mineral industry will also be covered.
Michigan Technological University, Boughton, Michigan.

Rock Meehanies.A conference for mining engineers and supervisors will
cover rock mechanics in mining and construction.University of Missouri,
Columbia, Missouri.

Availability and Utilization of Mineral Rchources.Two or more short cou:ses
for disseminating curreLt research information on the development of new uses
of mineral resources will be offered to producers and users of mineral products.
North Carolina State University, Raleigh, North Carolina.
Electronics

Technical Services For Aerospace, Electronic, and Other Scienec-Oriented
Firma. --A conference will be held covering vacuum and electronics development,
and advances in instrumentation and basic research. Regional field trips will
be made to determine the subjects of the most immediate interest to the largest
number of Florida industries.Florida State University, Tallahassee, Florida.

Technology Training.A series of conferences will be offered on computer
technology, chemical instrumentation, and electronics for scientists, engineers
and businessmen.West Georgia College, Carrollton, Georgia.

Electronics Raton/L-1%1s review of the results of recent research in elec-
tronics for research management will cover the areas of antenna theory, aer-
onomy, circuit theory, compvter systems design, digital and analog computer
circuitry, low temperature physics and superconductivity, microwaves, plasma
electronics, and solid state electronics.University of Illinois, Urbana, Illinois.

U80 of Transistors and Other Solid latc Devices for Industrial Application.
Twelve weekly, three-hour seminars will be offered to electrical engineers. Basic
circuit and transistor theory will be discussed.Louisiana Polytechnic Institute,
Ruston, Louisiana.

Power Semi- Conductors. --A symposium for electrical engineers will present
new developments in the use of power semi-conductors for industrial applica-
tions, including electrical controls.University of Missouri, Columbia, Missouri.

Solid State Electronics. A short course on solid state electronics will be held
for engineers and scientists in the communications and aerospace industries.
University of Missouri, Columbia, Missouri.
Construotion Industry

Conatruetion Industry Technical Services. Manuals and teaching materials
will be prepared for group instruction of industry management and supervisory
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personnel in the heavy construction industry. The latest techniques and criteria
for selecting heavy construction equipment by unit size, type, fleet size, hours
worked, and working conditions will be presented.University of Florida,
Gainesville, Florida.

Home Building,A short course for Angineero, residential developers and con-
tractors will be held at various locations on the subject of new materials and
methods of construction. ---- University of Missouri, Columbia, Missouri.

Soils and Foundations.A three-day conference for the construction industry
will be devoted to explaining and demonstrating new information on soils and
their bearing qualities, and new theories and practices of foundation construc-
tion.-- Oklahoma State University, Stillwater, Oklahoma.

Mechanics of Heavy Equipment Operation.This three-day workshop for in-
dustrial construction firms, will highlight the mechanics of heavy equipment
operation.College of the Virgin Islands, St. Croix, Virgin Islands.
Food Processinil

Extension of Shelf-life of Foods.This seminar for food processors, distribu-
tors and retailers will offer Information related to nonmicrobial spoilage mech-
anisms and gas and vapor permeability factors in packaging materials.--Louisi-
ana Polytechnic Institute, Ruston, Louisiana.

Plant Instrumentation and ContraThis thirteen-week course for engineers
in the process industries (chemicals, plastics, fibers, petroleum, food, drugs, etc.)
will feature practical applications of existing control theory. An elementary
background in process dynamics and control, and some practical experience will
be required for participants.Washington University, St. Louis, Missouri.

Development of Seminars.A series of workshops and seminars for business
organizations in Central New York will be developed. A suggested workshop
is technical innovation and business planning. Suggested seminars are : new
developments in food processing, biological contaminants, and waste pollution
and control.Syracuse University, Syracuse, New York.

New Prooesses and Applications of Raliation.A program of two seminars
and four demonstrations for food processing industries will provide informa-
tion on the feasibility of radiation and other processes in the treatment of foods,
tubers, and root stocks. One phase of the program will deal with the use of
radiation for quarantine and control of diseases borne on root stocks and tubers.
University of Washington, Seattle, Washington.
N umerical Control

Numerical Control Technology. -- Guidance will be offered to the metal work-
ing industries, through a field service program focusing on Automatically Pro-
grammed Tools Part Programming, numerical control processing problems, and
applications of numerical control.Illinois Institute of Technology Research
Institute, Chicago, Illinois.

Casebook Reports and Newsletter on Numerical Control Technology.Case
histories of piece parts of interest to metal working industries will be gathered
to illustrate the times required to program and machine the parts. Significant
articles on numerical control and reports on significant new developments in the
field will be disseminated.Illinois Institute of Technology Research Institute,
Chicago, Illinois.

Numerical Control. Two two-day workshops for small and medium-sized bus-
inesses will cover topics such as the nature of numerical control, evaluation of
its potential uses, differences between point -to -point and continuous path pro-
gramming, procedures for acquiring numerical control capability and manage-
ment modifications needed to exploit numerical control.University of Michigan,
Ann Arbor, Michigan.

Adaptive and Numerical Control. --A two and one-half day conference for in-
dividuals concerned with numerical control will feature computer-aided design
and programming, adaptive control, machinability, single-point cutting tools,
management practices, numerical control in the automotive Industry, control
system developments and machine tool developments.University a Michigan,
Ann Arbor, Michigan.
Operations Research

Operations Research.A one-day seminar will be offered which is directed pri-
marily at utilizing operations research techniques in establishing parameters for
the solution of management and technical problems in the electronics and aero-
space Industries.Brevard Engineering College, Melbourne, Florida.
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Operations Research.---A series of eight-day symposia for management in large
firms will be held at monthly intervals involving relds such as quantitative
models, linear programming, transportation models, inventory models, production
scheduling, Program Evaluation Review Technique (PERT) and Critical Path
Method (CPM) techniques, organization theory, communications in the firm,
dynamic programming, and sequential decision analysis.University of Missouri,
Columbia, Missouri.

Operations Research. ---A three-day conference will be presented to disseminate
basic knowledge of operations research techniques as applied to business and
industry. -- Oklahoma State University, Stillwater, Oklahoma,
Structural Mechanics

Repoet on Structural Mechanics Computer Programs.Quarterly seminars for
architects, engineering firms, and contractors will be held to give instruction in
newly acquired computer programs. The last seminar will be a comprehensive
review of the programs acquired during the year and the experience obtained.
The results of this final seminar will be made available to the public.Illinois
Institute of Technology Research Institute, Chicago, Illinois.

Computer Programming for Structural Analysis.A short course on computer
programming for structural analysis will be offered to structural engineers.
University of Missouri, Kansas City, Missouri.

Engineering Education and Structural Engineering.A two-day seminar for
civil engineers will cover engineering education and structural engineering.
Montana State University, Bozeman, Montana.

Experimental Mechanics, and Shock and Vibrations in Engineering Mat erials.
This two-day seminar for civil engineers will cover engineering mechanics, and
shock and vibrations in engineering materials.Montana State University, Boze-
man, Montana,

VSE OF' LIBRARIES IN STATE TECHNICAL SERVICES PR,OORA.US

Public Library Scientific and Technical Information Network.A regional sys-
tem of reference centers envisioning the use a computers and reading machines
for monitoring and disseminating current scientific and technical information
will be planned. The system will be a part of an existing public library system
which serves industry and commerce.-- California State Library, Sacramento,
California,

Mechanized Center for Information Services.Plans and specifications will be
developed for a program related to the mechanizing of proposed public library
reference centers. This effort will be directed at increasing the operational
efficiency of the centers, information-gathering and dispensing procedures by util-
izing data In the form of magnetic tapes and micro-images.UCLA, Los Angeles,
California,

Structural Mechanics Computer Library Program.A literature search will be
made and an annotated bibliography of available computer programs in the field
of structural mechanics is to be compiled for use by architects, engineering firms,
and contractors. A selection of the programs listed will be made operational and,
where necessary, problems will be solved to obtain experience with specift! pro-
grams in order to better judge their usefulness.Illinois Institute of Technology
Research Institute, Chicago, Illinois.

Information Service.This activity for the food industry will Involve the pub-
lication of a periodic newsletter or bulletin containing food processing informa-
tion derived from Cornell's library facilities. Special ef,mmunleations will occa-
sionally be sent to specific segments of this industry.Cornell University, Ithaca,
New York.

Bibliography and Abstract Service. Library resources, including foreign
language publictions, for the graphic arts and garment industries, will be de-
veloped for the New York City area and the Westchester, Rockland and Orange
Counties. In addition, a format for a monthly bibliography and abstract service
will be prepared.New York University, New York City, New York.

Technical Library 4tlerviee&This three-part program will consist of the serv-ices of the Rensselaer library to industry in the Capital District of New York.
First, a monthly information newsletter containing current information on inno-
vations, new processes, etc., will be prepared and distributed. Second, subject
bibliographies or title listings will be developed based on searches in the RPI
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collection. Third, the library holdings will be augmented and made available to
area industry based on indicated local needs and interests: Rensselaer Polytech-
nic Institute, Troy, New York.

Library Information Servioe.Mechanisnas to handle information requests will
be developed for companies in Nassau and Suffolk Counties and operated by a
technical library staff familiar with the needs of local industry.State Univer-
sity of New York at Stony Brook, Stony Brook, New York.

Procedures and Mechanisms for Technical Services.Consultations willbe held
with Nassau and Suffolk County government and industrial leaders on ascer
taining needs for area planning. Mechanisms and procedures will be developed
for this activity through the use of library and other reference services.State
University of New York at Stony Brook, Stony Brook, New York.

Reference Service.A technical inquiry service for industries in Central New
York will be established. Materials in this collection will be kept current by a
trained nference librarian. Sources will include New York State and United
States Departments of Commerce pubications, industrial directories, various
economic and regional development organizations, area surveys, and files of other
State Technical Centers. Syracuse University, Syracuse, New York.

Technical Service Library. -- Technical data pertinent to the growth of small
business firms and shop facilities will be accumulated and organized at the
University of Oklahoma for use by local business and industry.University of
Oklahoma, Norman, Oklahoma.

Library Information Center.This center will be a pilot system utilizing the
Pennsylvania State University Libraries as part of a statewide system. A tech-
nical librarian will handle the establishment and organization of the program,
including visits to business firms as part of the activity.The Pennsylvania
State University, University Park, Pennsylvania.

Reorganizing Technical Information, Filc8. Existing files on aerospace tech-
,.ology at the University of Pittsburgh will be reorganized and made available
to the State Institutions qualified to participate in PENNTAP (Pennsylvania
Technical Assistance Program). In the first year the subject materials will be
emphasized. This effort represents one phase of an overall statewide technical
information switching; program.Ttniversity of Pittsburgh, Pittsburgh, Penn-
sylvania.

Information Retrieval.This information Service for businesses in the Dallas
area will provide "demand searches" of the Southern Methodist University's
document collection. The activity will also provide a "current awareness" serv-
ice for the solution or bpecific problems by supplying users with a bibliography of
relevant reports on a bi-weekly basis.Southern Methodist University, Dallas,
Texas.

Computer AppPcationg in Information Hand ling.This short course will aid
industrial and academic librarians in taking advantage of the increasing number
of computer tapes being prepared by Federally sponsored information centers.
Southern Methodist University, Dallas, Texas.

Science Information Center.Library Services will be extended to local indus-
try and small businesses in the Dallas area by offering a borrower's card which
will entitle the holder to check out for three-week loan periods any book in the
circulating collection of the Science Information Center.Southern Methodist
University, Dallas, Texas.

Technical Information Service.Existing library technical literature holdings
in the Spokane metropolitan area will be expanded to include information from
abstracting and indexing services, and government documents. These resources
will then be made available to area industry.Gonzaga University, Spokane,
Washington.

Chemical Information Service.--The holdings of the Pacific Lu"heran Library
will be made available to chemists hi. the Tacoma area. Lists of the University's
chemical journal collection will be provided.Pacific Lutheran University,
Tacoma, Washington.

Information Retrieval, Processing and Analysis.This information service will
collect, identify, analyze, and disseminate new technological information from a
wide range of sources. The resources of the University of Wisconsin library,
other special libraries in the state and federal aver cies will be utilized. Con-
tact with industrial firms and a survey of their needs will also be Initiated.
University of Wisconsin, Madison, Wisconsin.
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SPECIAL MERIT PROGRAMS

Pier) Summer Institutes in Mass Spectroscopy and Advanced N.M.B.This
program for industrial chemists will present an advanced course in the inter-
pretation and analysis of data derived from mass spectroscopy and nuclear mag-
netic resonance (N.M.R.). There will be twenty formal lectures scheduled
during the week ; afternoons will be reserved for actual experience in using
spectrometers, computers, and interpreting spectra. A.nple opportunity and
assistance will be provided so the participants can become familiar with the use
of the instruments and techniques for interpreting spectra of complex organic
molecules.Stevens Institute of Technology, IIoboken, New Jersey. Dr. Albert
W. Meyer, Assistant Director of Research.

A. Special Program of Extension Courses and Continuing Engineering Studies
for the Construction Industry. Thie program will acquaint engineers and man-
agers in the construction industry with modern technical and modern manage-
ment methods and mist them in applying this knowledge. The program will
be devoted chiefly to applications of operations research, bidding techniques,
venture analysis, project management Und similar topics, but will also Include
special courses covering new developments in materials, construction methods,
and other relevant technical subjects. Assistance in applying modern knowledge
and management techniques will also be given the construction engineer and his
company through a plan of continuing contact, over a three-year period, between
the engineer and a Cornell engineering faculty member.Cornell University,
Ithaca, New York. Julian C. Smith, Director of Continuing Education, Carpen-
ter Hall.

New and Expanded Graphic Arts Technical Services.This program will ex.
Band the dissemination and use of seience and technology In the graphic arts
industry in the United States. The four projects included in this program are:
(1) establishment of a newer technical information service to acquire, retrieve,
and disseminate science and engineering information to the entire industry, (2)
expansion of technical advisory services to provide a source of technical guidance
by mail and personal contact, (3) expansion of technical seminars on new sub-
jects and to new audiences that present services do not reach, and (4) expansion
of technical information services to provide a steady stream of material on new
subjects including lithography, rotogravure, letterpress, and other aspects of
graphic arts teeb,nology.--Graphic Arts Technical Foundation, 4615 Forbes Ave-
nue, Pittsburgh, Pennsylvania. William II. Webber, Executive Director.

Categories of approved STS activities by State programs

State
Seminars,

conferences,
courses, etc.

Information
dissemble-
tion services

Referral
services

Field
services

Demon-
stration Total

Arkansas 16 1 1 1 19
California 7 1 8
Florida 23 5 1 2 81
Georgia 6 3 2 4 1 16
Illinois 27 3 2 32
Iowa 19 4 2 25
Kansas 1 2 6
Louis:ant 21 2 1295
Michigan 53 1 54
Minnesota 9 3 1 13
Missouri 75 2 4 81
Montana 11 11
New York 29 19 12 1 1 62
North Carolina 28 6 8 32
North Dakota 11 1 12
Oklahoma- 36 2 4 42
Pennsylvania 16 6 22
Puerto Rico 11 2 1 3 17
Tennessee 16 5 2 1 1 19
Texas 3 1 5 15
Utah 3 1 2 1 7
Virgin Islands- 3 3
Washington 7 3 1 2 1 14
Wisconsin 5 4 o

Total 433 76 38 32 8 582
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Mr. GRoaA.N. In administering the State Technical Services Act, we
are learning many things about the utilization of scion:`,;ic manpower
resources. One of the premises upon which the STS legislation was
founded was that the scientific and engineering resources of the uni-
versities could be brought to bear upon the major needs of American
business and industry, thereby aiding in the overall economic growth
of the Nation.

The modern university serves society in three distinct ways:
(1) the transmission of knowledge through the educational

process.
(2) the gmeration of new knowledge through research.
(3) the application of knowledge through public service or

extension.
The typical university is administratively structured and accus-

tomed by tradition to education. and research, the first two of its mis-
sions. Influences of structure and. tradition are so strong in many
instances that the university may not be capable of performing its
service function in proportionate measure. There are some basic rea-
sons for this prevailing condition that are worth mentioning.

Success in a faculty career at a university derives from a system
that rewards the generation of new knowledge and its subsequent
publication. The conventional system does not offer commensurate
incentives for activities that encourage the application of new knowl-
edge. The more knowledgeable and aspiring faculty member there-
fore turns his attention to the performance of research, usually under
a Federal grant or contract. When performed well, this activity is
followed by advancement, prestige, and related awards and induce-
ments.

Programs specifically designed for the application of technolo
as opposed to the generation of technology, typically do not provide
corresponding opportunities for the practitioner to advance academic-
ally, economically, or professionally within the university structure.

Another barrier to the full use of university manpower as a re-
source to meet the broad social needs of our times is the traditional
discipline orientation and departmental structure of the university.
The problems of the real world do not manliest themselves in the neat
packages or compartments by which knowledge is generated, trans-
mitted, and applied within the university structure.

Economic growth through the application of science and technology,
for example, requires the utilization of resources that range freely and
widely across departmental lines. But this is admittedly the age of
s That specialization is necessary if one is to master
the full depth of knowledge in any single field. The task before any
technical services program, if it is to be successful, is that of bringing
many technological specialties to bear on the identified problems in
tho broad sector being served.

While the concept of "technical services" in the sense of our legisla-
tion is foreign to tile traditional practices of some institutions, we are
beginning to experience a sense of awakening interest, among many
of them. Earlier this month for example, Mr. Robbins received an
inquiry from Dr. Irvin G. Wyllie, .chancellor of the new Parkside
campus, the University of Wisconsin. Dr. Wyllie is now engaged

76-510-67---11
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in the, task of planning and developing a totally new major campus
in the heavily industrialized southeastern area of Wisconsin between
ICen.osly-4 and Racine. This campus is expected to open in 1969 and
event .dly will have a student body of 25,000. Dr. Wyllie expresser
the tallief that the Parkside campus must serve the region and the
State by finding new and better ways of making available to Wisconsin
industry the fruits of science and technology.

Dr. Wyllie's concern is just as great that the new institution also
be able to serve the public sector. lie seeks to determine at the out-
set how his bold new institution can both generate and participate
in innovative services to all sectors of the community in which they
are to be a part.

Since this is to be a totally new campus, Dr. Wyllie and his asso-
ciates have a unique opportunity to design an institution that is not
only attuned to the needs of our society but also is capable of working
effectively in their service.

This single communication merely highlights comments that have
been heard in recent months from both, new and established institu-
tions. Others, too, are searching for new institutional structure and
mechanisms within the framework of the university that deal NNith
public and social problems. There is a growing readiness among
institutions to participate actively in the solution of these problems
by bringing the best of their faculty resources into the mainstream
of technology applications.

The State Technical Services Ant as described here deals with the
needs of the .private sector of the economybusinms, commerce, and
industry. We are beginning to learn that these needs are different
from the needs of the Federal R. & D. establishment.

In the same way, the scientific and engineering needs of local and
State institutionswhether they be city or county governments, hes-
pitals, school districts, or economic development authoritiesare very
markedly. different from the scientific and engineering needs of either
Federal R. & D. or the private sector.

Quantitative information about the transfer of technology is becom-
ing available from a number of sources. The object lessons of these
several researches should be equally applicable to all sectors of the
economy and potential technology application.

The recently, publicized study at DOD of major defense systems
Project Hindsight, C. W. Sherwin and otherscomments upon the
problems encountered in the useof new technology. Several evolving
systems were fully explored and documented over decades, if neces-
sary. Some of the findings of this study are immediately applicable
to the subject of this hearing.

The Hindsight study shows conclusively that the application of new
technical ideas requires that three major criteria be satisfied:

(1 There must be a well-defined problem,
(2 there must be an organized group of scientists and engineers

caps le of working on the problem, and
(3) sufficient resources must be committed.
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Other significant findings of Project Hindsight that seem pertinent
to these hearings include:

(1) Defense systems are built upon 20 to 30-year-old science
not new science. This would relate to the second point,

(2) that the continuing professional education seems critical
and necessary if practicing engineers and scientists are to become
familiar with and therefore apply the new science,

(3) defense systems involve the combination of large numbers
of innovations, the aggregate effect of which often is greater than
expected from the total of the individual contributions. They
call this the synergistic effect.

(4) The systems approach to the design of defense materiel
results in concepts and breakthroughs that would not have been
possible if attention merely had been focused narrowly upon con-
tinued product development.

) The barrier to the transfer of technology in either direction
between the industrial and military sectors is very great, although
the reason behind this is not clearly understood.

Dr. Schon also mentioned this, I will reaffirm it here, that the pulling
power of the market is a stronger urge upon technology transfer than
the pushing power of the research documents. So, in connection with
this point, I think we face the problem of finding the industrial needs,
then determining how those needs then might be served out of existing
or research information rather than starting with the data base in
hand and going around trying.to match that with industrial needs or,
as your committee seeks, needs in the public sector.

(6) Finally, from the Hindsight study, they have observed that
when technology does transfer between the public and private sectors,
it tends to be in terms of large, well-developed pieces, such as a com-
puter and its software equipment, or an aircraft or a system of man-
agement controls.

The Office of State Technical Services is taking the lessons of Hind-
sight, the experiences of both foreign and domestic organizations with
similar missions and the current literature on the subject of our re-
sponsibility very much to heart. The problems of application of new
science and technology manifest themselves in two principal audiences
to be served:

1. Those who adapt belatedly to the full potentials of techno-
lo.gical advance.

Ti. Those who are inclined never to adapt at all. This is not to
deny the existence of a third group of pacemakers whose example
we should cite for others to follow.

Thus, our services would tend to divide into two classes: (1) Techno-
logical updating for the users of new science and technology who fail
to maintain pace with advances, and perhaps more generally and im-
portantly, (2) general educational services to create greater awareness
of the potentials for those who have fallen far behind the standards
of their industry.

Moreover, the distinctions pointed out above as apply to specific in-
dustries also often have general applicability to communities, locales,
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States, and regions. Thus, State technical services will differ in tneir
content and methodology from place to place. We look forward to
greathr experience in this effort through continued association with
the national

We are most appreciative of this opportunity, Senator Nelson, to
represent State technical services before the Subcommittee on Utili-
zation of Scientific Manpower. We should like to offer our further
experiences to you from time to tinak, in the form of reports, bulletins,
and newsletters as they come out from our office.

Thank you.
Senator NELSON. Thank you very much, Mr. Grogan, for your very

fine testimony.
Have you found that in the implementation of the State Technical

Services Act that the State governments, in fact, do have adequately
prepared personnel to effectively and creatively administer the act?

Mr. GROGAN. I think the personnel associated with the program are
quite good, Mr. Chairman. We are a small program and we have not
made great demands upon the personnel resources of the States at
this time. I see it as a problem in the future, not only personnel in
the State organizations, but more particularly in the university orga-
nizations who are oriented philosophically toward the type of enter-
prise in which we are engaged.

Senator NELSON. What was the effective date of that act?
Mr. GROGAN. September 14, 1965, the office was created mid-No-

vember 1965, and
Senator NELSON. You really have not had a full year operation,

insofar as the States are concerned ?
Mr. GROGAN. Indeed not. The 600 activities which we funded in

fiscal 1966 are in progress right now. I daresay no more than one-third
of those activities have been performed and the others are being car-
ried forth at the present time. We are in the process of approving
programs based on the fiscal 1967 appropriation, there will be some
lapse in time on these programs.

Senator NELSON. When will you have prepared your first report to
the Congress on the performance under the act?

Mr. GROGAN. We will submit within the week our first annual
report; it states what transpired through June 20, 1966. This has very
little information on the performance, the use rate, the evaluation,
the impact. We are expected to be evaluated by an independent com-
mittee within the 3-year authorization of the act. If this evaluation
is to effective in our immediate future beyond the 3-year authoriza-
tion of the act, I should think the evaluation would be performed
within the next 12 months.

Senator NELSON. Who will make that?
Mr. GROGRAN. There will be a private committee set up by the De-

partment of Commerce.
Senator NELSON. Of private citizens ?
Mr. GROGAN. Yes; persons associated in no way with the program,

in the administration at the Federal, State, or institutional level.
Senator NELSON. Thank you very much for appearing here today

.and presenting your fine testimony.
Would you care to add anything, Mr. Robbins?
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Mr. ROBBINS. I wanted to make one comment concerning your ques-
tion about the availability of resources of the States. From our
experience I do not believe that the resources are lacking but that,
depending on the State, adequate resources can only be brought to
bear on our problems by certain people.

In other words, I do not believe that the full resources of all the
States were available to work on many of our problems. This is par-
tially due to the nature of the university, we 'believe, that we could
not bring out the best of talents in some of the States. It is an in-
teresting facet that Dr. Kimball's organization, Midwest Research
Institute, for example, did the planning for a number of States. The
States themselves did not feel they were qualified to do it and
they called his organization in to do it for them.

Senator NELsorr. Thank you very much.
That will conclude the hearings until tomorrow morning at 9 o'clock.
(Whereupon, the subcommittee recessed at 11:50 a.m., to reconvene

at 9 a.m., Friday, January 27, 1967.)
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FRIDAY, JANUARY 27, 1987

U.S. SENATE,
SPECIAL SUBCOMMITTEE ON SCIENTIFIC MANPOWER

UTILIZATIOY OF TIIE COMMITTEE ON
L OR AND PUBLIC Wr.T.VARE,

'Washington, D.C.
The special subcommittee met at 9 :05 a.m., pursuant to recess, in

room 4232, Senate Office Building, Senator Gaylord Nelson (chair-
man of the special subcommittee) presiding.

Present : Senator Nelson (presiding).
Committee staff members present : Stewart E. McClure, chief clerk,

and William Spring, special counsel to the subcommittee.
Senator NELSON. We will now resume hearings on S. 430, Scien-

tific Manpower Utilization A ct of 1967, and S. 467, National Com-
mission on Public Management.

Our first -witness is Mr. Henry Rowen, president of the Rand
Cor ., Santa Monica, Calif.

We are pleased to have you here with us, Mr. Rowen, and we appre-
ciate your taking time to come before us.

The last time you were here you were with the Bureau of the
Budget.

Mr. ROWE1V. That is correct.
Senator NELSON. Proceed, please.

STATEMENT OF HENRY ROWEN, PRESIDENT, RAND CORP.,
SANTA MONICA, CALM

Mr. Row-sx. Thank you, Senator.
It is a pleasure for me to be here today to discuss the "systems" ap-

proach to problems of public policy. The "systems approach" is being
increasingly discussed and it may serve a useful purpose to analyze
the essential features of this method and its applicability to our do-
mestic problems.

In some ways there is a good deal more talk about t1.4s application
than there is practice, and some of the reasons why there is more talk
than action will be worth going into.

There is considerable evidence, for the utility of the systems method.
What is this method? In broad concept, it is quite simple. It im-

plies taking into account all the factors that are relevant to a subject
under study. Stated in this form, it sounds commonsensical, trite, but
also, if taken literally, impossible to do in practice. Impossible, be-
cause everything in the world is connected in some way with everything
else. But no finite amount of analysis can take account of everything
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and whenever one draws a boundary, beyond which factors are to be
ignored, there will be some influences, possibly important, left out.

Given this :,act, we can eliminate at the outset one interpretation
of the systems approach : that it is a method of understanding "every-
thing" about, or even "everything important" about a given subject.
That claim is misconceived.

One can learn a great deal about a subject, such as ballistic missile
defense, child health, urban transportation, or population control, and
be quite confident that some relevant, possibly very important, vari-
ables or data have been undiscovered, or neglected, or misinterpreted,
or not given sufficient weight.

This being so, let's approach this subject from a different direction.
Are there clearly important factors often not taken into account, or
inadequately so, in the making of public policy decisions?

I think there is no question that this is the case. Just to mention
a few examples :

The Federal Government spends about $1 billion a year on aviation,
most of which is devoted to moving passengers from one airport to an-
other as efficiently and safely as possible. But little effort is devoted
to getting these passengers to and from airportsan increasingly im-
portant segment of the entire trip.

In the health field, Government spends a great deal on medical re-
search to improve the health of the Nation. The budget which came
out the other day shows a budget for biomedical research in the Na-
tional Institutes of Health of about $1.3 billion, if I recall correctly.
Of that total, my recollection is that something like one-tenth of 1 per-
cent of the grand total is being devoted to improve the efficiency of
delivery of services to the population as distinct from medical re-
search, per se, for example, the search for a cure for cancer. A pretty
small proportion.

Relatively little effort has been put forward to improve the per-
formance of the system for delivering health care. Meanwhile, the
health of this Nation, measured by various indices such as infant
mortality, is relatively falling behind that of other developed
countries.

To use another example, in urban transportation, our mass trans-
portation and highway programs are managed as independent sys-
tems, despite the evident interaction among these two modes.

Now I think that most people would agree that decisions in areas
in which interactions are strong should take account of these inter-
actions. Doing this would be quite an advance, in many areas, but
is this all there is to systems analysis? In my view, there is much
more.

Perhaps the most useful, brief way to think about or to describe
systems analysis is to regard it as a way of making discoveries. Dis-
coveries not of things so much, but about objectives or values, or
relationships, or facts. How does one go about doing this ? There
are several ways :

One way is to be as clear as one can be about objectives; that is,
to try to be clear about criteria. If there is a valid generalization
about a good systems analysis, it is that the analyst probably will
help a great deal to clarify what the issues are, what various purposes
are--or might beserved by the activity in question.
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For example, elementary education teaches basic skills, instills habits
of thought and behavior, excites interestthat is if it's any good
transmits factual knowledge, and gets the kids out of the house and
off of the streets into the schools.

Any given educational program will contribute differently to each
of these objectives and good analysis can clarify what objectives are
really being served.

Moreover, simply thinking about, objectives sometimes _produces
insights,nsights, but trying to measure the extent to which a given

activity meets various objectives is often more useful.
For although many important objectives may not be capable of

being measured, we all can think of examples, the attempt to try is
often rewarding. One might make a discovery.. For example, the
attempt to civantify educational attainments by giving tests may lead
to discoveries about the adequacy, of textbooks or the importance of
the home environment in influencing the attitude of children toward
school.

A second way is to attempt to identify as many of the important
factors as one can, given the limits of time and resources, in any piece
of research, and to describe the relationships among these factors as
precisely as possible. A historical note may be of some interest here.

It was noticed by a number of research people, in the late 1940's and
early 1950's, largely but by no means entirely located at the Rand
Corp., that decisions on the design of bomber aircraft or their
bases couldn't be made sensibly without taking into account the nature
and performance of the air defenses that might be met, the peacetime
and wartime location of bases, the vulnerability of these bases to var-
ious forms of attacks and the efficacy of various methods of defending
these bases, the circumstances of war outbreak, the number and kind.s
of personnel, the target systems, and other factors.

A. systematic effort to take into account factors such as these made a
difference in the kini of aircraft it made sense to develop and buy.
Whereas, formerly ti factors had been generally known about, of
course, there was no systematic attempt to look at all of these to-
getherto design what we call now the entire system.

This approach has, by now, become the normal way to think about
major decisions within the Defense Department. It also can be ap-
plied to narrower questions.

For example, the engineer designing the wing of an aircraft has to
balance such factors as weight, lift, drag, fatigue life, and corrosion
resistance. His "system" is the aircraft. He doesn't normally take
into account the broader considerations I have just outlined, nor should
he. If he did he might not have a very good airplane.

Now, I don't want to claim that casting one's intellectual net more
widely solves all problems. It doesn't. It can produce superficial
thinking. But it also can produce better designed aircraft and defense
systems and, I believe, better functioning domestic systems.

A third way is to develop alternatives and to assess them. Examin-
ing alternative objectives and alternative ways to achieve a given ob-
jective is the hallmark of the systems approach. These alternatives
need to be assessed both in terms of their effectiveness and their cost.
Often, merely to figure out the cost of the alternatives is a substantial
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contribution, even though the comparison of their effectiveness is too
difficult to manage with much precision. People might end up having
doubt feelings about what works better than something else, and if
they can be illuminated as to what the costs are that is a good end quite
often.

A good analyst is not attempting to make a decision ; he is attempting
to provide the appropriate decisionmaker with the alternative courses
of action open to him, and their consequences.

Finally, a comment on the treatment of uncertainty. Although
some aspects of a systems analytic problem may be sharply definable,
measurable, and subject to experimental verification, usually important
aspects cannot be so sharply defined. There is uswdly uncertainty in
technology or behavior. It is of the essence of /,00d analysis that
these uncertainties be explicitly taken into accc,

Whenever one runs across a piece of work in I with the future
in which a great deal of certainty is claimed, is kould be very
suspicious that the work isn't very good, that r, ,'ertainty you
just don't get in the worldeven in technology, - is relatively
the easiest to predict.

Exactly how they should be taken into account depends on what is
at stake. At the very least, they should be stated. And it is very
important that the researcher not claim more omnipotence in forecast-
ing the future than he really possesses.

I would like now to turn to what is being done in this field in this
country. First, in engineering, there has been a gradual extension
of the scope of concern of designers. For example, chemical plants
no longer are designed component by component and then fitted: to-
gether in rough and ready fashion. Integrated, more efficient designs
of entire chemical complexes, for example, are made at the outset.

The concept of integrated system design has, of course, been widely
applied within the Defense Department. The Minuteman missile, for
example, was conceived not just as a flying machine that would be
provided with some separately determined kind of support, but as an
integrated whole. Its manning, maintenance, basing, and control was
designed jointly with the missile itself.

The Polaris system was similarly developed. More and more, the
aerospace, industry has been incorporating aspects of logistics, man-
ning, basing, and maintenance into its systems designs. And, to repeat,
the decisionmaking processes of the Defense Department have incor-
porated the basic principles of systems analysis I discussed earlier.

By now, each Government department, at. the direction of the Presi-
dent, is adapting these techniques to its own needs. It is doing this
initially, as is quite essential, by building up staffs within the depart-
ments.

This is proceeding at varying speeds and with varying competency
among the departments as one would expect, but on the whole, I think
the progress is really fairly good.

Ir times, it will undoubtedly become appropriate for these agencies
to sponsor research and projects of various kinds by nongovernmental
organizations. Even in the short run, outside groups are important as
a possible source of skilled people for Government.

Within industry, perhaps, the most advanced in its understanding
of systems analysis and design is the aerospace industry. This industry
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has developed a wide range of analytical capabilities over the past two
decades.

In technology their abilities are by now quite broad; however, in
the social sciences, they remain rather narrow. Perhaps, and hope-
fully, in the years ahead the aerospace industry may find it necessary
and desirable to become as broadly competent in the social sciences as
it is today in the physical sciences.

You are not going to be sure of what is going to make this happen,
ibut I think it is necessary for it to happen if American industry is to

make a contribution to our domestic problems. Most industry is manu-
facturing, and it is just not yet clear what these companies are going
to be manufacturing that will be of central importance, to a lot of our
domestic problems.

It has been suggested recently that perhaps they should be manu-
facturing housing in a technologically superior way, and there are
possibilities of that kind, but a lot of our problems are not problems of
manufacturing.

There are very tough .problemssociety problemsand it is not
altogether clear what is is that is going to move aerospace or other
industry to acquire the competency to make major contributions to
these problems.

In short, I believe that private industry can do a very great deal to
help solve some of our domestic problems. The flexibility, drive, and
management competency of the better managed firms in this country
can make much more significant contributions than has been realized
so far.

One of the more important challenges facing the Government today
is to figure out how to use this talent and energy in the private sector.
But one should not expect the marketplace to solve all of the prob-
lems. When one is dealing with important social interactions or
spillover effects as, for example, when my automobile exhaust becomes
your pollution problem, the market mechanism usually, doesn't work
very well. In these cases, a major role for Government is inescapable.

Another potential major resource is the universities. Univvsities
have in their faculties an extraordinarily wide range of skills, and
many of these skills are directly relevant to such problems as educa-
tion, health, poverty, and urban affairs.

Moreover, many university people are intexasthd in social welfare
problems and want to help. And many do help. Some as individu-
als working in their communities, some as consultants to governments,
some by doing academic research either as separate researchers or in
policy-oriented academic centers.

The principal problem they face in being effective contributors to
ithe solution of these problems is in getting multidisciplinary research

done within the university environment. For public problems fre-
quently cannot be satisfactorily analyzed by a person trained in a
single discipline. Problems just don't come out that way.

Teamwork is important and teamwork is notoriouslyand with
good reasondifficult to arrange in the academic community. For
universities have, as an essential feature? individual research and. teach-
ing. Collaborative work is being done moraasingly, but it is an uphill
struggle in many areas of academic interest to get collaborative work
done.
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Universities can make an especially important contribution to the
problems of State and local governments. Ties exist in many cases
and these ties can be strengthened and made more useful to these
governments.

But there is so much to be done at the local level. State and local
governments simply do not have the research and planning traditions
of even the Federal Governmentwhich itself is woefully weak in
many areas. This fact contributes substantially to one of the more
important dilemmas confronting the American governmental system.
Perhaps it iin some respects these central dilemmas, if that is not
overstating it.

Washington attracts able people who are able to operate in a rela-
tively advanced managerial environment; but Washington, being far
from the grassroots, is seriously limited in its sensitivity to local issues
and data.

Local government is near the people and the problems but it lacks
many of the attributes of effective government. Many local units are
poor and certainly many are small. This dilemma is real. I think
there are formidable obstacles to major improvement. But many local
governments are able to afford and should undertake, a serious effort
to modernize their systems. And some are. For example, several
States within the last year have decided to adopt systems similar to
the planning, programing, budgeting system adopted by the Federal
Government a little over a year ago, and many others are interested
in doing so. As the more advanced State and city governments im-
prove in this managerial competency, they will then be better able to
use help by outside organizations, privatu and public.

Finally, a word about new institutions to help with these problems.
We clearly need somegovernmental and nongovernmental, profit-
making and not for profit I am not prepared to lay out a grand de-
sign for the country on this subject, but there are a few features that
seem to me to be essential in whatever is done. One is diversity. There
should be no single approach to working on these problems and I feel
confident no single approach will be adopted.

Many kinds of institutions, many disciplines, many techniques are
needed.

A second is continuity of effort. Problems of education, poverty,
and the urban environment are not easy . They are terribly complex
and real progress will not come quickly. What is needed is a well-
designed and imaginative program for continuing study both at the
"fundamental" and "applied" levels, of the problems that our society
faces.

The goal of the "systems approach" is to provide techniques that
indicate the next step to take in order to surmout a complex and press-
ing public problem. Typically it is not possible or prudent to attempt
to solve these problems in one giant step.

The "systems approach" adopts the view that research, quantitative
analysis, experimentation, and above all imagination can contribute to
an orderly program for successful resolution of public policy questions.

That concluded my statement, Mr. Chairman.
Senator NELSON. Thank you very Much, sir, for a very fine state-

ment.
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As you are aware, there are two bills pending before the committee,
one of them proposes creating a commission, the main objective which
would be to evaluate how to use the concept of systems analysis; and
another bill which proposes to allocate funds to the Secretary of Labor
and authorize him to make grants and contracts to Government, re-
gional planning commissions, various groups for the purpose of imple-
menting the use of the concept of systems analysis.

I do not think either of these bills in their present form really are
the best approach to this problem.

The bill that came out of the hearings I originally conducted at
which you appeared then as Budget Direct ©r really is following the
concept used in the planning grants, the 701 planning grants, which
meansI think they have been remarkably successful, in inducing
governments at all levels around the Nation to move into the planning
field but that is a much simpler proposition in many ways because
planning is the same all over in a general way; if you are going to
do a comprehensive State plan or comprehensive regional plan the
format is quite similar.

So, in conducting these hearings we are trying to get some ideas
about how to draft a better bill which would, by the use of as your
suggested nonprofit organizations, who would be involved in the field
of systems approuth, by the use of governments and regional groups
to help induce the application of this approach to social problems.

Do you have any idea--
Mr. Rowm. I think I could make a few observations.
You will note in the budget that came out a couple of days ago,

if one reads it carefully, a number of references to funds being pro-
vided in several quite important domestic agencies for the purposes of
analysis, evaluation, research. The terms differ slightly from place
to place.

These funds are put in fiscal recognition on the part of these agencies
and the Office of the President that much more needs to be done to do
a decent job on these problems.

For example? in the Department of Housing and Urban Develop-
ment, $20 million has been allocated for the purposes of urban re-
search. This is a real departure for that Department. It has never
had a serious research program.

In the Department of health, Education, and Welfare, a sub-
stantial amount, I cannot recall the total, has been put into the
budget for the purpose of evaluation, not just research in education or
health in general, certainly not biomedical research in this instance,
but research in the programs, and the same is true in a, number of
other areas.

Now, I think this is going to be a big step forward. I believe it
has left open the extent to which this work would be done in-house,
to what extent it would be done outside.

I believe, for example, in the case of the Office of Economic Oppor-
tunity that substantial sums have been provided for analysis, evalua-
tion of community action programs in communities, at least the princi-
pal cities, so this clearly would. be done at the local level.

Now, this approach has the considerable merit that it is tied to the
program interests of the departments involved.
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It also has the merit that at least in some of these cases a lot of the
work is going to be done at the local level, which is just terribly
important.

Now, proceeding in this way I think that one will see the strengthen-
ing of institutions which in some cases will undoubtedly be universities
that will be doing much of this work, in some cases not for profit firms,
research firms by and large, perhaps some.new organizations. I don't
know what is going to happen, but I think this is a very good way
to proceed, at least at this stageto have the Federal agencies who
are concerned with these programs, concerned with these areas of edu-
cation, housing, and what have you, doing much more to stimulate
analysis and research in the areas of their program interests.

I think other things might be.done. At least one other approach
is worth thinking about very seriously, which I think would be com-
plementary in connection with this. This would be to provide the
States, possibly the bigger cities as well, but certainly the States, with
block grantsand this may be really what your bill is intended to do--
for the purpose of giving the States some resources with which to work
to this end. It is true that many of the funds they get are earmarked.
They fall into traditional channels : They go to the State department
of health, or the State department of education, where there isn't much
of a research tradition to begin with.

Certainly the kind of planning that goes on for the most part is
really pretty miserable; where the availability of funds to build some
institutions either within the government or outside tied to the govern-
ment are really very limited.

To go, as I did last year, to the State of Michigan., where there is
great interest on the part of the State government in doing something
comparable to what the Federal Government is doing, look at the re-
sources they have available to delploy, build something in the Office
of the Governor, say, or the budget bureau in the State of Michigan.

It is just a very difficult situation. Most State governments are
really strapped for money. They do not really have enough people
who can be mobilized to form a research unit within the government.
They do not have the resources to do it. It is an uphill struggle.

I think considering these obstacles they are doing very well, but it
is not easy. I think this is true in many State governments. I think
it is true in even as wealthy a government as the State of California.
They are feeling rather pinched at the moment. They clearly have
resources far above most State governments. Pushing money on peo-
ple, as we know, does not solve problems and can lead to the money be-
ing wasted. But I think it can be done in a way that makes it very
clear this is not money to be frittered away doing more of the same
old dreary things, but is to be devoted to building some decent institu-
tions, or converting institutions and making them better.

The former I am clear on, to have the Federal agencies with program
responsibilities getting more, that is clear.

The second approach--which gather, is more nearly related to
your bill and is, I think, worth serious considerationmight accelerate
the rate at which all of this will happen.

One other observation I would like to make: I am struck by the dif-
ficulty that local government has, particularly the medium-sized
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cities and smaller, and the smaller States for that matter, in having
each independently to "discover the wheel." That is, each govern-
ment, each jurisdiction, has to worry about not only extraordinarily
difficult and subtle problems of what's the proper kind of educational
system to have, how to design the city and make it a more livable
place, but much easier problems, such as how to rmove snow, how to
collect garbage, how to keep the street clean.

If one looks at how these jurisdictions get at these problems, both
the tough ones and the not so tough ones, one observes that by and
large, except for the existence of professional societies and a certain
amount of technical work that is gradually diffused, they have to op-
erate pretty independently. There are not many places around the
country where they can turn to and say, "By God, this is the best way
you get snow removal."

It sounds like a trivial problem, though one knows it is not so
trivial in the Midwest today. It is not a trivial problem. A lot of
money goes to schools and housingincluding public housingand it
is very tough for any jurisdiction in particular, if it is a small one,
to figure out what is the best thing to do. It just doesn't have the
staff people to do this sort of thing.

Last year I helped to encourage a gtoup of students at MIT to
work with the city government of Newton, Mass., to do some rather
simple but very useful analyses of some of the problems in the com-
munity, with the idea that if they did good work it might have very
general applicability for a large number of communitiesz say, of the
population on the order of 100,000, which is the population of New-
ton.

We do not have many institutionsrather we don't have anyto
design work on problems, to work on solutions that might have wide
applicability around the country. They needed to act as a focal
point not only for getting the problem solvedto the extent it can be
solvedbut also to develop somewhat better practices than we cur-
rently have, and get the word around.

Senator NELSON. Would it not be feasible in approaching this prob-
lem to create a national commission, of the right kind, I will not try
to describe it, have that commission consult with a variety of profit
and nonprofit groups who are engaged in systems approach to prob-
lems?

Mr. Rownr. I think maybe it would.
Senator NELSON. And I will continue, and out of that identify with

them a number of problems that are of significance and common to a
number of jurisdictions of one kind or another.

You mentioned cities. Why would it not be feasible to identify a
number of problems and then take groupings of cities in the 100,000
class, half a million class, each one of them has a. different capacity to
hire planning people, and then is it not probably true .hat you cm
identify a number of problems that are the same and the solution
would be roughly the same for other cities their size around the coun-
try, whether it is snow removal or traffic management problems or
whatever it may be, and then select cities of various sizes and then (10
a systems approach to this particular problem and then this knowledge
becomes made available to all other communities of roughly the simi-
lar size with the same problem
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Would that have value?
Mr. Row Eiv. I think so, particularly if they were to concentrate on

the question of the adequacy of our existing institutions and how it
would be to make them more useful or to create some new ones. I do
not think the principal problem is finding interesting problems that
need to be solved.

The list if; extraordinary lorp already, of researchable, important,
public policy problems where a lot can be done. I think it would be
worth their doing that simply perhaps to dramatize it but it would not
take an enormouF intellectual effort on their part to do this.

I think in. a way the much more difficult problem is to figure out what
kinds of institutions are needed. To what extent should one try to
create academic centers? Some may exist. Should they be built up?
Should resources be put into universities with the idea that the uni-
versitie, become the principals?

In my statement I said that there is no one approach. Even so,
there may be some areas of emphasis that are more interesting than
others. Should universities really become the principal focal point
for work of this kind? Perhaps so. But if so, what is it going to
take to make the universities more effective than they have been so far ?

This would be a useful thing for them, to look into. If not uni-
versities, or if in addition to universities, what other kir . of
institution?

I am made conscious of this in going around the country. In the
city of New York, for example, in the State of New York, in the State
of California, the recurring problem is: Who can we turn to to get
help ? Who can we look to ? We cannot do it in our Government right
now because we don't have the people, we don't have the skills.
Where can we find these skills ? Who can we look to ?

And if this were the major focus, or at least a major focus of such
an institution, I think it might servo a useful purpose.

Senator NELSON. I think we can place some considerable emphasis
on the fact, that there is a shortage of expertise in the field we are
talking about, but in drafting a piece of legislation it is not prac-
ticable, really, for a Congress to outline a detailed pattern of what
ought to be done hero. This was why I was suggesting that perhaps
with a commission authorized to consult with all of the variety of
experts there are in private and nonprofit organizations and universi-
ties to identify the best approach to take to make a useful contribution.

Out of that I wnuld assume that one of the first points that would
be raised is that we have to train some people. Then where is the
best place to train them? What is the best approach to do that.?
And, what is the most effective way to start transferring to the local
level the capacity and the philosophy and the understanding of this
concept.

Mr. Itownx. That sounds like quite a good thing to do. Very
sensible.

Senator NELsorr. I appreciate very much your making this very
fine contribution. If something occurs to you that you omitted to
say that would be of value, I would hope you would send it to us. I
think everybody who has appeared agrees that the systems approach,
properly used, is a very valuable device in solving many prob-
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lems, but the question is how do we ost effectively expand its use
and give other units of government capacity to use it and the under-
stand.hig of its importance. That is what we are concerned with here.

Mr. ROWEN. Very laudible. Thank you.
Senator NELSON. Thank you very much.
Our next witness is Prof. John Geyer, Johns Hopkins University,

Baltimore, Md.
Professor Geyer.
Professor Geyer, we appreciate very much your taking time to come

over here and appear before us today. Senator Javits from New
York and Senator Clark and Senator Dominick each had some re-
quirements in other committee areas which made it not possible for
them to be here, but we are pleased to have you come and if you
have a prepeared text it will be printed in full in the record.

You may proceed to present your testimony as you wish.

STATEMENT OF PROF. JOHN 0. 'GEYER, JOHNS HOPKINS 'UNIVER-
SITY, BALTIMORE, MD.

Mr. GEYER. Fine, thank you, Senator Nelson.
identify myself ?

Senator NELSON. Yes, for the record.
Mr. GEYER. I am John C. Geyer, professor of environment en-

gineering at the Johns Hopkins University, Baltimore, Md.
Senator NELSON. Go ahead.
Mr. GEYER. Fine.
Senator Nelson, my comments will be confir c d to matters related

to your questions about the "systems approaches to our most pressing
domestic problems.

These questions are (1) What is now being done? (2) What
should be the role of the various governmental and private agencies
and institutions ? And (5) what new institutions are needed ?

It is indeed a pleasure to endorse the types of programs which Sen-
ate bill S. 430 would, make possible. This application of systems ap-
proaches using high speed computation and a variety of simulation de-
vices, promises a giant step forward in the appreciation, the analysis
and the solution of the great sociological and environmental problems
of our times.

It is understood that these "systems analyses" will be supported by
vastly increased programs for collection of basic data and for working
out, also with the same computers, the interelationships between all the
factors and phenomena at play.

In order to analyze these complex systems we will have to learn
more about what goes on NvItAiin them and how they respond to per-
turbations and changes. This process is another endless cycle, for one
is nevez sure what questions to ask or what measurements to make
until a system is analyzed. But the analysis cannot be complete until
the necessary data and understr,nding are in hand. Analysis and data
gathering must proceed together. Usually, the getting of the facts
and the understanding is going to be much more laborious, costly and
time consuming than the making of the "systems analysis." The latter
is the payoff following a lot of very hard work.

Do you want me to

76-510-67-12
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In earlier testimony, when Dr. Culver was discussin the California
waste management study made by Aeroject General Corp., he pointed
out the difficulty and high cost of a feasibility study. This initial step
in a systems approach to the environmental pollution problem was es-
timated to require 3 to 5 years and cost '$8 million to $10 million. He
pointed out that final costs and time spent on the feasibility study
would depend upon other research and development programs being
conducted by the State and Federal Governments to provide funda-
mental information to define the problem.

It is assumed that ha includes in this step the research and develop-
ment needed to understand the behavior and response of the systems
involved and to develop the means for effectively controlling such be-
havior. This initial step must: according to Dr. Culver, be followed
by a preliminary design, a detail design, an acquisition hale and then
system operation. I would add another step, it would, be a followup
evaluation of performance and accomplishment so that future systems
analyses can be based on much better information and understanding
than we now have.

WHAT IS BEING DONE NOW

Most of the interest in and use of systems analysis approach in the
areas named in the bill has been at educational institutions or in private
agencies.

Through activities, primarily at Harvard, there have been signifi-
cant advar' as in the application of systems approaches to water re-
sources conservation and development. Studies of the Indus River
in Pakistan and the Delaware River Basin followed the early work at
Harvard.

In recent years, several educational institutions have begun to teach
and do research in applications of systems analysis to environmental
problems. Application of operations research techniques to civil en-
gineering problems has grown rapidly.

In the sociological fields and in the area of urban problems, the two
being almost. synonymous, application of the systems technology ap-
pears to have been much slower. There are probably two reasons for
this.

First, cities do not have the money or the personnel to undertake such
studies and second, measurement, quantification and understanding
of the forces at work in cases where human behavior is involved are
many times more difficult than in the world of physical things.

There can be little doubt, however, that in all fields covered by S.
2662 there is a great deal to be gained by greatly expanding the appli-
cation of systems approaches. The sooner that 'advantage is taken of
this opportunity, the wiser will be the use of our money and resources.

ROLE AND RELATIONSHIPS

The Federal Government is certainly ina better position than anyone
else to stimulate and support programs designed to mobilize and utilize
the scientific and engineering manpower of the Nation. This is par-
ticularly true in the case of rapidly developing technologies such as the
application of systems analysis approaches to complex social problems.
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The bill would provide money to the States for the kinds of studies
being discussed. This is a very good. way to provide support for three
reasons.

First, it provides decentralization which always seems desirable.
Second, it brings the State into areas of research and study which

have been neglecter . at the State level.
And third, it assures that the Governor and his agencies know what

is going on and can participate in and take full advantage of the
work.

The question then must be raised as to what the State should do with
the money. It should do many kinds of things depending on the
urgency of problems, the nature of the situation, and the needs and
desires of the people involved.

There are complex systems at all levels of living and government.
The dwelling unit is , system, and so is a housing develvment with
its services and amenities. There are problems to be studied and sys-
tems to be analyzed at the neighborhood, the city, the county, the dis-
trict, the metropolitan and the State level. Much spmial research must
be done and many people need. to be trained in different ways.

The States should be encouraged to use the support in any of a wide
variety of ways designed best to promote the use of systems analyses
in attacks on any important public problem. Education and training
might be promoted by establishment of fellowships, by development of
inservice training programs or by sending personnel to school.

The research needed to supply facts for the analyses could be car-
ried out by an appropriate government agency or could be done
through grant to or contract with public or private educational or re-
search. institution. The 'actual systems analyses might be by a cen-
tral group or they could be farmed out as best suited. any situation.

The objective of all these activities would be to take maximum ad-
vantage of all available talents and institutions in a concerted effort
to use systems technology to understand and come to grips with prob-
lems of modem society.

I would put no strings on what a State might do with the money
except that (1) the activity supported contribute to the application
of systems approaches and, (2) the results be made available for the
use of others. I think this would come closer to optimum utilization
of manpOwer than any other way of going about the job.

Senator NELSON. May I interrupt for just a moment?
Mr. GEYER. Yes, sir.
Senator NELSON. You would make grant. 'co the State government.

Who would carry on the program of training, for example? How
would you do that ?

Mr. GEYER. It would seem to me that the State would have to
organize its own internal resources and develop a program and seek
support of this program,, and it might involve giving fellowships to
private or public institutions to train people for State service or for
service in this field, or it might go to industry for certain kinds of
studies or to private research, laboratories.

I can visualize that there are a great many ways in which the money
might be used to advantage and, of course, the State when it applies
for the money, would have to indicate what kinds of programs, what
kinds of things it hoped to do.
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Senator NELSON. Is there adequate personnel within the State
governments with an understanding of the nature and character of
the problems so that they could effectively spend the money?

Mr. GEYER. No, I address myself to that point in a moment here.
Thera is just a little more left and I will finish it and come back to
this.

Senator NELSON. Fine.
Mr. GEYER. Most, States do not have any management obligations

relative to municipal sc rvices such as water supply, waste disposal, air
pollution control, drainage, in.etropolitvn transit and the like. Im-
provement of the management of these public services is a prime area
for application of systems analyses. It is to be hoped that money
going to the States could be passed on to ciiies or to any other appro-
priately constituted group for making systems studies of their prob-
lems.

It has been pointed out in earlier testimony that we need to know
the boundaries, the interfaces, the 'inputs to a systems and the outputs
from it. It is necessary. also to understand (1) the system from which
the inputs arrive, (2) the interrelationships within the system itself,
and (3) the effects on the system which receives the output.

It will not be sufficient to assume an unalterable input. For ex-
ample, in working toward a solution of most industrial waste prob-
lems, industry must first look back at what it is doing in the factory.
Process and product changes, waste reduction, improved operation,
byproduct recovery, and better housekeeping are all important meas-
ures for pollution control. What goes on in the factory is a part of
the system and must be studied. The States will undoubtedly rec-
ognize this and through support by this bill may be able better to lend
a hand.

NEW INSTITUTIONS

Then turning to the question of new institutions, it is difficult, if
not impossible, to foresee the kinds of institutions and institutional
arrangements which will turn cut to be most effective. Every State is
different and has somewhat different problems.

Individual capabilities and interests of people are more important
for success than is the kind of institutional arrangement. This being
the case, it seems to me desirable, in respect to institutions, to leave the
matter up to the States.

There will certainly need to be a highly competent group somewhere
in the State organization that can help plan the systems analyses and
see that the money goes to those problems and studies where the need
for help is greatest and the chances for accomplishment most
promising.

One possibility might be for a State Governor to have an office of
science and technology supported by W science advisory group just
as is done at the Federal level. This might be a very significant step
toward prompt application to public problems of all the great scientific
and technological accomplishments of the last two decades. If such
offices were established they would be ideally suited for the stimulation
and administration of a program to accomplish the objectives of
S. 2662.

The space age technological accomplishments, in particular high
speed computers, will make it possible to study large and complex
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systems in quite sophisticated ways. The decisions will be the better
for this and much waste of effort will be avoided in action programs
which follow. The time required to reach the desired goals will still
be long, but the way is sure to be surer.

Senator NELSON. At Johns Hopkins you have a graduate program
in operations research, is that what it is called ?

Mr. GEYER. We have a Department of Operations Research. This
used to be the Business Department in the Engineerine. School, but
there are many different groups in the university which are doing
systems analysis and operations research typo of studies.

My own department is the Department of Environmental Engineer-
ing Science. We have a new man, very expert in this field; he has a
co:aputer console right in his office connected to a, computer here in
Washington. The students use this and he uses it. He is already
getting supportin this case from the Public Health Servicefor
systems analyses studies of solid waste disposal systems. He is getting
support in the form of a training grant to train people for this kind
of work. I don't know how many consoles, for example, there are at
the Homewood campus but I understand about 20 are now in different
de artments.

enator NELSON. What is the situation in the academic institutions
in this country in terms of programs of the nature that are being
carried on at Johns Hopkins with the objective of training systemsengineers?

Are many institutions engaged in thisnow ?
Mr. GEYER. Well, they are very rapidly becoming engaged in this

kind of activity. Some of the schools, for example, I know that
Harvard, Cornell, Northwestern, and the University of California,
have all been in this area for quite some time and many of the other
schools are getting busy as fast as they can.

Senator NELSON. Is there any national register anyplace where wewould get a list of the schools in the country that are engaged intraining systems
Mr. GEYER. Not that I know of. It would be useful to have such

a list.
Senator NEr.soN. We need an analysis to find out what is going on ininstitutions.
Mr. GErEn. Exactly.
Senator NELSON. How do we find out what institutions are doing?

Just travel through the academic world and bring them out?
Mr. GEYER. No, I am sure that there are various associations of

university administrators and of professors in the academic field,
which could find this information out very quickly. I do not knowthat it is not available, it may be available but I 5 ast do not knowof it.

Senator NELSON. In training people in systems analysis, systems
engineers, whatever you wish to call. them, what kind of .program isit? 'What factors go into academic programs for training systems
engineers?

Mr. GLYAtt. Well, we are taking the approach that, we are training
in my particular case, environmental engineers, sanitary engineers
and biologists and people who are going to work with pollution prob-
lems and water supply problems, and waste disposal prob-
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lems. We are teaching them the systems approachto these problems
so that they become systems engineers or systems oriented themselves.

Senator 'NELSON. So, they are not only technically and academically
qualified. in the specialty but they also have some additional education
that teachers them the systems approach to the particular specialty
in which they re being trained, is that correct?

Mr. GEYER. That is right, sir. In order to study a systems analysis
approach to a problem you have to study a problem. Now in our
case, the problem is ' vironmental control. Over in what used to
be the industrial engineering and now is operations research, they ap-
ply it to all kinds of industrial problems. And in electrical engineer-
ing the systems approach is applied to all kinds of electric systems with
which they are concerned.

Senator NELSON. In your environmental program, are you edu-
cating people in a large number of aspects of environmental prob.
lemsair, Water, ecology, all of these ?

Mr. GEYER. Thai; is right. We have two biologists in our depart-
ment who are cooperating with other biologists in the university to
develop studies of the type that you are talking about, the effects on
ecology of natural waters, of pollution. The department is primarily
oriented toward water problems, we do not have an activity in air
pollution, for example.

Senator NELSON. And then when your students have graduated
where are they going? I know they will go a variety of places, but
where do they expect that their talents are going to be used?

Mr. GEYER. The students that we are most proud ofDr. Pierce
Linaweaver was offered a very fine job with the IBM Co. to
set up a systems approach to a water resources problem in that com-
pany, but he received White House fellowship and is in Secretary
Udall's office.

Most of our doctoral candidates have gone into teaching. Some of
them are in charge of the Water Pollution Control Administration
laboratory activities, some of them are involved in the new water re-
source research institutes and centers set up by Interior in each of the
States.

I did not bring with me . list, but they are all in very important
positions, primarily in the '.-...cademic field. This is a problem, there is
such a ggeat need for trained people to get new programs started that
very few of them in our field, at any rate, get out into practice yet.

enator NELSON. Back to the suggestions you were making about
allocations of funds to State governments. t would guess that it is
probable, assuming Congress were willing to support some proposal
for the Federal Government to become engaged in this field of aiding
regional planning commissions and States an' i Pities and various groups
in developing expertise and understanding in the field of systems anal-
ysis, I would guess that it is unlikely thatthis would be just my
guess they are going to be willing to fund for it with activity in 50
States at once.

What we are seeking to do as the bill is drafted, is to constructively
tackle the problem and at the same time have it acceptable to tilt, Con-
gress, and it has been suggested and discussed some this week that
there might be created a national commission, I will not attempt to
identify how you create it, but assuming there was the right personnel,
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and that through this that you would authorize this commission, for
example, to contract with profit and nonprofit groups and individuals
in universities, in the nonprofit organizations that are doing planning
and systems analysis now, as well as the profit ones, and then attempt
to identify some the best way to tackle this problem and then give
grants in that fashion.

I suppose, I am sure that out of that all of the problems that you
have raised here and others raised here would be brought upthe
shortage of training personnel which would, I assume, indicate to the
commission that there ought to be some funding or assistance in this
field, and since we are going to be dealing with live, active institutions
and State and local governments, with the personnel who are already
there, that it probably makes good sense to set up some kind. of train-
ing program that they could participate in.

Mr. CrEYER. Yes, sir.
Senator NELSON. Maybe send their budget director and various

others from their agencies and departments to some courses-3 months,
or whatever we think feasible

Mr. GEYER. It would be highly desirable; I am sure that they would
jump at the chance to do this kind of thing.

Senator NELSON. Now, could you take a budget analyst, whether
he be out of the department of public welfare or out of the budget bu-
reau of the State or anybody else who is in the planning or manage-
ment sideare we prepared in any of our academic institutions to take
some of these people and give them a course of 3 months or so that
would be of value? We are not expecting to make systems engineers
out of them but at least what we have to do is demonstrate to a number
of people in the appropriate areas the value of systems analysis so that
they will have an idea of how it ought to be api ^cached.

Could you 7 something in the academic institutions in 3-month
courses?

Mr. GEYER. I think some are already doing this and I am sure
others would be delighted to cooperate in this kind of activity. I do
not believe there would be any problem at all in doing this. If there
were some central group that were stimulating it and encouraging the
public agencies on the one hand to send their men and helping the
university with the financial problems that are involved, the program
rhould, be successful. You probably would not want to make pro-
gramers out of people like this but they should know enough about

thhow computers work to appreciate what can be done with them, and
this may involve actually some use of computers.

All our students now work their problems on a computer, not that
they could not work the same problems otherwise, but they do this as
a training mechanism.

Senator NELSON. Have you had the opportunity ever to examine
any of the work being done by the various regional planning com-
missions around the country ?

Mr. GEYER. It has been some time since I have been involved in any
of these activities. I know of them kind of by hearsay but not by
direct involvement.

I know that they are concerned w:th regional problems much more
touay than they have been in the past because it has become apparent
as metropolitan areas spread across so many. jurisdictions that the
solutions cannot be found by any single jurisdiction.
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Senator NELsox. It has also been suggested here that it might be
possible to set up by region some teams of systems analysts who would
be available as advisers, consultants, and so forth, in areas broader
than one State.

Does that idea seem to have any validity ?
Mr. GEYER. I think when the problem crosses State boundaries it is

almost necessary to do this. There is no point, really, in studying air
pollution in Manhattan unless you look at what is going on in New
Jersey and Long Island and pretty soon ma, you will have to look
at what is going on in Philadelphia and Baltimore to see what the
effect on the character of the air is on up the line. Regional studies
are very desirable.

Senator NELSON. I appreciate very much your excellent testimony
and appreciate your taking the time to come over here and give us
your help this morning.

Mr. GEYER. I thank you for the opportunity. It has been a
pleasure.

Senator NELSON. Thank you.
We will take a 5-minute break for the reporter.
(Whereupon a brief recess was taken.)
Senator NIMSON. Our next witness will be Prof. Kathleen Archi-

bald, assistant director, Public Policy Research Organization, Uni-
versity of California at Irvine, Calif.

Professor, we appreciate very much your taking your time to appear
before the committee today.

You have a prepared text, doyou ?

STATEMENT OP MISS KATHLEEN ARCHIBALD, ASSISTANT DIREC-
TOR, PUBLIC POLICY RESEARCH ORGANUATION, UNIVERSITY
OP CALIFORNIA, IRVINE, CALIF.

Miss ARCHIBALD. Thank you very much, Mr. Chairman, for the
opportunity to appear before the subcommittee.

I thought I would just summarize the main points of my statement
in speaking before you. I think probably the two points that may be
of most interest in connection with the Public Policy Research Orga-
nization at University of California, Irvine, are---

Senator NELSON. "What does that mean, by the way, "Public Policy
Research"? What is the areaeverything?

Miss ARCHIBALD. In general, what we are talking about is an in-
terdisciplinary, systems approach to problems of public policy. By
this we mean a careful look at the alternative choices in public policy,
including the reformulation of policy problems and possibly the
invention of new alternatives. So, in other words, generally, systems
analysis and, in particular, systems analysis as that term has been used
by the Rand people.

In terms of the areas we plan to work in, this is open at the moment
primarily in domestic areas. We also expect, though, to do some work
in international security and international development.

I am afraid I cannot give you information derived from prior oper-
ating experience because we really are just beginning to get going,
but in planning the organization
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Senator NELSON. This is one department within the institution.
Miss ARCRIBALD. Right; it is not connected with any particular ac-

ademic department, it is an all-campus organization and actually our
charter suggests we also draw on faculty resources from the other
campuses of the University of California, so in that sense we are
all-university as well as all-campus.

Senator NELSON. You may read and/or extemporize, proceed as
you would like to do.

Miss ARCHIBALD. Fine; I think I will start by reading and shorten
it somewhat.

People interested in the problems and potentials of policy-oriented
research have often .toted that there may be a need for new organiza-
tional forms to encourage and conduct such research and to aid in the
dissemination of its results.

For instance, this was mentioned in the Bell report, prepared by the
Bureau of the Budget several years ago; it wns also mentioned in the
testimony before this subcommittee in May of 1966.

What may be of particular interest to you is the fact that the public
Policy Research Organization is a new kind of structure. It difvers
from other existing researeh organizations in several ways. It LA a
hybrid, falling somewhere between the traditional university research
institute and the nonprofit advisory corporation.

It has two primary objectives : (1) to undertake long-term programs
of policy research and analysis in several substantive fields, such as,
education, international development, and social welfare; and (2)
to establish educational and training programs in the field of policy
research and analysis. The training program will be connected both
to the academic curriculum within the university and to ongoing
policy research programs within the Public Policy Research Organiza-
tion.

I mentioned earlier what we mean by policy research and analysis,
so I won e go over that again. I might add, however, that there is a
problem of labeling. The field is still young enough that people use
different labels to refer to it, or sometimes the same label to refer to
different things. I noticed in listening to Professor Geyer's testimony
that he was referring more to what I would call systems engineering
and I think a distinction can be made between systems engineering and
systems analysis. Systems engineering is a much more established
field. For instance, I will mention later some of the questions we
have about how you train people in systems analysis or policy research,
whereas in systems engineering they k -now how to train people and
they have been training systems en k._ A's for some time. The more
social science side of the systems approach is a newer field and it is a
little bit more difficult to see how you should go about training.

This brings me to another point of difference between PPRO and
existing organizations. This is in the approach we hope to develop
and the way it will differ from at least the past work of existing
organizations. The disciplines most involved in the development of
systems analysis have been economics, engineering, statistics, ands to
a somewhat lesser extent, mathematics and some of the physical
sciences. The social sciences, other than economics, have been very
little involved in the systems analytic approach although they have
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been developing their own distinctive approaches to applied work,
particularly to practical problems at the level of the community and
smaller groups.

