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NOTICE

This report was prepared by Kram4r Associates, Inc. as an account of work
by the United States Govergment. Neither the United States nor

t United States Department of Energy, nor any of .their employees, nor
any of their contractors, subcontractors, or ttseir employees, makes any
warranty, express.otjmplied, or assumes any legal liability or responsibility
for the accuracy., completeness, or usefulness of any information, apparatus,
product or process disclosed, or represents that its use would not infringe
privately owned rights. .
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PRE4CE

\
'

When the oil embargo was' imposetion this country in 1973, the American

publiC became aware-of what many analysts had long known: an inexhaustible,
%-r-

cheap and ever dependable energy supply.could not be taken for granted.( New

sources of energy had to bCfound.and developed. Old sources had to be looked
, .1

atiwith fresh ideas on how they could better meet our needs. And all'sources.

had to be stretched by more efficien,ways of production, transmission and use

that would lower the rising rates of energy consumption that had characterized
4

American life for many years. 4
l

(

Much of what has to be done depends erg the success of science and tecb-.

nology in finding alternative supplies of energy and ndW ways of using all forms

6f energy more effectively. The Congress has increased the financial support

of research, deyelopment and demonstration efforts, and RD&D ftograms are i

',...
..

being developed along many lines aimed at improving the energy situation.'

41 this means that many-highly trained scientist , -engineers and technicians

have had to be recruited:
.

The critical role of highly-trained workers was recognized in the organiC

law that created the Energy Research and Development AdMinistration, and that
.

.

now-has become part of theorespo\nsibility and authority of the new Department
. . ,

.

oT.8nernv. That law specified the responsibility of

...helping -to assure an ado,quate supply of manpower for
the acComplishmentof energy research and development

s---7.kPrograms, by sponsoring and assisting in educat.kon and
training activities an institutions of higher education,

'vocational sch6ols and other institutions, and by assuring
the collection, analysis, and dissemination of nedessary
manpowe supply, and demand data. (13.L. 93-438, Title I,
Subsection 103'(10); emphasis supplied.)

To aid in discharging this responsibility for data collection, analysis
3

and dissemination, Kramer Associates, Incorporated (KAMsubmitted a proposal

to study the design of a manpower information systedto the Manpower Assess-,

ment Office in the Office of University Relations of the Energy Research and
o 0

4,Development Agency. 'ERDA subsequently co ss46p.."111,design a national

informatinn system on highlyskilled4an ower engaged in energy-related re-

seaich, development, and demonstration programs.

(J



Work began on this study in. 'the Spring of 1977. On October 1, tRDA's

4 functiong' were transferred to the new Department of Energy, which has broader

responsibilities. The need for information on RD&D manpower is cr.cial
4

0

enough'to warrant implementation of the inforthation system described in this

report at the earliest 09.?s,ible time, while at the same time'the potential
45

can'be considered forr'adapting this system to the broader) needs for information

on all of the, manpower required to complete the mission of the Department.

Kramer:Associates, Inc. is glad to acknowledge the cooperat3on of many

members of the:Depattment of Energy staff, including Norman Seltzer, Chief of

the'Manpower Assessment Office, June S. Chewning of.the staffl'of the Office,

Arthut SAltzmat,'Consultant, and the many officials we interviewed, who are/

listed.inAppendix D,. together with representatives of other organizations,
0'

for whose cordial_ cooperation in-providing inforMation we are grateful.

The KramerAssociates stiff who worked on'the Project are Robert W. Cain.,

Thomas J. Mills,' Herman Travis, and Harold Goldstein, Principal Investigator.

N Dr. John Enoch Johnson served as a consul.tent,on scientific matters And con-
.

ducted interviews with officialq of the DOE and of researdh.laboratories.

Mary Ann Power -Boyd was Research Assistant.

a
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Presidellt,

'Kramer AsSdciates, Inc.
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SUMMARY OF RECOMMENDATIONS

I. 4NERAL 11 OMMENDATIoN ,

1

_.i.. ..The avai, ability of scientAfic,,techlieal and skilled manpower for
1 r

Department! Energy/research% developmen4 and.demonstration programs can-
.

1

--,

not e,t'ake for granted,I DONE should make a positive I

ffort to -assure
I

!

/ this avail bility and shouldIA develop the capacity to m nitor the pr.asent

madpoyet
/

itUation and anticipIL future problems.'
.

/ , : 4 ____.e
/ 1

02. The present study is confined t energy RD&D manp wer, only a,pai-!t of

the 13/E s broader manpowereinterests Whileo.progra to implement the
/ .

1 . , i

e, .

manpow r in5ormation?systethifor RD&D shollild be initia ed now, a study

16o g'toward broadening the scope of the system des ribed here to in-

clud all- manp

iicompre
7/.

3/
i

a /
development s ould take advantage of exitsting data rources where posible.

I
/I the course of this study more than one hundred data sources \were reviewed,

: 41,

r /

I

i 1 .
/ind.66'were selected as relevant to DOEis needs. New data sources sbould be
-;/ i

/ .

developed only.if existiq Sources cannot meet the needs. DOE will have to

take an act've role to assUre that its 'Special requirements are met by the
7 1 a

requirements
0 4

I affenc4 res onsible for the various surveys and /bodies of data,,including.
I ,

,
g

initions or
, .0-its own operati s units. This may.require more' rsciSe

l'

more complete ciasiiications of data related to improved- samples -

-'%,.in'areas relevant to energy, special tabi&ations, other adjustments,
A 4

I

some of which DOE must/be prepared to support financial1y., A number of
/

specific recommendations to this end are:made il thi
,

s Peport.
., /

. ...

I '

e needed for DOE's programs' should e undertaken.
.

' '%.. ..:t 1 -
%

nsive manpower Dbformation system for/ energy research and

I 'V

3,A 4. Achieving.the/objec*ve of a comprehensive en ergy manpower /nformation
.

1 .

system requires Mote than just t development and. integratiorypf relevant
I

.

"\

'

data sources. Itirequ foc 1 pointif dedicated. interest, guidance and
. .

capability. D06.Should tp reforetstablrh a staff whose principal and co r- )

Or` ' :71

5

or

. +-1-.
. tinuing function 4s to develop and utilize the coMprehenSive manpower infor-

.mation system. T ese responsibilities should include; keeping"in touch with

i ' ,



all h0E,nee s for manpoWer information(for operational and poficy2.fors7_

mulatiOn p rposes; analyzing manpower data and reporting L. the results to
, .

7zPPr.61:0041 officials Of the agtrity; interpreting DOE data needs to other

agencies that coliec data' and actively Working V° iita4,n their°Aoperation
k,

intheeting they:need -lemelopilli'and Maintaining the comprehensive manpower
.. . , , 1.1

informatiomsystem; designing sysemsito,tap DOE's internal reporting systems .

CY

to yield data relevant to manpower,.and securing the cooperation ofthe op7
A

/ A. 'e

-----,.,

..., eicational
4
staff to achieve ttis; and through their own, research or ley research

. .
.

, contractsor, grants, advancing the art of manpower analysis as its applies to
. k.

DOE'1 problems. This is a f 11-time .job fOr several persons.

-

5. A central file of all publications relevant to_energytmanpower supply

.and demand and an index of relevant'data source."'S., should be Atablished and
.., .

.

maintained in the DOE organizationbl component'primarily4.concerned with energy

manpower. The Federal,ergy Information Locator.System (FEILS), now in the

DOE, 'could be adapted to this purpose, in.consultatibn with the manpower analysis

staff. The library of data so'rces collected by Kramer
,
Associates, Inc. in the

'course of this project will be turned over to the DOE as the nugleus of this

0

6. Although the

believe there are

trieval

.kind of

lytical manipUlation among the variqus:-data sourges now in being. Ibis issue

invOli)es queStions of feasibility and costs versus benefits that go beyondQ
the scope 1E( this project. We recommend a review of these issues, l king

toward a 1<ter more complete computerization, by a panel of disixtereste
.

benefits of computerizdstion have

advantages in using,computer

Loaf selected energy manpower, data, eve in advance

stAtisticaiconertibility and

sometimes. been oversold,,We,

for organized storage and re--/
of abj.ishira

comparability that wo ld permit ana-

Manpower specialists; with competene in computer systems.

°
.,.

..'

7. Although the DOE/ is the central and responsible authority on kssuet re-

lating to energy and enfrgy manpower, other government agencies have an
.

.

. " (
interest'in'these issues and are the sources of current data alp R&D, edlication;

~l

. %
emplOym.q.dt, the p6tential

1.

vehicles for collecting new data useful for
> . ,

cz.

i
tr.

vi.



4 .

DOE. Their, cooperationtal-in anyteffective implementation of a

compreheAkive energy manpower information system.

interageftcy 'committee on' energy manpower.7information be.giyan'hi:gh prior7.

'itY under the sponsorship of the. DOE Ass..istant ,Secietary,:haying: responsi

bility for_energy manpower information, to develop thaiCOogeratiye

agency arkggements necessary:. The authority.OV'the Office Of'Management

-We recommend,: th'at an.

,and Budget should be enlisted'to'gain support foi":6hisactivity and to

recognize the uniquereSponSibility:. 9E,..12....his are

II. SPECIFIC RECpMME14DATIONS-Y. '

...- ._ t. ..1.:c- ,

t' Listed below are the ptincipal apecifiC.4-eE'OrtiMendations of this...

. _ ,

report. 'Add-itional,minor recommendation§ ete,,made in the report Itself.
r

lw(The principal recommendatibns are*grOugethunder:the beddings'Of "PRINCIPAL...

DATA SYSTEMS" and "OTHER IMPROVEMENTS.;`. /

A 'genetalcoMMentshoul4be made` about these

Department pf ZnerWa .date needs were th0 p

/

..... . . .
. . . .

ing the§e're ommeddatipnot_thecOsts or

collecting akenCies: An-atteMpt was made
,

.".' :
.

unteasonable recoMMendatiOnShut the proposals

thedollectingragencies (since th authors of this not.- empoweredWereet.-empowered

to itegotiate for DOE)., andthe,DOE's Iiiformatin needs Were:gyn-the:bene
0 o

.
.,

fit of any-doubt§. When the,00t asks CoIi,ecting ag6noleg to Make:thee
'a.

changes it may berqoUnd in' cases that'. they aredifficult_to.car:rY out,,

or cannot be done witHoutincurripg large, additional- costs :TOE-will be in, 4..4.4

the hestposition then tode6ide Which-recommendationslhae itl highest

priorities, gkoause(sofmuCh of the manpower#ftfarMation system will use
.,_

.,
,d ..-eiNtejimal r porting systems'. within DOE or d end on modifying-ongoi collec-

tion effO ts of other'agencies-, it is not ssible to estimate t costs Of.f 43. le cy
the,reommendations: ,

'
, "......-

,

.

recomme t e

incipal consid ration in mak-

vating const aints.or'the

avoid obviouslt, iMpOSsible or

were not dIScussed with

74

8. A Ii e Line 'Measur6 of, Ener RD&D; Man o ower

anpower inforMation now,dvailabl

J
vii
. , . 1.

r energy programs is piecemeal ,



a
and contradictory. It was developed in response to specific operations

4.

problems or was adapted from data systefis established for other purposes.

It is not possible to secure from it-a comprehensive total of, the man-

.power
* :

.supply engaged in energy activities. ,,.Most'- :tecommendarions.

., te. , , 4

deal with. Piecemeal .improvement.n p exist ing se ies to Make'them more
. . .

.

useful for'. manpower purpoSes . To give a m6 complete picture',
. . .

,
4

:-. it is recommended that a base line measure be "- established which will pro-.
. 6..

,,
.

0. r,

vide aCoMptehensive measure, of scientific-and technic 1 personnel.(Sil).

engage'd:inenergy D&D, by field of energy' and,;' occupations.

I.

Such a measure would ncompass STP engaged i' both private and publicly

funded Rb&D; Thelem loyment series -covering the various sec ors should

be related,to t can best be developed from the forthcoming 1980

CensuS.6f Porulati n as wpart.of pos't-censal survey program simmer to

that conducted in 197 -ollowing the 19'70 Census. Mechanics include iden-

tifidation of those ,employed. in energy RD &D through the proposed up-date
. .

. --of the National Sample of Scientists and Engineers sponsored by. NSF, and,

.kcA6low-up.-purvey to secure Ad4ional.characteristics data important'
.

for energy:manpower purposes. ,%(See.page

(

Develo
i

:Energy
1

.14D&D activities are ca ried on in-diiVerse
e4.indltries by Many

-companies, While Many industriaa e-unique with tespeCtAto their product

and services, there arvmany industrial environmentsoutside the.so-ca]Zd2

energy - intensive' industries ih which energy'nergy 1D&D activities are.15erformed::

Inordr that "the manlibwer information PSTstem.may focus on the establish-

ments in.nhich,energy RD&D'is conducted, it is radommended that a Directory

-of such establiShments be assembled. This Directory would be compiled fro

-

ment'of adArectOr -f;'EstablishMents conduCtin Ener RD&D

'Federally-funded energy conrtactora, industrial _rectories, trade essocia

tions,.survey respondents such as,those re'S'pctdA,ng, to the. Oak Ridge National

,t,aboiatory inventory, etc. I would serve both to measure the'general.ex-

tent of national involventnt in the energy. prpgrams and their incidence in

the various economiclpectorS andalso to provide.a universe ftom which v.



survey respondents can he selected forrperiodic and special manpOwer re
,

porting. -(Seepage IV-17)

A System of Periodic Reporting on Energy RD&D

The DOE now has a multiplicity of reports "submitted by its divisions

and contractors in response to specialized operations requirements. Many

of them contain some manpower information. However, these collections do
, -

not add to a comprehensive portrayal of manpower engaged in DOE funded

programs. We recommend that DOE establish a more comprehensive reporting

system which will permit annual estimates of scientific and technical per

sonnel engaged, and expenditures involved, in-energy RD&D. .

This reporting system would consist of-four segments based upon

source of funding and organization: 1:'DOE.departmental and laboratory

programs staffed by Federal Government personnel, and Government - Owned,

ContractorOperated facilities (GOCO's); 2. Other DOEfunded programs

of contractors an grantees; 3. Other Federallyfunded energy RD&D pro
gnats; 4: Energy RD programs that are riot Federally funded.

It is'further recommended that DOE administrative reporting,-Such as

that established for. the GOCOva or in the Uniform Contractor Reporting

Guidelines, to the extent" feasible, be the vehicle for achievement of the

more comprehensive system.' It is recognized that this may not always be

practicable, as in the case of `the, non DO-"E funded RD&D. In such cases,

DOE might arrange'fbr direct, contractor, or other Government agehey col

lection. It is reasonable that DOE should need more detailed and complete

information on its own and its contractor programs than., on the other energy

RD&D programs. .

The DOE and GOCO establishments should report annually on energy

RD&D employment and costs by type of energy, RD&D stage, and worker charac
_ .

teristics for selected STP occupation's. Adaption of operations reports

may be the feasible collection method for this purpose.



Other DOE-funded energy RD&D contractors and grantees would be

called to report consistent but less detailed inforMatiein on employ-

ment and expenditures.' Again operations reports might like adapted to

provide such information, but other options maybe more practicable.

Information.on energy RD&D funded by other Federal Agencies would

be sought through cooperative arrangements with such agencies. Consis-
..

tent employment and expenditures data for such RD&D projects might be
A

4
collected directly-by DOE or through-a collecting' agent, such.,as the

National Sc4ience Foundation.

b

The final element of the system involves' the coverage of estab.-

lishments engaged in energy RD&D 'without Federal funding. This element

completes the coverage of all_ segments with respect to STP engaged in

energy RD&D, and, since it is of the least direct interest to DOE, would,

reasonably include the least detail. Information should be sought on

STP occupations, type of energy involved, RD&D stage, and amount and

sources of energy RD&D expenditures. Specifications for this collection,

which would involve samples of industrial, university, and other estab-

lishments, should bedeveloped in cooperation with the National SCience

Foundation which is now the principal collectOr of R&D data. If mutually

acceptable arrangementS can be made with NSF, it could well serve DOE as

the collecting agent, as recommended previously, in lieu of direct collec-

tion. If not, DOE should undertake director -contractor collection,

utilizing the DireCtory.of Establishments Conducting Energy RD&D

recommended above. (See pages IV -18 to IV-21.)

11. A Reporting System on DOE Training. Support

DOE's development of-policies with respect to graduate student sup-

port, both direct and under research'programs, would be aided greatly, by

the provision of more adequate information on the subject. ,

Therefor6', DOE'should take-steps as soon as possible to establish



""i

./-

sir
,

a reporting system which will provide data on numbefs, academic fields.,
. .

man-years of training or employment, and other .charscteristics of all

qlpersons rec iving support under such training_pkagrams as fellowships,
,

-traintships, research as'SiStants and post-doctot-als. The system
,

should cover all relevant'institUtions of higher e'ducationv.related
_-

,national and other labora
.

tories, and similar organi'zations having DOE

support under which students would be imvolved. (See page IV-76.).

OTHER IMPROVEMENTS

12. Need to Clarify Definitio of'Energy RD&D

DOE should move to achieve a unified position both in the Depart-

ment and with .8ther agencies on the detailed.elements within the taxona-
.,

mies of energy activities to be used fox-collection of information in-

cluded in the manpower information,...sy-stem. 'the,a. taxonomies should be
1 -

z1'
compatible with other reporting needs. In the Depaftment. A,subst'antial

amountif-Of detail is required in the- energy taxonomies to permit' analysis

of mliSower issues. The Department also should,, in concert with other

data collection.agencies (NSF,the Ruikeau of Imbor Statistics, etc.) and

with corisideration of departmental reqUirements, est4bliqh.andclariy
0

definitions for the several stages ofRP&I) activity, inpluding basic and

:applied regearch, develOpmene (possibly with more than one stage), demdn- _

stration, and.R&a plant.

EmployMent Data. ,

1S. Usefulness of the VF-sponsored National Sample of Scientists and

Engineers is seriously limited by sample inadequacies. We recommend that

DOE work with NSF and Census to include technicians and to ibprove the

sample with respect to SIP manpower not in the most recent Census of Popu-
.

lation. Type of energy should also be ascertained for .those engaged in

energy.RD&D.: (See page IV-3.)

4

7
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1

14. --The National Research Council biennial Survey of Doctoral Scien-

tists and- Engineet
i

s identifies doctorates engaged in "Energy or Fuel,"

but 'hot by type of energy. DU should encourage the inclusion of such

information 'in an the future nd also the'classificatiort,..of private sector.
4 .

:

eMployment according to the Standai'd Industrial Classification. (See
.0.

page IV-5.)
1

15. We recommend that the content of the DOE,survey. of Nuclear Employ -

ment be encompassed.by'the proposed expanded DOEreporting system. (See

Page IV -6.)

16.. DOE is now responsible for reporting by regulated energy induStries

formerly the responsibility Of-Federal:Power Commission and the dnterstate

Commerce Commission. It is recommended, that DOE review the manpower as-.

pects of such reports with a view of standardizing the reporting,specifi

cations. and publishing the .ccupational and relate data. (See page IV-13.)

Labor Market an bilit D ta

RD&D, and information o the nature and ext t of these, movements are needed

to assess labor. mark- conditions. We theref e recommend that DOE (should

initiate action w other appropriate agencies't accomplish the follokng:

17. The Cen Bureau should be urged to continue to collect data on occu-'

potions, d 5 years. earlier in each-population census; to colle t them,on
.
a samp e larger than the 5 percent of the population sampled in 1970; to

make the tabulations on the whole sample availableTor analysis; and to

conduct research looking toward greater accuracy of occuPational reporting'

and coding. (See page IV-46,)

AV ----
18. The Immigration and Naturalization Service should be urged to improve

its statistical operating data'on immigration, with particular emphasis on

LU
xii "r-



improved classification, tabulation and publication of occupational ih-,

-formation on applicants for immigration, and .to consolidaee the original
papplication data so that they may be accessed fOr'special analytical

needs as'they develop, with due regard given-tp,tha.confidentiality of
these reports: More detailed instructions shauld be given in applica7

tiona for immigration,, and more-detailed,instructions should be supplied

to consular officials, to improve the accuracy ofoccupational'deSigna-:
tions of applicants,for.immigration, Checklits and definitions shoUld

be suppliedoicriticaloccupatiobs and on those, subject to preferential.

admission. Periodic follow-up surveys should be made' on the employment

status of immigrants; a key objective shOuld be to trace whether immi-

grants work in the occ-dpations in which they listed themselves before

immigration.. (See,page- IV-52.)

19. The INS Mould also be Urged to develop information on the emigra-
,

tiOn of U.S., scierr ists and.engineers, in order to. fill-a significant

gap in our knowledge of scientists and engineers supply. A program of

international cooperation ifift\ the collection and exchange of,data an_im-

.migrants,.by country of origin, may be the. ultimate answer to a difficult

collection problem.' (See page IV-53.)

'-20. To datermine the effects on energy manpoWer supply of shifts be-

tween fields of training and of employment, DOE shodld work with NSF and

the Napional Center for Education Statistics to assure that their surveys

of the work experience of graduates collect and tabulate flay qf degree

and field of work data to meet DOE's special needs. (See page

o

, 21. Manpower Intelligence Network

IV-54, 55.)

DOE should establish a "manpower, intelligence network", consisting

of'key individuals in intramural laboratories; GOCO's, and in some selected

major 'DOE coitractors, chosen-because of their familiarity with labor mar-

ket conditions. Th4 network would serve as a "quick response" panel for

supplyinOrief felp-OftS on current and possible future recruitment and



training problems on scientific, technical_and skilled manpower" for

.energy RD&D programs. (See page IV-61.)

Earnings Data

H .

Information on earnings istimPortant . gessing and responding

to labor market supply and 'demand conditions or energy RD&D m&rpowIr and

has.significant 'uses for RD&D program mafiagement. We therefore retommend:

22. DOE,shoUld formally review theadmifiistration and procedures of .the.'

Battelle National Survey of Compensation; or ,convene-a panel to conduct

such a review, 'With the aim of improvinWthe survey's reliability, now

prejudicg0 1317low induStry response rate's, (See page IV24.) .

23. DOE should_exploreYWith the Bureau of Labor Statistics the enla gej
. \

ment of their PATC salary survey coverage tip identify significant in-tilt 4..4.

yvidual engineering fields,. which are now grouped together, and to consider.

inclUsion vf-oneor more scientist occupations in addition to. chemists.

(See p.ad

Educatiofi and Training Data

A considerable amount of information is available on the training

.of persons for employment in energy RD&D programs. However, certain im-
,

provements can be made to fill existing gaps andiweakneS'Ses,'partiCulrly

for the less than professional lev 1 occupations. Specifically, DOE

should initiate programs to make e following data available:.

24. r DOE' should determine the types, levels and sources of training re-_

ceived by employed energy technicians through occasional surveys of.such
p

lk
personnel, their supervisors and their employers. Then selected surveys'

of such sources.ofyailniA ng could be undertaken, including information', on
.

content, facilities and type of instruction involved.
0

(See page"IV-77,)

25. DOE should "conduct anOth'er survey of unity and junior c011ege

technical institutes, and similar inst.tutions to provide datn on 'the

xiv
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number of energy- related courses, options and curricula being established
0

dn. tbese,scHdols. (See gage
r

2e. DOE shouldtequeqt that,:the National,Center far Edhcation Statistics
t ,-

tOinsti,ute. collectionsof.data on tnrollmentsA.n organized-occupational

-turricun (including identification of'energy-related options.) (See

_0.000

page P01-73.)

27.( DOE hould lend 'support 7 moraI, financial,r other. -- to the

orderly and rap4d,condfict of the Higher Education Geheral Information Sur-
.

(HEGIS). Emphasis should be placed on making DOE data need's' known

tb the Nation 1Center for. Education Statistics -- particularly om f-ields'

of study releV nt to. energy. DOE,also needs assurance of continued col.-

lections, espec ally those ptoviding data'on deta'iled'fieLd or program

categories, e.g., upper division'and gtaduate enrollment. (See, page IV -6,3.)

.t28. For the annuayompilation of information on Federal R &D by functiopal

category (defense, space, iergy, etc.), DOE should request NSF to 'proide

further specifications,' def itions, or explanationS regarding the func-
.tional classifications. The present method used -- judgment and-estimate

A d'
by NSF staff -- is probably more reliable and consistent than direct de-

-lineation by the agencies. However, users of such data are unsure of the

bases of decision's made on functional classifications, (See .page.

i 29. For the annual survey of R&D expenditures in . the industrial sector,

.DOE should represent 'to NSF that..1t416cbr.Kent exclusion of R&D in psychology
\

and the social. sciences, partiCularly the latter omits certain R&D of

relevance to energy prograts. (See page-IV-85
\
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CHAPTER I

THE NEED FO A COMPREHENSIVE ENERGY MANPOWER -

INFORMATION SYSTEM

. /

A. INTRODUCTION

This study was designed to assist the Energy Research and Development

Administration in its miSsion of encouraging, supporting and conducting rel-

search, develOpktnt and demonstration (RD&D) 'programs aimed at improvement

and expansion of energy resources and capabilities.

To carry
/ out this mission, ERDA was directed by law to assess RD&D re-

. -
quirements and ,to help assure aa.adequate supply of manpoer to meet these

requirements. One of the means sp cified:was to assure the collec1ion,

analysis and dissemination of nec ssary manpower data.

A great deal bf,data haVebeen collected that bear- directly or indirect-
.

ly'on one aspect or another of manpower eagaged in energyRDgD. However,.

there has been little systematic effort to identify, evaluate-and .interrelate

these data and to explain their usefulness -- and their limitations -- for

.systematically assessing the adequacy and availability pf'highly.ti-ained man-
,

power to conduct RD&D programs. In a context in whichcomelex and multiple

research objectives are being pursued simultaneously on a scale which has

been rapidly expanding, and Where the achievement of individual objectives

ray take several years'and require the employment of personnel with long

years of specialized. training; there is a clear need to identify the.informa-

tion that is'requiired to assess manpower supply and demand for these programs,

-make the information available for use in such assessment, and *describe how

the information can be used. The current project constitutes the first step

in such an effort -- the specification of a Comprehensive Energy Manpower

Information Systein (CEMIS) for energy research, development and demonstration.

Late in the course of this project, it also became necessary to

the broader needs 'for manpower information ,f the Department oAEner

which ERDA's functions are now

y

onsider

into
- -

incorporated. We believe there is-a potential

for the system proposed in this project to be adapted to those broader, needs,

- . n



- ) t..

. , lid we recommend th4t DOB consider not only the use of the.proposed svstem't
.

. R.,.. ,

-, i
assist policy formulatiop and management of energy Rn&P,'but that it also

. ,
\'

,..- '

consider further elaboration and modification of the system for DOE map-
t

- .

4
.

.\ ':
power information needs.,

.

,

te.

In view of. _sothe curtertsages and a popular-connotation in scientifib
,' ,. -

..

: circles, the:term "informpEion system requireS.clarificetion. The,infor- ,
t . 1 ,

.1 1 .

- meion system treatecl in this proi.ect ig not.l'imited to a computerized set- .'

.
A . -

7,Up relying on a satistic1,31Iy consistent datahase that can be stored, ma-.
. . ,e

.

. nipulated for mathematical cdnclusions.apd retfieved electronically -- ".
_

although such an ultimate proces,,,can be foreseen When a body ofclata is
,

. ,

:developed.ihat fs' teasonably.adeqUete in .conent,and coverage .11c1 reasonably .

\

7'

.consisten' for purposes of comparison'.

Rather, the.system sipecified in,this project is e'logical structure of

integrated information components that
.

can be related puaconcetlly andLem-

pirically to the task of measurement' end assessment of manpower supply and.

demand involved in the &induct 'of energy. RD&D. This system will-identify

the eppropriate,datasoutces and,esfeglish.the logical relationships among

te'the,1' itations of data coverage or interpretive,

ations for data.imptovement; and it will provide.

ation ofbrhe datLand point to the additional data

them; it will indi

validity and.make recommen

guidance to the interpr

that ma! be 'needed for

sign for the-framewor

cbnfirmation. -This report aims at drawing the de-.

of the system and describing-the procedures for cop-.

structin estimatesof the supply/ottmand situation and prodbcing other essem,.

tial inf rmationa /bases for guiding policy decisions that involve utilize-
`

tion of highly tiained manpower in energy RD&D.

,In specifying-the data cbmponeits bf Ae, stem, we regarded the prac-

tical mandate of this' study to focus on the-information that exists, and
/

only.' after idenrifying'What is availabre and evaluating its ut ility in the

logical structUre, did we consider 'and propose thestatistical improvements

and innovatio4 that we consider essential for the purposes of RD&D policy

formulation and program management. While we believe-there, may be ad van-
,

tegeS in mechatliztng the storage and retrievai of presently available data
'

iburces, compOterization'fonthe purpose bf programmed data manipulation



does not at this point appear to be feasikle.

B. WHY ARE WM CONCERNED WfTtl,MANP014ER FOR ENERGY'RD&D?

The elements' of our national energy situation which lead'it da concern
'k.

( Tor RD&D manpower can be simply 'stated. .Cheap and readily svai able energy'
., ..-

has beent a critical element in our way of life:. .Bnt the supply qi.s.uch-

energy -now appe,ars tO be.' jeopardy,. The national demand for energy con-.
. .

f J

.tinues eo,increase'while new.sUpplies.of oil and gas, which suPply.the bulk'

Of pprienergyi have notkept pace. Moreover, we have Become inciseasittlyr

dependent on fOreign suppli
1

°S of oil, and-these sources have proved 5a be
. , 4

-.:

expensive and undependable 1 a time ofintdrnationaltension.
. The ificrpase4

: .

costs of energy hav,e in hddi ion radically altered the i ternational'balance -'

of payment's and'Ithe domestic price structure:; upon which Zany importantindus-

trial and social.decisionS were based.'.,- 0

.
,

P .

While Some of, the required. responses to these elements of the,energy ''''

. situation lie in the field of p
\-1

blic policy (for example, measures involving

conservation and pricing), a la ge role in the resolution of energy problems

has also been assigned to resea ch and development. -Virtually all exp-Fess-
e

ions of national goals now. include those of devoting scientifiy and technical
4

resources to development of additional and alternative supplies of of

greater dependability and lower cost. They also aim at conservation of en-

ergy supplies by developing, techniques for eliminating wastefill uses and for

increasing efficiencies in use.

The need for large scale and systematic deployment of research and de-7

velopment resources to the solution of energy problems -- and the need for _

data' bout manpower resources,to nonduCt these activities -- is revealed by

increasingly accurate and relevant information about the nature of the energy

crisis. The collection and analysis of information that identifies and de-)

sdribes the problems is in itself dfunctipn of, research that bears or( the

subsequ,nt decisions regarding the directions of further RD&D efforts. This

fact- finding
!

functAon is .required .so th'at administrators and the public can

SeterMine what the problems are, hoW significant they are, and find guidance
)

iri selecting the options ,that are available.' The factafindin -function

shOuici also, supply. manpower information; shoioing thwtresourEps available t
.

. .
. ,

pursue ,.these options.

r.
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lo o A Successful RD&D'Response to the'EKtergy liroblem Requires'the

. P

i
'

Availability-of Highly Specialized Manpower,"
k

-ThecoMpuls4ons imposed by the nature ofithe energy crisis make it likely'

that important shifts will take place in energy(' production, conversion, trans-

',Mission and use. To reduce relliance on foreign\supplies,I.dincrede conser-

vation .;..

vation ad efficiency of energy use and .to .develop' new sources of energy

quires scientific exploration to develop new knowledge and teChnbiogy.' Highly

specialized scientists, engineers, technicians andcta6tsmen will be needed

.'for virtually all of.the approaches to the,snergy problem: toexplbre an
. ,

develop unconventional source's"- of energy -- for example, the'Sun, winds,
.

"and ocean; to devise w approaches to the conven Iona]: sources.---fluid:coal

oomibu ' "ad and magnetohydr mics; and to improv conservation and,effi-

ciency in use -- lowet-loss electrical transmission systems, more economical

auto turbine, engines and.alternative methods of propulsion and transportation..

Highly. trained manpower will also be needed to determine the economic feasi---.

bility of the remedies proposed, to gauge their impact on our way of life and

to assess the risks they pose to individual health and safety and the envirOn-
.

ment.
, .

,The record of the past fuggests that this country can meettnecurrent

energy srisis'successfully if the national sense of purpose is to do so. If

the-commitment is seriokikaand sustained, and adequate resources are devoted

tcr4 the effort, the country can maketthe scientific.advances and'develop and
-

-apply the needed technologies. Depending on a number of factors, a consider-
r

able variation is however possible in the degree of success achievedLteven

La_the nature of the outcomes. If the skilled manpower required is not avail

able in Sufficient number or with appropriate qualification; potentially esig-
i

n4ficant improvements in energy resources or capability can be delayed or

their effectiveness largely frusttated. Even if the tAlergiAmprovement ob-r

jectives-are met under these conditions,-other undesirable effects can occur.
4

If, for example, the education and training of a future supply of specifically
171,

specialized manpower is ignored where the manpower demands_of RD&D prdgrams

imply large additional long-term needs, then efforts to induce, current employ-

ment shifts can lead to'prograM delays and distortions in the general wage.



4
in the information on manpower supply and dAand connected witheach course

ofaction,

J.

/7)
structure. The absence of` accurate inf.4irmatjlion-on manp&.Ter,supply anti ae-

mand can also lead to a wasteful .deployment e! skills and a tedu'ced general

iciency in the employment of spilled manpbwer. a

%
--- 05, the& other hand, many undegirable consequences opn be averted if the

..../

skilled manpower requirements of alternative
i
coursps of action are known,

- s' 1 e
1-- %.1

and if actions are taken consciously to minimize a Cr :-eff6c.foGiudi,cated% .,.. ,- 4
i'l.

=,

2. The Growing Scale of .Energy RD&D

A
BetWeen 1973 and 19.78, Federal'supqrt of everpipil&D rose-'more than six

fold to $2.8 billion. The industry- supported energy R &D, effort probably,

was talf-hain as lite (roughly based on the previous.ratio of industry to

Federal'energY R&D expenditures).' Furthermore, there also\the demonstra-'

tion 40rt prOcegs of seeturitg the.adoptionlof 'technological and

scientific. innovations to commercial use",-= the size of which is not known.,
4.-

although some part of it is included in the R&D totalg, and some part is

probably additional to tbose totals. Moreover, the content of the'RD&D

activities ha \re ranged from studies of the impact of oil shale-mining ri

water supplies to biomed'cal identification of energy-related hazardous

agents, to cite only two di programs abstract4ed at random. Asthe,impact

of the present energy 'ituation continues .to bear on
O
the public, the demand

for solutions and further increases in RD&D support will grow. It also seems

likely that greater accountability for the efficiency of RD&D efforts will

be demanded. Befoe decisions are'made on RD&D.programs, RD&D administrators

will need to kn6 and have to ask the questions that relate to the availabil-

ity of requisite R&D.personnel.

A prog(am of research, development and demofistratiori requires one key

resource that is not readily expansible: scientific, technical and skilled"

craft workers. The 1png lead time required, to educate and, train,-these*prkers

makes it 'difficult to increase their number rapidly in responge to the chang-
,.

4 ,

, / z

* National Science Foundation, Scaence Resources Studies-Highlights, NSF 77-32
Washington, Sept. 30, 1977, p.3.

a

0
' .33
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.

ing imperatives of science and. technology pro4 grams. Moreover,*for rese4rrh

at the forefro f knowledge, op/y the mpst higny quaUfied,or most, special7'.

be productive; and it may take:many .months ofeadd6tional
,

an otherwise generally. .qualified-<scientisto that level.

an incrgasing nvint)pr cofisc4ntj,s
?a-

availob foreilergy RD&Dgmploy-,
.

. ,

in -these occupations, after gr ;wing rapldlyt/n the.JW,s_,.am,d'1960's
0

andl-Aen hplding stable early in the 9.721 , -711as' Slime& its growth. i',.A\de"-:

.

;lint in' the college-age populakiCitiis gOiDgIOocc r irithe.earLy A:
1960's as

A.. " o

resu't of a drop in births nearly twojeCades e ier..Experidence shc4s

-that demand for.some scientifi.sv,andtitedhnical occ pationsincreaseS faster c. 45-7
.

ized scientists

4a1ning to b
. ,

OtIzer sectors of the; economy are absorbin

and engineers, so thl-t, they ire not easi

than the average, while demand fgr others grows mo slowly; it is possible, ,
. 2,..,.

.

therefore that.S.6me ocupatiqns needed in energy RD&D y be among those in
_..

.

demand for other types of work. 'Thus the'DOE has to con possibil-t2

ity, that a resource essential to its work may be .in short supply.

#
_

,

In sum, the energy RD&D effort is large and increasing,and-im-

mensely varied. The.d isfons that will,be made regarding its

future' content, scale and direction cannot .prudently ignore

7

consideration of manpower needs and resources.

SOME QUESTIONS THAT A -COMP,REHENSIVE ENERGY MANPOfqER INFORMATION SYSTEM.°

MIGHT ANSWER

1. Questions Directly Relating to Supply-Demand Adeqilacy
46

a. What is the Volumeof STP Manpqtaer Now Engaged in Energy R&D?

,,How is manpower d&ployed between' energy technologies:?...Stages of

RD&D?...Occupations?...Industrieq? To what extent is manpower drawn froM

Q sectors? qRat are the.patterns of inter-sector flow?

b. Are Any of the EneEnergy RD&D Programs Now Being!Inpered by Personnel.

or Manpower Problems-?.
ea

That is the nature and dimensions of these prbblemS? What indicators

reveal them? High quit rates?: Inabiltity to attract qualified.workers?

Emplciyee dissatisfaction and low morale?



1

What are the possible causes,: 'general shortages in the occupation, low
-

sees in the desired program icompar4I to alternatiVe employment.; undesir-
. ,

able, location, work situation, or conditions; others? (The'statisti-
.

caldndicat9rs that identify the:problems and causes -= or flag an alert to
. , / .

examine other relev4nt indicator's.-- would b taggedagged in this system).
1.' ,.-_ $ ...

. .
,

Whet ,are the short7term and--long-term options available for dealing with
. ,./...

.-
. ..-,y.

ci
_ the problems: salar,y, adjustment; :improved working conditions or work rela-

7 elonships; recruiting' arid training workers in related occupatioins or sp cial-
* r

0 1 ,
, ties': others'? .,...

.

1

. ."-;
,

. - ' - , :

-. Wh'at PrbbIemS:Shoul be-Anticipated if. aSei-ies'of Additionallbarge-Scale
, ..

,

RD&D Ffdje.cts ate iindeteaken in aVari.ety'of Fields 7- F6f ExempleSolar
.. i' *4'

Resi1ptial 'cleating and.C50ing, GeotherMaI -EllectriC Cop-irei'sion, Coal
....

.

Gasification?

What will be th'impact of aggregate, staffing requirements
-

on:the available TIZpower-supply Icthe.occupational specialties

requljed?.

...At the inception o the pEograms?.. their. later stages o

deVeropment?'

What competing_ requirements am there for these kihds of-hannovier?

CurMntly? `,Prospectively? In what oth r sectors of the economy?

-- What are the recent employment trends n' these occupations? :Recent

entries? Prospective entrants now in,t aining?

Are there potentially qualified personn l in allied occupations or

industries?, ...Is there an empirical:Pa tern of employment shifts

'into the required\occupations that po nts to the areas. of potential

supply or suggests themagnitude or na ure of employment substitu-

tion according to educatiohal,or ex erience qualifications?
, .

What are the relative pay scaled which...accompanied previou3 shifts?

What are .these rela&e pay scales now?

What are the educa'tion and training:requireMsnts for the needed

personnel? What lead time 1.s regiAted for' traiLling? (Years of

training, age at earning,., doctoral degree)..

0
I 7



d. As Energy RD&D Programs Expand, Will They Experience Manpower Shortages?

) ..,In milat occupations, when in what localities?

This requires information on the kinds.of quest ns exemPlificd in the

jollowing situation:

Hownany potentially qualified personnel are in the training pipe-

line? ,What are 'the ehrollmentS and degrees-granted trends? What

is the usual attrition rate between training for the field and

actual employment? What are the fields into which these have

shifted? What are the crossflows from other fields of training?

What is the status of incentive programs for entry into training

for the desired fields (student and, post-graduate. support and

basic research grants) in comparison.with other fields? Is

there a need for DOE policy initiatives aimed,at influencing

the supply of trainees or .the content of training?

2. Questions Indirectly Relating to Supply and Demand; Directly Relating

to Management or Policy Needs Regarding RD&D Personnel

a. Equal Employmentyolicies'

- - Failure to carry out Equal Employment policies can hamper full

utilization of manpower and can be a barrier to improved man-

power supply. -

_/
Are Equal EMployment Opportunity policies being carried out with-

in DOE, in Government-Owned, Company-Operated plants (,significant

in energy RD&D apd nuclear power development and production)

and in private sector energy RD&D facilities receiving Government.

contract-S?

- - Is there a pattern of de facto discrim ination in. employment that

limits full utilizatfbn of manpower? Are women, blacks.and other

minorities receiving training fOr but not being employed in RD&D

Work?

-- Are there differences in pay between men and omen for essentially

equal work that imply'possibty undesirable personnel policies?



b. Support Programs

-- Is the relative level of student support programs, fellowships and

basic research support grants in energy affecting recruitment of

potential energy R&D personnel vis-a-vis other fields?

The above questions.,and..eomPoncnts of information required to answer them

are illustrative and not exhanstiv. Because all of the questions that may

need asking,and all of the information needed to answer them will not be fore-

seen, one specification for a manpower information system should be that it be

flexible -- that it possess the capability for inserting and retrieving new

components of information to meetchanging focuses of management and policy

concerns regarding the development and utilization of energy manpower re-

sources.

The information system cannot, and should not, he used to answer ques7

tions about appropriate policy or technological feasibility, but bt is the

next level of recourse once the other decisions have been made.

The data sources, required to answer the kinds af questions frustrated

above necessarily cover more than those on energy RD&D manpower activities

.alone. Because a degree of fluidity exists between labor markets, develqp-

ments occurring in certain non-energy sectors, or in .certain non-RD&D activi-

ties, may have an impact on the supply/demand situation in energy RD&D activi-

ties. A discussion of these relationships and o'f the breadth of data cover-

age needed to reflect theM is included in succeeding chapters.

The.uses and users of=an energy manpower information system also extend

beyond that of the energy RD&D sector. In addition to policy makers and.

managers responsible for Federal energy RD&D programs, there are also univer-

sity administrators, students and other' potential RD&D practitioners, and

officials concerned with educational policy who must often make decisions.