We hope it will be possible to develop a better articulation between
systems analytic approaches and the social sciences, since the special
expertise of, for instance, sociology, anthropology, and social psy-
chology, seems to be particularly relevant in understanding and, coping
with many of our domestic problems.

To give you a little background on this program: The idea of estab-
lishing a new kind of structure to conduct policy research and analysis
developed out of a feeling shared by many people within the 'Univer-
sity of California that the university had both increasing opportunities
and increasing responsibilities to provide expert advice on public
choices between and among policy alternatives.

Ex-President Clark Kerr set up an ad hoc committee, composed of
faculty members from all campuses of the university, to explore the
desirability, feasibility, and _possible design of a policy research or-
ganization. In his letters of appointment to committee members he
stated :

A structure for policy research should be complementary to, rather than com-
petitive with, the teaching and basic research functions of the University. It
may need to be quite different from our usual research institute in its relations,
both to the world outside the University and to the people within the University.
At the same time, it should be designed in such a way that it enr, help and not
hinder the research of individual . members and the education of graduate
students.

This committee was chaired by Roger Ravelle, who is now at Har-
vard and was then the dean of research at the University of Cali-
fornia, and I served as a senior staff member to that committee.

What we set out to (to was first to attempt to establish the condi-
tions that have facilitated the conduct of policy research and analysis
by looking at the past experience of other organizations. We looked
at programs that had been successful, and programs that had been un-
successful, and tried to account. for some of the differences.

We paid particular attention to the nonprofit research corporations
which had established the field of systems analysis and had done the
best work in the area. The preeminent example here seems to be the
Rand Corp.

We then looked at the problems of conducting this kind of work
within traditional university structures. Finall,y, we attempted to
design an organization that would be linked closely to the university
but would also reflect some of the best features of the nonprofit
corporations.

I will outline the basic requirements we identified as being impor-
tant to the conduct of good policy research, and then mention some of
the difficulties we felt would, be encountered in meeting these require-
ments within a standard university setting.

1. Independence. Independence for a research organization is im-
portant to best serve the client's needs, to obtain a good staff and
maintain their interest and morale, and to contribute to the long-run
welfare of the Nation.

Independence is not simply the freedom to tell a client something
different than he wants to hear, nor is it necessarily the freedom from
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having any client. It is the freedom to say "No" to some jobs and
some clients and "Yes" to others, as well as the ability to initiate re-
search when no client is currently interested in supporting it.

It should be mentioned that having independence is not quite
enough, a policy research institute also has to be seen as being inde-
pendent, to have an image of independence.

2. Stability. Systems analysis or policy analysis has been at its
best when performed within the context of a long- term, continuing
research and advisory operation. People from Afferent disciplines
have to learn how to work with each. otheror, perhaps more accu-
rately, whom they can work with. The organization has to develop
some depth of expertise in its areas of specialty. A working rela-
tionship with appropriate policy and operating agencies has to be de-
veloped; and decision ,akers have to develop their own methods of
utilizing analyses. All this takes time. The one-shot project is sel-
dom much help. co anyone. Thus, a policy research organization
under ideal conditions should have the kind, of stability needed to
think in terms of 5- or 10-year programs in particular areas.

3. Flexibility. Probably the most essential aspect of flexibility is
being able to modify the size and composition of the professional staff
to meet the needs and demands of changing research commitments.

With a very large staff you get into a problem of gettirg enough con-
tracts to meet the payroll. If you have a very small staff you become
very limited in the kinds of work you can take on. We thought the
ideal arrangement might be to have a small versatile staff, particularly
skilled in the methodology of policy research, and then a largerpool of
people with diverse expertise that can be drawn upon fairly flexibly.
We hope to draw upon the expertise of faculty memberson all campuses
of the University of California in this way.

Senator NELsoN. You are planning to do contract research?
Miss ARCHIBALD. This is planned to be primarily a contract research

corporation, the initial support, the "seed capital" comes from the Uni-
versity of California.

Senator NELSON. Does it remain an integral part of the university.?
Miss .A.:ttcHIBALD. Well, the word we have been using to describe it

is to say it is a semi-independent part of the university. Perhaps if I
could leave that for the momentI do get into it more specifically
later as to how it looks different from the standard university institute
whic s our standard research unit.

Sem, NELSON. All right, if I don't understand then I will ask
this question again.

Miss ARCHIBALD. Fine, I think that will be answered later.
4. Significance. It perhaps goes without a saying that one require-

ment of a policy research program is that it do significant work2 that
is, work that contributes something of importance to the policy issues
of our day, or of tomorrow.

There is no way of guaranteeing significance but there are ways of
encouraging it: by having first-rate research people: by maintaining
good external relations, particularly with responsible drcisionmak-
ers; and by providing a setting that facilitates significant work. Two
fac ts of such a setting are (a) to have the flexibility to move into new
lines of inquiry when problems are anticipated but before they are
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salient is policy issues, and, (1) to maintain several major interdis-
ciplinary programs concerned with Wig-term policy issues or problem
areas.

This is not meant to suggest, that short-term projects are intrinsically
of lesser significance, nor that a policy research program should. avoid
working on short-term projects. Both short- and long-term polky re-
search is important, but long-term work takes on greater significance
because it is more difficult to handle intellectually and to sustit'n
financially and thus tends to lose out by default.

5. Interdisciplinary work. For most policy problems, interdisci-
plinary research is required and this commonly means a team approach.
Although the interdisciplinary approach is often accepted in principle
it is difficult to realize effectively in practice. Because it "does not come
naturally," a policy research program has to pay some attention to
the means of facilitating interdisciplinary work.

6. Access. The main purpose of policy research Is to contribute to
policy and this means having access to policymakers. A. policy re-
p° 31). program should have both formal and informal avenueE. of
a.wss formal, through doing at least some cooperative researdi, that
is, research on contracts; and informal, through individuals on the
staff who are known and respected by poP. j officials. Time and effort
must be expended on both internal standards and external relations
to maintain effective and mutually beneficial working relationships
with clients.

When we looked at the difficulties or ease in meeting these require-
ments within a university setting it very quickly became clear that
standard academic organization and academic tradition poses problems
for policy research.

It was not by accident that systems analysis developed within the
nonprofit corporations rather than within the universitie3. The key
problem is that the organization of universities is very largely deter-
mined by the traditional disciplines and the disciplinary boundaries
can often be quite rigid.

Further, the incentive structure of the university primarily rewards
those faculty who contribute, through publication in scholarly jour-
nals, to the advancement of basic knowledge iii their own discipline.
Not only does policy research tend to be interdisciplinary but also it
tends to have a lower publication -to- effort ratio than pure or basic
research.

Research within universities is typically conducted under the ad-
ministrative aegis of a research institute or center. These organized
research units do not ri_sflect disciplinary boundaries in the way that
departmer Is do: Levertheless, they do not seem to provide the re-
quisite col. ditions for the conduct of interdisciplinary research and
analysis. The majority of university research institutes and centers
put primary emphasis on individual research and scholarly publica-
tions. They often become the center for multidisciplinary discussions,
but they are seldom the source of interdisciplinary teamwork. And
research that combines the efforts of both the physical and social sci-
ences is almost nonexistent in university settings.

This suggested to us that an organization resigned for the conduct
of policy research .would have to deviate from the standard institute
pattern.
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If it is somewhat difficult to do this kind of work within a univer-
sity setting then it might be asked: Why, should policy research and
analysis be connected with a university? What are the benefits to
policy research and to the university from such a connection ?

I think probably the most important thing is, as seems to be very
clearly the case, there is this need for trained personnel and the logical
place to train people is within the university. And it is difficult to
train people unless you are actually doing this kind of work within the
university.

The second thing is that major academic institutionsand particu-
larly State universities supported by public fundshave a responsi-
bility to contribute to more effective public policy.

A third thing that at least entered into our decisions in thinking
about the policy research organization was that it seemed that a uni-
versity setting might be able to minimize some of the problems that
the nonprofit corporations experienced. If, from the point of view
of policy research, the traditional university institute is tied too closely
to the academic structure, then it could be said that, on the other
hand, the nonprofit corporations have sometimes suffered from being
tied too closely to governmental agencies. The nonprofits have had
some problems in attaining and maintaining both independence and
significance for this reason.

Government agencies are bound to exert some pressures on orga-
nizations that are doing research for them; these pressures will be
greater if the research organization is wholly supported by one Gov-
ernment agency. Many of these pressures are quite legitimate; the
agency needs some help on a problem and hopes to get that help from
its research organization. Nevertheless, some of these pressures have
to be resisted by a research organization if it is to maintain the quality
and independence of its work. Certainly those pressures to come up
with conclusions and recommendations supportive of the preexisting
views or positions of the client agency fall within that category; so
do some of the pressures to do short-term, rush projects to meet im-
mediate needs.

While it is important for a policy research organization to work
closely and cooperatively with Government agencies, one of the great
values to a client of an outside research organization is its independ-
ence and its attention to long-term and fundamental problems. Client
agencies confronted with crises from day to day often forget this,
and a research organization too closely tied to a client may also be
prone to forget it from time to time.

An additional liability that some of the nonprofit corporations have
had is that of being relatively, isolated from any larger intellectual
community. It should be to the benefit of both policy research and
basic research that they not become so insulated from each other that
reciprocal influences cannot be exerted.

A. fourth factor suggesting a university connection is that perhaps
the best way, of assuring the increased use and further development of
systems analytic techniques and related approaches is to securely link
this field to the institutions of higher education. Here, I think, it is
not just a matter of training people but of increasing the acceptance
and legitimacy of the field.
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Now to the question you raised earlier about the structure. As I
imentioned, it is a hybrid structure, in some ways it looks like a non-

profit corporation and in other ways like a university institute.
It looks like a nonprofit corporation in that it will have its own

full-time research staff ; in selecting research programs on the basis of
their relevance and utility to the solution of current and future public
problems; in doing interdisciplinary work involving the physical
sciences, engineering, and the social sciences; in developing a re-
search strategy that will pay attention to the rhythms and needs of
government as well as to the rhythms of academia; and in being
concerned about developing the in-house capabilities of client agencies
it works with.

It will look more like a university institute in having a relatively
small full-time research staff and in drawing flexibly on faculty re-
sources, particularly the Irvine faculty, but also the other campuses
of, the ilmversity of California; in maintaining close contact with the
academic departments; in contributing to formal educational and
training programs; and in concentrating on fundamental problems
and the development of the state of the art.

Does that answer your earlier question as to the structure?
Senator NELSON. Not that it is pertinent to these hearings, but, is it

still an institution within the jurisdiction of the management of the
university ?

Miss ARCHIBALD. Very much so, yes.
We will pay some particular attention to problems at the State and

local levels. California, with its size and growth rate, provides anideal social laboratory. Also our location in Orange County meansthat we are in the middle of a new and rapidly developing urban
complex.

We are fortunate in California in having considerable interest in
and experience with research and analysis in both the executive and
legislative branches of the State government. The further develop-
ment of this interest and expertise would seem to be important to all
parties concerned.

One way of developing both the in-house capability of the policy-making agency and the policy sensitivity of the researchers andanalysts is fo work out a system whereby the analysts spend some time
in government agencies and government personnel spend some time inthe research organization. Ilre hope to be able to work out such an
exchange and we are currently exploring the potentialities here.

During your hearings in May, both Mr. Enthoven and Mr. Rowen
mentioned that we do not yet have a clear idea how best to train people
for systems analysis. Since Mr. Enthoven and Mr. Rowen are prob-ably the two people in the country who have given most thought to
such training and have had most experience with setting up programs,
they have indeed pointed out a serious problem.

Public Policy Research Organization expects to start a training
program on a modest scale within the next 2 years. We plan first to
take a careful look at some of the training programs that are now in
existence, and to learn from their experience and, as well, to pay some
attention to the training function that Rand, in fact, has performed
so well for many years even though it has not been a formal traininginstitution.

1



SCIENTIFIC :1TANPO'WER UTILIZATION, 1967 185

There seems to be, as of now, general agreement on two of the in-
gredients needed for training : (1) a strong and quantitatively oriented
training, perhaps not solely in one discipline but in relevant aspects
of several. disciplines; (2) involvement in the actual conduct of sys-
tems analysis and related research.

A third possible ingredient would be some experience in. working in
a governmental agency. Even if these are the right ingredients, we
still do not have a recipe that tells us how to mix them or in what
amounts. When should a student start on such a program? At the
beginning of his graduate career, in the midst of it, or perhaps at
the postdoctoral level? how much time would be required? Can the
time be shortened by use of such devices as case studies, possibly simu-
lation, and other such techniques?

These are important questions since the successful use of systems
analysis at the State and the local levels is dependent upon the avail-
ability of training both for people already within government and for
younger people who will become those to be hired by State and local
governments in future years.

I am pleased that the discussions on this bill are helping to shed some
light on the problems in this area.

Senator NELSON. I take it one of the key functions of your institute
will be to train systems analysts?

Miss ARCHIBALD. Right. We will start the research programs first;
however, since that is our second function and it should, be established
before the training program. A little bit before, a year or so.

Senator NELSON. What have you projected as your objective in terms
of numbers that you will train annually ?

Miss ARCRrBALD. We have not projected that figure yet. I would
think we would start relatively modestly. The University of Cali-
fornia at Irvine is a new campus, we are only in our second year. I
would, think the growth rate in systems analysis would be rather
similar to the general growth rate. I would think a beginning in this
aro would be about five or six students.

&r.lator NELSON.. You will be training analysts in any and all dis-
ciplines in that area.

disc ARCHIBALD. Right, and we also hope both to provide training
for degree students who want to get- -I don't know what the degree
would be inbut who want to get a deree program, and algo for peo-
ple who have been out working in government agencies and want to
come back for some training.

And another thing that has interested us as well: the interest in
foreign countries in getting training in systems analysis is increasing
and we would like to make our programs open for people from abroad
as well as to American citizens.

Senator NELSON. Will your capacity to train analysts depend upon
the number of contracts you have, or will you be running a separate
academic program along with your contracting work ?

Miss ARCHIBALD. Well, the academic program will be very much in
conjunction with the acadenic departments, and the training func-
tion would not be supported out of contracts.

Senator NELSON. Will not?
Miss ARCHIBALD. Will not be supported out of contracts.
Although it will be important to have a strong ongoing research

program before we get too much involved in training functions.
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Senator NELSON'. Do you have any views on what is the best way in
which the Congress could draft a proposal that would help implement
the utilization concept of systems engineering by local, State, and re-
gional;, and other governments around the country ?

We have two bills before uo, I do not think either one of them is the
answer.

The one I drafted simply aims at following roughly the policy of
701 grants to be made by the Congress for planning purposes re-
gional, city planning, and so forth. I am sure there are better ways.

The other one establishes a national commission which would evalu-
ate the problem.

The question is : What would be the best legislation, perhaps the
best method to adopt when Congress is prel?ared to do so, to give grants
and aid in the most effective fashion to induce the use of the systems
engineering techniques at various levels of government ?

Miss ARCHIBALD. I have only read the first of the bills you men-
tioned, the bill you drafted. It seems to me important, in terms of
longrun purposes, to think about ways to get the most mileage out of
the money, to use the first grants to prime the pump in order to get
continuing programs and continuing interest at the State level.

In large part I would agree with Professor Geyer's comment that
one of the key things will be to have a body of experts within the State
or local government, monitoring work done outside the government
and doing in-house work. This development of in-house capability at
the State and local level seems very important.

I think I might disagree with Professor Geyer on his suggestion not
to worry too much about institutional arrangements. This may come
out of my discipline. I am a sociologist and I think institutions are
important. It is not just a matter of individuals being interested; it
is also a matter of institutional arrangements that channel, develop,
and mobilize their interests.

I think the key one of those institutions is the one within the user
agent -- having in-house capability.

Related to that would be not trying to scatter the money too thinly
among the 50 States, which I think you do not plan to do. It mig:it
be possible to have some criteria concerning longrun impact built into
the process used to select grantees. Organizations submitting pro-
posals could be asked to pay explicit attention to the way their project
would haw, longrun impact on systems analysis. This would turn the
worry about this question over to those organizations who are actually
doing systems analysis. That might be a possibility.

Senator NELSON. Professor Geyer thought it would be feasible to
provide some training in academic institutions in a brief period of
time, maybe 3 months, for example, to budget analysts and administra-
tors in various levels of governmentscity, State, and localto give

ithem some good idea of the concept of systems engineering and sol. e
idea of what tools are available so that they would then be in a position
to do something about implementing such a system even if they were
not analysts themselves.

Miss A110111BALD. I think that is an excellent idea. The reason we
had thought about making training programs available to profes-
sional people already working within public agencies was because this
was one of the very great needs. Such a training program would
have to meet their requirements and might have to be fairly short.



SCIENTIFIC MANPOWER UTILIZATION, 1907 187

Senator Nnaos. Do I remember correctly from your testimony that
you would intend to invite exchanges between your own personnel
to work in Government or private areas and vice versa for the
exchange of orders

Miss AzciunArm). Yes. This is not an ongoing program. We just
.are exploring it now, but this one we think has a, great deal of advan-
tage to it. This would certainly be tied into a training program
as well.

Senator NELSON. I appreciate very much your coming here today
and your very fine testimony.

Thank you.
Miss ARCHIBALD. Thank you very much, Senator.
Senator NELSON. Our next witness was to be Leonard Woodcock,

'vice president of the International Union of the United Auto Work-
q:rs, and he is grounded in Detroit where they had some snow.

Mr. Frank Wallick is here from the United Auto Workers, on the
legislative side.

Frank, would you like to present Mr. Woodcock's testimony ?

:STATEMENT OP FRANK WALLICK, WASHINGTON LEIISLATIVE
REPRESENTATIVE, UNITED AUTOMOBILE, AEROSPACE, & AGRI-
CULTURAL IMPLEMENT WORKERS OF AMERICA, AFL-CIO, ON
REK&LF OP LEONARD WOODCOCK, VICE PRESIDENT, UNITED
AUTOMOBILE, AEROSPACE, & AGRICULTURAL IMPLEMENT
WORKERS OF AMERICA, AFL-CIO

Mr. WALLION. Senator, I am sorry that s stems engineering has not
-found a better way to get from Detroit to Washington in a snowstorm.
Mr. Woodcock was anxious to be here and I have discussed the testi-
mony with him a great deal and I know that he regrets that he cannot
be here.

I am Frank Wallick, the Washington legislative representative of
the United Automobile, Aerospace, & Agricultural Implement Workers
of America, AFL-CIO, and I would like to present Mr. Woodcock's
statement.

On behalf of our organization, let me say first we do support the
objectives of the Scientific Manpower Utilization Act of 1967, S. 430.
One of Mr. Woodcock's responsibilities as an officer of the UAW is
to represent our membership in the aerospace industries, some of which
have expressed interest in and support for this program.

We in the UAW believe that systems analysis, systems engineering,
and systems management can give the American people new insights,
new ideas, new directions, and new hope in grappling with many of
the perplexing Problems of our time.

At the risk of being trite, if our technology can hurtle a man through
space around the world in 90 minutes, we can and must find better
and easier ways to get to and from work: design and build cheaper
and better homes to live in, rebuild our cities, clean up our air and
water, reduce crime and rehabilitate criminals, and improve the quality
of life for all Americans.

Senator NnisoN. We might even be able to make microphone sys-
tems work.

76-510-47---18
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Mr. WALLICE, Some critics of the systems approach argue that com-
puters will not tell us anything new. To some extent this is correct.
The real genius of the systems approach,. as I see it, is a wedding of
the many clisciplines of the social and physical sciences.

By working together on a team basis, .sociologists, mathematicians,
and many other scientists can apply their special insights to finding
new solutions to old problems that bet mankind.

The problems are urgent. We support S. 430 because problems
of air and water pollution, transportation, education, and the decay
of our major cities urgently need our attention.

It has been demonstrated again and again that the social costs of
neglect far outweigh the investment required to deal with these
problems.

We realize a very tight budget situation faces the Nation at this
very moment. There is undoubtedly some reluctance by some in-
dustries to encourage Government spending for programs outlined in
S. 430 because of the high priority of defense matters. This, if true,
is a tragic mistake.

It is our deep conviction this Nation is strong enough to have both
guns and butter. We believe investments made in education, the wars
on poverty and pollution, and in the rebuilding of our cities are of
immense importance and must not be postponed.

The kind of outlays we need for education, pollution control, and
transportation are mere fractions of our ever growing gross national
product.

Aerospace know-how is a great national resource. Aerospace tech-
nology is not the property alone of the various industries who manu-
facture space hardware. This magnificent technology which resulted
from the impetus of the space program and from the demands for na-
tional defense, is the property of all the American people.

It is the American taxpayer who pays the research and develop-
ment bill that makes our space spectaculars possible. This subcom-
mittee is well aware of the vast amounts,d, tax money poured each
year into research and developnient for7ilace, defense, and other
Government programs.

We strongly believe this brilliant engineering talent and organiza-
tion should be used to improve the quality of tl-e life for all Ameri-
cans, not just for space and defense.

The space program may be tapering off. Last Sunday's New York
Times, in a long, front-page story indicated plans for landing astro-
nauts on the moon by 1970 "has plunged space planners into an urgent
debate over where to aim next."

Mr. Chairman, it seems obvious to us that one of the targets for the
space industry should be improvement of our environment here on
earth by using many of the same facilities, technology, and manpower
used for reaching the moon.

It is estimated that a man landing on Mars program would cost
$100 billion and could be completed by the mid-1980's. A small frac-
tion of this sum -would ge far toward improving our ground trans-
portation systems and catching up with the housing and school needs
of the people of the United States.

Labor has a stake in an expanding economy. Much of our en-
thusiasm for the systems approach in dealing with social problems
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results from the plain fact that many of our members are employed
by the space companies and these people face the grim. prospects of
unemployment unl new opportunities present themselves if the
space programivsis reduced in size.

Employment, for instance, at the space division of North Ameri-
can Aviation, a TJAW employer and a prime Apollo contractor, has
dropped from 35,000 to 20,000 during the past year. If this down-
ward trend should continue, our members face serious unemployment.

The UAW has always felt that employment opportunities, despite
the hazards of automation, will grow with an expanding economy..
In the words of the Automation Commission Report, "the basic fact
is that technology eliminates jobs, not work."

Employment will certainly improve if aerospace technology is
applied to social problems.

Systems teams should include people with horsesense. We have
already said the genius of systems analysis is the happy combination
of scientists working together from many specialties.

We also feel it can be demonstrated that persons with special knowl-
edge, but perhaps limited education, can make a valuable contribu-
tion in developing essential information which goes into a systems
analysis of a particular problem.

In the city of Detroit, for instance, the anti-poverty program used
representatives of Detroit's poor in developing an information profile
used to evaluate the Detroit program, using the techniques of plan-
ning-programing-budgeting system characteristic of the systems
approach.

I am attaching a special memorandum describing this so the sub-
committee can better understand it.

We feel systems analysis would be wise to include in early plan-
ning the special insights of people from the ranks of organized labor
where this is practical.

Since S. 430 involves the systems approach in dealing with social
problems, it is particularly important to get people with direct and
immediate insight into the various problems.

Obviously, trained scientists must be relied on for the major techni-
cal work. But there maybe many instances where poor people, work-
ing, people, and people with ordinary, even humdrum experience can
make a significant contribution to a systems team.

Experimental grants will stimulate industry. It is our conviction
the aerospace industry will not get into work of social consequence
unless it can be assured of some continuir: interest by the Federal
Government.

It is my hunch that if, let us say: Congress decided today to appro-
priate $1 billion to clean up the Mississippi River from Minnesota to
the Gulf of Mexico, there would be e, clatter of competition for that
large amount of Federal money by many of our most sophisticated and
advanced technological systems group.

The same thing thing would happen if Congress decided to launch
a mass production low-cost housing program, using the systems
approach.

One major aerospace industry demonstrated by systems analysis and
systems engineering that aerospace technology could be used to vastly
improve the construction of school classrooms.
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However, the materials used in this construction were apparently
more costly than commonly used materials. The maintenance of the
new building was vastly superior to the old-fashioned schoolhouses so
that once these schools were built they could outlast conventional
buildings.

This aerospace company, however, was discouri,ged from embark-
ing on this useful work and was unable to compete even though it
made a vastly superior product.

If both procurement and maintenance costs were considered to-
gether on some experimental Government grant basis, aerospace
technology might be harnessed to meeting some of America's school
construction needs.

One possible flaw in this experiment.is that the aerospace companies,
to their credit, are accustomed to making a very high-quality product
and are not used to lowering quality for the purposes of a mass market.

Certainly, it should be ppssible to make the equivalent of a Chevro-
let on a mass scale in designing and producing low-cost housing or
school classrooms, instead of designing for a Cadillac market.

The Northeast Corridor project is an example where systems analy-
sis and system engineering has been encouraged by a substantial Fed-
eral subsidy to encourage better transportation for this densely popu-
laka part of the United States. We hope this program gets every
encouragement from Congress.

We believe the proposals in S. 430 or special Government grants by
existing agencies can harness the technological know-how of aero-
space and comparable industries to make real progress in the problems
that beset this country.

Finally, Mr. Chairman, let me emphasize the UAW's deep interest
in S. 430 and may we urge you to press Congress for action this
year.

This can be the begimaing of an exciting chapter in the American
story, where the new technology that sends a man to the moon can
make life better for him here on earth.

I have not read this supplementary statement but I think it will
be of value to have it the record.

Senator Nmsox. We will print the supplementary statement for
the record.

(Statement follows:)
SIMPLEMENTART STATEMENT : "MANAGING TIIE POVERTY rsocum IN DETROIT"

During f he past eighteen months, Detroit's poverty program has experimented
with adapting the electronic planning and budget control techniques, now so
extensively used in industry and defense, to its human services program. The
project is financed by an OEO grant, most of which has been subcontracted to
Touche, Ross, Bailey and Smart, a local management consulting firm.

Crucial to the n.roject's success was the development of a reliable method for
quantifying client characteristics in a way that permits measurement of their
progress from heavy reliance on public services to relative independence.

Anything as new, complex and frightening as an electroni,1 device which
acquires, analyzes, manipulates, and stores data about virtually every private
aspect of thousands of people's lives is likely to be viewed by them with suspicion
and hostility. To head off this predictable resistance, project staff worked closely
with representatives of the poor at every stage of the system's creation. Staff
explained the system's operation with charts and specially prepared texts. They
also pointed out how useful and timesaving the system, if it proved to be work-
able, would be. Representatives of the poor not only approved use of OEO funds
to finance the experiment, they also began attending regular meetings to help
develop the all-important quantification scale.
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Staff also drew on as many outside perceptions into the causes of poverty as
possible, consulting with professional social workers, academicians, and several
"people off the street."

Each "consultant" was given a chart similar to the one attached and asked to
work across, line by line, rating the comparative importance a each characteristic
for each type. When all results were in and synthesized, TRIMS worked out a
numerical scale which theoretically measured each client's dependency. The
scale ran from one to ten, with ten representing self- sufficiency.

Information about each client is collected at various intake points by regular
interviewers. It is analyzed anti coded by specially trained staff to insure
consistency. Periodic re-measurements, and comparison with earlier ratingsr
should enable evaluators to determine how quickly each client is progressing,.
what his current needs and past successes are, what overall impact the poverty
program is having, and how much it costs to dispense each unit of service. By
shuffling data around, they can also determine which component programs are
contributing most, and which least, to the city's fight against poverty.

Needless to say, this is all unproven theory. Similar systems work well in
industry, but no one knows yet whether they can be successfully adapted to
people's problems.

Staff is now testing what the machines say about clients against their personal
judgmmt. If the rating scale works, then the entire system should. There will
be errors in Individual cases, but in a huge population such as the poor in Detroit,
th,se errors should balance.

Using a computer, the system can recommend various strategies for dealing
with the problems of poverty. It sets up mathematical models and, on the basis
of present program performance, suggests the best mix for spending whaterer
money is available. It can also accept pre-conditions, such as the political need
to invest heavily in highly visible services, and suggest how remaining funds
should be handled. It can also predict how much time and money will bo needed
to finish the job.

Worksheet for preparation of quantified "dependence scale
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Senator NELSON. We are glad you were ab'n to come over and pre-
sent Mr. Woodcock's statement, we know he is one of the labor lead-
ers of the movement in America and also a leader in other areas, in-
cluding the area of education.

We regret very much that he was unable to be here.
% will leave the record open for 14 days for anyone who wNhes

to submit any additional material and it is possible that we will con-
duct 1 or 2 more days of hearing at a subsequent date in February.

With that, the subcommittee is adjourned.
(Whereupon, at 11:15 a.m., the subcommittee adjourned subject to

the call of the Chair.)
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WEDNESDAY, MAUCH 29, 1967

U.S. SENATE,
SPECIAL SUBCOMMITTEE ON SCIENTIFIC MANPOWER

UTILIZATION OF THE COMMITTEE ON
LABOR AND PUBLIC WEUARE,

Wohington, D.C.
The special subcommittee met at 9 :40 a.m., pursuant to call? in room

4232, Senate Office Building, Senator Gaylord. Nelson (chairman of
the special subcommittee) presiding.

Present: Senator Nelson (presiding).
Senator NELSON. We will continue the hearings this morning on

S. 430, the Scientific Manpower Utilization Act of 1967, and S. 467,
a bill to create a National Commission on Public Management.

These hearings ere being held before the special Subcommittee on
:Scientific Manpe wer Utilization of the Labor and Public Welfare
Committee.

Our first wi ness this morning is Mr. Arthur W. Barber, Deputy
Assistant Secretary for International Security Affairs, Department
of Defense.

Mr. Barber? we appreciate very much your taking time to come over
here and testify this morning. You have a prepared statement, do
you?

Mr. BARBER. Yes, T do, sir.
Senator NELSON. You may read it, or extemporize from it, pre-

sent it in any way you see fit.

STATEMENT OF ARTHUR W. BARBER, DEPUTY ASSISTANT SECRE-
TARY (ARMS AND TRADE CONTROL), INTERNATIONAL SECU-
RITY AFFAIRS, DEPARMENT OF DEFENSE

Mr. BARBER. Thank yog, sir. I will read it.
Thank you for your kind invitation to testify on Aie application

of the "system approach" to our pressing domestic problems. The
views I will give will be on my own, and not necessarily a reflection
of the views of the Department of Defense or any other organization.

As you, requested in your invitation to testify, I will comment first
on what plqing done now in this field and, second, or the roles of
and relationships between the Federal, State, and local governments,
and private industry. Filially, I will close with some personal
thoughts on the question3 "What new institutions, if any, are needed?"

Perhaps it would be helpful for me to state my experience at the
outset, in order that you can more properly evaluate my testimony.
I am a physicist by training in the 1940's. I was a digital computer
,engineer and weapons planner for the Air Force in the 1950's. IM
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currently working on disvrmament and trade problems in the Depart-
went of Defense.

I have participated in discussions of tne President's committee on
the technological gap. I am also participating in the Independent
Study Blard to examine the effects of government procurement poli-
cies on regional economic development. This board has been formed
pursuant to Public Law 89-136, the Public Works and Re anomie
Development Act of 1965. I understand you played a large part in
the enactment, of this legislation.

In 1964-65, I served on the President's committee on the economic
impact of defense and disarmament, with a particular assignment as
chairman of the subcommittee on possibilities and policies for indus-
trial conversion.

It was my opinion then, and it is now, that American management
can readily adapt American coriorations to suit the needs of this Na-
tion. If most of our creative talents and intellectual resources are
serving our fears rather than our hopes, the problems lie largely in the
public sectornot with industry.

Let me turn directly now to your examination of the ways in which
the Congress can assist in the spread of the "systems approach" to
domestic problems.

The problems we face were stated by Vice President Humphrey
recently when he said:

The past few years, in our country, have been years of amazing technological
and material progress and innovation. There has been a need for these things,
and it has been met.

But we also need social inventiveness, and social innovation and we need
to create a market for them as well.

We have urgent and keenly-felt public neeuu, most of them coming to a focus
in the great urban areas where two-thirds of us already live and an Yel)
higher proportion will live in the future.

But there has been no place. by and large, where people could go to shop for
a better public school system * * *.

In short, our problems are money, markets, and management, in
the public sector. With respect to the first of these, I believe that
our society has the financial resources necessary to solve our domestic
problems and to assure for all Americans a life of dignity and expand-
ing opportunity.

Although public attention is most often focused on finances the
problem is not primarily, money. Despite expanded spending in the
domestic sector, the application of the "systems approach" to domes-
tic. problems is making little or no progress. I think we should be
quite cle,p. about that.

The reason is simple and basic. No one is buying! 'While sales
of textbooks, blackboards, and erasers, are climbing to alltime highs,.
no one has Leen shopping for a. better school.

The difficulty is that there is a cultural gap between the managers
of our corporate society and the mumagers of State and local govern-
ments. The gap is so large that it almost constitutes a language
barrier.

The dynamic parts of American industry constantly reassess their
goals and program objectives. They plan 5 years in advance. They
analyze the total costs of programs, both in human and financial re-
sources. They moire rigorous analyses of private: and public spending
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over the next 5 years, and longer. They outline and analyze many
alternative solutions.

Whil.s dealing with this kind of professional management capability,
the State government executive, L'?wever competent, is relatively help-
less. He is rarely able to plan 3 to 5 years in advance. He almost
'never has "thinking money' at his disposal. He cannot make budget
tradeoffs, to increase the training effort, for example, in order to reduce
welfare costs, or to increase capital spending to decrease operating
costs.

He can abolish a job, or create new offices only with very great di&
-culty. He has little budgetary discretion. For example, school super-
intendents cannot make major changes in their curricula, and most
scan allocate only 5 percent of the budget available to them.

The government program manager cannot begin to achieve the
'effectiveness that is possible through government-industry cooperation
until he is permitted a functional analysis of his job, establishing its
goals and programs. Wheei this is done there is no question that dra-
matio programs will begin to appear across this Nation.

I would turn now to the problem of the relationship between Federal,
*State and local governments. The f andamental problem is not research
.and development, or systems analysis, but management of the public
sector at the State and local levels.

As the President said a few days ago to the conference of Governors :
The Federal Government itself cannot teach a child, police a street, or rebuild

qt neighborhood.

When we look back at the awesome changes in our society in the past
'20 years, it is amazing how little State and local government manage-
ment has changed. Many governmental units have expanded their
budgets 400 to 500 percent, and their personnel by similar amounts,
*without any reorganization or reexamination of the purposes or func-
tions of government.

The result is that we are all the victims of the bureaucracy that
,emphasizes organizations and procedures and leaves the ends unex-
lammed and unquestioned. We are not coming up with the right
-answers because we are not asking the right questions.

Most urban development deals with highways, crime rates, birth
rates, incoine levels and disease rates, but rarely with. the question of
what is necessary to create a neighborhood in which a family can grow,
prosper, and be happy. Alfred North Whitehead observed many
years ago that:

The greatest invention of the 19th century was the invention of the method
.a invention. We must concentrate on the method itself ; that is the real novelty
which 12$43 broken. up the foundations of the old civilization.

Senator Nrit,sovr. Let me interrupt.
I notice you were directing remarks to State and local governments.

All these remarks also apply to the Federal bureaucracy, do they not?
Mr. BARGEE. Yes, sir. I agree.
Senator NELsoisr. I noticed you specifically named State and local

'government. My experience is that we are as bad off as the State and
local governments are. Probably the Federal Government is worse off.

Mr. BA1W FIR. Despite Whitehead's warning, we have yet to develop
-effective local political institutions to manage change. The result is
that we react to change rather than reflect upon it and shape it to
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our purpose. The future is not inevitable as long as we are willing to
develop a set of goals and work toward them.

What can we do to encourage a society organized to meet Inman
goals with all their complexity and variety, rather than the goals of
the bureaucracy ? First, we must recognize that no national program,
or series of programs can solve the problem. As Edmund Burke said
many years ago

The nature of men is intricate; the objects of society are of the greatest pos-sible complexity; and therefore )2o simple disposition or direction of power canbe suitable either to man's nature or to the quality of his affairs.
Second, new programswhether for schools or roads or the rebuild-

ing of slumsshould be determined and managed at the lowest passible
levels in our society.

I cannot emphasize this point too strongly. I think it is the heart of
our present dilemma.

I mean, for example, that the parents and children in a local school
district should be intimately concerned with the planning and building
of a new high school. Similarly, the people who live in slum areas
can and should participate in the planning and rebuilding of the slums.

Third, I think there is nothing more important than to convince the
people in our great cities and in the suburbs that they have a role in
shaping their own future. How can we engage their interests in their
own future?

There is one important way in which the Federal Government canhelp. I think we should seriously consider dramatic demonstration
programs to set standards of excellence in education urban renewal,and other major areas of concern in our society. The Federal Govern-
ment might., for instance, establish an annual award for the best high
school, junior high, and elementary school program in the country.
The award might be a sum equal to 5 years' operating costs for the
program.

It would be for the best school programImildings, curricula,faculty, imaginativeuse of educationel tools, community participation,
and bus servicethe program whic.:1 most nearly fulfilled the needs,
not of Washington, but of the local community.

Such a program would provide for the first time an opportunity totry to blend in a program proposal the multiple and complex talentsthat can contribute to American education. It would provide a politi-cally responsible method for innovation in education. This wouldcreate an opportunity for an educational revolution which I feel cer-tain would exceed our hopes and expectations.
The same type of demonstration program could be applied to thecreation of an urban neighborhood, or a police precinct. Such aniapproach, in my view, meets many of the problems in bringing the

systems approach to 1. ear on new domestic solutions.
Finally, I would like to respond to your question concerning theneeds for new organizations, Frankly, I think the primary problem

is to introduce both flexibility and pinning into existing public insti-tutions.
The application of modern management techniques which have beeneffectively used by American corporations could and should be appliedto State and local governments if we are to achieve the diverse humansociety which can be created within the decade. But efficient manage-
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went, while necessary, is not enough. There are values above and
beyond cost effectiveness. What we badly need is a wider and broader
public discussion and participation in the choosing of the alternatives
open to American society.

It is here that I think there is a limited need either for new orga-
nizations or the adaptation of old organizations.

Specifically, I think there is a need for institutions free from both
government and industry influence to bring to the attention of the
public the issues and alternatives that lie before our society, in the
decade ahead.

Let me give you an example of an unexamined alternative which has
not been consciously addressed in our society

I understand that it is now possible to orbit, an equatorial satellite
which would transmit 10 television channels directly to home receivers.
Further, at the super-high-frequency bands where these satellites
would operate: a total of 80 to 150 parallel television channels could
be broadcast simultaneously to our homes. The cost of procurement
and 5-year operating cosis would be roughly $200 to $300 million for

program to bring 100 channels of television to every home in the
Nation.

To be sure, there would have to be new home receivers and antennas,
but I understand that the basic receiver would be available for less than
$300 and a number of receivers could be fed by one antenna. Just
think of a daily choice of 100 channels. Everyone would want his
own television receiver to maintain family peace. Inasmuch as inter-
national tel vision will be even, more widely used, we might have a
choice of skiing in the Tyrol, opera in Vienna, Kabuki theater from
Japan, a Mexican fiesta, the Bolshoi Ballet, three or four news pro-
grams, 10 different sporting events, five to 10 soap operas, 20 educa-
tional programs, and 50 late movies.

We may never build such a system, but my point is we could if we
wanted to. If the national community wants it, B demand must be
expressed and translated into action.

Looking back with 20-20 vision, we can see that our failures have
not occurred because of conscious decisions, but through omission.
We never decided to permit pollution of our streams and air. We
never decided to permit urban ghettos. We tended to ignore these
problems until they no longer could be ignored. I (xmsider it ex-
tremely important that some small nonprofit corporations and the
universities bring to the attention of the public the alternatives that
lie before us.

Thomas Jefferson once said :

I know Ao safe dvository of the ultimate powers of the society but the people
theinselves, and if we think them not enlightened enough to exercise their con-
trol with a wholesome discretion, the remedy is not to take it away from them,
but to inform their discretion.

I trust that your hearings and the bills under consideration by this
committee wily contribute to better public understanding of these
issues.

Thank you.
Senator NELSON. Thank you very much, Mr. Barber.
I suppose the question before us is whether or not we c.,an effectively

use the techniques of the systems engineered to solve social problems.
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Everybody recognizes the problems differ from applying the concept
to defense systems or using it in NASA. or for purposes of developing
a system to make a moonshot, but the question is whether you can use
the concept, the idea., as applied to the solution of social problems, and
I take it thatyou agree that it can be -

Mr. BARBER. That is correct.
Senator NELSON (continuing). Even though there are some impon-

derables in this area that there are not in others. T would assume you
could break it down at least into two general areas.

One question is, bow do we do better what we already are doing, and
the other question is, how do we evaluate whether what we are doing
is what we ought to be doing.

There is not any question but what the first part is a lot simpler
than the second part. We can, for example, institute a program plan-
ning budgeting system in a department or agency an d. evaluate the
efficiency, the performance of that agency. We can do a cost account-
ing, so to speak, a personnel performance cost accounting.

Thus you can do a performance cost accounting to test the utiliza-
tion of personnel or the utilization of space or the effectiveness of the
performance of the job that is assigned to that department.

These problems, it seems to me? are relatively easy problems to
subject to the concept of systems engineering.

There are lots of problems like that where you just take an operation
and do an analysis of it to see how you can do better what you arealready doing. however, it is one thing to do an evaluation to deter-
mine how effectively and efficiently the school is being run from the
standpoint of space utilization and utilization of teachers' time, super-
vision of work and movement of kids from one class to another.

It is quite another thing to apply the systems engineering concept
to the question of whether or not what you are trying to do in the
school system is really very good, and what the alternative is.

The really tough question in edueation is how do you motivate the
child?

If you have a really good school system, the children would be mot i-
voted on their own to do what we now try to push them to do. We

jhave not done much of a job in the evaluation of that problem.
You mentioned something about pollution in your remarks. Thisis another question. I assume you would agree that there would be

no problemnot that there would be no problembut the concept of
systems engineering could be applied to the whole question of atmos-
pheric pollution, of air and water, that you could make an evaluation
of what all the problem areas are, where all the pollutants are coming
from, and alternative methods of disposing of or neutralizing the pol-
lutants, and the cost factor. Systems engineering could be applied to
that problem, could it not ?

Mr. BARBER. Yes.
Senator Ni sox. And the next question would be how you wouldsolve it, and that moves you into the political area, which is quite an-other problem.
Have you read both bills?
Mr. BARBER. Yes.
Senator NELSON. I have not been satisfied with either one of them.
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We (1 " Lfted one in my office, and the Republicans subsequently drafted
one oil the House side. Vo you have any saggestiens as to how we
might improve these bills in order to implement the idea of using sys-
tems engineering?

Mr. BARBER. 1kt me say think both bills would be useful, but ray
general feeling is that to strengthen the bill on public, commission, to
permit it even two or three demonstration programs, would make it
far more effective than it is now.

I think as it presently stands these bills would provide the means to
educate the public, but the key factor as I observe it in our :society
is whether there is a market, whether there is somebody motivated to
build something that serves the public interest and finds it profitable
and useful.

I think our task hero is to aline private interests with the public in-
terest, and I think that it is possible to do so.

So if the bill on the public commission could be modified to permit
a limited number of demonstration programs chosen by the commis-
sion, I think it would be a very powerful instrument, far more power-
ful than the limited amount of funds that would be required to do it.

Senator NErsoN. In the bill that we draftzd the Secretary of Labor
was authorized to make grants to private land public institutions for
demonstration purposes. Our draft, did authorize the grants to pri-
vate groups though we did not, try to enumerate them or list them.

Mr. More% I am afraid we are not communicating. I understand
the grants were permitted for systems analyses on various studies, but
what I am attempting to convey is that there is a distinction between
public education, public reporting and programs of this kind, which
I consider to be basically sound which educato the public, and a pro-
gram in which there actually would be a two- or three -block area that
would be dramatically changed, or one in which. a school system was

amatically improvedhi other words, something outside the in-
tellect and the printed page, in the outside world, that was improved
dramatically a demonstration of excellence and hope.

Then people would begin, not only in the shims, but American cor-
poi.ations and investment houses would believe that this Government
was going to take the steps necessary to create dramatic innovations
in the public sector.

At the moment, in my contacts with industry, people believe first
that it is technically possible, al :1 second economically sound but,
third, they don't; believe anybody in the Government is going to be
able to bring about the managerial changes that will bring about this
kind of creative growth.

Senator NELSON'. My guess is that in a proposed piece of legislation
such as this one that a program that contemplated, say, a systems
engineering analysis of some specific school problem or housing prob-
lem, and then also proposed to implement it with a good many millions
of dollars to complete a demonstration program, would not pass the
Congress at this stage in history. We are at the education stage, so
to speak. If we could make some grants for studies to be done that
might be acceptable to Congress. You might make grants to univer-
sities or groups of universities, for example, to train budget analysts
and planners at the State and local level in the concept of systems
engineering.
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You would not end up making systems engineers out of them, but
they would end up understanding what the concept was.

That is one area in the educational side that you might, do. You
might go further and do some funding of actual educational programs
to develop within an institution a department for training systems
engineers.

ou night make a grant to a city of a million people to do a
Rystems analysis of the transportation problem in the city, but I do
not think at this stage in history the Congress would be prepared,
once the analysis had' been made, to appropriate the necessary millions
of dollars to rebuild the whole transportation system. But the anal-
ysis of a city of a million, or half a million or 2 million, the analysis
of the transportation problem would pretty well fit another city of
comparable size. Thus all other comparble cities would benefit from
the evaluationq.

In other words, there are all kinds of social problems, and they
are fairly comparable in cities of comparable size, so we might be
able to pass legislation that would make appropriations to do studies
on specific kinds of problems in specific areas.

These are at least the limitations of what. I have been aiming at in
this legislation. Any bill that proposed to do more and make a large
appropriation to pay. for solving the problem once you have analyzed
it wouldn't pass the Congress.

If at some subsequent date we found out that we had some real
solution to some very serious problems it n. be that Congress might
come up with substantial matching funds met it.

But what I am seeking to find out is the rJest Emproach to put some
seed money into the area in order to develop some understanding of
the concept of systems engineering and also to do some analysis of
some problems around the country.

Who would make the decision as to what problems ought to be
studied and how would you approach it if you were drafting the bill ?

Mr. BARBER. I am afraid T have not been too helpful, but I am quite
concerned about this factor of expectations, and I think it is crucial
because our society is a complex one, and it is the expectations of the
peo_ ple who are making these decisions that will affect their behavior.

Specifically, I am concerned about the following points: First, intel-
lectually, the idea of systems engineering and programing and budget-
ing has become very fashionable in the past 12 to 18 months, and I
think we must realize there is a very real danger in this fashionable-
ness, because it can rapidly develop into an intellectual jargon which
is a justification of the status quo.

I have seen evidence of this. People will take old programs and
they will generate what they call systems analysis programs, and in
reality not a thing has been changed, and they merely have painted
themtheir old, obsolete programswith a new jargon and tried to
persuade the outside world that they are modern.

You might say it takes one to know one, and I have been a govern-
ment bureaucrat for years. A classic example, I can recall, and have
seen this happen many times, was in the 1950's was the Propeller
Laboratory at Wright Field. The Air Force changed its manage-
ment many, many times, and changed its procedures of reporting, but
the Propeller Laboratory went on for years and years and never
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chan ;4; programs, long after the Air Force was made up primarily
of jet aircraft. I think f. 13 is a very real danger that with an expan-
sion of intellectual cone w, , that that would. }worn() nothing more
than a sheen on the status quo, and I think this is frankly the estimate
of what I consider to be the most informed pc ople in the country in this
area who are making the investment decisions and the allocation of
talent in our society.

I don't know whether they aro right. I hope they are wrong, but
until, we arc somehow able to break through to the point where political
institutions and popularly elected officials will create a new framework
for the conduct, of public programs, I think they are going to be right.

LSSenator NEON. I do not think there is any question nut what t du-
'cation of the public and education of the govermnental institutions is a
necessary precedent to appropriitt3 utilization of this c,oncept, but
that all takes time.

I can recall very well back in 1959, 1960, 1961, when I was Governor
of Wisconsin anu I was advocating and did. create several regional
planning commissions whose objective was to do precisely this, that
in southeastern Wisconsin there was alinost no interest in regional
planning eommissions, and there was a greitt suspicion among the
'counties that they would lose some of their sovereignty and rights.

In a short time, after these commissions were created, they have
become very popular, and they are doing a systems engineering job
of evaluating problems in the area in which they are involved. They
are doing a very good job.

I appeared before every county board in the area: and some of them
two or three times, to try to persuade them to join in a planning com-
mission. The same with the planning commission in central Wiseon-
'sin, bit now there is political acceptance, and now the il7 are making
substantial headway.

The same with programing, planning, and budgeting, which we
started before the Federal Government in Wisconsin. There was

t resistance by the bureaucracy, who did not want that kind of
tihing. It is a long way from being perfected yet, but the concept is
beginning to be understood, and I think that is the stage we are at here
in attempting to find out what. is the best way to utilize some modest
amount of seed money in order to start an educational program so
that there is some understanding of the concept, and in order to do
some demonstration projects to show what the utilization of the con-
cept can in fact do. What we are trying to do is to get a modest bill
drafted that will accomplish some modest steps in the right direction.

Mr. BARBER. Let me, if I may, make a suggestion. Again going
back to this question of. expectation, because I agree completely with
your view of the necessity for education prior to the voting of major
funds: I think if the Congress of the United. States indicated that
perhaps 2 years from now .it hoped to create a demonstration pro-
gram, even that slight indication would be read very carefully by
the people in this field, 139cp.use there are already, as you are well
'aware, in the fields of medicine and education, tremendous corporate
investments in which literally hundreds of millions of dollars are being
allocated against research and development objectives and marketing
objectives for markets that are 3 to 5 years in the future. I do not
know whether this is legally possible.

suarlrem.1.1.1.....mem
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It is not necessary that the money be available today. What is nee-,
essary is to convey to people the idea that within 3 to 5 years, which
is the frame of thinking of most leaders in the private sector a our
society, that the Government might try to make possible dramatic
demonstration programs, the same way we have wita SST's and other
Federal programs

Senator is ELSON. I do not know that you would ever get Congress,
to say that something we do not understand now we will go full blast
on 2 years from now, because I think the problem of und.erstanding'
the concept exists in Congress as well as elsewhere in the country. Sos
it seems to me that the point really is that if we could get some modest
pilot projects going and some education programs going that it would
develop on its own, because in my judgment, at least, the logic of the'
utilization of the concept, is so compelling that L. cannot be ignored.

It is not a new concept. The only thing new about systems analysis,
I suppose, is that we now have machines that can help us analyze.
alternatives that you could not have done before without a massive,
number of mathematicians and planners.

So we have tools. The question is to train people ,n the utilization
of the tools and educate people as to the eflicaey o the concept.

I have thought, that, maybe some appropriation ought to be made,
available to the National Scienee Foundation to allow them to con-
sult with private profit and nonprofit organizations, to allow them, in
cooperation with private nonprofit and profit organizations, to evalu-
ate how you ought, to approach the problem and authorize them to
make grants of various kinds as an experiment al matter.

appreciate your coming here. Your statements are very valuable
and they are appreciated.

Our next witness is Emanuel T. Weiler, dean of the Krannert Gradu-
ate School of Industrial Management, Purdue ITniversity, and Daniel
Alpert, dean of the Graduate School, ITniversity of Illinois, Urbana,

We are very pleased that you were willing to take the time to come
here this morning and give us the benefit of your ideas on legislation.

I notice you both have prepared texts. You may present them by
reading them or extemporizing, whichever way meets your purposes
best. I would be happy to have either of you interrupt the other if
you have an idea to add to the testimony.

STATEMENT OF E. T. WEILER, DEAN, ICRANNERT GRADUATE

SCHOOL OF INDUSTRIAL ADMINISTRATION, PURDUE 'UNIVER-
SITY; ACCOMPANIED BY DANIEL ALPERT, DEAN, TEE GRADU-
ATE COLLEGE, UNI'V'ERSITY OF ILLINOIS

Mr. WExrza. I am E. T. Weiler, dean of the Krannert Graduate
School of Industrial Administration at Purdue University. My col-
league and associate in this stat'ment is Dean Daniel Alpert of the
University of Illinois Graduate College.

Dean Alpert is a physicist and has served in a major industry and
the Manhattan Project before accepting .cademic appointment. Cur-
rently Dlan Alpert is a trustee of the Institute for Defense Analyses.

I alit an economist by discipline, a business consultant, and have
served the Department of Commerce and the Federal Reserve Board.
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We are here today as individuals to support the concept in the bills
before you. We would like to see a national authority with the mis-
sion of reviewing proposed systems based programs and awarding,
selectively, funds to the States, universities or other institutions, or
organizations that could put them to use effectively in seeking out solu-
tions to the pressing economic and social problems of our time.

The earlier witnesses before your subcommittee have made the
case for the systems approach as a technique for problem analyses
based on working experience in industry, government, and research
organizations. The thrust of our comments today relates to the uni-
versities and how they might utilize systems techniques as they par-
ticipate in the resolution of complicated,, public problems.

As faculty members of land grant institutions, Dean Alpert and I
have long been concerned about bringing the great, competence of the
universities into a more relevant relationship with the problems of the
constituencies they serve. So has the leadership of the great univer-
sities in the Midwest been concerned.

The universities which are banded together for cooperative Mum-
tional 1')oses in the Committee on Institutional Cooperation ()
app a cominittee several years ago to examine the relationship

. Aversitiet. to the growth of the Midwest's economy. Dean
..i.lptet served on that, ad hoc committee on economic growth,. which I
was plertsed to chair. The committee evolved into the council on eco-
nomic growth, technology, and public, policy of the CIO. I continued
on as chairman of the council, and DeanAlpert serves as vice chairman.

BCCialSe it is the forum in which our universities have chosen to ex-
press and to articulate their concern, Dean Alpert, and I shall draw
upon the position of the council to document in part our views on the
validity of the concepts in S. 430 and S. 407.

The council's basic paper proposed drawing upon the resources of
the universities in multidisciplinary, problem-oriented research and
action programs designed to contribute to the long-range productivity
and social welfare of an urban and industrialized society.

The council has since adopted a position calling for a program of
studies and systems analyses aimed at increasing.understanding of the
problems and potential which characterize midcontinent America.
Such analyses would be oriented toward enhancing the means and
capacity for aiding decision makers in devising action programs for
regional growth.

While encompassing such social and economic issues as the control
and availability of natural resources, the future character of transpor-
tation, and the nature of technological innovation in civilian industry,
the analyses would also suggest alternatives for decisions that inevit-
ably would involve human values and the political process. The sys-
tematic, broad gage study of regional problems is a natural exten-
sion of the many current, investigations of social, economic and govern-
mental issues being made on a local scale in the context of a single
urban community or State.

Planning is underway for this experiment in which a consortium of
universities would cause pertinent academic disciplines to interact on
major socioeemomic problems through the common techniques of sys-
tems science. The task involves mastery of asking precise questions of
the appropriate disciplines to obtain beneficial answers and feasible

76-510-67-14
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alternatives. It means coupling sciencein the broad sensewith the
social studies to develop viable policy end products.

Such a consortium would be a new departure. It not only would.
attempt to recruit working teams of problem solvers from the various
disciplines, but it would gather the team members from two, three,
or more great universities. It not only would try to via. many
knowns, unknowns, and variables in a small area, it would attempt
to do that for a geographic region of several States. It would take
the tenets of a technique demonstrated to be successful in the aero-
space industry, revise them as necwsary, and apply the resultant
techniques to a complex net of social, economic, and. governmental
interrelationships.

We would be less than candid to suggest that the plans for a uni-
versity-based systems attack on major social problems assure success-
ful resolution. Certainly the problem are complex by virtue of exist-
ing interrelationships, in comparison to military and space require,
ments. Then too, the organization of academic personnel is clial-
len ing,

or as Henry Rowen of RANI) arid some othershas told this
subcommittee in recent hearings, the universities traditimally have
operated within disciplines, and "problems just don't come cut that
way." Mr. Rowen went on to point out that more difficulttlian identi-
fying the problems that need solving is the matter of workable institu-
tional relationships, particularly in the university community.

We submit, however, that the great midwestern universities have
recognized this problem and are examining alternatives for the de-
velopment of effective institutional arrangements.

In addition to the end products of a technical and policy nature,
a university-based experiment could contribute to the training of an
increased corps of systems analysts, engineers, and. managers. These
professionals would carry their skills into business, industry, govern-
ment, the not-for-profit research organizations.

The universities--as Simon Ramo of TRW, Inc., .(;ld you earlier
this yearshould be producing individuals who have hybrid training
as "politico-econo-socio technologists" and whoF job it would be to
work in the field of interdisciplinary science or inwrdisciplina,ry social
arrangements.

As the universities have provided the society's professional people
in the past, they are now called upon to provide the new breed of social
engineers as indicated by the distinguished witnesses before this
subcommittee.

May we point out that the mid estern universities with which we
are associated produce a substantial portion of the advanced degree
holders in the United States :Cron departments of great academic
strength. A recent study by the American council of education, an
assessment of quality in gradytete education, shows that these mid-
western universities contained approximately 30 percent of the "dis-
tinguished" and "strong" academic departments in the 106 major
universities studied.

May we call to the Senator's attention the relevant and supportive
position taken by the National Commission .on Technolo 2 Automa-
tion and Economic Progress. The Commission, whose Chairman was
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President Howard R. Bowen of the University of Iowa, proposed last
year that the Federal Government "experiment with the formation
of university institutes or interdisciplinary programs, adequately
financed and fully integrated with the educational function of the
university, which would serve as laboratories for urban problem
analysis and resources for local communities that would want to use
their advice and services."

One of the Commission members, Philip Sporn, in a separate com-
ment, said he hoped "that recognition of the need and of their own
responsibilities in our society will stimulate at least one or more uni-
versities and private foundations to undertake such a program on. their
own."

New regional institutions are developing, both intergovernmental
andin the Midwestinteruniversity. There is emerging a realiza-
tion of the necessity foi grasping problems regionally. To cite just
two emtnaples of that development in our part; of the country :

The Upper Great Lakes Regional Commission his been formed
under the regional economic development program in an effort to
revitalize the economy of the northern tiers of counties in Minnesota,
Wisconsin, and Michigan. The other is the Great Lakes Basin Com-
mission recommendtd to the President by the Fede. 11 Water Resources
Council under the Wa,er Resources Planning Act of 1965. Both are
examples of new institutional fcrmscooperative enterprises involv-
ino groups of States and the Federal Government.

We believe that the university community can render substantial
services to re gional authorities by providing systems-developed plans
and policies for their consideration and action.

A recent Brookings bulletin book review observed that some of the
mort, difficult problems of intergovernmental fiscal relations arise
where inetropolitanwide action is stymied by organizational inade-
quacies or by the lack of "an objective basis for cooperative agreements
among jurisdictions." The same might be said for jurisdictions with-
in wider regions or areas. The review suggests that modern systems
analysis can make contributions toward workable solutions of these
problems.

Dean Alpert and I believe that legislation embodying the concepts
in the two bills before you would provide some of the financial sup-
port needed to proceed in an orderly fashion with a systematic attack
on major domestic problems. The method of operation proposed
would allow the application of systems techniques by local and State
governments, or by groups of States either through in-house capacities,
or through the use of the talents of the private sector2 the nonprofit
research institutes, the universities or consortia of universities, .pro-
vided the proposed projects had been duly emluated by the national
authority.

1965, before he joined the President's Cabinet, Dr. John Gardner
isaid that it isn't anybody's business to think about the big questions

that cut across specialtiesthe biggest questions facing our society.
Dean. Alpert and I believe that the universities are able and willing
to address themselves to the "big questions." The kind of assistance
envisaged by the legislation now before your committee would be of
<treat help in the effort.
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Dean Alpert is prepared to make some remarks, not of a prepared
nature, which perhaps you would like.

Senator NELSON'. Thank you very much.

STATEMENT OF DANIEL ALPERT, DEAN, GRADUATE SCHOOL,
UNIVERSITY OF ILLINOIS, URBANA, ILL.

Mr. ALPERT. May I make some remarks, and I will use notes in
this discussion.

Various witnesses at your committee hearings have set forth the
validity and needs of the systems approach in the solution of many
complex social, economic, and technological problems facing us as a
nation, and the witnesses have also pointed out that the systems ap-
proach is not magic. It should not be oversold, or mismanaged.

I believe you have had some very impressive witnesses at these hear-
ings, and that there may be little need for us to add specific examples
of the use of this approach. I would prefer to address my attention
to the possible mechanisms by which the Federal Government can
optimize the uses of systems analysis and encourage its use broadly
in local, State and regional areas.

:know can you make it more likely that there will be a valid use of
the systems technique?

The principal characteristics of a valid systems a. Broach is that the
problems are stated and approached with a minim.. A of arbitrary con-
straints. In reading the testimony before this committee, I was im-
pressed with the fact that you have removed the constraint that tie
witness testify either for or against one version of the bill, or the legis-
lation to support systenis activity. In that sense, you have removed
an important constraint, and your hearings have themselves consti.
tuted a systems approach to legislation.

I think it is intemsting to comment that in this activity, you are
the systems analyst. You hsave a problem and it is a complex one,
to formulate reasonable legislation; and you have a client for the study,
yonr own committee and the U.S Senate.

I think these three aspects are important components of systems
analysis and management.:

(1) The nature of the problem. (2) The nature of the client or
sponsor of ft studya client who can act upon the study is one of the
important ingredients, and this will determine whether a systems
analysis is ever put to useand (3) the systems engineering analysis
team, which I sometimes call a systems-analysis team, and sometimes
a systems-architect team.

The nature of the problem is rather obvious to all of 113. Both the
client and the systems-analysis team must view the problem as com-
plex. If the client thinks he knows the answer beforehand and can
state the problbm unambiguously; you might as well stop right there.
The likelihood that he needs or could use a valid systems analysis is not
very groat. In other words, the problem is often implicitly stated,
rather than explicitly stated the first time. Usually, after you have
looked at the problem for a while, the nature of the problem has
changed, and it should. be ,restated:

This says something both about the client-sponsor and the systems-
analysis +eam. The client must be sophisticated and understand the
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minim of the problem and the approach to the solution,.at least at
some stage of the game between the time the analysis is written and it
is put into action.

May I hasten to add that not all studies have started out with a
client at the beginning; and a classic example of this was the proposal
to build an atomic bomb, which in a sense was done by systems analysts,
a group of scientists turned engineers, who did not have a client. No
one asked them to design a bomb; and they had to find a client by
going, in that case, through Mr. Albert Einstein to the President of
the United States, who designated a client.

The systems architect or systems analysis team must be good, it
must be independent, it must be imaginative, and it must be practical.
It has got to be tied in with the real world, and it is typically made up
of a group of people from different specialties who have worked to-
gether as a team for some thcie. It is not necessary that the client and
the systems analysis team report to different organizations. As a
matter of fact, in modern industry you often have the systems analysis
group and the systems management both reporting to the top manage-
ment of the company. But if your long-range planning team is not
independent of the operational part of the company, it is not too likely
that valid analyses and counterplay between the systems planner and
the client will take place.

In the public area, we have done it both ways. It is important that
a client-sponsor, that is, a municipal government, have people who are
sophisticated in the systems approach. In any case, whether they hire
a study to be done on the outside or whether they carry it out within
the organizationand you know, in the most successful areas of ap-
plication, in. the DOD and in NASA, both in-house and outside firms
have been used in systems analysisthese characteristics, a knowledge-
able client who can act on the basis of the systems analysis and an
independent, well-knit analysis organization are necessary ingredients
of a successful systems approach.

What happens if you have a good r alysis team but you do not have
a good client? Let us note parenthetically that, you can fail to have a
client in many ways. If President Roosevelt had not listened to Mr.
Einstein, there just would not have been a clientit would not have
been possible for the group of scientists to engineer the Manhattan
Project on their own. 'There are times when the client has prejudged
the issue and wants someone to justify his decisions in technical terms,
and you certainly do not expect to get very much out of that. And
most likely in the present scene, particularly at the regional and local
levels, if you had a good systems study it would be put on a shelf and
collect dust in the absence of an able client.

For many of our problems, a client does not presently exist. As an
exa,mple2 take the situation where you have hundreds of separate
school districts, each of which could use a valid systems analysis of its
architectural problems, but none of them individually can afford either
to pay for the anlaysis or, in some cases, to justify the capital invest-
ment that a joint client might afford.

And so in my use of the concept of client, and in my. recommendation
in this area, it seems to me that there are marry situations in which
municipalities are related in t, larger megalopolis; but any one of them
cannot individually carry through a study or act upon a study, let us
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say, to improve the transportation or air pollution. What is needed
is a new client, a joint client, perhaps, for many such districts, many
such school districts or municipalities.

Sometimes the municipalities may not even be in the same State.
It is very clear, it seems to me, that in fields such as crimp prevention
the characteristics of the problem faced by cities of a given size are
very similar across the whole country. Technological advance as well
as systems analysis might be done for dozens of cities jointly involved
in a client relationship to such a study.

It therefore is my notion that legislation should be aimed in such
a way as to grant funds to a systems analysis where a valid client is
available, or to encourage, individual potential clients to collect in
such a sense that if they had the study which they could otherwise
not afford, they would act on it favorably.

In talking about the Commission which is proposed in S. 467, a
commission for the study of systems analysis, it seems to me that this
would be valid if the Commission itself were viewed as a client. In
many of our national committees and commissions, we call together
a group of very busy people who can meet, le:; us say, once a month for
a year or 2 years, and. what they are actually trying to do is to carry
out a systems analysis of a pretty' tricky problem.

It seems to me that above all, a commission that studies systems
analysis should use the techniques of systems analysis that are Avail-
abln, and in the role of the cilent. It might well be that one .could
merge the thrust of these two bills by supplying sufficient funds to
several commissions or to subcommissions,in different problem areas,
which themselves would seek out valid client relationdhips and find
sample areas where systems analyses could be done, always in the con-
text that there existed a potential client or an actual client who could
make use of the systems analysis.

Thank you.
Senator NELSON. Thank you very much for your contributions.
The Committee on Institutional Cooperation represents how many

Midwest universities?
Mr. WEILER. Eleven midwestern universities, the Big 10, which you

know, plus the University of Chicago.
Senator NELSON. What is that consortium prepared to do in terms

of, say, running educational programs for city and State employees
in order to teach them something about the concept of systems en-
gineering,, or is it prepared to do that at all ?

Mr. liTninER. This is really a volunteer consortium of these univer-
sities, and decisions of this kind will be made by the Big 10 plus the
University of Chicago presidents. It is conceivable that they could
ask the consortium to do this kind of work, but the decision would not
be made by our group. It would be made by the chief executive of-
ficers of these universities.

Senator NELSON. I did not mean what it was prepared to do. What
is ii equipped to do in terms of its own personnel?

In other words, does the consortium of universities have personnel,
and would it be able to establish a program to provide 1 month, 6
weeks, or whatever, of training programs in concepts of systems engi-
neering for city budget people and analysts at the State level, and so
forth?
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Mr. WEILER. ThO C,I0 can call on cavil of the 11 universities for
staff, and there are precedents for having done this. There are a
numLer of projects which are interuniversity in nature, and this is a
means of pooling the academic resources of the 11 universities to ac-
complish an objective.

Now, each one has to be approached individually on an ad hoc basis.
We are not set up to do this, but it cap. be done.

Senator Nir.sox. In the course of the hearings, I think the most
()common theme, running through the testimony was that there is a
shortage of trained systems analysts and the shortage of people who
know how to use the systems concept. We raised the question in pre-
vious hearings of how you train a systems analyst, where are they being
trained, what is a systems engineer or analyst, what course,; are there
in the country in the academic institutions and elsewhere where sys-
tems engineers are being trained ?

The other aspect, the question of where you conduct some programs
to train the people ought to be using thatthat is, the State budget
directors, city budget directors, heads of planning sections of your
State government, or city governments, people ) are not aware of
the concept, or if so, vaguely aware, who ought to have a 1-month
course or a 2-month course in what the concept is and how you would
use it.

These two questions were raised several times and previous testi-
mony indicated there ought to be more educational programs in the
country to train analysts and there ought to be some kind of programs
in the country to give some education to the people who ought to be
using these analysts.

My query is, what expertise is there in the 11 mItlwestern univer-
sities and, toe,, is the personnel present to establish a program of giving
1-week training to heads of departments, 2 or 4 or 6 weeks' training
to deputy assistants to heads of departments on systems engineering?

Mr. AL T. I would be less than candid if I were to say that each
of our universities could just start in and give educational programs
across the board to various kinds of units that need such education.

Typically, the characteristics of those people in our universities that
are well equipped and sophisticated in systems analysis are those people
who are truly problem oriented.

For example, in some of our engineering departments that tackle
large scale, real problems in the real world, you find people that can
educate and are educating a variety of people, including industrial
people, in the use of systems analysis.

An example is our civil engineering department, which is providing
a computer-based system. it is an educational system for small con-
tractors throughout the State of Illinois: and teaches them the various
aspects of systems approach, in the design of their building and the
scheduling of their workers and so on.

Typically, one needs problem-oriented people, and problem-oriented
areas in the university, and as many witnesses have testified, our typical
professor is discipline oriented.

The manner in which we can cross disciplines and get an approach
to real problems is one of the things we are addressing ourselves to
collectively to see what is the best way of getting more problem-
oriented people in the urban problem areas and in planning areas.
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Senator NELSON. Are there, in any of the institutions, .specific pro-
grams aimed at teaching people l :. become systems analysts?

Mr. WEILER. I not know of any. They are usually the byprod-
uct of other work, and as Dean Alpert has said, unfortunately for
this purpose, universities are orga,mzefl around disciplines, and the
disciplines do not constitute the optimal kind of organization for pro-
ducing these kinds of people.

Senator NELSON. But as to the second part of my question, if the
11 universities were requested to set up a program to train budget
analysis in a 1-month or 6-weeks or 8-weeks program, would you have
personnel within the universities to set up. such a program, and run it ?

Mr. WEILER. That is a difficult question. I think we could find a
limited number of people in the 11 universities who could do this.
To be very candid, it would not be a very large number. This is an
area, that has not been well developed, even in these instituti which
are service oriented.

The land. grant universities, the Midwest universities, have probably
had more concern with service to their communities and their ckix-
stituencies than most universities, but we have not learned to do this
job for the urban society, and this is of course one of the advantages
of the commission here. It would enable these universities to get
geared up to do what I think they must do if they are going to fulfill
their function.

Would you like to add to that?
Mr. ALPERT. Yes. It seems to me that support in the systems anal-

ysis area would best be done with a problem orientation rather than
the technique orientation. I think that one of the characteristics of
the Rand type of organization is not that they stressed so much the
development of the technique, which was necessary, but it was a prob-
lem orientation that developed systems analysis. I think that would
characterize a requirement. An interdisciplinary laboratory in a uni-
versity, or an institution for public policy research would be one that
tackled problems by bringing together teams of people to work on
problems, and that is characteristically the way education gets done.
1°1' eople transmit to students and to others the kind of culture they have
built up themselves.

Senator NELSON. I would agree with that. Would you apply that,
however, to the case where you are simply trying to take somebody
from one of the governmental bureaus and give them a brief introduc-
tion to what the concept is all about

Mr. ALPERT. I think we could do that, and in our university it
would be the institute for government, which now works with many
of the smaller bureaucracies in the State of Illinois, to help in such
ways. Again, it is a problem-oriented organization, and as the name
implies, oriented toward governmental problems.

Senator NELSON. 13ut you could take somebody, then, and give them
a 6, months' course and introduce them to the concept of systems
engineering.

Mr. ALPERT. We must be candid and say we would have to tool
up for that. Our university would have to turn to this task, with the
kind of interest and activity that they have turned to some of the other
problems posed by the National Government.
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In the case of space sei,nce, IN hen NASA came along we did generate
a number of groups in the, university with a 'very great interest in the
physics and in the selenee of ,space. 1 think that an orientation
toward some of the problems which can be tackled in this area would
represent the kind of challenge that would be needed to build up a
greater capability in this area.

It shouid be cautioned that just to tech the techniques that are
involved, when you take the systems approach and break it down
into the separate techniques a; such, they really require the problem
in order to make them cohesive, and to make them meaningful in a
short course.

Senator NELSON. I would agree with that. Most of the problems
that budget analysts or a planner or somebody on management's side
have been tackled some place in a systems form-- and suppose if
you would run a program to teach them something about it you would
take the area in which they are working where they have problems to
show how those problems have been tackled elsewhere.

That is what 1 am trying to get at. Is there any place for you to
train these people? This does not make systems analysts out of them,
of course, but the problem is they do not even understand that such
approaches to problems exist. As decisionmakers a necessary part
of their education is to understand this approach to problems.

Mr. Atrium Of course, if the key decisionmakers in the govern-
mental process just send down some of the people who have been in
the bureaucracy 10 years or 20 years, to take a. short course on the
use of computers or the like, without having himself imposed some
goals for his office, for example, that by such and such a date we will
transfer into a program budgeting systemand we will do it either
by getting some help from outside or by asking you to learn enough
about it. I think one would then have the kind of incentive to really
make a new system apply.

I think the decisionmaker, rather than the technician, is a key ele-
ment in the process.

admit, as I said, that you need sophistication at the technical
level as well as within the decisionmalrer's office.

Senator Nmsolf. I am assuming that the decisionmaker would have
to be motivated ,o send the technician in the first place. I would as-
sume further that it probably would be valuable to run a 1-week course
for the budget director, for example.

Mr. ALPERT. Right.
Senator Nnr.sorr. Or whoever studies the problem of space utiliza-

tion, and if he is motivated to come in the first place, at the end of
the first week if the course is any good he is motivated to use the con-
cept, and following that there is some understanding on his own part
and he sends tc the course whoever the technical people might be.

That is the kind of program, at least, that I have in mind, and I am
trying to find out if there is any place in the United States where
you could set up a program where you could give some education
to the decisionmaker and subsequent to that to the technical people.

Mr. WEILER. Senator Nelson, I am sure this could be done within
the universities. We were in part reacting to the kind of sophisticated
client problem, the problem of getting the sophisticated client prob-



212 SCIENTIFIC MANPOWER "UTILIZATION) 1967

lem, the problem of getting the sophisticated client capable of dealing
with some of the problems that now characterize the Midwest.

We will have a crescent city, stating from Madison and Milwaukee
and swinging through Chicago across the northern tier of counties,
across northern Indiana and including Michigan, including Cleveland
and possibly Buffalo, within 20 years.

This is a whole new urban area here that just tries or for some kind
of planned planning. We have masses of people who need to be moved
into recreational areas both north and south. We have a transporta-
tion problem that is going to be a very, very difficult problem through-
out this whole area. The kind of sophisticated client that is called for,
in this case2 to energize the kind of study that needs to be made in order
to do this intelligently, in order to exploit the Midwest's real poten-
tialit is the kind of client that takes more than a week or two to
create, and this is what we really need somehow to do in the Midwest,

We also have emerging a new educational program. The space be-
tween these State universities is diminishing: With the development
of television, we can have seminars in any university that are attended
by people from all the other universities, and the whole problem of de-
veloping a regional educational program is a tremendous challenge,
and this needs to be tackled.

We could go on. There are all kinds of problems that we are going
to have to answer one way or the other within 15 and 20 years, which
is a very short time.

Senator NELsow. In what you stated about the metropolitan complex
in Madison, and across, Cleveland it one of the big problems, and needs
some careful study.

Again, however, unless at the State level and the local level you can
develop an interest and understanding of the concept, you cannot settle
the big problem. You have got to start some place, and one of the
places you have got to start is to educate at the local level and the
State level, so that it will be understood that there are major regional
problems that must be solved on a regional basis.

That is why I keel) raising the question of getting some education
programs started. We have got some people around the country who
are prepared to analyze the biggest problems. We cannot find any-
body prepared to analyze the little ones.

I think we have to build from the little ones to the big ones.
Mr. %Tram You have a very, very fine point.
Senator NELsorr. We will now take a 5-minute break.
I appreciate your taking time and your very valuable contribution.

It will be helpful to us in working out legislation.
(Whereupon, a recess was taken.)
Senator NieLsorr. We will resume the hearings.
Our next witness is Mr. Robert Nelson, Director of Public Sector

Projects, Raytheon Co., of Lexington, Mass.
Senator Nntsow, Mr. Nelson, I appreciate very much your taking

the time to come here and present your view today on these two
pending

Do you have a prepared statement?
Mr. NELSON. I oio, yes, sir.
Senator NETsow. Irou may read it, or extemporize, or handle it i)t

any way you see fit.
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STATEMENT OF ROBERT =SON, DIRECTOR, PUBLIC SECTOR
PROTECTS, RAYTHEON CO., LEXINOTON, MASS.

Mr. NELsozr. Thank you, sir. T appreciate being invited.
It is a subject of great .personal interest. It is also a very broad

subject, but today, will just touch on two aspects in which I think
both. acts will be very helpful, and I hope you will find these comments
pertinent.

I am Robert E. Nelson of the Raytheon Co., in Lexington, Mass.,
where I have been concerned with problems of the public sector and
a private industry approach to them. The references I will make to
Raytheon are factual but the opinions expressed are mine as an
individual.

Raytheon is one of the aerospace companies that has contributed to
the development of systems technology for defense and space pro-
grams. For some time now Raytheon has been involved in the trans-
fer of these skills to the public sector and currently is conducting
programs in educational systems, natural resource systems, transpor-
tation systems and, as a part of a major program for a foreign gov-
ernment, building communities including housing, schools, roads,
sanitation, and water resources plus literacy and vocational training.

The applicability of the systems analysis and systems engineering
tools to public problems has been demonstrated. The 'problems them-
selves are increasing in number and complexity. It is important
simultaneously to increase the number of people in government at all
levels, in universities and in industry who can administer and employ
these lechniques.

Further, it is important to provide a focus on these experiences so
that the efficiency of these manwernent techniques can be improved
%nd their usefulness extended. The Scientific Manpower Utilization
Act will contribute to the former and the National Commission on
Public Management will provide the latter.

I would like to comment briefly on, one, a mechanism for providing
immediate and effective training in the systems techni-logy, two, an
illustration of an impediment to solutions to public imoblems that
could lit overcome by using systems techniques under these acts, and,
three, your specific questions.

Training. Qualified personnel are limited in. number and continue
to be employed primarily on problems of defense and space. Happily,
there is enthusiasm on the part of a large percentage of these systems
people for transferring their skills to public sector. problems. Many
are spending their own space moments increasing. their familiaritywith
the social sciences and in analyzing related problems. The question of
creating an effective transfer of these skilled people to public prob-
lems remains.

The universities have an important challenge to train both the new
practitioners as vied as the customers or end-users of the systems tech-
niques. Several such programs are now being organized but it will
take many years to produce the numbers of people needed.

We have, however, already been introduced to an effective mechanism
for training on the job a large number of people in this field. Con-
sider the California systems studies with which you are familiar.
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Four studies were accomplished by four separate companies. lint 50
companies competed for these study contracts.

What of the other 46? The fact i3 that each company assigned
its best talent and developed its approach on the subjects of crime,
information, transportation, or waste systems. Each prepttred and
submitted its proposal. Where a company lacked the requisite skills,
it teamed with others and employed consultants. As a result, the
knowledge of the subject and the analysis of the applicability of the
systems technology to these problems now exists in a reservoir of 50
companies, not just four.

There is an additional advantage. Simultaneosuly, the State admin-
istrators had the opportunity tc review and evaluate the best ideas
of the 50 companies and in the process to increase their understanding
of the problems and their understanding of the ldministration of
these new techniques for their solution.

This kind of on-the-job training is meaningful and It iIng. It is
problem oriented. The experience gained is real. On a larger scale
the movement of experienced people from an initial program at a State
level to other State, regional, and local agencies can be expected, simi-
lar to the progression of experienced people from Rand to the Depart-
ment of Defense and now to other Federal agencies. As the capability
expands so will the demand for its use The Scientific Manpower
Utilization Act could initiate and fund sitch programs.

IMPEDIMENTS TO TILE SYSTEMS APPROACH

There are certain practical impediments to the use of systems
analysis and systems engineering. Some are traditional and some are
legal. Studies under these proposed acts could identify these impedi-
ments and suggest solutions.

For example, there is some evidence that technical innovation in
building construction is limited by the existence of restrictive stand-
ards and codes. Certain community rehabilitation objectives mightbe achieved sooner at less cost if these innovations were available. Batit may be necessary to demonstrate the value of these innovations in
practice before the codes can be changed.

The answer might, be found in a model project under a Department
of Defense construction program which would have the additional
purpose of examining objectives of the Department of Housing and
Urban Development and 'precipitating innovations that would help
simplify the urban rehabilitation problem. This is a complex system
problem involving interagency cooperation and congressional appro-priation. It might be accomplished under the proposed Commission.

RESPONSE TO Si ECIFIO QUESTIONS

1. To the question of what is being done in the field, the answer isclearly a great deal. Wif hout adding to the list, yr a must have already.
let me say that Raytheon is currently working on several additional
uses of the systems approach for public problems and, if Raytheon is
any reflection of industry at large,, a great deal of planning for addi-
tional applications by industry are in protege.
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2. With respect to the kole and relationships of Federal, State,
regional and local government, universities, and industry, there 18
reason for some optimism.

The willingness of many I., ederal and State agencies to discuss
systems approaches has increased dramatically in the last 2 years.
Further, analyses required to support the program, planning, budget
systems should, accelerate this process.

Interagency and jrrisdictional cooperation will be the key to success
for many systems programs in the near future.

In adilition they will depend on the development of sufficient skilled
systems people, the selection of appropriate projects, and funding.

3. The proposed Commission, as a new institution, would be a wise
move at this stage to provide a focus for the evaluation of prospective
programs and to assemble data on actual experience. Other ad hoc
institutions or authorities may be practical for large interdiscipl*
projects in the future.

The public problems that concern nil are complex and mounting.
Every technological and management tool that will help bring these
problems under control should be developed along with the organiza-
tions and personnel to use them. The Scientific Manpower Utiliza-
tion Act and the National Commission on Public Management are
important steps in this direction.

Senator NELSON. Thank you very much, Mr. Nelson.
You state that Raytheon is currently working on several uses of the

systems approach for public proNems.
Is this lust in-house research, or do you have some clients for whom

you are doing this;
Mr. NELSON. These are in-house research projects. In the fields of

pollution, water resources, urban development, and additional ap-
plications of the educational systems concept.

Senator NELSON. Have you done, are you doing any ;work on a
contract basis on any social problems in the field of using systems
analysis with a client

Mr. NELSON. On a contract basis, we are doing a considerable
amount of work for several municipalities in educational systems,
where we are relating curriculums development, the media required to
meet the curriculums, and communications techniques, and there are
several programs of that nature in process.

Just to run through others quickly : In transportation,. we have a
contract presently with the Federal Government in which we are
teamed with a university,, and working on the evaluation, the improve-
ment, and subsequent design of a traffic control system to be employed
in the city of Detroit. The contract is with the Highway Research
Board.

In the major community. building field, we have a contract with the
Government, directly with the Government of Saudi Arabia. The
basic contract is to prvide a defense, military defensive system for
the Government, but simultaneously, we are developing the
communities.

Senator NELSON. What are you doing in the water resource
planning?

Mr. NELsow. In water resource planning, we are particularly in-
terested in the Merrimac River problem, up in New England, that
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affects Massachusetts and New Hampshire, and the interests of both
States, and the Federal agency in that problem.

Our.work, as I say, has been in-house, to get up io speed for par-
tici tang in snob, a program.

enator NNLsow. You aren't working on any contract basis?
Mr. Nnisow. No contract basis in that instance.
Senator NELSON. What kind of work are you doing in resource

planning? Is it just as respecting this watershed, or water resource
use in general?

Mr. NELsox. With respect to resource planning, we have two sub-
sidiaries who are pretty thoroughly involved in the analysis, land-use
analysis problems, and in the exploration of mineral and oil resources.
We are working with those subsidiaries to improve or to expand on
their capabilities, to include some additional characteristics that we
think a natural resources planning system should have so we are pre-
sently funded in several areas. They are the routine areas that those
companies have bexm. involved with in the past.

We are now building on them, for additional applications that we
can see of value, particularly ATI) programs, for example.

Senator NELSON. if some legislation were to pass, such as the pend-
ing bills before this eomm;ttee, do you have any ideas about what would
be the best approach in funding, what kind of problems, what kin&
of programs?

In other words, if the Congress were to deeide that it was worth-
1,vhIle to make some appropriations for the Nirposes of edneat ion, for
the purposes of acting with some specific social problems, regional or
city or State, do you have any idea, any suggestions as to what might
be the most useful approach?

Mr. Mum I haven't thought about them in terms of specific
priorities, but the familiar ones of education, pollution control, trans-
portation, are the on, ,s that I think would be most meaningful to us,
the ones that I think vould be most meaningful to be started on in the
mar future, because tht re is a great deal that currently can be done
in those areas.

There is much that can be done, without, bringing in any part;cular
new technology, working with the existing capabilities, but organizing
them differently.

example, in the pollution field, I feel that whether or not the
Federal Government tab es initiative, communities will find it neees-
sary to band together to d, .ings in their own, best interests, because
that way they can bring m a effective financial capability and man-
agement capability to the Noblems, but I think the existence of these
bills would greatly accelerate that process, and would certainly be
beneficial.

Senator Nntsox. Well, I we ant to thank you very much for your
fine contribution, and for taking the time to come here this morning.

Mr. NELSON. Than you.
Senator Nnt,sort. Was your company one of the contractors in the

California contract.?
Mr. NELSON. No, it was not; nor a bidder.
Senator NnrisoN. Thank you.
That will conclude the hearings until tomorrow morning at 9 :30 a.m.
(Whereupon, at 11:30 a.m. the subcommittee adjourned, to recon-

vene at 9 :50 a.m., Thursday, March 30, 1967.)
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THURSDAY, MARCH 30, 1967

U.S. SENATE,
SPECIAL SUBCOMMITTEE ON SCIENTIFIC MANPOWER

UTILIZATION OF THE COMMIrr.6E ON
LABOR AND PUBLIC WELFARE,

Washington, D.C.
The special subcommittee met at 9:45 a.m., pursuant to recess, in

room 4232, Senate Office Building, Senator Gaylord Nelson (chairman
of the special subcommittee) presiding.

Present: Senator Nelson (presiding) and Senator Javits.
Committee staff member present : Robert Patricelli, minority coun-

sel to the specir 1 subcommittee.
Senator NELsoiv. We will open the hearings today on S. 430, the

Scientific Manpower Utilization Act of 1967, and S. 467, a bill to
create a National Con mission on Public Management.

Our first witness is 3`.,fichael Michaelis, manager of the Washington
office of Arthur D. Little, Inc. We are pleased you took time to come
this morning and give us the benefit of your views. Your statement
will be printed in. full in the record. You may present it any way
you see fit, extemporaneously, or by reading it, or however you like.

STATEMENT Or MICHAEL MICHAELIS, MANAGER, WASHINGTON
OFFICE, ARTHUR D. LITTLE, INC., WASHINGTON, D.C.

Mr. MICHAELIS. Thank you very much, Mr. Chairman.
I welcome this opportunity to join in your discussion of the "systems

approach" to problems of public policy. Five years ago I had the
privilege of serving as Executive Director of the White House Panel
on Civilian Technology. I recall that we then recommended to the
President that an Inter-Agency. Task Force be created, and that it
use the systems methods to guide Government actions in pursuit of
social and technical innovation.

At that time, the issue that appeared to me to be the most crucial
was how to increase the rate of utilization of new knowledge, so as
better to satisfy functional needs of our society, such as transportation,
housing and construction, education, and health care. That was 5
years ago; the issue today, it seems to me, is still the same. We are
still searching for ways by which we can bring to bear the rapidly
growing fruits of science and technology on the problems of everyday
living.

I continue to believeas I did 5 years agothat the systems ap-
proach can provide a powerful stimulus to social and technical inno-
vation. I also believe, and submit for your consideration, that a
national council -- representafive of Government, industry, labor and
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the professionsshould be formed in order to experiment with new
applications of these management techniques in all areas of social
need. I will comment on such a national institution later in my testi-
mony after first, if you permit me, considering the systems method
in relation to its poteut :al usefulness for guiding public policy.

In recent years, there has been. increasing public discussion of this
and related topics, to be sure- =though much of the enthusiam in sup-
port of new approaches had led to suggestions that are notably vague
and exhortatory. It is all the more exciting and reassuring, therefore,
that your committee is exploring how actually to utilize known and ad-
vanced management techniques--such as systems analysisin the
pursuit of national goals.

Note that I have said "known" techniques, for systems analysis as
such is not new. What is new, once again, is the potential utilization
of this technique, of this knowledge, to help solve age-old functional
needs of society.

Several of my friends and former colleagues, who have spoken in
these hearings, save already given you most adequate definitions and
descriptions of systems analysis techniques, and of the "systems
method" at large. For my part, I will merely attempt a summary of
what seem to me the most pertinent characteristics and values of the
systems method, before I go on to discuss the question of its potential
utilization.

The systems approach encompasses three interrelated major phases:
systems analysis, systems engineering, and systems management. The
nteraction bet' these phases is intimate and continuing: When a

system is $' ..)peration, management and engineers continue to col-
laborate using the tool of systems analysis for operating decisions,
much as they did in the design of the system in the first place.

The procedures of systems analysis vary widely, reflecting the
inherent uncertainties of the problem under review, as well as the
difference between organizations. However, the structure of systems
analysis is quite consistent from case to case. It involves the following
successive steps :

1. Understanding the objectives of the desired system in the con-
text of its working environment.

2. Stating the interrelations between One objectives and the variables
of the system that are chosen for analysis, thus constructing a model.

3. Quantifying functional relationships between elements of the
model and its outputs, often described as the benefits.

4. Quantifying functional relationships between elements of the
model and inputs or resources needed, often called the costs.

5. Combining (3) and (4) into an input-output or cost-benefit rela-
tionship that flows through the whole model.

6. Determining from the input-output relationships that choice of
all possibilities of systems characteristics and manner of operation
that produces the most desired result, and operating rates that corre-
spond to that optimum.

Systems engineering starts when a selected system has been broadly
specified, principally with regard to its desired performance. The
essential job of systems engineering is to subdivide the broadly de-
fined task of the system into more limited subtasks, thus permitting
the actual engineering work undertaken in the development of a

1
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system to be principally directed at well. defined problems, of limited,
scope. The great bulk of engineering in systems development is, there-
fore, not systems engineering, but the latter plays an essential part
in insuring that the separate engineering subtasks can be integrated
into a working overall system.

Sys.tems management can be consideredin a somewhat oversimpli-
fied viewas an extension of the concept of decentralized management
(practiced in many modern institutions) where such management is
organized around a task with the scope of a system or subsystem,
Thus, the traditional business functions of production, sales, finance,
and R. & D.whether performed in a centralized or decentralized
manner in an organizationcan be regrouped, for instance, to pro-
vide management and control of the system's optimum utilization of
resources to achieve a given objective; that is, strategy; logistics sup-
port; staffing and training of personnel; procurement of special re-
lated equipment and supplies.

I will forbear from going any further into the technical complexi-
ies--semantie and otherwiseof the systems method. Suffice it to

say that there already exists considerable evidence for its utility,
particularly applicable to situations where a major change in a broad
area of activity is needed.

Many of the techniques of the systemE, method are shared with
other disciplines; its uniqueness is the scope of the problem to which
it can be addressed. Its major value is the insight it provides into
the interrelationship between parts of a wholeoften leading to un-
expected discoveries about objectives and values, or relationships, or
facts. This opportunity for new discoveries is one of the most fascinat-
ing and valuable assets of the systems approach.

"Where do we go from here?" "How can we best use systems anal-
ysis to help meet major social needs?" These are the questions fre-
quently asked today, and I believe they are the ones that most interest
your committee. We have noted that the systems method can be ap-
plied to problems of great scope, and that it is particularly applicable
to situations where a major change in ia broad area of activity is needed.
It is principally for these reasons that the systems method has been
so successful. in the development of our military defense capability
and in our exploration of ode' space. Both these efforts are vast in
scope and -require major changes in very broad areas of activity.

This is no less true of problems in everyday living, whether these
be in transportation, or in education, or in 'health care, or in construc-
tion and housing, or the like. But there is a distinct and crucial dif-
ference between these civilian sectors of our economy and those of
defense and space. That is to say, the problems of everyday living,
reflected in the behavior of the market for goods and services of all
kinds, have called into being an industrial complex of not only great
magnitude but also great diversity. Here we are faced not with a
centralized and integrated decisionmaking mechanism, as we are in
the Defense Department, but with a multitude of customers and a
multitude of competitive producers and service organizations.

This applies to all of the areas of social nevi. that I have mentioned.
In this situation, therefore, the systems method can have an additional
and vital virtue. It can provide a common language between managers
in government, in industry, and in labor, and the professional corn-
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M111.1it) in the research institutions, universities, and other centers of
knowleuge generation. This common language can provide a common
understandingabout objectives, assumptions, values, benefits, and
costs.

The question of "Where do we go from here, and how should we use
the systems method i" must therefore be answered in the context of
bringing together the multitude of decisionmakers to provide an.
optimized system for carrying out any one integral function of our
society.

We must be most concerned with the ability of our decisionmakers to
initiate and carry through innovations of great magnitude and impact.
I said earlier that a major issue today, as it has been for years, is to
find the way by which social and technical innovation can be brought
about at a rate commensurate with. the needs of society. This is not
synonymous with merely saying that more scientific research and
technical development are needed.

R. & D. is only a comparatively small part in the whole chain of
innovation from the conception of an idea to the sale of a new product
or service in the marketplace. R. & D. generally costs no more than
10 percent of the total cost of innovation; it occupies a comparably
short timespan in the total chain of innovative events and, surprisingly
enough, it often carries compFatively less financial risk than some of
the other functions in the chain, such as marketing and distribution.

This is worth repeating : Innovation is not the same as R. & D.
R. & B. creates new knowledge. Innovation is the process of utilizing
such knowledge. Innovation thus entails the challenging of wisdoms
and beliefs that are often long held and cherished by the body politic.
Innovation, therefore, is a "political" process in which the systems
method can provide assistance but can, by itself, provide no solutions.
Personal values and attitudes enter significantly into the picture.
Fears and ambitions joust with each other; labor and management
seek compromises between apparently opposing viewpoints; the public
and the private sectors attempt to do likewiseand each, whether anindividual or an organization, proceeds from his own formulated setof objectives and assumptions.

In this situation, the systems method can provide a common language
so that the battles that will be fought and the compromises that will be
reached can derive from at least a common understanding. There are
lenty of differences that will remain because we are, after all, human
ings, and react differently c.,,ven to the same stimuli.
There are, yet, few working examples of the usefulness of the sys-tems method in a decentralized, fragmented, and traditionally ad-

versary-prone situation. One good example has already been de-scribed. to you in previous testimony. I refer to the school construc-
tion systems development, project in California. You will recall thatits most critical characteristics were :

(1) It focused on a functional need of society-- educational facil-ities, in this instance.
(2) It expressed this need in performance specificationsthus open-ing the door to new concepts of meeting this need.
(3) It created a marketrepresentative of real consumer needs andlarge enough to warrant serious attention by industry.
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(4) It brought together those that had vested interests in this mark-
et, in such a manner as to stimulate fresh thoughts on. old problems.

(5) It provided a collaborative mechanism, by which each par-
ticipating institution could discover for and by itself what it en-
lightened self-interest had to offernot only to itself but to the whole.

(6) It thus created new incentives for social and technical innova-
tion and reduced existing barriers to change.

The last three points are, to me,, the most interesting and vital.
That is to say, this experiment in innovation brought together the
vested interests who had traditionally controlled the human, financial,,
and technical resources that served this market. It brought top r
these vested interested in such a mannerthat is, with a systems task
to performas to stimulate a collaborative effort toward innovation
and change. Each of the participating groupsgovernment, indus-
try, labor, and the professionalsdiscovered that its enlightened self-
interest had a mutuality with that of the others. Each discovered
that if he gave up a little of some of his most cherished practices
to which he had. held strenuously for fear of being injured economical-
ly or professionallythen others in this emerging community of in-
terest would be able to act differently from, the way they had acted
hitherto. These new actions could then provide opportunities which
outweighed the possible injuries .feared, As each participant, in turn,
recognized this process of changing institutional relationships as of
his own making, a favorable climate for innovation and change was
created. That is to say, fresh incentives for social and technical in-
novation were found, and institutional, regulatory, and related bar-
riers to change were reduced.

Senator NELSON. May I interrupt just a moment?
What was this construction systems developmenl, project in

California ?
Mr. MICHAELIS. In the testimony of my former colleague, Dr.

Schon, there was a very full description. This was a project in Cali-
fornia where the Ford Foundation had put some money for the
development of modular building components for the purpose of
building schools faster, more cheaply, and with better utility.

The name Ezra Ehrenkrantz as the leader of that project may have
stuck in your mind.

Senator NELSON. I thought it had failed. Are they using the sys-
tem now ?

Mr. MieirAms. Yes,
California

ndeed. My information is that schools are
being built in i to the design that was created and it has
worked. out more economically and in line with the desires stated
initially.

Senator NELSON. I guess I will have to take another look at that.
I thought they ran into problems at each level, building codes,
architects

Mr. MICHAELIS. I believe you may be thinking about Poraething
different, because the extraorainary thing about this project was that
it brought together the very groups you have just mentioned, who did
then collaborate extraordinarily well.

Sentaor NELSON. I may have it confused. Go ahead.
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Mr. MicirAELTs. This process of change in school construction did
not center around the ubiquitous discussion of how much research and
development might be needed and who should undertake it. At least,
that question came up much later than usual, and it came in the
proper setting of a positive environment for change that had already
been created.

In that environment, the question of how much R. & D. and by
whom solved itself. That is to say, the market demanded new knowl-
edge; it exerted a pull to which entrepreneurs and scientists readily
responded by committing their resources to the creation of needed new
knowledgebecause they were reasonably sure that barriers to the
application of such new knowledge would not be allowed to persist
and thereby make the new knowledge impotent.

In a real sense, therefore, the systems method was used to experiment
with human attitudes and institutional obstacles to change. I use the
word "experiment" advisedly. Studies were made, to be sure, but
studies are not enough. These studies and the hypotheses derived
from them were put through an experimental process of verification
or modification, that is an experiment in which the vested interests
worked together in a real time environment in order to test the possi-
bilities for their own adaptation to new knowledge and new oppor-
tunities, and to test the consequences of their potential 'actions.

This experiment in school construction represents to me, in micro-
cosm, what needs to be achieved on statewide, regional, national and,
for that matter, international scales.

In previous testimony at these hearings, suggestions were advanced
for a national committee or commission, set up to administer a sub-
stantial program of experimental and demonstration projects, using
the systems method for the solution of public sector problems. This
concept of a national commission or committee is a persuasive one and
should, I suggest, be considered in the context of "bringing together
the vested interests."

The studies, experiments, and demonstrations to be undertaken
under the auspices of such a national body should be those, in par-
ticular, which have the effect of opening up public sector markets to
the teclmological contributions of private industry (as in the example
of the school construction systems development project in California.

A few years ago I served as chairman of a committee of the United
States Chamber of Commerce concerned with industry-government
cooperation in innovation. If you permit, I will refer to what I then
proposed as a national council, whichif createdcould well be re-
sponsive to the intents of the two bills before your committee.

Spectacular advances in American progress are possible. The Na-
tion s total resources offer vast opportunities for advance and better-
ment. The institutional restraints1Jetween government, industry, and
labor all too often, though, inhibit full collaboration between those
who command complementary resources. The Council for American
Progress is proposed as a new means to foster such collaboration and
thereby to help our institutions and their decisionmakers adjust to
the needs and opportunities of the future.

The Council for American Progress will exemplify the inherent
unity of interest in our diverse society. It will seek and manifest
consensus on the means of achieving national goals. It will illuminate
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the opportunities for living up to our potential. It will identify ac-
tions we must take if we are to realize our expectations.

In order to achieve these end, the council must be representative
of both the private and the public sector of our society. It will need
the fullest support and active participation from Government (ex-
ecutive, legislative, and judiciary), from industry and finance, from
labor, and from the academic and professional community. It will
be the purpose and responsibility of the council to confront these
groups on critical issues pertaining to A -4.4x...tea's progress. Such con-
frontation and collaboration between these groups will be undertaken
with the help of an interdisciplinary stria, skilled in the most advanced
management methods, including those of systems analysis, systems
engineering, and syste..is management. Such confrontation and col-
laborationon a professional h. '-el --- should lead to a better mutual
understanding of the opportunities and obstacles before us, and thus
to greater unity of purpose.

The council will not seek to supplant, impede, or circumvent any
of our democratic processes and institutions. It will not make deci-
sions, but it will help those who do. It will be a national focal point
where all sectors and groups of our society will be called upon to
reason together so that decisions made by them separately and else-
where can lead to more purposeful and concentrated action for the
common good.

The council will attempt to look into the future, and concern itself
with the manifest and anticipated needs of society before these be-
come pressing and critical issues of the day. It will thereby provide
those who must make the decisions that shape our future with sotind
professional evaluations of the various alternatives for deploying the
Nation's resources to meet its future needs.

It is recognized that other institutions existboth public and pri-
vatewhich try to perform many of these functions. But each does
so from the particular vantage point of its sectoral or professional
base. The unique feature of the proposed Council for American Prog-
ress is its multisectoral representation : government, industry, labor,
and the professions. The council will be independent of each and yet
a part of them all. It will not operate under the prime aegis of any
one of these groups, but it will forge links between them so that unity
of interest can be transformed into unity of purpose.

The Nation's progress derives in large measure from technological,
economic, and social changesand, from purposeful interrelationships
between them. In most instances, the opportunities that new knowl-
edge can offer are increasingly outstripping the ability of our insti-
tutions to exploit them. Major institutional and managerial innova-
tions are needed if we are to fulfill our expectations and potentials.
It is high time that we experimented with new institutional and man-
agerial methods to utilize our great knowledge, just as we have experi-
mented it the laboratories to create this knowledge.

Spectacular gains in scientific and technical knowledge stem increas-
ingly from concerted interdisciplinary efforts of many specialists. We
can expect similarly spectacular advances in the utilization of this
knowledge from an interdisciplinary and intersectoral effort of the
diverse interest groups represented in the council, working toward
common objectives.
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The Council for American Progress would set up ad hoc task forces
to explore the potential for major innovations to meet more adequately
the functional needs of our society : food, health, shelter, education,
transportation, communication, energy, and so on. In many instances,
these task forces will be established on a regional or State basis, in
order to be most representative of local intereGts and desires. In every
area of need and in every instance, the appointed task forcejust as
the council itselfwill be composed of representatives from govern-
ment industry, labor, and the professions.

It will be the purpose of each task force to identify the future needs
of its regionor State, or for that matter the Nation as a wholein
its allotted field, and to evaluate all the resources now available and
projectedhuman, technical, economicthat can be brought to bear.
Many possible alternatives are likely to be found that could potential-
ly meet anticipated needs. Modern analytical methods such as sys-
tems analysis will be used to evaluate the cost/benefit relationship of
each alternative course and to compare them.

These methods of analysis and management techniques have helped
us to build the strongest military defense system in the world. We
can confidently expect to be able to adapt these methods to the devel-
opment of every sector of our society. We can do so best, if govern-
ment, indus ,ry, labor, and the professions deliberate together, with
increasing u. At y of understanding .and purpose, before decisions for
action are made in diversity. It is the purpose of the Council for
American Progress to aid in this unifying deliberative effort and thus
to give each participating group a better understanding of its own
opportunities for action in relation to those of all the others.

The task forces of the Council will be supported by an interdisci-
plinary, intersectoral staff (as will be the Council itself) skilled in
formulating the problems and irmes in which the task forces and the
Council require objective professional judgments. These judgments
will be sought from the best qualified groups and indi-c-iduals in the
country, under contract to the task forces and the Council. Many of
these groups will be those alluded to earlier as representative of special
sectoral or professional interests.

The deliberations of the task forces will lead to reports widely dis-
tributed by the Council, the importance of which will derive from the
fact that a composite group prepared them, representative of all
relevant sectoral interestspublic and private. The influence that
such recorded consensus of judgment can exert in unifying the diverse
democratic policy and decisionmaking process, is one of the principal
purposes of the Council. The other is the achieving of deeper under-
standing of consequences of their potential actions by those in the
Council and its task forces who participate in the studies and experi-
ments being undertaken. Since these men and women are drawn from
high office in their respective organizations in the public or private
sector, one can confidently expect that the mutual enlightenment
through collaboration between them will lead each to make decisions
for his organization in a manner both more imaginative and more
complementary to those in related organizations.

It is essential, as I see it,
iMr.

Chairman that such a Council for
American Progress operate in an administ,ratively neutral environ-
ment. It must not be the creation of any one of its participating
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groups, and it must not operate under the prime aegis of any one of
them. In its very creation, it must already observe one of the lessons
that its future work is to impart to its participants; namely, that the
mutuality of give and take between equalsat least in the conceptual
stage of thinking through possible actions for the futurecan create
an environment in which those actions will be taken in the most
productive manner. We must strive for a ,Council that is independent
of each of its members but that is also a part of each.

If I may depart for a moment from my prepared statement, Mr.
Chairman, I would like to interject some thought on the bill introduced
by you, S. 430, and the one introduced by Senator Scott, S. 467.

I am in support of both bills, in the sense that I see them as com-
plementary to each other. In bill S. 430, it is proposed to make
grants to states "for the purpose of cau iv the systems analysis and
systems engineering approaches to be applied to national and local
problems." In bill S. 467, it is proposed that "a National Commission
on Public Management be established to give attention to the develop-.
ment, dissemination and implementation of modern management tech-
nology and analysis of the systems interrelationships involved in public
business problems."

From my proposal for a Council for American Progress, you will
note that I believe that the salient features of both bills can and should
be carried out simultaneously and in an integrated manner. That is
to say, the purposes of bill S. 467 would best be served by actual, prag-
matic experimentation involving all the vested interests in a particular
public business problem.

That is one of the stated purposes of the Council for American
progress. Another of its purposes is to conduct such experiments
at the local level through local task forces; and thus it is responsive to
the intent of bill S. 430.

In short, Mr. Chairman, I believe that the two bills are two sides
of the same coin, and I suggest that the proposed Council for American
Progress can mint this currency of our future wealth.

Mr. Chairman, members of the committee, in our explosively
changing world it is no longer sufficient to live with shibboleths and
concepts that served us in the past. We must take up a vital, flexible
and ever-evolving concern about the nature and purpose of our society
and abou!-, what constitutes a good life in light of tomorrow's needs and
opportunities.

We must develop institutions that are geared to the chain -reacting
growth of science and technology, and that are consonant with their
impact on man's changing conception of himself and his world.

We must commit ourselves to dare to build the world we want,
knowing that it is possible if we but demand itand if we use intel-
ligently all the potent forces of science, the arts and the humanities
that are at our disposal.

Senator Nisulorr. Thank you very much, Mr. Michaelis.
On your proposal for a Council for American Progress, are you sort

of proposing a. national team of systems engineers with satellite teams
of systems engineers evaluating regional, local, and national problems ?
Is that what you are talking about?

Mr. AfICHAELTS. That is correct, but I would go further than systems
engineers in the makeup of these teams.
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In other words, I would primarily involve managers of industry, of
government and of labor, with systems engineers as profess,-:.a
participants.

From the school construction systems project in California, for
instance, one can derive some real insight into the psychology of
change which grew in the minds of the managers.who participated.in
that project. The need for the decisionmaker himself to become in-
volved in the conceptual thinking through of consequences of potential
actions is essential.

I do not think you can leave the task to the systems analyst alone.
Senator NF,Lsox. I did not interpret your statement that way. You

can perhaps give me a short statement that describes it better, and I
will use it. A.B. I am asking is, do you propose some kind of a national
council, using the cfmcopts of engineering and draw out every decision-
maker who might be involved, in. the picture to evaluate regional,
State, and national problems. Is that it ?

Mr. NROILABLIS. Right; yes.
senator NELSON. low would you create it and how would you fund

it?
Mr. 2 ficxramis. I think you would probably have to start at the local

level f rst, and let it grow to the national level over time. The initial
funding, to get it started, one would hope and this has not yet been
explored in any detailcould be gotten from foundations.

It should then, I think, at a later stage, be funded jointly by the
participants, on a match;ng basis between government, industry and
labor. Those who participate should be those who fund it.

Senator NELsoxf. Who selects the Council at the national and local
level, and who decides what problems they will evaluate? I mean
who would in your proposal ?

Mr. MicirAnras. I think this again has to be a mutual wish of the
potential participants to learn and to better understand the possi-
bilities. In other words, it could be in any one area a politican, an
elected official of government, or it could be a leading businessman or
union official who takes the initial step to bring together leaders from
the three power groups into a confrontation and an exploration. o2 what
areas of concern would indeed be the most profitable for their joint
attack.

It would not necessarily be the same problem in all States. The edu-
cational field is one possibility, or it may be transportation, or it may be
several such areas of community needs simultaneously, and you may
need several task forces in any one area.

I think this has to be initially a self-generating mechanism. I sense,
over some years now, 'that there is a great deal of groping between
leaders in government and industry and labor for 'a collaborative
mechanism. So that a coming together might not be a forced coming
together, but rather a collaboration in the sense of "Let's see if we can
work together in an environment that sets a perspective on what our
separate tasks are and that gives us a chance of exploring the mu-

of our interests." Spontaneous combusion is a relevant concept.
Senator NntsoN. I think the concept that you are talking about is

a very interesting and useful idea. Bust I never saw a, good idea
spontaneously combust.

"Whitt is the generating force?
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Mr. Moir Amis. I believe that in dif7erent areas it would be dif-
ferent ones. It is more likely to be, I suspect, the State government
and the Federal e ivernment taking an initial step, inviting the private
sector to join iii a ,ommon task.

Hopefully, however, it would not put the stamp of either Federal
or local government dominance on that task, but rather one saying,
"We and you will try something together, and we will continue to
support this."

S'o I would say the Government could well take the initiative in
calling forth this kind of effort, and that it should give it continuing
support, particularly important in the early stages to make sure that
it has a fair chance of growing. But I do caution against it becoming
a predominantly Federal or, in the States, a local government task,
to which industry, labor, et cetera, may then only give partial atten-
tion from time to time.

I think it is very important that every one of these, sectors feel that
it is its own responsibility as much as everybody else's.

Senator NELSON. The reason that I drafted one of these bills in
the first place, wa' to try to figure out a method, a feasible technique,
for generating the interest in utilization of the concept of broad inter-
disciplinary planning, and that is the purpose of the bill.

The reason for drafting the bill was that it was my judgment that
it was not going to originate on any local level because_ the patient
does not know what is wrong with him, As a matter of fact, he does
not even know in most cases that he is not feeling good.

He does not know what the problem is. I think it is very important,
your idea of involving the clecisionmaker. Without the deeisionmaker
involved, whether it is the mayor, or the budget director or the police
chief, or the motor vehicle director, or the superintendent of schools

interestor whoever it may be, without having the nterest and cooperation of
the actual person who makes the decisions, it is not possible to imple-
menta proposal no matter how good it is.

I like the idea of the Americal Council for Progress, and it reads
very well. I just do not know how you will get it started.

hat is the reason for introducing these bills, to find some technique
for introducing some funding and exciting some interest in the concept
both from the standpoint of educating people as to the need and
demonstrating by some projects the results that can be accomplished.

I have not really figured out yet the best technique, and that is the
reason for these hearings. I think it is a very fine idea theoretically,
but it is not going to generate itself. You have to have some national
leadership and regional leadership and State leadc-ship, and you have
to have some funding, because those who make the decisions on ap-
propriating money are not going to make appropriations for something
they do not understand.

Mr. MICHAELIS. I think we are on the same wavelength. What I
have sketched out here, to be sure, is something that is not going to
be created overnight. It will be a number of years in evolving, and
your bill is certainly one of the first steps in creating interest and
understanding in the methodology.

I am stressing that it would be good if such understanding were to
be reached not in the abstract through studies, but on quite specific
case examples, through actual experiments and demonstrations that
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I am sure we can set up. It may be a transportation problem in your
State.

Senator Nnr,sozT. As I am sure you are aware, there are some very
fine examples of this already through, the 701 grants that have been
made to States and local governments for planning. I have not
checked the legislative history, but whoever conceived the idea of mak-
ing congressional planning grants was quite ingenious, and it worked
very well.

Several regional groups in my State, and in other States, have
utilized Federal funds which require the establishment of a regional
planning commission, and they give them funds to make a comprehen-
sive regional plan for the development of that region iii terns of its
resources, its institutions, its transportation, its population, its
economies, its industry, and this does, in those areas where plan-
ning grants have been made, and where they have been suc-
cessful, it has involved a broad participation by the city councils
and members of the county board, newspapers, and all members of
the community, and wherever that has happened it has worked very
well,

o Congress has made grants successfully and is making them daily
all over the United States to various regions and States for develop -
me it of comprehensive plans.

Now, what we are trying to do here is to figure out a technique for
doing several things, but one of them is to develop an understanding
in the country of the whole concept of systems engineering and how
it can be utilized to do whatever you are trying to do.

And, also, to get some demonstration projects going to demonstrate
the efficacy of the concept. It is one thing just to give some grants
and say, "You go ahead." That is what we have done, and it has had
some very good results. We are trylrig to take the next step now, and
give it some direction, some leadership on the national level, and that
is what we are sort of fumbling around about here trying to figure
out what the best technique is.

I am not satisfied with the bill I introduced, nor with the bill that
the minority introduced. You mention that you endorse the concept
of the national commission.

That proposal is in the minority's bill, and I endorse'l the concept,
too, but I do not know how it would work. I do not know who you
would put on it or what they would do.

On the other hand, in my proposal we would simply grant funds t o
the Secretary of Labor and he would accumulate the expertise, or
advisers, an make grants for experiments, and I am not satisfied
with that, either. But if we were to draft a bill and had some seed
money to accomplish what we are seeking to accomplish, or what you
are talking about in terms of the American Council for Progress, how
would you do it? If you had to draw up a bill for Congress, what
would you do?

Mr. MIcirAturs: Well, I believe I would combine, eve .a
n

so, the fea-
tures of the two bills, and I would try to determine a umber of specific
case examples for demonstration experiments. I would try and de-
termine what representative examples could be set up in a number of
States where the political environment for such collaborative efforts is
promising, as it was in the school construction case in California.
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I would look for similar situations in other functional areas, trans-
portation and health :are for instance, and I would set up relevant
collaborative experiments different States, involving the local de-
cisionmakers with the help of professionals in the systems field. I
would monitor this series of experiments from a national level through
a national commission, or council, or whatever you wish to call it,
composed not only of government people, but also people from in-
dustry, labor, and the professions.

I say, "monitor," because these national leaders may not commit
themselves right at the start to becoming, say, the Council for Ameri-
can Progress, but they might one day grow into it as they themselves
see the value of these methods at the local level.

In short, I say, first, that the systems concept, the methodology and
its usefulness, can best be demonstrated by experiments in actual life,
rather than by, let us say, hypothetical studies or scholarly articles
only, which is what we have now.

Secondly, I say that a national commission, a group of men and
women at the national level, can and should observe these experiments
very closely to sm what can bo derived from them for larger national
issues.

Experiment locally, observe nationally, and then maybe you will get
to the point where you can act nationally, using the systems method to
the fullest extent.

Let me say ,ne last thing, Mr. Chairman. Let us try and not be
driven too far into thinking that the systems method is simply a science
and engineering process. It is that in part, to be sure, but that is
not the critical aspect you are facing here. The critical aspect is not
the generation of new methodological knowledge. The critical issue
is whether the existing knowledge, or new knowledge you can create,
will be used. And that use involves the decisionmakers directly.

Systems methodology should thus not be equated with "Let the
scientist and engineer do it; he will find the solutions."

Senator lvamsoN, I agree with that. In drafting the bill, we had in
mind the ic e that you would do experimental projects both in terms
of educating the decisionmakers as to what the concept is all about, and
doing some actual, real-life projects involving everyone, including
the deolsionmaker, of course, and that an appropriation would be made
to the Secretary of Labor , who then would accept petitions for projects,
or originate them himself, whether they. are in the field of transporta-
tion in some city or school administration or whatever it may be.

I am still not very happy with that approach, and I am not sure it
would work too well.

On the other hand, the other bill, S. 467, proposes creating some
kind of a national commission to study, and I do not know who would
be on it, and who would do any work.

In other words, I am more concerned about the mechanics of the
bill right now than anything else, because I do not think there is any
doubt but that you set it up right mechanically you can creatively use
the funds to tackle the problems you are talking about, because we
have done it very well in a number of places in the country, and that
is the part that I--you can set up a commission and have some mayors
and Governors and Congressmen and everything else on it, so they
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do nothing, and then they hire somebody, and it might be that they
do not know what they are doing either.

I have thought of putting it in the National Science Foundation
and authorizing them to hire their own consultants. They would have
to do their own systems engineering on the problem we gave them, so
to speak, and decide what are the limits of the experimentation we
can do, what areas we can start it, and then proceed from there.

Mr. iVficiiAms. I have pot thought this through. This is the first
time I have heard this suggestion. I think the Science Foundation
would undoubtedly be very capable of marshaling the scientific re-
sources, the scientific understanding for the systems methodology, both
in the physical sciences as well as in the social sciences, to be sure.

I would only wonder, off the cuff, whether it has the political power
and ability of projecting this knowledge into experiments with the
realities of everyday life. A home in the Science Foundation for an
experiment of this kind might just possibly lead to excessive scientific
attention and therefore, by the same token, to pos :bly an excessive
disinterest on the part of the political and managerLl establishment.

If I were to put myself in the position of the chief executive of
a la.a.'gc company, on hearing that the National Science Foundation
has charge, and I were asked to participate, I might just conceivably
say, "I will send my research director. This will be scientists talking
to scientists." We do not have to coirrince scientists that the method
is useful, but we do have to convince managers, and that rm ans that
we must involve the managers. This explanation of new methodology
must be a part of their daily responsibilities.

Senator NELSON. am just looking for an established Federal in-
stitution that already exists to administer the funds. There would be
no limit on whom they might consult. They would call in the Ameri-
can Management Institute, and they would call in the aerospace people
who have worked in the field, they could call in the nonprofit organiza-
tions they could call in expertise from all walks of like, and consult
with them about how to approach setting up their own system analysis
on the problem of meeting the situation, so to speak.

They might find some method or technique of administering the
program. That is the problem. I am not really worried that we
can make it work if we can find some technique to administer the pro-
gram. You, or anybody else who has given it some thought, could
name in 5 minutes more problems that ought to be evaluated and
demonstration projects that ought to be done than we could do in
the next 5 years.

For example, one of the biggest costs and one of the biggest prob-
lems in America is education. My own casual judgment about it is
that among the biggest institutions in the United States are the in-
stitutions of higher learning, and among the worst-managed institu-
tions in the United States are the institutions of higher learning.

If these large universities were a business institution they would
have to fire every manager on the campus the next day. They just are
not competently run from a management standpoint. The manage-
ment of these institutions should be evaluated. We ought to have an
appropriation and some kind of systems evaluation team working with
the business managers, with the professors, and with the presidents
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of several institutions just for the purpose of improvement, from the
management standpoint.

I think you cou_d do some revolutionary things in improving the
management of the institutions of higher learning as well as the pri-
mary and secondary schools, most of which are run quite incompetently
from a management standpoint, too.

But you need somebody, some team at the national level, who decides,
who selects the problems that ought to be evaluated, and hires people
to do it, to work it out. That is what I am trying to get at.

Mr. MICHAELIS. Yes.
Senator NELSON. Everybody who has testified, and the testimony is

very good, agrees we ought to do something, but I have not gotten
much good, advice on how to implement it. That is the problem.

Mr. MICHAELIS. Is it reasonable to say that, since you mentioned
education, obviously the Office of Educati must be a moving force.

If you think of transportation, the Departn,..,,nt of Transportation or
the Department of Housing and Urban Development must be such a
force.

They themselves must be involved in the first place, because they have
rest, )nsibility for allocating national resources and they themselves
are managers of that process, and must involve themselves with the
managers at the State and local levels, both in industry and govern-
ment.

I am thinking out loud. Possibly a body that could act as a central
coordinator, if you will, of separate experiments carried out with the
help of these various agencies might be the General Accounting Office.
I have not thought this through at allthe Comptroller General has a
responsibility to assist Congress in providing control over the applica-
tion of public funds. lie has exercised. this function traditionally on
a retrospective basis, that is on how well we have spent public funds
after they were spent.

I suggest that he might also carry out a prospective function. It
may be that the Comptroller General, assisting Congass, could coordi-
nate the approach by executive agencies getting involved in various
experiments in systems methodology. And such experiments might
certicInly involve the National Science Foundation, as a resource of
physical and social science expertise. But I question whether the Sci-
ence Foundation alone could accept the coordinating and initiative in-
volved in what is in reality a political issue in the broadest sense.

Senator NELSON. That is a problem.
Thank you very much. It was valuable testimony. I appreciate

your taking the time.
We will give the reporter a 3-minute break.
Our next witness will be Vincent Moore, assistant director of the

Office of Planning Coordination, State of New York. The Holorable
Timothy Costello could not be here.

We will have a 5-minute recess.
(Whereupon, a recess was taken.)
Senator NELSON. We will resume our hearings with Mr. Vincent

Moore, assistant director, Office of Planning Coordination, State of
New York.

Mr. Moore, we appreciate very much your taking time to come down
here today to testify and give us your statement on these two bills.
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"four prepared statement will be printed in full in the record. You
may present it in any way you see fit, either 3xtemporize from it or
read, it, whatever you wish.

Mr. Moon. Thank you, Senator. I believe I will do a little of
both.

Senator NELSON. Fine.

STATEMENT OF VINCENT I. MOORE, ASSISTANT DIRECTOR, OFFICE
OF PLANNING COORDINATION, STATE OF NEW YORK, ALBANY,
.N.Y.

Mr. MOORE. Mr. Chairman, .members of the subcommittee, I wel-
come this opportunity to participate in your hearings to investigate
ways in which "systems approaches" .,3an be most effectively brough,
to bear on our most pressing domestic problems. I also wish to ex-
press the regrets of the director of the office of planning coordination,
Charles T. Lanigan, that previous commitments prevented his appear-
ing before you personally, as he wished he could.

Your committee's concerns are, however, of considerable interest
to the State of New York, and we appreciate your willingness to hear
my substitute testimony.

It has been my privilege to serve New York State's dynamic admin-
istration for the past 5 years. My specific responsibilities have been
the development of a systematic approach to the integrated planning,
programing, and budgeting of the State government's operations. .1

should add that my service with the State has been with both the
central planning and central budgeting staff agencies of the Gover-
nor, and that previous to this, I had spent several years as a planning
consultant working with local governments of all forms.

The State of New York is now entering its third year of operational
experience with formalized system for planning, programing and bud-
geting (PPBS). This system was initiated with Governor Rocke-
feller's approval in April 1965-5 months before the President insti-
tuted the Federal PPBS as a Government-wide system.

The work of the Rand Corp. and Defense Department systems
analysts had little influence on the development of the New York
State system. It evolved quite apart from these effortsand I believe
that our system with its uniquely different origins, demonstrates sev-
eral important facts :

That there is sufficient universal recognition of the need for
more systematic planning, programing and budgeting of Gov-
ernment operations to justify your committee's concerns;

That State governments, given progressive, sensitive leader-
ship, can measure up to the tasks; and

That there are several different approaches to developing a
more rational decisionmaking process in government.

I would like to briefly describe for your the New York State ap-
proach to PPBS, and in the process provide you with our opinions
and answers to your specific concerns of :

What is now being done in this field;
What the role and relationships should be in (a) the Federal

Government, (b) State, local and regional governmental units,
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(e) universities, and (d) private industry, both profit and non-
profit; and

What new institutions, if any, are needed.
We also have some comments with respect to the two specific bills

under consideration here today, although these comments are not in-
cluded in my prepared statement.

I have requested that copies of the New York State "Guidelines for
Integrated Planning-Programing-Budgeting" be distributed for your
convenience in following my explanation of our prociss, and re-
spectfully request that this document be considered as part of my
testimony.

Before describing the specific characteristics of the system, some
comments regarding the origins of this effort are in order.

The initial momentum for the d?velopment of the document before
you began with the establishment, by Governor Rockefeller, of the
New York State Office for Regional Development in April 1961. That
office (which was merged with another State agency in 1966 to form
the present office of planning coordination) was assigned the task of
preparing a comprehensive development policy for the State of New
York.

In 1961 it produced its report, "Change/Challenge/Response" which
has become somewhat of a famous, as well as scarce, piece of State
planning literature. The report essentially sets forth a broad policy
approach to the systematic planning and development of the State's
physical, social, and economic resources. Lewis Mumford, the noted
critic and urban scholar, 1pts said of this report:

Nothing of similar consequence to the art of planning the environment has
been made since the establishment of the Tennessee Valley Authority.

The report contained 15 recommended actions, two of which form
the specific basis of our current systems effort :

RECOM3 .ENDATION NO. 4

Formulation of comprehensive stat,nnents of statewide development factors
and needs pertaining to urbanization, transportation, resource development,
public facilities and oillt.r such fields. Such functional statements would be
prepared by the concurrent efforts of interested State departments, private con-
sultants, university faculties and other private or public agencies. The state-
ments would be coordinated by the Division of the Budget and Office for Regional
Development and would be subject to periodic review.

RECOMMENDATION NO. 0

Annual preparation of and submission by the Budget Director to the Governor,
as part of the proposed Executive Budget, of a specific physical program and a
financial program for meeting such immediate and long-term State require-
ments are deemed feasible.

Translated into the technical jargon, these recommendations mean:
Systems analysis studies of the major functional action systems

for providing the essential services and facilities required by
the State's population; and,

A formalized integrated planning-programing-budgeting sys-
tem.

These recommendations reflected the opinion of our State planners
that the benefits of systems analysis approaches to functional planning
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would be realized only if a formal system existed to create the crucial
linkage of the planning and budgeting functions.

The State's division of the budget concurred in these recommenda-
tions as supporting the division's own efforts to refine our State's ex-
ecutive budget system in, the direction of placing greater emphasis
on considering and expressing the long-term impact of current
budget decisions in a more programmatic format.

Accordingly, the State's director of the budget, T. Norman Hurd,
established a budget planning and development staff as part of his
executive office and by April 1965, that staff, working with the office
for regional development staff, had designed and initiated the StatePPBS in. essentially the same form as the process I will now desuibe
to

TheThe State of New York has, as many of you know, a sti.:,t rM execu-
tive system. The majority of the department heads oft , utivebranch are appointed by, and report directly to the Gov, I +: The
Governor is responsible for the preparation annually, of ^ vor eel,
executive budget. The State's fiscal year urns from toMarch 31.

Traditionally, the agency budget preparation for the following fis-
cal year began around June and culminated in September with thesubmission of the agency budget request. Formal hearings are heldon the agency requests generally in October or early November and
the Governor submits his budget to the legislature in January.

In New York State, as elsewhere, the growing magnitude and com-plexity of the State government's operations and the lack of a system-
atic approach to programing had the overall effect of reducing the
time available for careful consideration of policy to the point where
many decisions were being made on a crisis-by-crisis basis.

The PPBS system we installed in essence modified this traditional
budget cycle by adding a 3-month period for long-range programing
in advance of the initiation of the annual budget preparation by the
agencies.

As the chart in the "Guidelines" indicates, our State departments
and agencies now being their long-range program planning a little over
a year in advance of the budget year related to the program plan. This
program planning activity of the departments overlaps the beginning
of the next immediate fiscal year which permits the agencies to take
into account the legislative adjustments to their programs.

The long-range program planning culminates in our annual policy
conferences in June. The major policy issues and administrative
problems reported by the agencies are discussed and formally assigned
for appropriate followup action during the summer months.

During the summer, staffs in the division of the budget and office
of planning coordination review and evaluate the program plans and
adjust and coordinate them on the basis of 10 major functional areas.
An overall comprehensive report for the Governor's use in developing
the subsequent executive budget is then prepared.

When the ag ncy budget requests are received in September, they
are accompanied by statements relating the requests to the long-range
rogam plan.
A. unique feature of our PPBS system is the uniform report format

we established which both guides the departments and agencies in their

e
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programing process, and facilitates the central staff review and
coordination.

T State of New York is now entering its third year of operational
experience with a formalized system for planning, programing andbudmg .wget---PP13,$ This system as initiated with Governor Rocke-
feller's approval m April, 1965, 5 months before the President in-
stituted the Federal MS as a Government-wide system. I do not
say that to suggest that we were first. I say that to indicate that
the work of the Rand Corp. and the Defense Department's systems
analysis had very little influence on the development of the New York
State system.

Senator NELSON. I might add here that while I was Governor we
started it in 1959.

Mr. Moon. Pardon ?
Senator NELSON'. I wanted to say that we started the program while

I was Governor in 1959.
Mr. Mom. Yes, Senator. We have some people from your State

working for us now, and they speak very highly of you, even though
they work for Governor Rockefeller.

I think the evolution of our system from this somewhat different
origin demonstrates several important facts.

First of all, there is sufficient universal recognition for the need of
more systematic planning, programing, and budgeting of Government
operations to justify your committee's concerns.

Second, I fhb* that it indicates that State governments, given
progressive, sensitive leadership, can measure up to the tasks.

Senator NELSON. May I interrupt? You are from the office of
Planning coordination.

Mr. MoonE. Yes, Senator.
Senator NELSON. Would you describe that agency?
Mr. Mom. The office of planning coordination is the State's central

planning agency, with the responsibility for preparing an overall
comprehensive planning process for the State. It is in the executive
department of the State government. Our executive department con-
tains the central staff agencies for the Governor, such as the division
of the budget, the office of planning coordination, the division of State
police, the division of military and naval affairs.

Senator NELSON. 1)oes it include the personnel department ?
Mr. MoonE. No; we have a separate civil service department. The

State constitution limits us to 20 departments, one of which is the
executive department, and the executive department has been used
recently, really, to provide a cover for the now activities in the State
government.

For example, we now have an office of atomic and space develop-
ment, which is located in the executive department.

Senator NELSON. So you get around it that way.
Mr. Mom. Yes. The office of planning and coordination is located

at the same organizational level as the State's division of the budget.
The director of the planning office, like the budget director, reports
directly to the Governor, and with the budget director is one of the
key policy advisers of the Governor.

The central executive policymaking team of the State of New York
consists of the Governor, the Lieutenant Governor, the Governor's

76-610-67 16
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counsel, his secretary, th© director of the budget, and the director of
the office of planning coordination.

Senator NELSON. How many personnel do you have ?
Mr. Moon. In our agency at the moment? We have approximately

a hundred at the moment, and we plan to go to approximately 230
people over the next 2 years.

Senator NELSON. You could solve our unemployment problem.
[Laughter.]

These are all planners?
Mr. Moon. About 60 percent are professional planners, and we

plan to triple that number.
Senator NELSON. What are the areas of functional planning that

your agency does?
Mr. Moon. We cover all physical, economic, and social develop-

ment planning concerns. We coordinate the actual program plan-
ning done by the line agencies of the State governmept, first into func-
tional plans for such activities as transportation, health, education,
recreation and culture, economic development, natural resources devel-
opment, et cetera, and then consolidate these functional plans into a
comprehensive development plan for the State.

Senator NELSON. You have a department of conservation, do you
not?

Mr. Moon. Yes, sir.
Senator NELSON. Separately within your planning agency, do you

do long-term resource planning for the State?
Mr. MOORE. We do some of it in our own agency, and parts of it

are contracted out, so to speak, to the line agency.
Senator NErsoN. Did New York not get a 701 grant for compre-

hen' ;ive State planning?
Mr. Moon. Yes, sir; we are trying.
Senator &wow. Did you pt the grant?
Mr. MOORE. Well,, we received $200,000 out of the current Federal

fiscal year. Our total application calls for about $1.5 million of
Federal money.

Senator NErisox. Is your comprehensive planning underway?
Mr. MoonE. Yes.
Senator NELSON. In what agency is that being handled ?
Mk. MoonE. In our agency.
Senator NELSON. Then within your agency, that comprehensive

State plan includes education, transportation, and so on. Do you do
a long-range resource development program?

Mr. MoonE . It will be done partly by the office of planning coordi-
nation, which will develop the broad policy aspects of the resource
plan, and advise the conservation department with respect to the activi-
ties of other agencies which touch upon the resource development plan.

The line agency .then carries out its program operations within these.
I would like to spend a few minutes in describing our State PPBS

system, because I think it will illustrate further, Senator: the points
we were just discussing, and in the process I believe that it will indi-
cate New York's answers to what is being done in the field of systems
approach, and what are the possible roles and relationships of the
Federal, State, and local, and regional governments, the roles of the
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universities and private industry, and what new institutions, if any,
are needed.

You have before you, Senator, a copy of the "Guidelines for Inte-
grated Planning-Programing-Budgeting." This is the manual fol-
lowed by each of our State agencies in conducting their program plan-
ning work.

Before getting into the specific characteristics, again I would just
like to note the origins of this PPBS effort in New York State. The
initial momentum for it began with the development of the State's
office for regional development by Governor Rockefeller in 1961. That
office, which did not have a statutory base, was merged with another
State agency in 1966 to form the present office of planning coordi-
nation.

In 1964, however, the office for regional development had produced
a report entitled "Change/Challenge/Response" and this report
has become somewhat of a famous, as well as scarce, piece of State
planning literature.

The report essentially sets forth a broad policy approach to the
systematic planning and development of the State's physical, social,
and economic resources. Lewis Mumfotd, one of our noted urban
critics and scholars, has said of this report :

Nothing of similar consequences to the art of planning the environment has
been made since the establishment of the Tennessee Valley Authority.

The report contained 15 action recommendations, two of which
form the basis of our current systems effort. The first called for the
formulation of comprehensive statements of statewide development
factors and needs pertaining to urbanization, transportation, resource
development, public facilities, and other such fields.

Such functional statements would be prepared by the concurrent
efforts of interested State departments, private consultants, univer-
sity faculties, and other private or public agencies. The statements
would be coordinated by the division of the budget and office for re-
gional development and would be subject to periodic review.

The second recommendation called for annual preparation of, and
submission by, the budget director to the Governor, as part of the
proposed executive budget, of a specific physical program and a finan-
cial program for meeting such immediate and long-term State require-
ments as are deemed feasible.

These two recommendations, translated into the technical jargon,
mean (1) systems analysis studies of the major functional action sys-
tems for providing the essential services and facilities required by the
State's population, and (2) a formalized integrated planning-pro-
graming-budgeting system.

These recommendations reflected the opinion of our State planners
that the benefits of systems analysis approaches to functional planning
would be realized only if a formal system existed to create the crucial
linkage of the planning and budgeting functions of the government.

Vie State's division of the budget concurred in these recommenda-
tions as supporting the division's own efforts to refine our State's exec-
utive budget system in the direction of placing greater emphasis on
considering and expressing the long-term impact of current budget
decisions in a more piogramatic format.
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Accordingly, the State's director of the budget, T. Norman Hurd,
established a budget planning and development staff as part of his
executive office, and by April 1905, that staff, working with the office
for regional development staff, had designed and initiated the State
PPBS in essentially the same form as the process I will now describe
to you.

The State of New York has, as many of you know, a strong executive
system. The majority of the department heads of the executive
branch are appointed 'by, and report directly to, the Governor. The
Governor is responsible for the preparation, annually, of a proposed
executive budget. The State's fiscal year runs from April 1 to March
31.

Traditionally, our agency budget preparation for the following
fiscal year began around Juno and culminated in September with the
submission of the agency budget request. Formal hearings are held
on the agency requests generally in October or early November and the
Governor submits his budget to the legislature in. January.

In New York State, as elsewhere, the growing magnitude and com-
plexity of the State government's operations and the lack of a system-
atic approach to programing had the overall effect of reducing the
time available for careful consideration of policy to the point where
many decisions were being made on a crisis -by-crisis basis.

The PPBS we installed, in essence, modified this traditional budget
cycle by addir g a 3-month period for long-range programing in ad-
vance as of the initiation of the annual budget preparation by the
agencies.

.As the chart in the "Guidelines" indicates, our State departments
and agencies now begin their long-rangeprogram planning a little over
a year in advance of the budget year related to the program plan.

This program planning activity of the departments overlaps the be-
ginning of the next immediate fiscal year which permits the agencies
to take into account the legislative adjustments to their current pro-
grams.

The long-range programs planning culminates in our annual policy
conferences in June. The major policy issuesand administrative prob-
lems reported by the agencies are discussed and formally assigned for
appropriate followup action drying the summer months.