.that require the information and analytical estimates that can be provided '

by a comprehensive. energy-manpower information system. The system described

in this report envisages the ultimate availability of its information for a

variety of uses of public benefit that will also aid in ..the efficient utilila-.

tion of mdnpower for energy RD&D purposes.
.
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D. THE PLAN OF THE WORK

In the following chapters, tile fLamework and specifications oi,the

system are laid out. The report is organized as follows: The scope of an

'energy RD&D manpower information system and the definition of its components \
are discussed in ChapterilI. Chapter III delineates the logic of a system

-- the conceptual and theoretical considerations that lead to the.selection

of the kinds of data,and,analyses that are'significant for manpower assess -

ment. Existing data sources are reviewed and evalua.ted in Chapter IV, which

then goes on to specify the'elements composing a comprehensive data system

and deAcribes how to develop them eithei- by modifying existing sources or by

creating new: ones. Chapter V describes how these elements can be applied

and utilized in manpower assessment. A prelimina6, appraisal of the man-

power situation, based on presently available data, is given in Chapter VI. A

The appendices include7N

a) taxonomies for the classification of data;

b) detailed descriptions 'of the major data sources;

c) a bibliography of publications. assembled and uippd

in this project; and

d) a listing of the principal individuals interviewed in

the course of the project.

J
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CHAPTER II

SCOPE AND DEFINITIONS OF COMPONENTS OF THE
MANPOWER INFORRAHON SYSTEM

A. INTRODUCTION AND GENERAL ,

As important as energy activities have become, still the manpower en-

gaged in RD&D (with respect to production, conversion, conservadion, and

improved utilization of energy) is relatively a small segment of the national

labor force. When the focus of interest ignarrowed,further to the scientific

and technical,. the target population becomes quite small in size although not

in importance. Taking private,industry 'alone, of 1,180,000 scientists and

engineers employed in 1975, 186,000 were in energy-related'activlties, and

only 37,000 of the latter were in energy R&D, according to the National

Science Foundation.* To this should be added those in energy IT&D in govern,

ment, universities and nonprofit research organizations, in which -they.
6

probably are. even smaller proportiofts Of total employment. A broader concept
o

of energy RD&D'would add' to, this number, but .the point is that such manpower

is still a small proportion of all scientific and:technical'personnel. An

;,:equally small pottioh of all dOctorates are in energy RD&D activities -.-

.abbu five percent: : , n -
''

_

.'' 46,,:tevihis*latiVel sM04,1iuTilber Of hightY.;trAinedJndividuals is

wide of''coMOVac.tyities that are oritioaLto.our nation.

ye/:
": ,- . ,: -.;i. .".,-". ..< i ''' .7:.: : ,'. ,1: ; f x: , ! i. . . 1. ;1' :

oannot'take for grantedi-eh / iai_ists wIll,h!eAvailablewhen needed:
,,,:, -.. .:,',:.:..'':-. ' , ',N. ',1''''.;7::' '''''''..'

, j 51 e .1;.' ' :. : ,The nature and scale ofith'eChglefrit'W`bsoltfrOneed' by energy. RD&D .are subject)
, .

. ..,.
...,t_'t1.1,1,',;./t4'7' .'.,. .,;,'',. ,. .,...,.,

to, change from a-variety 0. tr4,11.sto7bbes.:JTVe61.01.e, for the Department oi-7

nergy's (DOE) purposes,' it -is iaidortant to -(1) get complete information on

the manpower employed on energy RD&D and (2) analyze the manpower situation

*National'Scienoe Foundation, Private Industry Employment.of Scientists and
Engineers in 1975 Shows .5 -Year Decline, NSF 77 -312,, Wasbiniton, D.C. May 1977.
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for them in the context of V total. demand and supply for'a members of

each,energy-related specialty in the nation; including those in activities \'

other than energy and in work other than R &D.

Nor is this target population concentrated in a few industries or

' activities. It may be found in many locations ranging from routine design

to exotic basic research. Developing 4 manpower information system does

not- easily fit the established patterns of reporting according to classi-

fications of industries or occupations. 'The(concept Of energy RD&D as an
44.

important manpower activity -.cuts across traditional practice.

The main purpose of this section ofthe report is fo describe.generally

the scope and limits of the Comprehensive 'Energy Manpower Information System and

proOide the more important or obvious measures, definitions, and taxonomies

required. These include such areas as: energy research,developmena and

demonstration; energy activities; categories of manpower,; occupational.

groups and specialties; fields of degrees and enrollment in higher education;

4Qphysical and industrial location of energy RD&D program's.:

' These are some of-the issues:

1. How Is RD&D Distinguished From Other Activities?

Which of the many activities concerned with energy under the DOE's scope.

of responsibility should be considered RD&D for purpoSes of the manpower in-
,

,formation system, and how can they be distinguished from exploration, pro-

duction, distribution, regulation, etc.? Also., what are the boundaries' '

between research and development, between development and demonstration, seeing

these activities as a continuum? Demonstration, the last stage before full

commercial development, presents particularly difficult definitional problems.

2. Whatis Energy RD&D?
.. ,

The actual core idea is clear, but the boundaries are hard to draw. Is

(there a subjet-matter boundary to energy RD&D? If problems of corrosion

arise in developing geothermal energy, af'he strength of materials for boilers,

or the electrical conductivity of metals, or the working properties of silicione

as they apply to manufacturing solar 'energy collectors, or the environmental

. effects of strip mining - are these varied topics, with applications in non-

energy fields, properly included in "energy RD&D"? <Perhaps the practical

answer is, that energy RD&D is whatever. DOE is funding because it has been

administratively determined to be relevant, to DOE's mission.)

31.
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3. ' What Kinds of Manpower Are Relevant?
,

4
" Workers on energy, projects include scientists, engineers, technicians,

skilled craftsmen (both in laboratory work and in building demonstration
we

facilities), clerical workers, service workers (janitorial, protective,etc.),

and others. Many of these-workers require little training and,are usually

, asy to recruit, but, those with Tong learning periods, either years of( college education or apprenticeship, cannot be recruited so readilx if the
. .

supply is short. These are of the greatest concern from the point of view

Of manpower supply and demand. Which apeciaLties are required for, energy

RD&D, especlially-by the new energy technologies being investigated?

4- WHat Sect6rs .Of .:Thee Economy Are Involved?
.

.

.

. Can energy industries or energy- related induitries be identified? If

so, the problems of -getting data now collecte _Or of collecting and analyzing

new data Woulebe made easier.:

.5. now Can Graduates Who Constitute the. New Labor Supply For Energy RD&D
\\ Occupations Be Identified? ,

.,-,. ,

41,

How ;Should Information On Energy RD&D Manpower Be Organized.To Be .ost

-1LIseful To DOE?

Among the possibilities are:

(a) Energy aoerce.(coal, oil, hydra- power, solar, etc.)

Energy stage.(ex2loration, recovery, conversion)

(0, Energy technology-( lization of waste,heat, enhanced recovery
methods, etc.)

(d) Lo\eation of program (131intramural,:outside contract or grant, etc.-)
.7. 1-1(m..7,Doe;;An Eneigy. RD&D Manpower Information System-Relate To,The Broader

Economic and Manpower Context?

How should
, .

should the rest of ftyte economy, and reste
J.

t of manpower (with
,

which
.:

.

enerm/RD&D manpower is to some extent interchangeable) be taken into account

in the mangOwer information 'system?
%

The general focus of the proposed manpower information system is the

supply/demand balances of personnel (and the factors which affect them)

necessary to carry out the nation's prescribed'energy RD&D programs.' Some

of the relevant faAors will require .current, frequent measurement; others, e

more general and occasional analyses. The various factors affecting current



and future supply and demand balances will be spelled out in later sections

of this report. Some information needs are obvious -- the ruMber of chemists

currently employed in energy RD&D activities, or the planned expenditures

for basic research in dphysics. In other cases, there is a need to quantify

the effect, of certain factors on future supply such as the relative participa-

tion of women and minorities in training programs.

Finally, the manpower information system needs to be delineated not

only as to the specifics of energy RD&D, but also in the national context.

It must be designtd for maximum flexibility and possible expansion: Basically,

t the system should be designed to provide answers and measurement not only for

current situations, but primarily to provide a basis for informed decisions

and action on future activities.

The field of. energy RD&D is undergoing rapid change as new technologies

are explored and new areas of research opened up. Therefore, it is likely

that economic sectors that had not been traditionally considered energy-related

will become.:.so, and that specialties of science and engineering that have not

been involved in energy rvsearchwill become involved, A that new specialties

will emerge, including some on the boundaries betw ,en scientific disciplines.

Such new occupations are the ones most likely to develop shortages that could

impede the energy RD&D effort. ,I

Further, the Department of Energy itself'ha4 just been farmed of an amatt

gamation ofi several types bf energy activities. T organizational issues will

bring changes i4.content, goals, and other pects of energy RD&D,

It is essential, therefore, that D be alert to the development of new

occupations or specialties, as,well as to-the involvement of additionallor new

industrial segments involved in energy RD&D work, and to make sure that ongoing

and planned data collection programs on manpower and RD&D activity include

them

In a comprehensive information system involving multiple data sources, .

we need to be concerned not only with. accuracy, and relevalot in identification

of components, but alsowith comparability of\classifications among different

data sources. For example, valid conclusions about differences in salary for

different occupations, or ror the same occupations in different establishments

or industries, depend on accurate identification of the job and its work

9
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content, and of the components customarily affecting salary, such as training,

experience, supervisory fesponsibility, and so on. To cite another example,

valid conclusions abouttrends in employment in...given specialties depend on

uniform. or consistent,ihentification over time of the jobs reported on,

particularly if different statistical series have to be reliecLon. Thet.

comment of Professor Leontief is pertinent in this.respect.. "An unreasonably

high peoportion of material andsintellectual resources devoted to statistical

work is now spent not on the collection of primary information but on a

frustrating and wasteful struggle with incongruous definitions and irrecon

cilable classifications."

Thqe are in fact searal classification systems, each claiming unique
merit, tha apply to the relevant data describing manpower supply and -demand.

It is tWa reality of these different systems that prompts the need for practical

decisions ab t the taxonomy of data sources in a comprehensive energy manpower
information system what taxonomy should be used in be development of new

data source01-- what taxonomy is the most meaningful for the uses of energy

manpower information and should becOma the Common standard for analytical

presentation when data sources With different taxonomies mu6t be usedt.

The interests of economy and pragmatism dictate that use should be made

of the eystems that exist-, and that techniques cf analytical.conVertibility-
.-A..

among different systems should be relied on for comparative use. wherever .

such convertibifitn be achieve&and the result-.Q.Rn beapplied practically

to the, manipulation-and analysis of date..Thesk principles would limit mod

ifications or innovations in taxonomy only to those cases where'the existing

) taxonomies prevent or seriously hinder meaningful use of critical elements of
data. The considerations applicable to the specific arets of data are dis

cussed below with recommendations on the xonomies most relevant and useful'

for an energy manpower information system. Fortunately, there are far more

elements that are equivalent than .different among the'various taxonomies,

particularly those components relating to scientifib and, engineering, manpower.

The differences that exist have become increasingly less important'a barrier

to use as convertibility patterns have been established. Far more frustrating

to users has been tine abseRce of meaningful or timely data or detail on,

categories of information needed.

. * Wassily W. Leontief, "Theoretical Assumptions and Nonobserved Facts", American
4Economic Review, March 1971,,p.
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B. ENERGY RESEARCH, DEVELOPMENT AND DEMONSTRATION

Energy RDS(D can be broadly defined as that research, development, and

denvEtration activity whpse purpose is to increase energy resources br capa-

bilities, ,(including both basic and suppoft research related to these ends).

One dimension along which informatiop.on energy RD&D manpower Or expenditures

has to be classified is the progression id=the development of scientific and

technological activity At basic researciitowards.full commercial use of a

tehuci4dgy -=.the distinctions among basicsresearch; applied research, delielop-
.

ment, demonstration,, and other stages leading to full commercial utilization.

These distinctids are significant fot matpower'in:part because the total man-

power per dollar spent and its Occupational. composition at eachofkthe stages
,

onphases along this progression Ira* differ substaatial Furthermor , it 40

is pbasible that additional stages or phases in scientifit and t chn al

activity may be established as the programs ofthe new Depart nt of Energy

develop.

General and specific measurements' ofresearch.and d

carried out.for more than *_decades by the National Science Foundation (NSF)

and-have beep-generally accepted:by policy makers and analysts. ,A number of
4

other agencies an&organizat'ons have collected information en spending for

.research and developmentob t these a ither tied tb NSF definition and

NA'
o

practiceS or are inor data bliections. Alto, thp Ofaceof Managementand

velopment have been

e
Budget largely has concurred the NSF definitions and categoties. There-

.

fore,.it is recommended that the NSF conceptions of.the R&D process be ,utilized

within theeComprehensive Energy Manpowet Information System.

The'definitions used by the National Science Foundation (NSF), both in

measuring, Governmental obligations-and authorizations as well as operational

programs in industry,_ universities, intramural Federal laboratories, and by

other performers follow beloli.

A.--special comment should be made about activities now generally termed
4

demonstrations. the past such activities may have been carried.out tra-

ditionally either.as a part ofthe R&D-process or range of.functions or have

been considered more as a part of the production process. In any case,



demonstrations have"achieved.more prominence both in terms of delineation for.

bLidgetiing within the FederalR&D.programs as well as in private industrial.

settings. -One primary reason for this is the onset cklarge-scale programs

such as in space and energy which are beyond the risk and other, capabilities

of single firms or organization . The NSF presently proyides no specific

definitions for demonstration activities for its various surveyg. For Federal
\ 40obligations, theJagenoy staff is able to exclude. or inc de activ ties on the

basis cf,program definition. However, in the case of extramu performers

of R&D, it is not clear as to the inclusion br.exclusion of demonstration

programs.
. 1

The main purpose of AO activities is to'provide.information, knowledge,

and data (technical and economic)as to commercial feasibility. -However,,
\

the pure disgemination of information gained from research, developmenl or

demonstration "would not be included. An ERDA official testifying before'a

Congressional Committee indicated:

"Some \energy technologies appear to be technically feAible

and are at the point where they could be demonstrated:

tertiary oil xecovery, solar hot water heating, solar space

heating, biomass conversion, synthetic gas from coal, syn-:

'thetic liquid from coal and/or shale, and geothermal,' power.
-7-1\

Many of theSe technologies are not beeing,coMmerCiaIizea

because the techno,logy is,simply too expensive, resulting

-

in the price of energy produced from projects using these

technologies to be greater than competing prices from tra-
t

ditional energy sources, like foreign oil. Others, like

certain solar technologies, appear to be cost effective'on
,

a life cycle basis' but are not being widely commercialized

because of higher initial costs and, perhaps, because of lack

of information on the part of the consumer."*

* Review of GAO Report on Commercialization of Emerging Energy Technolo-
gies, Hearing before Committee on Science &ITechnology.94th Congress,, 2nd
Session 1699,,August
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It is obvious that a definition of demonstratIon.prograMS will have to
9 N.

be established so as td clearly delineate them for inclusion or exclusion in

R&D.

The definition for demonstration activities given below is based on selected
-.. kC-'

. .

program definitions within 'ithe Energy Research and 'Development Administration.

,(ERDA) and those developed In a study of the role of RD&D in energy made by

the University of Oklahoma.*Ii All of the stages are-shown as being subsumed

Under research and development.

Research and development\consistvf basic and-applied research in .the
,

sciences and engineering and activities in development, all defined below. ,

. s

1

In terms of fields, the natural\sciences--life, (including,medital'sciences),

physical -- and.engineering,'.as Well as the social and psychological sciences

are covered.,

Research, which Encompasses both'basic and applied,.is systeMatic,'intenSive.

study directed toward fuller scientificAnowledge of the Subject Studied:

Basic research for three of the sectors--Federal Goverment, universities

and colleges, and other non-profit institutions -- follows the NSF definition

of basic research which stresses that it is directed .toward increases of Ahow-
.

,

ledge in science with "... a fuller knowledge or understanding of the subject
s

.,

under study, rather than. a practical application thereof". To take account

of an individual industrial company's commercie goals; ehe Aefinition fbr,the
,

'.

.'indust'O-Sector is Modife to indicate thatjidsidTesgatchjrojects:reptesent'.

"...original investigations for the,advancement of scientific knowledge...

which do not have specific commercial obItives, although they may be'in

fields of present or potentil interest to the reporting company".

Applied research follows generally the core definition-in the NSF,question-

naire sent to the universities and colleges: "Applied"research-is directed

toward practical application of knowledge". Here again, the definition for

the industry survey takes account of the characteristics of-, industrial orga7

nizations it covers "...research projects which represent -investigations

directed to discovery of new scientific knowlpdge an which,have specific com-

mercial'Objectives With respect to either ,products o rocessesh., By this

def&ition, applied research in industry differs from basic esearch chiefly

in termspf objectives of,the reporting-cothpany.

>
, *Science and Public Policy Program, University of Oklahoma,'Our Energy Future,

The Role of Research Delidlopment, and Demonstration in Reaching a National

, Consensus on Energy Supply( Norman, Oklahoma 1976.-

11-8 ,
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Develo ment for the NSF surveys may be summarized as "... the systematic

use of scientific knowledge directed toward. the produttion of useful materials,

devices, systems or methods, including design and development of 'prototypes

and processes".

Demonstration or demonstrations may be generally defined, as those ac-

tivities ranging between pilot plants and 1.rge-scale commercial production.

They have the purpose of providing both hardware and software information With

sufficient reliabilitir and credibility to lead to commercial decisions. Com-.

mercial-scale-dqionstrations represent the final stage in a scaling-up-process

whith begins inthe laboratory and progresses through variqusdevelOpment

phases. Demonstrations normally take place cnly after a technology is thought

to be well understood and is at or near commercial viability. Another defini-

tion of demonstration activities proposed for a survey was: Verification of

edsuomic and environmental viability for commercial application, through

designconstruction, test, and /Valuation, of large Scale energy systems jn

operational circumstances.

The definition of current operating costs for R&D used in the NSF sur-

veys is as follows: "Funds used for research and

.rent opgrating costs; consisting of both direct ar1d indirect costs including

Aepreciation insdfar as this information iis available to respondents. Capital
,

evelopment refer to cur-

expenditures are-excluded by defiriition and this practice is followed in the
. _-

surveys of the industry, ulsvesities and colleges, and other nonprofit sectors.

.Udder.the accounting praetices-of some Federal agencies -- particularly the

Department.of Defense --data on Federal R&D funds, which are available in .

detail only in terms of, obligations rather than expenditures, do not include

an allowance for depreciation, but do include some obligations for capital-

items."*

Finally, it its necessary'to, provide 'for the inclusion of that research,
develorgrient, and eemonstratism which is energy-related. This is considered.

in Section C. Energy Activities.

*National Science,Zoundation, National Pafterns' Of R&D Resources Funds and
Manpower in The United States, 1953-1977, NSF 77-310. Washiagton D.C. 1977, ,.

p.
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1 Research. and Development ift Broad Sectors of the Economy

The National Science Foundation (NSF) follows a four-sector division in

surveying R&D funds and personnel and maintaining tine series for expenditures
,

and employment. This diviSion is based4an an approach that attempts to take

account of both the legal nature and major functions of organizations active in

f.inancing and performing basic research, applied, research, and development.

Grouping diverse .types of organizations into discrete sectors; however, requires

certain arbitrary judgments because .of the mixed. nature of many organizations,

'particularly those in the university and other nonprofit sectom.6.0overnment-
,

Owned, contractor- Operated facilities (GOCO's) for R&D, termed Federally-fUnded

R&D,Centers' (FFRDC's) by NSF, are generally included in the sector .of the orga-

nization holding such contracts. SUrVey§ of -energy RD&D. (manpower or dollars)

need not be done along these sectoralines because of the natbre of energy

p \ograms.. However NSF surveys provide the basic data on all R&D actlivity and

it will be reces,sarytolink the basic data to the information DOE-does obtain.

The government sector is Madeupof the several types of government.

Surveys are conducted annuaily.of agenciesof the Federal government and'oc-

casionallY (2 = 3 years) of State' government agencies. Local governMent

agencies have not been adequately suveyed.
0'

The induStry,s'dCtor consists of both manufacturing and nonmanufacturing

fires,and their establishments. These companies and establishments including'.
. .

organizations such as those in selected service industries, maybe classified

in major industry groupings. Federally Funded Research and Development ....

ters' (FFRDC's) administered by industrial firms are,also included.
-

/ T e universities and colleges sector is composed of all institutions-of

higher

colle

-.
education, both public and private- The term universities and

is used to refer'to the'aca emicinstitutions.as'a gronpWigbut,
....."., 4 .

the a sociated FtRDC's administered b the schools for various Federal ).1:-1-
4

. . . .

agencies. The universities and colleges include colleges. of liberAaft§T1
%

'schdols of,arts and sciences;'pofessional chools, such as engineering-and

'medical schools;' including affiliated hoTtais; associated research .insti-

tutions, and similar 'organizations,. which are integral parts of the universi-

ties and colleges; agricultural experiment .stations, and associated schools
,

of agriculture, and community or junior, colleges.

4 '
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Funds used ache universities and attributed ta the universities sector'
ras a source consist of several°componentS: (1). State and local government

.J
funds 'separately budgeted for research:and development, and (2) unrestricted

or general funds which the institutions themselves have beefffree.to *locate

for research. Funds fromthe Federal Government, industry,, or other nonprofit

institutions, which are supplied in, the form of grants or Contracts-for

research ordevelopment at a university; are credited to the appropriate

-"-ktirce in the.performance of research and development by universities and

colleges. Thuslresearch contracts from in'dustty are treqted, as university

performanc funded.h-Y-industry as the source, whereas funds given to the

1.1.2st,itutian by industry for general educational purposesi*nd used by,the,

school, at it iscretion, for research; are treated as dhiversity per-

formance financed with the university's own funds.

Institutions in the other nonprofit'Sector fall into'itwo general groups:'

'0.), organizations whose
ar

act 'ivities are primarily "granting" In nature, namely:

private philanthropic foundations-and.voluntary heakth agencies, and (2)

public and private. oiganizations.ihat are involved in performing research and

development, comprising separately incorporated nonpvedit research institutes,.'
e ;

professional socieeies, academieS.of science, ;museums, zoological gardens,

, botanical gardens, arboretums, nonprofit hospitals, and FFRDC's administered

by nonprofit organizations, (such as Battelle Memorial Institute).
(-

Both the university and the other nonppfit sectors contain private and

public institutions -- the latter are closely associated with State or local.

governments. A number of organizations, in both sectors, as well as in indus-

try, also receive State and loca government funds.

2. Research and Development by Fields of.Science

The fields of science used in the NSF surveys are divided into eight

broad field categories, most of them consisting of a number of detailed fields, '

The broad fields arej_ife sciences,%psychology, physical sciences, environ-

mental
',

sciences; matheirtics, engineering, social sciences, and other sciences
, .

dot elsewhere'Classified. The ,NSF haS collected and categorized data on

research and development by fieldof:science for several reasons " -- primarily

because of its responsibilitiesand interest 2n basic and applied research as

national goals per Se% . Because of the interdisciplinary nature of develop-
_

Merit, such expenditures have,not beenclassifidd by field of science. Since
.1.

'- 11..

t
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a substantial part of energy RD&D programs is either development or demon2

stration, it is not recommended that information on energy RD&D, manpower

or dollars,be collected and classified by fields of science. Energy D&D

manpower data will of, course be gathered in terms of occupations.

C. ENERGY ACTIVITIES

The primary focus of the development of the Comprehensive Energy Manpower

'Information System (CEMIS) under the present project was on manpower 'n energy"

research, development, and demonstration. Therefore, the priority f r delin,

eating data elements and components for the system should be for those

speCifically related to energy RD&D. However', for several reasons the develop-
.?

ment of the system cannot now on one hand be restricted o energy RD&D nor

extended on the other hand to include all relevant activities. It is extremely

difficult at this time to draw boundary lines around energy RD&D-or its com-

ponent stages. One problem lies with the definition or delineation of demon-

stration programs in the progression between development and commercialization-.

Second, the progripms being,carried out by the Energy Research and Development

Administration (ERDA) were not restricted to research and developtent (e.g

U-235 production) nor to energy matters (e.g. weapons development). Now. with

the amalgamation of various component agencies,, including ERDA, into the

Department of Energy (DOE), it will be even m e difficult to restrict relevant

categories in a final version of the System to,energy'RD&D. IA! appears'from

the charter given to DOE that its interests go beyond those activities.

At this time and with available resources the system will be prescribed

primarily in terms of the mor limited area of. energy RD&D at least fol-

activities extramural to DOE. urther delineation of the system to all energy

activities will await developme is within the new Depa'rtment of Energy. For

intramural progrrs of 0-16 DOE nd Government-Owned, Contractor-Operated establish-

Ants (GOCO's) the system shbuld be extended beyond energy RD&D.

In general theny the Comprehensive-energy Manpower Information System must
0 \

be capable of producing information for energy-related activities both in RI &D

and other areas,,-as well as being expansible to total or national activities.

In this first sense then, all energy activities should be set forth indetail ,

4
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er by a number of boundaries in order that all potential information needs be
examined. In the broadest sense 'R.D&D should be conceived of as being related

to all other energy activities, that is: RD&D is possible in almost every

enerF-related function.

There are,several broad approaches to the delineation of energy activi-
.,

ties, not alltOf which need to be utilized as methods of classifying energy
RD&D manpower. These include:

Energy sources, such as coal, gas-, nuclear, water, geothermal

or solar.

Energy stages, Such as exploration; conversion, transmission,

and utilization:

Energy technologies, such as enhanced recovery of oil, electric

conversion effiCiency, improved industrial Conservation, ,or

various methods of coal gasification.

Certain other energy activities either fall astride the above three categories

or apply to nearly every energy activity. In addition to RD&D these ii5A4ude

basic science support; environmental impacts; health, medicine, and safety;
and efficiency of utilization or conservation. Also, energy activities can

be delineated in terms of location or geography i.e., foreign and domestic;.

on-shore and off-shore; above and underground; Eastern, Western or Alaskan,

even by State and locality. The several sets of categories would be

use ul to some extent as delineators in the analysis, planning; manageMent

or actual operation of energy RD&D programs and thus have relevance to man-
power.

Another set of descriptors could be made particularly for energy RD&D//7-
programs. One expression of these categories is in terms of problems to be

solved, or'information required, characterized sometimes as technical support
areas. As RD&D programs prove successful, next steps or progressions -- not

now planned -- can be undertaken. This set of descriptos-is closely akin

to that for energy technologies; however, in many cases the categories are

only described as technical support to any given technology. In any case

there is no established taxonomy -- only what amounts to programmatic problem

.1.p.eas--- and none is suggested, `-,

4
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Further definition. and .destription of thie major sets of energy'activities

may now be set forth:

1. Energy Sources: .Includes fossil -fuels (including coal, natural gas,

crude oil, shale oil, tar sands), nuclear fissi..dn; nuclear fusion,' geothermal'

solar (heating and photovoltaic), wind, biomass (combustible and conversion
. ?

to fuels), and water (thermal,and motive).

This set of categories is obviously useful in measuring manpower utilized

in developing and producing alternate energy sources. ;Will RD&D on solar \N

energy need more scientists and engineers than geothermal and in what numbers

and what occupations?

2. Energy Stages: Includes activities ranging from exploration through

extraction, conversion, distribution, etc. As indicated previously, there

)

.

can be conservation; research, development, and demonstration; environmental,

concerns, and basic science support'applicable to any,of these stages. This

set of energy categories is useful primarily in determining what particular

energy source will create needs for personnel and for what types and what

stage and time will such personnel be needed. (See Appendix A for the listing

of energy stages.)

3. Energy Technologies: These categories are almost without limit since

they coy'stitute the sum of problems requi--ring.sdlutiOn, supply and utilization
4,

issuea4 RD&D progression or the process of applying specific knowledge to

energy goals. These technologies "range through Air energy stages from en:
%

hanceSvcoal, oil; and gas extraction; coal gasification (high, medium, and

low BTU); methanol; fuel oil; solvent refining; LWR, HTGR, FBR fuel fabri..

.cation, and spent fuel processing; fuel cells; magnetic and lased performance,

standards; coal aWlp pipelines, crud oil pipelines (thermal protection,

continuous flow' problems), in-situ coal gasification; power, plant waste heat
--

use systems; super-condutting power 'transmission, flywheel storage; ocean

thermal gradients; hydrogen energy.transmission; etc. '

It would appear that energy RD&D manpower should-be-qought and classified

in terms of these 'technologies in Order to measurd the impact which the develop-
.

ment and adoption of 5pecific technologies would have. However, it is also

recognized that there are in practice similar,needs for measurement of manpower

iq terms of sources and energy stages. Appendix A ikludes the DOE budget and

reporting classifications which indicate most of these teAnologies.



4. Present Energy Classification of the.Department of Energy (DOE): At this
time, it, is not possible to state what types and how many energy data class).-

fications wig be adopted by DOE. The agency is now being formed of'several

preceding-organizations nearly all of which Ead carious taxonomies established
for dealing with their several data issues and problems Whatever taxonomies

or structures are adopted, it is important that the needs of the manpower

assessment system be met as much as possible. Similarly, it is vital that

the classifi do s embodied in the manawer information system be compatible

with those established for other DOE uses. For an "internal" manpower and re-
lated (RD&D expenditures) system to cover all intramural actsivities plus those
conducted in national laboratories and other government-owned, contractor

operated facilities, and those Conducted under direct DOE contract and grant

support, it would appear that a standardized "program based" taxonomy would be
indicated. Ori the other hand, manpower information obtained on non-DOE sup-

ported energy RD&D_should be classified into energy categories compatible with 4
but not- necessarily the same as the program-based system, nor in as fine detail.

At the time of the Organization of the Department of Energy there was no
., single; standardized and established system for classifying energy activities.

\
However, one dominant system now accounts for all funds provided to and used

17

F--

DOE: This is the "budgeit and reporting classifications" taxonomy'et up

by the Comptroller's Office at the time of the Departmental organi4tion.*

This .taxonomy consists largely of ERDA categories which had
I
been developed

over a period of many years starting in the days ofhe Atomic Energy Commission,

supplemented by categories used by FEA, FPC,'and other agencies joining DOE.'
A truncated versionb&f the budget and reporting system is included in. Appendix

A. t
e

This "budget" system can be described generally as one covering all of

the types mentioned above -- sources, stages, and technologieS -- plus several
,-.,

other. am there are categories covering the several sources
, -

,.

(Coal, solar, fission, etc.), the several technologies (heating and cooling
)

demonstration, coal, gasification, the several stages (solvent extraction, ad-

Vanced research and supporting techn6logy), and categories covering the non-

energy activities of ERDA (space applicatiods, high energy physics, U-235

production, development on current weapons requiremerkts); as well as on .reim-

bursable operations,, and expenditures for.capital equipment and construction.
c -

*Department of Energy, Interim Management Directive, IMD 1105, September g9, 1977.
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Sip-ilarly, the ERDA had classifications of its activities' embodied

the budget cycle line items pre'sented to and acted on by Congress -- such

as conservation R&D, fossil energy development, or high energy physicp. This

system is similar but not.the same as the budget'and reporting classifications.

See also Appendix A. Also,'ERDA had developed classifications set forth in

the "UniArth Contractor Rep6rting Guidelines", which, though not fully adopted

within the agency, had a set of general technology categories, including

fossil fuels, solar, conservation, nuclear etc. fAgain, though not an agency

standard, a classification structure for energy R&IT was used in the agency-

sponsored "Inventory of Energy R &D- projects" conducted by Oak Ridge National

Laboratories. (See also Appendix A.)

ERDA also su,pported a Technical Information. Center at Oak Ridge which has

developed an Energy Data Base (EDB) which j.s a computerized bibliographic in-
,

formation system. Informliiion is classified into three general types: -(1)

devices, e.g. nuclear powe? plants and advanced automotive propulsion systems;

(2) energy sources,4e.g. petroleum and geothermal energy; and (3) scientific

disciplines, e.g. chemistry and physics.

TA'Federal Energy Administration (FEA) also, previous to-merging into

the DOE, had established4Fategon4es of energy activities in the-Federal Energy

Information Locator System (FEILS) under the National Energy Information Center

(NEIC). The sYstem is primarily, based on energy stages subsumed under -

energy sources. For example, explora1iori, extraction, R&D, andother.elements,

under coal; milling, storage, waste management, R &D, and other elements under

nuclear; and so forth. Also available from the NEIC'is a capability of access

to a series of descriptions of energy-Alated data bases, input forms, and out -

reports. (See also Appendix A.)

The above serves to confirm the lack of'a single, centralized, or compre-
--..

hensive system for classifying energy activities and/or those programs carried

out by energy agencies. It is likely that the adoption of'one or more central

systems will be accomplished in the near future. The problems involved, in

merging several Federal organizations with several rationales or philosophies

will alone create difficulties in adopting standard systems or classifications.

4,7
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*A system of relevant classifications is-needed nevertheless for -a-97gtAlminir
, -

assessment activity. It would appear at this juncture that as a preliminary

or temporary measure that a taxonomy on energy.activities for the manpower

information system should be based on the current budget and reporting classy

fications:.

/D.
111V

CATEGORIES OF RELEVANT MANPOWER

As indicated, the primary focus of the Comprehensive Energy Manpower

Information System (CEMIS) is on manpower in energy research, development and

demonstration activities. Howeverthe'current as-well as future manpower

supply-demand balances_ Can Only be examined in the context of manpower in

all tykes of energy activities and in all activitiesmgnd in all sectors
of the economy. In the following enumeration we have indicated the several

categories whiCh should be established in order to provide clearly for all

possible-segments of both the-supply of and demand for those personnel re-

quired for carrying out the Nation's energy RD&D Programs: These catego-
-

rizatiqns would a]so serve to define and delineate non RD&D areas of energy
r

activities"relevant to all pbssible areas-of concern to the Department of Energy.

These categories are grouped in the three parts shown to,distinguish the energy

activities (RD&D and other) and the remainder of the economy.: However, the

several categories would be regrouped for purposesf a particular data col-
lection or in other ways for special analyses. For example, for a survey

covering STP employment in all activities of the Department of Energy, catego-

ries IA, IIA, IITA would be grouped.

Finally, it is of conrse not necessary that information be collected or

analyzed in terms of all the categories indicated.. This taxonomy is estab-

.i.ished to complete the entirg;universe of personnel relevant to the assessment
of manpower in energy RD&D activities:

1. Energy RD&D, Scientific and Technical Personnel (STP)

a. Department of Ene gy (DOE) intramural

b. DOE: Covernm -owned, Contractor-Operated .(GOCO's) and similar units
c. Other,DOE, contract and grantyrograms:

I V



S
'd. Other Federal, Government

i. Intramural

ii. Contract

e. Other support (industry,-universities, state government, etc.)

2. Energy Adtivity that is not RD&D, e.g. (U7235 production, weapons pro-

duction)

a% DOE intramural (STP)

DOE: GOCO's, -an similar units (STP)

c. Other DOE contract and grant programs (STP)

d. Other Federal GoVernSekt (STP)

i. Intramural
1,

ii. Contract

e. Other support,(industry, universities, state government, etc.) NTP)

f. Non-RD&D occupations in energy industries (e.g., coal miners)

3. In Energy RD&D'Occpations (STP), but Not Working on Energy

a. DOE intramural in non-energy work, such as wkapons'R&D, high energy
physics

b. OE:- GOCO's, and similar units in non7energylork
'

c. Other DOE tontract and grant programs (high energy physics, space
nuclear) ',

.
.

.
.

d. All other employment. in all other sectors (chemical engipeerS in
pharmaceuticals)

E. OCCUPATIONAL GROUPS AND SPECIALTIES IN ENERGY RD&D

In broad general terms, the manpower information system for energy RD&D

activities will 'be applicable primarily to occupations requiring long and/or.

highly specific training. These include scientists, engineers,,technicians,

selected craftsmen, and certain other management or professional fields.,

Furth 'more, the occupations involved in energy RD&D are also found-in non-
e

.energy programs, e.g. chemists, draftsmen, or boilermakers. However, even :

within fairly detailed categories of occupations there may be certain highly

selective specialties which are required for the solution of unique energy

RD&D problems; The subject of occupational diaSs ficatiOn has been intensively

Studied and developed, and different conceptual appraches and informational.

seeds have produced a diversity of thought and usage;:j.jhrgg basic systems

are''airrently in use, as well as several ad hoc.systems that for.the most pat

are elements of the three basic systems. These are:



1. Dictionary of Occupational Titles (DOT)*

This system was developedly the,United States Employment Service (and

its predecessors and State affiliates) for the operational objective of

ing job applicants into jobs for lahich they werequalified. The classi-
fi ation applies to jobs potentially reportable by employers to the public

employment service for filling by qualified job applicants and to applicants
whose work, experience is described and classified.

The system permitscclassification of. jobs to a fine degree of detail on
the basis of specific functions to be performed, the industrial and other'

location of the work, and the education, training and personal chalacteristics

required of the worker to perform the wok.. The system delineates levels of
progression in a job, from entry level to-that of highly skilled and super-

.

-Nisory level. The.overriding objective of Ole-Classificall_on is to expe47ite
.%, and impieve the'fUnction of job placement. Although other uses are recognized,

statistical aggcegation fj'i' eco omic and social analysis and statistical
, .

Janalysis of historital trend -- thesa functions are in practice subsidiary

to the job placement function. DOT usage i8 encountered therefore mainly in

operatiouAl statistics of the,public employment service, rather than in bToad.
measures of emiiloyment.

.. -

.. ,
2. Census Occupational Classification Systlem**.

,,..

This system relies'on tIK, descriptive content job titles given by,r ce-,,
spondents as, well as their bribf description of the work actuallyperformed,

(1
,butis geared to individual response by the worker and hence is subject to

.. _
the varieties in.Ocinceptua approach that individuals have to the designation

of their gobs and to the imprecisions .in job labelling by Workers'IMo are
.
,unconcerned with the interests Of classification. Howeyer,the system is

primarqy designed to be statistically aggregated for current and 'Historical

socio-economic ana ysis, and consistency and uniformity in job Classification
is .a major objective.

*Department of Labor, Employment and Training Administration, Dictionary of
OccupAtional Titles, Washingtbn, D.C. 1977.

**Department of Commerce, Bureau of the Census, 1970 Census of Poyulation,
Classified Indexof Industries and Occupation, Washington, D.C. .1971.

0

L.)
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Even
f
though the standard of work content is supposed to govern theclassi-

fication:of the occupation, there is a strong presumption that respondents

rend to upgrade their job titles in reporting to the Census or Current 'Pop-.

(--Uiation'Sur4: 'Or, for similar reasons; the job title may be given in terms
li-...

Of t individual's vocational training" or statustather.than in terms of the

work conteq of a, specific job, in which he is employed -- especially:fn scien-
,

tific and engineetingoccupations *(NSF 14.) Studies by the CensuS Bureau have.

shOwn substantial imprecisions in occupational clas ification. However, errors

and imprecisions in occupational classification ar by no means, restricted

to the Census system or to responses by Individuals, and any judgment on

Census occupational survey or definitional7problems needs.to be made in the
. 1

pragmatic context of a wide-range of difficulties affecting-all]. of the

systems of occupational classification.

3., Standard Occupational Classification System (SOC)*

This system is being developed under the aegis of the Office of Manage:

ment and Budget to.provide d- single acceptable alternative to other systems,

for statistical purposes by using the strongest elements of the DOT,. the
.

Censms, and other systems, and providing bridges for converting their termi7

nologies or aggregating their subsidiary detail. It relies heavily on

aggregation of the fine detail of the DOT to classificationsZable for

socio-economic an . These summary c egoties are at the same time
. "N.,

largely tOnsistent with Census homenclatu e. Extensive effort has been mac:IL

to achieVe convertibility of the Cen s a d DOT systelpswithin the SOC. The

,S6e-at this point remains a system in draft form that:is.still subject tek

general adoption in the statistical system and the pragmatic test of use.

,
However, the'careful Work that has gone into making the SOC suitable for

geme7a1 use as well as compatible With the other major systems Suggests that

it may indeed become the Federal standard which wars foreseen for it.

4. Other Systems

The-National, Science Foundation's occupational classification is 1largely

related to the Census (which, for scientists and engineers, is close to that

of the DOT). It is, however, modified on an ad hoc- basis for sper41 needs.,
1. .,

In tery:s 'of emphasis, there is pei.haps some predisposition for survey
, . . .

. .
,

,

*Executive Office 'of The President, Office of Management and Budget, Standard
/Occupational Classification Manual'(DY-aft), Washington, D.C., 1976.
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respondents to classify the vocation than to classify the content of the job.

This:involves the quite legitimate interest in the quail* of the hufnan resource,

including education and credenttalling, rather than in the components of the .

work performed;:' Moreover; for some statistical purpoSes, this approach seems

to be-the most practical, as for example-the linkage of manpower demand (expressed

in terms of expenditures' by field of science)to the manpowerresource (also

described by field of science)..iThere appears 'to. be no' major incompatibility,

however, in NSF survey ,aims which involve direct reporting on occupational

employment.'

The Bureau of"Lhbor'Statistics (BLS), in its project to develop.,innual

employmtent estimates of 'scientists,gengineers, and teChniciang for the.National

Science FOundation, will provide selected occupational detail based-on thosev

used in its'DccupationalEmployment Survey. The occupations to be included

are very closely aligned to 'those included in'the Standard Occupational Classi-e
fication System (and are similar of course to those found in thecteusuSand

DOT Systems).

The National Research Council is even more concerned witty the education

and identification of',the individual, and in their rosterganliesurveys of Ph.D. '

scientists' the classification systems relate strongly to acadethic disciplines.-

As no d bef re, the major occupational classification systems agree

more than diffek iA4their classification of the scientists and engineers in-

.volved in e g RD&D. There are great differences inthe classification of

craftsmen and semi -skilled technicians.

It is believed that the SOC}will eventually become the'; paramount system for

.classifying energy occupations. Therefore, it is recommended that any modi-

fcations made for the purpose of securing further detail or'for producing

inforMation for special needs'should explicitly be made consistent with the

SOC

First; the generally accepted broad occupational categOries of scientific,

technical, and related personnel shobld be set forth. These are the occupa-.

tiional groups within which those working on energy RD&D and other energy

activities are found. 'Then, the more exotic, detailed, or rare specialties,

unique to energy RD&D, can be delineated within these broader.categories

r:=

11 '21



via

lj,

The. following list of-very broad occupational groups, supplemented by

the more detailed list shown in Appendix, A, covers all scientific and technical
\,

personnel (including managers) possibl involved in energy RD&D activities.

The list was constru ted after reviewing available data sources containing.

oCcupat1 ional detail aid interviewing. officials of ERDA (headquarters and
\O

field) and other agenc es. We sought to identify:occUpations Or specialties
1 ...

involved in various energy RD&D programs, especially those specialtiesof a

new or unique character. We'wexe aided in this effort by a. doctorate

scientist formerly involved' in. energy R&D.

Engineers and Scientists (including, college professors and .4nstructors)

Engineers,

Physical Scientists

Mathematicians & Statistician's

Life S ntists

Social Scientists '

Health Pi.ofessional,s

Architect

Technioians and-Techhologists

Administrators and Managers, Tchnical

Skilled Craftsmen

Theabove list of'occupations,serves to illustrate the broader` set

of categories relevant to energy RD&D. This isn't to say that this specific

set of categories would be used in all or any specific data collections. In

some cases the lists would be\collapsed.and in other§ expanded in detail. In

any case, it is inclusive of the STP occupationalspecialties-found to'some

degree in energy activities.

.4

FIELDS OF DE,VEES AND'ENROLLMENT IN .HIGHER EDUCATIONe

The major sou ce of supply for scientific and technical manpower is the

-nation's system of persilies.and colleges. The ,categories under which .

students are enrolle or under which degree§dare granted are the conventional

fields of knowledg\e r instructional programs used by'most of these insti-

.tutions. Although\sudh a claasificatioh is not. occupational -in .the sense of

II - 22



describing work activities', it is related to occupational categories in

designating the training usually associated. with given occupations, especially

the scientific and technical. 'The-edutationand'traindng of the professional
1'scientist or engineer encompass a wide range of subjects and techniques, and

the field in which he is awarded a:degree doeSnot .adequately describe.the

breadth of ,education received.. This taxonomy is therefore only useful in

-roughly kdentifying the potential energy manpower supply from new degree

recipients and academic 'enrollments leading .to degrees.

For describing the characteristic's of petsons working. as scientists or

engineers, academic degrees are also significant. They show the level and
kind of education received whether or not directly related to occupation.'

Recognizing that a persons field of academic degree and occupation are often
different, employers still try first to recruit new workers from among-

similar acadeMic degreerholaers.
a //

Academic degree clasSifications and fields of enrollment most generally
Ain use are Included:in the National Center for. Education Statistics (NCES)

sponsored "Taxonomy Of Instructional Programs in.Higher Education. ". (0E-50064,

1970). This classification 7s. primarily intended to provide a framework for

collection of degree and2enrollment data from institutions of higher education.

Intended for uriiversar applications, fields of academic stay are relatively

detailed with more than 300 fields grouped 'into 27 broad categories.

(Other classifications of more limited use include the one developed by

the National Research Council (NRC) fof the DocNrate Records program and
, the sysiem used for the Natipal Sample of Scientists and Engineers by Census/

NSF. both relate primarily td science and en neering degrees. The former

reflects a level of detail associated with its se to classify research

rdegrees. The National Sample system is less etailed than either the NCES

or NRC classifications, but is more similar to the former in structure..

Although' similarities among.all three of these systems o Inumber the dis=1

similarities, significant variations': do. occur., Occasion lly-the more

detaile9Loacaderylic fields fall into different major vOupings.

9.
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'We believe that an abbreviated taxonomy compatible with and adapted from

the NCES would be the most useful system for DOE use. in classifying.fiel,ds of

academic .degree and higher education enrollment for energy RD&D manpftet

analysis putposes. .Most of the relevant data now follow theNCES system.

If additional detail were needed for particular surveyS, this abbreviated

list can beexpentied to the NCES taxonomy and if necessaryeven finer detail

can be added-fiom.the NRC doctorate surveys. The following is an exampleTto

show'how such a yery ,abbreviated system featuring energy manpower training and
-

drawing heavily on the sciences' and engineering might look. See Appendix

A for the fuller taxonomy, a listing of technologidl and occupational cur-

ricu la (far awards below the baccalaureate) and the taxonomy for doctorates

bgedby the National Research Council.

-Taxonomy cf Fie'ds of Academic Degrees and Enrollment
, 4

Life Sciences

Agriciature, 41luding'forestry and conservation.

Bacteriology if

Biochemitry

Biophysics

Botany

Radiobiology 4 e.

Other

L
Computer and information sciences

Engine ring_

-Chemical

Petroleum

Civil

Electrical and electronic

Mechanical

dtis trial
1

MsitAlurgical

r)
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Materials

Mining and minerals

Erigineering physics'

Nuclear

.rOther



.Architecture

Mathematics

Mathematics

Stati;tiCs

'Other

Physical sciences

Physics and.astrdnomy:,

7 - Chemistry

I

Earth sciences (geology,-etc,j,
g

Other , ,

Health professions

'Social sciences

Economics

Psychology

- Other
70

Other-academic subdiviSionS.(edaation, business, arts, humanities, -etc.),
Mechanical and engineering technologies.

Natural science technologies

DAta'processing-4chnologies

,r4,-

'ffelth services and paramedical technologies

;tither technologies and occupational. curricula

PHYSICAL LOCATI66 OF ENERGY RESEARCH, DEVELOPMENT, AND DEMONSTRATION

40. ,71'.i. As indica4:t4 above, energy RD &D or other related ehergYnCtiities can* ,,,,, . . . ,

.A,tOrarried out 4 Variety. of locstiOns.''The more Obyious-deScriptors of
..' /

-thVS type intlude'poiitical: subdivisions and gi;Ouping of these2into sacio-
, . ,

',- .

ecilhomic areas. yrhus. p&p is undertaken in the various States and territories
. .

(for whith an -oh, yious taxonomy exists) 'and. for cities, towns, etc, and alSo in

's1.14'al'er.e termed Standard Metropolitan Statistical AreasSMSAidl. The laCter
' c'

..t af.catego.ries is cleayly.eStablAhed in terms of reporting O,fvarious socicx7
I

,

.

.e

t7,4:

II 2.5.; C
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economic, commercial, and even scientific and technical data. Obviously,
.

tiw CEMIS should utilize standard location categories: States, counties,

cities, and SMSA's for such'daErf-as are required!
4T*

may be possible that a
.

Euthre nced.Alay develop data categories

which refer to location of'activity but for which. different-taxonomies

are desirable. These could include certain generic descriptors, such

as on-Shore/coastal/off-shore; above ground/undertroupd; foreign /domestic;

laboratory /Field; wester,n/eastern/Alaskan; and so forth. Development of
. .

such categories should await a more clearly perceived need for them.

H. 'INDUSTRIAL LOCATION OF ENERGY.kArt, AND DEMONSTRATION

Energy RD&D also can be charctezed in terms of the specific industry

in which.it takes place. For most informational purposes, theoStandard

Industrial"Classification (SIC)* clueing system (developed by the Offi&e of

Management and Budget) is used. The use of this standard 'system is im-Wp tant since nearly all industrial data are gathered and presented on this

asis In this system, each establishment** is classified *by its primary
\ . e.'

dctivity in terms of sales,within a-two-, 4igiee-, or Eourdigit code, 'll

relating to the degree of industry'detail. (-
. .

One of the first problems'encountered is to identify energy activities,
4.

Some activities are clearly " energy- related ", this includes the basic Indus-

tries that extract fossil 'fuels; transport khem., them if ne6essary,

or convert them into electricity, and distributetthe'fuels or distribute
/.....

electricity. Specifically aAlist such as that develofed by Folk and his

associates*** includes such industries as.:

*Office of Management and Budget,1S.tp.ndard Industrial Classification Manual,
Washington, D.e., 197'2.

**"...an.economic unit, generaily.at a single physical location, where buSi-,
Hess is conducted,or.where services or -industrial operatiohp are performed..."

(factory, mill, school, store, mine, laboratory, or central..administiative office

***Hugh Folk, et al., Scientificand Technical personnel in Energy-Related
Activities: Current Situation and Future Requirements, Center for Advanced
-Computation, University of Illinois, Urbana - Champaign,- Ill., July 1, 1977, p.4.

II - 26



&Coal mining and:associated services, SIC 11,12

Petroleum and.nattral gds extraction; SIC 13

'Uranium mining and milling, SIC 1094

Petroleum refining, SIC 291

Products of petroleum. and coal n.e :c. (fuel briqutttes,
coke, ett.), SIC 299

Fissionable materials production, SIC 2819 (part)

Coal unit- train, SIC 4011 (part)''

Oil and sliirry pipelines, SIC 4612, 4613

Electric and gas utilities including gas pipelines., SIC 491, 492, 493

Steam supply, including geothermal., SIC 496

Even in these industries some nori-energy related work (including RD&D) goes

on: in the petroleum refining industrY, for example, research is conducted'on

chemical by-product uses of petroleum. (On the qther side, "qon-energy" .indus-

tries may Conduct energy-related research, as would be the case if the sawmill

indpstry were studying the use 0/ its waste products as fuel).

It.is in identifying in*istries that contribute (purchases, technicai

support, etc.) to these basic industries that difficulties arise. The

'problem is in part a basic conceptual one of distinguihing some energy related

activities from non-related activities, and in part a practical one of developing

economic. informationjollowing an apprOpriate definition. Furthermore, the RD&D

activities of a firm are not deployed in the same manner as its other activities.

1. Conceptual Problems

One problem is presented by multi-purpose aspect RD&D that may have im-

plications for energy andalso for other end-uses. For example, research on

corrosion is required for advancing geothermal energy extraction, research

on the propagation of wild grasses is needed for rehabilitation of open-pit

mining areas. When production is considered, it is possible to identify as

energy - related., any industry more.than a certain percentage of whose product

goes to basic energy industries. But there is no liay of measuring how much

one,or another kind of RD&D contributes to energy and to other activities.',

The interrelationships of science and the potential relevance'of research

in any'field pr subject to any other field -- especially, so broad a field as

energy -- is so well accepted that the point does not need to be labored.

II -



2. Practical Problems

From a practical o1nt of view the problem of definitions is pompoyded

because the statistics n production, employment, shipments, sales, etc., are

compiled on the basis of company units or establishment units, and the units
.

are often engaged in a.variety:df activities of which energy-related ones are

'''.4, only a part. So in most economic statistics the energy-related,activitieehr
* , '

not segregated from others. If a group of industries is identified as being

"energy- related." on the basis that more than a certain prbportion of.its

work is energyrelated,
i .

emplo ent, etc. can be

relatdd o energy, but it would'

regularly. published statistics on its production,

used' as a crude measure of. activity and employment

t be a true measure of employme+or

duction in energy activities per se, since,it incl,.eides non energy -rely

activity.

It 's possible to ask .industrial firms or other emploers for separate

data on thirenergy-telated activities (this is done for example, in the

Census /NSF annual survey of 116D in industry). Since the ce1cept of "energy-
.

relatedv often is not clear-out, different firms will give answers based on

proL-

1;

varying understandin

the questionnaire.

An an alternative

of the concept, unless a clear Flekinition is given in

to tting this information from employers, it can be

asked of individuals, as in the ase of the sample surveys of Ph.D.'s by the

NRC, or the post-censal surveys of scientists and engineers by NSF/Census.

While the 90'ficial of an'Institution company, university, etc. -- has to

assemble informafion'on ieMployees.in terms of the projects they.are wqrying,.
*

on, the individual memployee can ore readily report, "on his own activity, gien,

the

is:

same dtfinitio of "energy \r

In developing a definiticin

any project the DOE suppor

elated" work.

of "energy-related" activity, a first recourse

. But the DOE does not regard every research

project it supports as energy- elated, since it supports someollitary

cations and some basic science projects. With exceptions such as these,

DOE c4in define its fields of energy interest and can collect .data from its

contractors ol/.the recipients of its suppOrt on thg employment, and costs

associated withit work.



there is a substantial 'amount of energy-related(RD&
, as well as produc-

-tion, operations, construction, etc., that is, not supported by DOE, but is

conducted by private'industry with its own funds", or by professors and, graduate

,stbkAents, either without project sup ort or with funds from industrial firmS5

foundations, State or local gover ents; etc. In these cases, collect4Q2f.

data on energy-related research runs into tthe conceptUal and definitional

< pi-oblemS-mentioned above.

While RD&D activity cannot.easily be identified as energy-related on
-,..-.

the basis of the industry or type of establishment in which it is conducted,

it is poss le to identify. i11dUstries as more or lest energy-related qn the4

basis' of the relationship of their production to the energy economy --the.

propodtions.of their ales. or prodect that go, directly or indirectly', into
,

. .

leal4ly basic energy-related industries.such as those listed above (those

-rectly producing, converting, and distributing energy). An input-output

table for the U.S\ economy, developed by the Department of Commer e, shows,

what prOpOrtion of each industry:s output goes to every other industry-*

This table and-re.otds of the materials purchased for energy facilities con-? ;4
struction, were used y, Folk and$his associates to identify a list of 29

.

"indirect energy ind stries" (See Appendix A). The list includes'some

industry );?

aking equipment only a.small parts of which goes to energy.in-
.

dustries, b some of which is_used by consumers, government and other

business firms or non2energy uses. An example is the fabricated plate works

(boiler shops) .industry, which makes both equipment for electricity generation
I.sand tanks for storage of chemicals, gases, etc. In this exercise much depends

on the evelof detail in which the input/output information is summarized:,
e

A very small part of some sections oE.the machinery industry division's pro-

duct goes to the oil, -coal ,thining, petroleum refining and electric and gas

utilities industGies, bUt a larger proportion of he output of specific
7

component industries,:,such as the turbint\an Steam engineg thp

motorsSand generators industry, the oil fie d machinery lindustry and the

mining machinery indugtry, goes to these ene -.related industries.

*Department of Commerce, Bureau of Economic Analysis, Input /Output table of
the U.S. Economy, 1971, .Staff Paper #28, March.1977

**Folke;bp. cit. p.5

It 29
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However; for purposes of a manpo

14

f

information system" for cnergy RD&D

for which theaim is to identify industry sectors in which RD&D is being con-

ducted on energy and.-its generation, conver on and'conservation trm use of

a list of industries that sell a'substantia part of their products to the

basic energy-producing and converting industries may miss some impOrtant

sectors. The list developed by Folk includesIhe screw machine products

industry, for example, presumably because' it sells to the basic energy

industries, but it is reasonable to guess that not much research on energy

go s on/ in that industry. On the.other hand, thE_list omits some industries
4

*
" making energy-conversion_or conservation prodts that are gold, not to basic

energy industries, but consumers and to other industries, a it is

reasonable to believe that much of the research-going on-in these industries

is related tewliergy conversion efficiency or.energy conservation. such in-

Austr'es include: mineial wool, SIC 3296; internal combustion engines, n.e.c.,

SIC-1519; air conditioning and warm air heating equipment and commerical and

industrial refrigeration.equipment, SIC 3585;'storage batteries, SIC 3691;'

primary batteries, met'and dry, SIC #92;,and all transportation equipment,

SIC 37. 4,

To get a total Ilicit,ue,of energy RD&D activity; sectors such as those

listed abOVeShOtad-46e ..gaae:41:-to the.-li's't: energy"-indU;trie
0.;,

-.,, -----a.
IIR

developed by the Folk stir4y..4-
, .

. . .

-AnOther attempt to develop a list of energy-related indUstries usilQg

input/output information was made by an ERDA-AMei-ican Society, for Engineering

Education Task Force.* It included every industry, one percent or more of
/

whose output went directly or .indirectly to the direct energy producing in-'

dustries -- coal minirt, etude pe4oleum and natural gas extraction, petroleum

refining and electric'

.

and gas utifitles.' Tweaty-two industries were included
, .,1

,

, I
_ r

-- a different 1' than that developed by Folk and his assdci tes. InclUded
.

.

are 'such' industries as wholesale-trade, banking, advertising, railroads,' real

*ERDA-ASEE Education and Training Task orce for the Assistant Administrator
for Institutional Relation'S, 'A Prdpose Plan for Education. and Training.in
Non-Nuclear Energy Technologies,.Pebrua y 1977, pp. 87-89.'



kg,
, .

estate -- not normally considered as energy industries?. ause they met the
v

x one-percent, test. Also industries were,excluded that,dti no sell to the basic

energy industries at all, but whose prodacts g're.involved energy conversion

by consumers;' this results in an incomplete and unuseable list, particularly

for RD&D activities. (See, Appendix A.)

In summary, it might be desirable to collect and analyze data on Aergr
RD&D (and even other energy activities) on She basis of the industry in-which

such activity is conducted. Nearly all economic data to which energyA&D '

activities (not supported by the Gover,nmentl Fould be linked (produCtion,

shipments, employment, sales, etc.) are gathered and maintained on an industry

'basis and is"categorized by the SIC codes. 'However, the principal activity,

with which the Comprehensive Energy Manpower Information System is concerned is

energy RD&D. From the discussion

ceptual and practical difficulties exist in classifying industries as being

energy-related for RD-&D activities, beyond the basic energy industries shown,

above.

Therefore, DOE may engage in, data collection itself ar,iuppoit or utilize

other sources which nclude categorizatidn.by industry. However, there 'appears,

to be no way to specify an industrial taxonomy for collection of data on energy

RD&D, other than the basic energy industries.-

1
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A. INTRODUCTION

CHAPTER III

RATIONALE AND ANALYTICAL FRAMEWORK

The purpose of this chapter is to descrishe the ratibnale and analytical
.

ework for the task of identifying and evaluating manpower information
.

r'elevant to 'energy RD&D,-and to show howstch infotmation may be used'in a

,systematic fashion to meet the needs of DOE.

The chaptt will first (iliscuss the 'supply of'lergy RD&D manpower ,

A

s'iridntifying the critical elements and the factors affecting them, the kinds

ofanalySes that may have to be Made, and the data required for such analyses.
' '

It will the., discuss the demand or requirements for energy RD&D man-

(
h the measure ent,_ of the balance of supply

powt.in the same terms.

A third.section will d

and demand.

0.

B. MANP-ONR SUPPLY SOURCES AND 'LOSSES

1: Introduction

The sup ly:aspest of a manpower information system is concerned with

the numbers nd characteristics of individuals engaged in the given activity

plOs1..dthera. qualified 4for future engagement in the aCtivity, includincom'e
. -

-whowetept'eViously so engaged. The system shbuId include infoTmation,on the

entry.OliteS into the activity and the exit paths fromAit, and the numbers of

per.Abh-sentering and ledVing, and should include data on supply sources in

zpreparato patterns of occupational mobility, and working condi-

--TIWns:thatAllay affect theSe patterns. Within the systemshouldbe inforMa-
,

tion on the current situation, as well as the basic da a which permit the

assessment of probable future isituations under given as umptions.

2. The Manpower Supply Pool
_.....J

a. 'Numbers and Characteristics of Those Rresently Employed in Energy TD&D

i:' By energy,sources,7 Energy RD&D programs d4ffer from each other

in subject matter, method, fin cing and staffing characteristics. FOrther-

more, the programs impact on d fferent interest' groups in quite different
)



.

ways. Therefore, the system should provide information on important discrete

energy sources,-suA as coal, petroleum, solar, geothermal, etc, This will

permit assessment o44the several energy programs in terms of staffing progress

and deployment of manpower resources.

1 i

i,. By,occupations and industries - Energy activities are carried

by wor ers engaged in many'different occupatig4k.and in numerous industries.

Many of these occupations are-among those requiring the 'highest levels of

scientific and technical expertise, the attainment of which has traditionally
L

invored a long pdriod of education and training. For exammt.e,,the high.

energy physicist engaged in fusions R&D!taill probably'have academic training

through -the doctorate level, supplemented with several years experience and

training in research. .Other specialized occupations may involve similar or

shorter training periods, but RD&D energy activities in general usually re-
-

quire more ,workers possessing ja, skills of'higher le*els than most,-dther

broad activities. Then, too, these occiipations ranre across a broad spec=

tram of scientific (e.g. chemist', physicist, earth sciehtist,.etc.), tech-

nical (most, if not all, engineering and technician fields) and craft (e.g.

construction, mining,'manufacturihg, et,e.) skills.

in

Similar energy' activities of interest are located in a number of

streS, which incldde such disparate locations as generation and trans,

mission of power atpublic utilitiesLnu9ear research at universities and

associated research institutes, or pilot plant constriction for oil shale

processing. Furthermore, the nature of. DOE interest in'given RD&D establish-
,

ments will'vary depending on DOE's administrative responsibility for .them.'

The DOE, since it is charged with dv *ght of specific energy programs,
A

in order.to note present and anticipa future production problems, must 'be

aware of the nature and deployment of manpower resources as well as rgy

output. Education and training faci ities must be Considered witha View

to the current manpower pool as,well as anticipated manpowei demand. The'

pplex occupatAonal and Industrial mixes <in energy RD&D imply training

programs featuring both breadth an specialization.

iii. B ersonal character stics Such personal chpracteristicS of

the energy manpower pool as age, sex, and minority origins are important



elements'of the information system, a

The average age of the work roioe, for example, provides insights into

the balance between the younger (presumably less experienced) and the'older

(more experienced) groups. Such information provides clues I
as to what types

of training to encourage, emerging re'tfrefnent problems, and recruitment

policies: f L;

The emergence if new patterns and pdlicies applying to labor force parti-
.cipation by women places an'importance on separate information by sex. Women
are an increasing proportion of many work forces, approaching 411 uereett nation-

.

ally. As additional perSonnel resou ces, their participation-is encouraged;
since they are\characterized by dis imilar weirk history patter

, separate in-

.

formation on their participation is desirable..
A

With the growing commitment to a national policy-of equal employment

opportunity, it becomes necessary that information be 1 available on. minority

groups for nationally important industries, and particularly for activities

subject to the degree of public scrutiny and control as energy. Currently,
J 1

separate information on the Currently employed is needed for such minority
groups as blacks, persons 'of Spanish origin", Asians and American Indians,

iv. Educatioti and training - Probably the most useful indicators of
e

education and training requirement§:for the ;energy workforce are those

which show the. types of- 'training possessed by those currently engaged'in the
* 9

activity. `,This infoi-ma ion identifies the training of workefs who ate able to
perform tbe\work, and sipervisors'are likely to seek new workers with the same

training. Education and training programs for new workers are usually patterned
after,thebxperience of present workers, 'although workforce flexibility readily
makes for exceptions.

InformatiOn element,..s-relate to the type of institution providiag training,
and the occupational,nature,Jength, and recency, of training. For /higher educe-
tion recipients, HlgheSt degrees attained .4e useful indicators and are par=

.eicularly important for RD &D activities.

v. Location.- -Alt!iligh 'energy activities are of the highest national

\importance in the aggregate; many bf ,them are pei-formed essentiallTas-local

or regional industries, as for example, geothermal exploration 'or solar

1oe
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energy development. Summary national manpower data should be supplemented

by regional and, in many. instances, State data for at least those states
.

where important installations are located. The broad responsibilities of

(DOE are administered along regional lines, and some enemy activitiesi.are

regulated gy state agencies. .

b. 'Other Qualified ManpowerSupplydlb.

Although some specialized skills may be unique to energy RD&D,

if any, upationsare found exclusively in such activities. Rather,"

these o upations form part of larger universes, and exist in many activi-

ties ar(d industries. For example, of 38,800. chemistry doctorates included in

a National Research Council survey in 1975 only 7 percent were engaged in

. energy R&D and 36 percent in all R&D. Doctoral engineers engaged in energy

R&D form a somewhat larger. proportion of the doctoral engineers engaged in

R&D (NRC 2).

Those in scientific and technical occupations not currently involved in

energy activities may be considered, in a sense, to constitute a labor re-
\

.sefve,an unknown part of which could become part of the energy workforfe

under certain conditions acid incentives. Within each such group, will be

,found some individuals qualified fort immediate employment-4n energy, others

with few of the required quAlifications, and various gradations inAie ween.

Effective use of such a supply is limited by considerations of training and

retraining, the location ofemployment opporturiities, current work activi-

ties of this reserve, worki7ig conditions, and incentives necessary to re-

channel workers into different

The implicatidp for the manp-gwer information system is that the system

should provide inforMation on thig-jreservef. r aefleast those occupations

ikeiy.to be in short:supply. T info ation should be,sufficient to make

'judgment on the feasibility of recruitment.to energy employment if needed.

Desirable information for this group includes occupational qUalifications;.

type, length, and recency of training; current work activities; and location.
. ,

3. Education and Training Relating to Manpower Supply r

a. Institutions and Types of Training in Target Occupations

Important to the understanding of manpower supply for a given activity,

* References in parentheses are to sources listed in Appendix B.

(.7 .
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is information on the proCesP* which the supply is createdin other words,

.sthe'education and training systern\whichinsills the occupational and other

skills necessary to function effectively. Such informatio Includes types

of training insti.cutions, locationsheir curriculhm8,.-and:the extent to

.which their students successfully adapt to the.Work.demands of the real

world.

For energy activities, especially'llb&D,, institutions.of higher educa-

tion are particularly important for the professional scientific. and technical

- training provided. Graduate schools award advanced degrees, and engineering

schools most, of the technical degrees. Technical institutes :ate an important

source of science and engineering technician's, as are community colleges..

T./ rbde and technical secondary schools also provide training for to:Chni,
ecians and craftsmen, frequently as the basis for more advances} subseOuent

.

,- .....- .

training. Numerous other, generally less stuCtured., trainiy:t. oppOttunitie!s___
_ .

.

exist in.the forms of apprenticeship, industrial oft-the jOh, atinefeirCeS,..;

etc. MoA-frequentlY these provide training for craftsmen a:Ip--t::7,

1 ',.:it.--,.
.--- ,,

F,i.

Since, for the most part; education and training of this Ohatacter ae
I;

-:: ,- :. ,

not without cost to the recipient, the costs incurred are relevant inforMa
/'"7 , .-.:;

fellowship,tion for supPly considerations. In the sa7(tV-scholarShip,
.;0and other incentives fora particular typpo.f:trOning may_be -animportant

cians.

consideration for supply.

b. Enrollments and Compltions

The potential augmentation oEthe manpower supply' mss, m asured by,the

.flow of students through the training process for thoSe occ paiions which

are normally recruited from those sources.

For the professionally trained scientists and enginee , degrees gfanted
by the universities and colleges at the several level\in c ence and engi-
veering measure conmdtment to science or engineering dccUpaijons progressively
as higher degrees are received. Enrollments in similar curriculums indicate-,.

pnSible future supply increases after adjusting for academic attrition.

Science and' engineering occupations of interVeto energy 4civities tend to
,emerge4

from a relatively small number of academic curriculums, such as nuclear,



electrical and electronic, petroleum, chemical engineering, and the physital

sciences. One of the taskS of Ehe-manpower specialists will bve the identi.

fication of'cUrriculums which are especially prOductive in training for

'work in energy..

Information on completions and enrollments for trade:and technical

secondary schools, apprenticeships, industrial, armed forces, and other tra'in

'ing is less satisfactory as an indicatdr of potential supply on a broad national

Or regional ,basis and also myCh.less complete, but may be useful in given local

situations. Training quality varies'greatly, and content is sometimes highly

specialized to develop workers for specific jobs.

c. Projections of Future Enrollments and Completions

In assessing the 'prospective supply in the occ tions involved in ener

RD&D to meet ftiture demand or-requirements, projections of the inflow into

these occupations from nucation and training programs are needed.

The ,National Center fol, Educaion,StaisticS publiShes projections of
,

total college enrollments and degrees, and of degrees by field bf study,

typically for about 10'years into the future. The NCES defines these as
!,.

projections based on expected changes in the population, of college age (all ,

of whom have already been born' at the time the!prOjection is made), and on

recent trends in enrollment Ates, retention r--.4;4:, and the .choices of course

of studythat itudents have made. They are mathematical extrapolations of

trends, not forecasts or predictions, the NCES says. They may be described

by saying this is what is likely to happeh if'people keep on doing what they

have been doing and nothing happens to makethdgachange their behavior.

In reality,things do happen: the attitudes of youth toward going.to

college and towards the kinds of work they want to do, or' the subjects they
N..-

4 4
.

want. to study, do change. Among the factors that affeEt these attitudes are
.

, .
. . .

not only social changes, and changes in life styles, but also eco comic changes,
... ,

rises or declines in the business cycle and unemployment, the growt or decline,
-,,..

------. .

.
.

.,

of industries, changes,,and shortages or oversupplies in certain occupations,
47

* Departme t'of Health, Education, and. Welfare, National Center for Educe
'tion Ea-istics, Projections of Education Statistics to 1985-86, NCES 77-402,

Alas ngton,



which are reflected in the attractiveness of salaries paid, StUdents.

react to these influences, partly on the basis of information from the

government or other sources on the employment outlook. :°0Eri faPt, such

information is issued expressly to 'help young people to'avoid overcrowded'

fieldS and enter those with better emPloyment opportunities,

The NCES projections may turn out to be ppor as peedictions, but they

serve an important purpose: taken together with'proje$tions of-require-

fllents for Workers-in each` occupation, they illustrate what would happen if
dS

students did. not Change, tHeir past patterns:6f enrollment or course selec-r

ti)on -- shortages would occur in certain occupatipTT oversupply in others,.

and a rough balance between gradup-(es.and job'opportunities in Still Ethers.
On the Oasis of this information, two'kinds oadjustments may be made:,

stUdents may shift their courses, of study, and employers may a.djust,their

employment policids-, insofar as- they have flexibility, to use more:workers',
.90

in the occupations. that be in oversupply-- and therefore cheaper to

employ -.- and fewer Workers.in the shortages "occupations. An accurate esti-

mate of'actual demand and supply' in the future year would therefore reflect
.

-:both these types of adjuStments.
-

Projectibns of_ raduations.are also made by organ.zations othel. thani ''.

NCES 7-7 the National" Science Foundation, for all levels and fields of scien-,
.. .

,

tific and technical education, and some of the. professional societies for

members of their own fields.

d. Train-ing AttritiOn

The-'guccess of the training Institution,- and of the trqinee.i.om-
A Y

pleting,an assigned curriculum -- reflects47the effectiveness,of the .training,
proces s in augmenting the manpower supply.. Nor ally., about half-ot,the

.. , ,..
students enrolling in foUr year,engineering'cu riculums fail t completeh

1.., .
..-Other shorter training programS-may not be: mucl-more'suctessful. ....

,..,,The moral for manpower supply-,information is that it is necessary to- ,.
4

adjust for the loss irlythe training system in ord*t to overestimate
patentiai supply: Information on attrition should be sought for occupationg

which are likely.to present critical'suppay problems, '

iy p
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. Work Force Mobility and Attrition

Immigration and Emigration

0

Traditionally, the domestic work foricle hase been greatly expanded at.
all levels f skill by immigrAnts, mainly-from Eufplpe and Africa; and

.Hoar.. many ..om A

-of dini-graAts and, .

'skills founct in :'short -apply within our coukety.. Although unl ikely to :bel-
1 r t

ome a tflajiv soUrc-e.-%f"--supply foy energy gNnpower ?in the near *future

"it.egai -reStricLons nv limit the 'number's'
thlnysuch numbers encourage immigration of occupational

.'gratiOn=of'sCient sts.;:and:-engineers.may be 'important, in selected RD&D
, 1

,.. ,

itpationS:, Imm4:grant visa irrformatioh ntileprovides occupational data

;Sim4.aky46 igration/ofenergy manpower' represents a lbgs to the man-

power' poop o '-unkhoWn propOrtions: Foreign now tonstitIte.a sii-
.

\ \ .,:' i °.

.-- , .
.,

nificant_pr9_portion-Oltne:engineering:,traduates; many of whom return to
f..... , \.

.1 -
/..- ... ,'''

f

''-:-"their n 'ive ihnds'on oWetion O.,f''._trainthg.f. With the development of
. *.-- ----.\:- .` t .. -

Z. foreigti and interhatisna .:energyY.,_programs;,,, such gmisration of prootessionally .

j-,1'.. ,-
-. trained pTonnelmire 1 crease,k .:No.satisfactory measurements now'

eXist,althoughkg ,t,reV-inftrriraaaqiiiThCan ,p'iobabl be developed through the
-.)

thalentify. the U.S. as the cguntry of origin
.

1 N

.

,

0
records of.ofher'coUhtrie

immigrants." '

7

.14 /..7

'Anc(th'gr imporfantTee-t,efiabant,OfmanOower. supply in -an Occupation IS
, .

;

the extet"t1..io which ;w froth other occupations for a pluS,.

20tiOnal'MObility

-- z
6.: or move, *Om it, fi £ -er'

r'

ctppatIons fOti a minus. Such movements are.
."' %!, .:

.4' chafact":.tic_o the-flex aityh our qstelicontrasf.with more scruc7.' . .. ,

tured systems :\in some tore iv cOuntries . Stith" bob ility may 7436 in - response
.,. . '' I'

. .

.

t-'r` to: tthe labor market,..-in4ustrIti.onS.or4ersonal;considerations,
-,,

- Mobility:wth reSpett to errer r.nazypote jymplies a broader definition
. .

'of-movement into dnd'obt of an.40ivit,* ei.t.wanld regard_ as a lossto
r-li '

the energy:manpower:I:631, forautplef5tWe gineer Who.moved7frotpdeveldbing
ra bituminous;{ coal mine to iron ore to employed

.i` °.:tin the same occupation, but n- a.,

5

4-



10

c. Age-sex CompoSition of the Supply

The age distribution of the work force may proVlde clues as to future

los'S through retirement and deaths: Since the patterns of labor force par-

ticipation are different for males and females,,separate distributions are -

',-

desirable. A comparison of such age-sex work fore 4istributions with life

tabled for the population and retirement tables for occupations pay reveal

manpower sup Q1 osses indicated for the future.

5, Working Conditions Affecting Supply,
,

_ :-'

_

Working conditions affect labor supply through encouraging Workers.
..?

toward nctfvties considered attractive and away from tho?e believed 'less

.

.,attractive.
.

In a competitive ma.rket_situation, workers. wi I seek employ-
. .4

ment where he sum total of.wages, fringe benefits, hours oak work, and
4 A

conditions.--4re 44Sidered superior° to the competition) High labor

ra n:-rates.tiay.indicate dissatisfaction with workfig conditions.

Those responsible for energy programs should be familiar, with such inc, ca- ,

to.rsuf-sconditions as noted below.

a. Salaries and-Wages

The labor supply, concept implies a level of compensation wages and

salaries for a given occupation, industry(Rr'activity. In economic

terms, the supply is the amount of a gold (labor) tffered at a Oven price

(wage). Wage levels can be said to be the-most important determinant of

the size of.the supply.

Useful wage information includes occupational averages fOr energy

activities which will permit comparisons with competitive activities... Wage

data-are Usually expressed in terms of hourly or weekly averages fOr pro-

duction and clerical workers and monthly or annual averages for professional

and semi-professional. Sometimes entry wage rates are more significant-than

averages, since the most mobile workers are likely to be the youngest and

those coming out of school and hoosing their first jobs.

b. Labor Turnover

a

The measuren4nt of entrances into ankits-from the employed labor



at
supply,..or, labor turnover, are usually expressed in terms of hires and ,

separations', calclated as percentages of the number employed. SuCh

labor turnover data provide measures by which success in attracting, main-
. .

. taming or reducing. the work force may be judgiod. To the extent that workers

leave the labor force or move to non-energy activities, turnover measures

net loss to the manpower pool:

c. Industrial Hazards

Workers, who have long been aware of the diseases and'accidents' asso-

elated with industrial. operations, and the public,'who have more recently
. , . .

become aware-,Of them, are now joined to eliminate and alleviate them.:-/High

injury frecuency rates serve both to discourage workers from entering

hazardopz_activities and to increase compensatory costs, .Remedialprograms

in large part depefid upon analySis of the extent and ,causes ofsucli psea4s,./7

and accident. ./

Industrial Unces

The information sygtem requireS elements which will bring, to the attention

of management. such symptoms of induStrial unrest as labororevanCes, dis-
,

,putes, work stoppage and the like. Such conflicts reduce the effectivgnes,

of tkle.labor supply in the.same-fashion as a los's of wotkers,

progress of unionization and collective baring provisions in energy and
,

related activities are useful indicators` of probably future trends of adm

istrative value:
9

C. DEMAND .OR REQUIREMENTS FOR MANPOWER

The concept of-requirements is. used instead of that of demand, especially.
§

.in 'connection with assessment-of the futilre>, Requirements-5f defined as effec-

tive demand associated with expected, stipulated or-assumed changes in the
1 :

major factors. affecting demand, and under the assumption of no substantial

,,change,in the relative price of-labor wages,or salaries. The actual demand
IV

at a future time can only be estimated at a second stage of approximation,

-after the prOspeCtive requirements and supply have been estimated and com-

pared; if there is an imbalance, its effect on salaries can be estimated

and the secondary effect of such salary changes on boeh'demand and supply



valuated:

This section will review the factors affectj_ng requirements for

energy RD&D kipower, and suggest analytical approaches to t eir measure-4
t.:, ment, understanding and use in a ssessment of present and future -require--

ments. The major factors are government' programs, policies and-budgets

'',affecting enAgy RD&D, the demand generated by the economic activitSTof
$i''

the4 industries or other sectors employing energy RD&D Workers, changes

ip energy economics, .and demand for teachers.

It should be emphasized at the outset th,t research is conceptually

one of tile, most difficult Of economic activities to project -for the future.
--

This difficulty
,

arises out of the role-of research as the forerunner of

technologiCal 'innovation. In making economic projections, we generally
. -

rely on the.p

)sistence

of pattern in economic life. Families buy-auto-

mobiles, so t.h grOwth in population and in income levels can be used to4

estimatethe number, of automobiles Sold; makingautomobiles requireS
, -

machinists,. assemblers; engineers,rand so on.. But an activity whose .

,

i.r,_ *
unction is to break past patterns by diseovering dew products or new

technologies, and one in which hreakthroughs open new avenues for further

research and development cannot easily be projected, in spite of the many

attempts to systematize "technology forecasting." At best, one can see

whether an industry or company has a peroistent pattern 4 allocating
.

funds. r resources to R&D -- a stable percentage of sales or employment
ic-

and, finding this, one.;My assume a continuation. pi this pattern. B

't11 exact nature of the R &D =- whether ii energy or in other fields may

. sh ft`With the scientific breakthroughs nd.with economic changes that

chan e the pay -off prospects of diffotrent areas of research..
t.

1. Government Plans, Policies and Budgets for Energy RD&D

CRPlans and.polici s both on energy production and on energy RD&D affect
...

the requirements for energy
c---

RD&D manpower, since they both give'direction

to efforts in private industry. Government funding dof energy RD&D has.a

direct impact.
1

impact.

,* National.Science Foundation, 1985 R&D Funding Projections, NSF 76-314,
Washington, 1976.

ti

t.

- e`



Plans and policiee.on'6ergy generally include controls, pricing,
,

imports, extractionpojlution contf61,1tc of which have

cations for energy RDSD in private industry. Intheory, these are supposed.

to be explicitly stated in Presidential energy program such programs

as the national plan forl.energy self-sufficiency. The implicationS'pf

differentenergy scenarios' or policy choices on relative prices, taxes

and other. costs of doing business have to be analysed in the context of

the changing general economy, and their effects on the growth of production

and employment in the various sectors-est"imated., The terms in which they

are stated will.need to be translated into terms meaningful for.manpower

requirements analysis: i.e:, the implications'of policies will have to he

quantified nitimately in terms of the numbers and kind& of energy RD&D

personnel required in each sector of the economy or energy technology in

4, which they are employed.

1

Plans and policies on energy RD&D:directly affeft energy RD&D pere-on-

nel. Proposed expenditures have to be translated into the kinds of)person-
.

nel needed, by occupation or specialty. To do this, it is necessary to

have ratios of employment, by occupation, to dollars spe for RD&D on each

type of energy source or technology (since the kinds of occupations differ,

depending onthe technology), and 'also for..reseatch separately from develop-.

ment and demonstration projects, (since the proportion of costs represented

by manpower, as well as the mix of occupational skills, may differ); Current

.or.recent past ratios are not necessarily a firm guide to future manpower

requirements, since the future direction of R&D may be different from that of

the past -- particularly if,breakthroughs.occur.that open up new areas.of

research and technology; but trends in these ratios may be a good starting

point for projections.-

Ihe. requirements,for energy RD&D.manOower in National Laboratories

and Energy. Research Centers and' the rvuirements of contractors and

grantees, including industry, universities, and nonprofit research organize-

tiOns,' can be projected from estimates of energy RD&D budgets for each type

of energy technology or.by type of operation (e.g., national laboratory

versus contract research), goingkas.far into the future as forward budget

planning permits.

1r'j
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2. The Le el
Empliying

The level

investment, an

ducting RD&D all affect the employment

f Economic
rgy-RD&D

business

ctivity of the Industries or Other .Sectors.
anpower

activity, profitability, decisions:about future

mangement's perceptions about, the. value and pay-off of con-

sector of the economy.

of energy RD&D personnel in each

In industrial sectors, current demand for

or activity measures,industrial production

estimate a variety -of'techniques such as those used by the Bureau of
k ,

their product is .sown by

and prospective demanNcan be

isLabor Statistics in its economic. growth studies.
4

"These include'projec-
tions'of the growth_ofGNP,,and its composition, proje,ction Of the( final

demand for each type of product or service associated with this general

economic - growth, and estimation of the production generated in each sector,

of the economy, IlAtiZhe. Department of CoMmerce input/output tables, or-

Multiple regression analyis. Other econometric.mcidels may alsO be used
to project specific indtstry demgnd associated with assumed rates of general

\

,economic, growth or changes in speCific setors;.(e.g., MIT-FRB, Wharton,_,.

Brookings). A` study cqrrently fu y the, U.S., Department of Labor, still

in process, -isattempting teanalyze the use of the major econometric models
, - .. **to forecast. the impact on lab r d mand of various energy policies.

Decisions about future in stment are based in patt on,sqch projections%e
,.,,..of demand. Management's perceptions about the pay-off of,RIZD are related/ /-

, to these. factors, but also;to the changes in energy economics discussed below.
'..Goernment

k
support of RD&D is also, geared to some extent to projections of ,

final demand f'or products and resulting requirements for expansion of exist,
.ing-resmirces or development of newOones.

The connections between changes in demand for products and RD&D expend!-'
tures -- generally and in each sector=- have to be explored by examining how

* The. most recent projections
are summarized in articles in theLabor Review for Match .1976 (pp 3-21) and November 1976 (pp.

.

** Study by Albertj. Eckstein and Dale M.
Department of Labor, Office of Research
and Analysis of EconoMetric Models
Reference to the Impact of En- :y Policies
met."

V

Monthly
3-22)

elen under contract to the U.S.
, for "A Review
with Particular
and and Employ-



.1the two relateto each other over the yearse This requires statistical

Series on dollar volume ofJproduc.4jon or sales and profit rates in the,

various industries and onilD&D expenditures by the industnies,. In view

f the rising costs'of energy, RD&D effort on energy efficiep y or c n-
.

servatidg may be increased'regardless of changes in demand, product '.n or

profitability; i.e., the relationships shown past experince cop d

change. Similarly, the sources of energy used in vai-ious'industries

could change as a.result of cha/ging'relatiye costs.