Also during that time, staffs in the division of the budget and office
of planning coordination review and evaluate, the program plans and
adjust and coordinate, them on the basis of 10 major functional areas.
An overall comprehensive report for the Governor's use in developing
the subsequent executive budget is then prepared.

When the agency budget requests are received in September, they
are accompanied by statements relating the requests to the long-range
program plan.

A. unique feature of our PPBS is the uniform report format we
established which both guides the departments and agencies in their
programing process, and facilitates the central staff review and
coordination.

It is this format which is stimulating our applications of systems
approaches to functional pluming, and placing greater emphasis on
the need for more improved communication between the Federal,
State, and local governments.
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You will note from the diagram that the program projections are
reported in separate volumes for each major program area of a de-
partment. The format requires, :n sequence

I. The identification of exogenous factors influencing major
program areas. These are factors such as changes in the popu-
lation structure, potential scientific breakthroughs or technologi-
cal improvements, changes in behavioral patterns, and changes in
economic structure.

II. The projection of indicators of future levels of need for pro -
pam servicesat this point without respect to the responsibil-
ities of the various government sectors or private sectors for
meeting these needs.

III. The analysis and evaluation of the relative roles and re-
sponsibilities of the State government and the other levels of
government and private enterprise for meeting the needs.

IV. The analysis and evaluation of the relative roles and re-
sponsibilities of various departments of the State government if
the major program activities are split between two or more
agencies.

The above four topics establish the policy base upon which specific
program plans developed.

V. The establishment of specific program goals and plans,
including the appropriate multiyear projections of program
achievement and workload.

The final four topics, also on a multiyear format, present the
projected requirements for the resources need to carry out the program
plans.

VI. The projection of the personnel required to operate each
program.

VII. The projection of any capital facilities required.
VIII. The projection of the overall fiscal support required.
IX. The projection of the basic research support required to

improve the program operation.
As you can see, this approach, like most other PPBS efforts,

establishes completely new manpower requirements, demands a much
higher level of interdisciplinary and intergovernmental coordination
and communication, and requires the development of complex new
anal tical techniques, and these are not achieved overnight.

We have had sufficient experience, however, to permit some.com-
ment on what we believe are some major problems requiring priority
attention and can suggest some possible solutions which we feel will
be of Interest to your committee.

A. MANPOWER

Our State PPBS, because of its dominant emphasis on the need to
link the broad comprehensive and functional policy planning process
with the budgetary decisionmaking process, has touched otZ a major
hunt for people who are capable of high level policy 'planning, evalua-
tion, and. coordination. Our central planning and budgeting staff
agencies are constantly being raided by our own line agenciesand
our present staff level is so critical that we will begin, next week, to
mount what will undoubtedly be one of the largest, nationwide re-
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cruiting drives for high level professional planners and public ad-
ministration experts.

In the first instance, it is these people we need, rather than the tech-
nical systems analysts and model builders. Wp need well-edu!ated,
inquisitive, creative planners and public administration. specialists
who are people-oriented rather than machine-oriented. The wider
their range of interest, the better. They need to have a. deep undpr-
sta:iding of our democratic federal system of government, and an in-
tense desire to make our Government institutions true reflections of
society acting in the collective interests of man. They need to be sen-
sitive to human problems. They must read well, ihey must speak
well. They must be able to negotiate and influence others.

Systems approaches to the Government's domestic problems must
be organized and guided by such talented planners and public admin-
istrators. However, they should also have some basic understanding
of the immense capabilities of the computer, and of the statistical
other simulation techniques of the systems engineer and operations
research analyst.

It is rare that one finds such a person coining straight out of collge
or graduate school. While the planning and public administration
schools are, on the whole, producing much better basic material these
days, the fact of the matter is that leadership in system approaches
calls for some practical seasoning in the day-to-day experience of the
bureaucracy.

We should seek ways to better utilize the talent which is already
present in our Government institutions.

I recently completed a feasibility study on mideareer education for
comprehensive planning. The report will be published shortly by
a group of consultants working with private foundation support on
detailing a suggested plan ror implementing the President's proposa !
for a National Urban Design Institute.

My recommendations call for an early identification, after soma
post entry experience, of potential leaders in comprehensive planning
and public administration, and offering such people the opportunity
to participate in an intensive 2-year work-study program winch would
be designed to both broaden their field of knowledge beyond their
basic specialty, and to update and train them in the most modern tech-
niques of planning and public administration. The "students" of
such an institute would spend part of their time working on actual
problems for actual governments or other agencies contracting with
the Ins;ii,ute for such services. They would be paid a salary com-
mensurate with their potential earning power as a, full -time employee
of the Government, or corporation from which they were selected.

It appears that such a program could be financed almost completely
by both contributions from the "student's" sponsoring Gov rnment
(contingent upon his agreement to return to that Government for a
specified time following his completion of the program) and from the
proceeds of the Institute's contractuml agreements with governments
and other agencies desiring its services. Some small additional four,
dation or Federal grant assistance would probably be required.

Second, we need the technical manpower support for applying
computer technology to planning and decisionmaking. I'm not speak
ing of people who know how to operate the hardware or do the actual
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programing, but of professionals from the various disciplines such as
economics, sociology, geography, education, penology, and so forth,
who have had additional education in systems techniques.

I believe this training should be at the graduate level. In New
York, the State government contributes to the cost of such continu-
ing education required by its employees on a simple plan that takes
Lito account the relation of the course to the employee's work activities
and the grade he receives in the course.

B. IMPROVEMENT OF THE INFORMATION BMIE

A second major priority is the improvement of the basic infor-
mation base for planning. Our PPBS efforts have at least demon-
strated how weak our information base is. Before we can deal with
the data needs required by refined systems approaches and cost-benefit
studies, we need to establish regional basic planning data banks which
can continually update our inventories of population composition and
distribution, economic structure, land use, housing conditions and the
like. Systems approaches to ad hoc functional areas are not likely to
contribute to the solution of our domestic problems if each application
draws from separate sources for the basic central data required. by
each of them.

In New York, Governor Rockefeller recently proposed the estab-
lishment of such a central planning data bank to be utilized for ,ystams
analysis approaches to planning by the State and its local govern-
ment units. We visualize that this central bank will ultimately be
linked to our State's regional areas by a telecommunications system
which will permit the localities of the State to also plan on the same
information base with the State.

It seems to us that the Federal Government should establish a simi-
lar, coordinated network of data banks which could be tied in with
such State systems.

C. INTENSIFIED RESEARCI1 INTO URBAN AND OTHER DOMESTIC PROBLEMS

Our third problem is the need for more intensive efforts in research
into our domestic problem areasparticularly into urban problems.
Millions of dollars are being poured into the preparation of local and
State development plans. These plans, if they are to be truly efrec-

. Live instruments to guide decisionmaking, need to have a more ade-
quate research baseand the research, h..0 the plan, must be a con-
tinuing process.

It is extremely difficult to achieve an optimum level of sustained
research activity at the State and local government levels. The fiscal
resources of the States and local governments are far too scarce to be
allocated to research at the needed level. Operating programs pro-
viding direct services must be funded first.

Yet proper research investment can ultimately lead to savings
through more efficient program operations.

The Federal Government could do two things
Insure that the tremendous research activity of the Federal

departments and agencies under the stimulation of the Federal
PPBS is regularly coordinated and communicated to the central
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planning and budgeting staffs of the States and local govern-
ment.

Provide greater recognition and more fiscal support for re-
search activities related to the preparation of the State plans re-
quired by various Federal grant programs.

I would like to make two additional comments in conclusion.
Systems analysis as I have noted before is a contemporary tag for

an element of the comprehensive and functional planning 'process.
The Nation's planning schools were traLing "systems analySts" be-
fore the commercial electronic computer existed. Science and com-
puter technology are undoubtedly providing the professional planner
with far more powerful tools than ever before.

It would be an unfortunate mistake for democracy if we allow our
fascination in these new powerful tools of science to obscure the greater
need for people-oriented professional planners and Government in-
stitutions to conduct the comprehensive policy planning so desper-
ately needed.

From my own surveys of the PPBS activity at other. State and
local government levels, I would say that there is definitely some dan-
ger of this at the present time. In many areas, professional planners
have been shut out of participation in this process primarily because
of the emphasis on program budgeting and the location of this activity
nationally in the Bureau of the Budget.

Most State and local budget agencies are a far cry from the orienta-
tion and depth of processional talent and expertise of the Federal
Bureau of the Budget.

The increasingly developmental role of the American government
institution has brought a new climate of public opinion concerning
planning. State governments are moving rapidly; local government
planning is almost universal in our urbanized. areas.

Yet we are still without a, comprehensive planning agency at the
national level to establish firm national development goals and policies.

The States cannot effectively coordinate Federal program activities
even within their own jurisdictions.

The Federal Department of Housing and. Urban Development can-
not, in my opinion, coordinate Federal program activities effectively.
Coordination supposes the existence of explicit development goals
and policies as a basis for coordination. Department of Housing and
Urban Development lacks the authority to establish and continually
update rational development goals and policies, nor does it have effec-
tive disciplinary powers over other Federal agencies.

The Bureau of the Budget has such disciplinary powers, but its
basic concerns and responsibilities for financial planning and Federal
budget execution do not, in my opinion, provide it with sufficient scope
in terms of long-range national development planning which would
seek to guide and coordinate State and local government p' ,nning in
the overall national interest.

Indeed, the Federal PPBS approach will either falter because of
this unmet need for national planning, or will ultimately stimulate the
establishment of such a function.

In my opinion, there needs to be either an agency in the Executive
Office of the President, or a permanent National Commission, or both,
charged with the responsibility for national development planning.
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Such an agency or permanent commission would, in my opinion,
provide the best basis for guiding the application of systems ap-
proaches to the pressing domestic issues facing this Nation.

The first of these is manpower. Our State PPBS, because of its
dominant emphasis on the need to link the broad comprehensive and
functional policy planning process with the budgetary decisionmaking
process, has touched off a major hunt for people who are capable of
high level policy planning, evaluation, and coordination.

Our central planning and budgeting staff agencies are constantly
being raided by our own line agencies, and our present staff level
is so critical that we will begin, next week, to mount what will probably
be one of the largest, nationwide recruiting drives for high level
professional planners and public administration experts.

In the first instance, it is these people we need, rather than the
technical systems analysts and model buildev. We need well-edu-
cated, inquisitive, creative planners and public administration special-
ists who are people oriented rather than machine oriented.

The wider their range of interests, the better. They need to have
a deep understanding of our democratic federal system of government,
and an intense desire to make our government institutions true reflec-
tions of society acting :n the collective interests of man. They need
to be sensitive to human problems. They must read well, they must
speak well. They must be able to negotiate and influence others.

Systems approaches to the government's domestic problems must
be organized and guided by such talented planners and public adminis-
trators. However, they should also have some basic understanding
of the immense capabilities of the computer, and of the statistical and
other simulation techniques of the systems engineer and operations
research analyst.

It is rare that one finds such a person coming straight out of college
or graduate school. While the planning and public administration
schools are, on the whole, producing much better basic material these
days, the fact of the matter is that leadership in systems approaches
calls for some practical seasoning in the day-to-day experience of the
bureaucracy.

We feel we should seek ways to better utilize the talent which is
already present in our government institutions.

I recently completed a feasibility study on midcareer education for
comprehensive planning. The report will be published shortly by a
group of consultants working with private foundation support on
detailing a suggested plan for implementing the Pre,,ident's proposal
for a National Urban Design Institute.

My recommendations call for an early identification= after some
postentry experience, of potential leaders in comprehensive planning
and public administration, and offering such people the opportunity
to participate in an intensive 2-year work-study program which
would be designed to both broaden their field of knowledge beyond
their basic specialty, and to update and train them in the most modern
techniques of planning and public administration.

The students of such an institute would spend part of their time
working, on actual problems for actual governments or other agencies
contracting with the institute for such services. They would be paid
a salary commensurate with their potential earning power as a full-
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time employee of the government or corporation from which they were
selected.

It appears that such a program could be financed almost completely
by both, contributions from the student's sponsoring government (con-
tingent of course upon his agreement to return to that government or
organization for a specified time following his completion of the
program) and from the proceeds of the institute's contractual agree-
ments with government's and other agencies desiring its services.
Some small additional foundation or Federal grant assistance would
probably be required.

Secondly, we need the technical manpower support for applying
computer technology to planning and decisionmaking. I am not
speaking of people who know how to operate the hardware or do the
actual programing, but of professionals from the various disciplines
such as economics, sociology, geography, education, penology, et cetera,
who have had additional education in systems technique.

I believe this training should be at the graduate level. In New
York, the State government contributes to the cost of such continuing
education required by its employees on a simple plan that takes into
account the relation of the course to the employee's work activities and
the grade he receives in the course.

At this point I would like to insert that I think there is a role here
for the universities and private industry in developing new techniques
ford progra,ded instruction. These are self-instructing techniques
whereby manuals are prepared which individuals can study and use
to test themselves using automated teaching procedures. Systems
techniques are particularly adaptable to programed instruction.

I think we ought to try to bring together some of our major data
processing firms, such as International Business Machines and other
such groups in the country, with the government officials and the
university faculties concerned with producing this type of individual
and see if some basic curriculum material and program instriction
methods couldn't be worked out.

Senator NELSON. May I interrupt a moment?
Is New York going to undertake this kind of a training program?
Mr. MooRE. Yes, we are. We do have an item in our budget this

year to investigate the educational aspects of technological applica-
tions to our functional planning.

Senator Nmsox. Have you outlined a course?
Mr..MOORE. Basically what we want to do is have a series of what

you might call brainstorming sessions related to various functional or
a specific functional problem area, to discuss what the relationships
should be between the variables contributing to the development of
such a system, such as a park and recreation system, and determine
exactly what goals and objectives we woulu like to accomplish in
terms of planning an integrated State recreation network.

We would have people trained in computer applications to analysis
audit these sessions and later respond with a discussion of where the
computer techniques could be applied to this functional area.

We think that this training has to take place related to the real
world problems which our staff planners are facing.

Senator NELSON. I think this is a very creative idea and a very
valuable one. If I understand you correctly you are going to identify
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by some technique or another potentially valuable public employees
who are now in service who have a capacity to become planners of one
kind or another.

Mr. Moon. That is right.
Senator NELSON. Then you said you would have a 2-year work-i

study program. Are they going to stay in the job they have now?
Mr. Moon. This program2 the one you are referring to, Senator,

was one I proposed in connection with the development of the proposed
National Urban Design Institute. The State at this point is not
considering such a program. I just offered it as an approach which
might be considered. I believe the best place to begin this would he
at the national level.

Senator NELkk ay. Oh, I see. Well, maybe the dean of the Graduate
School of Industrial Administration at Carnegie Institute may com-
ment on this. I think they are running a course there now that does
have Federal employees out of the Bureau of the Bu,dget and various
agencies. A course in systems engineering and analysis concepts. I
thought you were talking about reaching into State services, selecting
the best talent, and training them.

Is that what YOU are working on ?
Mr. Moom. If such an institute would be available to conduct this

program, I am sure that we would be interested in identifying our
key employees and contributing to their education in such a program.

Senator NELSON. Thank you.
Mr. MOORE. Now, our second major priority is the improvemAnt of

the information base for planning. Our PPBS efforts have at least
demonstrated how weak our information base is. Before we can deal
with the data needs required by refined systems approach .,?s and cost-
benefit studies, we need to establish regional planning data banks
which can continually update our inventories of population composi-
tion and distribatim, economic structure, land use.; housing conditions,
and the like.

Systems approaches to ad hoc functional areas are not likely to
contribute to the solution of our domestic problems if each applica-
tion draws from separate sources for the basic central data required
by each of them.

In New York, Governor Rockefeller recently proposed the estab-
lishment of such a central planning data bank to be utilized for sys-
tems analysis services and I approaches to planning by the State and
local government units. The Office of Planning Coordination and the
Division of the Budget are currently detailing the work program for
implementing this proposal and funds have been secured in the cur-
rent budget.

We visualize that this central bank will ultimately be linked to our
State's regional areas by a telecommunications system which will
permit the localities of the State to also plan on the same informa-
tion base with the State.

It seems to us that the Federal Government should establish a
similar, coordinated network of data banks which could be tied in
with such State systems.

Our third problem is the need for more intensive efforts in re-
search into our domestic problem areasparticularly! into urban
problems. Millions of dollars are being poured into the preparation
of local and State development plans.
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These plans, if they are to be truly effective instruments to guide
decisionmaking, need to have a more adequate research base and the
research, like the plan, must be a continuing process.

It is extremely diffulult to achieve an optimum level of sustained
research activity at the State and local government levels. The fiscal
resources of the States and local governments are far too scarce to
be allocated to research at the needed level. Operating programs pro-
viding direct services must be funded first.

Yet proper research investment can ultimately lead to savings
through more ancient program operations.

The Federal Government could do +wo things :
First of all it could insure that the tremendous research actvity

of the Federal departments and agencies under the stimulation of the
Federal PPBS is regularly coordinated and communicated to the
central planning and budgeting staffs of the States and local
government.

Secondly, it could provide greater recognition and more fiscal sup-
port for research activities related to the preparation of the State
plans required by various Federal grant programs.

I would like to make two additional comments in conclusion.
Systems analysis as I have noted before and as I have observed from

other testimony at these hearings, is not the central question here.
Systems analysis is a tool for a process and it is a contemporary tag
for an element of the comprehensive and functional planning process.
The Nation's planning schools were training "systems analysts" before
the commercial electronic computer existed. Science and computer
technology are undoubtedly providing the professional planner with
far more powerful tools than ever before and be has been quick
to use them.

The transportation studies, such as the transportation studies taking
place in New York State and elsewhere were using systems techniques.
Simulation techniques are being typlied more and more to other
government planning programs. IV any of these approaches have ho
basis in the systems engineering work of the aerospace industry and
many preceeded aerospace applicatiof s.

It would be unfortunate for democrt, cy if we allow our fascination
in these new powerful tools of science to obscure the greater need for
people-oriented professional planners and Government institntions
to conduct the comprehensive policy planting so desperately needed.

From my own surreys of the PPBS activity at other State and local
government levels, I would say that there is definitely some danger of
this at the present time. In Tally, areas, professional planners have
been shut out of participation in this process primarily because of the
emphasis on program budgeting and the location of this activity na-
tionally in the Bureau of the Budget.

Most State and local budget agencies are a far cry from the orien-
tation and depth of professional talent and expertise of the Federal
Bureau of the Budget.

The increasingly developmental role of the American Government
institution has brought a new climate of public opinion concerning
planning. State governments are moving rapidly and local govern-
ment p::anning is almost universal in our urbanized areas.

Yet we are still without a comprehensive planning agency at the
national level to establish firm national development goals and poll-
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ties. To suggest that the States can coordinate Federal programs
does not serve the national interest, because the national interest is
greater than the sum total of State and local government interests.

Senator NELSON. Excuse me one moment. You are suggesting that
there ought to be a comprehensive national planning agency of some
kind?

Mr. AfooRE. Yes, Senator.
Senator NE sox. Have you given any thought to what is composi-

tion would be?
Mr. MOORE. Yes, sir. Let me complete this.
Senator Nmsozir. Yes, go ahead. Finish your statement.
Mr. lVfoon, The States cannot effectively coordinate Federal pro-

gram activities even within their own jurisdiction.
The Federal Department of 'rousing and Urban Development can-

not, in my opinion, coordinate Federal program activities effectively.
Coordination supposes the existence of explicit development goals and
policies as a basis for coordination. HUD lacks the authority to estab-
lish and continually update national development goals and policies,
nor does it have effective disciplinary powers over other Federal agen-
cies.

The Bureau of the Budget has such disciplinary powers, but its bask:
concerns and responsibilities for financial planning and Federal budg-
et execution do not, in my opinior, provid.e it with sufficient scope to
conduct a long-range national development planning process which
would seek to guide and coordinate State and local government plan-
ning in the overall national interest.

Indeed, the Federal PPBS approach will either falter because of this
unmet need for national planning, or will ultimately Imulate the
establishment of such a ft ction.

In my opinion,, there needs to be either an agency in the Executive
Office of the President, or a permanent National Commission, or both,
charged, with the responsibility for national development planning.

such an agency or permanent commission woad, in my opinion,
provide the best basis for guiding the application of systems approach-
es to the pressing domestic issues facing this Nation.

Senator JAVITS. Mr. Chairman, may I ask one question of the wit-
ness at this point I have been agitating Itie a national commission
on national goals, a preliminary commission of that character having
been developed during President Eisenhower's administration under
the chairmanship of Walter Wriston.

When you speak of national planning it gives me a different picture
than the national goals concept because it has perhaps some element of
compulsion. I am not saying that unkindly. And I just wondered
do you in the rest of your paper spell that out so we have a clear pic-
ture of what you recommend?

Mr. Moon. Perhaps, Senator, the best way I can do this is to draw
the analogy to the process that we are following in New York State.

We have, as you well know, a central State planning agency, the
Office of Planning Coordination, which reports directly to the 0over-
nor. One of our functions is to analyze the pres-nt way in which our
State development goals are formulated. To do this we are reviewing
all of our legislative statutes and our constitutional law. We are re-
viewing the program plans of the various State departments and agen-
cies. We are reviewing executive policy statements.



248 SCIENTIFIC MANPOWER UTILIZATION, 1967

Now, it is our feeling that up to this point there has been a highly
informal, almost unconscious, and certainly .fragmented process of
goal development. What we would like to see is a more systemized ap-
proach to this.

I do not think that this necessarily implies compulsion. I know this
has been the main criticism of national planning, but I do think that,
in the intervening years between the time the National Resources
Planning Board was abolished and the great thrust of postwar urban
growth problems, the conctpt of planning has changed radically from
one of static, master planning to one of what you might call process
planning which seeks to improve the decisionmaking process. I be-
lieve goals have to be debated. publicly, but in order to be debated pub-
licly they must be explicit. They must be set forth in a systematic
fashion.

In order to guide Government program officials we must have such
explicit goal statements. These can and should be debatable. I be-
lieve we are at a point now where we can no longer consider the argu-
ment that planning is compulsion. If it is, why is the Federal Gov-
ernment funding such activity at our State and local government
levels?

If planning is good enough for our States and local governments it
is good enough for the Nation.

Senator DAVITS. May I, Mr. Chairman, ask one other question?
Senator NELSON. Yes.
Senator JAVITS. I don't want to interrupt the flow of your think-

ing, but it is a help to us to catch it just as you are thinking about it.
Have you analyzed Senator Nelson's bill as well as the so-called

Morse-Scott bill ?
Mr. Moon. Yes, sir.
Senator JAVITS. You have. Now, again I don't want to ttnticipate

your testimony. Can you actually tell us what you think of each
specifically?

Mr. Moon. As a general comment, Senator, I would note that
the Department of Housing and Urban Development has recently
revised its guidelines for State planning to allow funding of systems
applications in context with the State development planning process,
so from the standpoint of funding activities to bring systems analysis
effort into studying our Government problems, I think there is adequate
statutory bask., at the moment for doing this.

Now, in terms of Senator Scott's bill creating a national commission
for management and public administration, I think definitely we
certainly need some type of institute nationally to be concerned with
the updating of management pract ices. But I question whether this
group should do all of the systems approach work. T really support
the idea that the States and local governments participate 'by doing
some of this, I think they are capable'-' of doing it.

Senator JAVITS. Do you wish wish to have an opportunity to submit
for the record a detailed statement on both bills?

Mr. MOORE. We would like to send something down later, Senator,
JAVITS.Avrrs. Mr. Chairman, I ask unanimous consent that the

reply to this question may be supplemented by a written statement,
Senator NELSON. Certainly, it will be put in the record.
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(The supplemental statement subsequently supplied. for the record
follows:)
SUPPLEMENTAL STATEMENT OF VINCENT J. MOORE, ASSISTANT DIRECTOR, OFFICE

or PLANNING COORDINATION, STATE OF NEW YORK, ALBANY, N.Y.

STATEMENT ON S. 480 AND S. 467

To review, S, 407 would create a federal commission to conduct a feasibility and
applications development study of systems analysis and other management tech-
niques to the problems of major functional areas of government. The commis-
sion would exist under this statute for some 32 months and its first year of
operations would be supported by $500,000 appropriated by this bill.

Bill S. 430 appropriates $125,000,000 to be administered by the Secretary
of Labor for grants to the states and direct contracting for developing and im-
plementing systems analysis applications to national and local matters which
are defined by the Secretary as "problems." No program duration ie specified
in the bill.

We often hear it said that, "Ever since there have been men there have been
Governments which make decisions. Why should systems analysis be called in to
assist with such decisions? What reason is there for such a xadical change in
the habits of Governments?" One thoughtful reply given by researchers at
Johns Hopkins is : "The necessary and sufficient cause is the exponent growth
of the progress of humanity." They also emphasize the acceleration of the casual
sequence of research, innovation, and economic growth and demonstrate the
absolute necessity of preliminary scientific reflection before major decisions
are taken whether at the national, state, or local level. The progress of humanity
is marked by the necessity to accommodate to the technological changes that
are occurring at an accelerating rate. This puts a severe strain on the decision-
making process. The management sciences including systems analysis and the
computer can bear part of the burden. Government must assimilate these new
approaches because of its key role in society, and olteuld provide the leadership
and ingenuity in using modern technology positively to design the social in-
stitutions which the complex problems of today demand. Technological progress
in the past has not produced catastrophe, but has instead resulted in N higher
standard of living.

This country has shown a talent for social innovation and it is important that
the powerful, tool of computer-based automation for production, paperwork, re-
search, decision-making, -planning an invention be utilized to adapt to the chang-
ing times. However research is costly. Valid perceptions of efficient, effective
systems analysis do not just happen. They are the product of planning, testing,
experience, observation and imaginatio.,. Very little has been done in this area
at the state or municipal level. Pioneering efforts include the New York State
Planning-Programming-Budgeting System and the SOGAMMIS, (South Gate
Municipal Management information System) project being undertaken by a
University of Southern California team. The approach in both of these cases is
a combination of functional planning, systems theory, and decision theory as it
relates to resource allocation (e.g. program budgeting) and a dynamic con' ep-
tion of data storage, (continuous intact, and random access, not a static data
"bank"). Systems analysis incorporates the concept of information feedback
which reflects both the performance of the governmental organization and the
effect of the programs on the community being servr-/' The significance of recent
theory on the decisional processes for allocating rek,-,...ces (program budgeting,
etc.) is uarticularly relevant because most if not all such theory deals with
how to improve the definition of organiaztional goals and the optimal allocation
of resources tc, them.

The expression "systems analysis" has not a single denotative universal defi-
nition, but rather it possesses; several different connotations. For example, the
Authors McMillan and Gonzalez, in Systems Analysis (Irwin 1965) include such
analytic techniques as linear programming and queuing theory in the subject
while many educational institutions continue to present these techniques in opera-
tions research courses. The 1.1.S. Government Organization Manual lists an
Assistant Commissioner for Planning and Research in the Treasury Dept. with
responsibility for unspecified "systems development." The Manual lists a systems
research and development responsibility it the Federal Aviation Agency, and
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specifies the systems concerned are air traffic control and navigation. We infer,
therefore, that both bills are using "systems analysis" : in its most all-embracing
sense. Because other organizations do not use the same definition of the term,
it might be wise to spell out Senate meaning in the bill.

The Commission of S. 407 has a large bearing upon the aims, scope and finances
of the program called for in S. 430. In fact, the S. 407-authorized study is a
necessary prelude to effective program planning to implement S. 430. But a
final report is not called for from the Commission on Public Management (S.
46T) for some thirty months following their first meeting. In order for the
output from the Commission study to be rational input to the program of systems
analysis of governmental problems the Commission, Labor Department, states,
and other interested groups will require more than the informal coordination
we infer from the bills.

The program which would be authorized by S. 430 is only in part concerned
with technical manpower. The implications of this program for inter and intra
governmen ',Inning. management and organization are undoubtedly of greater
short rants, tiport.

Ideally, a study of systems analysis feasibility, such as that which would be
authorized by S. 467 might become, should precede the program planning re-
quired to implement that proposed in S. 430. However, if both study and pro-
gram are to proceed simultaneously there are clear needs to be satisfied by pro»
gram funds. A moderate investment in regional inter-government 0. R. techni-
cal meetings could offer an exchange of experience and methodolgy which is
not provided by arsy organization at present.

Development of programmed learning materials for specific analytic methods
and techniques would afford government-at-all-levels with a valuable and per-
manent training resource. Beyond these suggestions, the, development of pro-
gram requires better feasibility measures.

Clearly the need exists for the kind of encouragement on the part of the fed-
eral government which is evidenced in U.S. Senate Bills S. 430 and S. 467. The
problems of employment, public welfare, education, mental health, water and
air pollution, urbanization, crime, juvenile (1. linquency, housing, etc. can and
must be solved. just as the modern private organization can continue as a
viable institution only if a substantial portion of its funds are systematically
channeled into research and development activities related to its goal, public
needs, and the mechanics essential to program achieving, 80 too must govern-
ment respond to this need.

U.S. Senate Bills S. 430 and S. 467 are in essence two approaches to the same
problem. It would seem to us that S. 430 would better accomplish the important
goal of getting personnel at the state and local level involved in utilizing new
techniques to solve problems. The result could very well be a system which
would require basic changes in the way the state or local government has tradi-
tionally conducted its business. Systems planning might prove to be an import-
ant change agent in tooling government for the inereasingly complicated govern-
mental programs growing out of our urban society. Hence, state participation
in the research efforts as provided in S. 430 would have considerable practical
advantages. It is important that abstract theories be subjected to rigorous
analysis and test. The New York State PPI3 System is an excellent example of
the evolution of a concept which, once refined, can be the nucleus for a similar
program in every state in the union. There is a substantial amount of literature
about systems planning, program planning, etc. What is needed here is not a
general study, but an attack on specific problems using the new analytic tools.
For this reason. It would. seem that the Department of Housing and Urban De-
velopment would be the logical agency to dispense these kinds of planning funds.

In essence we see this as a "demonstration" program quite analogous to the
HUD model city program which seeks "to test whether we have the capacity to
understand the causes of human and physical blight, and the skills and the com-
mitment to restore quality to older neighborhoods, and hope and dignity to thei:c
people."

Senator .TAvrrs. I thank the Chair and thank th© witness.
Senator NELSON. Thank you very much.
Senator JA-vrrs. Mr. Chairman, may I say, while I still have the

floor, that I am personally very grateful to Mr. Moore for coming down
here to testify. I am very proud of our State's forward looking prog-
ressivism in this and so many other fields and I respectfully state it
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seems to me that this very enlightened approach certainly buttresses
New York's claim to being the leader in this field.

I might say, in deference to our chairman, Wisconsin too has been
a leader in many, many fields of social development, but I think in
terms of administration and techniques of administration and plan-
ning New York has really done enormously well under Governoi
Rockefeller and I am very pleased, Mr. Moore, that you are here with
IN today.

Mr. Moon. Thank you, Senator.
Senator NELSON. Thank you very much for your very fine still ement,

Mr. Moore. We appreciate your taking time to come before the
committee.

Mr. MooRE. Thank you.
Senator NELsox. Our next witness is Mr. Roger Sehrantz, Director

of Policy Planning and Program :Development, Bureau of Manage.
meat, State of Wisconsin. Mr. Schrantz.

STATEMENT OF ROGER SCHRANTZ, DIRECTOR, POLICY PLANNING
AND PROGRAM DEVELOPMENT, BUREAU OF MANAGEMENT,
STATE OF WISCONSIN, MADISON, WIS.

Mr. SCIIRANTZ. Thank you, Mr. Chairman. It is a real pleasure to
be here this morning.

Senator NELSON. Roger, we are very pleased to have you here this
morning. Since the State of Wisconsin undertook, I think, the first
comprehensive State planning in the United States and the first plan-
ning-pr-graming-budgeting program in the United States we appre-
ciate having your views on the proposals that are pending before this
committee based upon the experience that you have had, and your pred-
ecessors have had, in the bureau of management of the department
of administration.

Mr. SCIIRANTZ. Thank you very much, Mr. Chairmen. I would like
to express the regrets of Mr. McGowan who is unable to appear here
today and it is my pleasure to have the opportunity to substitute for
him. I have a prepared statement which I will read, Mr. Chairman,
and perhaps abstract to some extent.

Senator NELSON. Any place that you can extemporize it might be
helpful since we have one more witness following you in this morning's
session.

You present it 'h. ' ever way 's most effective.
Mr. Soxinityrz. I will start reading, Mr. Chairman and then I may

abstract as I go along.
We in State government, evecially Wisconsin State government,

ar© watching with great interest and great concern the variety of
bills being considered by the 90th Congress that would stimulate
and assist State and local governments to improve their management
and policy decisionmaking

We welcome the concepts embodied in these bills, because we know
that they. are aimed at making State and local governments vital and
creative links in the Federal system.

Senate bills 4'30 and 467 are among the most important of these
bills. They seek to stimulate the application of modern mar ii.gement
technology to the major and critical govemental problems of the
1960's and 1970's.

76-510-67- -17
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Systems analysis techniques place these problems in such a frame-
work of inforinat;on and logic that policy docisionmakers will be able
to ch000se those solutions that will best serve society.

Systems analysis, as# sophisticated decisionmaking technique, will
be effective only where the governmental jurisdictions have the ca-
pacity and the &sin-, to employ systems analysis in the decision
process. Effective use of systems analysis presupposes that a base
of mature budgeting., planning, and management procedures have
already been implemented. Equally important, systems analysis will
be effective only where the policy decisionmakers are ready to embrace
it, and where they underst and its contributions and its limitations.

The capacity and the willingness of State and local governments to
employ sy,tems analysis techniques certainly must be a major concern
of this subcommittee and the Congress itself, as S. 430 and S. 467 are
being considered.

Only a thorough survey of all State and local governents, of
course, will provide a comprehensi

m
ve assessment to answer that con-

cern. W 1,.lieve, however, that Wisconsin along with New York
State, ha: mdied itself for the use of systems analysis, and in this
regard, I would like to outline some of the major steps that the Wis-
consin State government has taken in recent years to improve its
management, and policy decisionmaking processin which systems
analysis will eventually be an integral part.

The birth of Wisconsin's current day management and policy deci-
sionmaking procedures occurred in 1959 under the leadership of the
then Governor of the State of Wisconsin, and now chairman of this
subcommittee. At the recommendation of the Governor, a consoli-
dated department of administration was created to improve the State's
management process and its policy decision concepts.

In a very real sense, the creation of the department of administra-
tion anticipated the use of modern management techniques, such as
systems analysis. The statutory purpose of the department pointed
to the development of a management and decision process that would
eventually embrace the use of systems analysis techniques and in-
cluded such directives as:

Present clearly defined alternatives and objectives of state programs and
policies so that the state's agencies, the governor and legislature may plan
cooperatively and finnnee the services which the state will provide for its
citizens,

* * * *
a *

Help the state's agencies furnish the agreed upon services as efficiently and
effectively as possible.

Assure the governor and the le,colsiature that the services are being provided to
the public at the agree ditv.., quantity, quality and cost,

* * * * * * *

Antleipate and resolve administrative and financial problems faced by the
agencies, governor and rTislature of the state,

Shortly after the department was created it sought to modernize
the State's budgeting 4.echniques, to emphasize the primary role of
the budgetthat of assessing the needs of the State for governmental
services, focusing on the objectives and goals of the State. and allocat-
ing State resources so as to satisfy the service needy i accord with the
State's long-range goals.
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At the same time pilot program budgets were developed for several
State agencies to sharpen. the concepts for a practical application of
progrtim budgeting theory and to test the marketability of program
budgeting in the halls of the legislature. It was, I think, a successful
venture.

Concurrent with the improvement of the State's budgeting tech-
niques, a comprehensive State planning agency was created. In 1961,
Wisconsin embarked on a comprehensive State planning process
one of the first States in the Nation to do so. The first phase of the
comprehensive State plan was completed in 1963provicEng an over-
all framework of comprehensive planning data and planning tech-
niques in which specific funcaonal plans could be prepared.

iThe second phase of the comprehensive plan is now nearing comple-
tion, and specIfic long-range plans have been prepared, such as a free-
way plan for 1990, a correctional facilities plan, a health and medical
facilities plan, a library facilities plan, an airport system plan, an
outdoor recreation resources plan, a State office facilities plan, eco-
nomic plans for eight State regional areas, and many other related
planning documents.

In 1963, with full gubernatorial and legislative support, and com-
plete bipartisan support, Wisconsin embarked on the mammoth task
or' developing a comprehensive program budgeting process for all
State government activities and agencies. Its concept was to create a
budgeting process that would enable Governors and legislators to
focus their decisions on the basic purposcs and objectives of govern-
ment, the services that would be performed and the programs that
would be carried out.

The rationale and intent of this comprehensive program budgeting
effort is well explained in an article, coauthored by then Governor
John Reynolds and the senate cochairman of the legislative joint
finance committee, Walter Hollander, that appeared in the autumn,
1964 issue of State Government, published by the Council of State
Governments. A copy of this article is attached to this statement for
the further information of this subcommittee.

Senator NELSON. That attached article will be printed in the rec-
ord at the conclusion of your prepared text.

Mr. SCIIRANTZ. Thank you, iVir. Chairman.
The fruits of this program budgeting effort were realized in 1965,

as the State's budget, framed in a program budget format, was con-
sidered and enacted by the Governor and the legislature.

Thus, for the c.rst time, Wisconsin focused its appropriations and
allocated its resources in a form that concentrated on the objectives
of the State and the services that were to be provided.

Now that program budgeting was a reality, Wisconsin moved to
build upon the decisionmaking base that program budgeting provided.
In 1965, a program planning component was created in the, department
of administration, to make full use of the program budget as plan-
ning tool and to make planning an active contributor to the policy
decision process.

Several months later a management, sciences unit was added to the
range of services in the department of administration.. Resulting in
large part from the recommendations of a businessmen's task force
studying. State government operations, the purpose of this unit is to
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stimulate the use of modern scientific techniques in managing State
government activities and in formulating major government decisions.

Recently, another dimension to the budget policy decision process
has been added. Massive budget documents can tend to obscure the
major policy decisions implicit in the budget. As an aid for the legis-
lature to better understand and act on the major policy areas in the
budget, a series of policy papers outlining the Governor's budget
policies were provided the legislature.

We found that the policy papers, which outlined the policy ques-
tion, background information related to the policy area, and the
Governor's policy position, have been enthusiastically received by the
legislature. One leading legislator claimed that the policy papers
provided him URI ability, for the first time, to truly understand the
policy ramifications of the budget.

Legislative budget hearings now more completely focus on the
policy areas, and legislators are more able to fulfill their responsibili-
ties as the policymaking branch of government.

Several vitally important proposals are now under consideration
by the legislature. If approvedand there is great likelihood that
legislative action will be favorable in most areasthese propsals will
mark yet another significant step in our effort to implement compre-
hensive management and policy decision process.

One proposal would comprehensively reorganize the structure of
State government, reducing the number of State agencies from 90 to
26. Another proposal will create a department of local affairs and
development, to add to the 10 States that have already done this,
enabling the State to focus attention on the problems and potentials
of its local governmental jurisdictions.

A third proposal would integrate the planning and budgeting proc-
ess in State government, allowing polieymakers to concentrate on one
comprehensive decisionmaking instrument. Yet, another proposal
would direct all State agencies to develop a planning capability within
themselves, and would provide them with the financial resources to
do so.

Several important characteristics have, I believe, marked our man-
agement and policy decision efforts. Among these are :

(1) It has been a continuing bipartisan effort. Wisconsin's develop-
ment has been uninterrupted over the past 8 years, even though three
men of both major political parties have occupied the Governor's
chair in that period, and even though the political complexion of the
legislature has changed several times over in those 8 years.

(2) It has been a joint executive-legislative effort. As the Reynolds-
Hollander article referred to earlier states "the objectives of program
budgetingto assist policymakers more easily to weight the alterna-
tives availableare in no way related to partisan ideologies or the
relative balance of power between executive and legislature."

(3) It has focused on policy decisions rather than operations. Our
concept of program budgeting is aimed at helping policy decision-
makers determine the scope and content and future of government
services. All of its ingredients were shaped to implement that concept.

I apologize for what is probably an overly detailed historical de-
scription of the Wisconsin effort to develop a comprehensive manage-
ment and policy decisionmaking process. While I hesitated to so
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occupy this subcommittee's valuable time, I also believe it important
that the firm commitment of State governments to an improved man-
agement and policy decision process be well understood. It is this
commitment which, triggers acceptance. of the need and capaeity of
State governments to fully immerse themselves in the use of systems
analysis.

So much for our past accomplishments. What do we plan for the
future, and what problems do we see in implementing those plans.

In future years we hope to complete the development and imple-
mentation of an integrated planning-budgeting-management process,
similar in many respects to the goals of the New York State govern-
ment that Mr. Moore described.

Facets of our efforts will include better definition of the goals and
objectives of State government, ( evelopment of a sophisticated plan-
ning capacity both in the program agencies and in the central bud-
get-pluming office, further refinenicnts in the program budgeting
process, development of a sophisticated systems analysis capability in
the budget- planning office and in the major program agencies, develop-
ment of an operational planning concept and capacity, development
of a management information system that extracts and relates key bits
of information, and the development of a program appraisal and
reporting system.

While the development and implementation of most facets of our
planning-budgeting-management process will be a monumental task,
requiring thousands of hours of effort by skilled professionals, we
believe that we have the direction and the capacity to accomplish most
of our goals.

Refinement or development of a planning capacity, a program bud-
geting capacity, or a program appraisal system requires primarily the
skills of planners and budget analysis. While able planners and
budget analysts are in short supply, we have heef successful in re-
cruiting reasonably adequate numbers of qualified people, and we
e :pect to be able to continue to do so in future years.

Quality systems analysis, however, is an extremely complex process
which requires the skills of professional mathematicians, economists,
systems engineers, and other diciplines which are not usually employed
in State government. Our efforts so far to employ qualified systems
analysts, even in very limited numbers, have bet n frustrated.

Wisconsin's need for systems analysis capabilities will probably
have to be satisfied in a variety of ways. First, we will have to im-
part at least a working knowledge of the concepts and procedures of
systems analysis in all policy decisionmakers and those directly in-
volved in the policy decision process.

Second, we need to develop at least a modest in-house s.Nstems
analysis capability. Third, we will need to rely in large part on. the
systems analysis products of privatenot for profitorganizations
and our State university.

Each of these ingredients, we believe, %re necessary to a fully opera-
tive systems analysis process. Systems analysis infers a set of complex
mathematical formulas that bewilder those unfamiliar with it.

One of your previous testifiers labeled it "the black box syndrome."
Yet system analysis was created to assist: the Neision process, not to

make the decision. If systems analysis is to truly serve the decision
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process and not replace it, then the concepts and procedures of systems
analysis must be reasonably well understood by Governors, legislators,
agency heads, budget analysts, planners, and. others involved in the
policy decision process. Systems analysis will thus be their servant,
not their master.

We recognize also the need to develop at least a limited systems
analysis capability within the State government structure. A modest
systems analysis unit that is directly responsive to the policies of
the Governor and legislature is, we believe, necessary to interpret those
policies into the systems analysis studies.

The very complexity and expense of involved systems analysis
studies will probably lead to the adaptation of flu: model of a system
analysis study done by one State to the problems of another.

Yet, the systems analysis produced solution to a problem in Cali-
fornia may not be at all appropriate to the traditions and set of cir-
cumstances in Wisconsin.

Thus, while the California systems analysis model might well be
adapted to a similar problem in Wisconsin, we will need an in-house
systems capability using that model to develop solutions appropriate
to Wisconsin.

Finally, we recognize that many of our future system analysis
studies, and certainly the more complex of these studies will need to
be performed by private, not for profit, systems analysis organizations
and by organizations within our State university. 'the immense com-
plexities of major systems studies will, we know, demand a broad
range of skills and concentrations that will extend beyond the scope
of in-house systems analysts, and will require the resources of organi-
zations offering a variety of professional skills and specialization in
certain problem areas.

In recent years Wisconsin has employed the resources of private
firms for major and complex management studies which, while they are
not specifically systems analysis studies, are very closely related to
systems analysis and use many of the same concepts.

For example, the State highway department has contracted with
one of the Nation's leading management consultant firms for a multi-
year, $175,000 study of the department's planning and management
system. Now well underway, the study is being done in conjunction
with department staff efforts, and is aimed at developing an integrated

ioperations and management
information

system for the department's
management and decision process. The sheer magnitude and com-
plexity of the study and systems implementation demanded skills and
attention beyond those of the department staff.

A similar study has just been started to develop a modern and effi-
cient management information and control system in the department
of public welfare. The study will be performed by another leading
management consultant firm, with an equal staff involvement from the
departments of public welfare and administration.

The study's objectives are to create a management information sys-
tem that will supply the necessary management tools. provide timely
information, employ uniform control concepts, identify cause, effect

iand trend: and fully integrate planning, reporting, and program con-
trol techniques.
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In yet another project, Wisconsin is working with private enter-
prise to apply computer technology and wtems analysis techniques
to the State's information needs. Wisconsin has been selected by a
leading electronic data processing firm for a multiyear pilot project
that will evaluate the State's need for management information and
design a comprehensive integrated management information system.

Private systems analysts and computer technicians will work closely
with State personnel to install a selective, but yet comprehensive, in-
formation. system that will serve the State's planning, budgeting, and
operations processes.

In our preliminary evaluation of existing State information s7s-
tems we find that, even though the State is paying enormous sums 'or
information gathering, only a limited amount of that information con-
tributes significantly to management and policy decisions.

Inadequate information, then, may be caused not so much by inade-
quate investment in necessary information gathering as it is by in-
adequate direction and evaluation of current, information systems.

Even though an investment in a comprehensive systems analysis
study of our information systems promises to produce returns far
greater than the original investment, Wisconsin, along with. other
State governments finds such an investment impossible in this era of
great financial burdens for essential State services. Federal demon-
stration funds that stimulated improved State information systems
and developed models of information systems to guide all States
would produce great benefits.

Finally, Wisconsin turns to its immensely valuable educational re-
source, the University of Wisconsin, for assistance in State govern-
ment systems analysis, in addition to other facets of the State's man-
agement and decision process.

The hallowed "Wisconsin idea :the joining of campus and capitol
to solve serious social problems, will take on a new dimension in the
coming years.

A multidisciplinary center for public policy and administration will
be created under 1967 budget recommendations. This center will pro-
duce a broad spectrum of professionally trained people for govern-
mental service, will offer a continuing education, opportunities to up-
grade and update the professional skills of those now in government
service, and will be a focal point through which the research skills and
knowledge of the university faculty may be introduced into studies
of State problem areas.

This description of Wisconsin's experiences and goals in developing
a systems analysis capability to complement its management and policy
decision process could be continued into yet further details and
examples.

A coptinuation, however, would only add variations to the basic
theme, a theme which states that Wisconsin and many other State gov-
ernments have shaped their management and policy decision pro-
cedures and concepts in anticipation of systems analysis techniques.
State governments now need a stimulus, expanded financial resources,
and coordination to employ systemri analysis with efficiency and
effectiveness.
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This testimony can perhaps most profitably be concluded, with some
suggestions that this Special Subcommittee on Scientific Manpower
Utilization might consider as it structures S. 430 and S. 467 for con-
gressional action.

These suggestions, in no perticular order, are:
(1) Federal programs should. encourage, and financially assist if

possible, the development of a working knowledge of systems analysis
by all those involved in the decision process. Systems analysis can be
a real contributor to the policy decision proeess only if those making
the decision understand the values and the limits of system analysis.

(2) It seems likely that tlio number of qualified systems analysts
available in the near future will fall far short of the rapidly rising de-
mand for them. Complex systems analysis studios, of course, require
the skills that only a trained systems analyst, can bring to it. Many of
the concepts of systems analysisdisciplined logic, alternative seeking,
information relationshipsean be applied in less complex studios by
personnel who have nn appreciation of the gixermnental decision proc-
ess, can apply the logic process, are comfortable with numbers, and
who have received training in the basics of systems analysis.

Federal programs might well then include provisions for short-
course training of limited systems analysts.

Senator NELSON. What do you mean by limited ?
Mr. SCIIRANIZ. I think perhaps, Senator, limited in the sense of

people who have an analytical sort of mind, who are involved in the
budget analysis of the planning process, who do not have the basic
profes tonal 'background of mathematics or economics, but who can
learn how to apply some of the fundamentals of systems analysis in
those areas where it will have benefit, but still short of the complex
kinds of system analysis (lone by the more, able.

Senator NELSON'. You would, fir some value in establishing in one
way or another some institutes perhaps under the direction of a uni-
versity.?

Mr. SCARA2sTTZ. Yes; very much so.
Senator NELSON. And to which budget analysts, or planners, or cer-

tain key people in the State government could go v nd take a course for
a month, or 2 months, something like this ?

Mr. SCIIEANTZ. YQS. I think this would have t, very great benefit.
It would give these people some of the basic ideas of systems analysis.
It would (1) perhaps, teach them not, to be fearful of it. They would
understand it to a much better extent, and (2) they would be able to
apply some of these concepts and procedures in their own analytical
work.

Senator Nmsoisr. Yesterday2 witnesses here speaking for the 11 asso-
ciated land-grant universities in the Midwest--,1 think the Big 10 plus
ChicagoI raised this very question of the value and feasibility of
establishing some institutes which could be attended perhaps by two
types of people; a 1-week institute possibly for your high level de-
cisionmaking

budget
who couldn't spend mueli more time than that,

perhaps your budget direetor, for example, the director of the depart-
ment of personnel, the director of the motor vehicle department, and
the director of the conservation department, but at least a week or
10 -clay program to familiarize the top decisionmakers with the con-
cept; and then an institute which could be attended by the middle level
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executive underneath the department head, a 1-month or 6-week in-
stitute. The testimony of the two representatives of the universities
yesterday was that they thought this would be a valne.ble course for
State employees, city employees, and Federal employees.

Do you think that a 1-week course or 10-day course is of some value
to be provided for your high-level decisionmaker and a 4-week course
of value to a middle-level decisionmaker ?

One, do you. think that could he done and it would be valuable ?
wouldould the State of Wisconsin, for example, be interested in

selecting annually and sending a certain number of middle-level de-
cisionmakers to attend such institutes?

Mr. St.futAwrz. I think, °he: it certainly would be very valuable. I
think that the concept of having various institutes for various levels
of people to give them the kind of background in systems analysis
which fits their appropriate decisionmaking part in the whole deeision-
mak.ng p ivess would be valuable.

A you know, Mr. Chairmn, there have been a variety of educational
institutes set up on PPBS throughout the Nation. The University of
Wisconsin was one which offered a 9-month academic year course for
people in the Federal agencies on PPBS.

I think perhaps a more limited intensive look at systems analysis as
an entity on a ( -week base, for example, for the middle-level managers,
for budget analysts, for planners, and so on would have ivory great
value and I. am certain that the State of Wisconsin and the people in
it would be very happy to participate and would very much feel the
benefit from this.

Senator NELson That, is one of the proposals that I think we would
like to implement in this bill, recognizing the great necessity for edu-
cation in this field by the very people who are making the decisions
and doing th© planning within their cities and State governments and
Federal (overnment.

Mr. SCIIRANTZ. This would make a very important contribution in a
fairly limited way, but it would have real benefit I think to the whole
decision process.

(3) Nearly all State governments should develop at least a modest
in-house systems analysis capability to perform less rigorous systems
analysis studies and to interpret those done by specialists for the
govermental decisionmakers. Federal programs we hope will recog-
nize this need to develop an in-house system analysis capability.

(4) Many of the most complex and perplexing governmental prob-
lems will need to be studied by systems analysis orgai, °,4ations that
over time specializes in a limited sphere and acquire great skills and
knowledge in that specialized area. We bone Federal programs will
encourage the continued development of this private systems analysis
capability, and its employment in solving major governmental prob-
lems.

(5) Sophisticated and efficient information systems are nee ssary
for effective systems analysis, as well as being an integral component
of effective planning and budgeting systems.

In addition, there is a real national interest in the development of
comprehensive and uniform State information systems. Federal
PPBS will require a complete and uniform. information input from
those federally aided and State operated programs. Federal pro-
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grams should thus sharply encourage the development of modern in-
formation systems by State and local governments that will feed into
the Federal decision process.

(6) Systems analysis is but one facet, although a very important
facet, of a comprehensive decision process. It must complement and
be integrated with the other facets of the decision proct ss, such as
planning and budgeting. Federal systems analysis programs, then,
should be designed to work closely with other Federal programs re-
lated to the entire decision process.

(7) Complex systems analysis studies are very costly. They may
well deal with social problems and subject areas that are common to
many State governments. While the solutions advanced by a compre-
hensive systems analysis may be uniquely suited to a single State, its
model and conceptual design may be well adapted to studies of similar
problems in other States.

Federal programs should provide for a continuing coordinating
mechanism that will be a focal point for the interchange of systems
analysis studies among all States.

In summary, I believe this subcommittee and the Afembers of Con-
gress should recognize the willingness of the States, at least I can
speak specifically for Wisconsin, to assume their responsibilities in
our federal system of government. We are fast recognizing that the
complexities of government require sophisticated tools for enlight-
ened and rationale decisionmaking. We recognize that the intelligent
allocation of resources among competing programs and needs necessi-
tates full utilization of the sophisticated management techniques al-
ready widely in use in the private sector.

Finally, we believe that the leadership th. Federal Government can
give by investing in the general upgrading of State and local govern-
mental processes, as embodied in the bills now before you, is an ex-
cellent example of creative federalism i

i
n its fi !st sense.

(The paper referred to follows:)

PROGRAM BT1D7ETING IN WISCONSIN

(By Sohn W. Reynol('' tnd Walter Galollander)

The enactment last June of a short, simple bill signaled the green light for
Wisconsin to take a giant stride toward achieving a major improvement in state
budgeting.

The measure was entitled simply A bill relating to the development of program
budgeting. To a casual reader, it effected what might be considered a few minor
technical change in the state budget law. Its key section merely amended the
law specifying the format of budget bills and appropriation requests by adding
the words ".. or other meaningful classifiations."

But the significance of this small amendment is large. It mears that budget
requests and appropriations no longer will have to be divided into object lines,
i.e., personal services, materials and expense and capital-- -the things that are
purchased. Rather, they will be broken down into the services that are to be per-
formed and the programs to be carried out.

This does not imply we are going to eliminate all use of detailed items of ex-
penditure. It does mean, however, that we will have the flexibility necessary to
separate those items of cost detail which are important to administrators in
evaluating and controlling the efficiency of their operations from those cost group-
ings necessary for program policy decisions which determine the nature and
scope of state services.

Passage of the bill formalized the legislature's endorsement of program budget-
ing and propelled the state budget office (the Bureau of Management in the De-
partment of Administration) into the final stage of its previously quiet, but deter-
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mined, drive to implement this modern budgeting concept. Plans have now been
completed to recast the 1141-07 biennial budget into a totally new formatwith
both, agency requests and legislative appropriations to be structured along well
defined program lines. The entire project is being done without any outside
consulting assistance --a unique situation among the few states that have intro-
duced this modern budgeting concept.

The success of these efforts, we believe, is a remarkable achievement in execu-
tive-legislative cooperation, eia,ecially because it developed and took place during
a period of partisan division between the two branches.

The objectives of program budgetingto assist policy-makers more easily to
weigh the alternatives availableare in no way related to partisan ideologies or
to the relative balance of power between executive and legislature. But nearly
all legislative measures stand the chance of being caught up in these conflicts.
Fortunately, in Wisconsin, the adoption of program budgeting did not.

How did it happen? How will Wisconsin's budget look in program form?
Why do we think program budgeting is important for Wisconsin and where
do we think it will leaa the state? Those are the questions we hope to answer
in this article. The answers should provoke thoughtful discussion and con-
sideration of this new budgeting method, not only among government adminis-
trators and in the academic community, but also by elected policy makers in
other states, and in local governments.

WHAT PROGRAM BUDORTING I0

Before seeking to answer the questions, however, it is pertinent to look briefly
at the concept of program budgeting and its objectives. The term itself is some-
what forbidding to the uninitiated. What we understand it to mean is simply
the casting of budget requests and appropriations into groupings on the basis
of the services performed and for whom they are carried out, i.e., what is done
and for whom it is done. Thus, in the Department of Public Welfare we have,
as separate programs, mental health services, correctional services and family
services. These describe what is done and for whom it is done. A more de-
tailed description of the program definitions will be given later. The important
thing, though, is that they describe what programs the Department of Public
Welfare carries on in those areas. The dollars requested or spent in each of
these areas can be weighed against the results achieved. This is certainly far
more Agnificant than determining whether an agency should be authorized an-
other clerk, or a new typewriter, or a trip to a professional conference by a staff
member.

We are not sure who originated the idea of structuring the budget and appro-
priations according to the programs that are to be carried out. We do know,
however, that it was the highly respected Hoover Commission which, on the
federal level at least, first used the term and defined its use. Its Task Force
Report on Fiscal, Budgeting and Accounting Activities said that "a program
or performance buds At should be substituted for the present budget, thus pre-
senting . . . expenditure requirements in terms of services, activities and work
projects rather than in terms of the things bought. Such a budget would not
detract from congressional responsibility and should greatl, nprolre and ex-
pedite committee consideration,"

Some confusion has apparently opeurred because of the introduction of the
term "performance" or "program and performance" in connection with program
budgeting. They are often used interchangeably, as seen above in the hoover
(lommission report. Here in Wisconsin we refer simply to program tudgeting.
However, we plan to introduce new techniques of performance measurement
which will help administrators, the Governor and the legislature to evaluate
programs better and to make more meaningful budget policy decisions. These
performance measurement techniques, in our view, are not an integral part of
program budgeting, but they do evolve logically out of it and enhance the entire
budgeting system.

now IT HAPPENED IN WISCONSIN

As all experienced political practitioners are aware, major revision of a
state's budgeting system does not just happen. Resistance to change in the
way of doing things is one of tle great stumbling blocks to any kind of major
improvement in the management of government services. This fear of change
exists among politicians as well as government administrators and employees.
Indeed, the various interest groups which often exert strong influence on policies
and practices frequently collaborate to maintain the status quo.
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Breaking down this resistance to change, ditsolving the fear that program
budgeting would mean loss of control over expenditures, and educating the
various interests to the meaning and advantages of this new fgHtem did. not
occur overnight. In fact, this process began in Wisconsin nearly six yearis
ago.
Initial tep

The first step was in the conversion to program budgeting of one major depart -
ment Conservation in 19;i9. Financed through a segregated fund, and re-
ceiving less strict Wrathy than general fund agency budgets, this proved to be an
acceptable department with which to experiment in using the new format. The
Conservation Department cooperated willingly, and the interest expressed by
legislators WAR sincere, if not enthusiakie.

This was followed in 1901 by the conversion of the Motor Vehicle Department
to a program budgetagain, an agency financed. through a segregated fund.
But that year the Board of Health was also switched over to a program budget- -
the first agency funded by general purpose revenues to come under the new
system.

In the meantime, in 1960, the Governor had invited a group of business execu-
tives to study the state's administrative practices and make recommendations
for improvement. This group split into several task forces. To each task force
was assigned an administrative analyst from the state budget office. The task
force on budgeting, which had an, opportunity to compare the old budgeting
methods with the new formats that were being developed for the Conservation
and Motor Vehicle Departments and the Board of Health, recommended strongly
that the state convert all agencies to program budgets.

In 1942 a legislative interim committee, charged with firk, ng ways for im-
proving efficiency and economy in government, reeommende4 tnat we convert to
program budgeting on a gradual basis. Early in 1904, a citizen's committee
appointed by the legislature to examine expenditures and administrative prac-
tices enthusiastically endorsed the work that had been done toward cot-AL.:Edon
to program budgeting and urged speedy adoption of this new method.

The endorsement of program budgeting by these groups and the support they
lent were major mileposts in Wisconsin's journey toward full implementation
of program budgeting.
Underlying con81deration8

All during this same period, there was a growing awareness among individual
legislators, especially the members of the Legislature's Joint Committee on
Finance, that the old methods of budget review were no longer workable. While
some of them u# 4andably harbored reservations about the idea of a complete
revision of Wise, s budget practices, many bneame convinced that such a step
would soon be iniverative. They had applaudet, the work of the budget office,
which over the several previous biennia had misiderably improved the budget
document and its explanatory material. They were also impressed by the sue-
port shown for the idea by impartial citizen and taxpayer groups.

Still another factor was developing during this same period which strongly
influeneed legislative thinking. Over the past decade, Wisconsin's budget, like
those in nearly all other states, expanded considerably, due almost entirely to
rising school enrollments, increasing demands on higher education and more
expensive health and welfare treatment and rehabilitation progi,....tns. Citizens
expected and were being provided more state services than ever before. The
trend began shortly after World War II, but was intensified as the effect of the
postwar baby boom made itself apparent in the middle 1950's. As a result of
these developments, state budgets grew, not only in the level of expenditures, but
also in the volume and complexity of the detailed material needing review.
Assignment to Department of Administration

Because of the frustration of trying to comprehend the budget and make
meaningful policy decisions in the face of this growth and complexity, the
Finance Committee members that something had to be done to lighten
their burden and make their task more purposeful. At this point, in the fall of
1963, both the Governor and the Joint Finance Committee asked that the Depart-
ment of Administration take the necessary steps to proceed with full implementa-
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tion of program budgeting for the 1965-07 biennium. In his directive to the
Department of Administration, the Governor said:

"The recent budget session pointed out the potential for improved methods of
evaluating the cats and alternatives of State government services. Many legis-
lators have indicated a desire for a budget which clearly identifies state service's
and the coats, and which promotes selection of alternative program service
possibilities. In addition, interested civic groups, newspaper reporters and
editorial writers, and many private eitizene seek the policy implicit in our present
budget figures, but frequently seek in vain. What is needed Is fiscal rata which
explains, by program, the services provided by state government."

Tile Joint Finance Committee in a letter to the department pointed out that
U. When an agency presents its budget to the committee in terms of its pro-
;wed contribution to the state of Wisconsin, the Joint Committee is then able

make the most meaningful policy recommendation in terms of the wishes of
the elected representatives of the people. Therefore, . . . we urge the Depart-
ment of Administration to take the necessary steps to implement program plan-
ning and budgeting for all state agencies."
Fruition in 1964

Armed with these directives, the Department of Administration pro -ceded with
an all-out effort to develop a meaningful budget format that would achieve the
desired objectiveto define agency program, in a way that would clearly spell
out the services provided and which would facilitate more meaningful budget
policy decisions by administrators, the Governor and the legislature.

To accomplish this, and to help all parties involved to understand the new
concept better, agency administrators were asked to prepare program formats
(with necessary subdivisions) for their entire operations. When these were
agreed upon with the Department of Administration, the existing appropria-
tions (for 1903-65) were recast into the new format. A complete prototype
program budget was developed foz seven separate departments. Another docu-
ment was prepared, showing the rzogram breakdown for all state agencies. These
were presented to the Governor and Joint Finance Committee. For both the
Governor and the committee this was the first substantive description of what
had bee], asked about for a long time. Both endorsed the proposals enthusiastic-
ally. A short time later the program budget bill was passed.

We are now engaged in the final phase of the conversion. New forms have beendeveloped and new instructions prepared. Agencies are currently in the
process of developing their 1965-67 budget requests ox a program basis.
Key factors for 8U0'CC88

The most significant things which contributed to the success of this effort to
convert to program budgeting in Wisconsin were these: (1) the budget office
established a channel of open communication with the legislative appropriation
committee, based on mutual respect and trust ; (2) the Governor showed genuine
interest and gave vital support to the project; (3) the support of onside groups
was gained by factual, straightforward explanations of the methods, objectives
and benefits of program budgeting; (4) a group of highly trained, competent
budget personnel was able to translate the professional jargon ofprogram budget-
ing into terms which could be understood by the decision makersthe Governorand the legislature ; (5) awareness grew that budget methods established inanother era no longer were sufficient for today's needs.

THE PROGRAM BUDGET FORMAT

What will Wisconsin's program budget look like, and how will it Improve the
budget process?

Briefly the budget will simply divide each agency's total operations intomajor components of servicemprograms. This is the level on which appro-priations will be made. In he budget document, and in supporting material,each of these programs will be broken down into sub-programs and activities.Following the "what for whom" rationale noted earlier, which is the basisfor the major program, each sub-program will describe this relationship more
specifically.
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For example, using again the Department of Public Welfare, following are the
subproms that fall under the major program of family services:

A "omily Services Administration
L Welfare Services
0, Services to Lilo Blind
D. Services to the Aged
E. Aid to the Disabled
F. Special Aids to Local Units of Government
G. Aids to Individuals

These sub-programs describe what aspect of family services are to be provided to
each group being served.

Tae remaining breakdownby activityanswers the question "haw?" i.e.,
how, or by what administrative techniques will the group be serverd? Thus,
under Child Welfare Services, we have the following activities :

E. Child Center iinstitution for emotionally disturbed, dependent and
neglected children,

2. Boarding Home care for Foster Children
8. Special Projects
4, Aid to Dependent Children
6. Licensing and Direct Services
6. Community and County Service'

In the budget document, each of these programs, subprograms and activities
will be described in narrative form, and data will be presented showing the level
of service and results of the component parts. The requested budget will be
portrayed in terms of what change, if any, is proposed in the level of accomp,-
lishment.

Another important feature of the new budgeting method is the "total funds"
concept. Under it the programs will be structured not according to the source
of funds which finance them, but according to the services to be provided. This
will eliminate the great fragmentation which has characterized Wisconsin's bud-
gets up to now. It will enable the Governor and legislature to review programs
for their relative worth and accomplishment, irrespective of whether they are
financed by general purpose revenues, agener receipts, segregated revenues or
federal funds.

A new form has been developed which will serve as the primary tool in analyz-
ing why and in what ways a proposed program will change in cost from one fiscal
period to the next. Essentially, this form will categorize each of the factors
which contribute to a change, up or down in the proposed level of expenditure.
It will also help to identify the change in the number of people served or in the
kind and quality of services provided. Use of this technique will largely eliminate
excessive reliance on objects of expenditure, which could only vaguely and often
huccurately be related to proposed accomplishment.

EXPECTED XXSULTS

We believe this new method of constructing budgets will produce several
*very important results. First of all, it will help agency administrator., to carry
out their budget preparation on the basis of what they hope to accomplish. Thus
it will serve both as a tool for reviewing the efficiency of existing operations and
their results, and also as a basis for planning future services,

A secozol important result, we believe, will be a substantial upgrading of the
budget decision- making process. In the budget process, the Governor proposes
and the legislature establishes state policy. Previously, there has been no good
way for these policy decisions to be formulated. The Governor and legislature
were asked to determine, simply, what is to be boughtin terms of potsonnel,
services and goods. They were forced to transcribe these data into their own
concepts of service level. Now they will be asked to decide first what is to be
donewhat services are to be provided to whom anti at what level, and the data
will be uniform for both, These significant policy decisions can only be made
if the Governor and legislature are given information on a basis rhich encour-
ages such decisions,

A third benefit will be a substantial improvement in the ease with which the
public can comprehend, and therefore appraise, responsible government. This
is very important, for only if interested citizens are able to know and understand
what government is doing can they intelligently judge its value and effectiveness.
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TIlE VUTUBE OF BUDGETING IN WISCONSIN

We believe that the introduction of program budgeting will have au important
effect Cu the quality of budget preparation and planning, and will improve the
basis for sound decision making by elected policy makers. Because the pro-
grams will be structured according to the groups they serve, and will encompass
the funds derived from all sources, a much more comprehensive review of the
budget requests will be possible and program policy alternatives will be more
readily discernable.

Where do we go from here? In a directive to the department heads, describ-
ing how the state would proceed with the implementation of program budgeting,
the Governor outlined a three-part program to improve financial administration.

1. Budgets stated in terms of services to the people in order to present
fiscal policies In the context of services to be accomplished.

2. Criteria to measure the cost of state services and the performance of
state agencies in providing these services,

3. Organization for long-range flseal planning to establish state goals
and institute plans to achieve those goals.

The first part of the three, of course, is the implementation of program bndget-
ing. The other two, we believe, are made possible by program budgeting and
follow logieall from it. Development of unit costs and yardsticks to measure
the performance of state agency operations is feasible only if these operations
are divided into meaningful units. The programs, with their respective sub-
divisions, fit very neatly into this requirement. Thus, unit cost data and per-
formance measurement will both evolve out of and also build on the essential
foundationprogram budgeting.