' The effects of changes in RD& expenditures upon employment of R

1

personnel may be estimated by developing ratios of employment.toRD&D ex-

penditure dollars. The trend in these ratios over time will be affected

both by rising salary levels and by.the OhangiAg cqst cvpbsition of*:the

RD&D.ac.tivity.that goes on: use ofeiffering amounts of personneli.equipi

ment; materials or other factors in research will 'affect these r tios. Tc?

get insight n these trends requires analysis of the RD&D4oudgeta and em-
,

,ployment of different" sectors of industry. At, educational institutions;

governvent labs, and non-pro i institutions RD&D is carried out either on

. grants or contracts'or is self-funded, partly in the salaries of facult

members, and university funds,for assistantships. To estimate this type of

demand, data are needed on RD&D expenditures. and manpower in such initu-

tions, and on.the future amounts and direction's of Federal suppOrt for

energy RD&D in such ins utions, as -elated 1:11ow..0,-.

°. '5n some cases it may be possible to collect projections of manpower

tiequirements or RD&D.activity,from employing institut rns directly, rather

than by estimating RD&D expenditures. The experienc 1W. thiS kiadOf.

forecasting 1- asking employers fir their forecast f'Manpower needs or

RD&D''expenditures 5-- has not Dten encouraging in t e past, but may be

necessary where no data on expenditures or manpower be obtained. ,

3. Changes in Energy Economics

-4

Beyond what goes on in individual industries, demand or requirements --

for energy RD&T1 funding anpower are affected'by th&.reLationships

among energy sources, i cluding ocal, national and world supplies, prices

and technologies affecting the use efficiency, and costs of each energy



source and-competition among them. /These developments affect the areas iri

which RD&D is done -- or, at least thatpart,of. RD&D'Nhich is not'basic re-

search --
41.

search and its direction and emphasis.

Efficiency and costs of each source,, as well as adaptability to various
.

uses, pollution considerations` Andstrategic considerations (e.g., desire

for self-sufficiency) relatfve'to those fdr other sources are majorsdeter-

minants of the competitiveness of each source,fqr energy generation and use.
sof

.

The ability to assess or forecast changes affecting competitiveness, there.*-

foie, requires the ability to assess the economic viability of each source'

and fdreshadoigs decisions to initiate RD&D activity designed to make them
more competitive. p0.)

. ,

40- 'Pries and efficiency may change with a wide variety of factors. -- inter-

national relations, national polidies, the extent of control by monopolies
or cartels, war, catastrophes,

discoveries of new fossil fuel reserves, tech-,

nological innovation, relative priceS; changi4 demand, etc.
In view of.all these uncertainties, forecasting 4,is diffirlt. To develop

2 %
strategies 'for RD&D planning( -- which-determines. manpower '4quirements -- it,

. .

is essential to'have at all tines a Provisional assessment of trends in rela-
tive costs of using various energy sources,. subject to frequent revision.

iv ,

Such rough assessments may be useful in decision-making in cases where the
-

cost differences Among sources re large and decisive, but: less useful, when
,

the. cost differentials are smalland,small errors or changes in costs may
affect the balance.

The effects of these energy economic' factors can 14 translatedinfo)
1

manpower implications only throdgh the intermediary anelysis of-their. effects

upotNedonomic activity and RD&D expenditures in each the'various economic
sectors in whiCh energy RD&D personnel are employed.

0

Thus,-the assessment of future equirements for energy RD&D manpower

would_require a ser es'ofstud,Ies he business (or level of operations)
nd RD&D ectivitoy o2 each 'sec or of the economy.as affectedbytall relevant

ics, as well as in demand°for th61 Pro cts'of
developMentS in energy eco

several sectors.

4. Demand in theEducatiodal_Sys,tem for Teaqchers
(

s't e .

Th ...
eed for training engineers, scietitiss; and generates4

,

V.

a requirement for teachesrsspecielizing in each subject. field.
A ,

1
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. ! .

._

Theoretically, teacher requirements:in each discipliw are a function
,

)----, .

.
.

of the total numbers of students that. ave to be trained in each relevant
, . .----'

occupation to'meet the economy's total eeds for trainedyorkerS. Prac-

`.1ticalTy,.it doesn't work nnt that way, for several reasons. One is, that

th.the training Of each type of specialist, teaChers in more than that

specialty are Yr47.11.red --ThySicists are taught by -cheihists and mathema

,,ticiams as well atbyl.physicists,(not to Mention professors_inthe humani-

ties). A second reason. is, that, in fact, the educational-System is notes

.spjanned on'the'basis :of occupational training requirements alone, but also

as a provider of a consumption good - education./

The aggregate manpower requirements for future energy RD&D speCialists

have tobe examined to'see if. they place any Special burden on the edupa-

tional -system.: Other tWan this, the edutational system's requirements for

the various specialties can be estimated on the basis of an expected volume

of enrollments(griduate and undergQ4lUate) in the institutions. These re-
.,

quirements have to added to the total requiremen'Es for these occupations

/generated ,by industry and government,
,

The teachers at institutions-of higher education also engage in re-,,
.

.
,----;

. .

.

search, of course. For that research done
- a
on grants or research contracts., .

.

data on the funds provided and their employment impact are .needed, as

above in the discussion of government budgets for'enersy'Rb&D.

5. Summarization,of Requirements for Energy RD&O Personnel
i4 . ,

.,
. Current and future needs for energy manpower, have to be estimated

6y analysis of the maippwe,r requirements of employing sectors resulting
\

from their own business'activity and RD&D investment (or, in,the case of

colleges; roliments)', as these are. ffected by the changing economics of
.u,.eprograms`..by govenment policies and programs`..

require developing a pictUre of total, energy D &D 'expenditures,'
t.

including, government, industry,-universities atid.research o anizatjonSt by

energy/So rce-and/or technology, since thiS affects ,he ccupatio s requirkd.

-It will b necessary-to develop time series on RD&O expenditures b r areas pf
e

research (i.e., energy q1=_,Wvnicd1 field) thAtcar be translated into occupa-

tions, source o

(
funding, and type of institution .(r ind0 ustry se,:toD r). in



which the work is done. These series can then be related to series on em-
ployment of the manpower involved, by occupational specialty; it would then
be possible to develop estimated ratios of expenditures to bersbnnei that
would enable projections of manpower requirement to made on the basis

, of RD&13.expenditure.projections. .W.there were enough consistent data over
a period of years, it might be possible to observe a 'changing occupational

compdsition of RD&D manpower i/ certain types of research, possibly reflect-
ing chth-fie-in the direction of research, or progress from research to
development to demonstration.

For these:energy RD&D occupations, the balance of supply and demand
cannot assessed unless demand prising from other kinds of employment isp-

also estimated. What is required, therefore, is, a comprehensive estimate.
of the manpower requirements for these occupations in all sectors of the
economin--which members of these occupations are emnipyed.

A critical issue is whether some sub7specialtieS':engaged in energy
RD&D are unique g the broader specialties:, or whether,,members of the
broader' specie es are, in reality able to engage in; or 'are hi:red fol.',

e'nergy. RD&D work. 1/or planning the manpower system, therefore, irt becomes
important to RItntiTy energy RY&D specialties at the outset;\,.,as was done
in Chapter II and in Appendix A.

D. MEASU1UNG,THE BALAN5 OF SUPPLY AND DEMAND
t"

Indication of the current: and past market situation in each occ,Pation --
Che4balance of supply' and 6emand bdcomes important in analysis Of present
policy' issues, determination of the exi,tence of bottlenecks or prolllm areas,
and in. making decisioris bearing on.tdeure measures to'af.fect either demand or
supply 7- for-Allergy RD&D or in general.' Such.indications may be gained from
trends in relative salaries, the ease or difficulty experienced .by wo- rkers in

/getting jobs, and by employers in hiring, Unemployment, want-ads, quit rates,
'.immigration, and employment service Opetating statistics. The point ito. be

e.mphasized is that energy RD &D manpob.er
supply/dem*andmust,bp-analysed-in

C.the context of the whole supply /demand situation for each occupation involved..,



RelatiVeSalaries

...
A.rielerienT ectdng demand for energy0D&D-specialties L the cost of

eMploYingthiS'Manpnwer salaries in their occupations relative

thoseother Occupations.HData"on trends in relative salaries are xe-

qUired, 'and also analysis of the wage' elasticity of demand -7 do employers
9

e

substituteonespecialty for another' (technicians for engineers, for example)

when relative salaries make it attractive, or are occupat'dnal- mixes

to

relativly stable-regardless of relative salaries?

Relative salaries are also'an important element.affecting the supply

of.energy RD&D personnel,, since workers are attracted into and away from

occupations by fields of employment by relative salaries and other conditions
n1/4. 9

Of emplOyment. (

In de'(ieloping suCh statistics,-the concept of relative salaries is'impor-
.

.,.. . .

tant. Inflation makes. current-dollar figures les's useful- for comparison over

time and the, salaries are best expressed as-a relative to. some broad aver-
.

age, such as that for all-employed persons, .The relatives.for each occupa-,

tion can theh be compared to those for any other occupations, and comparisons

can'alA be,made for an occupation fdr"different time periods. A.narrower

average, Suctbas thati4or ali professional workers, might be deceptive be- '

group of, professiOpal,occupatlons might be affected by

If both engineers' and tec icians' salary es are

to average salaries or all rkers, each relative

cause-the hole

lar market conditions.

expressed as,rirlatives
_ -

may be-comparea to the other,, 3.

BecauSe"of rigidities' ip salary structure within, orWizatiops, it #

9

,might be'better.to use entrance salaries, if. available, °as the basis for
.

9

comparisons, -since they are more sensitive to marketCforces:
,

.

9. .

-2.. Other Indicators. ,.

The ease or diffi'culty in getting jobs is indl-cited by the placement
. .

,ekperkenceoF-new graduates,' and the earnings., they rece)..ver
,

It is also.

shOwn by statistics on the unemployment rate and the average duration of

ri

unemployment.
.

)

1.



ap

Help-w/nted .advertising has been shown by the Conference Board to be

a fairly god general indicator' of fluctuations in demand, as shown by
4

and job vacancy statistics.correlation with unemployment

Immigration' and emi ration data might reflect very favorable or verY_
unfavorable employment o aortunities and.demand in the United States, rela-

,

tive to those in various other countTieQ.

Difficulty injdring-qualified workers is shown by data bearing on the
experience of employers'in finding workersand on.job vacancies. Job

placement,serVicesoperated by professiqnal:SoCieties, frequently in connec-
.

I

,4Oh. their annual meetings, are some t-Ines a source of useful infOalla.7._:.

tion. On the relative vrumberS''o jobcseekers and job offers; many employed
members of these professions use the services to seek better Sobs, so..not'
all the registraOts,are .unemployed.

4-

I-.

-

)
4d

0
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.11
ELEMENTS OF A 'COMPREHENSIVE

MANPOWER DATA\SYSTEM: EVALUATION',
OF EXISTING\ DATA SOURCES

AND PROPOSALS' FOR IMPROVEMENTS

A. GENERAL INTRODUCTION

The previouS chapter pointed to the kinds Of infarmation that have,to-
-.bq take6 intoaccount_in assessing curreHt and prospective manpower situa-

tions and evaluatingkproblems in energy researChir"aevelopm'ent and*demonstra-,
.

tion,progrems. IlliSchapter will review the av ilable sburces for eacti-of

'these kinds of inforMation,°will evaluate the efulness of eachsource
fot DOE's purposes,' and will' make recommendations. oftwp kinds to specify'.

.

,
thT.elements of a comprehensiye manpower data system: -.what changes in

,
,

.

.

existing sources would make ,their more useful to DOE; and what newourveys
or organized sources of data are needed to.teetDOErs needs:.

The general viewpoint on which this chapter isbased:is-that. the eb-

tablishment of the infOrmation system Will face practical operating diffi-

."culties'iti7a.lata collection, partly a result of normal readstan-ce allnew'
. /

reporting anp partly arising from new and unique data specifict Lions. We

believe these difficulties can be minimized and reporting burden reduced
.° .'

.if'DOE uses reasonable diligence- to take kantageof existing` manpower

1information systems so far as possible. The recommended Ystem"followS

the premisetht many of the established series can be adapted with some
,+,. .

. additionor revision to meet DOE needs without undue violence to other
c

purposes Served: .....'

, In general', we considei- that DOE resources would better be employed"

in developing analYticl expertise raf'her,than in organizing aiarge sta-

tistics collecting program for energy manpower, but that-it should exert,

an ac,t.ive influence dn.the statistical. collection programs' now going on',
A

to Make,sure that they meet DOE's informatiOnal needS. This can be dorfe;.;

bYepresentation to the agencles engaged in' surveys, to the NSF; WhiCtis
tbe,f6cal agEtnay Coe sqienCe manpower statistftsvano the Office of



IN .

Statistical Policy and''Standards of-the Department of Commerce. It will
. / .

also require some ial Support to make possible additional work Te-
.

quired to.meet DOE's, needs.
.

. ) '

.N

_ .

To accomplish these rtecessary chages in ongoing statistical pro-
. )
grams, DOE will need, in addition to theparsuasie powers o,its sLff,

1
r infotced by willingness to provide fhancial supploTt

.4,
e cases,-

the backing of. an intera y body Whose'recommendatiOns will be- respected'.
4 .

DOE/Should consider how .hest)to'-achi' P A.
0

. ,

This chapter is organized in terms'of the.fallowing.ganeransubjects:
. ,

employment,. employee ,characteristics and related data; training,and educa-

tion; and RD&D exnLnditures, The individual sources on eachgrUbjecf are re-

viewed, specific rebommendations made on. some of nem, and then the present

coverage of the subject is evaluated in general,and.recommendations madelk.'

for filling major gaps by new-surveys or data. collection systems.

Each source is more fully described Appendix B,
,Relevant to Energy Research, Developmentand Demonstration Manpower. ','

that Appendix the'Sourtes are arrangecr.geherally by the agency or organiza-

tioh that publishes the data, and referkices in.parenthese,S" in Chapter

IV and V refer to -'s' Appendix B ----e.g.:-(NST-4),- etc.

SOURCES ON MPLOYMENT, CHARACTERISTICS AND RELATED. DATA,

'1. Em .lo ment an eo e Characteristics *

a. Introduction
,c0 .

(Squrces of,oista one loyme t in energy related a tivities are,n er7

-.0iots_and:diverse. Some of the sources are elements of well-established
- r

.systems, others are new or.-One-time. (Both Go'Vernment and private agencies
, .

r.

ptbdUae data series.. r. Within Gopnmeht, data collectors include both
,

statistical agencies and agencies 't;rimarily concerned with substantive

program management. In,s esoMecass,.data are collet.ted from individuals,
0

,
1

in othersfrom employing e'it.gbliShments.'
, . .. .---1, .

1-listorically, th intereseAh ehergy./OmployMent'is
/
a recent,, one

(
,':

, .
. ..q, -.

i

.

paralleling, th oncern for. the-adequacy of enwy:supplies, and
_ ,,,:,

:prehensiVe cot itent bddy'of employment data has yet developed. A-few%
.



series specifical,ly-measu eMploym4t%eather,as A part bf ajarge
. : ,- \

-1.-1- -/ .)°y
total or As a defined

a
segment o-f--the'energ In 'most cases,, how-

.

, gver,>qiegy empinyment.is'-41,V 'qo be included ,in a,total which dots,nop
.

-...,74.-,,

1,

distinguish between energy an .atheremployment. 'Accordingly, the gource ----

cited below :include "many whch)are_pAaul malnlY to' provide e base from val.

energyenergy empIoymnt May be estiMAted.t (gee Appendix B for further descrip--, ,

% .
,.. °

, .. ..
-tion of -S'qurc,es ,) .

°I FY ,
f

, ... , '
,

-Then..4,10rated 'sources Are rpughly'organized'§o as to prodeed from 1=.:,:v VIT '.''
\ °/1 ,'

.

, , , -
.. ,.,,-,

:rhose±15,1;d-Onring the broadest ppecifid data on energy emiphi-km_eat---tp-tb, /---. d:',a,

a r .,q %,- \ .. , ,%.,

idh suchImPloyment may be derived'ay inferred from grosser totapili.
,. .7,/,

1:-1

LIn ter-Ms-bfftheindustry:sectors:Tepegb. ted:by those d6"ta -sour,' -,;,74-:

. /

Your coveraWgectorsi,.fiv.e are p it-,
'-:'

' °

orjIedominantly,pri*ate--industry,

represent . .

:-' . i

two repres00,!the Fe4era4, GoYernment,-rWo others primary DOE tontractors,!2f.. s ;
sc. "en,7, ,

.

and `the. flnal:'Iour a,miscellany.ef sedtors, .!k

Data Sotwces
si%

° . "
Na.6:onal,AR4pre-of Sdienti8tS,and Engi eers (NSF 15) provides

biennially (1.4ta detiyed frbm sample SurmaTs'of scientists-and engineers..

/-

° ---
.. . -

rep rted'In the 19.70 Census of Population. 'Such a-survey cconductediDy.the ,-,
,,

c.
s Bureau,and.funde& by NSP.,.-wa last Conducted 1n-1976, when sampl°6. data'.

1.7,

so7

Cens
-_.

were cOVIeh,Ci4;,rep,resenting.- abo 960,p 0 scientific ('and. technical Personnel
. .- , -.I ' -,

1:
I'

,.-Identified'i the. 1970 ,labbt forcZ :, -

,

,
,

e

DatA colAc.ted:included la or..fbrc.5

etat'us,XeMployed,-un mpIoyed,
V

. ,
, ,

: ,, .

.:, 212- not in lahotor04---(D,cupatk.ion, intinftry# salary;-and ract.erstics
.,

:, e

such'as,;age, sN,-education.,and treaning,-prIncipal work activity,{liFlUd7t 5, ..0
ing A'&1:))., and-whether engaged-in.important:tational programs. Some

. ;
.

.

f15,000. repOeted their work was 516ificantly related to "energy..and fuel'"'
, 2-, 0 , -. '. /. .

Thissourcepravides oUr'ffibstcomprehens.ivaSeries.bf, data for engi-

neers
:- 1. , 3° ' \and scle6tits.engaged in energy ac.tivities -Data colletted on indiL. ..t. .tet. '.. ' .. .

viduals° permit; maxilium flexibility for. employme o.distritutions by occupa-
.,

tion, wori acti\iity,',Indnstry,And seleteed.per onal characteristics. 'The.
.

Ihistorical.-series provides ,ontinuity.frot 1970, and this.natidn'l sample
1 7,,

ss VC:prdvidea_p_enspecrive in relating energy eMployment. to other activities

°dngaging scientists and engineers .

p, A
f



Useful'though the series As,.it has ser defects. The Sample

includes .only those in the 1970 Census with q E,tFations as scientists

or engineers; omisSiOn of any .new entrants in e e occupations since

the 1970 Census count is a deficiency which growsas his base dntc re-

cedes in time. 'Plans to supplement 'the original 1970sample with new

entrants have not beon entirely sat tory. Only PrCftessiOnally

,.,Aed scientists and engineers are included the current sample, which

. thus lacks .representation of technicians,, clerical, proddetion, and other

workers.

'The present "Energy and fuel" classificaion'ofemployment is not

adequate when the use of the information depends upon knowing whether the

worker .is engaged in coal, petroleum, solar, etc.;. not' nformation
ers

available for regions or StatesT-' Self-reporting makes -for problemsof

data comparability, especiqlly for,ocCupation-related informatiOn. Sample"

supplementation to correct the downward bias which results from. the' sample

being based On labor fcrte-participatioh in 1970 still leaves some ques-

tion ofitepresentatiyeness of the
'14

current survey results.
.

Several tmprovemOtScan be made in this source, which will greatly

i4prove usefulness Eo4le gy manpower analysis. The sample should'be
.

supplemented with represeritation- entrants into scienCeandeUgineer-

ing oCcuPationssinc'ethe decen census count in 19_70: Such new en-

ttants come not 'clnly fromjecent,gTnduates An Science and engineering, but
-^P

also from other newly.college' trained persons, thniciens, nongraduates,
, 1

and other occupations. SoUrces of'soc'hAnformaZion on new entrants include,..
,. , AL. .

', the universities and techyr cal.institiLtes, professional societies ; 'simple
-..

househldisurveys, and employers. experimentperiment llow-up surveys of recent
- ,t;)

engiAringand science 1.1-;,luates; sponsored by N should. be supple
,

.

rrent PbpulatiOn Surve sample which could be
., .

expanded. to produce.grOss estimates. A,mseful sample, extension! to tesch.t
,

nicians may riot be feasible until the_ sample. tbej980.-

census 'but should ,be explare'dY By ,adding an 'item to tide peiodic follow-

up surveys, much useful information can be secured on. 00e of energy for

merited by recourse to th

, those engaged in these activities,



Air
Recommendations: The National",$ample should be supplemented by-

.

representation. of scientists and engineers entering the labqr force since

1970; similarly,' technicianS should be included inifhesample as soon as

feasible, certainly by 1980. Biennial surveys'TshoUld collect information

opn involvement" by type of energy activity.
..;. :

Survey of Doctoral Scientistl'and'Engineers (NRC 2), conducted

' biennially by. the Nati1. onal Reearch Council with Government support, samples .

the. doctoral degree holders included in the Roster of-Doctoral Scientists

and Engineers. In 1975, this universe included about 278,000 doctoe4les,

substantially all recipients of Ph.D degreeS from AmeriCan universities,

1,7110 were professionally active in this country' at, that time. /Information
.

available frOM the 4 source includes field'an year of degree, type of em-

pl"oyer, work activity, salary, and involvem nt.in national programs such .

-as energy, environmental pollution and control, national defense, etc. It ,

is unique as a sourcefor place of birth, race, citizenship, ethnic group-

education and Goverriment support. The 1975 survey reports 21,000 doctorates

of total of 263,000 empled, a significant part of whose professional

time.involved work on energy. programs. A 1977 update is now in process,40

and new data should Ape available by the end of year

ThiS source-contributes imOrtantly to our information in doctoral

scientists and engineefs, lar e numbers'of whom aire engaged in R&D' and other

,aaAtie's relating_to en progtams.,-Survey coverage and techniques are
- .

exCellent,'and the Roster.of doctot'al, Scientists' and Enginersaffords a

continting data resource for further statistical. inquiry, The biennial

samples permit assessment of employment on energy progtaMs in relation too

t6t413. ,and, coMptit,ive . employments for. the:Btouw covered .
Resttict.ibn of survey Coverage to dOc '.ft'es of cOurse'limits useful-
,

- ness for estimati \g total or ao employment on energy progrNs. Nor does

this.seriesnow provide information by:type of industrial employment, or

'

.. . >= ..
.,

.
. , xi

:.

..

41
source Of,energy, which .ser4ously limit usefulness-Tor energy manpower..

analysis.
. . .-

Adding type of.energy.iniiolvemene and improved qndustrial'classifica-
..

tion ferthe Priv4te\seCtor Items to the biennial surveys will greatly

S IV -. 5P
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feice the value of thls,S'ource. Further, this source should he looked

to
,

u
.

as:a' vehicle whiesb be utilized neither supplementary
If

energy manpower infVrMation or for specialized surveys; especially for R&D

personnel.

Recommendations: DOE should propose additions to the biennial surveys

. to permit classification of data by type of energy activities and by Standard .

'Industrial Classification for the private sector.. DOE:should entourage thef

use of th'e4doctoral file toserve as a source of specialized data on doc-
,

torates.ilVolved energy RD&D.

91.v. Occu ational Employment in Nuclear .or Nuclear Relat6d Ener

Activities (ERDA 5) conducted, by the Bureau of Labor,patistics an funded=

'Industrial Employment of Scientists-aqd Engineers SF fl) was

a one -tiro o sample survey Conducted in-1975 by the Census Bureau withNSF

fundtng-,%The survey found 1,250,000 scientists, engineers, and technicians

"working in private frklustry'and classified them in some 15 fields of
.

,

science, 9 of engineering,andr-5 of technicians. Data?Collectted included

numbers employed on energy and energy'R&D by energy sources, work activity,

highest degreeheld,'andoctdpations. Some i8dUstry detail Is also avail-

The survey was "perhaps o ambitious in attempting to secure- a-compre4

hensive distrpution df scientific and teOhni 1 employment-in private indus-

try by occupations,'work activity and involveme t in _national programs. It

does represent a useful first effOrt for measuring a difficult, and complex

entity. In,additiOn to substantive information provided by the survey,

experience with the techniques used will-be. useful'in guiding futue survey;

work. Information of this type will ,be needed from industry, and suggOtia

able.

for obtaining it are proposed at the end of this section.

Respondents reported difficulty in.extracting.some of the desired':

formation from their reCords, andthe overall response rate:wes.7arelut ly

't

low 69 percent. Some iedustries and occupations wer6-particularly subj
At

to -large sample and reporting errors. ,

bY-DOE; covets'botb the .aovernmentLOwned, ContraCtor'ACPerated (GOO,' and,

. private-establishmentsengaged in nuclear-reldted energy ',activities.

r- Tv,Qtb --
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Separate employment data are provided by occupation groups; GOCO and pri-.
.

Vate establishments; 'and ifidustrial activities; Such as R&D, power,'weapons
. .

development, production; an (-design and,nngineeriti of nuclear facilities.

The survey presents animal fata from A968 tOr1975,' and Will hecome biennial.
. .

/1i,
o

with the- 1,977 collection. ,

.

Coverage of_nuclear energy activitiesin the.GOCO and piilate sectors
f.

is substantially complete, with 1948,000 employeesff:(90,000 in GOCO's) reported

in 1975, including somp.2.0 occupational categories. The series is unique
.

,,for energy data' in continuity over, a 10-year 'period. qn.spite Ofdefidirn-
11.

Cies noted below, this source is the mdst complete,'f r any energy activity,
a

xcluded froM coverage is nuclear eaergy emplo t i_q: government at
., x.

4 all.levels, universities, construction, uranium. mining, and- medicai insti-
g

flp
,

futinns.' With the -exception of, .welders with nucleaf 'certification, skilled q...,

1

craftsmen are not separately' reported.'

Recommendation:. it-dS propoSed below tht the 11-dormation provid .,;by
fo.--

.

pas survey be included-1W re . comprehensiye surveys of DOE contrac rs.

v. Sutve

and Manpower 1973-75; Projections to 1977 and 079. (N93 s a one -time
. .

survey conducted by.NSF and directedtaaWFederal agenci s and installa-
,

.

tiOns,..which reported intramural. expdnditureSfor energy R&D a the Federal'.

Funds.:Survey-XiN. .A similar colSctiOn was made for Fedora y Funded' -..
o- :

Research and pevellopment,centerS (FFRDC's). Employment data.., uded
; .

.ntists, enginepvs, 'and technicia s working on ene W3, 1974-
.,Y.,-

75: with projections"to r977 and 19 (Also see 47", .
, xunder R&D'funding.) .'

This source is.unusualin several respects N.eluding emploYA ro-,
pr

jections; detail by 11 energy program are_pssuch, coal; nucleat:fi,slon,

Aolar, etc., and expenditureS for energy R&D.. This '.0pdt7fe'd som
,

8,000 scientists aild engineers and 5,500 techniciansemployecOn:energY
,;1: ....

.1 4
. R&D in the WRDC's,, and. 2,000 scientists and engineerS',and-700 tethnicians-

GO emplOyed tin P,ederal.intramural installations in.1975/ Employment can be

.related to R&D funding and td type of energy. For these eStabi1ishinent,
,

! 4,' '. :-' . .

-it is possible to compare total employMent of scientific and"technical_staff
4), - t

f Federal ntramural Pexfotmance-inEre

. .

IV -
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with total R&D and energy R&D,staff.

,L)Data are limited to the agencies and installations and' the FFRDC's

reporting energy.R&Dfunding in the 1975Fedpral budget. Although Federal
. NH

funding is substantial; ditect employment is not large, and the Federal

egment of energy employment is relatively small. Agencies reported diffi-

cUlties with reporting concepts and definitions', and data consistency is

.questionable. At the time bf reportiing, on]l the 1973 data e final

so that estimates were neeess ry fob othet'years. .:The current value of

th e limited in view of,, the sweeping changeS,in..energy7attivities

since 1973.
:4

vi. a.britractor EmploYment, and ,Tutnover

ducted semiannually covering approximately .66 GOCO .'fac

Some .90,000 are employed. Data coikeceest-include emplo
.

occupational category, (i:e.-ProfesSional, technician, e c.) sex' and

minorities. EmploymeriL',- ;separatiois by type, accessions, and promotions

I

E. survey, con -/

itieNn which

at INbtoad

for each occupational group are,prdvided,

This data 2 ce, taken with- ot er c ontractot,reports on hours worked,
o

induStrial relations, eta; ProVides theipOst detailed employ-

ment data generally aVallabie on any energypogram. 'It s. particularly n.9\ y.
'..-

usefiA in evaluation of contractor practi e with respect to minorities
-.

---eMplOYment.
t

The detailed labor 'turnover data ,go Well-kroNi thatwhicil.' seems

desirable and feasible for a'broader based survey which might.collect.data

from facilities less dirqstly,.subjiqt `to, Pe-derai funding and regulation.

ItIdoes,rePre,sent, hp*.yeche type,dfi:'informatio whilch closely controlled
1kt

en rgy pro'grams may bepe'dtecr.to7atipply to asAirr' hat Government funds
. ...

And 'facilities are utilizedinkcoed With it.S.pcilicias. In the:event DQE

a06.velyektends the'Program,,olfair emPlOyMent,p.ractices-to other con-

tractors, .coverage c3 thisreport,should also be extended.
te

'posed.):Ielow #o improve comparability and' minimize ovetlap.

coverage-, occupational categories,- etc. with:DPE contractbr suri&xsTro-

Recommehdation: -This report should be coordinated with respect
,

.

.

.;ta "
41 fin
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vii. Occupational Employment StatisticsSUrvey (BLS 2) is anambi-

tibus BLS-State program design'ed to provide periodic employment data for

some 2,000 occupations by industry. and State on a_3-year rotating industry

cycle beginning with 1976. -Industry exclusions are agriculture,. education, .

Federal Government, and self-employed. Data are's\Collected tan mail.ques'-'

ttonnaires tailored to principal occupations found in closely related Indus-

tries. About 20 scientific and technical occupations are reported separately.

The professional andechnical'odcupations are .fuNher:-identified

employment in R&D. State samples permit.separate.eStimates for.'40 partfci-

pating'SCait'es, and NSF supports the deVelopment of national estimates,

aThis source will I,Lovide useful information for those industries which
are entirety or predothinantly engaged. in an energy activity, such as public
'utilities; coal mining,'power generation, etc. Coverage of establishments
is Mgt, and most 4pfa are available on a State_area basis. It will permit\
comparisoas.of STP with total industry employment,, and proyide separate
R&D employment estimates for selected occupations.

:A%

For thoseindustries less involvedin energy activities, the source

becomless' useful, slnce no dis ;inct'ion is made between energy and'non-.

energy activities. -Type' of ehergY.Involved can at present only be inferred

'4oheriature of the industry.

This survey will be an iMportah
4Nsource of data.on employment in selected

Sir-AocccUpations fot those"induAries important in energy activities: It is
.,,,t

important" that DOE arrange with BLS to the end that occupations, especiallyJ
STP,iand establishment coverages a

II AP

re:

DOE Shoulsienc ge BLS ioitabulate.separate,data.

on occupations and industries important to energy. RD&D. -

viii- 'Census OT. Popul.ion, he decennial (and expected Co become
.!'quinquennial) enumeration of the iSenprus Bureau, is. a fundamental 'source

1Of information- p p,

.

on-labor force status, bccuat'oeitu ion.levei,ag
.. ..

. .
....

,..

. 1 %.' ..sex, type. f employer, salaries andwages; ethnic orriginApcatj_on, etc.
.'.

, . ,-

..,i..of the p R4ation.- However, the Census, as the largest stial activityi., .

. 1:,in'th'e. Natioel,lack the fiexihiIity tc provide more than al *information
,J

I
...

.i , .:-

v.

an energy.empjoymerit.
, / , "

xp

%A

I
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It does, however. provide backgrOurid information on the occupatiOnal

totals within which energy Manpower is found, a framework from which more

directed 5 tples can be selected for specialized saveys. The National

1. Sample of hh., entists and Engineers is derived from the 19.70 census', and

we propose to develop this source further,from the 1980 census as noted

later in this section.'
. .

ix. Research and Development in/industry (NSF 4) has been a source

of data on R&D employment and furfding.since 1957. The Census-UuKfau con-

ducts this annual sdr-yey with,:MSF funding,on a :sample_basis which covers

manufacturing and selected non-manufacturing industries on an SIC company:

basis:i Manpower dat,;4 include Jandary employmept and man years worked the

previous:yearfor R&D scientists and engineers. Such data can also be
b

related to'cost of R&D perforMed, iso see discussion of this source

under R &D funding.)

This source is Of limited ulnka's as a measure of employment on ;4;

energy programs -,. it!7:f04M-tO disk Oxiiis employmenton energy activities',i

although. R &D funding:t:Or4gergyill)/iscilrreptly separately reported, an

lacks occupationaI--daiata-collection

.L.

on a company baStS weakens'.indug

try comparisons where mniti,1,11AptAfi.vms are involved. .It doprovide

a standard data source ofinfOrmarion on R&D/employment.hy"-.Industry, and

readily permits' estimates of R&D expenditures pef.prchssional scientist

and eigineer:

.

x'' Manpower Res urces for .Scient is Activities at Universities
ilv

sand Colleges (NSF 12), another NSF 'sectorar-survey produces information

..\ : nrivally in considerable occupational detail for scientists,/ engineers,enginers,e .
9

.

and technicians employed in higher. education. Such employes are cross

v, by Mork activity,(teaching, R&D), full-time and part-time, sexi,
,

,

,..

.1....r

and highest degree held. ,Employed graduate studentsare,separately re- ,--------.77

,

ported.. The Federally Funded Research aneDeveliopment Centers (FFRDC)

4 opetated.by acadeMic institutions supply. similar information *1 the .r

Opera tions..4 ,

This source,-covers all. institutions' of higher educatic rr ffering.

degreicredit, courses' in science or enginee496,ng. Response,. 8 exceed
.9r

1

4.

--

ow 0.c.)



80 percent Eor the total, and are substantially higher for the largertinsti-
,

tutions.° The surveyaffords a wealth of detail on prefeisional,eharneteris-,

tics of academic staff. ,degrees'lleld, full and part-time employment, work'

acti-vities, field of employment- (engineering and sciences). Similar informa-

tiKis avaiiable.from 1965, although in less detail.

t Thp principal deficiency is lack of information on involvetent with .

energy programs. Nor can this be easily inferred from field of employment.

The institutions re Ort some diffiCulties 4n Teporting, particularly in

separatink those en aged primarijy.in R&D and teahing.

UIldss this so ce is adapted to provide information on employment in
9

energy activities, it will haVe limited value to DOE for manpower analysis.
.11

We propose that DOE undertake to influence NSF,to collecl such information

as another dimension for this survey. Failing to da so, the Department

strould consider extending, its own survey ptgram to ,this sector.

Recommendation: DOks,hould explore with NSF the feasibility of collect-
.

gnformation on empldirMent on enprgyactivities, especially RD&D, on,this:

survey.,"

xi. Education and Work.ACtivities of Fed,eral Scientific and Technical

Pers el (NSF' JO) isa source of data collected by the Ckvil'Service
ea.

Commissien'(CSO and analyzed and pUblished by NSF. Annual data repotted
4

include "loyment in the Federal Coyernment by Occepational'series,.grade4

work actii7itY,. and agency for scientijsis,. engineerS, gtd tectinician g-iippOrt'

'OrsOnhel. Appxoximately 10* percent,4161,00.0:lp,0:4.aber 1973) of the '

natioTt s)scientistsand engineers aff-/Federal etprOYees.

This,,souree pro.vides considerable information on Federan,e sonnpl,:

including occupational fields, work activities, and:level or edueatio

-.(wlien 'related tcvother datafrOt the Commission's Central Personnel D ta
i

File (CPDF). A-igA167eleage is now in prepaYation.
s

- -=7-; ) s A:
Dtficiencis fbi energy, employment purposes 'are similar to most of

n

other-NSF secitor,studies, 'failure to distinguish hOse engaged in such

the

,Furthermore,'-data are pulished latp, fy

'after the xeflerence'datal.: 'Most reeq9inT-qlease. SF 76-08) Tin May 106'4.7i-
-

amplioyment.:as. of October 1973,..

entIy, seera1.,pars

,

il

S-t,

TV 11
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_ _. . . 1 ,

sourceThis ,can be improVd for.energy manpower analysis by-. (L) identi-
-=';
. ,;',fying employees engaged in energy activities, (2) conversion of C.SbOccupa-

.

--- :..

tionl series .into.selected-relevailt energy occupations, and (3)' speed.
.:*.-v... .

. . ..
up the release of the data.

Recommendations: Encourage CSC.to identify Federal personnel engaged

' in energy activities by technology; DOE to convert CSC sdries' into OPpropriate.

occupations Important in energy; and NSF to publish more promptly.

xi. Other,VSF Sector Surveys of Employment of Scientists and Engineers

are.conducted from time to time to provide data on'such minor. employment cate-
,

.gories as State and local.governments(NSF 5) and miscellaneous non-profit

organizations, as research institutes, hospit41s, museums, (NSF 8) etc. These

sources serve to. round out the employment universe for NSF, and provideliMited

occupational and type-of-work information. State and, local governments e<loy

,as Many as 9 percent of, all scientists and engineers, but fewer than 2 percent

of those in R&D. Coverage is occasional and spotty in occupational categories

and usefulness for energy manpower quite limited, ,(See also discussion of-

these sources under R&D.funding.)

-Untilsuch time as DOE' develops an improved data system,it should look.

, to NSF to provide R &D manpower information for 'this sector% epecially the

I'State and local governents'and non-profit institutions. As it is able, DOE
. .

should seek to influence such data'colldction to secure occupations important

to gnergy,R&D and type of energy involved.'.v0 .

Recommendation: DOE should encourage NSF to_collect RD&D employment
i

.

data from the severalminor sectors, including furtheedatail on occupations
g

and energy technologies..

xiii. Employment, Hours, and Earnings (AM 5), the monthly empinymen

series of the BLS, provides industry,information peripherally useful for

. 'selected industries. Although no ocupitional_detail isTroVided, the em-

0 14oyment information on, total and production worker. employment, hqurs of
.

. .^.. 14ork and earnings,I rs eful as a curent.measure for enetigy:intensiVe indus- .

..._
et.

4 °

.tries (Coal.mining, petroleumproduction an&refining, electric and gas..

'41tilities,' etc.). and also . employment trends.
6,

,:;

)4, ,T

, : :,' : ... ...-

.
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xiv. Regulator A ncy Reports are sometimes a source'of p16.yMent

information;. FederalOovernmentPapenOes,Shch as the anttersi,ateGoOmTe-
.

ComMission'(ICC),- the Vederal'Power Commissio4 and Fedeta 1. COmtunications

'Commission, frequently requre certain 'emplomept information in connect n ,

with'rep-ort-S niece-with them by regulated companies. Such reports typically

call for the average number of employees with little or no occupaticinalde-

tail or R&D involvement. An example is the anhuall,report of interstate

petroleum pipeline 'companies which repbrfanntrall the ICC on average

numbers employed by occupational.- ghOpsi-inaedf 'category ."professional

and -subpirofessionak employees." (ICC 1) Such -data_
. now of marginal value for

energy employment7uses; but do afford a measure of -em ent for the Federally,

regulated utilities. HoweVer, the'recent transfer of Federal responsibilities
j

relating to electric power, gas and interstate,pipelinaS to DOE affords the
. .

opportunity to review reports on employment now required from the standpoint

of making them most usefulto DOE.

These reports can 'be improved by incorporating standard occhpational

specifications fo/Yemployment reporting and by the summarization and release
of the data when available.

RecOm4mendations:. -DOE should review the reports required of regulated

calling for
companies in theelectriC.power, gas, and pipeline

,
employment with the view of standardizing occupati and .other-yeport

specifications, tabulating the data; and publication for wider u.4,.

xv. .Inkentnry.ofTne?gy Research and Development (ORNL 0 a survey

of the Oak RidgeNational LboratOiy funded' by, DOE and NSF, .collects

formation from ,p&D performers on type of organization, industry (si)!,

industries

ployment, expenditures, energy sources, and related information.. R&D prO-,
\ ects.funded at $5,000 'or. more per year .are reported individually, by,

apd emplOyment of full-time equivalent scientists, engineers.. and-graduate

students assigned to' th.project. (See'also description of this source undere
\- :;-

. .

.
,

.R&D EXpenditures.)

The Inventory lacks ocupational'cletail and the employment reporting

specifications .are imprecise. .Th aboratory olaims'Co-Verage:of some'80-85

percent 4f alLZ&D projects ih 19 The survey May,be Most lieful a
,

/
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oint of departur.e. for developidg q,46Treeorjr, of R&D estlbalshments.

. ?. .
` :,)4'

'
,

wX17k. Other MWellaneouS S ries - ThZre are sew.al other data SIOTes

,r4which rovip some'relaCPd empT ment data On'selected occupations or acfivi-
.

ties.f time to time. These include the estimates prodOCed by professional

soc 'ies, trade associations, and research institutes. Those 'diScuss.d,'

below-are representative, but by no Meanscomplete,.eXamples of such i.forma-

rion sources.

Professional societies frequently compile data
dl

incom4., and,6ducation of members of the profpssion,

restricted to

will be clod

the status

on types of employment,

Generally,- the data are

meMbers of the society, although occasionally some nonmembers

Such information .may be related to periodic studies of

rticular profesSion. The data are usually collected from

individuals with some supplemental employer reporting.

prograMs include the American
j,:

Physics, the - American Society of Civil Engineers, the American Nuclear

Society, and the.Engineering Manywier-CoMmission.

Examples "of such

Chemical Society, the American Institute of

Trade Associafions,from time to time may collect .c from their industry,.

members and from educational, institutions to determine current 'employment and

prospeTvetrained,manrower additions. Suchd"-are.limited in scope and
. .

coverage, but-Useful for specific industry segments. Examples include the

Air Coeditioning-bnd Refrigeration Instil "ARI) with periodic estimates

of employment in selected occupations drawn from Government and membership

sury6y.Si.
_

Research institutes are a source of info',,,zation, generally for- specific

groups on a6 occasional basis., An exception is tlit Battelle Institute annual

survey of salaries of ,R&D scientists and engineers (BATL 1), funded by. DOE;'

although.not an employment series, it provides related information and-might

provide'an altertive'duta'SOurce if tailored to energy R &D specifications.

ample is the.study of the Center for Advanced Computation of the

ty of Illinois, whichprmiides STP eMpioyment projections for indus:.-

productkon and utilization basd upon present

not

Unive

tries important in ever

, .

. .. .

Hugh Folk,. etal,, Scientific and Te hnicat Personnel in'Energy-Related
Activities:" Current:Status and Futur .Requirements,,Center for. Advanced
Computation, UniverSity'of,IllinaisA0ampaignrUrhana, Ill.,. July 1,.197.7

0.
Imr . , -,., .

:
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P 13 IL w,
establishmentatiens o employment and, a ng'' into account future physical.,,

,.

production:levels. ,, ,.

e.
The foregoing sources-have. dealt with theprincipal data sources,for.

. .4._.:

current and past' emplbyment. ..'ik subsequent seN)11 reviews soueces''Ot oat
: V , A ,..'7,' ',

.-, .

4 .... .

on projections and ctrecasts relatedotO energy employment.

c. SuMmary Evaluation. of Existing EmployMent and CharacteristTcs. Data

The search of data sources on employment and.characteristics .of wdrkers
.

engaged in energy RD&D rev els the spotty character-of current data whichSf
AI .

have mainly been. developed other purposeS. 'Sources,tailoted to energy

employment uses are few, butSeveralmight be modified enough to7be useful'... /
.,, .

withvaiyfng degrees ofdifficulty.

Frequently, the addition of type of, energy involved to the data source

-.immeasurably enhances the value for energy manpower. analysis. :F9r example,

such additiens'tothe National. Sample (NSF:1.5) and the Doctoral Degree ,

Holders survey (NRC2).would Proyide measures directlyapplicable to the

universe of energy employment. .Several'other sources would:be improVed.by,

similar modification such as the.NSFAtniversity and, coliegOsurmey

1

$

. (NSF 6), the CSC file o,f Federal personnel (NSF-10), an&,the
, A

1\JF'sectur 'surveys (NSF.5 and 13)

Expansion of existing sources to additional coverageof/bccupat.Tons

importantin energy R&D would be useful:to evalda the'-ektent of specific

occupatiopal ,involvement in energy. Such retoMmen tions are.proposed.Por

the.NationaI Sample andtHr:6*epottIng sYstems,9,:the regulated industries,

newly the responsibility of DOE. 'UtilizatiOn-efa-stand4idlist of R&D

occupations, where occupational data are Illected,'.**conVertibility tp
the Standard Octupational ClassificatiOn (SOC) comparison's,

between data sources.

..d. Further" Initiatives for Improvement and Development:of Data Sourdes

is , .

DevelOpment.o.BaseLine Measure of Energy RU&D Manpower High_

prierityahould be assigned.to-developingan :energy ADO-employment base,

line,;teasure. Initially, ,Coverage can be -restricted to scientific and

technical at thepOfeSliOnal!andemi=,priotessional levels, .

'.."4.111



such as Scientists, :engineers and technicians. At a later date, experience
"

may indicate that'coverage should be extendedlto4sLeced. crafts important

to:successful energy activities.
co ,

1 . .',' -The'base line...should include profesSional and. personal charatteris ics"
1

v.dataof
, i

,

e employ, target population Such as
.

field ofenergy., ocstuPaion,;
4 l''';I .

.-type of k, typ employer, and highest degree,; owerpriorlfrty7mipt

uch data as sex, age, field- ofsu4y,. and' loCation of
. ,v

.-beassigned,to

, work or residence. While the base,line data serve to answer a great many
,

. of the questions. Which arise, it also will enve as the sampling frame fOr
0

developing more.s.pecific and aophisttpated

The establishment of an energyemployMene°base,iinecalls fOt.identifi
o

.

cation-of.either all.the employers; of such worens orhe Wonker4 theAselves.
' 41k, ,

In the absdn&e, of any appropriate standard emplOYer;repore f hich such
!,

ha ba e line can be abstraCtea', the most feasibl&approan:Seems _14) be to thewar

Tther advantage of thfsapproach should alse gre;ter access',

find

worker

to workers

difficUlt' to

-acter124.stics infgrpatioiLwhich eMployer:reporting sys
. ,

epOrt.
.

The emplO ment base: line could.be4 be developed .adjunct ,to a
..

.Population" Census. "As .noted, the energy manpower 'component og the labors

forceiS-relativelysmall,.andhe maMmoth Mechanism of a census shOuld riot

be 'expected to subjeCtthe entire population to the specialized 4fta items

required forthe

widemesh sc

be ,developed.

osed measue. A censuS,- however; could serve asa

provide a smaller group frOm which the baseline might

. ,:, , .

Both the 1960, ic11970 yopulation Censuses! identified.selecte Scientifi
.;.

. .

4;4,
. : . .

. . .. .,..
.-. .
and technical ocpational-grouPS whnh.became the'subject of.mAe:cOmprehen -!.

.

}. . 4
sive surveys in 1962 and 1972 under atispiceS Of the National FOUnda

.

tion. A similar survey is now proposed for 19,82, following the- 1980 decennial'
. _

0

census, This timing' provddes'an'unparalleled opportunity for th cooperative
,.

development. Of the d a e
a .

:JvIesproposeh t ork with, NSF. and the :CensUs:Bureau'to identify' lam-7
,. . .- ..

....:,- ,.- , )ne;
oyeeS .wooling in kfl&D.energy activities in ScientifiC and .tdchnical oCoupa.7.
A". . '' \'

'ons fourkh,the 080 Census. This might take the form.Of.a 19,0

IV
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" post-censal sample si.frvey of 04e seleCted census occupational groups, . in
, 4,, , , ,' ,, ,

;'
`Which "ifipio'ylmerlt in energy activities is j ilt.ely to be foUnd. Sgveral. 'options
1:§Y twhicii-i desiral;le,depaiL, sh.C'h a .energy ca tei,,%zi'y, ,'-mar also be collected

? . \ , - ..are possible. They' include additiedual detaie in: the NSF sponored survey;. .

eithRi- "as; 'eh integalt:Par't ..c - .as .'a sippl4flient tdit. hergy workers; a third.4

,s-tge sub-sa p e of the .1982 surve tected to energy employees; of a 198`
. e , ., separatesample survey based on the' .1980 occupational gi'oups.

1

4
q .

i"44ichever :b.pticin is .setected-, the" tontl.nuing",,interest and access 'co the. : ' ,sample \',4'.3ses oh the' part *of' ppE:ihouid be established ,early. ,Iri the event
. ,:',,:, ,_ ,

...
-,." g" .

z1 CenSps fitaintaps CT, ontrel' of , the, energy. base line file; there puSt be 'adeqnst
.?

.

topplOti-lopty to eplpit it to meet POE :inf,ormat ion needs. 1 c ?..TN.

The', year 985 ltil,.1:Alark .the first -irtiddecede 'coen'Sps . At pr,esei t;, the - -
,. , A.'. exacttq.,ture- of this ''' testis is/unctedi=.5 btAi it., is expected to .. be lqs,l'sl de._ ... b ...

.a. ..

taired and prladelgreatizi geliance-chn:sappling' than. the regular dedennial
4..'

censtis-,'It §hou,14 still Serve,. howe'yer. ;' to ,update': the., energy RD&D 'employ,
, ment base line .ft h'-'ye..a:ro interl,s;thrdough use of techniques Aimlar to..o.

. - ..(.`,...v ' .' r liG,.,-----' ., :',.thosePi-c? OS-eb."-t.,f61-low the ;1980 ensu§. -... - ' ... R

ii. Deveribilitierit'. ir11.1e6idCOry"df ES' tablishments .Conducting Energy
. RD &D , lAnOther kasi:&;:tool fo the linahpowei-. yikqrmati,on Program, is a6dired7 .;

'-..to,ry, of ifiduStrial ancr," , .est-abli'shrgents performing' energy 4RD&D: -.,In ,a
sense ; .'ft provides a di-t. file do Ehijs ,are.asimilar to the A Diproy,e4: Base ..;" ,

.'s .. , , .. 140 ,, 4:- .: c'.., + z , . , ,, .1. 4

1i:.tte4 proposed in
..

thd.,pteeedirig7 SeC t ion . The :ci irac tory
,

' .6houl .include4!itkcli- .
t I

fin:format lop as ;name 44.10ca(tio .'"" princip'eil vtfivities ,- enelcgy 121)&D activ,i,,ties,. -

.employment total/ incilistrib,l clas!siflcatith; ancia Rp,sdl, expenditures. Useful ..
...0, i' " :. ' I : -:-,. ..'as an inVet-rtory7O,r-ledec-g.y IZIO&D facil;,iti.e.8 'tor appraisal of ,prdgres.s OdercV,

-r.

,

goals therdirecory prOVides also a. sampling. frame for periodit arid p,ed'ial..
surveys with respet t ;to 7narippwer.. .; a

.111°,,v.., 6

The direcCory.'shohld beri& IreC1 frO 0:1.ret's4:sohrces,-InClugiThg200E,.
. . . I I

1 ..
'., 0;n t,cra et° r ,:;...V,E;;t:,,,,,',41,v er, .resRdntleht's, engaged' in energy `RD&O,' Xrarteas_SOciaT
tions.'and ph6licat iOn, 14.d t'stirial yos.eatcl ,,' direct 6- le's. ,-,. and the, like ,. ,I.t4' , -, S --... :. ' :r1", i7. :. ' ._ ",;,, .,.- ., '' '' ...f.. ^ 1.. :

....[Sholtild'A.nolude approfiriat_a re:_speriderits_:_111entified ih other -'0overnMerit '. , ., .,,, , f, , ,, - ., -
1 surVeyS , sudh as R&D sutveys of '...th0 ,C;en.s Butehh:and .:employnien't :,surveys. - . -, .

, . n-,.,
-the ELS , and' the';Rt0 in,vhte.i'.y.' qf ORNI,..'.'o ,: , .. .... .....
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Maintenance. of such a.direetory should probably be .a responsibility

'of DOE 'which is in- the best position to assure the Inclusion of 191,, con-
,

tractors. But whether maintained in DOVOr elsewhereA access to the direc-

tory nbr. DOE survey purposes Should be guaranteed. Coverage should be /

broad, including industrial, government, and academic establishments, but

subject to a small size cut-gEf s,pcli as annual RD&D expenditures of $200
. ,

At300,000 per annum.

iii. Internal DOE and Contractor Reports The Department of Energy

constitutes a unique organization structure for the con. Federal

programs. The several National Laboratories (e.g., Argdnne, Oak Ridge,

Alamos, etc.) established under the Atomic. Energy Commission, which

have expanded to include many different types of operations covering several

sources of energy and many variations in energy technologies, are one key
/

set of establishments. . Some parts of this system of laboatories areoperated

by industrial concerns, some.by universities or university consortia, and by
le

non-profit organizations.-Arrother set of establishments are thel-Energy Re-
.

search Centers (e.g, BarVsville, Laramie, Pittsburgh), operated lay Federal

employees, which were formerly underthe,aegis of the Office Of Coal Research

in the Department of Interior. There are also sepprate laboratories and

filciliLies, some operated under contract with non-federal_arganizations and
, .

some by intramural arrangements.

tory, Amesrinborary, StanfoYd

Ecology, Laboratory, Solar Energy Research Institute,' New York'Health and

Safety Laboratory and mapy more facilities.

e include Bettis Atomic Power Labora-

ar Accelerator Center, Savannah River

Thus, operating under the sOl of the Department of Energy is a wide

assortment of. organizations, facilities, plants, sites and offices which

carry out the many programs of the Department. The operations, management,

and conductoP programs are as varied as the separate facilities. The man-

power engag k.in these activities is substantial.

Discus log. of manpower data needs with, DOE officials brought to light

se-k*ral Triecemeal 'information systems,or data collections which exist in

the several organiations now organized under the Department of Energy.

They include the budget and reporting system (under which expenditures for

"ar

r'

4
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, .

all ERDA progrAmS were cabegqrized, including 764D programs ,-- (See Appendix,

'A); the proposed-Collections to be undertak(M under the Uniform. Contractor

Reporting Guidelines*UCkG);': the "institutional ian's" submitted in respbnse

t.o ehe call of the Assistant Administrator for Field Operations; Program
eApprbval Dbcuments (PAD'S); the Cdntractor Statistics Program covering

-GOCO's; and the detailed data submitted in connection with the annual budget

cycle (to Head of agency,OMB and the Congress).. :These .e'lcamples pertain to.

the former ERDA, but similar sources exist for several of the other agencies

now in DOE, e.g.,,FEA,.parts'of ICC, etc. 'llowevertogether these informa-

tion systems do not represent a comprehensive or integrated source of infor-

mation on spending and manpower intived in the various programs conducted

by the units now constituting DOE., Rather, they'are, in the nature of limited

PPellOtions reports serving'some of the specialized nee% of specific programs

and managers.

As program managers perceived new manpower data needs, they have developed

reports specific to their immediate purposes, but of limited value for other

purposes: In some cases, it may be possible that revisions of sUch.exist _70'431"

reports will meet the,specifications of.the more comprehenSive CEMIS. In

other cases, new repOrting will probably be necessary. Irt any event,'the new

reports should be related, and consistent with-present reports as much as'.

possible to redute burdens.

The manpower with which DOE is most directly concerned is that which is

employed by*Federal estal4Ashments and the closely controlled GOCO's which are

funded by the Federal Government. Next is the manpower. engaged on work in

private establishments; but funded by DOE or other Federa.l. agency-contracts
/.and grants. For these two segments, we propose a data collection program to

cover STP employment and RD&D expenditures as follows:

1. STp:Empltroent in DOE and GOCO's

CoVerage:

Content:

Federal personnel in DOE units, contractor personnel

Government-owned installatiotj whether or not engaged

in RD&D.
r

sEmplOyment 1y STP occupation, work activity (RD&D

stage or other), energy technology or other, highest

degrees held, sex, r_ace'or ethnic identification

IV 19



and RD&D costs by energy technology and 'Work activity

(RD&D stage).

Ffequedcy: Annual

k

Other .STP Employment-Funded by DOE.o.

Energy RD&D

by Other Feder11. Agencies in
1'

Coverage: dthef employment funded by D9f contracts and grants, and-

other Federal direct, contract, and grant employment in

energy RD&D.

Employment by ,STP occupations, work activity (RD&D stage)',

energy technology; and energy RD&D costs from Federal

-sources by energy technology and'work"activity (Rii&D stage).,

Frequency: Annual
20>

The establishments covered by the above reports can be readily iderhified

through accounting and fiscal clontrols as well as from the'proposed Directory

source. These annual reports,should cover all such employing units, and be

Content:

geared; if possible, to existing operations reports in the interest of data

Consistency and. minimizing reportAlurden. DOE'should arrange with the appro-
--,..-1

priCBU Feral agencies for. data collectionsiTrom the non-DOE funded programs.

The reports in these segments ark,closery related to DOE Operations, and

should be an important responsibility of that agency. It is recognized that

other agencies -- notably NSF -- also have impOrtant interests in such data,

and, cooperation between them is. a.necessity., The relation to DOE operations

is likely to provide stronger incentives for effective data collection than

the more general economic data interest. of NSF. Hoever, the poss.ibility of

NSF collecting manpower and RD&D costs In the detail ptoposed from the RD&D

performers other than DOE and GOCO's should be explored.

4
iv. Other RD&D Manpower_and Expendieilres Reports - 'The reports pro-

posed above will cover apptoximately one-half of the, RDLD annual costs and

STP manpower involve4 in energy activitiesr They cover tlfat portion in

which Federal,iterests are greatest., The other segment -- that funded by

private source4, -- is less subject to DOE influence and the more difficult

from the 'standpoint of data collection.

A series,pf reports proposed to provide information on employment

1
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and expenditures for the energy RD&D programs funded from all Other'sourcesc.

including private indu. ry, u iversities and ikon- profit organ'zations, State

and local government etc. The D ctory .f establishments proposed earlier

will provide a universe from which samp es may be chosen for annual surveys

of employment and RD&D expenditureslevels by energy categories as follows:-

*
3.

.

OtheriSTP Employment in Energy RD&D Funded by Non- Federal Sources

Coverage: Other workers in private induS'try, universities, non - profit

institutions, State and local governments, etc'. Afilde0 from
de

other than Federal sources.

Content: Empraytent by 1TP occupations, work activity (RD&Distage),

energy technology; and amount and sources of RD&D fund-
.

ing by energy technology and work activity.

Frequency: Annual.

It was not possible td make a thorough review of all existing reporting
, _

to determine the extent to which the proposed CEMIS would meet specialized

operations requirements, or conversely, the extent to which specialized reH.-

ports mould satisfy the broader requirements of the CEMIS. Nor would such

a review be.timely, in view of uncertaInties in organization and program

evident in DOE as this report is being completed- What started as angssign7

meh't related to ERDA's respansibTtigs'for energy RD has been caught up

'in the Rress new and enlarged respons bilities oflDOE:

The CEMIS represents methods by whic STP manlior supply and reqmire-

, ments may be evalflated within the framework of the broad national laboi.

force. But it also. represents a system which should meet many of the /special-

ized needs and permit adaptations for meeting other requirements of the

operations ers. Nei.:).aberations reports, as they develop, should be

consistent with the CEMIS, that is, follow.similar,definitions and specifica-

tions.

This survey may exclude certain coverageAsegments to the extent that
similar'information becomes available from other sources, such as.the
NSF sector surveys. The)more comprehensive specifications here assure.
thatothe three surveys: together will cover the entire range of STP
employmetAf in energy,RD&D.
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2 Earnings

a. Int oduction

.

As we have noted, information on klhe--comparative pay of energy R&D

practitioners ca-ii\be used as:

1) indicators of change, in the balance of supply and

demand in indiVflual occupations and s'pecific,fields"bf R&D

- activity;
1

2) references for personnel management to compare the-ii' estab7

lishment's explitieneeith that of a:A.Drm or'as a basis for J°(/

their establishment's pay poliCy; and

3) a, basis for revealing adherence to publicIpolicies such as'

pay equity for,. minorities and for women.

The responses of pay scales to the forces of supply and dematid-,do not

always coincide with those.dalled for., by classical theory, but the e fects

of these forces can neverTheless'be detected once expectations of resp nses

are modified.to,coincide with the realities of actual labor market opera-
.

tidn.

Characteristically, especially in recent years, compensation.iqUoitn§rs

shi<primarily in the ipward direction to take account of inflation and to

reflect increases in demand for a skill category of dmployees in relation

to their, supply. Becausepf institutional restraints and rigidities, pay

4

scales for experienced workers generally do not decline where manpower

demand contracts.or supp,1Yexpands, although-entrance rates 714 be more re-
,

sponsive to the market;':but where those conditions continue beer any sus-
:

tained pernd,:there uSuAlfy, is a slowdown in the rate of pay increases for

experienced workers in l'heaffected occupations as compared with thers

where a eight6r lab'or;market exists. In reflecting supply/demanrimbalances,

the indicators would be expected to show divergencies in -the ra es of,'pay

increase rather' than actual declineS. t

Evidence of an upward divergence in'comPartive pay of specific cate-
\

fories of scientis.ts.and,engi eers would obyiously be an important considera-

tion for R&D administrators.contemplating any significant program expansion

involving allditidna nand for those scientists and engineers. The evidenCe



7,-----,

determine 'th& viability of the pro-
e

spective prograM unless additional suppil, can be assured. The evidence

oE rising manpower demand in allied R&D fields would also require considera-

tion, because a spillover of this demand could be expected in occupations

'and activities where some interchangeability is possible. Poli'y officials

with broader concerns would also have to consider whether pressures for.

simi-

lar

pay comparability would affect related occupations having simi-

lar professional status.

Comparative pay data would have additional usefulness in situations

where the Government directly employs or indirectly supports a large

portion of certain types of scien fists and engineers, as it does the

nuclear energy field. These data wou provide suggestive indicators of

managerial ability to establish the delicate level of pay correspondence or

equivalency among different hiring units and among the Government facilitie

in general and all others. Even a divergence of pay levels below thOse of

the comparative standard,(assuming no ch nge in other significant factors

sch as fringe btnefits) could be a warnin to management_thatpay practices

might be undermining a program!..s longer term ability to recruit and k
-

quality personnel, while upWard divergencies sugge t the ssibility that

pay rates are excessive.. Where the Government is a very substantial employer

of a given specialty, and its pay fscales effectively established the market-

scale, R&D'policy officials would have to consider whether lower pay scales

might be a disincentive tsp entrants into spetTalized training and.would 're-

duce the ultimate manpower pool available'' or employment in the occupation.

ConVegely, significany-higher pay scales Shduld raise the consideration

not only of disruptiVe inflationary pressure's. on allied specialties, but of
N

prospects of an oversupply of available manpower at a future date. Pay is

of course not th only determinant of manpower supply, but it is one impot-

lant determinant that must be considered with other factors.

The Usefulness of pay data therefore depends heavAy on their compar-

ability. This involves internal comparability of data series, over t*ne as

well as:prectston of identifiable data components, in any measure that is to

90

foe

t.

,/
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be compared with other' pay measures. Reasonably precise and qpiform occupa-

tional identifications are required for meaningful comparisons, and, ideally,

the data should identify such factors as education, experience, level of job

responsibility, Aupervisory statous, and similar factors which deirmine pay

scale differencesin the labor market. 'Since comparisons figure so heavily

in tne usefulness of pay data, statistical validity of the data is critical,

involvin such factors as, adequacy and representativeness of the sample

drawn, adequacy of 'survey response, and statistical biases in the framing

of questions or the gponduct of the survey.

b. Data Sources

.The principal data sources on compensation are these:

i. Natio:it' Survey of Compensation Pai-to Scientists and Engineers

Engaged in R &D Activites (BATL 1). These are conducted for ERDA by Battelle

Columbus Laboratories. The latest annual survey, 1974, is the 9th,cOndu d

by Battelle; a predecessor survey oaducted by the Lo's Alamos Laboratories

of AFC extends back to the late 1940.1s.

Monthly. salary data are giyen for:. sUperyipogry and nonsupervisory

,scientists and engineers by field and leYe). of degree, age, years since bache-

lor's degree, type of institution (nonprofit research, educdtional, cratract

research center, Federal establishment,-priviate industry), and occupation. ,

classified under eight branches of engineers:, or as scientists in 'phygics,

chemistry, atmosphere /earthy/marine /space scien'tists, agricultural/biological

scientists, economists, mathematicians/statisticians and computer scientists.
a

Data also are given on ratios of technicians to scientists by type of estab-
-. .

lishmtnt and proportions of scientists and engineers without degrees. Stb.rt-'

ing salaries are shown by level and field'of degree. A key element. in the

v survey approach to compensation diff rentiation is that of identifying.

"age-wage" data on both chronologica 'Age and yeafs' since receipt of:degree.

An attempt is mad : o.,incrdase the accuracy of year-to-year comparisons

by identifying separa el the measures obtained from 'identic4 respondents

over a 5 year period. However, there is a low level of response in the total
. ...

/
survey to the questionnaires (only'304 of 802,contacted establishments re-

14

sponded) and there has been a sieadS7. attrition in the.identical sample. The
:

. -,, r : .,,A

. ,y,

fl

a

f
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low level of response to the survey may bias the.accu agy of the reported

salary levels. Although trend compariso s over time / 'would have greater

validity, some bias is also likely, in t is as a result of attrition: in the

identical sample. .
.

.
.

The measures appear to have greatest validity in showing relative pay

differegtials (rather than Levels) based on degree level, years of exper-

ience since receipt of degree, superFisory status, etc., and also in show-
.,

ing comparative trends.

The information collected by Battelle is "derived from, employer repprts

on the establishment and from employee reports, submitted through the em-

pioyer, on personal characteristics an.d.functiOns. In practice, the em- .

ployer completes many of the indiVidual report forms from personnel redords.

The low,State of employer 'cooperation in this survey may be related to the

reporting burd'en'-that employers appear to have assumed for supplying in-
,.

e. formation on each of their emploYees.. Inasmudh as this survey aims at

being the broadest-based and most authoritative measure of compensation for
,60010'-v

scientists and engineers in R&D work, special efforts ale plainly called for

to shore up the response rates. No special remedy appears dpvious, but a
6. .

review and possible rectificatidn of the*surveyprodeau'ees, and *ime infrii.
, a

ential prOmotion activity, could Rroduce4the desired result.

Recommendation: DOE should formally.review, the administration and pr6Cedures ..)

\sof the Battelle.survey, or,'in cooperation with other agencies concern with ,

._ .

earnings data on technical manpower, convene a panel to conduct such a re-

view, with the aim of improving the accuracy and validity of this important

data source.
4

.- .,...,/
ii. Comparison of Com ensation Paid to,Scientists and Engineers in

Research and Development, 1)76 Data,(ERDA 9) Prepared by Oak Ridge Opera-
'

' tions Office for ERA.

This study invo ves statistical analysis involving the generalr'Survey'
A

/data source (BATL 1) and:a parallel special. surVey of ERDA laboratories,

part of which is represented in the broader survey. It represents a s'yste-
,

matic come risonof compensation paid to scientists at' ngineers in/18 ERDA
.

°
laboratories and those covered by Bttelle's National04 (Seven of these

1 r 7
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laboratories arm.- already represented in the'sample fOt the national survey.)

The data content. a'ndSurvey !approach is 'essenLally-!the.same as. BATL 1..

"omparisons are maQ,by type of establishment, educational layel..(dreel,
a ,

management,status, age, fears since receiPt,of deireet.field of highest
4,

degrea, and 'rate of compensation increase over previous,years. This compati-
r

son is an example of a practical use two related bodies of statistics,
. .

.

:-...a

,

aimed at determ ininkpatterns of difference in compensation.beveen Feder
1

J
energy R&D establishmeIsland the .ge4a1 universe (pUblic and private,

energy and noneneigy4 of R&D establishments. The validity of the comparisons,

whose limits are descrbked in detail, is severely.circumscribd by-wsome lack

.of occupational depi,11snd Consequent unre'vealed differences in'the composi-
-.._t,

tion-of the compared work&rs, and by other-dfferences, but th0,sutvey yom-
.

pensates for .this by the pragmatic approaA of, identifying wage- wage" and
Y ,

4
other t.tors which can be'more Practically reported and wt{ ch seem to be

.fair tetMinants of pay. The-survey and its analytical accompaniment is
. ..

I-

4 accep d as theti:St aVhilable measure of comparative pay'practices for the
'k.

unive es compared and therefore serves as a practical reference tool for
. A.

personnel and compens tion.poliO. The practical usahof such a compkrison,

affecting as it does vidual's compensation, Government establishments'
4.

%.....payroll co,s -ts and' labour market pay scales, points up the need for reinforc-
---

ing the validity of the 'compeneation data for ,the,universe'.on which the-com-

41 par on relies (that is .the-16ttelie Survey flor all R &D work) The survey /7
4

of DOE 1aboratorLes is conducted annuall , relying on reports from 18-of the

approxim tqly 60GOCO facilities.
.

Recommendation: DOE 'shouldexamine the feasibility'of adding occupa-

tional detail to the 18-1,aboratory portion of the salary.surv6y. A
'

the survey should be extended. occasionally to the remainder of the OCO

universe and t DOE contractors tb obtain c'tmparable data on a 1

DOE-supporte.d.V.D&D personnel. T1e extension of
.
the survey,should ist

. :.,,,

0,4
k

'

DOE to assess comparative ay practices and'Ofects-'of labor mar \e de-
-

veloments in 1 of tha facilities in which "it has irect concerp;

..

../
/ (

o
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. ... .

ii:i.. Report Ofont tactor Hours and Earnings.. (ERDA1) This 1s-j:.

.

based on semiannual repOrts to FRDA of some 60-GotAtzrnment-Owned, Contractor-
.

f'--,

Opera ed (COCO) facilities. it 'inCludesf for all establismedtsy, and forc;
k.

specified categories' of establishments, emptment, TwiliourS worked-and4Aay-

roll for..IScientiSts,,eneri6ers, professionals, and otter occupational cate- ..
'. yr

gories of approximately 90000 employAus id GO(',5'S. AbOut'40-Percent of
k

. ..

total 95loymen is s,cient fic and tec nica . Reports are semiannual for .

.?.i

..4
consistent reference dates -- weekS Including the 12th of March andSeptember

:

Occupational detail is meager.and there is no'separate identification of R&D
/

activity., 1544nsive beefing up of occupational detail: appears' to3ae fpasible

andAmphattcally is desirable,both for employment information and for Lncreas-
k.

ing he utility of the salary informatiol.

.,..

'RecommAdation:: DOE-should expand the occupational detail reported in

the Contractor Hours and Earnings Survey'' usefulmake the information more useful

:for manpower analysis. Occupational de ail shoul&be consistent with that

proposed elsewhe, in this report k)r iNtramural and contractor;reporting.

ivo. National Survey of Professional, Admiyistra dye, Tedfinical and)

Cleticg1Pay.Survey "PAW"' (BLS 1). This is conducted annually by the Burau

of Labor Statistics to show average salaries and rates ofJsalary cnange in

rigorously described occupations in private industries. The meAsures are used

as a basis for making Federal Government pay rates comparable td those of:,1.

private industry for corresponding level of responsibility. The survey covers

20 occupations and 2 work levels. ,Tho's ,relevant to Science and enazering

include chemyt and ng,ineer (Q levels of each are surveyed 2 'entry and61,

work levels),. and engineering technicians (5 levels). ?The data for individual

occupations and workevels arre used both by the Federal Government and-Triv-

pte egiflOyers to assess the comparability of their pay struttu es .with at of

private indu ry as a whole,-but. actual adjustments in the Federal pay,strue.-

ture ve usually been applied acros"s the board to all, occupations
'.11 t..ne '

classified'serviee. The PATC measures are the basis for the .djustmentsl,
.

... 'o'r red by' the president's Pay Agent (the Directors of the CjeVii.lerviCe Coma
At

missipn and OffiTe_Of Management and Budget acting 'kn contert). For 'a fe

occupations in 'the Federal Government, higher entry pay'than the regular.
."

,.._

co
, Federal scale-has been permitte at least in part on the evidence of he PATC
findings.
L 7) 1. ' -,

This suivey is perhaps the mot authpritati4 and rigorously cont011ed '
( if

i e
i
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measure of .pay practices (botn'pey levels and rates of changeat different

st gesof responsibility for(prpiseIy defined'ocCupafiOnS):Yet.it is sub-

' Jett to the technical 414 political criticism that any aCknoWindged eviden

Mary basis' for decisioris is:likely to reCeive:. The:rknci--
., ,

pal technical criticism is that small estahlishMentare' excluded from the

surbey, but any upWard blaSH:this produces ia'leAjikely talp,e relevant to

essional occupations; than to other ocCupatiOns:.Were:differenCes in

mar y" and "Secondary".labor market oay:,practicesare,kpOwn to. be
*

tant factors.

In addition, state and universities are exCluded
. - ,

from, the'
=

survey, but the, e ect. of this, exclusion p the pay averages is not

known. Although the survey iO'cdstly, its precis),ton.and the likelihood that

it provides the mostaccurate reflection 'cfpax, scdles As a respongg to
.4 ) ' ,

supply and Aemarid influences (as Well as institutional'and other influerices).

suggests the survey would be'thea.Ppropriate statistical
!

niehible tn serve "..

DOE needs as well.as those Ofthe, Classified Civil-SeriElaSisteM/that it
.

now serves. cAuthoritative.,raference base data on<pay sales n private,
%

,

.
. .

industry will be essential if substantial expansio in Federa ly sponsored,

' ener y R&D IS contemplated.-P r-

Recommendation: DOE 'Ould.exp e with BLS he enlargement of'PAT-r

osurvecONrerage to include othet
,

R&D. fUnctions. BLS shout aIso'be,urged to

scientific and tech cal occupations an5I

contiaue:the examination of the

ef.fect of exclusion of sm 1l firms from, the Measure:ancrtO eiamine tha-,effece

7

'of exeluding governments:and universities 1

lit

.44

a.

, \ (

'differences
.

pay.* 4

between primary and secondary abor markets, the following mpr,k--tt illus-

trafive

;)Of the exteasilie Iiteratures_o in pay and employment practic s ''s

trafive anrefp4anatony of the re ative;y uniform and stable coed ions
i 1

,,-- applying to the usual employment establishments of puofessionals such as
'scientists an a engineers, and the more. variable conditiop,$,'Applfaitible to
employment of.workets such as labpres and .operatives: Peter B.,Doeringer

and Michael J. Piore, Internal.,Labor Markets and,ManpoWer Analysis, hexing -
ton, , Mass: D.C. Hsyth and Co.Co.,l,1971.

r
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v. : NaiOnAl.ample 8f Scientists and Engineers' (NSF 15) In additiOn
o

-f0 the'employmentchatacteristics. (described' in'the preVious pecti6h), salary
. ,

.....;' -.+ f j a
data are shown,'but..for agkegatesandnot for the detailed-work categories

which are cross- tabulated with other components: Salary data vfor, detailed'

work and personal characteristilps categories aretollected.frA the individ-
0-7 ':

t
P -

,!../ualsHaurveyed,':hut itVis-noiffrlown 4T:croSs'7.tabulations for salary and these...
. .

s'

other' Components are,teasib or Would.have statistical validity.
.

RecoMmendatia1:. - The potential fpr ta laping greater.salarS7
.

ahould be-explored,hy DOE with tberNSF sp-onaors of the National Sample

SUrvey.
-

o
- ..

vi. ,Ino of Families,and :Pers'cins --Census Bureau P -60 Series'<CENS 3)

The.-incoMeVda a...hre-based on_ajr.annual sui-Ney conductO through the:Cur.rent :--

-'(;". , 1
,..,

.. :. . . e... ::
.

-704.ation-S rvey.Jon;:which.theAQIIthly-report-on the-labor, force is based).-

--Etrinti AS reportedb braad'industand.occupational categories
. ,4_ . ,

.. ,.._-4
. -4, .

. ,

:,accbut.ting for lOngeae-employment during the calendhr year. OriBinally,....
.

-.1tWottopational.detail w s- no.frner than thatof the broadest categoties
-. --5,..

(e.g-.Trofesalonal,teChniCaland'-kindFed personnel")., but with the expan-

-sion4andrefrnement,of,tbe4cPSsaMple,)data'have for.the past few years:
_

0
.

.

_been SboWn for oategoriea stCh as'ensilters' and"seientists and mathema-
. -..

.

.

:.titiaria". -. Thn'ingormationzcoUld befuSefuljn as'seteing th\comparative
.

economic satus lor these profesaions as a,w le. but:It would be onlp_per-.
,. 0 . .

,,,, c. .

ipherally releVant to the concerns. regarding cientistsandengineers in

1

I
energy R&D. Continued expa on and refinement of the CPS sample, hich

has been under cons4,04.a.tion, st5 pid make it poasible for some more d
_ _

occupational identificptions andlthebroad comparisons with,ote'r occu-

pations that this general population,surVey permits, but the pFactical 'pros-

)pect of S-ecuring'speciiic energy R&D identification through foreseeable ex

pansion of a cyrrenE*po lation survey.is remote. Expansionof galgary de7.

tail on energy -R&D practitioners is.'plainly more feasible in surveyaSaimed

at establishMents or -individuals preyiouary identified as Conducting R&Iir
o ,

activities than in a-bTad-based, enumerator-conducted household survey.

ti
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vii. The Endicott Report:' Trends in Employment of College and University

Graduates in Business and Industry (also known as the Northwestern Un'iver-

sity Survey (NWU 1) Pfepaned by Northwestern University's Placement, Center.'

'Primarily designed as a self checking forecast of labor market pros-.

pect'sof graduates, thi§.surveyd'reports c-ompany'intentions and effortg on the
-,, . ,.

hiitig of graduates during the next year by offered starting salary ,
.

, with a
. - ®

follow-up report on the extent to Wich these efforts were successful. Data

are given on number to be hired (and actually hired in the subsequent report)

by sex, salary level And degree level for, oc, upational groups including'

engineering, chemistry, mathematics/statist cs, and b nontechnical fields. -

' Data include distributions and averages of starting. salaries predicted and

actually offered by degree level and occupation. The sample is small and

not representative of small establishments, universities an'd government,

but nevertheles has proved to be a sensitive indicator of tightness, and,

looseness in the labor markets of broad occupational categories. (Review

of the survey results for chemists .1,0nws a persistent understatement of pre -

dicted.starting salaries compared with actual starting salaries. The amount

of understatement is, however, variable, and taken together with the reported

differences4between preclicted and actual hirings, appears to reflect variable
y

conditions of Supply and demand.)

viii. Survey of Doctoral Scientists and Engineers. (NRC 2) Conducted bi-

enniallyby the National -Research Council-primarily for th(c National Science

Foundation, shows dataon an extensive range of characteristics for doctoral

scientists and engineers. These comprise about 280,000 ouL of a universe af

roughly 1.8 million scientists and engineers, the difference repreSenting

those without Ph.D. degrees. The data include median annual salaries accord-

ing variety Of personal and professional characteristics. Drita are also

shown on employment status, utilization by field.of specialization and per-
,

sonal and.professional characteristics including changes over time. Some

special uses are suggested by the variety of data, suchvas analysis of the extent

of the gap in salaries between doctoral women and men scientists and engineers

with comparable characteristics and the degree to which this gap may have been

narroWed'or widened over time. This survey, together with the National

Sample.of Scientists and Engineers (NSF 15)_ and the New Entrants to Science

and, Engineering (NSF 17) comprise the National Science Foundation's Manpower

Characteristics System (MCS). The particular value of this system is that

the'inforMat:ion is collected from individuals racier than 'employers and

hence can include characteristics not always known to employers.

1
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,ix. federal Employment. of Scientific and Technical Personnel (NSF 10)

Based on tabulations of the U.S. Civil Service Commission (CSC),' and

initially collected tlipe5ugh an annual oCcupationalcsurvey of Federal agen-
cies, the data are now derived from the regularly Updated Central Personnel
Data File. Analysis and publication are.conducted in cooperation with the
NationalAence Foundation. Coverage is of Federally employed scientists,

engineers, technicians and health perSonnel. Median salaries can be tabu-*,

lated according. to an extensive range of characteristics, such as occupa-
tion (by CSC'seri)s), higheSt d6gree, field of highest degree, age, func-
tion (researth identified separately from develOpment), sex, clinority

smtatus, grade, agency, location by state, and some area identification., 'arid

supervisory or management status. (this item introduced in 1977).

x. College Placement Casinc'il Annual Survey of Job Offers to College
Graduates (CPC 1). This source reports on number of jobs and starting

salaries offered by' in4lustry to graduates by field and degree level. The
fields include 'the major engineering specialties, agricUltural science,
math, computer science.4':bioiogical science, physics ancLearth sciences,

Plus business, acectnting, humanities and social science. The reports are,

base-d-bn_effers received by graduates, which may be multiple for the indi-./

vidual and.wy also reflect duplicate offers made by firms knowing.that
some of their offers will be rejected. The data reflect on7campOs.recruit-
ing efforts mainly by large firms,. Notwithstanding duplication in numbers
of job offers and exclusion of a large part of the employer universe, the

offering salaries may be indicative of large employers' perceptions...of the

supply/demand balance, and tlye trends from year to year may reflect chang
ing market conditions,

xi. Professional Societies. A number of professional societies

collect and publish compensation data.- Among the data sources are:

I)' American Institute of Physics

Manpower Studies in Physics. This series of studies includes:
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C._

a) iAIP 1973 Register corers 50,000 physici.sts, shows salaries' by

various characteristics -- major fields, highest degree, etc.

b) Some of the Societyls other manpower reports on subspecialties

and graduates,in physics include compensation data. The surveys and analyse

are generally,of Aigh quality -for tlie grout') covered. Comparability with ,otber

salary data .is.not known.

(2) American Nuclear Society, Nuclear' Employment Outlook (1975) (ANS 1)

This is an annual-survey of employers to determine manpower dgMand

for both experienced professionals and new graduates and shows.salary data

for current and prey s years.

.(3) American Society, of Civil Engineers

a) Survey of ProfeSsion (latest, 1976) Conducted quadriennially

of membersand-Includes salaries and fringe benefits. 'fr.

b) Salary Survey, (latest,(1975) Conducted biennially, since 1951

*latest Survey covers 1,100 employes-%153,000 civil engineers.

These surveys do not have particularized relevance to energy R&D man-0.
power, but provide background levels and trends on occupations with compar-

able stateS.

.(4) Aller.ican Chemical Society.

Professionals'in Chemistry 1975

Includes (along with characteristics and employMent data) pay data by

level laCdegree and experience. It appears to be a carefully.,conducted survey

with high quality analysiS. The 'pay data (including of

change) are compared with those from other sources ("Battelle" and "PATC") and

appear to correspond rather clos ely. This comprehensive status report is.sup-

plemented anIlly by:

b) Report of Chemists' Salaries and Employment Status, 1977.

Contains '95 detailed salary and income tables (separate for chemists and

chemical engineer) including salaries by sex, employer, work function,

specialty, geographic region; Industrial or academicemployment (by

functions, specialty, etc.). and by number of subordinates. There are

11.'7 .
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.42series On. starting salaries by degree.leyel (some of the data extending back,

on an annual basis, to 1960) and on "comprehensive" salaries. 4

(5)/ Salary data are also proyided by a number of other proEessional

societies, by professionalneWspapers and magazines, and by educational and

other institutions. Among these are:

American- Institute of Biological Scn s
\------, -

American Mathematical So iety

Engineering Manpower Commi ion (q.1C 1)

(Extensive regular publications on experienced
_eriiineers' salaries, starting salaries, salaries
:of technicians and technologists)

National. Society ofLProfessOnal Engineers

xii., Salaries of Scientists, Engineers, and Technicians (SMC 1) This

- summary of a broad variety of salary surveys was prepared by the Scientifit

Manpower Commission. The publication provides a thorough coverage of scien-

tist and engineer salary sources and.some:comparative analysis of the data

findings. Unforinately, there is no analysig of differences in quality

of data or data cove ge of the manifestly disparate data series.

c. summary EvaluattliTht Existing Earnings Data Sources

1In areas of man wet informationlNer:Ihan earnings, it M's often neces-

sary to converts ab tract tangentially relevant data from sources developed

with little concern for R&D Manpower, and to impute findings for other groups

AO those of R&D npower. Fortunately, theretare earnings .datdsources
.

spe-

cifically foc ed on R&D manpower, or on the closely -allied universe of scien-

tists and e gineers. gone of them, however, are so ideally focused or cOmpre-
1

hensive s to provide data'specificall, i on that iraction,of the universe of

sci tists and 'engineers engaged in energy:R&D. The lack o precise.rele-%

cy is not, however, the major problem in obtaining accur to data that can

be legitimate) used in a mpnpower information system for the purposes de-

scribed previously ijcomparative pay, analysis.