Long-range fiscal planning and the estsblishment of goals for future programs
is a second logical outgrowth of program budgeting. The natural extension
of this, in turn, is the development of better departmental program plans and
the synthesis of these plans into broad functional plans. These plans, because
they are based on the programs, will further strengthen and unify the budget
process.

When these things are accomplished, ptate government operations will not
only be much more comprehensible; ther a will be a meaningful basis and sys-
tematic techniques for planning, reviews zg, modifying and carrying out state
programs. This, we think, will help both the Governor and the legislature to
weigh the value and effectiveness of state government, and to balance and
decide upon the essential policy alternatives available to them. It will also
help interested citizens to understand and evaluate the services their state
government ilrovides.

Program budgeting is not a panacea. Neither are performance measurement
and long-range fiscal al.d program planning. They will not, by themselves, hold
down budget levels or provide better service. But if used properly they will
promote better planning and better decision making.

Such a program will not only make state government more efficient, but also
more responsible to the needs and wishes of the people it servesa prime objec-
tive to ail those who are interested in democratic government.

As elected representatives of opposing political beliefs, and serving two sep-
arate branches of state government, we are proud of the way in which our forces
united to accomplish this significant improvement for Wisconsin.

Senator NEtsox. Mr. Schrantz, I want to thank you very much.
for your very fine presentation. It will be very helpful to the coin-
mitte in formulating legislation. I appreciate your taking the time
to come down here and present your statement this morning.

Mr. SCHRANTZ. Thank you very much.
Senator NELSON. The next witness is Mr. Richard Cyert, dean of

the Graduate School of Industrial Administration, Carnegie Institute
of Technology.

Dean, it is very nice of you to take the time to come here today and
present your statement. Your prepared text will be printed in full
in the record and you may present it in any fashion you want, read it
or extemporize from it, however you wish.
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STATEMENT OF RICHARD M. CYERT, DEAN, GRADUATE SCHOOL
OF ADMINISTRATION, CARNEGIE INSTITUTE 01? TECHNOLOGY,
PITTSBURGH, PA.

Mr. CYERT. Very well, I would be happy to accommodate you on
that.

Senator NEr,soN. That is all right.
Mr. CYERT. I am prepared to come back after lunch if you want, or

however you would like to operate.
Senator NmsoN. We will go through the morning hour. You go

ahead.
Mr. CYERT. All right. Then iii the interest of time since the testi-

mony is going to be in the record I would prefer just to make a few
remarks and then maybe you have some questions and we could talk
back and forth then in that fashion,

(The prepared statement of Mr. Cyert follows :)

PREPARED STATEMENT OF Rreirsns M. OYERT, DEAN, GRADUATE SCHOOL or
ADMINISTRATION, CARNEGIE INSTITUTE OP TECHNOLOGY, PITTSBURtill, PA.

The bills introduced by Senator Nelson and Senator Scott make exciting
reading. More directly utilizing the social and physical sciences hi the man-
agement of our society is an excellent idea. As 'virtually any busy man can
testify, there is little time to keep up with the new ideas and techniques in his
area of specialty. Only the exceptional manager manages to keep abreast of
all the developments relevant to his job. As long as progress is not too rapid,
it will make little difference whether a practitioner does manage to "keep up."
However, the last twenty years have been characterized by change both in the
basic society with which we work and In the techniques with which we solve
problems. It is essential that the new analytical techniques be applied to our
social problems as rapidly and efficiently as they have been applied to our physical
problems : getting a man on the moon, producing goods and services more effi-
ciently, and prolonging the life and improving the health of man.

The essence of the two bills under discussion is an attempt to develop procedures
for applying our increased analytic power in the solution of important social
problems. Before looking in more detail at the specific proposals contained in
the bills, it may be useful to examine the nature of the problems involved.

The most famous development over the past twenty years in the area of analy-
tic management is "operations research." Much has been written about this
development in popular journals. New professional journals and societies have
been started, and academic programs of operations research in ninny schools are
now available. To sonic it would appear that a new science has been developed
which can now succeed in solving our management problems. Certainly, few
would argue that operations research has not been of major help so far or that
it will not continue to be of major help in the future.

Operations research represents much progress in management, but it does not
consist of a single tool which has only recently been invented. It does not
represent something analogous to penicillin or another antibiotic in medicine.
Operations research is a name for a set of techniques and, even more, an atti-
tude. An operations research man is one who knows a number of these techniquesand is willing to tackle problems with these techniques that were previouslysolved by someone making a judgmental solution. These techniques are many
and varied. They include linear and non-linear programing, statistical analysis,
queuing theory, computed simulation, and other techniques that are even now
being des ?loped in response to specific problems. Most of these techniques have
been known for some timeeven before the name, operations research, was
developed. The techniques, however, became powerful methods for helping to
solve practical problems only with the flowering of the digital computer. It isthe latter invention which has enabled man to create an analytic revolution.

We said earlier that attitude was as much a part of the analytic progressas techniques. Specifically, we mean that with the tools a new group of indi-viduals, some trained in the social sciences, some in mathematices, others in
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engineering and the natural sciences, turned their attention to the problems ofmanagement. This group was not content with problem solutions that developedout of the judgment of experience. They wanted to develop mathematical modelswhich encompassed the variables used by men of experience and derive an opti-muma beet solution Traditional management problems of inventory control,of advertising, of investment, and many others were subjected to an analyticapproach. In all these areas of business management the aim was to reduce andto eliminate business judgment.

Someone once defined a successful manager as a man who somehow managedto guess right most of the time. The manager is continuahy faced with situa-tions where there are not enough facts, or techniques for organizing the facts,to lead him to confident judgments. The manager must develop a "feel" for whatis correct. But the best intuition is cot as good as a comprehensive analysisof the problem. Operations research has been a process of analyzing some ofthese problems, of helping the manager to structure the facts and aid him inmaking the decision. The expressed goal has been one of eliminating or reduc-ing the need for judgment in making decisions. As such, operations researchpractitioners mmt be irreverent concerning conventional wisdom and conven-tional ways of handling problems. Their task is the application of the theoryand techniuqes of the social. sciences, mathematics, engineerng, and the naturalsciences to the solution Hof management problems.I have indulged in this brief description of operations research for two pur-poses. First. I wanted to reinforce the idea in bask of these bills. I summarizethis idea as one involving an attempt to increase the analytic thinking devotedto some pressing social problems. .Second, I want to be clear that many of thenames used do not imply new and wonderful techniques but rather a group oftechniques, many of which are old, and a strong analytic attitude.We have emphasized above that the analytic techniques have been applied tomanagement, but it is also true that many of the social sciences utilize thesesame techniques. Many of the problems mentioned in the two bills have beenattacked by a modern, analytic approach. In many cases the research has beensponsored by the Government through the Nationai Science Foundation. Theprogress, however, can be detected only by an expert who knows the literature.It is difficult to present something as concrete and universally nnderstood as anorbiting satellite.,
At the same time it is fair to say that most social scientists have been inter-ested in understanding the phenomena of their subject matter end in explainingthe behavior they observe in a scientific manner. The profession of social en-gineering has not developed in a manner analogous to the engineering based onthe social sciences. Part of the reason for the differential development is thedifference in the nature of the problems. P iysical problems frequently are well-structured. A solution can be defined and one can tell when lie has a solution.Social problems are usually unstructured. Many solutions are possible and onedoes not have a solution until agreement can be reached on the criteria that asolution must meet. Furthermore many of our most pressing soda' eroblems,especially those involving the urban area, require the use of many disciplines intheir solution. None of this is meant as an apology for the social sciences.Rather it is an attempt to bring the problems lilts focus. The quality of ourengineers and natural scientists is not better than the quality of our socialscientists. The problems are different in nature. There are no magic toolsof engineering or natural science that can be applied to social problems withinstant success.
Having said all this I reiterate my approval of the two bills up for discussion.There must be a concerted and systematic effort made to apply the best analyticmethods to the solution of pressing social problems. In particular I like theIdea of forming a commission to develop operational approaches to handling theImportant problems. There is always Cie danger that another commission gen-erates another report which occupies space and results in no action. On theother hand, there is no approach which guarantees constructive action. I wouldlike to see a commission composed of working scientists in mathematics, statistics,economics, sociology, political science, psychology, civil engineering, mechanicalengineering, and chemical engineering given the task of proposing in detail,action and research plans designed to utilize analytic methods in deriving solu-tions to a set of social problems. The commission would serve to encourageresearch In social problems by giving "seed grants" and by giving individuals aparticular place In government to which to come with their ideas and the fruits76-510-67-18
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of their work. Many imaginative ideas for dealing with society's problems
have been lost simply because there was no recognized place to send the ideas.
The commission should be viewed as an architeetural corn nission laying out the
paths to be followed. At the completion of such a set of plans the Congress and
the Executive would be in a better position to decide which departments should
be given specific tasks. We would have a coordinating plan which could fit the
diverse activities together into a unified whole. We would also be in a position
to view our problems as a system and would be able to take into account the
Impact of a proposed solution in one area on the solution in another area.

Manpower of the proper caliber is, of course, scarce for such an undertaking.
Nevertheless, the opportunities are great and the necessity for action is evident,With the proper leadership the support of the academie community and the in-
dustrial corporations can be mobilized. In the long run it is clear, I believe,
that it is only through such a concerted effort that we have a chance at creative
solutions to our problems.

Senator NELSON'. All right.
Mr. OYERT. I think that the basic notions inboth these bills are good.

I think I would summarize them by saying that really there is an
attempt in these two bills to bring to bear on some important prob-
lems some modem analytic techniques. We have really had a sig-
nificant revolution in the last 20 years in our management technology.
This has been represented in improvements in the business schools.

One can look at the literature on operations research, management
science, and see the fact that olr whole approach to management has
become much more analytic, and by analytic I mean an attempt to
determine the variables that are acting on a particular system, to try to
relate those variables to each other and to the variables that theyaffect.

Frequently this takes the form of mathematical models. Frequently
the model may become so large that one wants to use the computer.

But, regardless, the point is that there is an attitude now of ap-
proaching management problems in this fashion, and increasingly I
would say private management is moving into these areas and is taking
this kind of approach.

There will always be judgmental factors in management, either
public or private management, but I think it is incumbent upon thepeople working in the analytic area to reduce the areas of, say, arbi-
trary judgment and to develop ways of improving the kinds of judg-
ments that are actually made.

There is a lot of progress, I think, and a lot of evidence that we aremaking great progress in this way, so that I see in some sense these
two bills as an attempt to bring together in a particular place sonic
power to work on this set of problems or on a set of problems.

One can specify the set, and probable needs, a little more restric-
tively. So I like that part in the bills. nice the attitude and I think
it is in tune with our managerial technology

Now, I think that what I would like to see on this is an attempt to
get a group, whether you want to call it a public commission, or perhaps
we need another phrase so that we don't just have nonworking mem-
bers and honorary members of such a commission. May& we need
another name rather than "public commission." Maybe we need to
have "public work group" or something like that, but what I would like
to see would be a group of people, and I tried to develop this in the
latter part of my prepared statement.

I am arguing that if we could get a working group of people in a
set of disciplines together giving them the task of proposing in detail
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both some action and some research plans that would be designed to
utilize these analytic methods to derive some solutions, I think we
could make some progress.

This particular commission should have the power to give some
grants, since it is not going tc be, able to do all of the research itself,
and it should also be a place in which individuals could come with
ideas and results of their own work. So I see the notion of this
sort of work group as one that would lay out some plans, some blue-
printsthe way an architect mightand that these plans then would
consist of two kinds of things.

One would be some work plans, action plans, that could be imple-
mented immediately. Others would be research plans where the Ex-
ecutive or the Congress could then decide, say, which governmental
departments should follow out these research plans. But we would
have a coordinating set of plans as opposed to the diverse activity
that we now have in many of these areas, especially those involving
the urban sector. We have lots of people working on transportation,
lots of people working in different aspects of housing, lots of people
working in different aspects of education.

What I would like to see would be a group of working scientists
from the disciplines that I have listed in my prepared statement and
I don't mean to say that those are necessarily the right ones.

Senator NELSON. In that list you do not mention, as such, a systems
analysis. I am assuming some of these people, some of these econ-
omists and engineers, will be people who have been working in the
system analysis.

Mr. OrERT. Yes.
Senator NELSON. This is precisely what has concerned me about the

problem of this bill.
Mr. GYERT. Yes.
Senator NELSON. I am sure that you and any number of people like

you could enumerate some problem areas that would be fruitful to
.explore, some research that would be fruitful to perform. My ques-
tion is, who manages the project? You suggest the right kind of
people. There isn't any doubt about that. It should be a multi-disciplinary group.

How do you select them and, for example, should it be full time?'You can'tI am assumingexpect to set up a full-time commission
.of highly paid people who would take a year, or 2 years, or what
have you. Would it be feasible in your judgment to create such a.commission as a working commission composed of all the disciplines
you mention here, assign them the task of doing exaotly what youmention, pick some problem areas and probably decide, if they are:going to use outside consultants, which they will, what profit or non-profit organizations should be employed to do what kind of projects,what universities, or what have you could they contract with, what
projects ought to be done? Could this be done by a group who were'hired as consultants themselves on a part-time basis?

In other words, could you have them meet for a week or so as apreliminary and create some subcommittees to tackle some problemsmeet again then over a period of 6 months or so and analyze the areaand come up with a proposal?
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Won] that be practicable in your opinion
Mr. CYERT. I think it is practicable. T was here when you were

raising the notion of the possibility of doing this with the .National
Science Foundation. I didn't hear all of tLe answer, but I had some
impression that that answer wasn't quite correct, because the National
Science Foundation does include a large group of the social scientists
of course.

I had the impression the witness was replying as though it in-
cluded only the natural scientists, but I didn't hear the answer com-
pletely. I may be wrong.

It world seem t o me that the notion that you had, as I understand
itr am not answering that question directly, but as one vehicle for,
let's say, hiring a group of people on a consulting basis it could be
done through the National Science Foundation. They would know
the right people generally.

Senator NELSON. I was thinking of some established Federal institu-
tion where you house the operation, so to speak, and give it a head.

Mr. GrEirr. Right.
Senator NELSON. Then I was assuming that the National Science

Foundation or wherever you put it would then gather together the
people you are talking about. If that were the way to do it we would
authorize it or direct it by the legislation.

Mr. CYERT. Yes.
Senator NELSON. My question to you is do you think we could reach

out arouPd the country and get out of industry and out of universities
the expertise that was available on a part-time basis to develop this
thing and get it underway ?

Mr. Gym'''. I feel confident that you could. I say this because there
just is great willingness on the part of people in the universities in
particular, and I know also on the part of firms, to make a contribu-
tion to the solution of important social problems. It isn't necessarily
just the fact that they are just great patriots. I think there is a feel-
ing of some honor being selected for something this.

I think there is a strong willingness among people who spend much
of their time on research that does not necessarily have immediate ap-
plication. The interesting thing is that the best people you see doing
research, best in the sense of brightest, are generally doing research
that isn't related immediately to applications. There are people
studying the whole thinking process by computer simulation.

This work may not come to any practical results for 10 years, but
when it does it will be very great. Well, people like this are prepared
to take some time out from their research if they feel that they can
really have an impact on the society. They are not prepared to par-
take of a boondoggle. And if you have something like this with the
National Science Foundation, which has a great deal of prestige, I
would feel strongly that you would be able to get the kind of groups
you want and that they would be prepared to put in a great deal of
time on this.

Senator NELSON. There are two bills pending before the committee.
You have looked at the two bills?

Mr. CYERT. I have read both of them, yes.
Senator NELSON. The one bill proposes to create a national com-

mission.
Mr. CYERT. Yes.
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Senator NELSON. If this bill proposed to create the kind of a nmki-
disciplinary group that you were talking about within the National
Science Foundation, say, could that group perform the function that
bill S. 467 proposes, that is, that a national commission would do.

In other words, without becoming full time Federal employees year-
round, so to speak, could the National Science Foundation in consul-
tation with the kind of people you are talking about do an evaluation
of the overall picture, so to speak, which is the proposal as I under-
stand it from S. 467.

Mr. CYERT. I would feel that it could. Now, the one problem that
you would probably have if you had National Science Found!ition
people would be they are not set up to do this, that is, the National
Science Foundation really is a great big research proposal processing
organization.

People come in with research proposals and they process them, with
the help, incidentally, of consultants. I happen to be on the screen-
ing committee for economics for instance, so I know people are pre-
pared to give a great deal of time to these activities.

Senator icrt,sox. I am not sityhig that that is the right place to put
it. I don't know.

Mr. CrFar. No, that is right, but I think that idea, the way I see
it, would perform this function of the national commission as en-
visaged. in S. 467. At least that is my thinking.

That is the direction in which I am thinking. It might also be pos-
sible, if the political situation permits it, to really have a commission
of such people that would work differently from the usual national com-
mission. In other words, maybe you could really get a working group
together.

Now, I was looking at the commission recently established on the
lmdget, on the budget procedures. You are probably familiar with
that. That has a number of people that I could classify as working
members. There are two people there that we had on our visits as
proffsprs at the Graduate School of Industrial Administration, and
it is a high levekbut I think it is a. little different caliber.

One of the things that I think is important, and T say some of it in
this written testimony, is that we should, I think, distinguish between
the notion of having some sort of a commission Or similar working
grutip to take a look at these problems, and what kind of a systems
analysis is used, the two State representatives you have been talking
about, particular kinds of variants of so-called PPBS, and I think
that what we need and one of the things that I like about these two
bills is the ideas there is a group.

Well, at least in the one we have this notion of a group whieli would
take an overall look at the problems, see in some sense what is already
being done, see what other kinds of action programs it might recom-
mend, and see what kinds of research that might need to be done.

I think that this coordinating activity and systemizing activity is an
impertant thing because I have a feeling that we are going off in sev-
eral unrelated directions currently in Government.

in the transportation area, just because we have a transportation
research institute, I know that that is true there.

Senator NELSON. You were here, I believe, during the testimony of
Mr. Roger Sehrantz from Wisconsin.

Mr. YERT. Yes.
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Senator NELsox. From the Department of Administration in Wis-
consin.

Mr. (PERT. 17PS.
Senator NELsoN. I would like to ask you the same question I asked

him about the, efficacy and feasibility of establishing some institutes,
At Carnegie, am I not correct, you are running an institute for Fed-
eral and other employees?

Mr. CYERT. Well, for Federal Teeifieally.
Seluttor NELSON. Federal employees on systems analysis.
Mr. CYERT. Yes; we were approved by the Bureau of the Budget to

try to set, up a program for Federal employees for essentially improv-
ing the PPBS capability within the Federal Government.

Senator And how long 1 institute is this?
Mr. CYERT. Whai; we have done is to have a year program and when

we entered, it we insisted on taking only a small number and being
selective so that, we got, all of the transcripts of the proposed people
and went over them before we agreed to admit them, and one of the
things that we put as a requirement. Wft9 a calculus backgrrund.

Senator NErisoN. I didn't, hear you.
Mr. CYERT. A calculus background. They had to have some work in

mathematics, in other words. Then what we were able to do was to put
them in the first, semester in with our regular master students in man-
agement who all have this kind of background, and it turned out that
the Federal people held their own very well and they added a great
deal to the whole curriculum.

In the second semester they are taking five courses. Three of them
are specially designed for them, one on cost-benefit, analysis, one on
pTanning and budgeting, another one on computers in government, cc
I think this is working out quite well. It is a year program.

Senator Niasox. A yea, or 9 months?
Mr.Mr. ail:RT. Nine months, yes, an academicyear.
Senator NLLSON. Mr. Schrantz, who is hirector of Policy Plan-

ning in the Bureau of Management, thought it would be a valuable
thing to do to afford some educational opportunity institutes for high-
level management for maybe 10 days, whatever time they can afford
like that, and a 30-day or 6-week program in the area for middle level
decisionmakers.

Do you see some value in doing that ?
Mr. CYERT. Yes, I am in favor of this kind if education. I think

that that is separate from the specific kinds of things in the bill, but
let's just, talk about that for a moment.

Senator NELsox. This was just one idea that has been proposed to
do out of this whole area.

Mr. CITE= I think it is important because my general feeling, and
I don't, have enough concrete evidence, is that. the States have been the
weak spot really.

Well, the States and the cities have been weak in the terms of kinds
of salary levels that they have had and in the kinds of ideas that they
have had. They have become weak in their ability really to attract
enough first-rate people, and I think that education can improve the
kinds of people that are now there.

We have had a great deal of experience at our school with this kind
of actin y, post graduate education for people in private manage-
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ment. We have a 9-week program and the people really are extremely
enthusiastic. They go through this program; and it isn't just that
we have something special. I think in general this is true of these
programs. They get away from their routines. They are exposed to
a lot of new ideas.

Now, the problem I think with the State people or the city people is
that in a sense what you want is for them to be able to go back and
in a sense do some things. You want them to be able to have greater
capability to make some analyses, and think the problem there is
whether you can in fact bring up their actual capability to do some-
thing in a short period of time such as 6 weeks or even 9 weeks.

I think you can change their attitudes. I think you can make them
receptive. So that I think the higher the level, the more effective onecan bee just LWAIAISC you can change an attitude in a short period of
time and you can necessarily teach. the technical details of a particu-
lar approach, but the people, let's say, who are on the firing line, who
are going to make the analyses, it seems to me would need. a longer
and a different kind of education.

So that I think 'he distinction that you are making between high
and middle level is a good one and I think in those two levels one can
do a great deal with the shortcourse sort of approach.

Senator NELSON. I certainly don't expect to make experts out of
these people although with the ideas that are in the bureaucracy it-
self you have to develop some understanding of the new management
concepts and you have to have sympathetic understanding of the peo-
ple who do make decisions and who do the hiring.

Mr. CYERT. Right.
Senator NELSON. Whereas the person who takes the course and has

a vista open, has an opportunity here and then has authority to hire
people, will hopefully move in the right direction. That is the limit
I would think.

Mr. OYERT, Right. That is the point I was going to make. The
last point you make I think is an important one because if Nv( can get
people in the State and city governments with this kind of under-
standing they will then know the kind of people they should go after
and maybe they will also then point out the fact that we have to raise
some of these salaries at the State and local level in order to get the
kind of people that they need. Right now I think they are just not
going after them and they are just, not even aware of what there is
there.

Senator NELSON. I think if you looked around the country at each
innovation that has occurred in a, city government some place or in a,
State government and you trace it down, finally you find it was just
one person who had an idea and pushed it.

Mr. CYERZ Yes.
Senator NELSON. And in all the type planning and budgeting work

that has caughi, fire in the last half
type planning

years you could go within
the Federal Government or within cities and States and you will find
one person who at some stage has been exposed to the idea and pushed it.

Mr. CYERT. Yes.
Senator NELSON. I was thinking just as a limited aspect of this

whole program of exposing people in city governments and State, gov-
ernments to what the concept is all about.
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Mr. C VERT. I think that is good and I think actually you can look
at an area that the Government went into, not spec,ifically related to
this, but you can see the way it affected private industry, and that i3
the area of quality control during World War IL The basic tech-
niques for quality control had been developee in the 1930's, but in-
dustry had never really adopted them.

Then during the war when the Federal Government insisted on
certain quality standards before they purchased ammunition or other
war prTlucts, military products, then industry became interested in
it find it was actually Government short courses, as well as many
other private institutions that developed short courses, that developed
the kind of capability in quality control which laid the foundation
for the power of quality control that 110 now have in private industry,
I feel.

There are just a multitude of short courses that grew up, many of
them sponsored by the Federal Government, because they had to get
this capability into industry and the people that had the technical
knowledge were in the Fleleral Government, so I think one could do
a very similar thing through these institutes sponsored by the Federal
Government in appropriate educational institutions.

I think you, could raise the level of the employees of the State and
the city governments. So I think that is ueilmitely vn idea worth
pursuing.

Senator Nmsox. Your testimony is very helpful to us. We certain-
ly will change the two bills that were introduced and our objective will
be to really have a bipartisan bill that accomplishes what we are seek-
ing to do here, and your testimony will be very valuable in finally
putting that bill together.

I appreciate very much your taking the time to come to the com-
mittee.

Mr. CrERT. Thank you.
Senator Ntu,sox. We will leave the record open for 2 weeks for addi-

tional material and, the material we hEtve on hand will be inserted
in the record at this point. I wat to again thank the witnesses for
their fine testhponv and the troub, they went to to give this subcom-
mittee the expert help wo need to produce the legislation needed in
this area.

(The material referred to above follows:)

PREPARED STATEMMT OF KURT W. BAUER, EXECUTIVE Diazeron,
tiOUTIIEASTERN WISCONSIN REGIONAL PLANNING COMMISSION

Senator Nelson and 11,1embers of the Subcommittee : I am Kurt I3auer, ecu-
tive of the Southeastern Wisconsin Regional Planning Commission. I
was most pleased to receive your invitation to appear before this Subcommittee
today since I believe the concept expressed in the proposed Scientific Manpower
rtilitization Act be a most exciting one with great potential berefits. to our
Nation and its largi., urbanizing regions. I am personally interested in the pro-
posed Act since it appears to promote 'the same basic approach to the abatement
of our most pressing urban problems as the one which has been taken by the
Southeastern Wisconsin Regional Planning 'Commission with some success ever
since its organization in 1960.

I have read Bill S. 2662, together with the published minutes of the hearings
held before this Subcommittee to date on this Bill, with great interest. Much of
what I have to say today will merely reinforce the testimony heard by this Sub-
committee to date by providing a case study ox an actual application of systems
engineering techniques to the solution of the severe environmental problems
facing our rapidly urbanizing society, a case study which we believe testifies to
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the effectiveness of these techniques. Some of what I have to say may, how-
ever, add some new thoughts to the testimony you have heard and may possibly
Suggest some changes in, or additions to, the proposed Act.

REGIONAL PLANNING IN SOUTHEASTERN WISCONSIN-A CASE STUDY IN APPLIED
SYSTEMS ENGINEERING

In order to place the remainder of my remarks in a proper context, it will be
necessary to briefly r ;view with you the need for, and objectives of, regional
planning since an understanding of these needs and objectives is essential to an
understanding of a description of the progress which has been made in the
application of systems engineering techniques to urban problems in southeastern
Wisconsin.

The term "regional planning," as it is used in southeastern Wisconsin, applies
to comprehensive planning for an area larger than a county but smaller than the
state, united by economic interests, geography, or common areavvide development
problems. The need for such regional planning has been brought about by cer-
tain important social and economic changes which, while national phenomena,
have had far-reaching impact on the problems facing local government. These
changes include : unprecedented population growth and urbanization, increasing
agricultural and industrial productivity, increasing income levels and leisure
time, development of mass recreational needs and pursuits, more intensive use
and consimption of natural resources and development of private water supply
and sewage disposal systems, far-flung electric power and communications net-
works, limittlid access highways, and mass automotive transportation. Under
the impact of these changes, entire regions, s .eh as southeastern Wisconsin,
are becoming urlmnized. This is, in turn, creati.:4 a host of new and intensified
areawide problems of an unprecented scale and complexity. These areawide
problems include, among others : drainage and flood control, inadequate water
supply and sewerage facilities, rapidly increasing demand for outdoor recrea-
tion and for related park and open-space reservation, transportation, mvi air
and water pollution. All of these areawide problems are linked to the far more
basic problem of rapidly changing land use; and all are truly areawide or re-
gional in scope, transcending the boundaries of any one municipality or even any
one county. As such, these problems can only be properly resolved within the
context of a comprehensive, areawide planning effort which involves the co-
operation and active participation, not only of all levels of government coneerned,
but of private organizations and interested citizen groups as well. Thus, re-
gional planning is not envisioned as a substitute for, but a supplement to, federal,
state, and local governmental and private planning efforts. Its objective is to
aid in the solution of areawide problems which cannot be properly resolved
either within the framework of a single municipality or through single-purpose
planning efforts.

The Southeastern Wisconsin Regional Planning Commission represents art
attempt to provide the areawide pleianing and research services necessary to solve
the growing areawide developmental and environmental problems of southeastern
Wisconsin within the traditional framework of government in Wisconsin. It is
interesting to note here that the Commission was created in 1960 pursuant 'co
state enabling legislation by an Executive Order of then Governor Gaylord A.
Nelson, presently the Chairman of this Subcommittee Regional planning as
conceived by our Commission has three principal functions to perform :

(1) The conduct of areawide research ; that is, the collection, analysis,
and dissemination of basic planning and engineering data on a comprehensive.
uniform, areawide basis so that, in light of such ..ata, public officials and
private citizens throughout the region can better rake decisions concerning
community development.

(2) The preparation of a framework of comprehensive plans for the
physical development of the region, these plans being directed at those func-
tional elements and problems which have areawide significance.

(3) The provision of a center for the coordination of the many public and
private planning and plan implementation activities conducted on a day-to-
day basis within the region by the various levels, units, and agencies of
government and by private enterprise.

The work of the Commission is thus visualized as the conduct of a continuing
planning process providing many outputs of use in the making of development
decisions throughout the region by both public and private agencies and to the
preparation of plans and plan implementation programs at the local, state, and



276 SCIENTIFIC MANPOWER UTILIZATION, 19 6 7

federal levels. The work of the Commission emphasizes close cooperation be-
tween the governmental agencies and private enterprises responsible for the
development and maintenance of land uses and for the design, construction,
operation, and maintenance of their supporting public works facilities. It pro-
vides for the periodic reevaluation of all forecasts and plans produced, as well
as for the extension of planning information and advice necessary to convert
plans produced into action programs.

The successful performance of these three important functionsfunctions
which we believe to be absolutely essential to the solution of any of our urban
problems is possible only through the application of systems engineering tech-
niques. The magnitude of the information collection, analysis, and dissemination
task implied by the first functioi ; the complexity a the engineering task implied
by the second functon ; and the difficulty of the management problem implied by
the third function all combine to make this so.

The basic problem which now faces us all and which requires the sound appli-
cation of systems engineering techniques has to do mainly with the kind of
environment being created by the ever increasing areawide diffusion of urban
development over large regions of the earth and the relentless pursuit of an ever
higher material standard of living. Regional settlement patterns have in the
past been determined not by design but by economic expedience and hove failed
to recognize the existence of a limited natural resource base to which both rural
and urban development must be carefully adjusted if severe environmental
problems, including air and water pollution, are to be avoided. If increasing
areawide urbanization is to work for the benefit of man and not to his detriment,
adjustment of such urban development to the ability of the resource base to
sustain and support it, thereby maintaining the quality of the environment, must
become a major objective of all levels of government. The problems of providing
economically feasible facilities for importing, diverting, and transporting potable
water, sewage and storm drainage ; for providin' safe and rapid air and surface
transportation ; and for controlling pollution of reams and lakes, ground water ~,
and air for our large urban regions will tax our existing technology to its limits.
The task ahead is so great and the needs so many that only the most advanced
systems engineering techniques can provide the framework within which the
demands can be met.

Recognizing that the aims and objectives of regional planning could only be
achieved through the application of systems engineering techniques, the Com-
mission in 1961 set aeout to carefully and painstakingly construct a work program
which would fully utilize such techniques. The very first regional planning study
completed by the Commission, a study which wasit is important to note
partially supported by a Federal Section 701 Planning Grant from the then
U.S. Housing and Home Finance Akency, was a regional planning systems
study. This study conceptualized four interrelated mathematical modelsa
socio-economic activity model, a land uce simulation model, a transportation
model, and a water resources modelall of which were subsequently developed
and applied in the regional planning effort. These models permit the region
and its principal functional relationships to be accurately described, both graph-
ically and numerically, the complex movement of people and vehicles over high-
way and transit facilities and the flow of water through stream networks to
be simulated, and the effect of different courses of action, with respect to regional
development, evaluated. The models not only permit regional development plans
scaled to future land use, travel, and resource demands and consistent with
regional development objectives to be prepared but form the beginnings of a
continuing planning process that permits modification and adaptation of the
plans and means of implementation to changing conditions. This study also
served to define the specific data requirements which would have to be met to
make the models operational and permitted the Commission to structure and
execute the necessary inventory programs.

The Commission early recognized that the proper application of systems engi-
neertag techniques to urban problems requires an interdisciplinary team approach
in which the systems engineer, with his applied mathematical skills, is brought
into day-to-day contact with specialists having substantive knowledge in depth
about the problems at hand. The importance of this interdisciplinary team ap-
proach cannot be overemphasized, and in this respect we would strongly support
the testimony of Mr. Thomas C. Rowan, Vice-President of the Systems Develop-
ment Corporation of Santa Monica, California, given before this Subcommittee
in November of 1965. In the case of a comprehensive regional planning agency,
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such as the Commission, the intedisciplinary teams must include among others,
in addition to systems engineers, experienced economists, demographers, land
use planners, traffic engineers, sanitary engineers, hydrologists, soil scientists,
foresters, fish and game biologists, architects and landscape architects, and
attorney,. Moreover, these specialists must have not only an in depth knowl-
edge of the various disciplines required on the team but also as in depth knowl-
edge about the specific geographic area under consideration.

Fortunately, many of the substantive skills needed by the Commission mull
be drawn from existing governmental agencies and private corporations within
the region. The Commission's committee structure and staff organization was,
therefore, carefully structured to provide for not only a systems engineering
division, along with certain specialists divisions, but also, as shown on Figure 1,
to provide for interagency staff assignments and for technical and intexgovern-
mental coordinating committees which would allow the knowledge of existing
governmental agencies and private corporations within the region to be utilized.
The advisory committees created by the Commission serve not only to place the
knowledge and experience of experts within the region at the disposal of the

ORGANIZATIONAL STRUCTURE OF THE SOUTHEASTERN
WISCONSIN REGIONAL PLANNING COMMISSION AND STAFF'
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Commission but serve to integrate state, regional, and local development objec-
tives, standards, and plans and build necessary support for plan implementation.

Utilizing systems engineering techniques, the Commission has to date com-
pleted a land use plan and a transportation plan for the region and is well ad-vanced in its efforts to complete comprehensive watershed development plansfor. each of the major watersheds within the region. The land use, transporta-
tion, and comprehensive watershed plans produced by the Commission to date
have all been well received by the agencies and units of government responsible
for their implementation. For example, the Commission adopted its transporta-
tion plan on December 1, 1900; and work has already been begun. by the State
Highway Commission of Wisconsin and by the Milwaukee County Expressway
Commission on the corridor refinement and route location studies necessary to
reserve the rights-of-way for the 291 miles of freeway facilities recommendedby the plan. Similarly, action haLt already been talon by the units of govern-
ment concerned to reserve recommended parkway sites and to carry out flood
plain protection and pollution abatement' recommendations contained in the
Commission's Root River Watershed Study, the first comprehensive watershed
study to be completed by the Commission.

Acceptance of the Commission's plans may be attributed in large measure totwo factors:
(1) The application of systems engineering techniques to the regional

planning effort, techniques which permit the Commission to collect and
analyze in great depth and detail information bearing directly on. the most
pressing problems of the region and to utilize this data in the preparation
of alternative plans which meet stated development objectives in a de-
monstrable way ; and

(2) The active involvement of state and local officials and technicians
in the regional planning process, including in the systems engineering appli-cations. These officials and technicians in many cases actuaLy formed an
integral part of the interdisciplinary systems engineering ;mums used by
the Commission.

The foregoing comments are not intended to detract in any way from the con-
tribution of the 21 Commissioners who serve without pay and who provide the
policy direction to the staff. Without the wise and far-sighted leadership pro-
vided by these Commissioners, many of whom were appointed by then Governor
Nelson, the application of systems engineering to urban problems by the staff
would have been impossible.

Experience to date within southeastern Wisconsin has indicated that systems
engineering techniques can provide both the powerful information system and
the powerful plan design methodologies needed to prepare the plans necessary
for the solution of areawide developmental and environmental problems. The
application of such techniques has permitted the Commission to establish a
coordinated uniform data collection and analysis system that can provide, on a
continuing basis, essential data on population, employment, motor vehicle owner-
ship, land use, soil and water capabilities, travel origins and destinations. trans-
portation facility capacities, public utilities, and financial resources, all in a
form suitable to assisting federal, state, and local agencies of government and
private investors in better making development decisions.

The application of systems engineering techniques has also provided the Com-
mission with very powerful plan design techniques, techniques which permit the
Commission to explore the consequences of alternative development decisions,
to relate these decisions to stated development objectives and standards, and to
recommend decisions which best meet these development objectives and standards

OBSERVATIONS AND RECOMMENDATIONS BASED 'UPON EXPERIENCE IN SOUTHEASTER "4
WISCONSIN

Our experience in southeastern Wisconsin would lead us to make the fol-
lowing observations with respect to the proposed Scientific Manpower Utiliza-
tion Act and the testimony heard to date by the Subcommittee on that Act :

(1) It would appear to us that if any federal funds to be invested in the
application. of systems engineering techniques to urban development problems
are to be most effectively utilized, the systems engineering techniques must
be placed at the disposal of the persons responsible for making urban develop-
ment decisions at the state and local level of government. This requires the
active participation of these persons in the systems engineering applications

7,
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and is best achieved, we believe, by making any federal grants through legally
constituted official governmental planning and research agencies at the state and
regional level.

(2) A vast pool of substantive knowledge necessary to solve our urban problems
exists within government today. This knowledge must be brought together with
the applied mathematical skills of the systems engineer in order to effectively
solve our most pressing domestic problems. Again, this would indicate the
desirability of applying systems engineering techniques through legally con-
stituted official governmental research and planning agencies.

(3) Proper application of systems engineering techniques to urban problems
requires the collection and maintenance of massive amounts of data containing
substantive information about melt individual urban region. This would again
indicate that systems engine -lng techniques might be best applied through
legally constituted official goN ernmental planning and researeh agencies.

(4) While much fine systems engineering work has unquestionably been done
by the aerospace industry, this industry has no x11°1101)0137 on systems engineering
talent, nor can it provide all of the substantive knowledge required to solve our
urban problems. It should be recognized that much good work in systems engi-
neering has been done outside the aerospace industry, particularly as applied to
urban problems. Examples of this may be found in the development of modern
traffic and transportation planning techniques and in the development of the
models essential to the application of these techniques by J. Douglas Carroll,
Jr., in the Detroit, Chicago, Had now New York area transportation planning
studies ; by Alan Voorhees, a consultant baseu here in Washington, D.0, ; and by
the staff of the U.S. Bureau of Public Roads. Indeed, much of the work on
transportation clone by the North American Aviation Corporation for Governor
Brown, as described on pages 93 through 1222 of the published minutes of your
Subcommittee hearings, was an adaptation of the work done by others in the
field of transportation planning and engineering and was not originally developed
by the aerospace indusi ry. Indeed, we believe it is fair to say that the Cali-
fornia report on transportation was, at the time of its release, behind the state
of the art as developed by Carroll, Voorhees, and others up to that time. Simi-
larly, our Commission's efforts to deevlop land use simulation and design models
were carried on entirely outside the aerospace industry, as were the efforts of
the Harza Engineering Corporation under eontraet to Our Commis-ion to deir elop
flood routing and siream pollution simulation modems. It is also interesting to
note in this respect that in 1965 our Commission conducted, on a demonstration
basis, a systems engineering study for the City of Waukesha Water Utility,
intended to develop an optimal water meter maintenance program for that utility.
Implementation of this program is estimated to result in an annual savings to
the water utility of about 17 percent of the gross residential water revenues, or
about $70.000 per year. A private corporation within the region, Badger Meter
Manufacturing Company, building on this Commission effort, has now evolved
this concept int) a ,!omplete water utility management system which applies
systems engineering techniques to all aspects of rt water utility's operations

information handling, planning and engineering, and operational
control. This company is now engaged in installing such systems for water
utilities on a national basis.

(5) It should be recognized that federal funds provided by the U. S. Bureau
of Public Roade and by the U. S. Department of Housing and Urban Develop-
ment have been and are now being invested in systems engineering studies,
particularly in the large metropolitan transportation planning programs required
under the 1962 Federal Aid Highway Act. In addition to being engaged in a con-
tinuing land use-transportation study, our own Commission is presently under
contract to HUD to develop a land use design model. which would permit the
formulation of urban development plans meeting stated development objectives
and standards at a minimum cost. It would seem to us essential that any new
programs be properly related to, and coordinated with, these existing efforts
in order to avoid waste and duplication of effort and in order to effectively sup-
plement the existing efforts which are certainly, due to financial limitations,
inadequate. It would appear highly desirable that existing federal agencies,
such as the new Department of Transportation and the Department of Housing
and Urban Development ; certain state agencies, such as in. Wisconsin the State
Department of Resource Development and the State Highway Commission ; and
certain existing areawide planning and research agencies, such as our Commis-
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sion, be involved in any efforts to apply systems engineering techniques to urban
problems at least insofar as the;4?, efforts affect either the functional or geographic
jurisdiction of these agencies.

(6) We bilieve it is essential that urban development problems be attacked
on a functional, areawide basis and that any institutional arrangement); de-
veloped as a medium for the application of systems engineering techniques to
the problems of our urban areas recognize this fact. Our specific recommenda-
tions relative to the fill, as it now stands, include the following :

(1) Water pollution, drainage and flood control, water supply, protection o
the natural resource base, and land development should be considered for addi-
tion to the list of specific problems requiring the application of systems engineer-
ing ieeliniques as enumerated in Semion 2 of the Bill.

(2) The Bill should provide that the needed efforts to apply systems engineer-
ing techniques to urban problems be (inordinate(' with existing efforts of this
kind and, wherever possible, supplement these efforts. Where the systems en-
gineering efforts involve the development of new design concepts or equip-
ment with potential nationwide application, this could be accomplished by inter-
agency coordination at the federal level. Where the systems engineering ap-
plications involve the problems of a specific urban area, this could be accom-
plished by requiring that the grants be made through appropriate state and
regional agencies with responsibilities in Ale geographe areas to be studied.

(3) Institutions, agencies, or firms to which grants are made should be re-
quired to have an adequate background in both the substantive area being
studied, as for example, transportation or water pollution, as well as in systems
engineering. Where the grant is concerned with a specific geographic area, the
institution, agency, or firm to which the grants are made should also be required
to be knowledgeable about the area to be studied.

(41 The Act should provide for adequate program control at the federal level.
Snell control might require the provision of an interagency technical staff which
could review and monitor the research efforts. Oontracts should desirably be
directed at specific action-oriented outputs, including specific facility recom-
mendations, and the effectiveness of the systems engineering application judged
on the basis of these outputs.

CONCLUSION

In conclusion, we wish to indicate our support of the proposed Scientific Man-
power Utilization Act. We firmly believe that the concews expressed in this
Act must be more widely applied if we are to find lasting solutions to the most
pressing problems of our urbanizing society. Southeastern Wisconsin typifies
the problems facing our urbanizing Nation, and we believe the concepts expressed
in the Act have been applied there with some modest success. We wish to thank
the Subcommittee for the opportunity to appear before it and sincerely hope our
comments will prove helpful in some small way to the Subcommittee in its
deliberations.

IIMON.11*1111111010

PREPARED STATEMENT OF RICTIARD P. DALY, PRESIDENT, ARIES CORP., MCLEAN, VA.

From the testimony beard last week by your Subcommittee concerning bills
S430 and 5467, and from your comments during the hearings, I have learned of
your continuing concern with the structure, organization, and operation of the
systems analysis program. It occurred to me that some independent thinking
on the subject might be useful to you in helping to crystallize your thoughts.
Since it is important to ARIES Corporation that any program started has a
maximum chance for success, I called for discussions on the subject by key staff
members to distill the best of their thinking into a workable recommendation
for the Committee. The criteria they establish as necessary to a good pro-
gram were these :

1. The implementing organization has to be goodit has to get into operation
quickly, with few start-up problems, and it has to show positive remalts quickly.

2. The projects undertaken have to be of a scope that can be completed and
reported within a limited time, and they must produce positive, measurable
results, not recommendations for future action.

3. The entire program must be highly visible. Systems analysis eventually
and inevitably will lead to some fundamental changes in political and organiza-
tional structures. Constant public awareness of the success of the program will
lead to an easier acceptance of these changes.
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The first criterion led us to the conclusion that the program would have to be
set up as a new organization staffed with highly motivated and competent people.
'Xo avoid administrative start-up problems, it was felt that it would be necessary
to place this organization within an existing agency, reporting directly to the
ranking official within that agency. The existing organization of the host would
provide administrative and logistic support, allowing the new organization to
concentrate on the technical and substantive problems.

The entire Federal organization was scrutinized, and the Office of Emergency
Planning was determined to be the one agency that most nearly meets the operat-
ing requirements for a 'lost agency. 0E14 has an existing regional organization
with contacts within the executive offices of the cities and states. OEP's charter
iE, sufficiently close to the nature of systems analysis that perhaps only minimal
changes in authorizing legislation would be necessary, and existing personnel
should understand the objectives of the new group.

It will be desirable to establish an advisory council of experts from govern-
ment, business, and education to help set policy, to determine criteria to be used
in the selection of progran 4 to be funded, to review progress, and to concur on
the final repo' t to Congress. The programs selected will have to be ones that
can be completed and reported upon during the life of the study, Positive results
will give al participants a feeling of accomplishment and lead toward rapid
acceptance of systems analysis as a method. Studies that recommend more
studies can lead to a sense of frustration and inhibit acceptance of advanced
methods.

It is necessary, to get the program started, for local officials to generate project
ideas utilizing the systems approach. In order to start this lenerative process,
the new office should be authorized to conduct seminars and workshops, and other
forms of training, for regional, state, and local officials. Such a preliminary
training effort might be contracted to private firms, or universities, or some
combination as best suited the needs of the people who are involved.

The crucial importance to ide popular support for the program means the
responsibility for dissemination of information concerning the program must
remain at the Federal level, supplemented by local efforts. Dissemination of
information about the program should be geared to informing not only the tech-
nical and political leadership of progress of the program, but also the decision-
influeneing publicthe informed citizen and taxpayer. Only in this way will
there be achieved the total support necessary for systems analysis to grow to its
full potential as a management tool.

PREPARED STATEMENT OW RACECARD E. ENGLER, MI., HUMAN Soncreza
RESEARCH, INC., 1110LEAN. VA.

THE SYSTEMS APPROACH AND SOCIAL DEVELOPMENT

A broader view
In the expert testimony of the hes rings I have noted a tendency to emphasize

the "systems approach" as a bundle of specialized analytical techniques. We
seem to be asking a new breed of specialist engineers whether they an plug in
their technologies and generate answers to major social problems. In general,
I feel the systems approach is being interpreted too narrowly. The restricted
View introduces valuable tools that will be useful ; but I believe a broader view
can help to set in motion the social processes that will be required as we collect
our tools and marshall our resources in the years ahead to resolve complex
societal problems.

The view I should like to represent to the Subcommittee is one which em-
phasizes the broadest meaning of the "systems approach." It sees this ap-
proach as a modern-day mtension of the social experiment we have been con-
ducting on this continent since the Ma34lower Compact e 'ablished mechanisms
for dealing with social problems. Our problems are more complex todaymore
difficult to comprehend and manage. Some require. the application of knowl-
edge from many specialized fields. And their complexity highlights the increas-
ing interdependence in our dar of people with the natural environment and with
one another. This interdependence could often be ignored, or perhaps was ac-
counted for unconsciously, in or social experiment in a simpler day and lesspopulated world. Now rt is the central reality bringing us to consider the
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adoption of the latest methods for making sense out of the chaotic in addressing
problems of man in society. Only as we are able to change and continue to core
rect the norms, that guide social behavior will we be able to overcome the dis-
locations which appear as "social problems." And in the modern day, this
means making people and organizations more aware of how the behavior of one
is linked to the fate of all.

As we begin to attack the great national social problems with new analytic
tools, we must build the human relationships and communication patterns
the institutionsfor controlling and directing these tools. Actually, many of
the problems will be resolvedmore correctly, will be subjected to continuing
correctionin the proem through which the people and their leaders and rep-
resentatives comprehend, deliberate, negotiate, reach decisions and take actions
on the vital public issues. It seems safe to say that this very process will be
important in the resolution of alt social problems, although special knowledge
will be more important in some problem areas than in others. For it is in the
nature of social problems that the "muscle" which strengthens the societal or-
ganism is developed as the people in their communities acquire "power" to
comprehend, act upon, and influence change in their life situations.

Perhaps the position I am presenting can be illustrated best by Oeseribing
some differences between the type of system and the context in which the "sys-
tems approach" has been applied up to now and the type of system and context
which will be emphasized in the future. I shall dramatize these differences in
an oversimplified way by comparing what I shall call the "command-control
model" with the "democratic model." The former model has been dominant in
much of the work that has been done in implementing special-purpose man-
machine systems ; the latter must increasingly guide our thinking as we address
social problems.
The command - control model

In the command-control model, the 8peeica, reflexive capabilities of a system
are emphasized. The more general capabilities, for continued growth and
maintenance, for example, are important ; but they are secondary to the
sharpening of reflexes. This type of system is like the athlete who, with the
best equipment and concentrated exercise and training, develops muscles and
coordination so as to be able to run faster. Or its performance resembles that
of the mental gymnast who can provide swift, reliable and workable answers
to specific types of problems.

An example of this type of system is illustrated by the air defuse networkwhere so many lessons of the systems approach have been learned. In air
defense, we strive for a system of men and machines that detects all hostile air-
craft and missiles and dispatches weapons efficiently to destroy them. The sys-
tem must be adaptable to human needs and to new machines and weapons: Itmust "grow" and "learn" and maintain itselfand this means that there is a"social system" to be considered. Bit all such characteristics of the syStem aresecondary to its reflexive capabilities to respond in a particular way to a par-ticular type of threat.

One can imagine the human problems in optimizing reflexive capabilities ofsuch systems. And system developers have attempted to account for these prob-lems, although often the Human participants, demonstrating great resilency,
have worked out informally their own accommodations to the gods of machine-like efficiency. A case in point is a missile system in which major human func-
tions had been reduced to tasks of monitoring a panel of computer-generated dis-play lights. The Air Force personnel pulling this monitoring duty reportedextreme boredom ; but they soon had developed games to play wtih the switches
and lights. and thus whiled away their duty hours. Many also enrolled in collegecourses in their spare time and began to prepare for a non-Air-Force career.

The picture becomes more disconcerting when we envision a system developed
around a command-control model and operating on a social problem. For ex-ample, one could foresee an efficient man-machine system performing policingfunctions in a large city, operating swiftly to optimize the use of resources fordetection and retaliation but at the same time contributing to the incidence ofcrime. The weapons of retaliation could be made increasingly visible by thesystem, symbolizing more blatantly the hostility of those who hold power toward
those who have barely a voice in public affairs. They may enforce standards that
are less and less informed and open to modification by the informal rules thatguide normal behavior among different groups of people. They may operate
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more and more impersonally in neighborhoods, or whole communities, where per-
sonal relationships are highly valued. Their sensitivity, and their speed and
standardization of response may lessen the chap' es for dampening minor threats
to public peace and order. In these and other ways, improved reflexes can pro.
mote escalation rather than amelioration and can weaken rather than strengthen
the bonds of community.

I fear that the command-control model followed too exclusively with regard
to most social problems will lead us into Just such vicious circles : We will be-
come more and more efficient at alloting and dispatch%g resources against more
and mere "targets" that we will help to create and which we will be sensing by
constantly improved means. (And this rounds a lot like an armaments race,
doesn't it?)

The ecallenge to system develoment in the context noted above is to create
a system which mobilizes resources and operates efficiently to safeguard life
and property but does so in a manner which does not increase the alienation of
people from their police force and fiAn one another. For the command-control
model in this context greatly limits one's view of the resources to be brought to
bear on the problem. It tends to see these in terms of such things as detection
devices and methods, nonce cars and men in uniform. Yet, in this example, the
most powerful forces for enduring correction of the problem are in human re-
sources out in the community, where people can be enabled to accept and support
rules of the game of community life and come to experience justice and mutual
responsibility. An efficient man-machine system may abet this process. It may
also work against it, contributing to imbalances that breed more disruptive and
life-negating behavior.

Certainly there is danger that our population centers, rather than becoming
more viable human communities, could become arenas of many special-purpose
command-control systems commanding, albeit, greater order where formerly
there was chaos, but allowing little room for human life to be affirmed and hu-
man 'diversity to be expressed in the give-and-take of the democratic process.
The democratic model

The systems approach guidei by the "democratic Model" emphasizes the gen-
eral capabilities of a system 'to cope with change while maintaining continuity
and stability. The system must have workable answers to current, specific prob-
lems; belt its longer -range capabilities for recogn!zing problems and continuing
to seek answers are the more important characteristics. And this is close to
what the Founding Fathers had in mind with their Federal model and system of
checks and balances for our society as a whole.

Following this guide promotes a process in which self-correcting methods for
addressing social problems become accepted and habitual patterns of behavior
they become "institutionalized." This means that both knowledge about the
oocial condition and the society itself develop in a continuing cycle of social ex-
perimentation, feedback and correction. It is to this end that we must find ways
to make our modern systems-analytic and information processing techniques rele-
vant. We must not let the systems approach as technique submerge the basic
quest that is the American experiment. Rather, we should view it as a servant
a modern counterpartof that experiment.

In a simpler day, Tocqueville commented on the tumult of the democratic proc-
ess in American life. He wrote: "Everything is in motion around you; here the
people of one quarter of a town are met to decide upon the building of a church ;
there the election of a representative is going on ; a little farther, the delegates
of a district are hastening to the town in order all consult upon some local im-
provements; in another place, the laborers of a village quit their plows to delib-
erate upon the project of a road or a public school."1

What he ved were the energies of men and women imbued with ideas
about self government and social action to promote the general welfare. They
saw these functions residing in communicating bodies of the people. As we
moved westward on an untamed continent, the renewed dramas of self-govern-
ment were played out at many state and local levels. The models on how to
proceed were borrowed from the Philadelphia experience, as well as from prior
state and local experiences people bad had with self government. And of course
new social and political techniques, or a particular emphasis, might appear as
people encountered the particular challenges of a given time and place.

1 Alexis De Tocqueville, Democracy in America, Vol. 1 (New York : Vintage Books, 1954),
p. 259.
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The point I ani making in discussing the "democratic model" is that in a sys-tems approach to social development we must conseioualy address the problemof creating and energizing the networks in which people will process informationand make decisions affecting the physical and social environment in whichthey live. We must consider directly bow implementation of action on theproblem occurs in the social system where the problem resides. At many levels
(local, state, regional) where the systems approach is to be applied, we need
to bring together people who will decide on rules and social mechanisms whereby
a public planning and coordination process is set in motion and continually
monitored and controlled. Our modern techn:quee for 'terming, gatherig, collating
and displaying information, and refined methods for organizing information ?sothat we can comprehend complex processes, can then be servants of this processof public-policy decision making. Thus,as we design for implementation we need
to ask ;

Who in the community gets into the act, and how are they to be involved
in providing, receiving, and processing information?

What social units for the processing of information by eople----specialiats
and generalistsneed to be created, and how should they be "checked and
balanced" in the social system?

How will these units, and this system, account for such functions as : de-
liberation and debate; negotiation end voting ; execution of decisions?

How is special expertise made relevant, and how are technical standards
decided upon, enforced, modified, influenced by nonspecialists, etc.?

How is "judicial review" performed relative to the rules for operating sucha system of social mechanisms?
As we address social problons we must direct major attention to setting in

motion these implementation sptems, allowing them to grow naturally in adistinctive region and locale and to develop and operate through uteir own
agreed-upon rules. A given implementation system may be merely a rearrange-
ment of existing social and political mechanisms in the locale of a social prob-
lem, or it may require true innovationa small-scale "constitutional conven-tion" in which new rules and relationships are decided upon.

It would appear that in this work of bringing our social experiment up to date
and building in again a design for stabilization and self-correction, the talents of"systems i lentists" of the type who generated our Federal model at Philadel-
phiaand certainly the involvement of people us citizensare at least as im-
portant as tne talents and involvement of the modern-day engineers of man-
nizehine technologies.
Support for social experimentation,

In closing, I should like to make a pitch for the intermediaries who must help
gear down and make relevant the new technologies that many are waiting eagerly
to plug in for the attack on social problems. I doubt that the needed transfor-
mations can be accomplished today in our traditional academic settingsfor
there, I fear, too little energy would flow into the process of social development.
But I am equally afraid that the great business organizations with their massive
technologies to feed are not geared for the needed transformations.

This seems to leave the problem-oriented institutes or other R&D organiza-
tions as prime candidates for support in experimentation with the systems ap-
proach to social problems. Should we have a eouiderpart to NASA or to RAND
at the national level conducting or coordinating each experiments? Should such
an organization effect experiments through decentralized institutes? Or should
ft coordinate and support research and development conducted by a broad array
of private and public, profit and nonprofit organizations?

All of these options are inadequate insofar as they fail to acint for the shift
in emphasis in the systems approach to which I have alluded. This mhift demon-
strates that the most significant dimensions in social Problems are the human in-
stitutions in the par& ular social system where Mr .,reactions have occurred. Re-
sources for resolving the problems are present in the locale, and they must be
mobilized and coordinated in that locale. This means that if an institute or
research and development organization is to be strongly supported as an inter-
medlar; for gearing the systems approach to social development it should be
actively engaged In grappling with problems within a particular region or local
area. It should be in and of this social and political complexwith a mandate
and commitment like that of the land-grant colleges of our agricultural daysor
it should be able to work creatively with planning and action bodies that do have
such a commitment.

4
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The systems approach to social problems is clearly an experimental quest. It
turns us from situations where we conld work backward to "programmed" an-
swan; and toward emergent situations where our tools of analysis are servants
of an exploration. Into the 'uture. Even as we determine acceptable solutions to
clearly defined problem conditions of the moment, programming this proximate
answer (to pollutiea, delinquency, congested transportation, crime, etc.) is a mat-
ter of social implementation. It requires acceptance of rules and the changing
of norms of behavior by the people and organizations of a ,?,oninnieitythings that
cannot be readily "commanded". And as we attempt to stay on top of problems
in the emergent condition of history, the weight falls even more heavily on the
democratic model to guide general social development.

Long ago, Toequeville complimented us on our zeal and ingenuity as we attacked
unfolding problems of the public welfare. Now, as we attempt to modernize our
ability to comprehend social complexity and make intelligent public choices, the
guide to our support should be: Who is committed to the democratic prcKess and
has the zest for social experimentation? rather than : Who has the best-packaged
man-machine technologies?

PREPARED STATEMENT OP JOHN S. GILMORE, SENIOR RESEARCH ECONOMIST, DENVER
RESEARCH INSTITUTE, VNIVFMSITY OF DENVER

My mune is John S. Gilmore. I am a research economist at the University of
Denver Research Institute. I am speaking as a private individual, not as a
spokesman for the University and not as a spokesman for the U.S. s Control
and Disarmament Agency (which has supported some of my research). My com-
ments reflect observations and judgments made during recent research on the
diversification experiences of defense firms; and on the applicability of defense
firms' systems capabilities to non - defense public problems.'

I
The first of Senator Nelson'sliuestions orient:ng this statement was, "What is

now being done?" in applying "systems approaches" to solving domestic public
problems.

It seems to me that the most Important thing is the inauguration of planning-
programming-budgeting systems (PPM) in Federal depar,Aiits and agencies.
This is et least exposing hundreds of people to systems analysis concepts, A Civil
Bervice Oommitielon training program is under way, and some agencies have ac-
quired personnel with substantial systems experience to oversee and participate in
their efforts.

The benefits of this PPM effort will, hopefully, be better resource allocation,
deveb,pment of superior programs, and better program management. The
danger is that the systems analysis phase of PPM (including the synthesis of
new alternatives) will be neglected for lack of qualified personnel. If that
happens, PPM may be remembered mainly far having imposed new pe.perwork
and a new format on fiduciary budget, documents.

At the very least .,ervem an educational function, and may prepare gov-
ernmental staff to deal with systems analysts.

It appears desirable that PIPES be extended to state and local government,
many of which have had little or no thinking and planning money available
except for the traditional types of land use and highway planning. Encourag-
ingly, several state and local governments or agencies are non. experimenting
with PPE systems.

The most impressive use of a systems approach for specific problem solving
which I'm tequaihted with is in the high speed ground transportation field.
The United Aircraft Corporation's new high speed train is an innovational piece
of hardware resultiag from systems analysis and systems engineering. These
are both quite analogous to the analysis and engineering used in weapons systems
work. In this same field, TRW Systems has a sizable system; engineering study
under way.

Information systems for public agencies represent another field where the sys-
tems approach is important. Law enforcement information systems in Califor-
nia, Illinois, and New York embody substalitial systems efforts. Another growing

1 Reported in Defense industry DiversificationAt: Analysis 'with is Case Studies.
s To bk reported in Spring 1967.
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field is that of medical information systems, including regional medical pro-
grams being planned in close conjunction with the Information systems that will
serve them. Firms in these fields include IBM, Lockheed Missiles and Space
Company, TRW Systems, United. Aircraft, and Systems Development Corporation.

The well-known State of California systems studies of 1904-6.1 looked at the
Peeelbi litiem of applying systems analyst.; to governmental problem solving.
The results were encouraging enough that additional studies, still on a somewhat
exploratory basis, are under way by TRW Systems (land use information sys-
tem), Space-General Corporation (Aid to Families with Dependent Children
Program systems analysis), and Aerolet-General Corporation (waste manage-
ment system). Bids have been requested on a criminal justice information
system.

An interesting effort at the local level occurred when a. number 'of California
school districts aggregated their demand for new school buildings. Building
Systems Development, Inc. took a systems engineering approach to designing
components and modules for buildings meeting their joint requirements. These
showed substantially improved benefit-to-cad characteristics over conventional
structures.

It's hard to say that the systems approach is "proven" for any of these fields,
except for the computer-based information systems handling masses of clerical
information. However, a personal, subjective evaluation is that systems ap-
proaches can be highly appropriate for problems largely solvable with advanced
technology hardwaresuch as high speed ground transportation. Theysys-
tems approachescan probably be useful in governmental program planning and
development; and in resource allocation, particullrly in programs dealing with
capital investment and grants in aid.

Finally, there is promise, but rather little experience, in using syste:ne analysis
to tackle major socioeconomic problems. Here the end products are hard to
anticipate, but they may involve whole new programs and institutional relation-
shim. The working problems are easier to foresee than the results : great gaps
in available data ; some data gathering and analysis techniques are more oriented
to the behavorial sciences than to engineering or economics; and ninny imponder-
ables about the cultural and personal values important to defining system objec-
tives, or to setting criteria for choosing among alternutive systems. The com-
munication problems among these systems analysts will be much greater than
those experienced by engineers and scientists doing weapons systems work.

These problems can be solved if systems analysis teams, combining both, syn.,
tenis experience and experience hi the environment under study, can also
accumulate experience in working together. Then real progress seems likely in
dealing with present and prospective socioeconomic problems.

iz

Next, a question was raised about the roles and relationships of the different
levels of government, the universities, and industry in systems type problem
solving.

To reply wIth a grand oversimplification : the Federal government has the
problem-solving tr ney, state and local governments have the problems, and
defense industry y most of the systems experience. And the universities have
fact y members .th a tradition of independence and individualism.

At least, the If government has generally been able to fund research
and tither studies oriented toward its missions and toward the problem; for
which it has responsibility. Some of this has been done in- house; much of the
innovative systems analysis, systems engineering, and program management
work required by the Department of Defense and the services has been con-
tracted out. Furthermore, Federal agencies have set the precedent by support-
ing much the conventional and highway planning done in urban areas.

In contrat,t, many of the major civil problems are reserved to state and local
governments, but they have not developed the financial strength to solve them.
They also have a poor record at advanced planning for the contingency that
problem-solving money would suddenly be available. It was a rare community
that was ready to use effectively Area Redevelopment Administration. money or
to set up community action programs when Office of Economic Opportunity funds
poured out. And the central administration of these programs was also too
extemperaneous to furnish adequate guidance, from what I saw of their early
operations.
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Generally, the cities and states aren't used to spending much "thinking
money," either on staff or outsiders. They are usually hard pressed to operate
existing programs. Few of them have traditions of contracting out the man-
agerial tasks of program development and evaluation (although land planning
and data processing corsuitants are used). These are real obstacles to adopting
systems approaches at the state and local level.

In summary, states and localities have Jurisdiction over many problems which
are or may be amendable to systems approaches. They are not well prepared
to apply these approaches in-house or to contract for them. They lack the capa-
bility to define their requirements, evaluate systems proposals, or monitor sys-
tems research.

There are limited resources available for producing good systems ark, an; how.
The Federal government has been unable to fill its slots for PPBS analysts.
Most of the key systems engineering per plc are in defense [industry and/or cony
puter manufacturing. The total number of systems engineering key men,
nuclei for productive teams, is probably on the order of a few hundred to a few
hundred to a few thousand. Key systems analysis people (overlapping somewhat
With the systems engineers) and systems managers are probably fewer, and are
found largely in defense agencies and defense industry (with the defense think
tanks included somewhere between those two categories).

Generalizing, most of the experienced systems people (with experience appli-
cable beyond information systems) are busy iv defense industry. There they
have spent relatively little time working with social scientists and behavioral
scientists. whose interdisciplinary hell) is crucial in everything but the hardware
aspects of most civil systems approaches. The defense-experienced systems
people have excellent engineering and computational skills, but these are not
wholly synonomoll$ with the skills for complete analysis of civil systems.

The defense firms containing these systems capabilities are busy with defense
and aerospace work. Except for commercial aircraft, most of these firma have
had little success in substantially penetkAting new markets different from their
relationship with their defense customer. They (there are individual excep-
tions) have even less experience at devoting resources and patience to developing
whole new non-defense marketslike the yet-to-be-developed civil systems
market.

The universities, generally speaking, have not offered much in the civil systems
field. As exceptions to this, MIT has been particularly active in transportation
systems, and Stanford's engineering-economic systems graduate program is a
pioneering effort. Commonly, though, university faculties don't have the key
systems people, the nuclei for systems teams, alluded to earlier. Furthermore,
the faculty in key schools or departments like planning and public administration
are rarely systems-oriented or experienced. Planning has usually been concerned
with land use and traffic. Public administration has emphasized areas like per-
sonnel, tax structure, and fiduciary budgeting rather than management budgeting
(PPB).

Most universities also have an institutional obstacle to developing the inter-
disciplinary teams, experienced at communicating and working together, needed
for systems work. In academic life, recognition comes more readily to the ac-
complished specialist than to the interdisciplinary team. Also, there are rarely
the resources available to free the faculty time required for developing inter-
disciplinary competence ; even if people can be found with common interest in
specific civil problems and even if they are willing to accept team leaders or
coordinatorsthe key men for systems teams.

The question remains then : how can the systems approach be brought to bear
on civil problems, particularly at the state and local level?

III

Given the obstacles and problems described, some institutional changes appear
necessary if systems approaches are to be brought to bear on domestic civil
problems. This is particularly true where the problems are not primarily hard-
ware problems, and where the market has a mass of state'or local governmental
units as buyers instead of a single customer, e.g., a hypothetical cabinet-level
Department of Ocean Resourcesa prospective buyer of systems services.

To make another broad generalization, the needed change would bring together
Federal government money, state and local problems, and capable and experi-
enced systems analysis, systems engineering, and program management people
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(most of whom are now involved in defense work). Senator Nelson's Scientific
Manpower Utilization Act (S. 2662) appears to be designed for just that purpose.

To make such a bill effective, other things need to be done. I'll conclude by
mentioning three relatively minor things, and one major factor.

(I) Systems analysis and systems engineering are concepts with good, repu-
tations, which should be guarded and not oversold. There is the present danger
of routine programs and proposals being dressed up by throwing in an undefined
"systems analysis" phase. One remedy is for the recipient of such a proposal
to require a detailed description of this phase; this should at least assure a
disciplined method of measuring and comparing alternative methods of achieving
the objective. Another is for the recipient to find 'advisors, possibly a commit-
tee of people with some systems experience in defense, electronics, or computer
firms.

Eventually, though, the salary structures of government agencies will have
to provide for knowledgeable and experienced systems people somewhere in the
chain of program or proposal development and approval. Consultants may fur-
nish much of this help, but some in competence is essential.

(2) The prospective sources of systems services should prepare now to market
or supply them to state and local government customers. The primary source
presently appears to be defense industry, although other firms (or non-profit
groups) may acquire or develop key systems men a ad offer as good or better
services. The universities are a potential source. Their difficulties, mentioned
earlier, may be partially overcome by research institutes or interdisciplinary
centers, each maintaining a nucleus of people accustomed to working with each
other (and with government agencies) and calling on other interested faculty
members as needed. However, few if any of these sources are apt to ,devote
resources to accumulating experience unless support is in sight.