Judged againSt other criteria determining usefulness, the presently avail-

able information sources on earnings of energy RD&D personne comprise a mixed

bag. Data are fairly plentiful, but the levels of occupatio ),specificity

vary widely. The pay data that are collected in surveys primarily. intended

ft

I TI
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to measure empl ment status (such as "The National Sample" data, NSF 15)
(

are published as generalized averages, although they are collected' from

individual respondents on the basis of specific occuphtional detail and

possibly could have been coded and published in greater detiil. Data com-
D

'piled by various professional.. societies on thek, members cover disparage

jragment. of the scientist and,engineer universe, but'provide the most

)1current a d most detailed glimpses available on relative pay andThay.trends
,4), . .-.',

for certain occupational categories. The surveys designed specifically for

pay comparisons, such as "Batitt4e11 (BATL 1) an the ERDA CompensationSur-

veys (E:RDA.9), are the mpst comprehensive for the relevant universe andhest ,

,...
._,

meet .the standards Of comparability that determine their utility, but ques7

tions of-statistical validity are associated with the broader'measurehe-
.

cause of a'low survey response rate. One of- the. most precise sources of

data on pay,iccording to lever of responsibility is the Bureau of labor

Statistics "PATC".survey (BLS t) which includes chemists, engineers and,
),

engineetIng.technicians, along ceith 17 et)her non - scientist /engineer occupa-
("-- I

tions. Dafrom thisisurvey,are used to adjUst Federal pay scales to levels

of private industry equivalency.not--pnly for Federal qemists and engineers

where direct comparison -can be made_with private industrY pay, scales, but for

other professional occupations whose pay scales are imputed to those of chem-

// ists and engineers.

Because average earnings_generaPly progress with experience, especially

in professional occupations, it is important to have the data by age or years.

of experience: do occupation with a higher average age will have a higher

_average earnings for this reason alone. Also, entrance earnings, or those

for young workers, 'are likely to be more responSive to- the labor market than

those for older workers, and so are useful for analysis. Only a few,sources

give these kinds o'f.'-'data.

The Battelle National' Survey of Compensation (BATL 1) is conceptually

adequate in coverage: although. further, identification of the energy area

would be useful and seems to be feasible: The principal difficulty with this
t.

data 4ourceis that the problem of statistical validity- has assumed serious

proportions with a decline in industry cooperation and a consequent serious

falling off in response rates. The prOlem May not be easily solved, but

IV - 34
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the'importance of the zornings information produced by this survey and the

'close.conreptual fit of its universe of coverage certainly warrants a major

review of the survey , ,s perfgrmance and amajor'effort to improve i s sta-

tistical validity.' The ERDA Survey of Compensation (ERDA 9), part f which

is included in -theYBattelle survey, does not suffer from response. problems.

If its representativeness for DOE.' an e established, it can be a useful

measure of ,khe pay. practices. for this s antial part of the en6fgy

identification.universe. Its principal deficiency;ia..lack of occUpational f

Earnin s data on'a releVant universe are only one part of an analytical

.process req iring comparisons. The other parts,require data on:
4

1.Y. The universe other,than R &D, so that comparisons ,can be made of

.R&D S&E'personnel,with scient,ists'and engineers not engaged in

R&D, Where mobility can be assumed Co take place when pay differ-
,

ences .are` sufficiently great;''

2) The specific local universe of R&D practitioners whose earnings

' are being compared with the.uniVerse of all R&D practitioners.

Thy fii-.st area of data -- the broad non-R&D universe -- is found, im-

perfectly, in a variety of sources. The BLS-PATC Survey'data (BLS 1) 'serve'
c -

f or a liMited occupations; those of chemist, engineer, and engineering

.technician. These data have the virtue of distinguishing the precise level4

of responsibility that are'important factors in differentiating salary levels.

The kitvey serves as the data base governing changes in the entire Federal

pay structure, and sensitivity
L
about its integrity and the clarity of its

intended purpose may present difficulties in using it as,a vehicle for other

purposes. It nevertheless seems worthwhile for DOE to explore with BLS thf

possibility of adding othersoccupationai categories to the survey or expand-

ing the basic data collection in other ways, such as identifying the R&D

function of the presently included chemist and engineer occupations,

The obvious use of data from the NSF-Civil Service files on Federal
0

Employment of Scientific and Technical Personnel (NSF 10) is for comparison

of DOE and DOE-Contractor compensation with that of the Fedetal Government

as,a whole, to answer such obvious questions as, does DOE have more high or

low graded personnel that in the Federal structure.
(

qa

-1 1 .7
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Other general pay sources are too broad and lacking in detail to serve

for otcupatinal pay comparisons, Z_rhbugh they may provide useful indicators

-49of trend or of shifts in labor market conditions.

For die second part, data for comparing the overall',R&D universe kith

the local univer\of the DOE and 150E supported facilities, 'the basic source o .

shduld be tihat.-yf the internal reports of the DOE, and theloperating report's

of its contractos. The need for more detailed occupational data in the re-
.

porting system of DOE nits contractors is discussed elsewhere. It is a

move that is high in priority if the end benefits '6f th information system

are to be realized.

From a practical viewpoint, not all of the additional detail needed for

earniqgS analysis can be included in the regular reporting system without

making the reporting.burden'Onerous. Some of the detail can be included in

sample surveys of DOE and its facilities on a less frequent basis than the

other regular reports. - The present ERDA National Survey of Compensation and

its comparison analysis' rely on detailed report's from 18 ERDA laboratories

(ERDA 9).' This surveywill probably continue to'be conducted on a regulaf

basis for the 18 facilities, but it needs some occasional, less frequent

confirmation of what they represent in all of DOE.

d, Further Initiatives for Improvement and Development of Data Sources

.The major areas ofimprovement have been outlined above. No new source
.-4* 0,

of basic data is envisaged, except to the degree that provisions for collect.-
. .

ing earnings data should be made whe ever feas2ble within other vehicles that

may be launched with respect to emplo ent or other aspects of energy R &D,-

manpower. AS we have rioted, salary data with occupational detail should be

an essential component in the refinement of DOEand contractor operating data.

If other existing sources of earnings data are sufficiently extended or im-

. proved, new sources need not be'Pdevelop

11r
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3. Exits andfInterim Fldw in Employment -- Turnover,

Mobility, Immigratisin, Deaths and Retirements',

a. Introduction .
1

In assessing the factors influencing supply highly trained manpower:
I
in specific occupatAional,categories,,the traditional primary focus is on

/

levels of current'employment and on it itia carer- entries into thT-occu a-

tional categories from educational ins tutions:in which tiaininOor th se

occupations takes placeThe assessment is obviously not complete, how-
..

ever;, unless other factors are also considered: ultimate exits from em-

ployment through death and retirement and interim flows into and out of_the

occupations reflected in job turnover, transfers in occupations and immigra-

tion and emigration. Shifts in these interim flows sometimes are signals"'

of change in the'balance of-supply and. demand within the 'occupational 'field;

sometimes they'reflect the 'spillo'Ver of supply/demanf forces in other occupa-

tional fields or in other countries; sometimes they are the'resultof totally.

eXogenous factors And.affect rather than reflect supply/demand foices'kwithin

the occupation..

Each of these conditions and vehicles of flow has to be considered in

assessing current and estimating prospective,supply/demand situations. The

, measures reflecting these'flows can Also, when correlated with other data

within the manpower information system, supply answers to other needs.. The

information can, for example, be used'by officials concerned with efficient

manpower utilization or with special problems in personnel management, or by

prospective career entrants and personnel. officets concerned with job replace-

ment opportunities (as well as employment growth); or by those concerned with

broAder.soCial and:economic issues implicit id immigration and retirement de-

velopments or in developments relating to the layoff and quit components of.

job turnover.

Unfortunately, data sources on these factors are widely disparate in

coverage, quality and statistical ,treatment, and broad gaps ex'st in the in-

formation on some of the component subjects.

.b. Data'SourCes

i. Turnover

Report of Ccintractor.Employment and Turnover (ERDA This

1,1 em
..2s
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4.3

'

',based on semi - annual reports to ERDAI 's Division of Labor Relations by ach

Government - Owned, Contractelr-Operated (COCO) facility. These 60-somefa
,--'

employaboUt 90,000' persons,.approximately 40 percent, f who are

scientists and engineers. The reports are aggregated for publication by
*qk

type of facility a Show 6-Month total separations by component (layoffs,ndi

quits), accessitins, employment at end of periO8 (as 'base for' turnover rates)

and promotions Detail isa..iven by sex, minoritystatus and occupational
-2.

category'for indiv,i4ual contractors. .TheoccupaLOnakcategories are ex-

tremely .broad for example,-aIl.professionals, all technicians, etc.' This
,

broad classification of 7,profesSlonals" tends to-limit the usefulness of,,

the data in identifying the turnover behavior of the many different occtipa-

tioriS within this classification. Since_so many different occupations are

Included in this broad dlassificat,ion the usefUlness of the turnover data

is limited for identifying specific patterns and developments within occUpa-

tkons. They can*, however, serve as 'Useful indicators of general responsive-
.

ness to market conditions by professionals as a whole.

The data are mainly intended as guides to management, particularly for

comparisons individual GOCO

tent

tibn

establishments to the norms on- nature and ex-
,

of personnel turnover, and on,adherence to GOCO employment and promo-
.

policies-reiating to women and minorities-.

Additional analytical use can be made of the data as reflections of

manpower demand forces affe,ting government-owned vis-a-vis private facili-

s engaged in energy activitieS, or vis-a-vis other facilities employing

ilar occupational categories

however, depend on'the

of personnel. This kind of analysis would,

availability of comparable data (in statisticaltreat-

ment and coverage) for ithszother sectors to be compared. Such data are

scarce, except for broad aggregates by industry covering employed populations

mSikedly,different from those in'GOCO's. The other major measure, of labor

turnover, that of BLS, is only crudely applicable to the GOCdmeasures re

lating to professionals in energy activities.

ww1 i4

bS Current*bor TurhoyeT,Suryey (BLS 3), is conducted by. the Bureau

of;Labor Statistics of the U.S. -Department of Labor. This comprehensive

source of industrial turnover data.covers.all emplOyees in Mining and manu-

facturing industries. The reports show monthly rates-of all hires; new hires';.:

1
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A

total0separations;'i*Offs; quits; and other separations. No oceupatione

ident4, ification
..

is. given% hence comprjpsons withGOCO.turnover data cannot
ek.

,

. .

bemadeforanalogou.s%workpopuletions..Inasmuctrasearlyllalf of the
. .

COCO work force are scientists and engineers, and a mucSmaller prppor-
...--

l. 4
tion of the manufacturing work force is in these occupations, comparisons

,

4-

of BLS fSctory workerturnovertrends to LOCO Turnover trends'are sott-.

.Wh4t strained. iowever# identification of specific energy industries On
. ..." l'

be'made in the BLS stavey, 'and the estimates can be useful in showing the
.,o, . di c

overall state of the labormarket.in these industries for all occupatige,s,

as inditated by the rate,and com ositiOn of personnel aCtions. 'To,the

extent that the general state -0 labor mark t in energy industries

nd engineers .(and suchaffects the labor market sityation'of scientist

aminference may be warranted when the industries arePexpanding or contract-
.

ing rapidly), BLS factory labor turnover,data can be periph rally useful

forconfirming trends shown by other indicators-fo sc enlists and engi7

veers. Turnover data in genefal have been regarded, as key indicators of

tightness or looseness in labor supply.. Changes in quit rates are regarded

as.reflecting wotkers' perceptions'of ease or diffictilty.in finding other

employment. Quit rates do in fact vary inversely With leyotlf rates and

directly with employment trends: expanding job'opportunities accompany.

rising quit rates.

c) Other Turnover Information. Some other turnover data have at var-
. ,

ious times been developed for special purposes. 'The newest contender is

that of the Bureau of:National Affairs '(BNA), which has-developed turnover

and absence rates, with a smallef sample than -that of 'BLS, for a wider array

ofindustry sectors. These go beyond the BLS coverage of manufacturing and

mining industries to include other non-manufacturing, particularly °finance

and health industries- The information is a-generalized reflection of labor

market cokiditions and-the specific application to energy manpower is remote,

The data at. best Provide a-background against which to examine_ work patterns"

that may be'revealed among scientists and engineersby other data, and which

may..0-theryise,not be exPlieeble. ' J.
A

4

I

1 4-'2)
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ii. .00bility--TransfeeS to and from Other Occupatio s. An assessment

of,potefitial supply of scientists and engineers should. inc fide informatipn
41k- 1

on shifts into anA outof (and among) their occupations. Relevant ihforma-

tion would include thdt on employment change's between one energy field and

another, between energy non-energy fields, and. betwel in and out-of

the labor force statut.....lt should als,9 include information on_shfts be-
tween the field of training and the field in which employment actually

1

occurs, .since a numbet of empirical studies have shown su antial di;ffer-

ences between the university field of'training and Oat tyeer either

initialfly or ultimately enga06iii.: If tipatamet/ers of allied fields of

recruitment for a given field of'employment can he determined, either hy es-

tablishing the of employer specifNationsOr:filling job's or by de,..

ermining empirica hiringpatternS, more'accurateassessments can be made

of the potntial labor supply for'specifdp energy occuPationS;'

Some information is available shoiing that a substantial proportion of

the personnel working in scientifit and technical occupations got into this

work as, a result of experience in other oCalpations, rather than through!'

formal education or training that directly prepared them for theij present

occupation. In pair,. this 'reflects the breadth of education received:

students nominallymajOring in one field often take,courses that give them

backgrokind relevant to other ocCupations as well'. Huth of basic engineer-- ekti,

ing.education is a common core of all engineering speqaltits,and. most

'science students take courses, in a number of sciences. Among the barge pro-

portion of students who dropped outof college or graduate school before

getting a degree but who had learled a substantial amount'ab8n.t8 various

scientific fields, there are some who, having begun worklnother occupa-

tions, are able later on to;get a job in a scientificortechnical occupa-
z.

tion. Part-time study while at work is another way in whith people are able

to achieve occupational mobility.

These facts:help-to explain the substantial.degree.oemobility-from

othe'r occupations intoLoarious scientific and technical fields. Among the

relevant sources of mobility information are theSe:

11'5
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. *
a) BI.,6 Mobility. Studies Based-on 1970 Census of Population Data (BLS 4)

- 4 ''.
show that,'for nil' workers'' c, 20 percoD.of'those employed' in 1970 had been in

different specific occupations in 1965; among professional and, technical
,

-_:,4WorkerS As_was 45 gercent;° 24 ,percent of the enginetrs;35,yercent. of the

i''
i

'computer specialist; 27 pericent of the matihemati ssptciallts; 22 percPnt ''
,

(
low, ...

.., , - ..T Aof. the life and'phYsicalsclentists; and:N pt ent V--1-TO, engifieering-pand:
.

, d .
-V

science. technicians. employe'din 1970 had been employed 'in occupa-:
.

.,...tions ip 1965.. (Because.of the inclusion of oh nges frIthe'"Ocupation.' \
4. /

. A
,1,-/'not Tepbrted"'in 1965:to various otcupatices in 1970, those inflowSmaybe .

; ,..

exaggerated somewhat.)

&lie much p.f thfs movement reflects trantfer aAong individual
,

tific and technical occupations, a certain proportion of pit involves trans-
'

'
fern from.other unrelated 6cdupations. Amolig young workers this qften,

. . /

movement from a job held while a student to a scientific or tech-
- w 4 . e. -'

'5' nical job held 5,years later after zTaduation;_ among older workers. it

.

more ohen repreents true upgrading. f

To. get real insight into these movements, analysis should be made, for

's\ ' .

-
each occp,ktion, of the o cupations f m which workers comeand the age, sex

f,

and educatio al characteri.ticS (of the persons who make each transfer. The

1bare essenti ls f tly data required ark available in the tabulations of the

1965-1970 censu data; morefsignificant ipformation on edutation%al attain-

ment and f' of degree can be obtained from th.--post-censal surveys of

scientN)fic and technical personnel: For both data sources'; sampling vari

ability will make it difficult to analyze specifics occupational shifts by

persona characteristics. Ambng the striking"find'ngs of the 1965-1970 census

data is the very high occupational mobility rate of young men: half of those

I
Five percent of the population were questioned during the 1970 Cenus of
Population about their occupations and industries in 1965 as well as in
in 197p. Part of the data was included in Census Public Use Samples,
from which. BLS was able to neaggiegate data fora sampling of 3 percent
(instead of the original 5'pertent1Pof.the population. By ingenious

. -oross-tabulations and analxses, BLS tracked occupational shifts between
1965 and 1970 by origin and destination. For the analysis and some.of
the tabulations, see Dixie Sommers and Alan Eck, "Occupational Mobilitj,
in the American Labor Force," Monthly Labor Review, Japdary 1977. See
also the note therein regarding availability of adtiitiontl analYses.and
tabulations. Some of these are planned for future publication..



-

%wh erg- .16 -29
1

ofagevin 1960
e

lion years ,later as compared to about --oria-
e

.

Am both men and women the mobility rates were sutstantially higher

different detailed occupa7-

iqrcl- for t )ie young women.

for yo

- -
tiger than'fOr older workrs. - \-

G ogrelbhical mobility can 4heare's4clily be g factor of feting the
:

supply/demand balance,of energy manpowqr., erg rag al imbalances .of
:.7-

arrier to achieve4ntcof.man7manpower h' ve not oflen- beep cited -as, a\
0 14

poWer objectivesAn 12-6,1) 4ctivities.°":ftla
_

%'.between, upplyarld demand arerloC..-gener

pres,,ta. althaug

is to say, lo

ley held to be
- .

itfnal didArences

orsibre. tO0a4i7
..

specific individuals have,urOubterl
-

ly selves unavaiiablefor-5.0bs.

(LOS A1aftISs eomesto Mind. as an example) ha

ties-and perquisites to offpeC difficulties of-

Igeleral, bpwever, theigh income aelti's of Scientists and engineers, com-

'binedwith a popularly reputed high mobility mystique associated with those),
-N

professions, has diminished the importance of geographical imbalances as al

some loCations, and'some;locations.

e'had to offer compensating ameni-

life in the -work area
IZZ

factor in their m4r0ower supply and demand.
;IP

b) National Sampleof Scienti ts and Engineers, (NSF 15) (cited

previously). NThis sathple from the,L970 Census, surveyed biennially as a
s.

longitudinal survey, would appear to be the ideal-instrument for.trackingthe
$

ocCufational shifts of those, reporting themselves as scientists and enginers

' the 1970 Census. Because it is.afixed cohortisample, new ent ants into S,&E

'occupations ate not included; and the identification-of the sources of new man-
6

'1

power supplies either 1Xom.other occupations or from school at completion of
- -

training, or from various "holding pattern" statuses which Charatterize student,

teaching or research support programs at varidUs,degreeilevels.wbUldr-of urse,

not be shown. (The holding. pattern statuses provide a significant potent alv

source of supply for,Some disciplines. For example, 48 percent of all new 15h:D

chemistsin 1, 7.5-7.- compared with 16 percent in 1960 =- were engaged '

toD

parted post- doctoral programs orstudy, )eaching orscholastic based research.

This group can in some respegts be considered to be available to meet fore-
.

*'Sommers and Eck, op.cit.,

s,
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*
seeable increases in inaustriali and government demand for, chemists. Em-

pirical2information on the job mobility of this and other S&E groups wQuld
. J

/ N
_add materially to our knowledge' of patevial_supply.!)

-

. .The natione4,samplesOdOes, hOwever,)Permit'us to trace shifts otTt of S&E

work and Afft1.o s among categories ,of 515,E work.. When the survey has been con-'

tinued'fdr,/several more cycles,, 'the patterns of shirt' shown by the .survey

quid p;Rvide'a'basis for judgment On_the \arious sources of

SVecialiedllanpower.to m4et potential demands for*Pawer to perform, energy"''
=

RD &D. ,,Unfortunatelnsignificant analysis of mobilitypatternSoYer periods

of tame yetto be perfOrmed the'National Sample, since the longitudinal
. , ,

,

stricture of -the Sat:We mas:establdshed,,oniP in the survey of.' 1974. Futa
o

ife
4 -r

. .

:
'surveys and analyses Should ,permi;,:ebetier determination of pattof'.

.
'' ,

occupational (and possibly geographical) skfi .fts within t<cohOrt andlattri7;

---"ttions"fromdt, buL 'unfceflinately no basis fo establishing.the.magnitUde.or-

origin o' entrants the occupations'.

Occupati:anal Attrition Resulting from Deaths. Fdr.losses result=c

ing from rleatli, 'the beSt ava able met of estimation is theLifeTaOles

developed by the National Cent r for eal h'Statistics bepartmevit of Health,
**-

Education and Welfare. These table show annual deathrates by,age and sex-'

The rates can. be.app/ied to the.membe s Of each occupation for which the

Lo

number at each age, by sex, is known: Occupational,data by age'and sex,are

available from the Census of Populatio ,from the postcensal surveys of

scientific and technical personnel, fro the Ph.D roster maintained by the

National Research Council (NRC.2) and
I ,

occupations.

. There is sote-evidenCe from data
'43

and sec 'group, differ-aMong.oCCupation and therefore'the average rates for

alf ursons. may' not apply exactly to Spe c occUpations..- The data reflect

am various other sources on'.specific

for 1950 that death rates for each age

the effects of health hazards'a4-117 styles prior: to-1950 that probably'
. ,

.

_,.

differed more among cupations than is true today. Moreover, those data

.

* See discussion in'Professionals in Chemistry, 1976, American. Chemical
Society, Washington, April1977. iv, 4

Mortality in 1950 by Occupation and Industry, Vital Statistics: 8precial,
Repprts, Vol. 5V061-1963. {issued h% Department of HEW)

* *

^



have serious technical drawbacks. They.are based on occupationsTas shown

on death certificates, which typically ask for "usual. occupation", and the

occupations reported are in many cases different fpom those at time of death.

Moreover, since 1950, with improvements 4. t provisions for medical care such

as Medicaid and prepaid health plans, with r actions in industrial,. accident

rates, with greater availability of retirement options.(Social Security old

age and disability pensions and private pension plans), it is not likely that
A

occupational differentials in mortality have been reduced but it isalso

likely that fewer workers die while employed. Deaths have become a smaller

proportion of total occupational attrition,and any error in the-estimate

of deaths results in a less signifea-li error in the total. By one estimate,

deaths amounted to only one-quarter of the combined losses from death and
*

withdrawal from the labor force from 1965 to 1970. ThereTore, the life

tables for the entire pcipulation may be a reasonably accurate way to estimate.

the mortality losses
4

from each occupation, or for any group for which the age

and sex composition is known.

iv. Occupational Attrition Resulting from' Retirements. The traditional

method for estimating deaths and retirements is to use tables of working life,

which show the'expect annual attrition at each age-for the male or,female

laborjorce as a whole, and to apply this to information on fhe age composi-

tion of the members of each occupation.

The implied assumption that all occupations are sukject to the same age-

specific attrition rates is recognized to be 'imperfect, but no better methods

have been available.

Recent research has developed occupation-specific information on retire-

ments, and, separately, on transfers to-other occupations, using several

bodies of data -- comparison of reports from individdals to successive surveys

of the Current Population Survey of the Bureau of the Census as to their occu-

_pational attachment and labor force status; reports in-the 1970 populatioq

census as to each individual's occupation and status in 1965 compared-with

1970 (BLS 4); occupation and labor force status as reported in National SaMple

surveys of scientific and technical personnel (NSF 15) as compared.:-wi:th status

in 1970; and reports on the National Longitudinal Surveys conducted for the

Labor Department by Ohio State University.
**

* Sommers and Eck, op, cit.', p. 9'

** See "ComparisOns with otherMData" discussion in Sommers'and Eck,4Sp. cit.,

pp. 14-17.



The source that potentially is most generally useful is the populatiort

census question on \o.ccupation and status 5 years earlier- (BLS 4). While

there are technical problems hat make it difficult to interpret the data ,

(notably, accuracy of recollection of occupation 5 years earlier,. Che large

number of persons shown as "occupation not reported" for 1965, and mis-

classification of current occupations either in the,respondent reports or

in tabulations), the data show reasonable differential patterns of

retirement, consistent with patterns coinciding with the age composition of

occupations and the freedom of choice workers have to/continue to work in

various occupations (e.g., self-employed vs. employees).

Since people who leave the labor force sometimes return subsequently,

especially women, the data on retirements covering 5-year periods are more

reliable as indications of more permanent retirement than those fpr shorter

periods.

This can be seen in the fact that monthly separation rates for all

occupations, as shown by the Curreni Population Survey, averaged 4 percent

,in 1970; annual rates, as shown by the same source for 1973-74-75; averaged --

8.6 percent rather than 12.times the monthly rates; and the 5-year rate; as

shown by the 1965-70 data in the population census, averaged 14.8 percent,

instead of 5 times the annual rate. Similarly, the 5-year rate in scientific

and engineering occupations averaged less than 2.5 times the 2-year rate shown

in the post-censal survey of those occupations.

Typical
5-year retirement rates for scientific and technical personnel

shown in the 1965-70 tabulations from the 1970 population census were 4.6

percent for engineers, 6.5 perdent for physical and life scientists, and 6.0

percent for engineering and science te,chnioians. Adding the death rates cal

culated by applying age-specific mortality rates for all men and women to the

age composition of each occupation as shown in the census, average annual'at-

trition from both retirement and'cleath,may be estimated as 1.9 percent for

engineering, 2.1 percent for physical and life scientists, and 1.9 percent
**

.

for engineering ancl science technicians. The data are available for specific

* Ibid,. p, 17.

** Ibid, 9.
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engineering, scientific and technical octupations.' (

v. Transfers to Other Occupations. Data on transfs are available

from the 1965-1970 tabulations of change's-in occupational status in the 1970

census of population (BLS 4), from the post-censal sur(ey of 1972 (NSF 14),

the subsequent biennial surveys (1974 and 1976 from'I'the National Sample of

Scientists and Engineers (NSF 15): and from the National Longitudinal Sur-

vey (but only for a few selected age groups and for a sample too small to

give adequate occupational detail).

The 1965-1970 data are subject toi.errors of recall of 11)65 status and

occupation, and to failure to report 1965 occupation. The combined impact

of these errors, is estimated to be an average 14-percent overestimate of

transfers. to 1970 occupations and a 6-pereLlt overestimate of all othpr en-

trants to 1970 occupations from outside of the labor force and from

the Armed Forces).

The transfers.shown by the biennial national sample surveys (NSF 15)

are not subject to the error of recall, -since the 1970 occupations were re-

ported at the time. Errors of reporting, or of coding by the Census Bureau

may; however, be present. Another source of potential error is failure to

get reports from all persons in these surveys,which may be associated with

.greater changes in occupational status than was true of those reporting

(i.e., persons who moved and changed jobs or retired were less likely to

report than those who remained in the same 'pleceand job).

.011, balance, the 5.-year patterns of change in occupation may be better

than the 2-year patterns for projecting futUre changes, since the latter
'ts

are more. subject to reverse shifts changes back to th'e original occupa-

tion or status -- while the 5-year changes are more likely to represent more

Permanent shifts.
4

The data are useful in measuring the substantial amount of occUpational_

mobility that occurs in the United States,. even in highly skilled occupations.

requiring long periods of training, such as scientific and technical fields:

Some notion of the extent of S&E job mobility is revealed. by the 1970

Cenus data. Among parsons who were engineers in 1965, 16.8 percent had
!

1



transferred to a different occupation by.1970; among life and physical
,

scientists, 19.4 percent: among engineering and, science technicians, 30.0

percent. These figures may-be compared to an average for all occupations
.

of 30.2 percent: i.e., the rate-of transfers out of engineering and scientific

occupations was less tan that for all workers. A surtantial proportion of

the transfers were probably to managerial or other scientific and techniAl

occupations.' The usual patterns of mobility to other occupations can be de-

termined by examination of unpulkished tabulations available at the Bureau'
, 5

of Labor Statistics, or Bureau of the Census.

The same errors noted for this source and the related. surveys 'that can

be used to check the data, as describedin the section on Retirements, above,

. apply to the use of the information in measuring transfers to other .cpccupa-

tionS.

Transfers are also affected by econnmiccrcumstances, particularly the,

labor market situation in each occupation in relation to that in other occur-
\

pations open t(5 the same individuals. Transfer rates, and the occupations

to which workers transfer,.will probabrydiffer frbm time to time, depending
,

on these circumstances. The effect qn the supply of Scientists and engineers

aNiailable-far. energy RD&D can be substantial, either, to increase the supply

if the economic demand is. eomparatively high, or to decrease it if demand-in

otherjiselds is higher and induces attrition in energy RD&DfoccUPations.

'.This lendS addifiOnal' emOhasis to, the recommendation ghat the questions
4'

about 'occupation= yeaysearliet. be Tppea q every Census of Population,

as hell is the regioliMppilatl,ons,far technical impr,ovement in the data and

sample size
J 4 .N

Recommendations; 1

Y* , 4-
1, In o der tO:Make,better mobility data available, the Bureau of

Census should be urged to continue to -collect,the data on occupation 5 years

,earlier in each population census; to collect them on a sample largei- than

5 percent, and to make-the tabulations of 5-yeara-g-o-St4tus and present status

using. the whole sample collected, rather than just the Censbs Public Use

Sample, which permits putting together a satple of only 3'percent. This

* Ibrd, p. 9.
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ry.

would make it possible to obtain usable data on small occupations (for 19

scientific and technical occupations. the retirement loss estimates were

not published because their relative errors wereore than 10 percent)".

The Bureau of the Census should also be urged, -to take steps to improve

the accuracy of reporting; this may'involve research on factors affecting

theaccuracy of reporting both for cu rent and previous occupations. The,

Bureau of Labor Statistics, which 1ia tabulated the data in individual

occupations extensively for, potential use in manpower analysis, should be
,

urged to eliminate persons shown in the data as "occupation not reported"

and to make tabulations in which both. the number of persons transferring

into and the number transferring out of each occupation can be calculated

as a percentage of the number in the occupation in the earlier year,.so

that the net transfer rate can be estimated.

2. While the 5year retirement data are better than those for

eer'

shorter periods of time,-par, cularly in occupations with significant num'

bers of women, other sourc of data such as the Current-Population Survey
(5>

tabulations and the results of longitudinal surveys should be used to check
(16

the data from-census questions on occupational status 5 years earlier.

These alternative sources are not subject to reporting error resulting from.

lapses in memory. The National Sample surveys may miss some persons whO

retired 'or left the occupation, as z result of a differential, non response

rate that may reflect, lack of interest in scientific and technical occupa

tions.

The patterns of occupational retirement rates for 1965 f970 reflect

the labor market situation and the availability of retirementbenefits,,as

of that time. Subsequent repetitions of the surveys may show a range of

retirement rates under different economic circumstances.

Vi. Immigration and Emigration. Immigrants contribute substantially

to the American supply of scientists an'engineers: Mixing 1966-7Q. when

S&E immigration was at a high point for recent times, the number of scien

tists and engineerS.entering as immigrants each year was equivalent to

about onefourth of the annual net increase in U.S. employment in these

Occupations. Even though S&E immigration in the past Tew years has deL

clined by almoSt half froth the.1966770 rave, the net addition to .domestic

supply must still be accounted as substantial.

!b. f
r,



Some of.the immigration is a response to the Romparative high inten--

sity of U.S. demand or to the higher pay andiligher quality of employment

here -- or to:the,immigrant's perAeption of these factors. Some of the

,immigration.reflects 'exogenouslactors, such as political or religious

in the country of origin, or the relaxation there of exit Ion-

a a study by the NSF of characteristics and attitudes of alien

engineers who Were p'ermanent residents of the U.S. in 1969,

entering'the U.S. was mostoften to seek a higher standard of

1 country of birth, however, the primary .reasons

repression

trols; In

scientists

the

and

reason- fOr

IiVing (NSF 19). By individu
-

for emigrating varied -- eco omic faqtors, for example, primar.ily influ-

encing those from the United Kingdom,':political factors those from Cuba,

and insufficient opportunitieto dcfresearch those f,Fom'India-and China.
r- . e

In the operating statistics of thy)Im igration and Naturalization

Service' (INS).-we possess an established d a source, even though it is .

.imperfect, on the,number and kinds of immigrants; but there is no authorita-

tive source of data on the reverse movement -- emigration. This daf-a gap

isignifiCant, since ad hoc and fragmentary studies indicate thlt there is

a substantial outflow of potential U.S. manpower supply, which may be'quite

high among foreign born American citizens or foreign citizens awarded degrees

at schools idn the4.S. (Most of the latter should,not be termed emigrant's.)

Robert Warren, "Recent Immigration and Current Data ColleCtion," Monthly
,Labor Rview, Washington, Qgtober"1977, p. 40. Warren's conclusion is
based'A

e

data collected until 1957,13the Immigration and Naturalization
Service on emigration of aliens. Between 1908 and 1997, 15.7 million
immigrants came to the United States,.and ,A.8 million aliens emigrated..
Also cited in this article are estimates of American citizen emigration
based'on records of other countries,'in Ada Finifter, "Emigration from
the United States, An Exploratory Analysis," prepared for the Conference''
on Public\Support'forthe Politidal System at the University-of Wisconsin,
'Madison, August 13717, 1973. In addition, significant proportions of
doctorates are awarded .to foreign citizens, e.g. 22 percent in physiCal
sciences, 42 percent in engineeing, 24 nercent mathematics, and 37 per-
cent in agricultural, fields. Using .data on planned region of employment
for these dOctototes;HNSF has estimated that an average of ten percent of
all selence and.engineering dOctoratestobtain foreign employment. (Source:
Nix 1). This outflow-would he an offset to the estimate of new dom6stic
manpower supply from among graduates.



Emigratidn data are plainly more djffic to collelct than immigra-
,

ion data, unless internatiome4 cooperation can, be develo ed to pool the

immigration, reports of major countries' on a basis that shows and per-

mitgsummarizatron of country of origin. There is a p4cedent:for,this

kind of cooperation to produce consolidated data .(or data that can easily

be consolidated) in the export and import operations.of. the country mem-
.

hers of the General Agreement on Tariffs and Trade. We believe'that in-

formation on international' movements of manpower is sufficiently impor-

tant to warrant Positive- efforts to obtain the international, agreements.'

that would develop such information. 7'

Immigrants are admitted to this country under a series' of preferences

specified by the Immigration Act of 1965. Four besic groups of preferences

are reserved for: 1) relatives of U.S. citizens or aliens who reside here

permanently. 2) persons in shortage occupations, 3) certain'refugeeg,and,

4) all other applicants up to the quota limit. Many aliens gain formal
0

immigrant status only after their entry into this country under a variety.bf

-temporary visitor categories, in which they are considered'non-immigrant

aliens. Non-immigrant aliens contribute to the temporary supply of scien-

tists aneengineers.as students, gifted"- temp.orary Visitors, exchange visi-

tors, industrial trainees and.intra-company trangfefeeS. Many of these
)'./

grub-.

sequently become permanent'immigrants. Although under some cbilditions 'of

shortage it might be necessary to looil to non-immigrant aliens Co suipplement

the domestic supply Of scientists and,engineers, the assessment of foreign

sou'ftes of S&E manpoweY(can for most purposes be more practically limited

to permanent immigrants.

The primary sources of data on immigrant scientists and engineers are.

these:
(L.

L. Beneficiaries of Occupational Preferences and Other Immigrants Ad--

misted, by Occupation, published in the Annual Report of the Commis-

sioner of ImMigration and Naturalization (INS 1).

These tables show the occupatins declAred by immigrants in their appli-

cations for immigrant visas according to two broad classifications of entry:

entry under occupational preferences, and under all other preferences. The

"all other" preferences cover relatives of U.S. residents and lesidu41. quota

entrants and account for the majority ofall immigrants as well as the ma-

jority of scientists and engineer immigrants.
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Ine data are deficient in two respectsi., the-occupational identifica-

tion is made'by the applicant for immigrant status, and. the perceptions and

usages of foreigners in occupational terminology are not always in accord

with those iri.this country. Moreover, the occupations listed are those of

the applicant'llefOre gaining immigrant status; no regular follow-up is made

to determine the, occupation of actual employment after immigration. -3,

2. Scientists and Engineers from Abroad: Trends of the Past Decade,

1965 -76, published by the National Science Foundation in "Reviews of

Data on Science Resources" No. 28, February 1977 (NSF 16).

These reports are based on INS data, retabulated and analyzed.by NSF

4peZifically from the point of view of examining scientist and engineer

supply from abroad. Although this is strictly speaking an ad hoe secondary

source, the retabulations serve to correct and, refine the original data

(Some of which are not published) and place them in perspective with a vari-

ety of trends and 'factors relating to the contribution of S &E immigration

to U.S. supply. ..These special tabulations, analyses, and comparisons' with
U.

other. relevant data thgrefo e provide a reference base for Understanding

the current data reflectin INS operation of the immigration program.

3. Immigrant Scientists andEngineers in the,,United States - A Study of

Qharacteristics and Attithdes -. Bulletin NSF )37302 of the NatiOnai,
( -

Science Foundation. (NSF 19).-

.

This represents' one of the few attempts at follow-up of immigrant

scientists and engineers. It is based on a sample of immigrant residents
of the in 1969 who attained immigrant status between 1962 and 1969
and reported themselves employed as scientists and engineers in the regu-
lar annual alien registration in 1969, Thesurvey developed information

.

on reasons for immigrating, demographic and educational characteristics,
;employm. status and appraisals of living and working ccndifions in the

-U.S. 'Unfortu tely,,Jthe survey was not based on immigrants who reported

themselves as scieritits and engineers-in their application for immigra-
tion (sice the application records were not consolidated or-easily
accessed); hence no comparisons could be made between the declared occu-

a

pation of the alien entrant (the basis for the INS immigrant occupation
data) and his subsequent U.S. employment.



4. A number of other, studies have been made ofrimmigrants as a source of

manpower supply in the U.S. 5 but few of them fc)Cus or contain significant

'information on scientists and engineers. Among those sponsored by the

U.S. Department of Labor's. Employment and Training Administration on

legal and illegal aliens is one which is relevant, in a general way,*to'the

issue of occupational identification of applicants for immigration and their

'subsequent occupation of employment. -David Nprth's "Immigrants and the
- AMerican Labor Market," (Manpower Research Monograph No. 31, U.S. Department

of Labor, Washington, 1974) reports ien a comparison between occupations de-.

clared on Visa applications and a follOw-up of subsequent emPioyhent.. The

I.basic information, incidentally, was obtained with zteat'difficulty only

after Special efforts by the INS, DpL, and the project staff. Significant

among the'findings was that of suigstantial.slippage between the statecroccu-

pation before immigration and actual occupation afterwards. Unfortunately,

.

the'level of:detail did not go below the'broad category of professional and

technical occupation's to identify scientists and engineers, Jbut the Tindings

at the broad occuPational levels was that of slippage downward from the

reported occupational categories with/traditionally high socio-economic

status, and mobility upward from the bccupationswith-ttaditionallY low

.socio-eeonolic status. While the conclusions of,this small-scale'stUdy

'are not definitive, they-point-tU the need'fbr tirttier explOration of the

occupational informatioh,on immigrants and for better accessibility of
.

data to make such Aploration.

Recommendations:

1. DOE, in cooperatidn with INS and otherinterested agencies, should

examine how'technical support can be given for the improvement of statisti-

cal,operating data on immigration, with particular emphasis on improved

'',4,---,',,

dloaSalfication, tabulation and,, publication of occupational information on
,

applicanta,f)k immigration, and for the consolidation of the original appli-

cation'data so that they may be accessed for special analytical needs, with

fl

due regard given to the confidentiality of these reports'. DOE should urge-

INS to include more detailed instructions in the application or immigra-

tion, and more'detailed instructions should be supplied to. consular Offi-

-cials to improver the accuracy of occupational designations of applicants

for immigration. Checklists and definitions should be supplied on critical

occupations and on those subject to preferential, admission.



N

2. DOE should urge that occasional follow-up surveys be made on the employ-

ment status of'immigrants. A .keY objective should be to trace the employ-

ment contributions of S&E immigrants subsequent to their stated pre-immigrant

occupational degignation.,

3. DOE, in cooperation with INS and otherinterested agencies, should ex-
,

amine the feasibility of developing information on the emigration of U.S.

scientists and engineers, in order to fill a significant gap in our knowledge

of S&E suppli. As a' first step, the INS should be asked to consider the re-'

instatement of dataNt -colleCtion of emigration,of aliens rrom the U.S. that, it

conducted ,from 1908 until-1957. Emphasis should be giveilito'collection of .

occupational information. Additional and more extensive studies such as those

of Ada Finifter (pceviously cited) should be devised to develop emigration

data from the immigration records of other countries. The example of con-

solidated data on imports and exporls by country of orillin and destination,

now commonly exchanged by signatory nations to the General Agreement on

Tariffs and Trade (GATT),'should be considered as a precedent and model

procedure for extension to immigration'data through other international

bogies'. Tbe DOE should ask the State Department to initiate such a move

with'the Organizatioli for Economic Cooperation and-D4vqlopment (OECD). If

consolidated immigFation-emigration data prove feasible and useful in'the

OECD; as we believe it will, institution of 'such data in the wider sphere

of the UN should be considered

I
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. . Measuring tfleCurent Balance of Supply and Demand.

Some 'of the data needed to assess. the labor market Situation-.in occu-

pations identified with energy RD&D have been described ,above in the sec-
>.

tions on earnings and mobility of labor supply. This,section will discuss

ot aicators of-labor market dynamics that are particularly sensitive'

changes in supply and demand, such ds data on the placement experience

f gradu tes, statistics on job applicants in the public employment.ser-

.vice, t-ads, and immigration and emi ation.,

a. Platement Experience of Graduates

The current labor market supply /deman' situation is revealed in part
rr

by the'comparative experience of graduates in scientific and technical

specialties in getting jobs and the salaries they are offered'or paid.

This "experience is shown by systematic follow-Up surveys of a cross-section

of graduates some months after graduation, to ascertain-OWat jobs they

found, whether or not .the jobs were, in their specialties or in related

fields, and the'salaries paid. Several such surveys have been made._

i. NSF Survey of Science and Engineering Graduates,(NSF 18). In 1976,

The National Science Foundation OSFY contracted with Westat, Inc. (Rockville,
'.\

Maryland) .to,conduct'a,follgW-upvey, of science and engineering graduates

at the'bachelo4Vand master's degree levels..' The:,SUrvey sample was !over

7,000 at the bachelor's level fdf two graduating classes and nearly 1,000 at

theTaster's degree level. NSF IJas again contracted with West t to conduct

72 and 19/7.a similar survey in 1978, covering graduates of academic years

The survey plan includes a sample of 1,000-bachelor's and 576 master's re-

cipients for each year and for each of seven, groups of science and engineer-

ing fields -- amounting to a total of over 21,000 names. Data will be col-

lected on such subject§ as: age, sex, race, field of. egree, employment
. -

status (including science and engineering fields, type of employer, salary,,

works-activity, field of critical natkonal i terest, such as energy, and

support by Federal agency), The Orpblem of non-response to mail question-

naires always a weakness in follow-up veys. because of.the possibility

lhat!non-respondents may differ from respIndents in such characteristics



slccess in finding a.job dn'the field -- is being wirked on seriously

by 'the survey ency in an attempt to minimize' its effect on tbePvaliditY

'of the figures.

Recommendations: This survey has the greatest potential for giving

'DOE a picture of the current labor market.for graduates in scientific and
. , -

technical occupations, since the sample 'is large and Concentrated on gradu-

ates in these fields, and since salary, work activity and involvement with

energy -are among the--items collected% DOE rhould work with the(sronsoring

agency to assIre that the field-Of-degree and field-of-work tabulatIons

meet DOE'sspecial ne1eds.

ii. NCES Surve s of College Graduates (NCES 5).. A survey of college

graduates of 1974-75 was conducted for the National Center air Educational

Statistics by Westat, Inc. in 1976. It focused on producing estimates of
\

the supply of, new teacher9 , but included a cross-section of-all college

graduates, 4,000 with baE helor's and 1,000 with master -'s degrees. The

response rate, 79 percT , was good for a follow-up survey. The numbers of

graduates in scientific and technical fields were too few to give-informa-

tion on unemployment and under-employment br specific engineering and
(

science fields, and while an estimate of hose employed,as engine rs -is \

being published, no separate figuTes'werezvOlable for the number employed'

in cientific occupations:_ This survey is therefore not as useful DOVs
purpOses as the suAreydone by the same firm for NSF'. It does: however,

show the number 6f graduates with degrees in other fields who set job's in

scientific and technical fields. Moreover, it has value setting.the

labor market picture for scientific and technical personnel within the gen-
.

eral context of the market for other types of gradua es. If the market in

scientific fields is substantially diAferent from ti t in other fields there

may be a tendency for'students to shift to the more faorable fields. LACES

has contracted with the National Opinion Research Center to conduct.a simi-

lar follow-up of 1977 graduates.

Recommendation: DOE can utilize the resu3ts of this survey in traciat

shifts intb and out of scientific and technical fields and in appraisal of

future supply of workers in scientific and technical occupations, and Should
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urge the NCES to get break-doAs_of both the degree fields and the. fields of

employment that a-re relevant to DOE concerns.

iii. College Placement Council survew(OPC 1). A mor,e timely, but
.

.

less accurate, picture of the bor market for scientific and technical gradu-

ates may be obtained from surveysMade by.the College Placement Council,

Bethlehem, Pa., and/by Northwestern University, Evanston, Ill., both of which

have been described under Earnings', above.

The College Placement Council data are' based on a sample that is not

necessarily representative, and'reporting-is ificompletelirnce not all offers'

are reported by students. The-numbers f offers can only be evaluated by

year-tp-year Comparisons, which are pa tlyinvalidgIted by 'changing samples

andchanging.'styles in recruitment activities unrelated to suppy and demand.

In sumyiary this survey's results are a straw in the wind, and far from

,,finitive, but they add to an appraisal'of the current situation:

11/4

iv. -Nortfiwestern
)

University ,("Endicott") Surveys (NWU11. This annual
,

survey reportsecb Fall 1-1,ow ma* graduates large companies hired in the

past year and at What salar46, and how many they intend to hire in the

coming year, and the salaries to be offered. tbe.report, intendedhites.

fa'
.

and salarie,s are compared to those for the Oevious year, by degree level,

' occupation and sex. From this' it is possible to judge ihetber or not the

de=

market for g ates, s changing.

sample,his, of dOtirse, not representative of the entire map et, since

it omits small employers, universities and goyernment agenCies. It does,

however, present a mote complete picture for ihese.large firms,Anlike the

College Placement. Council survey (CPC.1), which misses any jcb offers gradu-

ates fail to report on. Occupational detail is not as specif*,As could. be
,

desired: the only technical'occupatins reported are engineeritilbemistrY,

and mathematics/statistics. Employment of physicists, other plbyWscien-
,-

tists and biological. scientists by industry -is large enough. to Warrant 'sepia-

rate reporting,.and a
,

request for inclusion of these fields should be,made

to the CounCiL Anotherlsuggestthat should be.made is-to tabulate'com

parisOns of the actual hires with the intentions expressedon the previous

4

r)t7
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year's hires.

.1
,J

Recommendations; 'DOEshould suggest that natural scientists other

than chemists be tabulated, and that tabulations'be made Swearing inten-

tions to hire 0.th actual hires by 'the Witte fiym.

v Surveys by professional societies. A number f'professional

societies make follow-up surveys of giaduates, in theirsfields, usually by
/ .

Sendingquestionnaires.tO offiCiai's.lifthe schools or departmentS'wh6:keep.

in touch with their graduates. Oneo. the best-established of these sur-
4,

veys is that conducted.by the Engineering Mppower Commission of the En-

ineers' Joint Council'(EMC-2). ,The cpverage,of engineering' schools is
,. .

..v. ' . . ..

very good, butas.with all follow=up'surveyS,'a significant number of

graduates are missed, And this could substantially, affect Ebe'number shown

as unemplond.. Nevertheless surveys likethis pickup the trends 40, the

labor market effectively -- the-number of bachelors' degree engineering

graduates with no job\ offers rose from ltss than 1 percent in 1969 to'.14,

percent in 1976. .Other major efforts of this:type are conducted by

American. Chemical Society, The. American fristiture of Physics,.and The
_ 11-

.AMericary Geological Institute.

b. -Want Ads

Employer adVe'rtIsing.of positions.they wani to fill has been found by

tilt Conference Board: to be a Ood'measure of.: changes in the labor marked.

'situay.on,:and an index based on the.dmount of classified:advertisingin

newspapers. throughout the country has been found to'correlate well with the

level of unemployment, and actually to move:in advance of changes in xnem-
.

iployment; in other words; it is one "Aeading'indicator" of labo market

changes.-

, .

. ,
&similar index.spcifiCally or scientists and engineers, the Engineer/

-- .

Scientists Demand'Index (DSE 1), is compiled by the. firm of Deutsch, Shea

and Evans, in New ft ig based on advertising in newspaperS/and'tech-

mIcal journals, and. is issued 'monthly. AgO detaki.- is: given for indiviilbal
. , .

occupations: The. index can be 'viewed as a rough indicatorof changesin

the level of, demand for scientists and engineers, but there is TAO claim

I:



that the sample of newspapers and journals is representative, or that the''

measure number of lines of type in classified ads and.advertising in

journals -- accurately reflects the intensity of demand. Th index has

to be used cautiously, and together with other indices. 11

Recommendation: DOE .shoUldsuggest to.-the Deutsch, Shea and Evans

organization that separate figures for such major groups as engineerS,

natural scientists, and dompute analysts be tabulated this would help

to pinpoint the kinds of workers in demand, and it_shpuld b feasible

since the advertisements usually specify the occupations sought.

Counts of Job.ApPlicants

'The operating statistics of the U.S, Employment Service and its

cooperating State agencies proyide.idformation on changes in both man-

pbwer supply and demand. Their measure of the supply is the number of

applicants in'the Files of the State employment services(ETA 1)'. While

scientists, engineers and technicians do not typically use the public em-
.

ployment'service as much as,other channels foi,job-seeking, when jobs are

particularly hard to get the number who'use this service tends to.increage.:

The applicant files, then, are a potential, indication of the labor market

situation in these oCcupatdolas.only when ther'e is a surplus ofjob-seekers.

The Department of Labor keeps a c6Mputerized file on applicants by occupa-

tion (with detail on,.severalJlundred ocCkpations),'and tabulations are made

quarterlY. The applicants include some who are employed but who want

`better jobs; they may be considered and4pr8bably consider themselves --

as under - employed.

The Employment ervice measure of employer demand is that of unfililed

Job Orders or Job Op nings, that is, job orders that have remained unfilled

or'vacarpt generally /as 'of ,the end of a calendar month (ETA 3). The most

useful summary.soUrtes.of. these operating data are included in two monthly

publication9:, Occupations in Demand JOID) and JOB-FLON (Job Bank

Frequently Listed ( gccupations) The reports are similar, but represent

somewhat different samples of the total operating data based on different

selection and-inclusiop 'Criteria, and they take analytical approaches in-

tendedtended for different audiences. The OID publication is basically intended



for guidance of the job seeker; JOB-FLO is of principal use to the labor

market .dhalyst.

Other placement data: The major professiona' societies conduct place,-

ment services. ustiply at'their national meetings, at which applicants and

recruiters are given an opportunity to meet each other.- Information:on the

numbers of applicants and the numbers of jobs for which recruitment is going

on are often developed by the societies as a by-product of this activity,

but not systematically collated a4analyzed.

A. uniform .system Of reporting on these placement activities might be

a useful additional source of information. A way in which a start.might be

made,in developing such a data source, and improving the placement process

as well, is being shown in a °demonstration job bank project supported by the

U.S. Department of Labor with the American Agricultural Economic Association
, *

and the Illinois Bureau of Employment Security. In that project a compu-

terized file of agricultural economists' qualifications is being established\

for electronic matching against employer job orders. If a system like this

can be made uniformkamong various professional societies, and reports on ,the

job orders and placements then collated by occupation, a signficant new

source of information on professional supply and demand would be koduced.

d. Immigration and Emigration

Trends in movement into and away from the United States could reflect

the labor market situation for scientific and technical personnel. Immigra-

tion dropped sharply after 1971, when there was, an unfavorable jobytuation.

At the same time, migration flows also reflect situations in/other. '

countries, an-example being the large numbers ?of refugees from Germany and

Austfia in the period of Nazi ascendancy in the 1930's. Situations. in coun-
,

.21

tries of origin can be such that people want to get into the United States

whether or not it is easy to get jobs. The reverse may also be true: life

in general or employment opportunities in partiCular in other countries may
be attractive to some U.S. residents regardless of the employment tion

here. Also, immigration policies-of the U.S. and other countries change

* "The Development and Assessment of an Experimental-Full-Time Employment
' Service for Agricultural Economists," Grant 21-21-73-42. Project de-
sci-iption in Manpower Research and Development Projects, 1975, U.S. De-
partment of____Lastor, Washington, 1975, p. 7

1
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from time to lime, with a major' effect on migration flows regardlegs of

.supply/demand situations.. The present U.S. policy is such, however, that

the domestic employment situation in the various occupations affects the

ease with which immigrants with those skills .are admitted. MAeover, Mostl

immigrants who are workers'enter under preferanCe quotas unrelated to occu-

patilnal scarcities: On balance, migration statistics, while essential in
,

evaluating changes in supply, are imperfeCt clues to the U.S. labor Market

situation.

Data one immigration and emigration are discussed in the section on

labor supply, and the discussion will not be repeated here.

e: Unemployment

A good general index of the labor market situation for an occupational -

group is the unemployment rate".

The national data' on unemployment available monthly from the Bureau of

Labor Statistics, collected in the Current Population Survey of the Bureau

of the Census, is regularly tabulated only by_broad occupation groups, of

which professional, technical:and kindred workers is one. Data on unemploy-
t

ment rates are tabulated, but not usually published, on large occupations'

such as.engineers. The reason why they ire of usually published is the

latge sampling error ass4ated with the unem oyment rate' for groups .bf this

size. If, for example, the rate for engineers were to be reported as 2.per-

cent, the chances are about two out of three that. if a complete census had

been taken instead of a sample survey that the rate found would be within

the range of 1.4- .6 percent, and there is one chance in three that it would

be outstMt4this ange. A smaller sampling error can be achieved by averaging

the rates for a quarter or for a full year. While this is hardly precise in-

formation, it-adds an independent current indicator of the labor market situa-

tion in scientific and technical occupations nationally. No occupation data

are available fi-om this source for states or.smaller.geographic areas, nor,

of course, for energy industrieg.

Recommendations: In appraising the current labor market situation for

scientific and technical occupations generally, DOE should obtain unpublished

unemploymentinformatien.from BLS.
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f. Summary Evaluation of EXj.sting Data on the Current Labor Market

Information foranalysis of the current supply /demand situation comes

from a number of diverse data sources. While some are better than others,

all should be_consUlted for whatever light th y may shed on the situation.

Of the various surveys of the emplorle exp ience, of uaduates, the

NSF survey of science and engineering graduates 'is the most valuable and

relevant. Unemployment datfor scientific and technical workers from the

Current Population Survey and labor turnover data for energy and energy-
.,

related industries should be obtained. ,Information on job applicants at

the public employment service and on immigration and emigration will be of

value only occasionally:

g. Further Initiatives for Improvement and Development of Data Sources

A. A manpower intelligence network. DOE conducts and supports energy

RD11 in a wide'veriety of programs, organizations, industries, fields of

science or technologi,,and locations thAghout the United States. Under

these circumstances, staff project directors and personnel officers are

aware of current supply and demand problems for personnel involved not only

0 for their own, unit but,also for allied and even competing organizations.

It is-recommended that this resource be tapped: that thos responsible

for manpowerassessment in the Department establish a.menpower intelligence

net:Wyk" of key individuals in each intramural laboratory, GOCO or(anization,

and possibly even in some other organizations working on DOE grants or con-

tracts., These individuals wouldbe asked to supply at intervals' (such as

every, 6 months) a response eo a half-dozen questions on the labor market

situation for scientific and technical personnel. AmOng the types of infor-

mation they might be asked to supply are: occupations (by specialty) for

which recruitment problems are present or emerging; knowledge of similar prob-

lems' in the DOE contracting network or even in other organizations; infrma-
.

tion on training deficiencies; unique or unusual changes in salary levels and

unexpected turnover or mobility experienses((recruitment by competing organize-
.

tions or other factors) Other items can be added as experience indicates.
.

The key to the success of teporting from the "manpower intellige

work" is to secure the cooperatiqn of respondents without creating.unusual

reporting requirements.

-
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C. EDUCATION AND TRAINING OF ENERGY RD&D MANPOWER

1. Introduction

Since much of the manpower directly relatable to energy research, de-

velopment and demonstration programs consists, primarily of highly-trained

engineers, scientists, technicians, and selected' craftsmen, most of the

supply of manpower for these occupations flows from established programs

in the nation's educational institutions, or other training centers. The

current pool of perSons employed on energy RD&D programs is augmented

mainly either from new graduates,and nongraduates of universities,

colleges, and other institutions or from previously graduated scientific,

technical, and craft personnel. Other sources of supply are Of course

immigrants and tAVers from non-science and engineering fields or train-

ing.

However, most of the available scientific and technical manpower, not

only for energy RD&D but for all R&D and also 611 other scientific and tech-

nical activities, are products of our educational system. Therefore, for'

basic information4on current, as well as projected, supply and for assess-

ment of its relationship to demand for personnel, it is vital that an ade-
14

.quate data system on the'education and training of scientific and ,technical

personnel be available. The level of educational activity affects the de-
%

mand side as well, though 'fro a leer extent: the number of persons enroll-

ing in and graduating from science, engineering, and technician. programs

create specific requirements for teaching personnel -- that may be coit6ti-

tive with energy RD&D and other requirements.

Our system for edhcation and training as preparation for employment

and careers and the actual employment graduates enter is not.tight or pre-
,'

cise. In most instances a graduate in almost any field can be said to have

received an educption much broader than his later jobs require. Our
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system of higher eAcation -- universities and colleges, including community

colleges and technical institutes -- produces gaduates in subject matter

areas, e.g. chemistry, aeronautical engineering, physics; or mathematics.

But, in general, other than in a few specific areas, our schools do not

Ai.

graduate persons trained to work on ene specialties, such as coal gasifi

cation research or solar energy cells. Tie few exce5tions are nuclear eagi
.

neering, radiation protection (health physics), petroleum and mining engineers,

or geologists and geophysicists, though some in ,the latter fields work on

metallic or non energy areas. It should be noted that many employers and edu-
-.

cators of scientific and technical manpower support the system of more gen

eralized preparation, since it usually is much broader than J4v requirements.

Thus, employers can provide the more specific job related training or exper

ience.

2. Major Statistical Sources of Information

There are several agencies, organizations, or groups of them which serve

as-the major sources of informatipn on enrollments and/or degrees .(or awards)

gralited in scientific and technical fields: The major sources of information

or data collection systems are- shown belpw. As indicated above 'most of
44.

these are. sources for education and training of scientific technical, and

craft personnel in general, not for energy R&D per se. Relevance to the

latter specific area wilj be noted for each source. (See Appendix B for

further description of these sources).

a. Higher Education General Information Survey (HEGIS)

.This series of surveys brought together in an integrated package by the

National Center for Education Statistics (NCES) of the Department of Health,

Education and Welfare is the most comprehepsiVe coverage-of higher education

data. Though the content changes somewhat over time, certain parts of the

survey are standard. Such surveys which are of relevance to energy RD&D and

related manpower include those' covering associate degrees and other formal

awards below the baccalaureate, upper division enrollment, earned degrees



conferred, and students enrolled for advanced degrees. These surveys are

conducted annually.

i. Associate,Dagrees and Other Format Awards below the Baccalaureate

(NCES 3). The survey covers all institutional units tdentified in the

.
Education Directory (NUS) as a universe of those offering at least two years,

but less than four years, of college-level work,. The survey collects data

on the numbers of associate degrees or similar awards offered in occupational'

curricula in a variety of technologies -- including data processing, health

service, meC :anical engineering, and natural science technologies, business

and commerce, and publ'c service-related technologies. The survey also col-

lects data on the number f completions in arts and sciences general pro-
_

grams. The questionnaire provides for the full taxonomy of tecNnologicaland

occupational curriculums in higher education. A number of these special-
.

ties are directly or indirectly related to energy sources, including the foil-Ow-

ing technologies: automotive, diesel, weldijig, electromechanical, instrumen-7

tation, nuclear, and laboratories. There is some degree of comparability over

time; however, new specialties have been added)and revisions made over the

years. Data are available for individual institutions and informatiOn is.
-.

classified by typerof institution, type of 'control,.sex of recipients of,

=awards, State and other factors.

This survey of course does not cover all sources of'post high school

training,which provide preparation for technical, semiprofessional, or even

some professional jobs. The survey'does not reach technical training in high

schools, appreticeghips, Armed Forces, or on-the-job programs of employers.

ii. Upper Division Enrollment (NCES .4), This is a new section added to

the HEGIS system for Fall 1975 to collect information on numbers of upper

446. division (juniors and seniors) students by major field of stUdy: It was com-

bined with the established collection on students enrolled for anadvanced

* Department of Health, Education, and Welfare, National ,Genter for
Educational' Statistics, A Taxonomy:of Institutional Programs in
Higher Education, 0E-50064, 1970y-',;:4

Cr
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degree. Information is, provided on enrollments by field, sex, full- or part

time study, and by institution and geographic loation. Separate data are ob
)

tained on students enrolled for fir4,t professiondldegrees. No data are ob-

tained relating to energy, except,for,a few selected specialties such as
.

nuclear, geophysical, mining or petroleum engineering, or geology and geo-
-.

physi.cs".

.

The Fall 75 survey was-the first such collection of such data since

1967. The Na)tional enter for Education Statistics is not certain how often

this survey or?that n enrollment for advanced degrees will be conducted.
.

Both surveys appear to enjoy very high response, rates and have no special
>.,

trouble with-definitions.

iii. ,Earned Degrees Awarded (NCES 1). The sufvey covers all'.4.-riStitu-
i

tions in the United States, its territories''and possessions whith'aWaitded

bael-glor's, Masters' and doctors' degree in any specialty. The.approximately

1;800 institutions are'ide'ntifi the.Education Directory (NCES). Separate
4

information as provided by lev 1 of degree; subject specialties, type of in-
.

stitution, State, and sex of degree recipients: Data are requested from the

head of school or through State coordinators. Response is practically' com-
,.

plete across institutions, but the degree of error or misclassification of

degrees by specialties is not known. Comparability of fields of degrees

goes back to 1970771; some comparisons can be extended to 1965-66. z-

This is the only comprehensive source of information covering all recog-

nized academic_ degree programs in U.S. schools. As such, It provides infor-

mation on the 'Potential flow\of persons into scientific and technical man-

power6activities. Academic specialties-covered are those in the Taxonomy'

. of Instructional Programs in Higher Education,,end thus include many science

and ,}engineering specialties. Some of these are directly or indirectly'' related

to energy RD&D areas, such as petroleum, mining, and nuclear engineering,

geology; geochemistry,' and metallurgy. However, as indicated.previously:there
.

is no one-to-one relationship between the types of, academic training received
ti

and occupation or job performed.

iv.. Enrollments for Advanced Degrees (NCES 2). This part of the HEGIS

survey solicits information on students enrolled for a masters, doctorate, or

1 v .

IV - 65



first piofessional (e.g. medicine, dentistry, law), degrees in all instifu-
,

tions included in the Educatipn'Directory (NCES). Response, from about

1050 institutions in the last survey, was practically complete. Informa

stion is provided on major field of study!(taken from the Taxonomy of In:
ee

structional.,Prpgrams of the NCES), sex ofstudent, attendance status (f4Z1

or part-time), by stage of study (in firSt:',year br beyond one year ,of study),

b7etype and control of institution and state location. Individual institu-

tional data are available.

As in the case of the survey of earned degrees (NCES 1), information on

enrollments in fields directly or indirectly related to energy RD &D areas -

is available. However, the degree of relationship ,of those trained and those

employed in such activities is not known.

This survey is the most oomprehenqive source ofIthe data on enrollment

students for graduate degrees in all fields of study. At each survey per-

iod, however, it excludes by definition a.number of students enrolled in

graduate courses, but not for a degree. ,Po§t-doctorates are also excluded.-

ComparabilitOpy discipline is good back to 1970-71, when the present

taxonomy was established. However, some comparisons can be made.tp 1965-66.

Tha HEGIS survey also provides a separate overall count of enro )

in which data are obtained on total' graduate and unde aduate enr`ollmeiits
,_.

by institution -- but not by field of study.

v. Summary. Thq,HEGIS surveys are to ties of the .total univprse'of
4

higher education institut' , rather than amples,, and in most instances
e'

an almost complete response is accomplished. 4wever, the time between the

. reference, date and actual publication of official results of th individual

'HEGISsurveys is relatively long. Though arrangements are available fors

securing preliminary results, they are lfMited to those users with computer

terminals,linked to the HMIS system. Another weakness.of these surveys is

the gaps in the taxonomies of programs relating to energy. (e.g., health

physics, hydrology, etc.). Finally, with limited staff and resources for

the HEGIS surveys, it is not always certain that selected.surveys will con-

tinue in a planned fashion.

1 1.;
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Recommendations; That DOE lend its SuppOrt moral, 'financial,.or

otherwise'-- to the orderly conduct of HEGIS surveys concerned With higher

and post - secondary education. Emphasis should be placed on "making DaE

needs knowo-- fields of study, more rapid compilation and. publication of

data, anf.Psurance of continued collections, especially those providing

detailed', cupation or program:categories, e.g. upper division enrollment

to the.Nat onalrCenter for.Education Statistics.
. .,

i ''' ,
\

.

b'. Survey of Earned Doctorates (NRC 1)

l''' !A .

Each year (Since 1957,58) the Commission on Human ReSources, National

Research'Council, operating through the graduate deans of the various insti-
.

tbtions, collects by questionnaire information on each person receiving-an

earned doctorate in any field. The survey, which achieves over 99; coverage,

collects the following information for each awardee: name, race, se4 ag

citizenship, high school- and'college education (year and location Of, school,

field, and title of dissertation), source of financial support in graduate

schoql, immediate popt-award plans (fellowship, employment; type, of employer)

and so forth, Each year a'feW ad hoc questions are,itserted such as 'on

marital status and dependents.

This information is maintained Eh a computerized file so that'summariza-

tions of each year or a number of years data can be obtained. (The Commission

maint'aina more limited set of records on all doctorates .awarded in acll fields

by U.S. institutions. frdt 1920 -1958). The survey is supported by the. National

ScienCe Foundation, National Endowment for Arts and Humanities, U.S. Office of

Education, and theJNat)lonal Institutes of Health': This source also provides

annual cohorts of persons with doctorates for the so-called biennial Doctorate

Roster Survey (NRC 2), No information is provided on energy-related.activi-

ties except for such designation under an agency fellows$ip program and.for

some selected degree specialties, such as nuclear engineering and fuel tech-. f

-Ns°

nology, or petroleum engineering. The biennial Doctorate Roster Survey does

of course' identify those with significant work it energy and fuel programs.

See section of this chapter on "Employment and Characteristics" .(part B 1.).

Recommeildation: That DOE indiOate'to and persuade the National Research

I



Council tp add additional doctorate specialties relevant to energy activi-

ties and to collect' information on the specific Federal source of support.

(e.g. DOE, NSF, NIH) for those ii volved as graduate assistants before award

of the doctorate.

c. Nuclear, Engineering Enrollments and Degree (ERDA

4

In 1975 the fifth annual survey of degrees and enrollments in nuclear,

engineering was conducted by Oak Ridge Associated Universities (ORAU) for

ERDA. Each year the survey reaches all institutions which are known or

thought to'offer study in this area. Over the years the number of institu-

tions has changed as'new programs were identified or programs phased out

(69 schools reported in 1975). .

/

The survey collects data onsenrollments and degrees, including under-
,

graduate 3rd nd 4th year, graduate enrollment for masters and doctorates,

and degrees g anted at the bachelor's; masters,'and doctorate levels. In

1975, information was requested by specific Airricula of nuclear engineering

and on nuclear'optibns in chemical, electrical, or mechanical engineering

etc. and on-pomen and minority students enrolled and graduated: The pro -.

grams are also shown by insiitution.CD

Coverage is uncertain, but attempts are made to collect data from

schools known or*thought to be involved with nuclear education.
6

In 1975, a supplemental questionnaire was included which asked for data

on placement or plans of 'degree recipients by type of position or-job, e.g.

academic, Government, GOCO's, or industrial.employment..

d. Radiation Protection Enrollments and Degrees (ERDA 4)

In 1975, the fifth annual survey of enrollments and'degreesi.n fields

related to radiation protection was conducted by Oak Ridge Assoc idted Univer-

sities (ORAU) for ERDA.. Each year. the survey'was sent to inst utions whichv

are known or thought tooffer educational programs in such areas as'health
A

physics,'radiate health or safety, radiologi,cal health and similar = programs.

The,numbers ofj.pstitutions covered ha§, changed over the 5 years as new pro-
.

grams were identified ot programs phased out. -Trif,1975, the survey covered

58 Anstitutions.

A
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Information is obtained on`-: 3rd and 4th year undergraduate enrollment,

enrollment at masters and.!doctorate-dettee leveIs.';'and degree awards at

bachelor's master's and doctor's degree levels: Data are classified ,by'

specific options such as health physics and by women and minority students.

The programs are also shown by institution. Extent of coverage,is uncertain.

In 1975 a supplemental questionnaireyas included which asked for data on

placement or plans of degree recipientS by type of,position or job, e,g.

#icademic, Government, GOCO's, or industrial employment.

e. Survey of `,Graduate Student _Support and Post-noctorals ,(NSF 13).

For a number.of years the NSF has collected information on the types

of support provided to graduate students and the number of post doctoral. and

research associates engaged in doctofate-granting institutions. Data,corlected

for4Eall 1976 was for 1,.489 masters and 6,289 doctorate level departments in

science aneengineering fields in 361 Ph.Digranting institutions (including
3

-./ 105 medical schools). and 1,504 master's departments in 326 master's granting

institutions. AllPh.D-granting schools are surveyed each year but presently

.a small sample of.schoolS is contacted before the main.slirvey to provide a

- preliminary indication of the direction and level of st ddnt enrollments

4 The main survey collects fOr each Ph.D and master's department info7a-
k

ticin for full-time students oh: field of departments level of study, mecha-

nism of support (fellowship, traineeship, researchor tea king assistantship)

source of support_-- U.S. Government agency (Defense, NIH, other HEW, NSF; ,

and all other), institutional support, foreign aource, and self and family

sources, etc.). Counts of part-tithe stdents and post-doctorals and research

associates- by department are also Obtained.

Coyefage on thi's survey for Ph. and master),s degree granting' schools

is practically cOMplete. No, data on e ergy-related activities are -obtained.

Recommendation: That DOE request NSF to identify the Department of Energy

a ,spec-ific agency of Federal support on the questionnaire for thissurVey;

so that data on-DOE- supported students can be a alyzed in the cohtext of all

graduate student support..-

a
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f. Survey of Graduate Enrollment (CGS 1)
.

For about 5 years the. Council of Graduate Schools (CGS)/Graduate '.

Record Examination Board (GREB) with aid of stank' of the Educational Test-

ing ,Service (ETS) has conducted an .annual survey, of enrollments. .6f-thg.

member institutions of the Council of Graduate Schools. The Couri-til

ship consists of some 344 institutions who grant.either the masters'orvdoc-

torate as t} highest
.r
degree, The Member institutions combined grant 99%,

..r

of the earned doctorates and 85% of the masters' Agrees. .h

The survey is conducted in two waves.. The first. forms sent out in

September (to be returned by-November)- request data on the number of applica

tions for graduate study, number of graduate.agsistants,graduate fellows,

.number of masters and doctorate degrees awarded, and total graduate enroll-\

Ment. (total and' first time). Data are tahulated by. size of school; type-of.
,

control, and level of, degree awarded.. The second part of the survey.is,con-

ducted by mail in. th#Spring.followfrig the first wave, with)results coming

in the Fall (showing information for the previous Fall). This second wava

collepts information by, broad fiefd (education', 4umanities, social science,

physical scieNes, engineeri g, and biological sciences).on the same items.

covered in the first phase and in addition on sex, ethnic group, and on

eaching.and research assistants.

g.

conduct surveys of enrollments and ,degrges in the separate disciplines. Most

.of these cover known institutions offering options or curricula.in discipline

rtievant to the societies' interests. Also most of these surveys generally

Surveys of Enrollments and Degrees by PrOfessional Societies and Trade

Associations 4

7"

A number of the professional societies in science and engineering,areas
*

,f

coyer the same. subjects: e'hutlikents at the 3rd and 4th year, of .underAaduate
.,.--

study, enrollment (full-time and part=time) for masters and.doctos'.degreeS,

and degrees-awarded 'at 'a three levels.
.

The most prominent ongoing surveys of this type ipRbide those by the,

Engineering Manpower Commission of. the Mineers Joint Council (enginee'ring

techdology)', Ame'rican'ChemIcal Society, American Institute df Physics,
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and the American Geological Institute. Other societies Or association's

which did or occasionally still conduct such studies include: the American

Institute of Chemical, Engineers, American Institute of Mining Engineers,
T

Society of GeoPhys,icists, the AmericanInstitlte of Petroleuni GeplogistS,-,

thelSociety Petro4um'Engineers (of TheAmerican Institute

'Engineers) and 'the Air .,'ilia ditioning and Refrigeration Institute. The 7

from the 'latter two organizations 'is more directly, related to

energy act4viles than that frOm otherg'.
.

Junior Year":Enrollment.(ACE 1),:

,

One of theisurveys conducted 4Y means of the Higher Education Panel

(HEP) operated by thelAerican Council on Education (ACE) for,TheNatiOnal

Seience Founation(NSF) has beeria ,collection on-dni:011mentsn scienCe-
,

and engineering fields at-the jvi4or year in colleges and Universities.
.

The survey, which haS 66til conduicted several times,r provides infOrmationby-
.

field.and. type of in itutitn conirfle.(public; private) .' It provides a

.quick look at the trend in enrollments which precede pbssiblechagges in ,Ae--7

:greesTranted.Upwevef-, the amount of data collecledis,limited;,:no data on
,

energy.are obtained.

f. Survey.,of College Freshmen' (UCAt'l)'

Each year a sample1urvey of freshmen in universitie9 an(} collegees collects
; .

.
. . .

.._

information on personal, professional, and education charaCteristics, career
,_

choice,-.planned undergradua,te major, level of degree sought, and sources of
. ,.

. . # / .

' financial support. These data offer a first 'look 'at the potential supply-of.

cOilege=trained personnel.' ThNsurvey tends 'to- focus on'the 'process'of education
, .

. .

rather thaon.-the potenial products of the system. The f cho.Ols in, .

.

:,same
,clUded in t4e-universe has been subject to-critical review in the., past. HOwever,

meaningful changes have been made.- All institutionsjncluded in the Higher
.1 .

,

Educa0on_General InforMatfon Surveys''WGIS)-are'frNitd to partitipate- No
? .

data dnetgy-reiaEed,actiVities,are obtained.
.
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J Nuclear-related Techniclan Manpower (ERDA 6)

This survey oT technicians in nuclear-related areas in twelve, western

States conducted by Oak Ridge Associated Universities (ORAU)`Eor the Energy

Research and Development Administration (ERDA) builds on two previous surveys

covering southern States. Respondents included all of the government-owned,

contractor-operated facilities in the ERDA system as well as other major in-

dustries, utilities and,'educational institutions in western states: Among

the information collected on training programs in the various facilities was

data_on enrollments and estimated graduations fn selecCed technician special-

ties.

It appears that the su successfully collected such data.

k. Industrial Training for Nuclear PoWer/(ERDA 7)

Using a listing of industrial establishments published by the American

Nuclear Society, the Manpower Assessmvnt Office, Energy Research and Develop-,

ment Administration (ERDA) compiled an inventory of education, training, and

work experience Trograms for nuclear pOwer plant and fac/litypersennel

sponsored or conducted by industrial firms. The items included short-tet'm

;(1 week), on7;the-job programs, 'to 12 weeks or more formal courses:iln academic

institutions for technician, craft, and related occupations.

The survey was not intended to be comprehensiye.. It Ales not cover all

firms, even in the limited al-a of nuclear power. r-------

.

Energy-Related :Technology Progam' in Community and Junior Colleges

(ERDA 8)

In 1975, ERDA supported a survey conducted by Oak Ridge Associatted Uni-

versities (ORAU) of eaergy-related programs-in Community and junior' colleges.

The survey had three,generalobjectives:

1) to estimate the.number of energy techniCal programs xhat colleges

presently have and the number they are planning;

2) to estimate the degree and type of cooperation between. Colleges

and energy industries, including major ERDA contractors;

3) to quantify the degree of college interest in attending a working

conference to assess occupational needs in energy areas and ini-

tiate planning of needed programs.
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The respgkse to the survey, which was also promoted by the American Associa-
,

i'Lion of Community and Junior CollegeP, Was generally good and the general

objectives met. Seven hundred 3eventy four responses were obtained.
, Data were collected on the number of colleges and programs within them

which were categorized in several of the major energy-related technologies,

including petroleum, coal, nuclear, solar, geothermal, etc. Altogether 62,

existing programs were ijaentified in six energy areas and 132 programs were.

in Varilmg stages 0,7 planning. Some 18 colleges had existing. programs. Thus,
.0

programs can be classified by energy area and technology, geographic.region,

etc.' Apparently, industry is involved in a majority of programs in the col-

leges. c

Recommendation: That DOE conduct a similar survey in the near future

so as to provide. input on the trends in numbers of energy-relatedcourses,

options, and curriculum being established4in community,and junior colleges:

m. Enrollments in Post-Secondary Occupational Training

At the 'present' time no overall source of information on formal' train-

ing of technicians, selected craftsmen, and related types of personnel exists.

However, some selective infirmation is provided which gives some inOication

of potential supply of technicians and craftsmen. These ineludr

1) the HEGIS survey oh:associate degrees and other formal awards

below the baccalaureate and 'a similar survey of enrollments

in organized occupational curricula (not conducted for several
4

years);

2) a biennial survey conducted by the National Center of Education

Statistics of enrollments iii post-secondary schoolS not ap-

proved to the college level, including proprietary organizations;

3) information on numbers of persons engaged in and completing

apprenticeship training (ETA 4) in "registered programs"

(those registered with the'Bureaulpf Apprenticeship and

Training of the Department of Labor or affiliated Stat

apprenticeship councils) -- large numbers are iri'programs

not so registered;

4) numbers of persons in training under programs of the Compre-

hensive Employment and Training Act (CETAr(no national sum-
. ,

maries are available);



5) selective information on persons approved or certified under

Armed Forces training; and

6) Nnformation on training redeiyed by personsemploved in tech-

nician and related occupations (NSF Post- censal survey, etc).

Information on specific training for occupations in energy RD&D is very weak.

Recommendation: That DOE join in efforts to persuade thational center

for Educational Statistics ('using financial support, if necessary) to rein-

state the surveys of enrollments in organized occupatival curricula in higher

education and to support more fully the collection and publication of Survey'''.

datann such curricula in other post-secondary institutions.
'.

It is also recommended that DOE initiate colle n of information

/technicians employed0.n energy activities (DOE-supporte a tr,other) on the

of training a(eceived. This information would reveal which- -types of
-4..

training should be surveyed to discover trend in in potential energy techni-'

cian supply. ,,

p

and
. 4

n. Projections of Enrollments and Degrees d other Edu, tational Measures N.
a ,

I

Sev al organizations and agencies haPe,prepared and/or analyzed projec-
./ 1

tions of c. lege level enrollments and degrees in relation to employment re-

quirements. Th e efforts, which are generally continued on a periodic basis,
*

include thoSe'by: National Center for Education Statistics, the National
** ***

' Science Foundation, the Bureau of Labor Statistics, the Engineers Joint

Council, tkie American Institute of Physics, and The National Board of Gradu-'
... ,-'

ate Education. These organizations use differing methodologies.; assumptions,
. .

and factors' in the efforts, some .of which are desctibed in the discussion of
.

-
. . , ,

.methods of estimating degrees grantel and completions programs in Chapter V.
le

3. Summary Evaluation of Existing Education and Training Data

There are several major established sources of information on the number"

of persons being trained in science, engineerin , and related fields. The

* Department of Health, Education and Welfare, National Center, for Educa-
'tje6n Statistics, Projections. of 'Education Statistics to 1985-86, (NCES 77-402),

77. -

** iOnal Science Foundation, Projections of Degrees and Enrollment in Science
and'Engineering Fields to .1985, (NSF 76-301),:.1976.

Bureau of Labo Statistics, 0CCupationarojections and Training Data
,Bialetin1919, 976.

* * *
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Higher Education General Information Survey (dEGIS);-the surveys of the
-y

.National Science Foundation, National Academy of Sciences, the professional

societies, and DOE provide a substantial amount of data on enrollments and

degrees awarded in these areas.and other measures of training activities
$

As indicated above, o;1,r..iresent sttucture or system, whill,piving con

side able detail about fields of study in which degrees are granted, does

not include (with a few exceptions) direct .or specific educaeidn and/or

training for jobs in energy research, development and demonstration activi
ties. Rather, the supply of scientists and engineers now or to be engaged

in energy RD&D work.is part of the same overall poaol as or all scientific

and technical activities:, ,The taxonomies of programs anq ins ruction pre-

vided for surveys.provide.Jor a substantial amount of detail On fields of

study.- In some cases they are specific to energy RD&D such as (nuclear,

petroleum, or mining engineering, or geology. However, in most science-1

engineering fields the subject areas are too broad to indicate concern with

energy matters per se.
1

The support of graduate students under a Federal agency's award for

research and developmerot or for direct training in a given program such as

energy is an obvi s stimulant to the potential supply of trained persons

available for later employment in that atea. However, it is apparent that

uate information does not exist at this time on the number of scientific

and'Z hniCaLpersonuel being trained under DOE and other Federial agencies'

direct training (fellowships and traineeships) programs or training under re
.

seatch and development contractsand ger.ts for Academic energy RD&D effortS.

DOE does have a series of university training programs which prpvi.de for a

limited number of persons in direct training programs. However, no central

source of data exists on numbers and tyPesof graduate assistants or other

persons being supported under DOE awards to academic and related institutions

(e.g., several of the National Laboratoiies employ graduate assistants

'DOE's primaty concern here is 't"Xknow on whom its funds are beihg!spent and

how they compare.with other students and those getting other Federal support

as a basis for its policies on.suppitt of graduate students (either direct

or-under research 'grants and contract.).

One significant weakness of many of the current.srveys of enrollment

tr.



and degrees is the delay involOeSd in making data av
t

ei.Ae. This is pa
)t.

-

ticularly truo of etleAlEGIS efforts, though many tmpr9vements have been
s

made An recent years. It is likely that if'data from these.surveys could
.

.

be made available sooner and provide specific data to certain clients,

several othex partial coverage surveys of enrollments and tegdpes could

be dr9pped

The present survey of graduate student support conducted, by The National

SCience Foundation does not provide for indication of ,support'of students by
e

DOE or previous energy agencieg. .The survey does prbvide excellent informa

tion on the general subject of graduatestudent support,

The two surveys conducted by Oak Ridge Associated Universities of en-
...

rollments.and degrees in radiation protection and nuclear engineering do ha

of course cover all specialties' related to energy-relat activities. They

appear to cover the selected relevant fields most adequately. The survey

condhicted .under sponsorship of ERDA on technicians isa good'source but

limited to nuclear and related areas.

4. Further Initiatives for Improvement and Development of Data Sources

The established surveys of education and training of scientific and
I

---- technical personnel provide a broad base of information useful to the analy-
.0

Sis of the supplykof energy R&D manpower.. Most of these surveys should be

cdntinue.c.Land:in:d.number of instances expanded and improved. Improvement

_of. some of the data sOurceSmAghi-makeit-poSsible to omit other sikveys,
_. - ....,..-

,,..

which seem to be duplicative'. In addition, there are several gaps or weak-
4J

..

. tresses which DOE might aid in closing. Revisions, amendments, and adapte-

ti ns of existing data sources have been indicated above. The following

are the recommended new data.collectiolls:

\

. .

a.
..

\Perhaps'Abe single m4.t important change or improvement to initiate is
. .

the c011ecti n of inform'e-t/Anklon the.pumbers of graduate students, research

associate , post-doctoral ',and faculty engaged on all DOE supported activi-

1ties rried-out by academic and related (National Laboratories, etc.), illti-
-71

.

.
.

.

tutions../ Furthermore, it would aid consideration of DOE's policies on student

support/if the agency had information on those it supports in the context of

the teal graduate student bod in science and engineering and the support

\.,

.

.----.

1 t: r7
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program's of other agencies.- vi,`

The numbers of persons directly supported by the university programs

4
t

. .

unit in DOE fellowships, traineeships and faculty raining is very small

compared to the number supported under researh grants and contracts in
,

educational institutions. Support of, graduate students under these latter

awards is a very obvious stimulant to additions to the eriefgy 15 manpower

pool. This is particularly true of those who specialized (thrdugh aisser-

tation speciPic energy' areas. In addition, thosekresearch assist-

ants, post-doctorates and faculty engaged. under these grants and contracts

may be directed into energy acti'rities over'the long term, thus adding to

the manpower pool outside universities and colleget.

DOE should take steps immediately to establish a reporting-system

which will provide data on numbers, fields, man-years and other characteris-
-.

tics of all persons engaged in DOE supported direct and research training,

and in related academic research, e.g. fellowships, traineeships, research

assistants, post-doctorals and faculty. The system should cover all rele-
.

vant institutions of higher education, related National Laboratories, and

similar organizations under DOE support.

0

b. Several improvements are suggested in the area of-information on the

training of persons to less than the baccalaureate level. First, it appears

that the reintroduction of-collections of data on enrollments in organized

. occupational curricula,(including energy-related revisions in the instruc-

tional taxonomy) would be useful. The National Center for Education Sta-

tistics has the statutory responsibilities to provide an improved data sys-

tem on vocational and'related education and it appears such data would be

useful.foithese purposes.