(3) State and local governments should prepare themselves organizationally
to use a systems anroc.ch. It ig obviously desirable that the problem-solving
governmental jurisdiction cover the physical limits of the problem area. The
Model Cities Act is somewhat concerned with this; the same philosophy should
peel's de, other urban and regional planning activities. With fragmented local
governments, some subotantial institutional changes may be required.

The major institutional factor, however, is timing. A change like the pro-
posed Nelson Bill must be adopted well 'before its benefits are expected or re-
quired. Substantial time lags are inevitable between deciding to try systems
approaches and achieving their benefits.

All the above-mentioned minor institutional changes requires time. It also
takes time to plan for problem-solving capital investment programs at the Fed!.
eral level (e.g., the ARA and 0E0 experiences). It will take time for state and
local government agencies to learn to use or buy systems approaches to their
problem solving. It will take time for many of the sources of systems help to
develop interdisciplinary systems teams, whether these sources are industrial or
academic. It will take time for defense firms and universities to learn to market
civil systems services. It will take time for firms without systems experience,
including universities, to put together systems teams.

In conclusion, money needs to be made available for work on systems ap-
proaches to problems well before money is available for capital investment in
problem solving.

It appears that problem-solving capital may be available in a few years.
Either the current Vietnam costs will decline, or the economy will grow to
point where we can afford both Vietnam and some new civil problem-solving
investment.

The announcement time of availability of capital will be too late to start
applying systems approaches, particularly if it is a sudden announcement,
e.g., one seeking to offset an unexpected cut in defense expenditures. The time
lags listed above mostly involve getting ready to use the systems approach. The
actual systems analysis and much of the systems engineering must also be carried
Out before CA Day (for Capital Availability Day). If CA Day is several years
ahead of us, we need to start funding and accumulating experience on civil sys-
tems approaches now.
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PREPARED STATEMENT OF DON A. GOODALL, LEGISLATIVE ACTION GENERAL MANAGER,

CHAMBER OF COMMERCE OF THE 'UNITED STATES

The Chamber of Commerce of the United States le gratified by the interest you
have demonstrated by holding hearings on proposals which, if adopted, will leadto the application of "systems analysis techniques" to the solution of public
problems.

Congress over the past decade has enacted a host of programs designed to
solve public, ,social, and economic problems. But the dimensions of these prob-
lems are staggering and becoming more complex. This is readily observable in
problems relating to air and water pollution, urban transportation, core-cityhousing, and the like. And, it is becoming clear that these problems are not
susceptible to the traditional solutions. New ways to manage the public business
must be found.

For a number of years the private sector of the economy has successfully
applied the techniques of management analysis to problem solving. And most
recently, as the language of S. 430 indicates, the same technology hes been
applied to the defense sector of the Federal Government.

There is great potential for bringing the experience and expertise of the private
sector .to bear on the solution of social problems in the public sector. Demon-
striding support of this concept, the Board of Directors of the Chamber of Com-
merce in November, 1966 gave their support to MR. 17310, a hill introduced in
the Roth Congress, which would establish a National Commission on Public
Management. We, therefore, support an identical bill introduced in this Session,
IT.R. 20.

At a time when financial pressures of the war are growing and the whole grants-
in-aid system is being seriously questioned, the establishment of a National
Commission on Public Management, rather than the enactment of yet another
grant-in-aid program, would be the preferable manner for promoting the develop-
ment of the application'of systems analysis to public problems.

PREPARED STATEMENT Ole DR, ROBERT W. KRUEGER, PRESIDENT, PLANNING RE-
MAXIM CORP., Los ANGELES, CALIF.-WASHINGTON, D.C.

I. INTRODUCTION
.4. Purpose

The United States faces problems of unprecedented complexity as we enterthe last third of the twentieth century. The swift pace of technology, popula-
tion growth, and social change at home and abroad impose extraordinary prob-lems and threats but, equally, they present entirely new horizons of human
opportunity. Both the promises and dangers transcend the marketplace and re-
quire greater and greater government involvement. Governments at state and
local levels as well as at the Federal level are respondingsomewhat unsurelyand with frequent backward glancesby expending vast sums. The sums now
being spent by governments would, only a third of a century ago, have exceeded
the Gross National Product. Further, governments have accepted entirely new
responsibilitiesto reduce poverty ; to provide education with less regard to
ability to pay ; to reduce illness, unemployment, discrimination.

It is essential, with governments spending nearly one-quarter (about 22 per-
cent) of the Gross National Product, that the resources be wisely used, both to
avoid waste and to assure that the nation's objectives be effectively achieved. It
is believed that Senate bills 430 and 467 will greatly assist in achieving this goal
at the state as well as the Federal level.

As suggested in Senator Nelson's letter to me of March 13, 1967, I am sub-
mitting these written comments to the Special Subcommittee on the Utilization
of Scientific Manpower for consideration of the members of that subcommittee
and for inclusion in the hearing record.

My purpose in desiring to be heard is to lend support to Senate bills 430 and
467 by a group of companies that are a major factor in the performance of sys-
tems analysis and which to this point have not been heard. These companies
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are the for-profit, systems analysis firms whose main function is the application
of systems analysis to the problems of our day for clients in government and.
industry.

With regard to the strong role of systems analysis in these for-profit firms,
there is an important distinction between them and the non-profits and between
them and the other organization from whom you have heard. One diFJ:Lit.Liers
is that, certainly in the manufacturing industry, in government, and in the uni-
versities, systems analysis involves only a very small portion of the people in
those organizations. Only in the case of certain non-profits such as THE RAND
Corporation, from whom you have heard, does systems analysis play a pervading
role.
B. Distinction among terms used

In past testimony you have heard very fine definitions and discussions of the
meaning of systems analysis from representatives of several organizations.
However, I would like to provide some clarification and perhaps point out some
differences in meaning which I think are important and which I believe have
not been presented previously.

As a general definition, systms analysis involves the search among a great
number of alternatives or combinations of different designs for that alternative
or combination that best accomplishes a certain established objective, purpose,
or goal according to a certain criterion (or criteria), such as a dollar coat or
the cost in terms of consumption of seine other valuable resource. It is impor-
tant to note that systems analysis often involves the search for the erReria and
the methods for measuring cost and effectiveness in the first place.

Systems analysis, as employed by aerospace firms and by many non-profit firms
that are contractually tied to the military, involve the application of techniques
that are extremely valuable in problem solving. But the problems solved in-
variably are associated with the uses of military hardware, the selection of mili-
tary hardware, and the operation of the organizations which employ them. The
objectives which guide these military systems analyses are seldom, if ever, as
complex as the objectives of state and local government. For the military, effec-
tiveness rather than benefit is measured, and the goals of the research are most
often clearly understood by the service or agency asking for the analysis. In
contrast, the goals of government are more complex, are less often easily quan-
tifiable, may be multiple, and are often inconsistent with each other. In addi-
tion, it is my belief that not infrequently in state and local government the
agency responsible for a given function (and its members) are not always aware
of what the goal is, or whether a goal exists, but instead continue to perform a
function which is anachronistic, inefficiently performed, and often dispensable.

A systems analysis which emphasizes the alternative designs of equipment as
distinguished from the other aspects of a total system, while also certainly in-
cluding them, is sometimes called systems engineering, and indeed this is why
this is why this term is more commonly used among manufacturers in the aero-
spy ce industry. However, some people in that industry use the expression sys-
tems engineering synonymously (in the broad sense) with systems analysis. A
systems analysis which emphasizes the procedural aspects is sometimes called,
particularly in the military, operational analysis. A great deal of what is done
in the military in systems analysis is of this nature, being concerned with how
best to use equipment that already exists.

Cost-effectiveness studies are a kind of simplified version of systems analysis
in which the criterion chosen is most definitely cost and in which nLnquanfifiable
considerations of, say, a ;political or social nature (such as acceptability) are
treated ,,aparately on the &de.

Planning-Programming-Buda6ting (PPB) systems involve a special applica-
tion of systems analysisespecially of cost-effectiveness analysis to the develop-
ment of efficient, integrated programs covering a number of years. Here, the
program includes the entire stream of related equipment, people, and procedures
required to accomplish a certain program goal or effectiveness, with the cost of
the program intimately related to the description of it.
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Systems analysis could a priori be considered in the very broad sense (that has
generally been used in these hearings) or in a very narrow bense, such as applied
to a very limited field of a particular discipline (as previous testimony has
noted)e.g., the problem facing a spectroscopist in his laboratory of how best to
arrange, assemble, and use the equipment he has in order to best, photograph the
spectra necessary for his theoretical investigation. However, here I will con-
tinue to use the broader definition of a systems analysis, wherein usually the
analysis does involve a combination of at least technical, economic, and opera-
tional considerations and increasingly also involves social and political consid-
erations ; I will refer to lesser systems analysis by the expression subsystems
analysis. Indeed, one can define various levels as subsystems analysis ; in the
example I gave earlier, the spectroscopist might be a "sub-sub-sub-sub-systems"
analyst.

In the professional for-profit, service type of organization we 4. re engaged
in the broad type of systems analysis like those in the non-profit organizations
and we view most of the systems analysis done, say, by elements of the manu-
facturers in the aerospace industry, as at least one order of systems analysis
below that which we do. (Some people in those industrial organizations view
what we do as "super" systems analysii.) Indeed, organizations like ours are
often hired by aerospace firms to complement their own subsystems analysis, in
which they emphasize engineering, with our "super" systems analysis.

IL DEVELOPMENT OF MUNN A.N.,LYHIS

A. History awl types of firma
Operations research, particularly operations analysis, evolved during the war

and its features were used and developed, particularly by major non-profit or-
ganizations, immediately following the war into what is now known as systems
analysis. The RAND Corporation was not only the principal developer, but also
the earliest developer, of this approach.

Other non-profits attached to certain departments of the Government and some
individual ones such as Stanford Research Institute (SRI) soon followed in this
effort. About seven years after the war there emerged a number of organiza-
tions like ours, private, for-profit, purely professional-service organizations not
engaged in production or laboratory development, and emphasizing the applica-
tion of the systems analysis approach to the solution of important governmental
and industrial problems

The origin of the non-profits in general, as most of you know, was related to
the desire to detach work done for the government from day-to-day happenings.
There was also the necessity to create a vehicle for hiring the scientific-engineer-
ing talent in a highly competitive market at salaries higher than the government
civil service structure would perngit. These early non-profits were constituted
without any attachment to hardware, and were considered, rightfully so, to have
the necessary objectivity with respect to government work. However, I want to
emphasize, in representing our group of for-profit, purely professional-service
firms, that the latter criterion of objectivity applies equally well to for-profit
firms, and that, in addition, the motivations produced by the normally consti-
tuted private enterprise ownership produce efficiencies in this work that govern-
ment has come to recognize.

Development of the broader definition of systems analysis followed later in
industry, and today systems analysis is primarily done by three major groups:
industry, the non-profits, and the private, for-profit organizations of which we
are one. Two other groups engage in a very modest amount of systems analysis
first, within the government where, of course, many people understand the systems
analysis approach, but where even they, like most government people, are so
saddled with day-to-day operating problems that they have little time for the
more detailed analysis, and because of this, hire for-profit and non-profit pro-
fessional service firms to do this work.

The second other type is the university ; it bas been, I believe, generally the
least likely place for systems analysis work to be done. This is because the
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one principal requirement for this kind of work is the existence of a potential
for easy development of a well-knit interdisciplinary team to apply this ap-
proach ; the university tonsists primarily of individuals concerned almost entirely
with their individual disciplines. Indeed, those who seek interdisciplinary activ-
ities in universities often leave to join organizations like ours and the non-profits.
B. Systems analysts available in the United States today

In order to provide the subcommittee with an approximation of the sources
and number of available systems analysts in the United States, I have prepared
several tables that represent our best estimates at this time. We have used
the best available sources in constructing these estimates, Including information
developed by the National Science Foundation in American Science Manpower,
1964 and in Scientists, Engineers, and Technicians in the 1060's and also by the
Los Alamos Scientific Laboratory in its 1966 National Survey of Professional
Eicentific Salaries.

Some information has been obtained by direct contact with several of the
Alms engaged in this work. I want to point out, however, that these are only
estimates, developed primarily to indicate the relative distribution of ay stems
analysts by type of employer and that, in developing these estimates, much sub-
jective judgment had to be exercised by the Planning Research staff.

Examination of these exhibits (see especially Exhibit 1) indicates that there
are between 17,000 and 20,000 systems analysts in the United States, providing
a great resource for the study of the problems faced by governments.

These systems analysts are well spread throughout the several types of
employers, with nonprofit organizations accounting for approximately 3,000
(about 22 percent) of the total. Of those in the non-profit organizations, an
estimated 1,620 are employed by the non-profit Operating Federal Contract
Research Centers ;see Exhibit 2), which include Aerospace Corporation, Center
for Naval Analysis, Institute for Defense Analyses, MITRE, Research Analysis
Corporation, and RANI).

Over 60 percent of the toal systems analysts are employed by the for-profit
type of organizations, that is, outside of government, educational Institutions,
and non-profits. While most of the systems aralysts in the "All Other Industry
and, Business" category are primarily engaged in analysis related to their own
industry (e.g., chemical, petroleum, automobile, etc.), the group we have shown
as "Business Service Firms, For-profit" have significant-sized staffs that have
had experience with a broad range of diversified studies for government and
industry susceptible to the systems analysis approach.

These latter companies, most of which are shown in Exhibit 3, have staked
their free enterprise existence on the conduct of the systems analysis type of
work, and have grown by applying systems analysis to a broad spectrum of
problem. Systems analysis is the major function of their activity. Each of
he other major groups of companies we have shown in Exhibit 1 has either a

minor interest in systems analysis or is supported primarily bi the government.
As an example of one of these systems analysis companies, I take the one I

know bestmy own organizationPlanning Research Corporation. Although
It is one of the largest of the 21 companies listed in Exhibit 3, its growth pattern
Is illustrative for most of them. Planning Research Corporation was founded
in 1054 with a very minimum of capital and was then regarded as a spinoff of
The RAND Corporation, since all five of the founders of Planning Research, in-
cluding myself obtained their experience in systems analysis at RAND. The
cumulative growth rate of Planning Research over the past ten years has been
42 percent, and each year the firm has shown a profit. The corporation stock was
listed on the American Stock Exchange in 1064 and currently there are more
than 3,000 6hareholders. At the end of its last fiscal year, the Corporation's
contract revenues were $15,000,000 and current revenues, on an annualized basis,
are running in excess of this figure. Planning Research employs 850 people,
600 of whom are professionals. Approximately half of the professionals are
qualified systems analysts.
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EXHIBIT 1.Distribution of scientists and engineers and estimate of systems

analysta,1 by type of employer, 1867

Type of employee Engineers: Scientists 3 Totsi
Systems
analysts

percent of
totals

Estimated
number of
Interns
analysts

Business service firm, for profit 1
All other industry and business
Nonprofits
Educational institutions
Irodoral Government
Other government.

Total._ _ - . .....-- ..... . - -

14, 000
1, 012,100

1 7,' a
139, .40

73 000
62, 800

$ 7, 400
297, 400

24, 900
222, 000
67,000
21, 400

21,300
1, 309, 500

32, 500
261, 500
140,000
84, 200

15.0
8 6

12.0
II 4
1.0
.3

7 3, 200
7,860

10 moo
1,040
1,400

250

1, 209, 000 640,000 1,849, 000 ..-....... .... 13 17, 660

I The definition of systems analysts u used herein are thou scientists and eng nee who are concernedwith a swell for preferred design., of systems by logical comparison of a variety of combinationsand usesof the equipment, personnel, and procedures that comprise the alternative systems. The systems analysisincludes the investigation necessary to determine the criteria by which the system may be judged. Thefunctions of these systems analysts include:
Identify functional and operational performance requirements for new systems from analyse. ofdefined goals, objectives, policies, and potential operational environments.
Synthesize alternative systems and operational concepts capable of meeting the identified systemrequirements.
Analyze the alternative systems and operations to provide the decision with comparative data onthe consequences (benefits and penalties) associated with the implementation of each alternative.Derive and evaluate initial design requirements for the preferred system to provide basic systemsengineering criteria for subsystem performance selection.

3 Source Scientists, Engineers, and Technicians in the 19001. National Science Foundation, NSF63-64. Figures for 1900 and NSF's estimate for 1970 requirements have been interpolated linearly to arriveat an estimate for 1967.

America:: Science Manpower 1 published by the National Science Foundation in 1966. Document
3 The number of scientists employed by each type of employer in the United States was derived from

No. 6649, Government Printing 0 ce.
This document indicates that 415,000 in the natural and selected serial science fields in 1964 were includedin the National Register and NSF believes that about 75 percent of those qualified are included (thusindicating a total of 554,000 in the United States in 1964). A compound growth rate of 5 percent per yearwas applied to all categories to obtain the estimated) for 1967 of 640,000. The subbreakdown of industryand businessinto systems analysis and software firms on one hand and all other for-profit industry onthe otherare planning research estimates.
4 These percentage estimates are based on the educated judgment of planning research personnel exceptwhere otherwise noted. However, since an approximate independent check is made on the total in 12 belowthese estimates are considered to be reasonable approximations.1 Includes firms in categories such as systems analysis, computer software, and management consultants;does not include architects and engineers.
4 Used scientist data in source document Scientists. Engineers, and Technicians in the 1960's and inter-polated to 1967 as was done for engineers; see note 2. Since these data include only the "hard" sciences, wehave doubled the number to include the "wit" (social) sciences, including economists, psychologists, etc.7 Twenty-one major companies engaged primarily in systems analysis and software business were esti-mated to have in 1967 6,576 engineers and Keenest/ and 2,025 systems analysts (see exhibit 8). It was as-sumed that all other systems analysis and software firms had another 2,824 engineers and scientists and 575systems analysts, giving a grand tots 9,400 and 2,600, respectively. An additional 600 systems analystscould be attributed to business service firms other than the systems analysis and computer software types.1 An analysis performed by the Boeing Co. indicates that it has 26.500 scientific and engineering personneland 250 to 800 systems analysts; this is about 1 percent. Boeing probably has a lerger percentage of systemsanalysts thsn the average U.S. industrial firm. Therefore, on this basis, a velue of 0.6 percent is estimatedfor the average U.S. industrial firm; it might in fact be 0.4 or 0.8 percent.
Data for educational institutions in the source document probably includes some nonprofit organizationsassociated with universities such as Lincoln Labs and Willow Run Research Center. An adjustment to shift5,000 from the educational institutions to nonprofits has been made in data from the source document.74 From exhibit 2 it can be seen that the six captive nonprofit companies (Aerospace, Center for NavalAnalysis, IDA, MITRE, RAC , and RANI)) hove some 4,110 engineering and scientific personnel and about

1,620 systems analysts. This percentage of systems analysts is 39.4 percent. These companies would havea larger percentage of systems analysts than the other nonprofit corporations. (Other nonprofits would haveabout 8.i percent systems analysts, based on the total number of systems analysts in all nonprofits, which iscalcalated to be 3,900 )
.7his percentage estimate includes only those academic personnel who practice in the multidisciplined

systems analysis more than half of their time, It excludes their relevant teaching time.
71 The two largeet professional societies that represent systems analysts are Operations Research Societyof Amadei CORSA) and The Institute of Management Sciences (TIMS). ORSA has about 3,200 membersand TLMS has about 3,100 members. It is estimated that 40 percent of these 6,800 memberships represents

personnel who belong to both grope; therefore, there are 5,040 individuals represented. It is further esti-mated that about 50 percent of the nonduplicato society members qualify as systems analysts. Based on asmall 'Ample of organUations, it is estimates that about 1 in 8 (12.5 pereent) belong to one of these two or-ganize:dons. This would indicate about 20,000 systems analysts in the United States. (This exhibit indicatesaboet 17,650.)
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EXHIBIT 2.-- Estimate of scientists and engineers and systems analysts employed
by nonprofit operating Federal contract research centers

Funds from Total number Number of
DOD in of scientists :systems

fiscal year and engineers analysts
907

.....,________
Aerospace Corp $75,220, 000 1,880 350Center for Naval Analysis 9, 300, 000 250 190IDA 12, 400, MO 350 270MITRE 29.766, 000 800 200RAO 10, 350, 000 280 210RAND Corp 20,190, 000 550 400

Total 157, 215, 000 4,110 1, 020

Sources: unds from Hearings Before the House Subcommittee on DOD Appropriation of the Committee
on Appro:riations, DOI) Appropriations for 1907, pt. 5, E4tb Cong., 2d sees., OPO 1966 PP. 112-113.Aerospace Corp. and RAND were contacted and figures provided on scientists and engineers sad systemsanalysts. Others were estimated by Planning Research corp.

EXHIBIT 3.Estimate of scientists and engineers and systems enalyats employed
by for-profit business service firma (including systems analysis and computer
software firms)

Total
number of

scienentists snd
gineers

Total, all for-profit business service firms (including systems analysis and
software firms).

(Planning Research Corp.). 9, 400
(000)

Number of
systems
analysts

Z
(360000)

Source: Estimate by Planning Research Corp. Includes specific consideration of each of the following
21 systems analysis and computer software firms and an estimate for "all others."
Auerbach Corp.
Booz-Allen Hamuton Applied Research, Inc.
B Corp.
Bolt Beranek and Newman, Irn
Computer Applications, Inc.
Computer Sciences Corp.
Computer Usage Co., Inc.
C-E-I-R, Inc.
Data Dynamics
Dunlap Associates, Inc.
DRO, Inc.

Informatics, Inc.
Arthur D. Little, Ltd.

Operations Research, Lz
Planning Research Corp.
Technical Operations, Inc.
United Research, Inc,
URS Corp.
Vitro Corp. of America
Wolf Research and Developntent Corp.
All other for - profit business service Arms.

C. Systems analysis aptlied to nondefense problems
Our organization, as rell as others, has been engaged not only in systems

analysis applications to defense problems over the Liast ten to twenty years, but
also (in more recent years) in applying these techniques to problems within the
civilian sector of the government. The imposition of Planning-Programming-
Budgeting systems into the civilian departments of the Federal Government by
Presidential order and the usefulness of systems analysis application to socio-
economic problems at the Federal level are fairly well recognized.

I should like to outline three such projects for you.
1. As you know, in an effort to increase the economic rationality in the Govern-

ment, the President has directed the Executive Departments and Agencies to
establish systems of program budgeting.

Planning Research undertook to conceptualize a basic Planning-Programming-
Budgeting system for Federal transportation activities. In doing so, Planning
Research performed the following tasks :

(a) Made an inventory of over 100 Federal transportation activities and
agencies.

(b) Reviewed basic legislation and Presidential policy pronouncements to
establish operational statements of purposes, arid, from them, to Synthesize
a logical and consistent hierarchy of national transportation objectives.(c) Developed an alternative set of objectives for transportation
programs.

it
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(d) Developed estimates of transportation needs and reviewed techniques
for establishing implicit and explicit goals.

(e) Prepared a prototype eve-year Program and Financial Plan.
(f) Suggested measures for needs to permit comparisons betweenprograms.
(g) Undertook rugh systems analyses of highway program constraints

and of balance between highway needs and programs.
In performing the stuay, major transportation problems were identified, poten-

tial tradeoffs noted, and alternative program and R and D emphasis was sug-
gested. We believe that this work, which gave an order-of-magnitude analysis
for big problems, justifies the use of PPB in civilian agencies. It has set thestage for attacking 14 problems in greater detail as well as analyzing even
broader problems.

2. Planning Research was also given the opportunity to develop cost/bentfit
techniques for the Manpower Administration of the U.S. Department of Labor.A manual was written to show how to adapt cost/benefits systems analysis
(within a PPB system) to manpower problems.

The manual identified several subcategories of systems analysis and appliedeach to an area of franpower activity. The first type of analysis identities how
much program benefits increase as expenditures are raised. There are in the
U.S. Employment Service significant questions of whether this agency's pzesent
services (i.e., guidance, counseling, job development, etc.) are at optimum levels
and whether USES should be serving a larger total number of job seekers, includ-
ing those trying to upgrade themselves through better jobs. A systems analysisaimed at illuminating these policy questions is substantially completed.

A second type of analysis is directed at determining which of two alternative
Programs is the more effective for a given budget. The Manpower Administra-has a problem in determining how best to allocate funds between on-the-job train-ing and institutional training courses. No study to date has attempted to iden-tify all the costs (both direct and indirect) of such programs, nor all theirbenefits. Planning Research has undertaken an analysis that should do so to theextent available data permit. Thus, we expect to provide the basis for a sounddecision.

A third type of analysis is called "cost/constraint" analysis ; it identifies thecost to a program of a constraint (institutional, legal, political, or social) thatmay prevent the program from being most efficient. Such constraints could beunion apprenticeship rules that inhibit optimal training techniques, unfavorable
employer attitudes to a program, or expensive lack of cooperation among ad-jacent communities in furthering joint programs. Of course, identifying thesecosts does not reduce or eliminate diem, but such identification does establishthe impact of the constraints and promotes a more rational discussion with thosewho impose the constraints. A current Planning Research cost/constraint
analysis concerns institutional constraints that seem to reduce the potential con-tribution of the Unemployment Compensation program to the nation's economy.

8. A recent telecommunications study for the, Executive Office of the Presi-
dent was a typical example of the kind of support a multidisciplined team of
systems analysts and economists can provide government. The Office of the Di-
rector of Teleoommunications Management (a part of t! Executive Office) has
the responsibility for policy guidance and coordination of the telecommunica-
tions activities that take place in the various branches of the Government. A
common problem faced by each department, bureau, or office involves the de-
cision to lease telecommunications services or to provide the services by put-
chase of equipment and operation of the system. That is, a choice between the
Government paying a monthly rental charge and the Government making a cap-
ital investment along with an implicit commitment to operate the telecommuni-
cations system. What is desired, of course, is a decision model (a procedure of
making a choice) that :

(a) Can be applied by any Government agency involved in telecommuni-
cations,

(b) Can be used for any type of technical system,
(c) Ensures that the alternatives presented for decision are the best

available,
(d) Leads to a decision in the national interest,
(e) Presents all significant aspects of the problem to the decision maker,

and
(f) Is consistent with broader Government policy.
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The development of a decision model meeting those criteria w^ elcomplisliedby a team that included professional training and experience in tele:ommunica-
tions, systems analysis, economics, costing methodology, and government pro-cedures. Planning Research was able to put together such an ad hoc team andapply it to this particular problem. Our project report provided the required
decision model reflecting the full context of government decision making.

III. REASONS FOR SUPPORT or SENATE BILLS 430 AND 467

It is natural for the Federal Government to take the lead in the application
of systems analysis to civilian problems. It is natural for three reasons :1, The size of the budgets of the Department of Defense, NASA, and the AECand the rapid changes in technology associated with their fields have made itwerthwhile for these organizations to sponsor research and development in sys-
tems analysis, budgeting, and management science techniques. This body ofskill rests in the minds of Government employees and their contractors. Gov-ernment sapport is a good idea where the value of a more effective performance
is greater for the community as a whole than It is for the individual citizen.

2. Although something like Ave-sixths of the nativnal economic activity is In
the private enterprise sector, the private sector is primarily concerned with goods
and services easily measurable by a unit such as the dollar and on which there
is a market scale of product. The American community problems are concerned
substantially with benefits that are diffuse and are not associated with a tangible
product or easily measured in a quantifiable unit. The values of racial homo-
geneity, mental health, patriotism, and hopes are examples. Even things such
as the quality of education or the value of clean air and water are extremely
difficult to measure in terms that appeal to the private sector.

8. In many fields, the Federal Government, because of its large purchasing
power, is an extremely influential factor. Although the amount at construction
undertaken by GSA, the Corps of Engineers, and the Naval Facilities Engineer-
ing Command is small in proportion to total building in the country, the Federal
Government is by far the largest single builder. Therefore, architectural speei-
Orations and Federal building codes are widely used in civilian practice. The
Government, without expanding its financial share of activity, can wield great
influence in the application of systems analysis to civilian protium

In addition, making funds available to the states will greatly accelerate the
application of systems analysis to problems at the state level. There has been
some recognition and use of these new techniques to Aiocio-oconomic problems
in one or two states, but it is extremely small. This approach has been used suc-
cessfully at the Federal level and the problems waiting to be solved at the state
and local government levels are many.

I would like to put Planning Research Corporation on ree rd as supporting
Senate Bills 430 and 467. It is my opinion that the 2010-economic problems to-
ward which they are directed are most susceptible to solution by the techniques
employed in systems analysis and that there is a sufficient, available pool of sys-
tems analysis capability in the growing for -profit sector of our economy to be
applied to these problems.

111011111110.

PREPARED STATEMENT OF EUGENE R. WAGGONER, PRESIDENT, CONSULTING ENGINEERS
COUNCIL

The members of Consulting Engineers Council/U.S.A. are both interested
and encouraged by your study of proposals which may lead to the solutions of
public problem through application of systems engineering techniques.

Consulting engineers more and more are utilizing systems analysis in the
provision of services to communities and regional governments. Unfortunately,
the cost of such comprehensive application of the engineer's pkill to the many
related factors which handicap urban and social development has frequently
precluded total solution of existing problems.

As evidenced by your comments and legislation, the dimension of critical publi^
and economic issues is staggering and increasingly complex. While Congress
has adopted a host of "finger-in-the-dike" programs to aid local officials, problems
relating to air and water pollution, urban transportation, housing, crime and
similar concerns have steadfastly refused to yield to traditional solutions. New
methods needed to be developed for attacking all these problems systematically
and effectively.
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Systems engineering has been successfully applied by consulting engineers to
many complex prvjects. Even the relatively simple (to outsiders) task of design,
ing cornmr4ities, buildings and industrial plants requires, in a sense, application
of oyster analysis to insure orderly progression of design and construction
without omitting elements of plumbing, drainage, foundation, grounding, traffic
flow, ventilation, etc. On an even larger scale, consulting engineers have applied
systems techniques to development of entire new cities and to major defense and
mate projects of the Federal Government.

We believe there is great potential for bringing the talents and expertise of
private engineers to bear on the solution of civic ana social problem.4 of our
nation and its sprawling urban areas. We are pleased to offer the services of
this Council in clarifying this effort, as well as participating in its implementation.

Our members concur in the Congressional proposals, such its 1I.11. 20. which
would establish a National Commission on Public Management, out we NN ouid
strongly urge that at least one consulting engineer, experienced and qualified
in the application of systems analysis to public problems, be included in the make-
up of such a Commission.

At a time when the bright hope of Federal grant-in-aid programs has faded
to the extent that Congressional review and coordination is sorely needed, and
at a time when the Viet Nast crisis appears far front resolution, we believe
that a Public Management Commission, consisting of representatives of various
sectors of private business (including engineering) would, in itself, be a logical
"systems approach" to developing programs for application of systems analysis
to public problems.

ow=ownso

[Prom Aerospace Mt..,agement, Fall/Winter 1088]
TUE SYSTEMS APPROACH A rNIFIED CONCEPT OF PLANNING

(By P. G. Thome, R. G. Willard, GERSD1)
"It is my experience that the hardest problems for the systems analyst

are not those of analytic techniques . . . what distLiguishea the useful
and productive analyst is his abality to formulate (or design) the prob-
lem; to chsose appropriate objectives ; to define the relevant, important
environments or situations in which to test the alternatives; to Judge
the reliability of his cost and other data, and not least his ingenuity in
inventing new systems or alternatives to evaluate."

Charles J. Iiitch"Decisionmaking for Defense"
A disposition to economize available resources has historically been among

the lesser attributes of man. Apparently, he has survived for millennia be-
having like a profligate parasite, consuming resources at an increasing rate in
order to fulfill his growing ambitions.

With the growth in the number, the physical dimensions and the complexity
of his ambitious undertakings, has grown also his capacity to count, to measure,
and to project his needs. And the development of these latent capacities has
recently led to an apprehensive conclusionthat all resources at his disposal are
finite, ana that they must be managed through a new discipline founded on far-
sighted techniques, rather then by the traditional measures of expediency that
solved problems in a fragmentary way.

Projects of growing complexity and size, such as bridges, skyscrapers, ships
and communication networks undoubtedly serve 1. to widen the vistas of visionary
engineers for problem solving. But it took the pressures of the crash missile-
development program in the last decade to identify the Systems Approach as a
farsighted and total philosophy for defining and solving problems of a national
scale and importance.

Most practitioners of the related disciplines associated with the Systems Ap-
proach would be the first to warn that this approach is not a magic cure-all ;
they would hardly gree completely on its definition, nor would they agree on
whether it should be identified as Systems Engineering Systems Analysis, or
Systems Approach. In fact, in most cases these terms are used synonyr.ounly.

1 This article was prepared jointly by rut G. Thome, Manager, Planetary Entry Systems.and Robert G. Willard, Systems Engineer, Advanced Systems Operation, while both authorswere in the Systems and Technologies Sovtion, Re-Entry Systems Department of GeneralElectric. Presently Mr. Thome is Program Manager, Advanced Programs and Technology,
at NASA.
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The authors of this article contend that "Systems Approach" is a more de-scriptive and appropriate termby its broader meaningthan Systems Analysis
or Systems Engineering. Reason being that "engineering" has a hardware con-notation, and "analysis" implies the separation into parts or elements, of some-thing which is already in existence. The chief attribute of the Systems Approachis that It can be applied with equal effectiveness to problems of a materialnaturewith well defined boundariesas to the very process of delineating theboundaries of a dilemma so it can be focused sharply into a problem and thenbe solved.

ORDERLY WAY OF APPRAISAL

The Systems Approach is an orderly way of appraising a human need of acomplex nature, in a "let's stand back and look at this situation from all itsangles" frame of mind, all 'ng one's self:
How many distinguladable elements are there to this seeming problem?
What cause-and-effect relationships oxist among these elements?
What functions need to be performed in each case?
What trade-offs may be required among resources, once they are defined?We said above that the Systems Approach is suitable for misusing the chal-lenges of a broad scale or of national significance. In the aerospace arena, chal-lenges of this magnitude as a rule are programs characterized by the followingorders of difficulty :
A complex goal (involving a major system composed of hardware, com-puter programs, facilities, personnel and data).
A. constantly changing environment (which affects objectives, constraintsand criteria).
Limited resources for advanced development (money, manpower, facili-ties and time).

For programs of this nature, the application of the Systems Approach early inthe conceptual phase helps to reduce the chances for oversight, or the occurrenceof so called "appraisal gaps." And this Is achieved by using a structured tech-nique to continuously Identify and assess the impact of changing objectives.
constraints, and design criteria on required resources : technologies, personneland facilities.

GENERAL GUIDELINE

If it were possible to prescribe bme basic precepts to be u9ed in developing
total system requirements, these would be: (1) Start at the highest and mostgeneral echelon of cognizance and authority to determine the boundaries of theoverall system ; (2) Proceed to define the system, in stages of Increasing detail,translating functional requirements into hardware requirements; (3) Don'tprejudge solutions! Any solutions in mind should serve as guides, rather thanpoints of departure, in the planning urocess.

To understand what the logic of the Systems Approach is, it is equally im-portant to understand what it is no*. In a sense, the logic of the Systems Ap-proach is the converse of the logic used in inductive reasoning. The inductiveapproach (Fig. 1) begins with particulars, i.e. the collection of data used forsynthesizing a theory or plan. In this approach, the objectives, or the generalstatement of the problem serves mostly as a eonstraintrto limit the introductionof data relative to the problem. The inductive approach is sometimes used byfunctional organizations to assemble an advanced technology development plan.In such cases, proposed development tasks and programs are submitted sepa-rately by each of the technology areas, then selected and integrated into an over-all progrr.m. As a result, the inductive approach often, leads to solutions lookingfor problems to solve, instead of focusing on the utilization of development re-sources.
LOGIC OP SYSTEMS APPROACH

Briefly stated, the logic of the Systems Approach is "deductive/Inductive," andhere's why. The thinking path provided by this approach is in the form of aclosed loop that has distinct stages for firmly inputs and continuous feedback.As such, thinking evolves In cyclic fashion, as it progresses from general objec-tives to plans (deductive process), then back to refining objectives and to detail-ing plans further.
Up to this point in this article we have discussed the basic philosophy of the

Systems Approach ; to discuss the stages of analysis involved in this approachwe need the assistance of successive diagrams to develop and expand our conceptin progressive stages.
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In its most basic form, the concept of the Systems Approach is presented in
the loWer half of Fig. 1, showing that "objectives" are used as a point of de-
parture. Then the objectives are analyzed, by successive stages, into detailed
requirements and approaches. In each stage, additional new data is introduced
(inductive procesz,) to support the analysis. Next, selection criteria are deter-
mined, compatible with the original objectives, and are applied to choose the
approaches ; then the selections are synthesized (inductive process) into an ad-
vanced development plan or system design.
Importance of timing

The timing of contributions from specialists is a very important aspect of the
Systems zwoach. As considerations progress from the general objectives
toward detailed requirements, the knowledge and judgment of experts in various
technical disciplines are brought into play. But a significant point is that
preliminary requirements must first evolve to a stage of maturity where needs
can be defined in terms of functions. If detailed knowledge were tapped too
early in the process, there would be a danger of formulating advanced develop-
ment plans that are generated primarily by preconceived solutions.

Another cardinal rule to follow in implementing the Systems Approach is to
practice disciplined documentation from start to finish. Thoughts are volatile,
memories crowed, and organizations fluid. For these reasons it is vital to record
the course of development, the approaches which have been considered, and the
reasons for selections and rejectionsa good plan must have the strength of a
good argument.

We can gain further insight to the Systems Approach by viewing it as a cycle
which has an expanding phase (the analysis) and a contracting phase (the
synthesis). During the analysis the objectives are resolved into their con-
stituent requirements and possible approaches ; during the synthesis the ap-
proaches are weighed and selected through a trade-off study, then integrated into
a system model or development program. This cycle i8 repeated at successive
decision-making echelons of system planning or design, so that the output of each
cycle is used as an input for the succeeding one.

To get closer to the structure of the systems Approach, let's refer to Fig. 2,
which highlights the four principal stages or steps involved : translation,
analysis, trade-off, and synthesis. The translation, or initial formulation of
the problem is an important step since it sets the course of all the work that
will follow. Translation includeF, the interpretation of objectives and all rec-
ognized constraints on the problem solution. At this step in the cycle, the
selection criteria are also determined. These criteria are later used in the
trade-off study. Some categories of constraints, such as timing and policy,
are also used as selection criteria. The difference between these two uses is
that constraints are generally applied as absolute limitations, whereas selec-
tion criteria are applied later in the cycle to determine the relative merit of
poslAhle approaches. During the cycle a number of feedbacks may be required.
as it( ,vn in the diagram, to improve and re-evaluate the output.

DECISION-MAKING CYCLES

One of the reasons why the Systems Approach is effective is that it is char-
acterizes: by struct:1al consistency. That is, the cycle described above recurs
at each echelon of decision makingfrom the policy definition level down to
the level of implementation, as schematized in Fig. 5. We see here that at
each echelon the possible approaches are evaluated against criteria, approaches
are selected, and requirements determined. These decisions become the inputs
to the following cycle. Thus, with each successive cycle the definition becomes
more detailed. Incidentally, the reverse of the processstarting at the bottom
of the diagram and proceeding upwardwould represent an inductive approach
to the planning process.

At this point then, not to lose sight of the very purpose of the Systems
Approach for the thickening forest of chartwork, we should restate that we are
following a structured approach for generating advanced development plans.

For all practical purposes, the advanced planning process begins with the Mis-
sion Definition Cycle, after broad objectives have been stated based on policy
definition. The advanced planning procedure can best be followed through a
matrixed sequence depicted in Fig. 4, where cycles are identified ask ng the
top, and the steps within each cycle are shown in the left column.
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DEFINITION CRYSTALLIZES PLANO

When the Mission Definition Cycle is followed to its completion, the output
obtained is the Mission Plan (7) consisting of selected missions and their require-
ments. The inputs to the System Definition Cycle that follows, are the require-
ments for one of the minions chosen for advanced planning (8).

The system and its elements are defined in Cycles (II) and (III), but only as
far as necessary to determine the advanced development requirements for tech-
nologies personnel or facilities. In Cycle (II) the system is cleaned by deter-
mining its elements ; whereas in Cycle (III) the system elements are defined by
determining their design approaches. The output of Cycle (III) is Advanced
Development Requirements (21) for the design approaches of the system ele-
ments elements for which development programs must be initiated in other
words, Advanced Development Requirements are "the needs" which exceed pres-
ent capabilities.

It is essential to stress that in the Definition Cycles (I), (II) and (III), Judg-
ment must be exercised to avoid unnecessary detail that can obscure the overall
vision essential to this type of planning.

The Systems Approach was not conjured overnight nor in a fortnight; it was
born of necessity after a gestation period of almost ten years. It is a compli-
cated tool, still being refined, and is used as a plan of attack to complex problems.
Therefore, if the reader who is new to this concept has stayed on the tortuous
trail thus far, he is to be congratulated for having reached the "first plateau."

So far, we have discussed the Systems Approach in general terms, as applica-
ble to a "product area." To better understand the application of the Systems
Approach as an aid to planning let's take a specific but compressed example, and
assume retaining the interested reader's attention to the very end.

The example to be cited is a planetary exploration system that will be treated
in the light of Systems Approach principles already described. Since the plan-
ning procedure for technologies, personnel and facilities (Cycle IV) are quite
similar, only the technologies planning cycle will be discussed.

PARTICULARIZATION OF PROCEDURE

A "road-map" for planning cycles was pro vided in general terms through Fig..
4; substitution of specific terms applicable to the planetary entry mission is then
our first task. In fully-expanded form this substitution generates a detailed plan
for each of the four definition cycles shown in Fig. 4.

MISSION DEFINITION CYCLE

To begin this cycle, we translate the objectives into terms suitable for analysis,
identify quantitatively the constraints, and determine the selection criteria. A
partial example of this is given in Fig. 6. It should be noted that the objectives
for this cycle are the output of a higher level policy cycle which is the responsi-
bility of the cognizant top management.

In identifying the constraints quantitatively it is not always possible to specify
a numerical value with a high degree of confidence because of the many external
contributing factors. Nevertheless, as John Stuart Mill noted in the last century,
"Knowledge insufficient for prediction may yet be valuable for guidance." For
instance, the total funds available for planetary programs over the next five to
ten years may not be known with certainty. Hence, the proper approach is to
specify the most likely available range of funds, in order to make it possible
to understand the effect of such a variable on the conclusions, and thus to develop
an approach (if possible) that is valid for the entire range.

Another consideration is whether to treat a constraint as "physical" or "finan-
cial." In our example, launch vehicle availability is treated as a physical con-
straint, while it is obviously dependent to a certain extent on funds available.
This is resolved by excluding launch vehicle development funds from funds
available, and including only flight article procurement funds. However, it
should be noted that placing of constraints in the financial area tends to broaden
the scope of the analysis ; this should be minimized if effective results are to be
achieved.

The selection criteria are a means of measuring how well the possible ah-
prooches meet the objectives. There are two problems associated with charac-
terizAtion of selection criteria the dtermination of appropriate criteria and
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the establishment of their relative importance. Fur Ir. ,tance, criteria are derived
from the objectives and constraints by asking such questions as : How well does
the proposed set of missions match the scientific objectives? Is the emphasis on
the proper place? Since the scientific objectives cover a wide rangeextending
from the exploration of Mars to exploration of comets and major planetsis the
proposed set of missions broad enough and yet of sufficient depth to really ad-
vance our state of knowledge of the solar system? Are they consistent with
NASA. objectives, e.g., to maintain program continuity?

The establishment of the relative importance of the criteria can only be made
after a detailed study of the objectives and constraints. One example of this
judgment is given in Fig. 5.

Here the analysis step involves development of possible approaches, within
the constraints, in attaining the objectives. The procedure is to analyze the
possible approaches in successive stages of increasing detail. For instance, in
Fig. 5, the classes of possible planetary programs are first identified, then the
classes of spacecraft which fit within each of these programs are developed. The
classes of possible spacecraft must be identified to the extent that they can be
compared with the overall objectives and determination made as to whether or
not they are within the constraints. TI,refore, the definition must include such
items as weight, scientific capability, cost, and manpower requirements. It is
then possible to combine these into any number of credible combinations. For
the planetary exploration systems, for example, a total of 24 combinations could
be identified. For brevity, only three combinations have been included in Fig. 5.

Having identified the possible mission combinations. there must be evaluated in
terms of bow well they meet the selection criteria. Every mission combination
must be compared with each of the others to assess relative values. This is
repeated !or each of the criteria and a total evaluation is obtained by combining
the results for each.

It is always wise to assess the validity of the conclusions by conducting a
sensitivity analysis. This helps to determine the effect of slight chnges in
each of the value Emoluments, on the overall conclusions. If the conclusion is
sensitive to a small change in the value assessment, then further effort should
be made to insure the exactness of the value assessments ; or, the plans should
be constructed so as to be as compatible as possible with the more likely mission
combinations.

The output of the Mission Definition Cycle is the identification of the missions
for each year that best meet the objectives within the identified constrains.
This is shown in Fig. 6 where the missions are described in terms of target body,
type of mission, spacecraft clan, launch vehicle and the broad scientific objec-
tives. In this example, the first opportunity for a sophisticated planetary entry
and landing system is judged to be the Mars 1975 Voyager. Therefore, the next
three planning cycles concentrate on the requirements for this Mare entry lander
system.
trystem definition. cycle

As in the Mission Definition Cycle, the first step in the System Definition Cycle
(Fig, 0) is to translate the objectives into terms suitable for analysis, identify
quantitatively the constraints, and determine the selection criteria. More spe-
cifically, he objectives ore translated into top-level functional requirements
needed to implement the system f.or the mission. We also need to determine for
each of the functional requirements the duration, the external environment
during performance, and the reliability goals for each in order to meet overall
reliability objectives. At this point, however, we come face-to-face with some
constraints : external factors that influence the solution of our problem. For
instance, the two chief physical constraints within which the planetary entry
lander must be defined are : a) the uncertainties in our knowledge of the plane-
tary environment ; and b) the requirement that the entry-lander must be func-
tionally compatible with the spacecraft that will deliver it to the vicinity of
Mars. In addition, we must take into account the influence of financial con-
straints on the system definition. If the total cost of the lander exceeds the cost
allocation from the previous cycle, the possibility of performing such a mission
in 1975 is greatly jeopardized. Likewise, the selection criteria also are chosen
to provide a measure of how well the possible systems meet the overall objec-
tives. At the system definition level we see that the selection criteria range from
reliability to growth capability for future missions.
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The analysis step involves the application of constraints to determine the
possible system definitions in ksuccessive stages of increasing detail. For in-
stance, the procedure is first to analyze top-level functional requirements into
more detailed requirements ; second, to identify the system elements needed in
implementation of these functional requirements ; and the, to identify the sys-
tem element performance requirements necessary to achieve the desired results,

The key to the successful execution of the analysis step is to judiciously choose
the proper depth of analysis. If experience indicates th..,, there is nothing new
about a particular functional requirement, so far as implementation is concerned,
then the analysis is not continued any further. We should keep in mind that the
purpose of this procedure is not to design the system, but to identify advance
development requirements.

Having identified the possible requirements far the functional and the system
elements, we now evaluate them through trade-offs to determine how well they
meet objectives. Again, in order to test the validity oZ conclusions, we need to
peiform a sensitivity analysis to determine the effect of small variations in the
value assessment on overall conclusions. The output of this cycle is a list of all
the system elements required to implement the system, the performance require-
ments for the system elements, and a mission profile which is a time history of
all events and functions. As depicted in Fig. 0 performance requirements are
not necessarily identified for each of the system elements if it has been judged
that nothing new is required to .implement a particular element. In the same
token, some of the requirements on the system elements, such as life, environ-
ment or cost may not have to be identified explicitly, if they are judged to have
no bearing on advance development requirements.
Elyatem element definition cycle

In this cycle, as outlined in Fig. 7, we analyze the system elements that require
further study. We need to determine their design requirements and design
approaches at this time, so we can assess the necessity for advanced development.

To determine the system element design requirements, the elements are first
structured into categories such as structures, retardation, data handling, etc.,for ease of analysis. Typical constraints identified at this level are overall
lander weight, size limitations, as well as policy constraints prescribing thy use
of only flight- proven elements. As indicated in Fig. 7 some of these trade-offs
reflect that there are a number of approaches that could successfully 'meet the
system element requirements. In this case, no further analysis is required, and
that particular element is eliminated from further planning consideration. A
situation frequently encountered in this cycle is that during a trade-off study we
may realize that additional study is required before the possible approaches can
be traded-off against the criteria. This could also occur in the other two cycles.
The assembly of these study tasks that are required to identify proper design
approaches is called a System Study Plan. We use this plan to map out the addi-
tional analyses and trade-off studies needed to identify the advanced develop-
ment requirements.

The output of the System Element Definition Cycle is a list of Advance Develop-
ment Requirements in terms of the design approaches for a specific system ele-
ment, the performance requirement of these design approaches, and the timing
as to when the technology must be available.

TECHNOLOGY ADVANCE PLANNING CYCLE

Once the technology deficiencies have been identified for the system under
study, plans must be developed to achieve this technological capability. The
procedure for developing these plans, which is standard and straightforward, is
summarized in Fig. 8.

IMPLICATIONS FOR THE FUTURE

The Systems Approach, used essentially as described here, has proven an effec-
tive tool for planning advanced systems and technologies. When skillfully im-
plemented, the Systems Approach provides a disciplined technique for :

Effective identification of advanced requirements for complex systems.
Thorough assessment of the effect of changes in environment on the de-

velopment plans.
Timely identification of problems and study requirements in the conceptual

phase of a program.
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Accurate documentation tracing the chain of decisions and supporting
reasons for communicating and justifying recommended cowries of action.

Use of the Systems Approach in planning is justified in all types of applica-
tions where resources are limited and the systems are sufficiently complex that
an intuitive or an inductive approach would lack the necessary thoroughness.
The precision of this approach is limited only by the validity of the original
objectives," the constraints, and the criteria, and the degree to which they can be
quantified. In addition to being used in the aerospace business the System Ap-
proach is presently being applied to such areas as oceanics, education, and water
management. It is reasonable to predict that the applications of this approach
to advanced planning will expand, and will provide substantiated bases for
decision-making related to public programs and to the management of resources
on a national order of magnitude.

TIIE SYSTEMS APPROACH ; A TOOL FOR TIIE CONORESS

(By Robert L. Chartrand, Information Sciences Specialist, Science Policy Re-
search Division, Library of Congress, Legislative Reference Service)

INTRODUCTION

From the days of its founding, the United States has prospered and achieval
a, position as a world power because of the initiative, ingenuity, and industry
of its leaders and citizens. As technological changes were introduced, their 'im-
pact ivas felt by all facets of society : business, government, and the academic
elements.

The period since 1940 has been one of spectacular growth and activity. Both
in the realm of ensuring national security and in striving successfully to provide
a rising standard of living, the technological achievements have been impressive.
The realization has developed, however, that as richly endowed as this country
may be, its resources are not unlimited. The requirement to assess what steps
must be taken to preserve our heritage, while still administering to the needs
of a growing, ever more complex nopulace, are being articulated in many
quarters.

The essence of the challenge facing contemporary leadership is set forth in the
recent report of the National Commission on Technology, Automation, and
Economic Progress :

"Our problem is to marshall the needed technologies, some of which are known
and some not yet known. If we are to clean up our environment, enhance human
personality, enrich leisure flute, make work humanly creative, and restore our
natural resources, we shall need inventiveness in tile democratic decision making
process as well as in the needed technologies."

As new equipment and techniques have been developed, there has been an
imperative need for a reexamination of the role of tethnology in solving prob-
lems in the public domain. Similarly, the pressures upon the leadership of the
Nation have multiplied, forcing that leadership to scrutinize anew its respon-
sibilities and goals, In Technology and th( American A'conomy the course of
action is emphasized :

"We shall also need to find creative combinations of public and private initia-
tive, as some of the goals of the future may not by achievable through private
initiative; leadership will be required by governmentFederal, State, and local
with important roles to be played by universities and non-profit institution." 2

One means of examining and coping with the problems of this age is foundin the so-called "systems approach." As the leaders and planners in politics,
industry, and science have faced such major problems as air mid water pollution,
transportation, urban renewal and expansion, natural resources preservation,
and solid waste disposal, they have come to realize that a critical facet of man-
agement planning is that of structuring salient information k',0 that relationships
become apparent and meaningful.

More elaborate means of sett ng forth agencies' programs and nee IS have
been evolved and the "systems approach," which had been initiated some years

1 National Commission on Technology, Automation, and Economic Progress. Technologyand the American Economy, v. 1. Washington, U.S. Govt. Print. Off., Feb. 1966. p. xi%Ibid.
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earlier,' has become an accepted part of management's mode of operation. The
techniques connected with systems analysis and operations research, and the
"tools" commonly identified with automatic data processing (ADP) now are
very real to those in government, particularly in the Executive Branch. The
ways in which the Legislative Branch of the Federal government is commencing
to perceive and utilize the systems approach will be developed further in this
study.

THE SYSTEMS APPROACH : BACKGROUND AND DEFINITIONS

Before delving into current efforts by the United States Congress to utilize the
systems approach in its decision-making role, and in dealing with public problems
through legislation, a brief review of the development of the concept may be
useful. The origins of the systems approach usually are traced back to the
pioneer endeavors of Frederick W. Taylor who commenced studying the produc-
tion of steel prior to World War I." Known as the originator of "scientific
management," he propounded the revolutionary idea that an organizational ele-
ment was needed in any establishment which was dedicat(a to the analysis of
the performance of operations.

Executives responsible for the development and production of military items
in the period from 1920 to 1940 recognized that Taylor's concept was sound,
just as they came to realize that their past experience in producing war material
was not sufficient to successfully respond to their new challenges. In Great
Britain, the innovation of radar forced the decisionmakers to take a hard look
at the type of men who were comprising a development team. A group, gen-
erally referred to as "Blackett's circus," was formed under the leadership of
Professor P.M.S. Blackett, a Fellow of the Royal Society and a Nobel Laureate'
The interdisciplinary nature of this team was to be repeated countless times in
the years to come, but it was unique and much questioned in those days.

The term "operational research" came into being, and was soon adopted by
scientific groups active in the United States, Canada, and France. After the
end of World War II, many of the persons active in the scientific analysis of
operations in the military reentered the private sector, both in industry and the
academic world. These scientists and engineers found that their experience
in operations research could be applied against new problems.

Within the realm of defense planning in the United States a need was identi-
fied for a new type of institution that could conduct complex studies over an
extended period of time, utilizing the full spectrum of tools and techniques
available. To fulfill this requirement the RAND Corporation was established
in 1946.' Its work and that of similar not-for-profit and other "think type"
groups has been well documented and does not require elaboration at this time.

Systems analysis and operations research became a formal part of Federal
management activity with the Kennedy administration. Secretary of Defense
Robert McNamara believed that systematic quantitative analyses could be useful
in solving many defense problems. The man responsible for injecting this think-
ing into the Pentagon mainstream was Charles 3. Hitch, formerly of RAND, who
became Comptroller of the Department of Defense (DOD). Hitch saw no need
to distinguish between the terms "systems analysis" and "operations research,"
but did characterize the former in this way :

"Systems analysis at the national level . . involves a continuous cycle of
defining military objectives, designing alternative systems to achieve these ob-
jectives, evaluating these alternatives in terms of their effectiveness and cost,
questioning the objectives and the other assumptions underlying the analysis,
opening new alternatives, and establishing new military objectives." 7

Under the leadership of Hitch a new concept called the Planning Programming-
Budgeting System (PPBS) was established within DOD which was judged to

' Roessner, J. David. Systems analysis : definition, scope, and characteristics. Wash-
ington, Legislative Reference Service, Library of Congress, Oct. 4. 1966. pp. 6-8.

Taylor, F. W. The principles of scientific management. New York, Harper and
Brothers, 1911. 77 p.

s Trefethen, Florence N. A history of operations research. In Operations research for
management, v. 1. Joseph F. McCloskey and Florence N. Trefethen, al. Baltimore, The
Johns Hopkins Press, 1954. pp. 6-10.

s Smith, Bruce L. R. The RAND Corporation. Cambridge, Harvard University Press.
1966. 389 _To.

'Hitch, Charles J. Plans, programs, and budgets in the Department of Defense. In
Operations research, Jan.-Feb. 1968. p. 8,
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be so effective that in 1965 President Johnson directed the Bureau of the Budget
to place the system in effect in all Executive agencies and establishments' Thus,
the Executive Branch was committed to a major effort to apply the systems
approach to some of its key management as well as operational activities.

Augmenting the gradual development of new techniques and procedures has
been an increasing reliance by the Federal government on automatic data proces-
sing (ADP) equipment and procedures. Whereas only 90 ADP installations
were in operation in 1956, 2,623 electronic computers and punched card units
were projected for FY 1966.9 Another indication of the Federal government in-
volvement in this area is that $1,292,000,000 (estimate) will be spent in FY 1967
for ADP equipment and services." Since virtually all of these dvices are situ-
ated within the Executive Branch, the agencies and departments have become
increasingly, sophisticated over the past decade in using ADP in support of many
planning and operational functions.

CONGRESS AND ITS WORKING ENVIRONMENT

The Congress of today is in many ways different from its predecessor bodies.
In the First Congress, the 6.$ members of the House of Representatives came
from constituencies averaging 33,000 persons. The total work load of that group
resulted in 118 public and private acts and resolutions being enacted.' Today's'
Congressman represents an average of 450,000 constituents, and the number may
double in the next 40 years.

The demands upon the time and energies of the member of the contemporary
Congress are legion. In the 89th Congress, 26,566 measures were introduced,
and 4,016 legislative measures were passed.' Besides spending hours attending
committee heal:Ingoand each Congressman is a member of multiple commit-
tees and subcommitteesthere were, for example, in the House of Representa-
tives during the First Session of the 89th Congress 182 quorum calls, 201 Yea
and Nay calls, and hundreds of teller, division, and voice votes."

As the Congressman strives to function as an enlightened decisionnutker,
the quality of information upon which he renders his judgments becomes a vital
factor. In discussing decision making in Congress, Dr. James A. Robinson,
Professor of Political Science at the Ohio State University, has reinforced the
importance attached to this key area by commenting that "as problems prolifer-
ate, the amount of information required as a basis for making policy decisions
also radically increases. In consequence, no legislator call be an expert on more
than a few policy isaues."" The information which is sought has four classical
characteristics : it must be complete, accurate, timely, and relevant.' Where
the Congressman and his staff must comprise on one or more of these elements,
the resultant judgment may suffer.

Some authorities feel that the trend has been for the Congress to yield more
and more of its delegated responsibilities to the Executive. But the Congress
continues, by the authority set forth in the Constitution, to ensure that the
Executive carries out its intentions in three waysthrough its lawmaking power,
appropriations power, and through investigations. Today there is an effort
underway to strengthen the role of the Congress in policy making.

The Congressman seeks to identify and employ new ways and means for func-
tioning more effectively. An American Political Science Association survey in-
dicated that a typical work-week for the "average" Congressman in 1965 was
59.9 hours'' Where can the member and his overworked staff turn for asistance

Executive Office of the President. Bureau of the Budget. Planning - programming.
budgeting. Bulletin No. 66-3 to the heads of executive departments and establishments.
Washington, Oct. 12, 1965. 13 p.

Executive Office of the President. Bureau of the Budget. Inventory of automatic data
processing equipment in the Federal government. Washington, July 1966. Chart 1, p. 7.

" Ibid., chart 4, p. 10.
.1 Galloway, George B. History of the House of Representatives. New York, Thomas Y.

Crowell, 1961. Appendix 0, P. 803.
" Co n gr ed s io n al record. [Daily ed.] (Washington), v. 112, Nov. 21, 1966. p. D1045.
Is Ibid.
14 Robinson, James A. Decision making in Congress. In Congress: the first branch of

government. Washington, American Enterprise Institute for Public Policy Research, 1966.
p. 265.

Chartrand, Robert L. Automatic data processing and the American political campaign.
Washington, Legislative Reference Service, Library of Congress, Sept. 15, 1966. p. 2.

Rumsfeld, Donald. The operation of the Congressional office. In We propose : a mod-
ern Congress. Mary McInnis, ed. New York, McGraw -Hill, 1966. p. 290.
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in carrying out their duties? For research support, they may turn, to the Legis-
lative Reference Service of the Library of Congress, the various Executive
Branch elements, or to the private sectors of society. Increasingly, a number
of Congressmen are starting to examine whether or not the systems approach
may be of some aid in handling their day-to-day predems.

PROPOSALS TO AID THE CONGRESSMAN

There are several identifiable alternatives for determining how systems anal-
yids or operations research might be used to good purpose by the Congress. One
way would be a staff or task force study of the existing situation and possible
remedies. Occasionally, an individual member has undertaken such a study,
and isolated improvements in office procedures (e.g., handling constituent cor-
respondence) have resulted. In mid-1960, a volume entitled We .Propose:
Modern Congress 17 by the House Republican Task Force on Congressional Re-
form and Minority Staffing was published. This book features chapters on many
recommended improvements for the Congress including the use of ADP, changes
in members' office operations, and other technological mechanisms which might
be utilized.

.A. second way of looking at the Congress, and how it might operate more
effectively, was evidenced by the establishment during the 89th Congress of
the joint Committee on the Organization of the Congress, jointly chaired bySenator A. S. Mike Monroney and Rep. Ray 3. Madden. The final report of
this committee" includes a number of recommendations dealing with tech-
niques and procedures for improving the performance and the modus operandi
of the members and committees of the Congress. These are embodied in the
Legislative Reorganization Act of 1967, to be considered for passage during
the 90th Congress."

A. third way of devt.loping new ideas has been to encourage an outside group
to study the activities of the Congressman and how they might be improved.
Such an effort was undertaken two years ago by The American Enterprise
Institute for Public Policy Research. A group of scholars was commissioned
to examine various aspects of Congressional operations and prepare separate
studies on how the Congress "might be aided in its work to achieve a good
society, counting as part of that good society the legislative way of life itself." 21'
The resulting studies were corn aed in a book called Congreea: The Fir8t
Branch of Government, which is being read widely on Capitol Hill. Another
insight into the functioning of the Congress was taken by the Arthur D. Little
Company, which prepared a Management Study of the TI.H. Congre88 in 1965.2'
Portions of this interpretation then were included in an NBC News television
presentation entitled "Congress Needs Help."

Finally, the Congress has begun to look at what might be done through legisla-
tion to provide technological support for its own activities. To' Irds the end of
the Second Session of the 89th Congress, Rep. Robert McClory of Illinois intro-
duced a bill (H.R. 18428)--reintroduced in the 90th Congress as H.R. 21 to estab-
lish an automatic data processing facility to support the Congress. In a speech
on the floor of the House of Representatives, he pointed out that the Congress
"must use every possible mechanism to insure that Congress executes its tradi-
tional responsibilities." 22 He and a bi-partisan group of supporters in the House
of Representatives have stressed the importance of using ADP and modern
program evaluation techniques in support of Congressional budgetary review,
in this way providing the members a logical way to comprehend and respond to
the PPBS mode of operation within the Executive Branch. Other priority appli-
cations named by him for utilizing automatic data processing and the systems

17 McInnis, Mary, ed. We propose : a modern Congress. New York, McGraw-Hill, 1966.
338 p.

a$ U.S. Congress. Iola Committee on ti ; Organization of the Congress. Final report.
(89th Cong., 2nd Sess., Senate Report No. 1414.) Washington, U.S. Govt. Print. Off.,
1966. pp. 4-7.

10 U.S. Congress. Joint Committee on the Organization of the Congress,. Legislative
reorganization act of 1967. (90th Cong., 1st mess., Senate Report No. 1.) (Washington.
U.S. Govt. Print. Off.. 1967.) 55 p.

30 The American Enterprise Institute for Public Policy Reseerch. Congress : the first
branch of government. Washington. 1966. Frontispiece.

A. D. Little Company, Inc. Management study of the U.S. Congress. Report to NBC
News. Nov. 24, 1965. 87 p.

' McClory, Robert. An automatic data processing facility to support the Congress.
Remarks in the House. Congressional record [Daily ed.] (Washington), v. 112, Oct. 19,
1966, p. 26787.

t
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approach included the preparation of legislative histories of bills, and the estab-lishment and maintenance of selected Federal data in machine-readable form.

Congressman McClory ackneledges that "few of us [in Congreesi are quali-fied to discuss in detail the power of the electronic computer or the fine points of
systems analysis procedure," b .t urges their selective utilization, stressing that
"the future of the United States resides in the efficacy of its decision makers,
whose judgments are rendered with perspective and knowledge!' "

Senator Hugh Scott of Pennsylvania, also active in striving to obtain an ADPfacility for the Congress, prepared an amendment (No. 03) which was approved
by the Senate on Feb. 10, 1967, to the Legislative Reorganization Act of 1967. In
delineating the purpose of this proposed new capability to assist the Congress,
Senator Scott stated :

"The requirements of this agereflected in the broad spectrum of issues facing
the Congresscan be coped with only by the utilization of all available human
and technological resources " 24

After noting many applications to which the facility could render useful, time-
saving support to the Congressman and their staffs, Senator Scott concluded with
these words :

"The electronic computer and the systems techniques connected with its use
am simply tools for use biree decision-maker. They are designed to help pro-vide that information whi a necessary to make balancel, accurate decisions."'

Many areas of Congressional activity appear to lend themselves to the systems
approach. In a report prepared for general distribution to the Congress entitled
"Automatic Data Processing for the Congress," a number of possible applications
were identified and discussed." In some instances, the area in focus might be
the Congress as a whole, or a single chamber ; in other cases, the functioning
committee or Individual Congressman was seen as the main beneficiary. In-
cluded for consideration were : data showing the status of pending legislation,
an automated index-catalogue of Congressional documents, current information
on issues up for vote, an automated schedule of committees' meetings and hear-
ings, histories of committe? action in ADP form appropriations statistics and
information, and an automated Selective Dissemination of Information (SDI)
system to retrieve key items of research value to the Congressman.

There has been evidence presented before the Joint Committee on the Organiza-
tion of the Congress that the application of systems analysis, operations research,
and automatic data processing techniques to the problems of the Congressman in
his legislative role merits consideration." Similarly, many feel that the con-
stituent-oriented activities of the Congressman can be made less time-consuming
through the use of the systems approach. One Senator allowed a consulting
firm to analyze his office procedures for handling constituent correspondence.
The systems analysis showed that automatic data processing, properly employed,
plus some changes in the human operations could result in freeing staff persons
for other, more valuable work.

The member of Congress, then, like any other executive in business or govern-
ment, must attempt to allocate his personal and staff resources as efficiently as
possible. Unnecessary work detail must be reduced and the amount of time
available for sound decision-making increased. There is no magic in systems
analysis Jr electronic computers. Much can be done, however, to aid the legisla-
tor. As Kenneth Janda notes in his contribution to the volume Congretra: The
Ara Branch. of Government:
"information systems are not . . . devices for grinding o4 policy decisions, and
they are not designed to replace human judgment. Rather they are intended to
provide the human decielon makerhere, the Congressmanwith knowledge for
making informed choices." "

ps Ibid., p. 26788.
°Scott. Hugh. Remarks in the Senate during debate on the Legislative Reorganization

Act of 1967, Congressional record. [Daily ed.] (Washington), v. 113, Feb. 16, 1967, p.S2124.
21 Ibid.
10 Chartrand, Robert L. Automatic data processing for the Congress. In Extension of

remarks of Honorable Robert Merlory. Congressional record. [Daily ed] (Washington).
v, 113, Jan. 30, 1067, u. 13729.

2/ U.S. Congress. Joint Committee on the Organization of the Congress. Organization
of Congress. Hearings before the Joint Committee (89th Cong., 2nd sess,, 1966). Wash-
ington. U.S. Govt. Print. Off. See, for example Part 7, p. 1119 ang Part 15, appendix,
pp. 2308-2318.

" Janda, Kenneth. Information systems for Congress. In Congress : the first branch
of government. Washington, American Enterprise Institute for Public Policy Research,
/966, p. 435.
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LEGISLATING A /SYSTEMS APPROACH TO HELP SOLVE PUBLIC PROBLEMS

The Congress, both through its committee structure and by employing indi-vidual initiative, has taken several positive steps to improve its ability to addressthe many problems of the contemporary scene. Its members are asking such
questions as: How much must we spend? On what types of projeu`s? In whattime phax ig must this spending be executed? A recent editorial in The Wash-
Mogan Post treated the subject of "Long-Run Politics." It was stressed that "the
facts of political affairs have changed from an environment in which the 'short-run' dominated into one in which all the decisive factors have become 'long-run'." "

From a society which empowered its representatives in Congress to place over-whelming emphasis on defense, space, and nuclear energy developmental proj-
ects indeed, nearly 90% of all Federal R & D expenditures" have been in thesethree areasthere now is a demand for increased attention to a new set of
Problems.

Dr. Emmanuel G. Mesthene, Executive Director of the Harvard University
Program on Technology and Society, stresses the change that must come to many
organizations and agencies as they face these new problems :

"In government, agencies designed for earlier purposes must devise new mecha-
nisms to deal effectively with such problems as the beauty of the environment
and the livability of cities, the use and misuse of water and air, and the manage-
ment of science for public purposed."

Air and water pollution control, natural resources management, precise plan-
ning of transportation networks, master plans for urban growth and renewal- -
these will be achieved as the result of agonizing reappraisals and solutions based
on compromise. No one is saying that there are any easy answers to the prob-lems. In every car*, the decisionm.akers and planners take calculated risks;Peter F. Drucker in his "Long-Range Planning : Challenge to Management Sci-
ence" suggests that

44. while it is futile to try to eliminate risk, and questionable to try to mini-
mize it, it is essential that the risks taken. be the right risks.'

The allocation of our human resources, money, and time is of deep concernto every member of the Congress. Senator Gaylord Nelson, as chairman of theSpecial Subcommittee on the Utilization of Scientific Manpower of the SenateCommittee on Labor and Public Welfare introduced in the 80th Congress a bill(S. 2662)reintroduced as S. 430 in the Congressto "mobilize and utilizethe scientific and engineering manpower of the nation to employ systems analysis
and systems engineering to help to fully employ the nation's manpower resourcesto solve national problems." In hearings held in Washington, D.C., and else-where in the United Stiites, Senator Nelson underscored the argument that theexpertise developed witEin the "ientific community on space- and defense-related
projects must now be applied jainst the other problems d our society. Not onlymust the Federal government increase its expenditures to combat pollution, urbansprawl, and natural resources decimation, but the State and local governmentsmust do likewise. He also urged private enterprise to marshal its forces in thefight against these specters of disaster. A recent Nelson summons to mount suchan effort stated :

"Nothir% short of a massive effort by industry and government at every levelwill solve this problem. This can be done only after a total analysis of the prob-lem and development of an overall program of action. ""
Within the House of Representatives in the 89th Congress a group of 44 Re-publiemns led by Rep. F. Bradford Morse of Massachusetts strongly supportedthe concept of establishing a National Commission on Public Management (H.R.17810 and other bills) ; similar legislation (S. 3762) was introduced by Senator
is Long-run politics. The Washington post Dec. 18, 1966. p. E6." National science Foundation. Federal funds for research, development, and otherscientific activities, v. 14. Washington, U.S. Govt. '?riot. Off., 1965. Chart 14, p. 21.Meethene, Emmanuel G. An experiment in understanding. In Technology and culture,v. 7, no. 4, Fall 1966. p. 486.
81 Drucker, Peter F. Long-range planning : challenge to management science. In Man-agement science, v. 5, April 1959. p. 240.
"Nelson, Gaylord. A. space age trajectory to the great society. Remarks in the Senate.Congressional record. .[Daily ed.] (Wiushington), v. 11:1, Oct. 18, 1965. p. 27242."U.B. Congress. Senate. Committee on Labor and Public Welfare. Special Subcom-mittet on the Utilisation of Scientific Manpower. Scientific manpower utilisation. 1965-66. Hearings before the Special Subcommittee (89th Cong., 1st seas., Nov. 18, 1065),p. 16. [Remarks by Senator Gaylord Nelson].
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Hugh Scott and nine other Senators. Congressman Morse and his associates con-
centrated upon the need for further study of the applicability of the systems
management approach to non-defense and non-space put is programs. The qOP
Congressmen termed their bill an "entirely new departure in American political
thinking." " Congressman. Morse went on to assert that :,

"Appropriating money and shuffling papers in the bureaucracy should net be
confused with problem-solving. The traditional Government approach to a com-
plex problem is to divide it into manageable parts and to treat each of them
separately. A comprehensive solution is thus impossible. The bureaucracy sim-
ply does not have the capacity to solve today's or tomorrow's problemsbut pri-
vate industry with the new approach is rapidly developing that capacity."'

Early in the 00th Congress, Senator Hugh Scott reintroduced his bill (S. 467) 37
and Rep. Morse acted similarly (H.R. 20)." Both Congressmen appeared before
the Senate Special Subcommittee on the Utilization of Scientific Manpower to
discuss with its chairman, Senator Gaylord Nelson, the possibility of merging
their approachcalling for a National Commission as contained in their bills--
with the emphasis on grants to States appearing in his bill (S. 480).

Another insight into the role of systems analysis in the public domain is found
in the recommendations of the Subcommittee on Science Research, and Develop
ment (Hon. Emilio Q. Daddario, Chairman) of the House Committee on Science
and Astronautics dealing with environmental pollution :

"To place pollution abatement on a comparable basis with other national tech-
nology programs, systems analysis and management capability should be estab-
lished within the Federal Government. This approach should be used along with
the "planning, programming, budgeting" technique to organize both near and long
term Federal research and operational efforts in pollution abatement. ""

The attention of the Congress to the significance of the systems approach also
was solicited in Senator Edward Kennedy's aoint Resolution 1K7, (80th Con-
gress), which would authorize the Advisory Commission on Intergovernmental
Relations to undertake a study and the subsequent design of a "national informa-
tion system utilizing advanced informational technology."'" This system would
be capable of providing local and state officials with re luisite information on
Federal programs and, assistance. In commenting on the measure on the floor of
the Senate, Senator Kennedy said:

"As I visualize this system, it would also provide the kind of systems analysis
and information data necessary to enable both Congress and the administration
to oversee the enactment and administration of Federal programs. " '1

The need for a Joint government-business attack on these problems has been
identified and is being examined across the nation. In a few cases, the States are
taking the initiative in supporting systems engineering studies such as those per-
formed for the State of California by four aerospace companies." The greater
portion of the burden connected with this approach resides with the Federal gov-
ernment, say many adherents of the system's apvroach. The 8111119 to be spent are
huge, and doubtless will continue to grow. This manner in which these sums are
spent can of the entire fabric of our nation for generations to come.

Congressman Henry S. Reuss, Chairman of the Subcommittee on Research and
Technical Programs of the House Committee on Govertent Operations, raised
the complain that while we are spending $8 billion annt. .y to place a man on the
moon, nothing is being allocated for research on how to develop "entirely new

83Morse, P. Bradford. Managing the public business. Remarks in the House. Con-
gressional record. [Daily ed.] (Washington), v. 112, Aug. 25, 1966. p. 19836.

"Morse, P. Bradford. New GOP plan for public problem solving. Press release, Aug.26, 1966. p. 2.
"'Scott, Hugh. Remarks in the Senate during debate on the Legislative Reorganization

Act of 1967. Congressional record. [Daily ed.] (Washington), v. 113, Jan. 18, 1967.
pp. 5432-5484.

Morse, P. Bradford. National Commission on Public Management. Remarks in the
House. Congressional reeuds. (Daily ed.] (Washington), v. 113, Jan. 10, 1967, pp. 1140-H47.

I* U.S. Congress. House. Committee on Science and Astronautics. Subcommittee on
Science, Research and Development. Environmental Pollutiona challenge to science and
technology. (89th Cong., 2d seam, House Report, committee print.) Washington, U.S.
Govt. Print. Off., 1966. D. 7.

4° Kennedy, Edward M. Advisory commission on intergovernmental relations. Remarksin the Senate. Congressional Record. [Daily ed.] (Washington), v. 112, Sept. 7, 1966.p. 21
I003.a bid.

44 U,S. Congress. Senate. Committee on Labor and Public Welfare. Special Sub-
committee on the Utilization of Scientific Manpower. Scientific manpower utilization,
1965-66. Op. cit., pp. 1-142.
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systems of urban transportation that will transport people speedily, safely, eco-nomically, and without ruining our cities or polluting our atmosphere."''Another Reuss thrust ; "560 million for further development of nuclear reactors,but only $1 million for the development of a better sewage treatment plant neededby most cities in the country." "
President Kennedy was aware of this imbalance, and in his 1003 EconomicReport pointed out that :'

. . in the course of meeting specific challenges so brilliantly, we have paid aprice by sharply limiting the scarce scientific and engineering resources availableto the civilian sector of the economy." "
Thus, a genuine concern has developed on the part of top government leadershipboth in the Legislative and Executive branches that the monetary and humanresources of the nation be applied judiciously to the problems of our age.

flIMILVW

The Congress, then, has demonstrated a willingness to give consideration tothe utilization of modern technilogy in coping with the problems of this era.Action is being taken, both by individual members and through committees, toanalyze the possible application of the systems approachincluding operationsanalysis and research, simulation, systems management and planning, econo-metrics, and automatic data processing equipment and techniquesin severalareas where a Congressman must function :
1. As a legislator, responsible for scrutinizing, debating, and making de-cisions regarding issues of national and international scope ;2. As a representative of his district, with prime concern for its welfare,growth, and relationship to other governmental elements and the legislative

responsibilities involved; and
3. As an ombudsman of sorts, looked to by each individual constitutent asa point of reference for assistance in any one of a thousand forms.

Proposed solutions to alleviate the burden of the Senators and Representativeshave emanated from many sources : internal Congressional task forces, manage-ment consultant firms, university political scientists, and industrial analyhts.
Many worthwhile suggestions have resulted from the "experts" occupying theirown special vantage points.

Among the priority areas brought into focus has been that of establishing anautomatic data processing facility which would exist exclusively to support theCongress. The proposed Legislative Reorganization Act of 1907, as amended,
features a section calling for the creation of such a capability within the Libraryof Congress. In addition, a group of a dozen members of the House of Repre-
sentatives, of l) ;-tstrtisan composition, has endorsed this type of facility to per-form legislatik lited and administrative tasks for the Congress, its com-mittees, and its ,tvidual members.

Other forces in the Congress have viewed the tools and techniques associated
with the systems approach as useful resources la the battles to overcome air and
water pollution, solid waste disposal, traffic congestion, and urban sprawl. En-
dorsement has been forthcoming both within the House of Representatives andthe Senate for the projected creation of a National Commission on Public Man-
agement, which would study how systems analysis and management techniquesmight be utilized to resolve community, regional, and national problems in the
non-defense, non-space sector.

Yet another approach, as put forth by Senator Gaylord Nelson, is to mobilize
and utilize the scientific and engineering manpower of the United States to em-
ploy systems analysis and systems engineering to help solve national problems.A discernible surge in interest has appeared within the Congress to utilize thenew technology. For example, the House Subcommittee on Science, Research,
and Development has urged the establishment of a systems analysis and manage-
ment capability to cope with pollution problems, and in another area Senator
Edward Ketnedy has called for the creation of an advanced information system
for the exchange of information on Federal programs.

"U.S. Congress. House. Committee on Government Operations. Subcommittee onResearch and Technical Programs. House Government Operations Subcommittee to un-dertake study on how well $16 billion annual research and development budget contributesto meeting uur national goals. Press release, Nov. 30, 1965. p. 1.44 ibid., p. 2.
4x Economic report of the President. Washington, V.S. Govt. Print. Ott., 1963. p. XXV.
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The systems approach should not be viewed as a panacea for the problems of
our society. It does represent, however, a resource which, when properly ap-
plied, may assist the decision-makers and planners in improving the world for
this generation ant1 +hose to come.

SO1140.01.00111=TPI

[From Harvard Business Review, March/April 10661

141X BITHINESti LESBONH FROM TIIE PENTAGON

(By Donald J. Smaller and Rudy L. Ruggles, Jr.)
In recent years the '.0epartment of Defense (1)01)) has afforded the business-

man a fruitful field of study. Though the particulars of the questions with
which be and the DOD concern themselves are vastly .iiiiterent, the structure of
these problems and the means to their solution are not. Executives in both
government and business environments have as their primary responsibility the
allocation of resources to maximize long-run effectiveness.

To the entrepreneur, effectiveness may mean return on Inv, stment or increased
market penetration, while to the military it may imply nuciear retaliatory capa-
bility. But in each case the process of creating objectives, the techniques for
analyzing alternative courses of action, and the systems for establishing strategic
plans have many elements in commm.

It is not surprising to find the development and implementation of such proc-
esses and techniques well advanced within the DOD, for there the number and
magnitude of problems are awesome, and the current laying of plans is vitat to
the continued defense of the nation. Perhaps the greatest advances here have
occurred since 11381, when Secrcciiiy of Defense Robert McNamara brought into
existence what, 1s now referred to as the planning-programming-budgeting proc-
ess, which is used in combination with cost-benefit analysis. too successful has
this framework been that in August 1965 President Johnson instructed 21 non-
defese departments to incritute similar planning techniques by May 1966.

From the DOD's experience come a number of concepts and techniques useful
to industrial corporate planners and managers. The DOD has worked, for ex-
ample, to develop ;

Strategic planning by missions, allocating limited resources to each one,
with plans assembled in a complete, carefully costed program package.

A large analytical and planning staff at the top organizational level.
A scheduled annual planning cycle, integrating strategy formulation with

the budgeting process.
The managerial tool of posing written questions for analysis by ;Line as 'ell

as staff groups, requiring formal answers by predetermined deadlines.
Systems analysis and planning, embodying quantitative teAniques and

applied to co.nplex strategy Issues.
Needs research, i.e., formalized studies to perceive problems and opportu-

nities, as the initial phase of problem solving.
Distinctly determined steps in the planning process, derived from military

concepts.
Logic-sequence network diagrams for coordinated project implementation.
A strategic planning "decision center."

It is the purpose of this article to explore these concepts in gt ;ter detail and
develop from them six lessons for corporate management.

LESSONS FOR EVEINERS

To illustrate the applicability of these lessons to business, we shall refer to
the work done by the company with which we are associated, International
Minerals & Chemical Corporation (IMC) . Of course, other companies have made
similar use of the lessons ; we concentrate on IMO's example simply because we
are familiar with it and because it demonstrates clearly what one company
can do.

In the discussion of each lesson the description of IMC's work will be accom-
panied by a look at the DOD's experience.

Lesson #1. Top management's primary job in any enterprise is the alloca-
tion of limited resourcesfor selected mission purposes, in proper dimensions of
timefor the furtherance of specified objectives.
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Central to this lesson is the concept of a market mission, 1.e., goals for a set of
lividual products with related market functions and purposes. For instance*

AMC initially Identified nine missions of present and potential interest, some of
which are shown in Exhibit L In several of these, the company was not yet
deeply involved, but the goals were ambitious. Examination of motives and pur-
pose from a mission viewpoint led management to the inescapable conclusion
that its business must be oriented to the service of customers. It concluded that
its long-term expansion hopes must be directed more to the market environment
and less to internal structure and skips. It reasoned that while the corporation
possessed certain internal opportunities, e.g., process cost reduction and captive
use of materials, the majority of its opportunities existed in the marketplace.

Product markets were categorized into three distinct groupings: agricultural,
industrial, and vonsumer. These groups were further segmented. For example,
a foundry supplies mission was delineated within the industrial category. Other
missions were also definedplant nutrition, animal health and nutrition, oil well
services, flavor enhancers, and so oi). This perspective helped management to
do a better job of sizing up possibilities for future growth.

How were resources to be allocated in each mission area? The structure of
this task may be visualized as s'''own in Exhf hit II; here IMC is particularly use-
ful as an example of a company with a number of product-line missions in the
economy. The first vertical time slice is the annual profit plan or budget, and the
next five slices represent the five-year program plan. (The missions shown here
include some not shown in Exhibit I.)
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RXHIfIT II. RILATIONIHIP AMONG MAIM/LT MINSIONS, DISOURCZO, AND TIMI

2

PRESENT

*Tr

3 ti

9
10

Complete resource and program balance is difficult to attain, but examination
of product categories by mission readily points up regions of strength and weak-
ness.
Analyzing 11148810118

In examining the existing product-line missions of a company, management
can do a more adequate job of planning goals, allocating resources, and pro-
gramming expenditures if it does the following :

1. D811,128 the scope of the missions as Well as the broad objectives to be ful=
f'cled.It must decide what proprietary directions for growth are desirable, what
unique market niche ie sought, what pioneering aims are worthwhile, and what
synergisms with other missions can be developed.

2. Conducts an audit to illuminate the enterprise's basic position. --What is its
scope of participation in the industry structure? Where are its greatest profit
margins? What is the product life-cycle status of each product? What market
share do the products possess? How well are existing capacities being utilized?

3. Analyzes the relevant environment. --It is vital that management look out-
ward to be aware of the rapidly changing world in which the company exists.
What is the market demand outlook for the product Hue? What are the present
distribution channels and the possibilities of advantageously altering those chan-
nels? What impact is changing technology going to have? How will competitive
changes affect the company's problems, needs, threats, and opportunities? Whit;
are the most important challenges?

4. Establishes the momentum that the company i8 likely to achieve. --Is the
product line going to have continued growth, or is some major product likely to
become obsolete? What are the premises or assumptions behind this projection?
A. profit-and-loss Hummary based on these answers must be assembled on a year-
by-year basis.

5. Formulates an aggressive business and sales development program.What
goals will the organization by striving to accomplish above and beyond the point
where momentum will carry it? How will the enterprise respond to the chal-
lenges that have been identified? What marketing strategies should be em-

VO1111.11M, 611.1111111.111.011160......mkor
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ployed? Most importantly, how will limited resources be manipulated for max-imum return? What capital investments should be made and where? Which
should have priority? What degree of raw material insurance ie desirable?
What are the financing demands from this totalprogram?

6. Sete the level of technical expenditure justifled.--What projects appear de-sirable for product-line support and for innovative producte. What programbalance is desirable?
7. Deflnc8 the organizational nceda.What training must be undertaken?What are the recruiting requirements?
8. Determines performance Icvel&What are the goals for sales and profits?

What return on investment or return on sales is anticipated?
In review, the manager should ask himself : Is the analysis complete? Is the

progrra-package soundly conceived? How well is the organization prepared toexecute these plans?
Around these fundamentals, IMO has created a system of plans which demon-

strates to participants the interrelationships and hierarchy of various programs.The mission momentum and internal development plans, the capital, R & D,staii!,,, and acquisition plansthese are integrated through common pursuit ofcorporate objectives to form the corporate strategic plan. All this helps to clarifivjurisdictional authority and responsibility In the overall planning.
Planning in the Pentagon

Iins product-classification scheme and planning framework were drawndirectly from Secretary McNamara's recently realigned DOD practices' Priorto his regime the Army, Navy, and Air Force budgeted rather independently,coordinating hardly at all with each other's programs. What McNamara insti-tuted was planning by missions, conceptually the military analogue of Exhibit I.Key missions were identified, e.g., a nuclear retaliation mission, a "hot-spotresponse" mission requiring high-capacity airlift of police-type forces, and others.Strategic elements and their supporting expenditures were assembled into com-plete five-year plan by what have been popularly termed "mission programpackages." A mission package plan thus often had elements from the Army, theNavy, the Air Force, and several supporting staff groups finch as developmentand procurement.
The Secretary's staff determined the needs of each of the several missions.These studies resulted in a number of highly significant moves. In mid -1961, the1962 plan as originally submitted was hurriedly rebudgeted. Investigation hadclearly revealed inadequate air- and sea-lift forces, badly in need of supplement.Nuclear retaliation capabilities were modified with greater dependence on sta-tionary missiles, eliminating 13-10's and Minutemen on railroad cars, and theArmy received substantially more money for "limited" warfare. McNamara alsochallenged the tendency toward unilateral service plans, which had imbalancesin the allocated resources for a given mission, rather than unified DOD plans.He noted, too, that often missions were ill defined. To illustrate :While the Army had a number of divisions combat-ready at airfields for emer-gency airlift, the Air Force leaders were dubious about spending "their" fundsfor airlift capability. They much preferred to use their appropriations forbombers carrying nuclear weapons. As a result, the Air Force poesessed toofew planes to carry the Army's divisions overseas.In short, introduction of the missions concept in the DOD led quickly to manyimportant changesbillion-dollar changes, as measured by their impact on vari-ous parts of the budget.

Lemon #2: Management should integrate one-year budgeting lath long-rangeplanning in a achcaulcd annual cycle.
In strategic planning, it is essential to conduct studies of key issues on a year-round basis. As the year progresses, management attention must shift in orderto fulfill the demands of the various phases of plan preparation. These stagesare illustrated in Exhibit III. The first phase covers study of IISIC's problems,needs, and )pportunities as researched and identified. These matters must beinvestigated in detail, and weighed against corporate objectives in an attemptto resolve a strategic response. Next, specific targets or goals should be set for along-range plan, with resources allocated within financial capabilities. Finally,after top management review and approval of the five-year plan, preparationis begun on a one-year budget.

1flee 'Seymour Titles, "Strategies for Allocating Funds," 11BR JanuaryFebruary 1900,p. 75.
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XFIIlI7 III. ANNUAL PLANNING CALYNDAlt
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The DOD calls this its planning-programming-budgeting sequence. IMO has
adopted essentially the same process, one that has proved to be most useful.
Since IMO's fiscal year runs from July through June, the five-year plan is
scheduled for presentation to the board of directors every March. As a result,
sales and profit projections are already prepared when work on a detailed one-
year budget commences. This greatly facilitates the preparation of the short-
term profit plan and gives it a soundly conceived foundation on which to build.
All the strategic aspects are essentially resolved, for ample time has been al-
lotted to the strategic thought and analytical processes.

With minor imperfections. IMC has operated on this basis for three consecu-
tive years. A number of other companies, such as Air Reduction Company,
Inc. and Monsanto Company, have similar cycles tied to predetermined annual
planning phases.°
DOD System,

These planning phases, proved to be so useful in the corporate environment,
grew from one of the major procedural shortcomings which McNamara found
on entering the DOD. The Pentagon was allott ng insufficient time for strategy
studies studies of what each area of the military was trying to accomplish.
At budget time each year, there was a distinct tendency for the service head
to allot enormous sums for continuation of present commitments, without
proper analysis of the country's changing needs. His plans then were assembled
in a relatively short period of time in order to meet budget deadlines, thus ,oni-
pounding any difficulties.

To correct this situation, McNamara and Charles J. Hitch, his Assistant
Secretary-Comptroller, created the position of Deputy Assistant Secretary for
Programming. This executive's function is the institution and maintenance of
a "running" five -year program budget which will completely reflect all strategic
decisions and all projected expenditures. This program budget may be updated
monthly through a managerial system, created by Hitch, which allows proposals
for program changes to pass through a prescribed set of review and approval
steps and be inserted into the "running" five-year plan.

During the process of soliciting Congressional approval, a shortcoming of the
DOD system becomes apparent. Congres4 too frequently neglects questions
about program commitments or long-term strategic capabilities, and is more
often interested in short-term budget implications. More logically, it should be
concerned fundamentally with policy and related strategic decisions made In the
DOD, i.e., strategic commitments of resources for the long term. It should not
act as corporate boards of directors are often tempted to do, concentrating their
efforts on the approval of capital expenditures for specific project proposals
rather than on long-term program direction.

3 See D. IV. Kiefer. "Forecasting: Business Oracles Go Modern," Chemical and Engineer-
ing Newt, July 12, 1905, p. 124.
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if

This brings us to the need for fully developed strategy alternatives and budgetcost-benefit alternatives which can be reviewed by a high-level administrative
bison #$: Management should apply operations-research or systems-anal-11818 principles of mathematical analysis to complex strategy questions.

Of the wide variety of analytical techniques available, one of the most usefulis systems simulation. It is a method of imitating, usually in a computer pro-gram, all of the interrelationehips between men, machines, money, material, andinformation within g:ven environmental constraints, The great benefit of suchsimulations to management is that the consequences of various courses of actionmay be examined before an actual decision is made. In a few minutes of com-puter time, management can experiment with numerous changes in programs,strategies, schedules, ard operations. Simulation is particularly useful in at-tacking problems whose elements are so numerous and interactions so complexthat they exceed the capabilities of human judgment. To illustrate :IMO has used mathematical simulation in mine planning for more than adecade. The method has enabled management to develop sound priorities forpoints of exploration and for sequence and path of excavation.
To follow up on this effort, the company developed an econometric model forworld phosphate rock supply and demand, about four years ago. To gather therequired inputs, specialists were sent to the South Pacific, Tunisia, Morocco,and to other locations where phosphate was mined. With input facts gatheredfrom every conceivable ethical source, IMC estimated competitors' costs andvolumes for 3 grades from 22 sources distributed to merkets in 45 countries,resulting in 5 different chemical end-products, each with critical quality con-straints. The possible mine to end-use combinations numbered 2,574,From this analysis, the delivered-cost advantages in all markets were ascer-tained. It would have been nearly impossible to have assimilated or manipu-lated this information without a computer. The ability to answer "what if"type queries proved particularly useful.
Another area in which IMO has employed simulation is ocean transportation.

A least-cost shipping model has been developed which considers inputs such asworldwide demand for potash and phosphate rock, with the estimates brokendown by quarters ; shipping costs for various ship sizes; ship characteristic!,
(speed, weight, draft, length) ; port characteristics (draft, wharf length) ; load-ing and unloading rates eind costs ; world bulk commodity movements ; andcapital investment restrictions. The analysis includes 450 equations with 3million alternatives, and the final outputs are in the form of minimum-cost pat-
terns of movements ; numbere, sizes, and types of ships ; quarterly schedules ;and the most desirable commodity backhaulsinformation which greatly easesthe process of deciding on short-term and long-term distribution strategies.

The problems that have been approached through management science tech-
niques at IMO have been ones peculiar to its own operations, but it is not difficult
to envision many areas of fruitful application for other companies. For ex-
ample, both Continental Oil Company and Autonetics Division of North American
Aviation, Inc. have made extensive simulations of their operations in order tograsp better the complexities of their organizations' functions. The cost of
designing such systems is high, but the reward is an otherwise unattainable
insight into a vital management problem.
McNamara's 76 trombones

When Secretary McNamara assumed his responsibilities in January 1961, hediscovered that there was relatively poor coordination with State Department
policies. Apparently there was limited liaison between the two organizations
on questions of military contingency responses that would be necessary invarious sectors of the world if some specific enemy action occurred. President
Kennedy was understandably troubled to find that the military had drawn in-
adequate contingency plans for an incident which occurred soon after his in-augurationthe Berlin Wall crisis.

Within three weeks after Robert McNamara assumed his DOI) duties, he
produced what are popularly called his "70 trombones." These were a long list
of questions, often beginning with why. Why are you doing this? Why can
it not be done in a more effective way? Why are the boundaries of certain
Irograms set as they now are? He assigned responsibility for each question
arid asked for answers within three weeks. These were important fundamental
questions, and from their answers he concluded that changes were urgently
needed. For instance :
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There wee inadequate us9 of cost-benefit analysis as a basis for measurementof weapons systems alternatives. Service leadership did not really know thetotal cost of supporting a B-70. The Polaris submarine, in fact, proved farcheaper to maintain for the same unit of retaliation effectiveness. Prior to thispoint, the Pentagon had conducted few, if any, studies for cost comparison ofalternative.
At one time, McNamara even questioned the need for aircraft carriers, sug-gesting that their vulnerability perhaps outweighed their usefulness. He di-rected ite systems analysis group to study this query. The Navy command,needless to say, was perturbed. Obviously, the DOD was not going to abandonaircraft carriers, but some longer term possibilities were identified and takeninto consideration.
Because of various complaints from the military, after McNamara seized theDOD leadership initiative and instituted his revisions, the Secretary was calledbefore a Congressional committee to explain his reforms. This was his simple,yet profound, statement: "We must first determine what our foreign policy isto be, formulate a military strategy to carry out that policy, then build themilitary forces to successfully conduct this strategy."
To implement this philosophy, McNamara initiated several key organizationchanges directly related to his office. He enlisted the aid of a scholarlythinker named Charles J. Hitch from The Rand Corporation; Hitch had studiedDvD problems for many years and published several perceptive articles analyzingmanagerial needs. That move was probably among the more significant Mc-

Namara made liecaufte of Hitch's operations-research orientation. Hitch assumed
responsibility for the budgeting and operations research functions with the titleof Assistant Secretary-Comptroller (unti11065, when he resigned).

McNamara also created or strengthened several key jobs related to planning :(1) The position of Assistant Secretary for Policy Planning and international
Security Affairs was established to better coordinate strategy with State De-partment policies, to formulate strategic planning, and to determine the broad
requirements for conflict contingencies.

(2) He created the high-level office of Deputy Assistant Secretary for Systems
Analysis, and appointed Dr. Alain Enthoven (now Assistant Secretary of De-tense) to fill the poitioa. This office and its supporting staff were founded to
make cost-effectiveness studies of major strategic and weapons systems alter-
natives, using quantitative techniques. Naturally, these mathematical experts,
trained in the operations research approach, were sympathetic to the use of com-
puters for solving complex problems.
Dial opua at DOD

Wh..4t impact have these changes bad on DOD operations? Study of strategic
questions followed by the asking of new ones has kept Department people think-
ing and responding with adequate programs. Part of the McNamara technique
is to write out questions and to insist on written answers. He maintains on
his desk a black looseleaf notebook containing an annual list of over 100 ques-
tions on basic issues. Each February the questions identified by him and other
line or staff executives are assigned to various advisers. The answers are due
by the end of the summer, at which time they become the basis for changes in
the five-year program budget.

Many of the questions complex study. Consequently, McNamara as-
signs them to a unique study group, Dr. Enthoven's Systems Analysis Depart-
ment. Dr. Enthoven has characterized the workings of the Pentagon technique
as follows.

"It can best be described as a continuing dialogue between the policymaker and
the systems analyst, in which the policymaker [McNamara] asks for alternative
solutions to his problems, while the analyst attempte to clarify the conceptual
framework in which the decisions must be made, to define alternative possible
objectives and criteria, and to explore in as clear terms as possible (and quanti-
tatively) the cost and effectiveness of alternative course of action." 4

The DOD's civilian staff has been severely criticized by the military for its
extensive utilization of computers in problem solving. But while he was Assist-
ant Secretary, Hitch was particularly eloquent in supporting their use and in
placing the computer applications in proper perspective. Parts of his argument
can be summarized as follows :

I MU/1W ;1 Rockets, March 1908, p. 80.
4 "The Whiseiest Kid," Time, June 28, 1903, p. 18.
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Economic choice is a way of looking at problems, and it does not nem-
sarily depend on the use of any specific analytical aids.

Computational devices are quite likely to be useful in analysis of complex
problems, but there arc mane problems in which they have not )roved partic-
ularly useful. In such came, nevertheless, it is rewarding to array alterna-
tives and thi'ik through their implications in terms of objectives anti cost.

Where mathematical models and computations are useful, they are in no
sense alternatives to, or rivals of, good intuitive judgment. They nipple-
meet and complement it,

Judgment is always of critical importance in designing the analysis, choos-
ing the alternatives to be compared, and selecting the final course for ac-tion. The manager does not allow himself to become a slave to a certaininvestment cutoff level, for example, no matter how quantitatively exact its
derivation may be.

L 'sson #4: Systematic program, analysis and planning can best be accont-plialteci through use of logical, sequenced steps of approach.
This is an area where the DOD's efforts have been particularly fruitfu, for thebusinessman. A study of particular merit is the one conducted by Frank E.Gilmore and Richard G. Brandenberg in which they analyzed the thought processused by the Army Command and General Staff College in strategy formula-tion and constructed a network diagram for analogous corporate mission plan-ning, I Their findings can be of considerable help in understanding the totalplanning process. The sequence of questions to be asked is as follows :
1. What are the challenges facing the corporation?
2. Row do these challenges affect the enterprise's economic missions? For in-stance, what justification is there, to add a new product line?
8, What are the desired missions?
4. What are the attainable goals to be sought?
J. What are the competitive strategies to follow?
O. What action plans are necessary to implement these strategies?
This scheme resembles the problem-solving sequence for military situationappraisal outlined in The Defense Department Staff ()facers Field Manual,Using these and other studies of the process of problem solving, we have devel-oped a simple conceptualization of a generalized strategic planning methodologyfor business, This is portrayed in Exhibit IV. It has proved useful to TUC ina variety of ways.
Of particular importance is the "needs research" concept. How do executivesthink about the organization and its environment? Where does the definitionof a problem or opportunity begin? Usually it begins with perceptual aware-ness of the organization's position or capability; this awareness, plus an im-perfect knowledge of the environment, triggers the identification of a problemor opportunity. Preferably, relevant facts pertaining to the enterprise's posi-tion in the forecasted environment are then systematically gathered and analyzedto determine the agenda of problems and their relative priorities. This processmay be termed "needs research" when conducted formally as in the DefenseDepartment. The term "challenge" is perhaps more suitable than "needs," forit encompasses all the major strategic concerns : problems, needs, faults, threats,opportunties, and constraints to be circumvented. Such a format inventory ofneeds or challenges also serves to stimulate creativity by exposing personnel toproblems requiring solution.

Impact on organization
flow has Lesson #4 affected the structure and broad responsibilites of IMC'aCorporate Planning and Development Division? This is a sizable corporate-level staff division employing over 50 professionals of widely diverse skills. Theduties of the several departments which compose it correspond closely to themain tasks mentioned in the planning model proposed in Exhibit IV :Environment Analyais.--This department is staffed by people with market re-search and economics experience. Its tasks are to--(1) Provide basic economic and market data.

(2) Provide industry and competitive "intelligence."(8) Identify and measure new market needs, opportunities, and threats,
Is "Anatomy of Corporate Planning," HBR NovemberDecember 1062, p. 61.oPM 101-5, 1980 ; see p. 142.
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4. Provide factual support for major new ventures.
Strategic Planning.This department's prime duties are to-

1. Provide leadership in the five-year plan assembly, including mobtlizing
executive support.

2. Study and propose corporate-level strategies.
3. Advise and counsel others in the synthesis of mission strategies and

in the preparation of program packages.
4. Evaluate proposed programs and studies, and recommend cost-benefit

alternatives for programming in the five-year plan.
b'. Guide the establishment of optimum resource allocations (all major

capital requests are directed through this department for final evaluation
of their fit with corporate goals and strategy).

6. Direct management attention to the most important challenges facing
the company.

Organization Planning.This small department is charged with recommend-
ing the appropriate structures, skills, and manpower to execute the approved
programs.

Venture DevelopmentThis departmer" has, the responsibility far-
1. Analyzing end developing major new ventures to achieve strategic goals,

and providing project leadership.
2. Appraising and implementing acquisitions, particularly those that the

operating divisions are not organized to handle.
3. Seeking and screening opportunities.
4. Developing the action programming fo approved major rojects.

Personnel for this department are drawn pritArily from men wi Al engineer-
ing experience, with heavy stress placed on analytical capabilities.

Information Systems.Thits department is subdivided into the data process-
ing and management scierres groups. The duties of the former group are to
program, manage, and operate data processing equipment at the corporate level
as well as to improve information systems and procedures. The second group,
which is staffed with operations research specialists and engineers, performs
the important functions of-

1. .Analyzing strategic alternatives and resolving the best course by means
of operations research techniques.

2. Providing other functions, e.g., mine planning and venture develop-
ment, with mathematical problem-solving skills.

3. Studying new concepts in management information systems, simula-
tion, modeling.

Top management has in this division a dedsion-making tool whose purpose
is to be reasonable and objective, free of prejudice from internal allegiances.
Progress in defense

For a long time the DOD lacked such an organizational provision. Strategic
alternatives were often selected intuitively, not through dispassoinate analysis.
A good example was the B-70 supersonic bomber, a project which made numer-
ous headlines. Based on past experience, the Air Force leaders insisted on
putting major future reliance on the B-70. But the Chiefs of Staff had not
coordinated cost-benefit research of the B-70 capability with that of the Polaris
missile and of land-based intercontinental missiles. When McNamara inmumed
responsibility, he Initiated the necessary studies, which led to a sharply accel-
erated Polaris program, an expedited enlargement of the Minuteman program,
and a drastic cutback in the 13-70 project. This was accomplished through a
detaile analysis of alternatives by the systems analysis group.

In numerous, caw, the financial implications of program decisions were also
poorly determined. For instance, the Chiefs of Staff authorized development
of major weapons systems and yet had not projected the total cost of develop-
ment beyond a year. Further, they bad not predetermined how much it would
cost to operate these weapons over an extended period of time. Too frequently
a poorly conceived project consumed gigantic expenditures. Because of cir-
cumstances like these, the 'Syne-Soar and Skybolt projects were canceled.

Under McNamara, the DOD set up a formalized system of cost-benefit analysis
by groups not allied with any branch of the military but positioned organiza-
tionally near the Secretary of Defense. This step has helped ensure that failures
like Dyna-Soar and Skybolt will not happen again.

Lesson #5: Logic or task-sequence network diagrams should be used in plan-
ning, implementing, and monitoring complex projects.
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One of the DOD techniques that has been most rapidly adopted by the business
world is the use of logic networks in project planning. There are a multitude
of variations under a variety of acronyms, but in general they hark back to
PERT (Program Evaluation and Review Technique), CPM (Critical Path
Method), and Gantt charts.

Although IMC is far from alone in the use of such networks for planning, a few
examples of how they have been applied to great advantage should, be 4netructive :

IMC is presently building a $60 million plant on the east coast of India as a
joint venture with Standard Oil of California. In order to execute this project
more efficiently in its early development phases, a task-sequence network was
created for the general manager. Such tasks as securing approval from the
Indian government for a license, hiring a sales manager, and conducting a market
seeding program were predetermined for him in the necessary sequence and
interrelationship.

At 1MC's Saskatchewan potash mine, equipment was installed at the mine
head which increased the hoist capacity from 1.5 million to 2 million tons per
year with only 80 hours of downtime. This progress was made possible by a
precisely scheduled construction program. PERT-like systems ha7e been invalu-
able in similar close-down and start-up operations in many other areas as well,
notably in steel mills and oil refineries.

DOD Application
As Is well known, PERT was developed by the combined forces of the Navy

Special Projects Office, Lockheed, and Booz Allen and Hamilton. The applica-
tl4-'1 for which it was designed was the planting and control of what is familiarly

"It as the Polaris Projec. in 1958. Through the use of PERT, the efforts of
huntiods of contractors and many thousands of subcontractors were

c dinated se effectively that the missile was operational two years ahead
of the original schedule. Since then the transfer to business has been so com-
plete that the application of the majority of PERT-like systems is now in non-
government work.

In defense work, as in nondefense work, logic or task-sequence diagrams have
offered several important benefits :

Implementational planning is ensured, for the network requires rigorous
discipline in the evaluation of interrelationships between all project steps and
imposes strict constraints on possible sequencing of events and actions.

Decision points that will strongly influence the direction and time span
of a project are high-lighted.

Maximum allowable delays become clearly evident, as do the consequences
of exceeding these delays.

The networks clearly define responsibility for each activity and also specify
the activities with which a given operation must be coordinated.

Lesson #6: Decision-making centers arc useful devices for expediting review
or approval of programs in complex organizations.

A. number of corporations have taken advantage of the decision-center concept.
Du Pont is a well-known example of a company which has used it for both long-
and short-range planning purposes. (Although Du Pont's design places heavy
emphasis on control rather than planning, it also enables the implications of
alternative future moves to be seen in overall perspective.) Du Pont's decision
center is a room that makes use of a tramrail system and a hierarchy of charts
which allows rapid pinpointing of operating problem areas.

The importance of visual-display techniques in increasing the effectiveness
and efficiency of presentations cannot be overstressed. For instance, IMC has
been able to justify extensive use of "visuals" to the degree that the Strategic
Planning Department has its own graphic analyst and the corporation retains a
consultant to increase the effectiveness of executive presentations.

The decision-center concept goes beyond the idea of a conference room as a
place in which to argue proposals and make plans. Pertinent data about the cor-
poration which may influence the advisability of alternatives can be made avail-
able quickly and in an explicit form. As more sophisticated information systems
and document-retrieval techniques are developed, the power of centralized deci-
sion environment rooms will grow. In these rooms, executives will have at their
fingertips historical and projected information from all phases of corporate ac-
tivity readily retrievable from a computer data bank. Simulators of the cor-
porate budget and major operations will be manipulated upon inquiry by the
executives in conference. It will be the responsibility of a group such as the
IMC Corporate Planning and Development Division to see that all possible quer-
ies are anticipated and available in a form IN bleb may be readily interpreted.
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IMC has initiated tests of a computerized simulator for the Ave -year and one-
year budgets. This approach yields several benefits, the two most obvious being
(1) the ease of revising the five-year profit-and-loss budget projections periodi-
cally, and (2) the ability to compute the profit impact of a large number of
alternatives. Management will be able to ask contingency-type "what if" ques-
tions during budget review, and to select a final one from a number of possibili-
ties. This will help to overcome a key weaknessthe fart that the final budget
often results from negotiations between managers and their superiors, rather
than from systematic evaluation and comparison of ..itrnative uses of funds.

Facilities in DOR
When McNamara assumed command of the DOD, he felt that there was an

excessive number of committee meetings and reports which tended to delay deci-
sions on program changes. Consequently, a specially designed strategy decision
room was created under the management of the Office of Programming, which
is also in charge of maintaining tau running five -year plan.

In this room are four "Vu-graph" ype projectors that display against four
adjacent screens. On one side of the room is a tranaraii sshielt brings forward
on floor-to-ceiling charts the approsed program-package data. On the opposite
side, the tramrail displays added charts and data that relate to the specific ele-
ments under examination. Decision makers sit in the center area and san refer
to the side panels for perspective. The visualization is flexible and provides
needed support for the proposal or problem under examination. There is a com-
puter located behind the projectors in the preparation area which also contains
the charting and display requi. ements. DOD planners assert that they have the
capability, if immune asks a question regarding trade -offs in resource allocation,
to run the question through the computer, type the answer, prepare a vieual, awl
project it back on the screen in seven minutes' time.

The military and NASA have created complex ilesisions centers using ad-
vanced electronic display equipment, but these facilities ars designed fsr the de-
ployment of already allocated resources. Decision environment rooms for re-
solving strategy questions have substantially different requirements. For in-
stance, the information displayed is usually required on and ad hoc basis for
single, not reseated, use in determining the best allocation of new resources.

CONCWRION

If management is to exploit the rich resource of decision-making tools and
techniques which have become available in recent years, it must do more than
understand and appreciate these methodologies. Its commitment to the promise
of such systems must be great enough to cause it to modify its orgarrzation and
allow these concepts a position from which to operate. It must be willing to
involve itself the way IMO did when it estaboshed the carefully structed Cor-
porate Planning and Development Division and headed it with a vice president.
In doing so, management says that it we ts its past methods of decision making
challenged, its pros osals soundly evaluat.. by a disinterested team of specialists,
its strategic moves made in the light of penetrating environment "intelligence,"
and its alternative courses of action systematically identified and weighed.

The cost of supporting the staff to carry out these tasks effectively is high, but
it can be justified in a company committed to growth. Growth implies active
change, and where change occurs rapidly, increased sensitivity is required to keep
an organization's resources and capacities well matched to the opportunities most
consistent with them. Ps an effort to continue building this sensitivity, man-
agement must strive to embrace and distill for its own use the multitude of eon -
santly emerging advances in decision technology. A measure of uncertainty
will always remain in business, but the prize will go to the one who plans and
leaves the least to chance.

What can businessmen learn from the Department of Defense's pioneering
work with management concepts? In this article the authors describe how one
company, International Minerals Its Chemical Corporation, has applied six "les-
sons" from DOD's experience :

1. Allocating the company's resources through use of the concept of strategic
missions.

2. Annual budgeting integrated with long-range planning on a continuing basis.
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& Applying s,'stems simulation and other O.R. techniques to complex strategy
questions.

4. erogram analysis and planning based on a logical, systematic sequence of
analytical steps.

5. Use of task-sequence network diagrams in the programming and administra-
tion of complex development projects.

6. Decision-making centers for analyzing and reviewing corporate plane.

THE PLANNING-PROGRAMMING-BUDGETING SYSTEM : AN ANNOTATED BIBLIOGRAPHY

Robert L. Chartrand, Information Sciences Specialist, Science Policy Research
Division ; and Dennis W. Brezina, Research Assistant, Science Policy Research
Division, Library of Congress, Legislative Reference Service

INTRODUCTION

The increasing demand by the Congress and the Federal community-at-large
for information on the Planning-Programing-Budgeting System (PPBS) has
prompted the revision and expansion of the PPBS bibliography first printed
in September 1966. The revision contains eight new annotated entries plus a
IL tang of fifteen additional selections, which are not annotated. The bibliog-
raphy briefly describes selected material covering rrns concepts, implementing
Procedures and directives, and other selections assessing the impact of PPBS.

PPBS, a .management system, was first introduced In the Department of
Defense in ti.e early 1960's. Conceptually, PPBS integrates planning, program-
ing, and budgeting into an organization's deciE on-making process. Carefully
articulated plans translate agency goals into E, ,cific objectives. Alternative
methods of achi' tug these objectives are identified and programs are formed
for each method. Program costs over several years are determined systemati-
cally, being drawn together from the planning, programming, and budgeting
phases. Selected information and analyses are brought before the decision-
maker who then judges the predicted performance of each program against its
cost. Once in operation this process encourages a continuous appraisal of agency
programs. Actual performarrc is compared against objectives that are being
constantly revised.

Implicit in PPBS is the use of analytical tools. The first of these, "opera-
tions research," grew out of the research programs of World War II. Opera-
tions research became a valuable tool in the war to solve tactical problems,
e.g., improving the effectiveness of anti-submarine and bombing operations.
Systems engineering, cost-effectiveness analysis (or cost-benefit analysis), and
the synthetic /analytic approach known as "systems analysis" were tools and
techniques which closely followed the development of operations research.

Systems analysis and PPBS are closely related, but important distinctions
can `,-.3e made. Systems analysis usually is perform. ed within a research environ-
ment while PPBS operates within a management environment. In a historical.
sense it could be said that the successes of systems analysis led co its adaptation
in a series of management applications. Thus, a system of management was
established that operates and is sustained by the use of the techniques and toon
of systems analysis.

On August 25, 1965, President Johnson issued a statement expanding PPBS
beyond the Department of Defense to selected civil agencies within the Federal
government. This triggered a chain of events designed to spur and direct the
implementation. Bureau of the Budget and agency directives have appeared,
related Congressional hearings have been held, a number of essays and articles
have been published.

On November 17, 1966, the President sent a memorandum to the heads of De-
partments and Agencies which emphasized the value of PPBS in achieving more
effective and more efficient Federal programs. Ile noted that many agencies had
been slow to establish PPBS. Accordingly, the Budget Director was asked to
report to the President quarterly, beginning with the first quarter of calendar
year 1967, on the progress of the implementation of his directive of August 25,
1965. In his. "Quality of American Government" message to Congress, dated
March 20, 196(, the President again stressed the worth of PPBS. The most
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advanced techniques of modern business management would, he maintained, force
the Federal government to ask fundamental questions that illuminate, the choices.
The President then underlined the need for more trained manpower and more
data. He urged the Congress to approve the funds for PPBS requested in the
budgets of the various Federal agencies.

This short, annotated bibliography selectively reflects the rapidly expanding
literature on program budgeting and features the following categories of source
materials :

(1) The basic concepts and development of PPBS;
(2) Bureau of the Budget and agency directives on PPBS ;
(3) The operation of PPBS at the State, county, and city levels ;
(4) An explanation of the analytical tools associated with PPBS;
(5) Congressional documentation on PPBS ; and .
(6) A. sinnmary of the Congressional interest in the systems approach.

I. Novick, David, ed. Program Budgeting, Program Analysis and the Federal
Budget Cambridge, Harvard University Press, 1965. 382 p.

In the preface Novick emphasizes the need for program budgeting due to the
complexities of resource allocation decisions. Program budgeting is desigaed
to perfect or sharpen decision-making by improving the methods of framing prob-
lems and increasing the quantity, quality and organization of information avail-
able.

lu view of limited resources, the central problem is to assure that a program's
resource requirements can be reasonably met in the future aF.I well as the present.
While the allocation process is primarily a political one, elt3W methods and tech-
niques can illuminate the implications and ramifications of decisions to be made.
Program budgeting provides such an approach.

The book is divided into three sections. Ilart I discusses the government's
decision-making process and the role of budgeting in that process, Fart II de-
scribes the development of the program budgeting techniques in the Department
of Defense and presents possible approaches to other government functions.
Part III teals with the ;implementation and or ration of the program budget.
The twelve articles and essays contained in tt book are listed below. One or
two sentence descriptions are included for eight of them ; longer descriptions are
provided for the other four.

Part I. Government Dceison-Making and the Program Budget
1. Anshen, Melvin. "The Federal Budget as an Instrument for Management

and Analysis." p. 3-23. The lead-off article is a summary of the actual budgetary
process with associated problems and a potential program budgetary process
with its strengths and weaknesses.

2. Smithies. Arthur. "Conceptual Framework for the Program Budget." p. 24-
60. Smithies declares that society benefits in a direct proportion to the amount
of information available on the implications of political decisions. He further
believes that a government can determine its policies most effectively if it
chooses rationally among alternative courses of action, with as full a knowl-
edge as possible of the implications of those alternatives. He considers that
planning, programming, and budgeting provides the necessary tools to do this.
PPBS constitutes the process by which objectives,. resources and their interrela-
tions are taken into account to achieve a coherent and comprehensive prrigram.
Several factors increase the difficulties of program designing and include : (1)
problem of highly complex or vague objectives ; (2) possibility of a multi-agency
program as opposed to a single agency program; (3) contradiction over fune-
Vonal versus some other method of programming, e.g., regional programming
as the State Department might desire ; (4) necessity for considering both public
and private interests in programs aimed at economic development. Smithies
suggests certain criteria that should be met when designing programs. The cri-
teria should (1) permit comparison of alternative methods for carrying out the
objectives ; (2) consist of complementary components ; (8) place service supply-
ing elements of an organization in a separate program ; (4) provide for overlap-
ping structures in organizations where geographical and functional programs are
required ; (5) separate programs according to time span over which expenditures
take effect. For example, functions may be divided into production, investment,
and research and development.

3. Fisher, Gene H. "The Role of Cost-Utility Analysis in Program Budgetog."
p. 61-80. Fisher' divides program budgeting into threc.4 segments : (1) structural
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aspects which are concerned with establishing a set of categories oriented pri-
marily toward outputs; (2) the analytical process which requires using various
analytic tools systematiaally ; (8) information systems which will support the
first two items. Fisher's primary concern is for one particular analytic approach
of the second segment =cost utility analysis.

Part IL Actual and Potential Application of the Program Budget Idea
4. Novick, David. "The Department of Defense." p. 81-119. The author

paints in the historical background to program budgeting by discussing its intro-
duction in the Department of Defense.

5. Margolis, Milton A. and Stephen M. 13arro. "The Space Program." p. 120 -
145. The applicability of the space program to program budgeting is discussed.
The applicability of the space program to program budgeting is discussed. The
present system orientation and a long planning horizon of the space program
facilitate the budgetary changeover.

6. Meyer, john It. "Transportation in the Program Budget." p. 146-177. :elle
Federal transport expenditures are grouped and discussed by function.

7. Hirsch, Werner Z. "Education in the Program Budget." p. 178-207. The
article suggests more effective ways of dealing with the Federal support of edu-
cation preseatl originating in 42 departments, agencies and bureaus.

8. Frankel, Marvin. "Federal Health Expenditures in a Program Budget."
p. 208-247. The author outlines methods of program budgeting for health that
will force to the surface answers on how much improved. health is worth.

9. Hirsch, Werner Z. "Program Budget for Natural Resource Activities."
p. 248-284. "There are many demands on Federal funds, and since we have
limited natural resources that must be put to a variety of uses, the Federal gov-
ernment faced some difficult choices. Improved tools are needed to articulate
these choices and to facilitate judicious decisions," the author declares.

He stresses the need for a carefully defined national resources policy. No
such policy statement ca-.1 be readily found, he says. Admittedly the quantity
and diversity of public and private bodies involved in natural resources activi-
ties complicate the process of fashioning comprehensive and coherent natural
resource programs. But the key question "Should less be devoted to A, more
to B ?" can be approached much more precisely.

The chapter is divided into four parts : (1) an examination of assumptions
and objectives of our national resources policy ; (2) a review of existing budget
activity and suggested ways of bringing it closer to a program budget ; (3) a
presentation of how program budgeting can elucidate allocation decisions; (4) a
consideration of administrative and institutional arrangements needed to im-
plementation decisions.

Part III. Implemen4ation and Operation
10. McKean, Roland N. and Melvin Anshen. "Limitations, Risks and Prob-

lems." p. 285-307. The problem that are likely to occur when program budget-
ing is introduced are dealt witl )3, the authors. These problems fall into three
broad categoriesconceptual, operational and institutional. The very meaning
of program budgeting will present difficulties. Is it (1) restructuring of the
budget where costs are accumulated into more meaningful categories ; (2) a
budget that implies a longer planning horizon ; (3) an adaptation of analytical
tools, such as cost utility analysis and operation research, to the budgeting
process ; or (4) an arrangement for enforcing the allocation decisions?

Operational problems, those related to managerial implementation, could be
of many sorts ; (1) the difficulty of collecting and organizing the appropriate
information ; (2) the improper fit of the program budget into the budgetary
process. The old budget structure will probably exist alongside the new for
some time providing a potential for conflict between the two structures : (3) the
centralization of authority by including a mechanism for enforcing central de-
cisions. Decisionmaking could drift upward. Alternative solutions could be
suppresed. Alternative studies could become "design studies ;" (4) by increas-
ing the rationality required in decision-making, a conservative bias might de-
velop. Decision makers will be reluctant to take chances or rely on their insti-
tutions; (5) the lack of concern for uncertainties because they cannot be treated
rationally. A procrustean approach to decision-making might occur.

Institutional problems are related to those pressures, bureaucratic or political,
that are unavoidably present, in any organizational setting. To many of the

78- 510 -07 28
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interests represented by the exec': ;iv°, legislative and private sectors, the pro-
gram budget will be seen as a disturbance "if not an outright threat."

11, Steiner, George A. "Problems in Implementing Prop= Budgeting," p.
308- 352. The broader problems arising from the implementation of program
budgeting are discussed. The article addresses the question, "How fast and in
what depth shall program budgeting be further used in the Federal government?"
Included is a diagram of a system for comprehensive planning.

12. Anshen, Melvin. "The Program Budget in Operation." p. 353-370. The
author discusses the implications of a fully implemented program budget. This
is treated in it context of the potential, impact on Federal, state and local
governments, and industry.
Ir. "Planning-Programming-Budgeting System : A Symposium," Publie Admin-

istration Review, Vol. XXVI, No. 4, December 1966.
The December 1966 issue of the Public Administration Review features a sym-

posium on the new management system which the civilian agencies of the Federal
government have adopted recently. The series consists of six articles on the
subject, three of which are annotated below ; the remaining three are listed later.

1. Schick, Allen. "The Road to PPI3S : The Stages of Budget Reform." pp.
243-258. The author examines and carefully weighs the question, How does
the new budgeting system differ 2rom the old? As a follow-up, he asks, What
is the significance of this difference? Three distinct stages of budgetary reform
are discussed in order to provide au historical perspective on the recent clianges
in the budgetary process, viz., the introduction of PPM

The concepts of control, management, and planning identify the three stages.
The first stage dated roughly from 1C20 to 1935 and emphasized the develop-
ment of an adequate system of expenditure control. Although management and
planning elements were present, the first priority was to establish a reliable
system of expenditure accounts. The second stage with a management orienta-
tion emerged during the New Deal and culminated in the movement for per-
formance budgeting. The third and present stage stresses integriting the plan-
nirg and budgeting functions of government. PPBS was first developed and
refined in the Department of Defense. Because a! its success the President di-
rected that it be adopted by all Federal civilian agencies.

The author admits that the two previous orientationscontrol and manage-
mentcontinue to influence the budgetary process and act as constrahits on
budget reform. Yet, PPBS is designed to alter the form in which information
is categorized, affecting the actions of budget makers. Sytsems analysis and the
cost-benefit approach is stressed. In this connection a new group of professionals
are being brought into budgeting. They are committed to the "types of analysis
and norms required by the new techniques" and have a "background in eco-
nomies and systems analysis rather than in general administrative training."

2. Greenhouse, Samuel M. "The Planning-Programming-Budgeting System :
Rationale, Language, and Idea-Relationships." p. 271-276. The author makes
two points in this succinct article. First, a single concept forms the base of the
PPBS structure.

"The PPBS concept is that each Federal Agency is accountable to the Presi-
dent for the production of goods and services, and more particularly, for the
distribution of these goods, and services to the Anierlean people."

This is a departure, the a athor maintains, from the previous purpose of the
budget system which was to provide the Presidency with administrative support.

Second, key terms, which are common in analytical and budgeting circles, have
different meanings in the PPBS context. The author proceeds to define and
explain eight terms that are vital elements of the new system. These are : ob-
jectives, programs, program alternatives, outputs, progress measurements, in-
puts, alternatives, and systems analysis.

3. Wildaysky, Aaron. "The Political Economy of Efficiency : Cost Benefit
Analysis, Systems Analysis and Program Budgeting." p. 292 10. Systems
Analysis, program budgeting and cost-effectiveness analysis involve a great
deal more than economizing and efficiency. They can have far - reaching effects
on the structure e# a political system. The author argues these points and
atempts to strengthen his position by identifying what the new techniques can
and cannot do.

Wildaysky discusses the underlying economic and political assumpions of
cost-benefit analysis. He covers the limitations and mixed benefits of this tech-
nique. Systems analysis is treated in a similar way. It is defined compared
with other techniques, and evaluated. Finally, ths character and the role of

(1
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program oudgeting are assessed. How are programs conceived? How are ends
separated from means? Answers to these and other questions are given.

In conclusion the author points out the imbalance created by the emphasis
on economizing. The economic emphasis should not outweigh the concern
for the political dimensions. This will happen "if political rationality continues
to lack traine(1 and adept defenders."

The other three artieles not diseussed here are :
4. Ilirsch, Werner Z. "Toward Federal Program Budgeting." p. 259-270.
5. McGilvery, Francis E. "A Management Accounts Strueture." p. 277-282.
O. Banks, Robert L. and Arnold Katz. "The Program Budget and the Interest

Rate for Public Investment." p. 2833291.
III. U.S. Bureau of the Budget. "Planning-Programming-Budgeting." Bulletin

No, 66-3, October 12, 1965. 13 p.
The bulletin describes proeedural its for establishing and implementing the

planning, programming and budgeting system. The background, concepts and
structure of PPBS arc dismissed. Agency responsibility is speLied out in broad
terms. A schedule is included requiring the agencies to submit multi-year
programs and plans by May 1,1966.
IV. U.S. Bureau of the Budget. "Plenning-Programming-Budgeting." Supple-

went to Bulletin No. 60-3, February 21, 1066. p. 31.
The supplement describes the procedures for filling out and submitting two

of the documents central to PPBSPlogram and Financial Plan (PPP) and
Program Memoranda (PM). The PPP is a tabulatitin of program outputs, in
the form of services or hardware, and program inputs, in the form of costs and
other financial data. The Program Memorandum is to be prepared annually
on each of the program categories shown in the PPP. The PM provides the
analytic backup to the individual program, These memoranda are to serve as
basic planning documents. They are periodically updated on the basis of new
information, shifting objectives, or changing availability of resources. Both
documents are to be submitted for the first time by May 1, 11186 and will form
the basis of the spring review of the budget.
V. Office of Economic Opportunity. "Establishing of the Planning-Programming-

Budgeting System" 0E0 Instruction No. 72-2, July 16,1966. 54 p.
The instruction establishes PPBS in the Office of Econon.!e Opportunity and

incorporates the requirements outlined in Bureau of the Budget Bulletin 66-8
and its supplement. It opens the way for implementing program budgeting pro-
cedures by supplying the essential background, assignments or responsibilities,
definition of terms. and an explanation of la waives and reports. The report is
divided into eight sections :

1. Introduction
2. Assignment of system responsibilities
3. System end products
4. The annual budget pima and the annual operating plan
5. Threshold change procedures
6. The program structure
7. The ideal PPBS cycle
8. Glossary of terms.

V. Mushkin, Selina J. Planning, Programming, Budgeting ;for City, state, County
Objectives. State-Local Finances Project, George Washington University.
1967. 5 documents. p. 63.

The State-Local Finances Project of George Washington University, under the
direction of Selina J. Mushkin, prepared a series of documents on the planning-
programming-budgeting system for State and local governments. The first of
the series introduces the concept by discussing the purpose, history, character-
istics, and components of the new budgetary system. Exhibits have been used to
illustrate a PPBS progr'ni structure and a multi-year program and financial
plan.

The remaining four parts of the series address specific problems of integrating
PPBS into a governmental organization, The explanations cover points in ques-
tion from "why PPBS ?" to the procedures of how to staff and train tot PHIS.

The other four parts are :
1. PPBS Note 1Is an integrated planning, programming, budgeting systemuseful for our jurisdiction?
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2. PPBS Note 2Administrative framework for establishing planning-pro-
gramming-budgeting systems in states, cities and counties : some considerationsare suggested possibilities.

3. PPBS Note 3Development of initial Instructions to inaugurate a planning-programming-budgeting systexn : some preliminary considerations and model in-struction to be adapted for local use.
4. PPBS Note 4Stafiing and training for a PIP system in state and localgovernments.

VII. Wise, Harold F. "Planning, programming, budgeting systems and the plan-ning role." In Extension of remarks of Honorable Hugh Scott. Congres-sional record. [Daily ed.] (Washington), v. 113, February 15, 1967. p.
51975-51978.

The paper reviews the demands which are being placed on the planner andbudgeteer today, and discusses the contribution which PPBS is making as itassists management in determining how, when and where to allocate preciousresources. A brief discussion of the State and Local Finances Project, the so-called "5-5-5 Project," is followed by commentary on the difference between tra-ditional urban planning and the PPBS "multi-year broad, functional-area pro-gram statement" fur a period of one to live years.
111r. Wise states that what is really needed is a co abination of PPBS and"comprehensive (i.e., long range, all-Inclusive) planning." A recommendation Ismade for a viable planning program which has four levels of output, consideredin terms of detail, generality, time scale, and particularity. The four elementswould be :

1. A Comprehensive Development Policies Plan (a broad statement ofdirection).
2. A series of functional plans, crossing program and often department

lines, and developed at the State level.
8. A program plan for each program within the galaxy of activities of theaffected level of government.
4. An annual development plan, where PPBS would be applied.

VIII. State of Ne' York, Executive Department, Office of Planning Coordina-tion, Division of the Budget. "Guidelines for integrated planning, program-ming, budgeting." 1966. 40 p.
The manual describes New York's planning-programming-budgeting system,and how the State departmentb may improve their long-range program projec-tions. Procedures vital to the annual preparation of the budget have been modi-fied to :

1. Include activities specifically geared to the preparation of long-rangeprogram projections;
2. Provide a transitional period for evaluation and coordination of long-range program projections, and to relate projections to comprehensive state-wide goals and objectives ; and
3. Prepare annual budget requests against a comprehensive projection oflong-range needs.

The necessity for utilizing uniform formats In departmental program projec-tions is stressed, and detailed guidance provided. Departmental needs and de-mands are examined with special planning forms depicted. Similar guidance isset forth for handling capital facility requirements, personnel requirements,fiscal requirements, and program research.
Graphic presentation to highlight and summarize key statistical information

Is encouraged, and numerous examples are provided. Recognition is given to theimportance of developing top-level executive commitment to the planning process
in each State department. Throughout the manual, emphasis is placed on con-cise, lucid instructions and examples, thereby heightening its value to the user.
IX. Grosse, Robert N. "An Introduction to CostEffectiveness." Research Anal-ysis Corporation. AD 622112. July 1965. 27 p.

The paper Introduces the reader to the basic theory, techniques and terms of
cost-effectiveness analysis. The analytical techniques which comprise an impor-tant part of program budgeting are described as a systematic examination ofthe costs, effectiveness and risks of alternatives, policies, strategies or coursesof action. The primary Ingredients of the cost-effectiveness approach are1. Objectives

2. Alternatives
8. Costs of alternatives
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4. Mathematical models relating each alternative to the stated objective
5. Criteria for choosing the alternatives

The remainder of the papera series of graphsdepict, step-by-step, the
process of identifying and selecting alternatives in order to achieve a certain
objective, From a simple manpower versus machine output problem, the author
advances to the question of the performance effectiveness of military weapons
systems.
X. U.S. Congress. Senate. Special Subcommittee on the Utilization of Scien-

tific Manpower of the Committee on Labor and Public Welfare, "Scientific
Manpower Utilization, 1965-1966." Hearings before the Special Subcom-
mittee on the Utilization of Scientific Manpower. 89th Cong., 1st and 2nd
Sessions, November 19, 1965, May 17 and 18, 1966. Washington, D.C.,
U.S. Govt. Print. Off., 1067. 218 p.

During the 89th Congzess the Subcommittee held two sets of hearings on systems
analysis and I'PBS in connection with S. 2662, "The Scientific Manpower Utilize,-
tion Act of 1965." The lint set of hearings was held in ',`:Ialifornia, at which
time the Subcommittee received testimony on the State's experience with the
four systems studies contracted out to local aerospace industries. Representa-
tives of the State, Including former Governor Pat Brown, and of the aerospace
industry explained the character and scope of the studies on transportation,
waste management, crime and information systems.

The second set of hearings focused on the Federal government and the p, ogress
of the extension of PPBS beyond the Department of Defense to the Federal
civil agencies. The testifying witnesses were Alain Enthoven, Assistant Secre-
tary of Defeme for Systems Analysis ; Henry S. Rowen, Assistant Director, Bu-
reau of the Budget ; and the agency officials responsible for PPBS in the
Department of Health, Education and Welfare (HEW) ; Department of Hous-
ing and Urban Development (HUD) ; and the Office of Economic Opportunity
(OEO).

Enthoren outlined the past experience of the Department of Defense with sys-
tems analysis. Describing systems analysis as "quantified common sense," he
gave examples of Its use and discussed the organizational arrangement neces-
sary for optimum results. He identified the limitations of systems analysis, but
emphasized that they usually were overstated. Enthlven concluded by com-
menting on the application of systems analysis to problems at the State and local
levels.

Rowen, in his testimony, discussed the domestic agencies which, at that time,,
were in most eases just beginning to apply systems analysis and program budget,
ing techniques. PPBS was portrayed as a management system internal to the.
Executive Branch. Interlacing the system were certain analytical tools, crucial
to its success ; surrounding it were the problems and opportunities of impleraen.
talon.

The remainder of the hearings was devoted to the present and future status
of PPBS in HEW, HUD and OEO. Several difficulties in effecting PP33S within
each agency were noted. The widely divergent goals of IIEW would present a
number of obstacles before a department-wire system could function smoothly.
The recency of reorganization in the case of HUD would lengthen the change-
over time. In a similar way the newness of the poverty program, administered
and directed by OEO, in effect has constrained planning due to the limitations
and inadequacy of past statistics.

A second document on two subsequent sets of hearings (held in January and
March 1697) which also were devoted to the systems approach will be published
in the spring of 1967 ay the Subcommittee.
XL U.S. Oongrosa. House. Subcommittee on Research and Technical Programa

of the Committee on Government Operations. "Federal Research and De-
velopment Programs : The Decision-making Process." Report of the Sub-
committee on Research and Technical Programs, Roth Cong., 2nd Sess.,
June 27,1966. Washington, U.S. Govt. Print. Off., 1066. 41 p.

The report, released in June 1966, by the Reuss Subcommittee on Research and
Technical Programs, focuses on the Federal decision-making process and the
achievement of national goals. Three aggressive Federal research and develop-
ment programsdefense, space and atomic energyare compared with three less
aggressive programs : transportation, housing and facilities, and water pollu-
tion control. Three elements of dynamic decision-making are singled out:

1. Far-sighted decision-makers and far-reaching decisions ;



352 SCIENTIFIC MANPOWER T.TTILIZATION, 10 67

2. The deliberate search for new ideas and new technology; and
3. Use of systems analysis and systems engineering to handle complex

research and development problems.
In the ease of 1e88 aggressive decision-making, three salient factors are

identified :
1. Too little initiative ify some program directors :
2, Inadequate Executive Office initiatives to remedy weaknesses at pro-

gram level ; and
3. Insufficient cost-benefit comparisions made by Executive Office of com-

peting claims to Federal It & I) funds.
The report supports PPBS, with its search for alternative objectives to meet

national goals, alternative ways to attain these objectives, and with Its reliance
on cost-benefit analysis when selecting a particular alternative. In this context
the report recommends an intensification of program budgeting efforts in the
research and levelopme;t programs of the Federal government.
XII. US. Congre88. Joint Committee on the Organization of the Con9re88.

Hearings before the Joint Committee on the Organization of the Congress.
89th Cong., 1st Sess. Washington, D.C., U.S. Govt. Print. Off., 1965. Part
12. p. 1775--1783. (Statement by Charles L. Schultze, Director, Bureau of
the Budget.]

In his statement before the Joint Committee, Schultze poses several questions
concerning Congressional action on the budget: (1) do appropriations committees
have available the information important to matters of "program choices," (2)
can greater consistency be achieved between various appropriations bills in view
of the increasing number of multi - agency programs ; (3) can Congress maintain
harmony among its committees without burdening the Executive Branch with
an annually expiring or biennially expiring authorization system?

In connection with those questions Schultze outlines the present efforts of the
Executive Branch toward extending the Planning-Programming-Budgeting Sys-
tem into each department and agency. The purpose of PPBS is "to have a sys-
tem which will provide the kind of specific information and analysis on the basis
of which both Congress and the Executive can make better choices of where
and how to allocate budgetary resource:." The four elements of the system
are: (1) definition of program objectives ; (2) development of indicators or
measures of effectiveness ; (3) comparison of alternative ways ; (4) placement
of these three elements into a proper framework.
XIII. Chartrand, Robert I. "The systems approach ; a tool for the Congress."

In Extension of remarks of Honorable Hugh Scott. Congressional record.
[Daily ed.] (Washington), v. 113, March 20,1967. p. S4049-81053.

The study describes the contemporary Congressional milieu, with its numerous
and increasing demands upon the Members of Congress. Emphasis is placed
upon examining how the "systems approach" might aid the Congressman both
in his legislative and office-keeping roles, and also how the new tools and tech-
niques culd be utilized in coping with problems in the public domain, such as
pollution control, transportation planning, etc.

Possible applications of automatic data processing and systems analysis to
Congressional problems in the lawmaking and appropriations areas of activity
are set forth, and the possible impact of PPBS on the relationship between the
Executive and Legislative Branches is noted. Current legislative activity involv-
ing the projected establishment of an ADP facility to support the Congress, and
the adaptation of defense-and space-derived systems techniques to other priority
problem areas in society, is delineated.

ADDITIONAL SELECTIONS
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5. *Budgeting for national objectives. A report at the Committee for Economic
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PRIVATE RESPONSIBILITY FOR PUBLIO MANAGEMENT

(By F. Bradford Morse)
AITTHORIS NOTL- -I wish to thank Linda K. Lee, my administrative assistant, And Robert
Chartrand, of the Science Polley Division, Legislative Reference Service, Library of

Congre" for their invaluable help in preparing this Lt.:00e.

There is widespread agreement that despite the expenditure of billions of dol-
lars and the proliferation of pOlic programs and services, we are still a very
long way from solving our nation's social and economic problems. It is increas-
ingly evident that the fault lies not in congressional niggardliness or administra-
tive inefficiency, but in the traditional approach to public problem solving.
pollution control, to name just a few, we are still operating on the old project-by-

In our federal programs for urban renewal, transportation improvement, and
pollution control, to name just a few, we are still operating on the old project-by-
project basis. Problems ire subdivided into manageable units, but rarely are
those units coordinated into a comprehensive pattern. It is rarer still for one
program to be related to another, particularly in a case where agency jurisclic-
t'onal lines de not overlap. To cite just three instances :

One agency may be building roads 1, bring more ears into the city, while an-
other agency is develop:ng mass transit systems to keep them out.

Recently the Federal Aviation Agency awarded money for modernization of an
airport in Massachusetts, while the Civil Aeronautics Board was denying certifi-
cation of the only commercial flights into the city served by the airport.

When the bill to create the Department of housing and Urban Development
was before Congress in 1905', it was being touted as the coordinating unit for all
urban programs. In reality it was to have jurisdiction over only a handful of
the more than scores of federal programs then in existence.

There is no lack of criticism of this haphazard approach to major national
problems. Nevertheless, when the gains made in coping with our environmental
problems are stacked up against the exciting breakthroughs that have been made
in our aerospace efforts, it is clear that we are improving the quality of human
existence here on et rth at too slow a rate.

The incapacity or government, as presently structured, to make notable prog-
ress in achieving national goals of clean air and water, livable cities, and edu-
cational excellence weakens the confidence of the business community that the
taxes it pays are producing proportionate results ; andmore importantit dis-
appoints the expectations of those who have been promised a better life.

* Annotated version appeared in first edition of SP 114.
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A `1E'W APPROACH

In my judgment, we are on the threshold of an entirely new approach to thesolution of these public problems. It will involve an altered relationship betweenbusiness and government. It will mean changes in the governmental structure atall levels to accommodate multidisciplinary programs. To accomplish this revo-lution, there is increasing interest in turning to the companies that have develsoped effective management tools for the space and defense fields and using thesetechniques for the solution of nondefenseproblems.
What I am talking about, of Course, is systems management. There are aboutas many definitions of systems management as there are systems managers.Former Department of Defense Comptroller Charles J. Hitch used this charac-terization in referring to U.S. military objectives :
"Systems analysis at the national level . . involves a continuous cycle of defin-ing military objectives, designing alternative spit -ns to achie,,e these objectives,evaluating these alternatives in terms of their effectiveness and cost, questioningthe objectives and other assumptions underlying the analysis, opening new al-ternatives, and establishing new military objectives." 1
This definition is a good one for broad application when the word "military" isdeleted.
Systems management is sometimes regarded by the uninitiated as nothing morethan the application of automatic data processing. Computers, like cost effec-tiveness analysis and specialized accounting techniques, are merely tools of thesystems manager ; they increase his capacity to make good decisions by invrovingthe quality and the quantity of his information.
The amount and quality of available information are critical to the success ofpublic programs. Far too aten, however, decisions are made "th inadequtedata, usually because not all of the necessary factor were taken into considera-tion. As one local government official described the public management process,"We manage by reaction rather than design." Use of the array of tools availableto the systems manager can immeasurably improve the quality of public decisionmaking, and hence the quality of public programs.
Faced with the problems of a society characterized by a rapid growth rate, in-creasing complexity, and high mobility, the nondefense public agencies in manyways stand today in a position comparable to that of the military establishment

in the early 1040's. At that point, technology had outstripped management. Forinstance, the military discovered painfully that airplanes could not be designedand built in pieces. The sophisticated aircraft required had to be the product ofa variety of disciplines, ordered into a comprehensive design and plan ofproduction.
The tremendous gains in management science that were triggered by the warand the postwar pules' were a tribute to the inventiveness and skill of U.S. in-dustry. Now we must bring that skill to bear on the nonmilitary aspects of ournational life. Although the United States is a wealthy nation, its resources arenot unlimited, and our- decision makers must assess carefully where to expendthem in the face of a rising population and its complex problems. The syecemsapproach, combining logic and the techniques of acquiring, organizing, and

analyzing key information, is critically needed.
Of the millions the federal government is spending on research, only about 10%is going into the nondefense sector. We still know very little about the control of

pollution, the possibility of eliminating urban blight through the use of new build-ing materials and designs, or the relationship between transportation patterns
and economic growth. And, to be sure, we know relatively little about how to
apply the management skills we have to these "soft" problems.
Necessary start

It was for this reason that, in the current r Aston of Congress, X again intro-duced legislation 'o create a National Commission on Public Management. Theproposed commission would be a working one and would include representativesof government, industry, labor, and the academic community. Its mandate would.be two fold : (1) to collect and analyze information about the application (stisystems techniques to nondefense, nonapace, public problems, and (2) to developprograms which would use these techniques to solve specific problems. One ofits principal responsibilities would be to consider appropriate financial arrange-
1 "Plans, Programs and Budgets in the Department of Defense," Operation. Research,January February 1968, p. 8.
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raents for the use of private management capability. At this point, it is a question
whether contracts, loans, tax incentives, matching grants, or some combination
of these would be the most effective approach.

There is already considerable interest and some experience in this approach
at all levels of government The introduction of the Planning-Programming-
Budgeting System (PPBS) in the Executive Branch is a step toward more com-
prehensive governmental planning. Use of PPILS in each agency is intended to
produce a "comprehensive multi-year program and financial plan, systematically
updated ; analyses, including program memoranda, prepared annually and used
in the budget preview ; speeial studies in depth from time to time, and other in-
formation which will contribute to the annual budget process."

And Vice President Humphrey has commented on the ability of systems tech-
,/ niques to help achieve the goals of the Great Society :

"I have been convinced for many years that such urgent public problems as
environmental pollution, inadequate education, economic underdevelopment, con-
gested transportation, and inferior medical care can be resolved more effectively
by systematically bringing our best scientific and engineering resources to bear
on them. The defense and space programs have taught us hew to mobilize these
talents to achieve gigantic goals and we eau now use what we he, learned to
help realize the Greta Society."

Public efforts in this direction are not limited to domestic problem solving;
the Agency for International Development is moving in this direction as well.
An interagency task force recommended in November 196G that U.S. industry
be given management responsibility to carry out dexelopment programs in the
less developed countries. In particular, it recommended starting a pilot program
to test the systems approach in planning and operating development programs,
with emphasis on the war on hunger. Heading the project would be consortia
of U.S. companies which, when working together, would have the capability to
use the systems approach. One of the key problems here would be convincing
the governments of the less developed countries to use such management con-
tracts for development with AID financing.

Some firms have already ventured into the economic development sphere.
Among them ale Litton Industries, Inc. and Lockheed Aircraft Corporation

Litton prepared a program for the Greek government to develop Crete and
the western Peloponnesus using the systems approach. The plan was for Litton
to provide the management capability for a 10-year projeef with twin goals
transforming both regions into tourist attractions and stimulating indus-
trialization.

Lockheed has looked into education planning in the Dominican Republic.
Starting from the inargua.,` premise that education, manpower, and capital
investment are key elements of economic development, Lockheed prepared an
economic model for the Dominican Republic, emphasizing the changes in gross
national product that could result from various approaches to a national educa-
tion system. Using system analysis, the aerospace firm tested various combina-
tions of educational, motivational, and health factors, technological requirements,
and labor requirements. The result will be an educational and vocational train-
ing package designed ultimately to stimulate additional capital investment in a
country with an improved labor force.

CALIFORNIA MOVFS ATIFAri

As exciting as these possibilities are, however, the difficulties for systems
managers of making the transition from precise requirements to essentially lees
quantifiable social needs should not be minimized. This is one of the lessons
to be learned from the widely reported California contracts. In 1965, the state
took a hold step forward in hiring four aerospace firms to undertake "systems
engineering" studies in four areas transportion, crime prevention, data handling,
and we qte managem mt.

With California's rapidly growing population and heavy dependence on govern-
ment contracts in snare and defense applications, officials there felt that the exper-
tise on hand could be used to good purpose. The aerospace firms, long interested
in diversifying, were willing to invest substantial urn to Identify arse for

14,131annine-Programming-Budgettme Bulletin No. 06-3 of the Bureau of the Budget.
Iihreetitive Oftlee of the President October 12, 1965.

Letter to Carl P. Stover, President, National Institute of Publfe Antra, included in an
address b: Stover, "The California ExperimentAn Appraitoil." delivered before a meeting
of the Elecovnic Industrie', Association, San Frantisco, October 19. 1900.
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future work. Batt firm was awarded a $100,000 contraet, but =eh more wasinvested as the state and the companies looked hopefully at the lessons to belearned and the applications to be developed for the future. Here are summariesof the studies.
Tranmportation,

Guided by criteria prepared by the State Division of Highways, North AmericanAviation. Inc. drew up seven tasks which could utilize systems processes :1. Definition of the state's transportation system and identification of inter-relationships affecting it.
2, Appraisal of the state of the art in transportation and areas impingingon it; projection of their development 30 to ;50 years ahead.3. Identification of existing key data ; delineation of acquisition procedures ;and determination of data selection proeedurei,4. Investgation as to whether Current methodologies will apply to analysis ofthe newly formed data base.
5. Creation of a "blueprint" for use in the analytical phase, featuring progres-sive flow, interelement relationships, and developmental trade-offs.0. Development of a straightforward model to test the blueprint.7. Determination of the management, performance, cost, and phasing aspectsof the analytical stage.

Crime prevention
;Ipace,Oeneral Corporation and its subcontractor, Serendipity Associates, suc-cessfully proposed to state officials that California concentrate its efforts on theprevention of crime and delinquency, with emphasis on their social and economiccauses. Space-General proposed five tasks, including establishment of newstatistical descriptions of crime and criminals and new concepts of rime cost,and the use of computer models and analyses to reflect behavior patteens andprojected system costs.

Data handling
Lockheed Missiles and Space Company devoted itself to a review of the ob-jectives and requirements for information. The three tasks that it establishedwere:
1. Analysis of the eurren,. and projected requirements and objectives of 18functional areas, including all state agencies, some local governments, and pri-vate groups.
2. Design of an information handling system for the state, including east-performance considerations and alternative configurations.
3. Preparation of a time-phamed implementation plan.

Ti la 8 te al/agent en t
This study, awarded to the Aerojet- General Corporation, was visualized bythe state in terms of 8 tasks, but the contratcor divided them tato a 12-task set.The spectrum of studies included establishment of selection criteria for a pro-jected coordi-ating agency, a data handling system, and recommendations forfuture research, development, and construction.
The monitoring of these four studies was assigned to Systems DevelopmentCorporation, since the state did not have resident capability to evaluate them.The significance of t !letion must not be overlooked, for here is a good exampleof necessary governs ,t-business cooperation.
The California stu es demonstrated that the systems approach is potentiallyfeasible for attacking public problems. An evaluation by the State Departmentof Finance. however, suggested that the techniques were not automatically trans-ferable without modifications and a learning process by both sides of thegovernment-industry partnership. One of the difficulties encountered, and oneI hope that the National Commission which I have proposed would eons der veryseriously, is that of communication between systems engineers with a militaryhardware ork ration and the social scientists and politicians with respoiribil-ides and experience in the nondefense sector.

PROGRESS nnsnwirm

While the California experiment is the boldest yet undertaken, a number orother governmental units are also turning to private management. The Stateof New York is working with Systems Development Corporation on the designand development of a computer-based criminal identification and intelligence
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system for the state. The information file is expected to approach several bil-
lion characters and will be available to state and local police, courts, and cor-
rectional institutions.

At the same time, the New York City Police Department is working on a sys-
tems design to speed communication and improve its day-to-day operation, and
Mayor Lindsay's administration is actively seeking opportunities for systems
techniques in city government.

One of the most exciting efforts to substitute planning for reaction in public
decision making was the systems analysis applied to San Francisco's urban
renewal program. This was described at length in HBR last fall,* and I mention
it here only because it is a splendid example of the use of systems analysis to
increase the information and alternatives available to the policy maker so that
the resulting programs will be more appropriate to the needs of the area and
more relevant to its entire environme,tt.

State and loml governments have Aearly led the way in forging government-
industry partnerships, but there are signs of awakening interest in Congress,
apart from the wide sponsorship of the Public Management bill. The Demon-
stration Cities and the Clean Rivers Restoration Acts of 1966 both provided in-
centives for comprehensive programs encompassing all affected communities and
problem areas.

As a result of the passage of the Clean Rivers bill, interstate action has been
launched to develop the cleanup of the Merrimack River in New England, one
of the most polluted streams in the nation, through the use of systems analysis.
Businesses in the area have come forward with new techniques of pollution
control, and there is widespread interest in attacking the river pollution prob-
lem as a total "system," not merely in terms of its impact on each community.
Approaches of this kind suggest new dimensions of regionalism, since the major-
ity of our public problems are of an interstate character.

CASE OF TRANSPORTATION

Certainly this is true of transportation, which has already been the subject
of systems analysis at both the research and the operational level. Actually,
the use of modern management practices is not new to transportation. As long
age as 1925, the State of Michigan instituted a 45-column punch card system for
the constant inventory and rapid maintenance of roads and bridges and the
evaluation of contract performance. Highway benefit-cost analysis has been
going on about 15 years. Nonetheless, transportation still remains a good ex-.
ample of a public problem which is basically being attacked with "micro"
approaches, rather than a "macro" approach that takes into account the inter-
relationships of all the factors involved.

A May 1965 report to the Secretary of Commerce said that more than 30 fed-
eral agencies, including no fewer than 8 under the Secretary's jurisdiction, were
conducting, or had contracted for, research in transportation. "So far as we
have been able to determine," the report said, "these programs are largely un-
coordinated and carried on independently of each other."

Although the new Department of Transportation presumably will try to end
most of this fragmentation of effort, I am convinced :;.oat the bureaucratic solu-
tion of a new federal coordinating agency is not enough.

For example, planners know that the location of highways influences the
growth of adjacent land, and that land use generates traffic, but how often do
they consider the total environment of a metropolitan area, present and future,
before attempting to determine what network of ground, air, and even under-
ground and water transportation would best suit that area?

More experts in and out of government are inclining toward a view expressed
a few years ago concerning highway plans for the District of Columbia. Two
observers insisted that a transport network must be evaluated in terms other
than merely meeting existing or future demand, since the system itself will
contribute to shaping future demands. The most important thing to consider,
they maintained, is the long-run developmental goals for the area which the

Cyril C, Herrmann, "Systems Approach to City Planning," MIR September-October
1066, p. 71.

o Report of the Panel on Transportation Research and Development of the Commerce
Technical Advisory Board to the Secretary of Commerce, p. 78.
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system will serve. Then and only then can the contribution of a transport sys-
tem to the area to be evaluated .°

Robert A. Nelson, manager of the Northeast Corridor transportation project
of the new department, not long ago stressed the idea of first determining what
we want our cities to be :

"Up to now the public has expressed a desire to live in the suburbs and work
in the downtown areas. But it may be that the best approach to the reduction of
urban congestion is to encourage a proximity of work and residen?e. This has
occurred already in some metropolitan areas as industry has followed popula-
tion to the suburbs. On the other hand, social considerations, rather than eco-
nomic, may dictate the result to be influenced by transportation.

"In any case, we need to ask how we intend to use the centers of metropolitan
areas in the years to come. Will they be places of work only or will they be
residential? What kind Gf work will be carried on in the centers of major met-
ropolitan areas? Will it be institutional, government, finance, insurance, the
front offices of large corporations, as seems to be increasingly the case? Or will
educational and other institutions tend to locate in the central city, making it a
cultural and entertainment center with museums, exhibits, hotels, convention
halls, and theatres?

"These are all questions fundamental to the planni,Ig of transportation fa-
cilities for the future." 7

Despite iielson's vision, it is unlikely that the new department can be expected
to take all these factors into account.

Both the federal government and private corporations have been devoting in-
creased effort during the past few years to ale transportation problems of the
Northeast Corridor, the megalopolis extending from north of Boston to south
of Washington, D.C. Some 37 million people, nearly 20% of the nation's total
population, inhabit this area, which comprises scarcely 2% of the nation's total
land area. This 400-mile stretch of land is expected to be home for some 64
million urban and suburban dwellers by the year 2000.

Some studies have stressed the need to take into account the relationship be-
tween tr hsportation networks and other economic and social needs. A report on
building a high-speed transit system, prepared at M.I.T. for the Commerce De-
partment, pointed out how the very location of passenger stations can affect
economic and social disparities in the community. At minimum, transportation
changes should not aggravate social tensions. At best, transportation planning
can be a creative aspect of overall environmental improvement. It is obvious
that a sensitive multidisciplinary approach is necessary.
No time to 4ose

It is not too late to decide what should be the environment of the Northeast
Corridor, of which its urban and interurban transit network will be dust one
facet. It is not enough to wait until 2000 to see where the extra 27 million
people have gone so that the most efficient system to carry them to and from
work, school, shopping centers, and recreation areas, to near and distant points--
not to mention supplying them with goodscan be devised. And clearly it is not
too early to begin thinking about the future environment of such budding mega-
lopolises as the West Coast, the Gulf Coast, and the growing urban centers of the
Midwest.

The federal government already has launched projects that give promise of
coming up with answers to some of the important questions. One of the most
ambitious is a three-year, $00- million, high-speed ground transportation research
and development program authorized by Congress in 1065.

The Department of Transportation is working on three separate projects. The
first, under contract with the Pennsylvania Railroad, is designed to improve
passenger service between New York and Washington. Extensive sample surveys
of passengers and nontravelers as well have been undertaken with the use of
automatic data processing equipment. Among other things, the data are being
used to project the economic impact of improved rail service in the area. Among
the new services proposed is a suburban station with extensive parking facilities
at the junction of the Pennsylvania roadbed and the Beltway that circles the
nation's capital. It is expected that by late 1967 the new service will be fully

6 Lowdon Wino 1r. and Harvey S. Perloff, The 'Washington Transportation Plan: Tech-
nics or Politica (*ashington, Resources for the Future, Inc., 1962), p. 5.

/ Remarks delivered at Case Institute of Technology, Cleveland, Ohio, October 1965.
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operable, using the best of existing self-driven electrical equipment to reduce
the travel time to two hours and 50 minutes.

For the Boston-New York run, however, the department is leasing two new
gas turbine engines specially designed by the United Aircraft Corporation to
take curves more quickly on the existing road. bed. if the experiment, which
is expected to begin after July 1, 1987, proves successful, the department hopes
to end its lease and have the equipment purchased by the New Haven Railroad.

The third, and probably most ambitious, project is still in the design stage.
This is the proposed auto-train service between Washington, D.C., and Jackson-
ville, Florida. The project is designed to accommodate those who want their car
at both ends of the trip but would prefer not to make the long, boring drive.
Marketing studies have revealed sufficient interest to make the project economi-
cally feasible, and work is going forward on the production of a prototype vehicle.
Present plans call for ten double-decked railroad cars, each of which would hold
eight automobiles. Also, two service cars would provide food and lounge service
and play areas for children. This totally new type of transportation has obvious
implications for future highway safety and construction needs.

But even when the technical questions involved in these and other projects are
answered, the projects must ha avaluated not only against the social and eco-
nomic considerations to which Nelson referred, but also against other possible
forms of interurban transport, such as vertical takeoff and landing aircraft
(VTOL's).

The number of factors to be considered in devising a transportation scheme id
bewildering. It is questionable whether current efforts are corning to grips with
all of the following considerations (and these are just a sample of the many
issues, major and minor) :

With urban land values skyrocketing and the possibility of developing
cheaper methods of tunneling, it may be economically feasible to build high-
speed underground highways controlled by closed-circuit television and con-
nected to multilevel, below-surface garages at certain points.

Since the time spent going to and from airports often exceeds the time
spent in the air, faster transport to air terminals is a necessity. Should it
be over, under, or on the ground?

It is a fact that in large metropolitan areas like New York and Chicago,
motor vehicle ownership is much lower than the national average. What
consideration should the planners give to this situation?

How would changes in fares affect riding habits in an urban rapid transit
system?

What would be the best method to conned passengers with supersonic air-
craft destined for distant points? For instance, an SST flight originating
in Los Angeles might be serviced by rapid transit from Pasadena, and by
short-haul aircraft from Las Vegas.

Automatic operation of automobiles on the highway (with operation by
their drivers in the city) may be a feasible method of controlling high-
speed traffic.

How can smaller commercial and private airplanes be soarated at the
airport from the large, high-performance aircraft, while maintaining acces-
sibility for all types of aircraft?

California's contract with North American Aviation is one instance of the use
of systems analysis hi transportation. Here are some other investigations that
are under way.

Stanford University's Institute in Engineering-Economic Systems has devel-
oped a mathematical model to aid northeast Brazil in making intelligent deci-
sions about its transportation priorities. The model includes a regional analysis
of the key factors involved in the investment decisionfood demands ; current
and projected consumption and production statistics; nutrition and diet ; relative
costs of transport by truck, rail, and water ; and alternate routes and inter-
changes for various commodities.

More important in some respects than the Institute's conclusion that the
region's top priority should be the construction of new farm-to-market roads is
the information acquired from the model for use in related projects of agricul-
tural planning. foreign exchange needs, and nutritional supplements. In addi-
tion, the model has wider applicability, as a report of the Institute states :

"The more fundamental benefit of systems analysis is the development of tech-
niques of wide applicability, in addition to that of answering questions in specific
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countries. Therefore. the present muiiel le defined at a level of abstraction which
allows application to transportation in other geographic regions. Whether these
applications can be made easily depends on the state of data collection in the
region of application, although the data required are not extensive, compared with
planning models in general."8

The Tri-State Transportation Committee, composed of representatives of New
York, New Jersey, Connecticut, New York City, and tin ee federal agencies, has
assembled over the years a vast data bank. Using the data, the group sets un
models simulating future land development, travel patterns, and loads on high-
way and =WS transit facilities. The models help in evaluating alternative trans-
portation networks for the area.

Under contract with the federal government, the Texas Transportation Insti-
tute and the Raytheon Company are evaluating the traffic control system on the
John C. Lodge Freeway in Detroit, and recommending ways to improve it. This
is a good example of pooling of resources whi t often permits more effective
work than is possible in a government or single-enterprise operation. TTI, an
arm of the Texas A&M University, is skilled in traffic theory and analysis and
traffic control and operation ; Raytheon is experienced in systems engineering
and evaluation, providing ground instrumentation, and electronic surveillance,
command, and control systems. This use of consortia for public problem solving,
also advocated by the AID task force mentioned earlier, is a technique that
should be more fully explored.

The Skylounge project in Los Angeles is an interesting Illustration of an
effort to interrelate various modes of transportation. No fewer than six com-
panies are taking part in the experiment sponsored by the City of Los Angeles
Airports, with financial assistance from two federal agencies. The project is
working with "pods" having a capacity of 40 or more passengers, that are picked
up at collection points by helicopter and flown to the airport. Under their own
power the pods collect and distribute passengers at each end of the flight.

These and other projects, such as the Bay Area Transportation Study in San
Francisco, indicate the extent to which new management tools can increase our
capacity for analysis and planning despite limitations of time, manpower, and
money. They also suggest something of the variety of tools and types of man-
agement organization that can be brought to bear on our public problems.

CALL TO ACTION

This ferment of activity can be found in other areas, such as pollution control,
waste management, education, and health services. But we should not make the
mistake of assuming that all of the studies and experiments will be productive
or that they will receive the kind of attention they deserve. There is still a
considerable gap between the concern and enthusiasm of those actively pursuing
systems analysis solutions to public problems and that of the highest national
policy makers. This makes it imperative, in my judgment, to push the Public
Management bill and related legislation.

It would be a mistake for us to put more end more public funds into programs
that are inherently incapable of achieving their stated goals. Whatever the
present limitations of our knowledge and experience in systems analysis for
the nondefense sector, I think we must make a major national commitment to
explore fully the exciting possibilities that this approach presents for an effective
attack on major social and economic problems.

As we have done so often in our history, we must turn to the personnel and
tools of Or) private sector to bring our public goals within reach. I hope that
the business community will make the same kind of commitment to progress.

It is clear that business need not waitand in many cases is not waitingfor
Congress or the Executive Branch to take the initiative in bringing systems tech-
niques to bear on public problems. A number of unsolicited proposals have been
made, and if recent indications are any guide, there is much more going on in
private industry than we know.

I have recently seen a proposal of the Sperry Gyroscope Company, a division of
Sperry Rand Corporation, for a demonstration project to develop, program, and
operate a Nassau County, New York, computerized welfare information center

Roy E. Lave. Jr. and Donald W. Kyle, "A Systems Study of Transportation in North-
east Brazil" (Stanford, California, Institute in Engineering-Economic Systems, Stanford
University, Report DPS-1, March 1966). p. 29.
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which. uses systems analysis techniques. Sperry has declared its willingness topay a portion of the cost of the proposed center and is currently seeking govern-ment support for it.

The attractions for business in this field are several. First, there is the profitmotive, and the federal government of course should make certain that itsprivate partners are sufficiently compensated. Then there is the chance forlarge firms to diversify, and possibly find and open up new "civilian" markets.Finally, there is the opportunity to take maximum advantage of the heavy in-vestment already made in manpower and equipment necessary for systems tech-niques. This is particularly important for companies holding substantial defensecontracts ; the war in Vietnam has only temporarily postponed problems of con-version from defense to civilian production.
Companies need not themselves acquire systems capability. : sing teamtechniques, such as the one involving the Texas Transportation Institute andRaytheon, or through acquisition, the substantive and systems capability can belinked effectively.
It is conceivable that the potentially enlarging "public market" will mean morethan government contracts and loans to American industry. Many commentators

have speculated that private firms in the future might operate even such tradi-tionally public services as refuse collection and educational institutions on a for-profit basis. We have recently heard support for Comsat-type organizations to
tackle We problem of urban slums and to coordinate the increasingly complex
set of business-eprPrnment relat onships.

Some of those developments are far in the future. They all involve an elementof risk and a great deal of intellectual and physical reorganization. This is-none true oft overnment than of business because of t-liz glaring deficiencies in
the federal government's current capacity to deal with complex modern problems.

This brings us back to the problem of communication. If the new partnershipis to be effective, social scientists must disabuse themselves of the notion that thebusiness community lacks compassion ; and business must demonstrate that it isas willing to work with social scientists as with generals.
As is clear by now, I do not see these new trends as a threat 19 traditional

values. We will not be dominated by computers if we have sensitive men and1- omen under wise supervision programming them. Nor will the new govern-ment-industry partnership lead to greater centralization. On the contrary,greater decentralization would be the product of putting more responsibility fordecision making in private and local hands. Indeed, it is not even unrealisticto foresee big government getting smaller!
What is needed most of all is a willingness on the part of all sectors of oursociety to keep an open mind about the shape of the future. We have within ourgrasp the means to shape an American society with a quality to match its pros-perity. Let us have the wit to use them.

Of intereat in Connection With This ArticZc
"The accelerating rate of scientific and technological advance has permitted the

levying of national requirements of fantastic complexity. Lunar exploration,though perhaps the most dramatic of these, is but one such complex system.
What has all of this to do with the future of our great cities? What has it to dowith the role of a civic-minded man who is a lawyer, a banker, a teacher, or abusinessman can play in his community's future? Simply this. Much of whatlies ahead is no mystery. We know much of what the future will bring in terms
of problems. We know they will be big, complex and serious. And we know
what many of them are. Theme problems represent the givens. We know theywill be thereand we know they will overwhelm us if we do not find the means
of coping with them. What we lack, thus far, is conviction that there is a meansof getting hold of them. They seem so staggering in their size and complexity
so far beyond the capability of any single institutional segment of the community,public or private.

. . . And they are so interrelated that to proceed to try to solve any one of
them in isolation from the others is often to create more problems than are solved
by the effort. The dilemma thus presented has so far frustrated most efforts to
come to grips with these problems. This condition of paralysis need not obtain.None of the . . . challenges lies beyond our already existing capacity for coping
with them. The tools pre already at hand ; and included in those tools are not
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only the technological capabilities but experience in systems management and
systems analysis as well as proven patterns of joint public and private effort."

Karl G. Harr, Jr., President of Aerospace Industries Association, In a speech
before the Rotary Club of Philadelphia, Septet ber 15, 1965.

HIGHLIGHTS OP THE SYSTEMS ANALYSIS QUESTIONNAIRE

By Dennis W. Brezina and Louise Becker, Science Policy Research Division,
Legislative Reference Service, Library of Congress

QUESTIONNAIRE ON SYSTEMS CAPABILITY AND AOTIVITY . THE REGIONAL, STATE,
AND LOCAL LEVELS

During the last three years, a period which covers the 89th Congress and part
of the 90th Congress, the Special Subcommittee on the Utilization of Scientific
Manpower of the Senate Committee on Labor and Public Welfare has conducted
four sets of hearings on the "systems approach". The purpose was to arrive at
a legislative solution to the problem of expanding and implementing the use of
systems analysis and related techniques in the domestic sector of our nation.
The proposed legislation, designed to effect this extension, met with strong en-
thusiasm and support :As the hearings progressed the Subcommittee came to
understand clearly the scope of present systems activities and the need for ex-
panding and refining the activity at the Federal, regional, State, and local levels.

To supplement the information received at the hearings the Subcommittee,
with the aid of the Science Policy Research Division of the Library of Congress,
prepared a questionnaire on systems capability and activity that was sent to
State governments, selected cities, and regional development groups. (Sample
questionnaire appears as Figure 1) In the letter sent with the questionnaire
Senator Gaylord Nelson, Chairman of the Special Subcommittee, noted that the
intent was

".. . to gather comprehensive data on the current experience of our states and
large cities with these techniques."

He went on to elaborate :
"... Efforts at defining "systems approaches" have not been very successful for

the term covere a broad range of related concepts and techniques, from the De-
fense Department's refinement of performance budgeting concepts to the use of
computers for information handling. The subcommittee, however, is particularly
interested in techniques for the analysis of problems facing government and the
development of alternative policies toward their solution. We are interested
in finding out to what extent such analyses now are being carried out at the state
and local level, who is doing them, how effective they are in helping with real
pr:,oferns and what experience at the local and state level suggests as the best
way to proceed from here."

The questionnaire, despite minor limitations, succeeded in reflecting the sys-
tems capability of the responding States and cities.

Specifically the questionnaire identified :
1. The planning and program areas in which the systems approach was

being used.
2. The type of performer: in-house or out-of-house group.
B. Source of support : Federal or other.
4. Function and position in governmental structure.
5. Degree of benefit : measurable, too early to assess, etc.
6. Total cost.
7. Possible approaches for new Federal legislation.

Of the 50 states, 22 cities and 5 regional development groups queried, 81%
replied. The responses indicated a variety of activity from virtually nothing to
accelerated efforts that were integrated into the decision-making process.2 Re-
gardless of present commitment, whether slight or significant, the attitude to-
wards systems analysis generally was one of eagerness to move ahead. Inten-
tions to create, develop, and refine capabilities as well as the desire to enter
into cooperative efforts were reflected. This signifies a growing interest in de-
veloping new processes to achieve a higher quality government.

Highlights of the questionnaire follow. The data accumulated from the 46
active respondents of the 63 total respondents are presented here as three tables

1 Note : Absence of reply does not necessarily mean a lack of activity.
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and one chart. While no final conclusions have been drawn, apparent trends
may be noted.

FIGURE No. 1

SYSTEMS ANALYSIS QUIDOTIONNAIRI)

I. Indicate whether a systems capability exists within your staff (in-house) or
whether you rely on outside consultants (out-of-house):

in-House Out-ofHouat

7. xi-Profit University Industrial Fed. Gov't.
MANAGEMENT ACTIVITIES

1. Planning & Policies
2. Personnel Management.
3. Interagency Activity
4. Mgt. Standards & Con-

trols
5. Equipment Selection
6. Procurement Activity..

PROGRAM AREAS

7. Legislatures
8. Courts
9. Financial

10. Taxation
11. Education
12. Health and Hospitals
13. Crime and Corrections
14. Transportation
15. Urban Renewal &

Growth 10 Mil AO

16. Science & Research Pro-.
motion

17. Natural Resources
18. Pollution Control.
19. Parks & Recreation
20. Regulation of Commerce,

etc
21. Labor & Manpower

Services
22. Utilities & Enterprises_.._
23. Welfare & Anti-poverty
24. Social Security and

Veterans..
25. Other

Nom-4n answering questions II and V below, please use the numbers found
in question I which denote specific management activities or program areas;
for example, #18 is for pollution control. A. maximum of 5 such areas may be
indicated for each part of questions II and V.

II. In which types of activities (as listed above) does your in-house capability
have sufficient size and experience to:

A. Conceptualize systems require-
ments and a technical approach_

B Monitor the work of a design or
implementing group

C. Analyze current conditions and.
design now approaches

D. Implement now procedures and
techniques

E. Evaluate innovative projects
and equipment use

F. Initiate corrective action as
needed
76-51.0--67 24

LW Not. from Question I.
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How has your in-house capability been organized?
A. Special advisor for systems analysis or operations research
B. Line department for systems (or program) development
C. Assistant for Planning-Programming-Budgeting
D. Computer programming group
E. Automatic data processing facility
F. Other

IV. How much money has been spent during 1966 for systems analysis and
design?

A. In-house B. Out-of-house
$0-100,000
$100,000-250,000
$250,000-500,000
$500,000--1,000,000
61,000,000-2,500,000
Over $2,500,000

V. Referring to the list of activities contained in I. (above) how useful have the
systems approach innovations proven to be?
A. Measurable

benefit.,
B. larginal

benefit..
C. Too early to

assess
D. Negative

value
E. 'Unknown

VI. Federal legislation should provide your government establishment with
support through:
A. Consulting services_
B. Direct financial subsidy_
C. Matching funds_
D. Training support_
E. Enabling legislation__
F. Other

Chart No. I, "Indications of Systems Analysis Capability by Function," de-
picts State and local groups engaged in systems analysis activity and dis-
tinguishes between those activities that are served by in capability,
out-of-house (e.g., contractor personnel), or both. The level of activity of each
respondent and program category is indicated. (No"E.Only respondents that
indicated activity on the Systems Analysis Questionnaire are included.)
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Table No. 1, "Percentage of Active Respoidents Employing the Systems Ap-
proach by Function," condenses the data displayed in Chart No. 1. The 24 pro-
grams are grouped into 5 broad functiong. They are arranged in descending order
of involvement. (The percentage liguren here are based on the number of re-
spondents envy' in a specific program tti4 compared to the total number of active
respondent.,.) die systems approach is used most frequently in management and
related activities (77 percent) while legal and regulatory functions apparently
are areas of least activity (40 percent.)

Table No. 2, "The Level of Activity of States and Cities Engaged in Systems
analysis," groups the states and cities according to the numbers of functions in
which the systems approach 13 used. It shows a contrast betwr ?n the two types of
governing bodies. The states are concentrated either at a high or moderately
high level of activity or they are concentrated at a low level of activity. The
opposite is true for the cities where clustering is around the moderate level of
activity.

Table No. 3, "Funds Expended on Systems Analysis," displays the reported ex-
pendit area to each state, city and regional development group for their systems
activities. The states are separated from the cities and regional groups.

TABLE No. 1.Percentage of active re8pondent8 employing the systems approach
by function. (46 active respondents)

I. Management and relatul activitiesoverall percentage 77
Planning and policies.
Financial.
Equipment selection.
Personnel management.
Taxation.
Procurement activity.
Interagency activity.
Management standards and control.
Overall percentage.

II. Services and transportationoverall percentage 60
Transportation.
Utilities and enterprises.
Overall percentage.

III. Social and economic developmentoverall percentage 57
Crime and correction.
Education.
Welfare and anti-poverty.
Health and hospitals.
Urban renewal and growth.
Pollution control.
Social security and veterans affairs.
Overall percentage.

IV. Utilization of resourcesoverall percentage .. 51
Parks and recreation.
Labor and manpower services.
Natural resources.
Science and research promotion.
Overall percentage.

T. Legal and regulatoryoverall percentage 40
Legislatures.
Regulation of commerce.
Courts.
Overall percentage.
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TABLE No. 2.---Number of States and cities engaged in systems analysis efforts
by level of activity

PfflmIllmegmegemge-aewelNI.,

Ler el of activities Number of
States

Number of
tics

Iligh level (20 to 25 program
Moderately high level (15 to 19)
Moderate level (10 to 14)
Low level (1 to 9) _____ 0411row.

9
7
4
5

6
3
7

TABLE No. 3. Funds expended by States and attic,' on systems analysis in 1966
States:

1. New York -----1 $4, 250, 000
2. Oklahoma ------ 1 1, 800, 000
8. Pansylvania 11 125, 000
4. Wisconsin 1550, 000
5. Connecticut 375, 000
6. Maryland 1850, 000
7. Massachusetts .10=11=0111 1850, 000
8. Texas 2 850, 000
9. West Virginia 11101Ww1= 350, 000

10. Alaska 260, 000
11. Rhode Island 1 225, 000
12. Kentucky 225, '4,0
18. Missour! 1175, 000
14. Florida 1175, 000
15. Utah 1175, 000
16. Washington 100, 000
17. South Dakota 1100, 000
18. North Dakota 150, 000
19. Wyoming 1 50, 000
20. Delaware 50, 000
21. Iowa '50,000
22. Ohio 2 7, 500
23. Hawaii (5)
24. Illinois (I)
25. North Carolina __ (I)

Subtotal 11, 142, 500

1 Estimated average figure.
*Stated figure.
"Not indicated.
4 Not available.

Re S. 430 and S. 467.
Hon. GAywan NELSON,
Chairman, Special Subcommittee on Scientific and Technical Manpower,
Committee on Labor and Public Welfare,
U.S. Senate, Washington, D.O.

DEAR SENATOR NELHON : In response to your invitation I should like to submit
y comments on 8. 430 and S. 467. tour committee has been performing im-

portant work through its efforts at grappling with the major problems of our
technological society, how to harness technology to fulfill the commandment
"replenish the earth and subdue it."

Enclosed is a copy of my study proposal, "Creative Federalism, Public-Private
Collaboration, and National Needs in Research and Development", which
should like to submit for the record. The thesis is that research and develop-
ment using the "system approach' :equires appropriate institutions on the
national level in order (a) to develop national programs in the problem areas
of "education, unemployment, welfare, crime, juvenile delinquency, air pollu-
tion, housing, transportation, and waste disposal", (b) to select the research and
development resources, and (c) to evaluate the progress of the program. It is

Cities and regional groups:
1. Baltimore
2. Philadelphia
8. Port Authority of

New York
4. Los Angeles
5. New York City
6. Chicago
7. Mississippi Re-

seareh and Devel-
Center

8. Cincinnati
9, San Diego

10. Denver
11. Pheonix
12. Atlanta
13. Detroit
14. Kansas City
15. New Orleans
16. Houston -
17. Cleveland
18. Buffalo
19. Pittsburgh
20. Green Bay
21. Seattle -----

-----

$2, 075, 000
2, 500, 000

11, 975, 000
1, 975, 000

1 800, 000
1550, 000

1875, 000
810, 000

1225, OM
175, 000

1100, 000
2 100, 000
1 100, 000
1100, 000
1100, 000

"66, 000

('50,
000

)
(2)
(I)

0

Subtotal 11, 326, 000

Grand total Imp MO MI 22, 468, 500

WASHINGTON, D.C., January 80, 1967.
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1, xe thesis that a successful institution coping with public-private problems and
with governmental jurisdictional problems already exists as a model for newinstitutions.

To be consistent with my paper, I shall have to assert that S. 430 is premature
because the institutions to manage effectively the pursuit of its worthwhile
purposes do not yet exist. I would therefore not favor its enactment at this
time.

On the other hand S. 467 proposes to study the ner.ds for and the character-
istics of such institutions. My paper proposes a study program such as the
Commission might wish to procure. $500,000 is certainly more than adequate
to operate the Commission and to procure such a study during the first year.
Thirty months seems adequate to reach conclusions which would make S. 430
timely.

A Commission of this importance calls for individuals experienced in R&D
management. Outside the government they typically receive compensation in
excess of $150 pee diem. An increase of the allowance in S. 467 from $75 per
diem to the $100 per diem authorized in H. R. 20 would seem to be in the national
interest.

I would recommend adding in Section 1 of S. 467 after the word "education"
in line 7 the words "air pollution, housing, transportation, waste disposal," and
would favor enactment of the amended bill.

Most respectfully yours,
JAMES B. HODGSON, jr.

Enclosed : Study Proposal.

CREATIVE FEDERALISM, PUBLIC PRIVATE-COLLABORATION AND NATIONAL
NEEDS IN RESEARCH AND DEVELOPMENT

By James Hodgson, Consultant, Operations Research, System Engineering,
Washington, D.C.

ABSTRACT

This paper examines, first, organizational measures by which the fed-
eral government can foster the elective guidance of research and devel-
opment efforts within both its direct and indirect concern, and, second,
ways through which the federal government (cooperating with the
other governmental levels and the technical community) can further
encourage the support of research and development in these area.; by
non-appropriated funds through various tax incentives.

It uses the successful experience of the Highway Research Board
under the National Academy of Science and the National Research
Council during the last forty years at enlisting the efforts of government
officials at all levels, of academic personnel and laboratories and of
itirl,,stry in general in a broad program.

It proposes a study to analyze the useful lessons and apply them to
critical problem areas such as transportation, communication, informa-
tion, environment design, pollution control, education, and societal
engineering.

THE PROBLEM

As technology progresses it becomes increasingly apparent that the federal'
government is becoming a more active partner with the academic and technical
community and with industry. Resources are continually being exploited and
strained whether it be a mineral and biological resource, space, pure air and
water, capital, organization, vr brain-power and talent. Classic economic prin-
ciples of competetive distribution become less attractive as the sole regulatory
device, even when ameliorated by tax stimulated endowments ; however, neither
has centralised regulatory aut.iority proven to be a flexible, creative influence.

The federal government hats shown increasing concern for discovering national
needs for research and development, for guiding the technology into more fruit-
ful paths, and to overcome some of the developing crises before they reach the
acute stage. There are many such crises : the information explosion, the trans-
portation mess, urban sprawl, environmental pollution, education, and public
welfare, to name only a few. Since the establishment of the National Academy
of Science by Congressional charter under President Lincoln and the organiza-
tion of the National Research Council under President Wilson, there has been.
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a proliferation of public agencies and organizations which have devoted direct
attention to performing or sponsoring or at least to providwg stimulus and
guidance to the technical community engaged in research and development.

As the technology has developed and the industrial establishment has become
more complex and all embracing, the adoption and enforcement of industrial
standards and specifications has become increasingly difficult and critical.
Governmental agencies can adopt such standards for items of government pur-
chase, but frequently these standards do not achieve industrial acceptance.
Recent notable examples have occurred in motor vehicle safety and air and
water pollution. Standardization in information processing has only been
achieved where a single comm:,.ecial corporation has dominated. The imposi-
tion of standards by executive flat meets great legislative resistance despite
the urgency of solutions.

CONSTRAINTS ON SOLUTION'S

The basic constraints on any effective solution to these problems stem fromthe need to take two trends into account : (1) the interest and demand for crea-
tive federalism and (2) the need for public-private collaboration.

To be effective any solution must provide for a low of information and ad-
vice to and from the expert segment of the community and must link it openly
and professionally with the executives and the resources which guide research
and development efforts.

Any centralization of responsibility on an executive authority in the federal
government (except for the spending of federally appropriate R&D funds) meets
with natural opposition from state, regional, and local governmental and from
industrial sources. The designer of a structure to solve this problem must pro-
vide for a broadening of the councils and an organizational flexibility which
can accommodate to shift of influence. At the same time the organization must
not interfere with the effective and responsible operation of governmental agen-
cies charged with R&D management.

Any proposed solution which does not foster and stimulate R&D activity in
the private sector (and especially the generous flow of private capital into R&D)
will be plagued by the instabilities of the political process. It must result in
collaboration between the various public and private agencies at all phases of
the R&D cycle.

HYPOTHESIS

This paper suggests as an hypothesis that the Highway Research Board has
a unique set of characteristics which make it a model for the organizational
invention required to foster and guide research and development in a broad
spectrum of applications or problem areas. HRB has been a major reason for
the success of the US highway programs over the last half century (and, ironi-
cally, a cause of the current transportation crisis), and suggests that it be studied
together with other vehicles for managing research and development, that these
studies then be extrapolated to the proposed problem areas, and that the alterna-
tives be evaluated from the aspects of cost-effectiveness, including encourage-
ment of private support, furtherance of research and development programs,
and effectiveness and success in obtaining the advice of mature judgment and
encouraging bold innovationin getting the Old Hands and the Young Turks
into the same panels. It suggests that the other mangaement methods have
flaws and fail to satisfy all of the constraints.

THE HIGHWAY RESEARCH BOARD AS A MODEL R&D COORDINATION VEHICLE

Among the important characteristics of the Highway Research Board appears
to be the fact that it wears the mantle of prestige of the National Academy, but
at the same time is open to membership from individuals with some competence,
responsibility, or interest in its areas of concern. It has greater prestige than
comparable professional societies (or than the Building Research Institute, a
sister organization which was spun off from the Academy in 1962) and also has
official status as an advisor to the federal (and state) government. Further-
more, it provides a vehicle for merging funds and interest from both the public
and private sectors into a coordinated research and development program and
can enlist the best (and donated) efforts of the scientific and technical com-
munity on a continuing basis.

If we define the research and development cycle as including the following
five phasesprogram definition, task definitions, budgeting, contract manage-
ment, and reportingthen the HEE model shows a way of achieving a high

1
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degree of participation in each. In program and task definition it provides aforum for encouraging discussion and probing, the analysis and recognition of
needs for research and development. In budgeting it can aid legislators, admin-
istrators, and workers by evolving priorities among various program and taskphases. It can aid contract management by providing the public forum where
contract managers are exposed to the scientific and technical community, wherecapable ones can achieve professional recognition, obtain technical guidance andadvice. Both through its committee structure and its publication and informa-
tion service programs and meetings, it serves reporting by disseminating the
results of research and by furnishing a forum for the critique of these methods
and results and the correlation of the findings and achievements into the body
of scientific and technical knowledge and experience.

These functions, it may be argued, are currently served by the professional
societies, by general problem oriented conferences, by the literature, by theNational Academy and its advisory committees, by other advisory committees
appointed by executive agencies charged Nv4 R&D responsibility, and by theaccumulation of expertise in executive 14 cies and in their government
laboratories.

The justification for the proposed study is that all of these vehicles lack oneor another of the proposed desirable characteristics exemplified by the HighwayResearch Board. The professional societies have only academic authority, and
they can be sometimes convicted of professional bias. General problem orientedmferences may aid in program and task definition and reporting; but unlessthey have a permanent secretariat, they depend primarily on the sponsor for anyimpact. The public literature may aid both contract management and report-ing, but is a very unresponsive, conservative forum. The weakness of theAcademy lies in the vastness of the demands made on its limited membership.
The Academy is not a forum where, to quote the Executive Director of the High-
way Research Board, "Old Hands are jacked up by Young Turks, and YoungTurks are knocked down by Old Hands." The innate tendency of academies
is conservative, and the wide demands on the time of the members precludesadequate study of any but the most crucial problems. Similarly the difficulties
with advisory committees appointed by governmental agencies (whether themembers are remunerated or not) lies in the sometimes inadequate preparation
of the members, and inbred and nurtured biases. The danger of biases whichreinforce each other is ever present in executive agencies and their governmentlaboratories (and in academic institutions and industrial laboratories too) whenthey themselves manage or perform research and development.

It is very difficult to achieve the desirable balance between openness to innova-tion and critical rigor within any organization except where the controllingdynamics are the scientific and technical self-discipline of the public forum ;but this characterizes the strength of the Highway Research Board. The ad-vantages of its structure and position within the framework of the NationalAcademy of Sciences and National Research Council have been characterized byWilliam N. Cary, Jr., its Executive Director, as follows :
1. As a subsidiary of the NAS-NRC, the HRB prestige is adequate to achievefull participation by the academic community. Deans view participation bytheir faculties as a worthy academic function.
2. The management structure of the Academy and NRC provides a rubstantialinsulation against the pressures of member and contributor organizations,whether they be professional societies, government and industrial bureaucries,or stockholder interests. The term "Highway" in the Board's name has beena problem more because of its restrictive implications than because nefariouspressures from highway interests.
3. Since moneys can be transferred by the agencies of the federal governmentto the National Academy of ScienceNational Research Council with fewer andloose management controls than permitted by other federal contracting proce-dures, programs can be funded and managed more expeditiously.

DESCRIPTION OF THE ERB

The Highway Research Board was organized. in 1920 as the Highway Ad-
visory Board "to secure cooperation among existing agencies, to coordinate
their work into a national research program, and to make results widely avail-
able, so as to put road-building on a scientific, engineering, and economic basis."
It has since achieved wide participation by the academic community, members
of industry, and government officials. There are currently 1700 individual sup-
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porting members a ad some 175 organizational members. The membership is
quite unrestrictive in that "Individual Supporting Members , . . may be persons
engaged in research relating to highways or transportation, or whose activities
are educational in character, or who are simply interested in technical develop-
ment. Such membership 18 subject to approval by the Executive Committee
and the affiliation remains in effect as long as dues are paid or until termination
through resignation or by the Executive Committee." The fee of $25.00 annually
'covers primarily the cost of publications distributed to members suit as High-
way Research Abstracts, Highway Research News, and those in the members
interest area from the large number of special publications. Organizational
Supporting Membership categories include federal, state, and local governmental
membership, educational and research institutions, professional societies, service
crganizations, transportation agencies, trade assoeiations, industrial and con-
sultant memberships, and foreign governmental and foreign non-governmental
memberships.

The structure of the HUB permits it to undertake limited studies with its own
'staff, and to supervise contracts. It organizes annual meetings, and by its com-
mittee structure aids in problem finding, research program review, program
definition, and the criticism and dissemination of research results. A major
function is the Research ('lrrelation Service which has at its deposal an auto-
mated highway informatiaa system.

The regular program services fit within an annual budget of roughly $1.5
million of which some 27% represents overhead charges which are consolidated
under NRC administration. In addition I1R13 administers the $3 million Na-
tional Cooperative Highway Research Program. The FY 1908 budget for the
,regular functions of the Board will reach $1.507 million with $957,000 contributed
by the various State Highway Departments, $32:3,000 from the Federal Bureau
of Public Roads, plus $287,000 miscellaneous funds repre.4,nting membership
dues and the proceeds from the sale of publications. The NOIIRP administered
by the Board is funded out of the 1.5% research funds authorized the states
under the Interstate Highway Program. The NCIIRP compe Hes about 75 proj-
ects. The dollar value of contracts awarded by IIR13 has bee.), distributed 44%
to universities, 25% to non-profit institutes, 23% to consulting firnis, 7% to com-
mercial firms, and 1% to industrial firms.

NRC SISTER ORGANIZATION

There are many other committees, board, organizations, ete., which are super-
vised by the National Research Council. Among these are several interdis-
ciplinary boards funded by the National Science Foundation, such as the Geo-
physics Research Board in the Office of International Relations and the Pacific
Science Board and the Space Science Board. The only two organizations, how-
ever, which receive substantial support from the private sector of the economy
have been the Highway Research Board and (prior to its (Association from WAS
NRC in 1902) the Building Researeh Institute each of which then received dues
in a value of about $100,000.

SIGNIFICANCE OF THE CONCEPT

Publie, industrial, and government concern for research and development in
scientific and technologieal fields has been growing rapidly as reflected by the
many conferences, meetings, articles, projects, and congressional hearings. [See
Senate Committee on Government Operations, An Inventory of Congrenionai
Concern with Research and Development. 1900.3 More direct reliance is being
placed by both the executive and legislative branehes of the federal government
on scientific advice In developing policies to cope with incipient crises in trans-
portation, environmental pollution, education, and social and economic struc-
ture. The Highway Research :Board is unique among the public bodies whieh
have been providing consultation either directly to the Congress or indirectly
through the creation of a forum by whieh the congressional witnesses have re-
ceived their prior education, and by exploitation of the forum have evolved gen-
erally acceptable legislative proposals. The Highway Research Board has had
almost unnoticed success. It has achieved construction cooperation despite the
diversity and conflict of interests among different fet eral agencies, among fed-
eral, state and local counterpart agencies, between government agencies and in-
.dustry, among the various disciplines involved in transportation, and most re-
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eently even between the proponents of rail and highway transportation modem so
that "integrated transportation systems" are actually reflected in plans and
programs.

At a time when the new Departments of Housing and Urban Affairs and of
Transportation are embroiled in the solution of the dilemma of the charter for
support of rail transportation research aria development, the Highway Research
Board concept (perhaps as a Guideways neeearch Board) suggests solutions to
many of the charter problems.

Similarly water and air pollution have been recognized as an oncoming crisis
with a technological basis and a need for research and development. The prob-
lems, however, cut across the lines of such diverse Departments as Health, Edu-
cation and Welfare, Housing and Urban Development, Transportation, Interior,
Agriculture, and Commerce. There is a jealous guard in every locality and
region and every industry against federal controls. So complex is the problem
and so divergent are the opinions and so little is known that the congressional
committees who bear the responsibility for legislation find it necesrary to review
research and development, to perform technological forecasting, to awes eco-
nomic impact of proposed alternatives. This is an infeasible procedure which is
saved from disaster only by the personal commitments of the legislators and
their staffs and witness to work for a satisfactory compromise among the myriad
of conflicting interests and concerns.

Information processing and documentation technology has been exploding into
anarchic self-defeat. Attempts at setting industry or government standards
for programming languages or equipn.ent have been scarcely more successful
than bowing to the acknowledged industrial leader. Applications in libraries,
abstracting service, "management information systems", etc., have run into com-
plex standardization and development management problems affecting virtually
every business and government ageney and academie institution.

In view of the current interest at the federal level in organization studies
prompted by the establishment of two new cabinet level departments, the reorgan-
ization of IIEW, and the activity by the Bureau of the Budget in establishing the
Planning, Programming, and B'idgeting system throughout the executive branch
of the government and the special attention now being devoLed to PPB controls
over research and development moneys and programs, a study to review the ex-
perience of the Highway Research Board and to extrapolate this experience to
the comparable problem areas stems appropriate.

PRO 'OSED STUDY OUTLINE

It is proposed that the problems outlined above be examined under the direc-
tion of the Director of the Budget and the President's Science Advisor on a
federal scale. It is suggested that the study be limited to examining research
and development in the applications oriented (rather than discipline oriented)
mode. It is proposed that this study exclude consideration of basic, discipline-
nrienti.d research such as is sponsored by the National Science Foundation.

Objective. To inipmve the effectiveness of research and development in rela-
tionehip to applications orientation in areas critical to the national interest, but
not sensitive to considerations of national security in the military sense, or iii the
usage of the Denartment of State.

Seope.To analyze and deseribe experience of the federal government and
the National Academy of Science and similar organizations in the review and
management to research and development programs in such applications areas as
transportation, communications, information technology, pollution control, educa-
tion, and social and economic structure, to evaluate the strengths and weaknesses
of the various organizations and methods, to make recommendations as to the
alternatives and preferences, and to outline methods of implementation.

Phase Concept Study to Characterize and Compare R&D Management
and Review Methods Opel' to the National Establishment.

Taak, I: Characterize and identify R&D management and review methods :
[Examples]

a. Bureau review and management.
b. Bureau review supported by appointed committees of experts serving

either with or without compensation ; Bureau Management.
c. NSF committee review, NSF management.
d. NASNRC committee review, Bureau management
e. isoall review and management
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Task 2: Compare each method reported wader Task 1 and evaluate for the
following :

a. Ability to recruit (and cost) from the scientific and engineering com-
munity measured by representation as a function of personal prestige, com-
petence, and openness to significant participation by "young Turks" and to
innovations.

b. Impact on programs (considering charters, missions, procedures, mo-
tivations of participants from various levels of government, industry, and
the general public.

c. Funding techniques and resources including tax incentive structures,
potential rate benefits, etc.

d. Program scope and development (innovation and project definition,
planning functions, review methods, authority and executive functions in-
cluding ability to redirect efforts, cancel, etc.)

e. Management structures and relationships.
f. Legal and fiscal basis.

Phase 11.An Implementation Study (addressed to one '4,, ),,,;. of the above
methods in technological or applications areas as authorizO 41h,F client)

Task 1: Goal definition :
a. Current and desired frameworks.
b. Organizational structure.
c. Operating rules.
d. Charter and Legislative requirements.

Task 2 ; Development plan, phases, and milestones :
a. Financial plan.
b. Personnel plan (staff and public membership).
c, Organizational plan (including charter, etc.).
d. Technical plan.
e. Public information plan.

APPENDIX

A GUIDEWAYS RESEARCH BOARD

(An organizational example)

BACKGROUND AND FRAMEWORK

The notion of a Guideways Research Board was chosen to illustrate the con-
cept of this paper for a number of reasons. First, expansion in the direetic 1 of
guideways research is already a desire .)f the Highway Research Board. Second,
there is an interdepartmental problem between the Departments of Transporta-
tion and of housing and Urban Development which could be alleviated by such a
Board. Third, until national legislation from 1992 to 1985 supporting rail and
rapid transit development came about, rail technology research and development
was embarassingiy retarded in comparison to European and especially Japanese
work. Fourth, the economic structure of the rail transportation industry and
its impact on the overall economy makes it a particularly likely candidate to
illustrate public-private collaboration. The industry has been slow about re-
eearch and development but can afford a very substantially funded program.

The proposed Board is chosen only as an illustration of the principle. It might
be preferable actually to rename the Highway Research Board replacing it with
a Transportation Research Board, or at least with a Land Transportation Re-
search Board, and simply evolve along the general lines sketched herein. The
analogies which can be drawn between the highway and the rail industries make
it easier to extrapolate a suggested organization than in the more complex appli-
cation areas of environmental pollution or education.

The proposed Guideways Research Board would function like the Highway
Researc. Board under the Engineering and Industrial Research Division of the
National Research Council. The National Research Council was organized in
accordance with Executive Order #2859, issued by President Wilson, May 11,
1918, and amended by President Eisenhower, May 10, 1956. Its functions include

"(a) In general, to stimulate research in the mathematical, physical and bi-
ological sciences, and in the application of these sciences to engineering, agricul-
ture, medicine, and other useful arts, with the object of increasing knowledge,
of strengthening the national defense, and of contributing in other ways to the
'public welfare.
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"(b) To survey the broad possibilities of science, to formulate comprehensive
projects of research, and to develop effective means of utilizing the scientific and
technical resources of the country for dealing with such projects."

The National Research Council is administered by a chairman who is appointed
by the Council of the National Academy of Science. The Executive Board of the
NRC includes the chairman and officers of NRC, the chairmen of divisions, and
ex officio the members of the Executive Committee of the Council of the NAS.
This NAS Council Executive Committee consists of seven members including the
President of the Academy, the Vice-president, the Chairman of NRC (providing
that he is also a member of the Academy), the home secretary of the Academy,
the treasurer, and other members of the Council as appointed by the President.
[Article U, Section. 9 of the Constitution of the NAS states : "Pursuant to the
Executive Order issued by the President of the United States, May 11, 1918, and
wit the duties therein specified, the Academy shall perpetuate the National
Research Council.9

The NRC is divided into the Office of International Relations, Divisions of
Physical Science, Mathematics, Engineering and industrial Research, Biology
and Agriculture, Anthropology and Psychology. If the proposal were carried
out, The Highway Research Board and the Guideways Research Board would
belong in the Division of Engineering and Industrial Research.

SCOPE

The proposed Guideways Research Board would be a cooperative organization
of rail and rapid transit officials, technologists, economists, urban planners, indus-
trialists, scientists and engineers operating under auspices and general manage-
ment of the NRC. Members would include officials of the Departments of Trans-
portation, of Housing and Urban Development, of Health, Education, and Wel-
fare, of Commerce, and of Agriculture together with members of regulatory
agencies, of state, regional and local transportation boards, authorities, and
agencies, of private transportation companies (operators and suppliers), of user
and trade associations, and of professional and service organizations interested
in transportation systems.

The Board would be empowered to receive, administer, and disburse public and
private funds for its legitimate operating purposes, for endowments, and for the
support of technical projects in furtherance of its purposes.

The ORB would be restricted to considering research and development in prob-
lem areas related to the location, design, construction, operations, maintenance,
promotion, and organization of guideway transportation systems near or on the
surface of the earth.

PURPOSE

The purpose of the Guideways Research Board would be to-
1. Provide a forum for the discussion of guideway transportation problems.
2. Identify and specify requirements for research and development related

to guideways.
8. Correlate and disseminate the results of research and development re-

lated to guideways.
4. Provide consulting services to requesting organizations in support of or

in /supervision of research and development programs.
5. Provide consulting services toward the formulation of national trans-

portation policy.
6. Administer and supervise such research and development projects as

are authorized it under the guidelines of the National Research Council and
following the administrative and contracting procedures of the National Re-
search Council.

SOURCES OF' SUPPORT

The sources of funds available to the Board for its regular operating expenses
and to support projects will include public grants, membership fees, and contribu-
tions toward research and development projects from industrial organizations
and trade associations, stimulated by tax and rate considerations. Direct sup-
port of specific projects by project-specific grants would be acceptable according
to the guidelines nod standards of the NRC. It should be noted that the Bureau
of the Budget permits less detailed bookkeeping and controls on federal funds
granted through the National Academy than normal procurement demands.
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ORGANIZATION

1

The participants in the Guideways Research Board would be either Individual
Supporting Members or designated representatives of Organizational SupportingMembers. Organizational, members would include federal, state, regional, andlocal, and foreign transportation and planning agencies, academic institutions,
industrial and consulting firms, and transportation operating firms and agencies,and trade, service, and professional membership organizations. Membershipwould be on application of qualified personnel and on approval of the ExecutiveCommittee of the Board.

The Executive Director, a fulltime paid post, would be a member ex officioof the Executive Committee. His appointment would require confrmation ofthe Executive Board of the National Research Council. A paid permanentadministrative and technical staff would be authorized under the budget ofthe Board, approved by the Executive Board of the NRC. This staff wouldsupport the research correlation and information service and provide a permanentsecretariat to the Departments, Divisions, and Committees of the Board.The members of the Board would be assigned to departments in accordancewith their general interests and backgrounds ; a possible list of departmentsfollows :
Economic Engineering Departmenteconomic, financial and administrative

studies, operations research, regional planning, route planning principles, safety
and performance analysis, test planning and standards, political and sociological
analysis and demography, public relations and motivational research, marketanalysis methodology, and total systems engineering.

Electrical, Chemical, and Mechanical Engineering Department.----vehicularand rolling stock design and standards including maintenance and construction
equipment, propulsion and power generation and distribution, braking, fothlance
and control, traffic control, passenger and freight handling, communications equip-
ment, ticketing and management system equipment, comfort and safety standardsand packaging and containerization standards, suspension system design and
standards, aerodynamics and stability.

Architecture and Civil Engineering Departnzent route planning consultation,geology, soils, road bed materials, guideway design and materials, overhead
structures, bridging and tunnels, terminal design, air rights structure design,route architecture, noise and pollution control, construction equipment andtechniques.

PROSPECTIVE NON-GOVERNMENTAL SUPPORT

The following list of trade and service associations is not exhaustive, but gives
some indication of the structure of the industry being aided and from which
contributions and support for the program of the Board could be sought.
American Transit Association, 355 Lexington Avenue, New York, N.Y. 10017.
Institute for Rapid Transit, P.O. Box 355, Merchandise Mart, Chicago, Illinois

60634.
Association of American Railroads, Transportation Building, Washington, D.C.

20000.
American Railway Car Institute, 200 East 42d Street, New York, N.Y.
American Railway Development Association, 1103 MO Building, Huntington,

West Virginia..
American Railway Engineering Association, 59 East Van Buren Street, Chicago,

Illinois 60605.
Railway Progress Institute, 38 South Dearborn Street, Chicago, Illinois 60603.
Railway Signal and Communications Suppliers Association, 30 Church Street,

New York, N.Y. 10007.
National Association of Shippers Advisory Boards, Transportation Building,

Washington, D.C. 20000.
National Industrial Traffic League, 711 14th Street, N.W., Room 909, Washington,

D.C. 20006.
National Small Shipments Traffic Conference, 919 18th Street, N.W., Suite 260,

Washington, D.C. 20006.
Transportation Association of America, 1710 II Street, NAB "., Washington, D.O.

20006.
Institute of Traffic Engineers, 1725 De Sales Street, N.W., Washington, D.C.

20006.
PortlaN1 Cement Association, 33 West Grand Avenue, Chicago, Illinois 60610.
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National Lumber Manufacturers Association, 1619 Massachusetts Avenue, N.W.,
Washington, D.C. 20006.

National Association of Home Builders, 1625 L Street, N.W., Washington, D.C.
20006.

Structural Clay Products Institute, 1520 18th Street, N.W., Washington, D.C.
20006.

Gypsum Association, 201 North Wells Street, Chicago, Illinois 60600.
Bituminous Coal Research Institute, Inc., 350 Hochberg Road, Monroeville,

Pennsylvania.
National Coal Association, 1130 17th Street, N.W., Washington, D.C. 20000.
National Fuel Oil Institute, 60 East 42d Street, New York, N.Y. 10017.
Rubber Manufacturers Association, 444 Madison Avenue, New York, N.Y. 10022.
Manufacturing Chemists Association, 1825 Connecticut Avenue, N.W., Washing-

ton, D.C. 20009.
National Plant Food Institute, 1700 X Street, N.W., Washington, D.C. 20006.
National Livestock Producers Association, 155 North Wacker Drive, Chicago,

Illinois 60606.
American Institute of Food Distribution, 420 Lexintgon Avenue, New York, N.Y.

10017.

Senator NELSON. That will conclude the hearing.
(Whereupon, at 12:35 p.m., the subcommittee was recessed subject

to call of the Chair.)
O