A second suggestion in this area is for bO.E'to determine the types,

levels, and sources of training received by-employed energy technicians

through occasional surveys (every 5'yearsor. so) of such personnel, their

supervisors, and employers. Then-selected, surveys of such sources of train-.

ing'could be undertaken, including information on content, facilities, and'

type of instruction involved.,
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.D. SOURCES ON EXPENDITURES AND OBLIGATIONS

1: Introduction

Dollars; wheLergxpressed as'o.pproprIations, obligations, costs, or

expenditures, are the basic means of allocation for research.and development

(R&D) activities. These allocations characterize the.purpose, nature, and

eiaent of such activi.ties and consequently 40termine the resources -- manpower,
,

.
4

materials, machinery, plant, etc. -- needed to conduct them. InforMation on

R&D spending is required in a manpower information system fOr at least two
;,

primary reasons: (a) R&D dolla are a specific, primary measure (similaet

direct manpower data) which pol - and decision-makers use to plan, budget,

and carry out specific activities: an4lib),ratios ockR&D spending to R&D man-_

power can be.use to estimate or derive either of the two components, past,

present and future. .It is in this latter sense important to establish, as

consistently as possible, common or compatible definitions, cla6Sifications,

and taxonomies for both measures of R&D activities -- manpower and dollars.

This isn't to' say that in all types of measures the same detail of,eate-
P

'lg,:orizpation is required for the two -- only that convertibility and comparability

be possible.

Thg\prim4ry source of information on expenditures for energy research

and development as well as &D covering all programs fields; and sectors,

is tie National Science Foungation. Beginning in the early 1950's NSF

has established a coordinated, comprehensive series Of data collections on

.research and 'deVelopment (funds and manpower, which covers all sectors of

the national economy. (See chapter II for definitions used in the NSF surveys

of R&D.):
1

,However, information on R&D spending for energy is more limited. For many

years the collection of informaton,on Federal obligations for R &D by NSF (NSF 1)

has.included detil by agency, such 'as0-1-6 Department of Defense (DOD) or the
41,

Nationl Aeronautics and Space Administratioi (NASA). The R&D obligations of

these agencies served as the measure of funds related to "defense" or "space"

R&D. However, a significant portion of R&D dollars allocated to the DOD or t

NASA was not spenl for defgnse and space respectively. Also, other Federal

agencies allocated some R&D'funds tn..these

IV - 78
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4

In more.recent years NSF has initiated the compilation of informatio'n

on - research and clwelopment activities specificallyassociated with selected

national programs such as on energy and environment. Thus, far Federal agen-

cies, the NSF in 1969 began an annual series on the-allocation of Federal exL

penitures and obligations to various national programs and)activities NSF

has produced annual reports on Federal R&D ding by "function" (a desighation

for national prograMs) (NSF 2.) In the latest compilation aiscal Year 1978)

NSF reports on 1)5 major functional areas (and many detailed sub-functions with-
ZOin)\including "energy development and conversion".

NSF also has initiated collection of data directly from private industrial,
,

concerns on R&D spending for the separate categories of "energy" and, "pollution
1.

abatement" (NSF 4.) -In addition, NSF has Conducted a one time survey of current

and prospective funding and mirpower related to enrgy R&D activities in Federal

intramurarinstallations (NSF 3.) I-

In addition5-to the NSF series of studies and surveys of R &D spending and

manpowereveral other organizations have collected information on both

national totals and in a few cases on energy R&D. These include special com-
,.

pilations made of Federal agency budgets on several' 'special analytical topics

uch as research and development, education, defense, energy, etc. by the

0 fice.of Management and Budget 0 . 'The OMB compilation (Special Analysis

P) is based ptimarIly on NSF definiti ns and practices, but some differences

in the interpretation of agency programs lead to different R&D spending totals.

The Federal Trade Commission (FTG) and the Securities EXchange'Commission (SEC)

male periodic collections o.t.tlata on R&D by,selected industries. 116y/ever, the

FTC dataThre nqt complete and SEC doe: not publish its 'collected information.

Collections of information on dustrial spending on research d develop-

ment also. made by publishers of general and trade periodicalS uch as McGraw-

Hill, IndustrIal Research, Chemital and Engineering'News, and Business Week,:
.. -. ,

nd other organizations such as Battelle Memoi.ialInstieute and thePharma-

i
c---/

cieutical Manufacturers Associatio These collections generally use NSF

definitions ad practices; howev r, each of them restricts, itself to an industry

or industry group or a parti4cu _spgment of the economy: Furthermore, the
1 k

collections usually are restri'tteTto.'the industrial sector. At least one
. ,

.of these surveys (made by McGraTi-kill).colleCts data on energy R&D at peodic
intervals.'

IV



Thus, the series of studies and surveys conducted by the National Science
-

Foundation are the-cornerstone and primary.source of information on funding of

R &D programs -- both 'national totals'and energy. /

2. Major Statistidal Sou'rces'of Data on R&D Spending

Following are short descriptions of the major NSF and other surveys of

RD&D expenditures and obligations currently programmed, includi general -

content, methodology, and relevance to information on energy R &D. Fuller

descriptions ofIthese surveys'and studies is contained in Appendix B.

a. \ Federal Funds for Resoarch.,'Developtent, and Orier,Scientific Activities

(NSF 1.)

This annual collection of data from Federal agencies is a practically

complete coverage of Federal spending or
7
R&D. 'Data for three fiscal years

are obtained each year: by performer, (industry, university, intramural unit,

etc.);ifield of scie9ce, character of work (baTic and applied research, develop-

ment', but rif:).
.
on demonstration) 5 and on R&D plant. No separate data are re-.

ported on energy R&D except for the designation of DOE activities; per se.

The survey has,been conducted for 25 years. This 'survey is supplemented by

occasional reporting in brOad detail on geographic distribution of R&D funds
,

from Federal agencies (the last- one was done in 1965), and. annual analyses

of Federal R&D(fundi'ng by function and Federal support to,universities,

$ colleges and/non-profit organizations (see below). Data on .Federal R&D

manpower are not collected through these surveys.

The definitions used for development and R&D plant can lead'to some.

confusion with respect to funding of demonstration,activities -- no spe-
,

eific'description of demonstration is given. Also at p r sent this survey
e

classifies research and development .in information sciences,' documentation,

and in information systems'andopractices as scientific and technical infor-

mation rather than as rSearch and development per se. Further, R&D in social

science fields includes some research in law and education.

It also -shopld be noted in connection with this survey, as well as the

survey of Federal energy'R&D in intramural laboratories and FFRDC's (NSF 3),

and similar surveys in other sectors, that the list of FFRDC's established



by NSF in cooperation with AEC and ERDA is not the same as ERDA's list of

GOCO's for R&D. Most relevant facilities are on both/lists, but selected
- /

sites on one list are not included on the-other.

Recommendations: That DOE work with NSF to establish a definition of

demonstration activities for reporting of! Federal R&D funds ancito clarify

the definition of development and R&D plant in this regard. This dOinition

should be consistent with'\that for such activities in all sect.ors.u(see part

D4 below).

DOE should also encourage NSF to clearly indicate the inclusiOn of:

R&D in information sciences, documentation, etc. as a part of general R&D'

activities. Further, DOE should request NSF to consider the transfer of

R&D in law and education into a category separate' from the social sciences.

Finally, it is recommended that DOE cooperate with NSF in establishing
.. I

criteria for, as well as an actda-1 list.of, R&D centers which though owned

by the Government are operated by non-Federal. organizations.

b. Analysis of Federal R&D Funding by Function (NSF 2.)

Since 1969, NSF has provided an anAysis of Federal R&D fund ng by sepa-

rate national programs or "fuOttion". This categdrization of funds into 15
,

.

major functional areas and twice-as many.subfunctions within the major breaks,

is prepared by NSF staff on the basiS of detailed agency.budget4 nd staff

contacts. Function data are additive to 100 percent with'no overlap of pro.:

grams. Each functional area, incldding'One' on "energy development and conver-

sion"is detailed by agency (including Bureaus,and similar
...

units or. prograills)._

As in the case of Federl Funds for R&D (above -- NSF 1), data for
,

recent :past
.

.

,.

years are revised with eacia-nes/ year's budget submittal. Details on the Cate-

gory of energy development!ap.e)conversion cli.ude: nuclear; fossil, solar

geothermal, and advance'd ene y syst ; conservation; and other. Where

enough specification is available, NSF staff has tried to include programs in

other functional areas with energy, such aS .energY conservation R&D in the','

. Department of Transportation. Here again'no manpower data are available.

IC°
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.

Recommendations: That DOE request NSF to provide further specifications,
9

definitions,.or explanations regarding the classification of R&D by function.

The present method used -- by staff judgment and ,estimate .is'probably more-

reliable;IT-cOnsistent, and efficient than direct dellaeation by each ager,r.

However, users of these functional data do not.know of the specific cr eria

or bases of decisions,on functional classifications, for exampleon fringe

ar¢ of the various categories.

c. Federal Support to Universities, College and Non-profit Organizations (NSF 7.)

Each year the NSF is required to report to the president and the Congress on

the "tota amount of money for scientific research,. including money allocated
.

for the construction of the facilities wherein such research is conducted,

received by each educational institution arid' appropriate non-profit organization.

is "the United States, by grant or contract, or °the "arrangement fraft agencies

;of the Federal Government ...". Therefore, NSF obtainsifrom various Federal

agencies information on fundsoprovided various educational and non-profit in-

stitutions. Separate data are provided on Federally Funded Resenrdh and

Development Centers (FFRDC's) administered by universities,"non-profit rellearch

institutes, and other non - profit organizations. Informatiodis,gathered from

about 14 agencies which account foli(Over 95 percent of all, Federal funds ob-
,

ligated to the Universities and non-profit-organizations. Tnis information

includes data on funding for R&D; for R&D plant;.on facilitieS and equipment

for instruction in science-and,engineeringi on fellowships, traineeships,

and training grants; on general support for science (e.g. institutional

grants); on support for other scientific activities; and on support for non-

science activities. Data are categorized by type of activity, agency, geo-

graphic location, and field of science; separate institutLiemi data are avail-

able.

Specific detail, on funds.provided
a
for energy-related activities in R&D

or otherwise) is,ndt requested: However, the agency detail shows funds

obligated by DOE (the primary funding agency for energy R&D funds).'
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Federal Intramural Performance of Energy R&D Funds and Manpower (NSF 3:j1/4-

A single time survey was conducted
t,

in 1979 jo collect fUrtheP=information

on energy R&D identified through the annual Federal Funds for R&D survey (item

a abdve).. (See also section B, part la of this chapter).,. Each agency so

identified was asked to provide 'for each intramural R&D installaon and each

of its Fq4erally-Funded Research and Development Centers (FFRDC's) data on

funding.of energy projects and on manpower engaged for FY 1975 on an actual

basis' and projected fdr FY 1977 and FY 1979. Dita were classified by R&D

operating obligations, R&D plant obligations, and numbers of scientists,

engineers, and technicians and these factors by, individual program area --
.

conservation, oil, gas, nuclear fission and fusion, solar, etc. AgetlIcieS.

were asked to summarize the installation ltdata by redorting onp
subdivision (Bureau, etc.) basis.

The coverage of the survey was nearly complete (compared to.fundS classi-
.

on Adalysis of Federal R&D funding

an agency

fied as energy-relatkd in the annual

by Function). However, NSF has

Recommendations':

anothex such survey.

no

report

present plans to.contialue this survey.

That DOE discuss with NSF the possibility'of conducting

NSF may or may not have plans to do so '(NSF would not

so state in. response to-an inquiry). However, in view of the recommendation

made later in part .4 ode' this section forverall intramural. survey' in D(2$,

the plans'Of each of tlfeseAgencieS should be made clear.

e. Expenditures for Scientific4Activities at Universities and Colleges (NSF 6.)

Each year NSF-conddets a survey of r.earch and' development and related
.

1- .

-,

activities.at the nation's universities and'colleges. Formerly conducted
:,

.
.

' as a single 63o" -part. survey of R&D funds 'and of science and engineering manpower,

the surveys are now conducted separately. The companion survey on manpower is

'described Under Section B, Part 1. The funding survey is icected at' some 540-

ac,ademic institutions and 22 related. FFRDC's (1975 survey). hese institutions

---7\4.nclude all'awarding graduate degrees in the sciences orengin ring andall
,.

. .
V'other universities and colleges with over' $50,000 in'R &D expenditui-es. It is

estimated that this'results
(

in coverage of over 9 percent of alil academic

spending. Data are collected on current R&

g
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budgeted), which can be categorized by source of funds (Federal, State,'

sovernment, industry, institution's own funds, ,etc.),,character of work

'(basic, applied, development), field of science, institutional captrol, level

of degrees granted, and geographic location. Information is also gathered

on capital expndituresfor research, developrpOnt and instruction and, on

,,--e-borrent expenditures for instruction and. departmental research in graduate-
.

degree-granting institutions. Similar data,are provided for both the in-
. . .

stitutions and foie FFRDC's.

Response to the survey has been excel ent; only elev'en Institutions failed

to provide data for Fisca Yea J.975;. im utations for these sOlools were made

by NSF staff. Neither separate definitions nor data 'on demonstration activities

are provided. Similarly no information on spending in energy-related pro-

grams is obtained, (See alSo desc,riptidh.of companion sdyrce underR&D em-

ployment.)

#
Recommendation,: That DOE initiate an effort to measure the bagnitude

characteristics of energy RD&D conducted by:the nation's universities and

',colleges and related organizations (FFRDC's, Rational Labdratories,

As' indicated later in part 4 of this sector,.,,recommendati"1on is lmad.e for

surveys of all activities dupported,by the'DOE, including those carried out

under grant or contract in universities and colleges.

Therefore, an alternative or choite'of survers or data collectiOns shoul

be, made -- i.e., to cover the academic and related sectors for energyIRD&D:.

separately orto include that section -as apart of the project tb cover all

DOE activities. More-will be .sail about- these ch'oich latr.
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,

f . Research,and Development in-Industry (NSF 4.) --,-
,v.

Annually, the Bureau of theCensus,
, a 4

r support and spansorship.of the
':'NSF, surveys private industilal cOmpanies:/,egarding research and. delielopment

,

.
7e,- ' .;-.activities. All told, tWentyssur'Veys afindusti.ial firms :have been cbnducted

sinc'b 1953. A Sample of industrial companies \is chosen representing all
.

manufacturing industries and tho Se non.manufacturing industries knbwn to engage

3r% research and -developilentm. ki;

Yo
Data.are:collected on costs of-research ,and deyelopment activities :

formed:' by major source of funds;,by,major type of expense (wages, material; .-.

etc.); fields of%basie research "(chemistyy, engineering, physics, etc:);
a-product group of applied research mid development;- locativOn..(State);-an&by

':.
,

. . t '' . .. 40,
two fniictional categories -with .somCdetail 7-..energY R&D and pollution abate-
ment R&D., The survey also ,obtaihsAnfOrmptibn on Manyears af,R&DscientiSfi'S

-
I

... and engineers (hut nottoCilnicians)-,,by Federal And company Support? as well 1 -

. , . ..

and
- t i "' . ..

as data on :company sales. dt.otal!empkOyTent,.Energy R&D data are detailed

. by ma)or.prce:(nuclear;olf; gas°;/,coal; ,geothermal, solar, etc.) . ,(See also .

section B,t Part la iii'of.this chapter).'. ,

A _ ?
, 1,

The industry R&D surve, unlike other sectoral-surveys, exiudes'It&V
.5

in psychology and; the Social -Scienc s. . nmi,laray'and perhaps more. importantly
. .

-.., . -

:for this sector,. certain.activiiiere excludeci, which.may be reIated.to
A. .

energydemonsttatfon programs: Ma4etresearchl economic regeardh, trouble -
, . s._

..,
shooting with breakdowns in, full-iscale prodUction, and "aide

.-
,

° . . _ , \
furnighedto develop -- and to ,promote or demonstrafenewyroducts.gr.proc esSes,

o

including the cbgt,.of material furnished. lor,trial.or-demonstratiNo
, _,. .

.,. .

separate, definition of -energy demonstration is.'fuFnished to respondents. Thus,
. ,

it ia unclear and perhaps highly 0obable that. some of thg,,eneriy 4emoitStration
.

actiVitiesfunaed by DOE may. be excluded from the-industry research-and develop-
.

ment survey.
A -

Recommendation:' -Tbat'DOE work with the -National SC'ienCe'Foundation to
. - ". .

chana,,e, and imprOve the concepts of R&D_ activities undertaken
. .

in the industrial 'hector. First, theseparate diyiionsof activity -in the
4 /

11)
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.

R&D spectrum should be more clearly stated,-so,as to delineate "demonstration.
activities ". These are, carried out primarily in the industrial sector and

_ -

are primarily funded by the DOE. "They are planned by DOE to be a part of a
broad R&Ef.process and not to extend to the ultiMate commercial, stage. In-,

genefalt "operational" rather than "capital" funds are used byDOE f these
activities.

Second, DOE should represent to NSF that the currentexclusio R&D in
.

Ts.chology and the social sciences (particularly the latter) of ts,6ertain R&D -
H:.
of liaevance to energy' programs. The inclusion for example of certaiO&D in

i7%,

the'ceconomic area is directly relevant to demonst4tion projects.
_

Consideration will have to be giVen t0, the relvtionship of the propse4
,

masiler-surveyof DOE 'supported activities iA the var'?_ous.sectors to this NSF

l'r,

z,

....: surveyin rial_ fi
e

2mDS.., -
.._,, -/ i: 4,- ' .;'---i- -1(-- )gel,

R&D Activities of Independent NOn-profit Institutions (NSF 8.)
-/ .

. ,
Y-2

4 Periodically (every 3-4-years) NSF' 'has- conducted surveys of varlouS,:i.types

of independent non-profi0. organizations. These include ,research institutes,

voluntary hospitals, Federally Funded Research and Development Centers adminis-

tered by non-profit-organizations',- professional and technic41 societies,

private foundations,'science exhibitos, and trade associations.

The latest survey covered 1973 activities and collected information on f.

current expenditures for all activities, research and development programs,.

and on .number of scientists, engineerS, .and technicians.!- --(See section B, part

la xii of this chapter):- Research and development data were obtainede.,by source"

of funds (Federal government, industry, °WTI funds, etc.)`''and, .of science.
6

No information was obtained on involvement in energy research and development, .

activities.

This sector of R&D performance is a relatively small'hut important one. )

One limitation of the NSF survey is the diffieulty of obtaining master lists

from which survey resp-o-t)ients' can be selected. No single directory exists

covering all types of non-prokt.organizations; therefore NS1' has developed

lists from.previous surveys, and.pdtialized directories. Also there are

complex relationships whiCh amoag'non-profit iristitutions and with

organizations outside thissector, e.g. educational institutions.

1
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4.1PD

Recommendation: ThatDOE request that NSF consider the conduct of a

survey. covering R&D programs of the various types of non-profit organizations.

Specifically, NSF should'provide tol coverage of /energy RD&D,activities in

these organizations.

.

h. R&D-EpenditureS by State and Local \Governments (NSF 5 and 17.)

---

Periodically (eveTy 3-4 years) the National-Science Foundation has collected

information on the R&D activities of State Governments. Te laSt such survey

covered fiscal', years 1.972 and 1973. It was carried out Wit,-H-the cooperation of

the Bureau of the Census. The universe was the agencies of all 50 States, ex-

chiding state
,
universitits, colleges and their affiliated medical schools,

.
.

.

\hospitals, agricultural stations, and research centel"§.,/he agencies

weje ideni/ified from pr sous surveys and other sources. A list of agencies

for each state was assemb reviewee by -State budge offices ,(not all

such officers responded). Then questionnai were mailed to agenclies'in

alb states.. A response rate of about 98-percent i',.7as achieved after screening

for mergers, phase-Outs, etc. Some 519 agenciesgo 1,276 responding reported
' 4R&D expenditure.

Data collected included R&D expenditures by_funceion (health; natural

resources, .transportation and cor-Tarnications)-; field'of science (chemistry,,,

phYsics, etc.); and performer (state agency,. dnivetsities, etc.", source a.Q.

funds; and character of work (basic and applied research,.Ernlopment) and

on full -time equivalent counts of scIentistg, engineers, `and techniciaris

engaged in research and development work by field and by function. (See
. .

seCtioD-,B,'Opai.t lay xii-pf thi's chaptei.). Unfortunately, the functiohal d

did not include a separate Cate ry on energy acRvities (in 1972 this s

jectihad-not achieved enough xecbgnition to be listed).'

NSFalSo cendUcted two Surveys of R&D-in local governmedt agencies, one

covering fiscal years .1966 and 1967' and the other 1968 and 1969. 'The' latter

survey collected information by individual R&D projec on field o' -c'ience;

source offunds (Federal, State, local, etc.); expenditures for R&I, plan

manyearOrf,,R&D employment separaiely -for scientists, tech n' ans, and of

yd-rSonnel-; character oT JZ&D work ('basic and applied rsearch, development)
;

and amount Of R&D work performed by other organizations using local government

funds.

It
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NSF is currently planning surveys of both state and -local goverhmen

agencies to beconducted'by the Bureau of the Census and covering Fiscal Yea

71977.
A

Recommendation: That DOE make known to NSF needs for information for

energ- D&D-activities in the Fiscal Year 1977 surveys of programs in State

and local 67/erhMent agencies. These needs include clar ification of the de-

tailS of energy RD&D.

i. National Patterns of R&D ResourcesA Funds and Manpower (NSF 9.)

This is an annual compilation made by the NSF.of all data from the'Foun7

-datiOn series of Sqrveys of research and development activities. This is the

existing standard national source of data on this subject. Coverage Liming,

J.and rep sentativeness vary by sector (see above surveys). Each annual report
,contains information o trends. in R&D funding and manpower since data were

first ccIlilected-,by NSF (the latest report covers 1953 to 1977).

Though certain surveys are not conducted annually -- non-profit institutions

and State and local governments 7-NSF. provide's interpolated estimates based

on long-run trends. Each National Pattern report provides overall summary data

on expeilitures and manpower as well as selected details and breakdowns if)rovided

by individual sector surveys.

171

Inventory of Energy Research and Development (ORNL 1.)

Oak Ridge altIorial Laboratory (ORNL-Tennessee) has conducte tht'ee periOdic

surveys (an additional one is now underway covering 1976 through 1978) of current

energy-related R &D. These three surveys were Adertaken under spomsorshipicd

NSF and ERDA. The latest survey data, which cover three years (1971215), ek-

pands and updates the twoearlier inventories of 1972 and 1974. The subcamittee

on Energy RD&D of the House Committee on Science and Technology has spOnsored

these inventories and- published their results.

Respiondents to the survey are selected by the ORNL staff from listings
;

of.previous inventorylsurveys and industrial firms, trade associations, uni-

-verities, non-profit /
tnstitutions, and government agencies. These respon;

/

dents de requested to reply to questionnaire oh a project-by-project basis

on their energy-related R&D programs. The respondents are asked to prbvide

4
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information'describing the organiption, as well as data by project on the

numbers of scientists and engineers.inVolved '(technicians not inc

the research sponsor, the yearly'R&D expenditur y year, the proportion.
- -

of the R&D which i0 basic or applied research or development-, a.description

of the R&D project and the fields and types of energy concerned (coal, --nuclear,

electric power generation, and a good many detailed categories). (See section

B, part la of this chapter).

ORNL estimates that the inventory survey covered 80-85 percent of all

energy-'related R&D performed in the U.S. in 1973. The 1973 -75 survey reported

on about 6,500 projets totaling some $2.5 billion. However, though-Comparisons

with other.sources of data-were made by ORNL it is not known how complete or

representative the survey was. Instructions as to cut-off and the lack of an

.actual universe of possible respondents leaves coverage in doubt. The pro-

posed survey covering current years will Use a sampling approach which may even

'lessen.its representativeness. Further, it is not known to what extent "demon-

stration" activities will be covered. It is not clear also to whae°extent

various DOE.needs for information were,considered in the design of the in-

-ventory surveys.

Recoymendation: That DOE in future coordinate various needs within the

Department, as well as with other agencies collecting and ,analyzing for infor-
.

mation on energy RD&D programs. 'Inventory activities might well be coordinated

with the Directory of Establishments Conducting Energy R&D recommended in

section B 1, part a i of this chapter.

3. Summary and Evaluation of Current Information on R&D Spending

The National Science Foundation has established and maintains a coMpre-

'?, .hensivs, integrated series of surveys of funding of. Research and DevelopMent

activities. These surveys are carried out in the several major sectors of

. the national economy: Federal Covernmert, State governments, private indus-

trial concerns, universities and colleges, and miscellaneous independent non-

profit organizations. Federally-funded Research and.Developmerit Centers

.(FFRDC's) administered by various non-federal organizations are also covered.

Most R&D surveys are made on an annual or biennial basis: the Federal, industry,

1
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and'Aiversities 'sectors are. surveyed annually. Generally speaking, a core

set of, common definitions and questions are used across the sectors, with '

additional questions and detail and slight adjustments in definitions for

certain sectors. For example, a slightlyldifferent definition for,basic
., .

research is provided for th, industry sectior compared to t at, For universities.

-(See)ch pter II, section B). 1i

Though NSF has_a comprehensive,survey series on R&D funding, the program
,,

.'has several gaps, inconsistencies, and weaknesses. These problems affect
4 .,,

directly the-adequaty of an ongoing or improved system of data collection
---,-,-y ..

and analysis of energy RD&D activities. Among the problem areas releV'ant

to information'on national R&D total are the following:

a. Industrial Sector

Presently the definitions used for this annual survey exclude R&D in

psychology and the social sciences" Further, the definition also excludes

certain activities which may be related to the advanced development and demon-

stration' programs funded by DOE and other Government agencies.- Thus, at best

it is unclear whether certain activities (mainly deMon'Stration) are, being

eluded under "developm6t" in the industry survey.,,Fuitherrtrote, it may b

that some of these activities are being excluded coillOp.etely.

S. State and Local-Governments

A
Though NSF has surveys in planning for Fiscal ear 1977 of both:. State and

local R&D, activities, a conAiderable lapse in time has-occurred since previous

surveys in these areas 1968-69 for local governments and 1973 for State.

It is hoped that in the, future NSF will be able to. conduct other surveys in

in-

these areas without such long-time gaps.

FUrthermore, it is most important that a measure of energy RD&D activities

be maje.for these two segments of the economy.

C. Independent NOn-Profit Institutions

These organizations also have 'hot been,,surveyed since 1973. Here again,

"though the entire, segment constitutes a relatively small proportion of all R&D,

several types of organization have significant programs. A decrease in the
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'length of time between surl)eys is indicated. More importantly no measure of

energy RD&D this sector has been made..

d. Federal Government Sector

Information or the functional categories of Federal

(energy, space, defense, etc.) is not provided directly by

ligations. for R&D,

the agencie . Rather,

these data are derived by NSF staff from detailed budgets sn ti

With NSF'staff. No specific criteria are published to delineate the sta Choice

Of major functions and subfunctions (particularly fringe area bet categories).

Over the years different staff estimates could' be obtained based on subjective
./.

decisions as to program content.( ,,

*,

It would also appear that the 'definitions fused for development and R&D. plant

could lead to some confusijil -- partiAllar with respect
. o funding of large-scale.

,.-dem nstration plants. ,A specific description of demonstration funding'is lacking.
T Presently research and development in inforaStiorr sciences; documentation;

and information systems, techniques, and practices are included under scientific

and technical information rather than under R&D inigeneralq At,the present
...,

time R&D in social science fields includes research in law and education.

e. University Sector e .

f\,

The. primary weakness of.this,sou'rce is the 'lack of a.measureiof energflth&D

activities. T willwill admiteedly be.Ja difficult,task to Temedy. Generally,

academic research and development is ca"tegoriz d in terms of disciplines, subject

matter areas, or departments and other. units Furthermore, most (70 percent)

of it IS classified as basic research
4

f. Energy-related RD&D

As indicated abbve, information on epee y RD&D activities is presently
s' I

collected only in the industry and Federal Gov9..rnment 'sector by the National

Science Foundation. The energy R&D Project Inventory undert.Aen by Oak Ridge

National Laboratory (ORNL) does cover such worLin the university 'and non- profit,

areas; howeyer, - is not the same type of data c011eCtion as is, made by the.

NSF. One ma -or weakness of the ORNL survey 1,1 that it is, not based on a knowTt-
oe'

universe listing or sample in the sectors and it isnot tied into all non-

energy R&D or to.national als.
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One significant area in need of clarifiFation and improvement is the

specific delineation of RD&D.in energy areas. -The present definitions of the

phases ,of R&D leave unclear the specification or inclusion of the demonstration

programs-which generaffy involVe larger expenditures than other parts of R&D

efforts. Such projeCts are of considerable interest to DOE in tracking the

application of R&D fundi4gs to commercial use being funded primarily by DOE.

The probleM of definitions for"demonstrations holds'true across all sector

surveys, but it isparticularly applicable in the industrial gector. Another
. .

subject area o concern is tte conduct of.research in basic science areas or
N

basic resear pe'r te. It i<often not clea.)$as to tthe inclusion or exclusion

f'selected areas under energy RD&D. For example, would appear that ERDA

did not claqsify certain of its programs as energy RD&D. These include high

energy physics, naval reactor development, space nuclear systems, ope)ational

safety, weapons, and nuclear explosives R6,10' Nor, were all classified as R&D

(e.g., U-235 production).

Another .disparity in preSent reporting of energlRD&D is that detail -,of

data collected by energyksource is not'quite Olesame in the industry and A

. 1 .

Federal surveys. Also:no survey (except for internal DOE reporting "and, to

some extent,.t.oahe ORNL Inventory) provides information by type of energy
A ."

technology qr by -the varieties of. programs included under the broad categories .

of fossil, solar, nuclear, etc. Admittedly, every detailed'category cannot

be used for data coilec'tion, but there is a substantial difference in resource

and manpower allocations by the various categories which would ?be buried Under a

broad category such as coal, oil, or solar.

Finally,it would appear that there. is need-for clarifiOation o tn

differences in listing of FFRDC's for DOE and DOE's list of GOCQ's.

)
4. Further/ Initiatives for Improvement and Development of Data Sources on

(

R&D Fundin
,4111t

,

/As indicated ve, the series of studiesoand.sury untiertaken byPthe . . 0
.

..

National Science Foundation-has several gapsand weak, esses..which
gy

should be
! .

corrected,orimproved,sas indicated nde.each source described. i

These changes.should:be, made so that a more speific.pro.gram f in

r
ormationi-' '

so nenergy RD&D funding. and manpower caa be esralhlished against an improved baSe
a /

} .

of national data, orb all 'R &D funding and manpower..

e. ;
19 ...
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. . T--...

.,it is-important here to establish again the rationale -for obtaining and

Making available information on R&D funding. Basically,'data on energy RD&D

,,3i spending and obligations,are're4uired in a manpower information system for two
,,

primary reasons: fixst, it is a.specifit.resource or measure, complementary

to direenpower data, which pOlicyL and,aecrsion-makers nse to plan, allocate,

and carry efutmspecific R&D activities, that is, the size and shape of R&D pro-
e

are basically described in this fashion; and second, ratio;OT R&D dollars

spent to employed manpoweroan be used to estimate or derive manpower data from
$gexpenditure data, both past.and future. furthermore, such measures of energy

R&D -- funding and manpower -- establish.) its magnitude against the backdrop of

total spending for all types of R&D, tdtal government spending for all activities,
0

the total Federal government spe 'ding for all'R&D, as well as against total man-

power measures,

Whatever-corrections or idt provements, are to Se made in-data collections-
.,

on RD&D, it iS\recommended that they be made as much as possible in the es-.

-,tablished colleetlons --: particularly those,of tipe National Science Foundation.

In other words, it is recommended that competing systems or.data colleCtiOns
anot be established. Therefore b0E-will have to use any, means:at its disposal --

financial suppogi -Or.. missionary efforts -- directed at NSF and /or' data users; '7,

preSsures creatleclby the Office of Management and46-dget or other Executive

Offices; or other devices and.improve the collections ,

made by others Of course there 'will .be some needs no",t-applicable to !'es-
.

tablished" collections.' There wiLll also'be cases where persuasion will not

.'work. Thus, Delp-wil4 have to meet theseneeds with other means at their dis

posal including their own survey efforts. One example is the set of surveys

pro sed for coverage of intra*ral and LOCO, activities of the department. -g

Rvie
.

dicated abolie. Following are -recommended' newdata co f4tions .o:t policies.

* ' ' _

Data 'on DOE RDp Activthies
i\

ns, am'endments,. and adaptations of:,existing data sclurces, have been in--

The mostr important action Indicated for DOE in the area, of R&D funding,
. i

.

Al:
supportedis to initiate col n oltiOf data on als DOE-conducted or upported activitieS.

,$)
.

.
.

_ ,

Necessary to theapstablishMent of sound data oulsaces in theoremiader of the
A 1

ecChomy is 'tlit'!.plear,indication that the specific impact of the DOE prograMs
s, 1

'
.

: ..- ? ,

.

.

is being-measured..
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As indicated previodsly several basic conditions prescribe such an effort.

Evellbefore the organization .of the D: en t of Energy, ERDA funds supportedN:1)
9

projects that were not energy-related (space nuclei r, high-energy physics, etc.)
,

and/Or were not R&D (U-235 production, weapons materials, etc.). Further, the
s

addition of activities of the Eederal Energy Administration, Federal Power Com7

mission, and other agencies have added programs which, while related, githelit

are not energy activities or are not R&D.

It is plain that energy progrems'and the related RD&D activities will ,be

carried out within a framework that may include other related gctivi,ties
I

I

serve broader5purposes.', The needs for information for all of these progra s

Will in most cases be similar and the means for generating the information
_ ----

organizationally'integrated. It seems pent to anticipate'the broader infor-

maticia,needs by%planniAlg at the start fora comprehensive system.

411P

..

Therefore,jit is.- recommended that without delay DOE prOced..TO establish...,

a System
I
which would furnish at regular intervals (e.g. 'annually). specific

fiscal inforMation on all DOE-related activities. This would be the basic

data source on RD&D and related programs to(which other established surveys

of research and development -- energy-related and other -1- coLld be Soined.-0

The data syst,eM for .DOE itself should cover the following segments: 'all DOE

'intramural 'programs in headquarters, field offices, Energy Research Centers

and the like; all programs conducted by Government-Own8, 'Cohtractor-Operated

facilities (WCO's) including National and other laboratories, test sites; 1

field stations and similar Units; and all DOE contradt a,,nd grants projects,
,. ,.

cc:Inducted by industrial
-

fi.rms, universities aiqd colleges, ndti-profit organi-*

s, other Federal agencies and state and local agencies.
. lik"

,ThreJ basic types of data elements are suggested for, inclusioritin the DOE
.; .a

data system -- RD&D and other funding, manpower, and training data. -A starting

point for the deLineation of pr6gramHcategories is the,esAtablished "Budget., A

c, . .

and Reporting-Classif' ations" promulgated by
(
the-Office of the Comptroller

f

.

.

of DOE (see Appendlx This taxonomy TroVides for detailed categorizaion
.

.

. -.,

1)yseveral,approac, hes including energ source (fossil, solar, hdciear.), energy

stage (exploration,,production, 'and RD&D),- and by technology .(col gasification,
'..

za
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solar heating and cooling). At present the system does not allow for a cross-

classification:of these approachestt,, but more importantly the systeM doeSnot

provide for classification of all programs as RD&D'vr. not, much by whether

'they are ,either research, development or demonstration. Thus, a s parate cross
-

classification system needs to be set forth so tAat DOE programs can be separated

into energy-related, energy RD&D, or all other:r

Various data elements concerning Manpower engaged in RD&D program:s and

persons beingpsupported under academic and related grants and contracts

`(graduate assistants, fellows, trainees,.etc.) invglving training have been
f

described in other parts of this chapter' or in terms:of the taxonomies included

in Chapter IL or Appendix'k. -,The following types ofdata elements fbr funding'

would be required: character of work.Oasic research, applied research; develop -.

ment, demonstration; and R&D,,piant and other); and program category (the various

delineations of energy-telated areas, other DOEprograms such as weapOns R&D or
.

production). (Employment by Occupationwouldbe collected also, as rec mended

earlier in this chapter in the section on employment..)

This system concerning DOE projects (conducted or supported) is not a single
.

survey or data Collection.. The master survey system should have,at )(east the

three sparWme6tiOned'above DOE_intramural, GOCO's and related, and
./
DOE grant

andlcontraot. A64 obviously,,, more detail should be .requested on the 'first' two
,*4

segments' including data needed for urposes other than manpower assessmefit
(generqd-contract reporting,EEO, etc.)

Much of the data needed for the:Manpower inforMation system is the same or

close to the data needed for the normal financial and operating review by Dag,
, .

,of its own employees` work and the work 6,In i,ts 'contracts. It- is'rpossible,
.

' therefore, that the information couithbe4collected as part'of,tbenormal Ye-.
1,.

.

.

.

. . .porting system. or cofitractors, thus eliminating duplication of reporyng..
0 ,

But cleat and workable arrangements would haV e to be made for assuring that,
,..

,

,...1.- the manpower, information system has ready access.torthe data it:nereey.... .-

Further., 'Since the NSF Surveys of R&D funding in the various sectors.will

conrcinue, it will be necessary to coorUinate the DOE master surveys with these

NSF data colleqions, for example,intl'industrjyaneeeduentibn sectors,
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4

Finally, as indicated in Chapter II, it will be necessaxy to coordinate

the data collections so as achieve comparability and consisteQcy among the

general meas res of manpower', training, and -funding.

b. Surveys. f..RD&D on Energir, Not Supported by DOE

A secOnd-recommendatlon for action indicated in the various sources

aboVe in.this section,is.to provide for the collection-of data on Rb&D fundyg,

in.,the non-Federal sectors Rtehp,economy that is not. supported by DOE. At

present, except for the,Inven4Rrp.,46f Energy RD&D iDrojectsimade'Efy.OakRidge

National Laboratory (ORNL U; measurements are taken only for the Federal
4

and industry sectors.,

is recommended that some information on energy R&D'experidVu s °

\be collected in all'majorseltor. It would appear that matc.ing such aaddition

to the surveys of independnt non-profit organizationS.aAt state government
e.L

would not be difficult. The need for more freqUent surveys in thest,sectors

was indicat d above 4 sections 2g and 2,i. However, it is recognized
.

' that data ccollection on energy RaP,activities in'a universities and colleges.

survey would -be more ipficult. Generally, acgdpic research and development-
. .

is,Categ6rized in terms of disciplines, subject-areas,vdepartmentS, or other

_organizationalnits-.7:_. A study Should beunqettaken.(in cooperation with NSF)

to-identif.3i406iemaVgasxconnted"Wilb such data -conectiQp and to provide
Iry recommecclapion4_foir,s.elut.ipn. Most of the . R&D (90%) performed by

.

universities and cc,o,n-gdyis supported by other-khan institutional furids;

two-thirds'is supported by Federal funds alone. It,is fair,to say that each

ividual sponsar'of R &D: projects could infofm the performer As to the ap-, 0,

,
.proximate function under- whfclh. to.report them such as energy`, environment,

or defense.-- even if the primary agency mission doesn't make this clear,4

ecific m&ans'by-which universities and colleges. Would.

proVide data on en'eri &D cannot be spelled out at this time: Since several

Of the National laboratories. supported by DOE are operated by universities

or consortiarof,them (and insome cases tegraked.with them)', DOEwill have

to decide on, the bestmeas.ofdOvering dnerg}, RD&D in these units -- in-
. ,

chision in the general'survey of. GOCO's or in-the,NSF,survey'of universit*s,.

or otherwise.:
1
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A second major area of improvement is to attempt to provide.a

greate'degree'of detail on energy R&D spending either by'oatagorieS of.

technologies or by.further detail'under separate sties (fossil, solar,

nuclear, etc.). At the present time this informatiOn can be provided on

DOE funding.. It is lkkely that similar reporting could be provided by other

Federal agencies. In the major performing sectors,' indus4ry An&Q*41;cational

institutions, this may be more difilicult. However, a greater level of detail

on spending is required in order to gain insight into the types'Of manpower

utilized in'energy RD&D program's. For example,"under coal R&D,- significant

programs *ist for liquefaction (high U, low BTU, and *in-situ),
`

advanced &I/'.
..._

power sy'stems (open and ehett.1 cycle as turbines),,direct combustion, advanced,
..

.

..

research and supporting technology, /and magnetohydrodynamics. Significant'

differences in types and numbersoof scientists; and engineers are involved in .

these sub- programs.. o
di'

For the data collections Of,RD&D:noe supported by ]SAE, it is very important

that definitions of research and development and related activities be,changed

and improved so as to delineate and clarify. the,pbises of R&D.efforts,'

a decision has to be made-as to the specifics of demonstration activities
,

are they to be included in R&D and if so, on what basis. Second, itis evident,

thect,he process of R&D has been stretched in time a d concept; so that the.
. .

lines partitularly bOtween applied research and- develop nt and between4ev,elop-

ment and the,further steps toward production h ve become h y_and unclear. it

ILis possible'th-at several stages of development re required. similar to those now

being uivi.by DOE, f.e., technblogievelopment, engineering development; and

demonstration. Third, it would appevthat theprovision of,I.specific examples
..0:..._

of types of work carried On,under each phase of R&D would help respondhts.
. 4_

The Sbove recommendations apply to both total R&D andto en gy'RD&D,
'

F.

?, I
, 7 ,
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CAAPTER V

N

APPLICATION AND IITILIZATTO&*OF THE ELEMENTS'a'
THE COMPREJUNSIVE ENERGY.MANPOWER.I FORMATION, SYSTEM

FOR mANlywEiz ASSEK'S ZNT.

10, .,
ot ,

,' .,,,
.,,

,

The assessments needed biTDOE on .energy RD&Dmanpolq.erinclue both

fj

,
. .. ,

. . .
appraisal of the prese.nt7:sitUation and identification of prospective pan-,

t.,,,

power problems, This chapter will 'discus's the utilimOtion Of'the elements,
"Irk .,

of the system described in Chapter LV for both these,purposes:

. . ,
A. REVORTING. ON THE PRESENT SITUATION

1: Some QUeStions.DOE Needs Answers To --

In. the first chapter, we cited illustrative.questiong that,d system

user would'be likely to ask and the kinds of information that would ..be
/ . .. ,t

!needetLto,Answer them. ;Let us briefly recapitulate the quettidris relating
'. 4,

, .

to.the current employment situation as a basis for d.esLgibing how spOoif# A.

components of-the information system can be applied to resolving them0" -0, /
,'

a. What -is -the volume of -STP-manpower now:engaged in energy RD&W , Hoy are they'
-4deployed'betwev,energy technologies? Stages ofR.D&D? Occupation's?..:In-'

...dustries? To that e)ttent aria according to wha. patter Is/jaanytyer4draWn
. .

o.

from otha*,occU ions?

r:
b... Are any, energy RD &D pt9grams now. being hampeved by personnel' manpower

, prOblems?..)-What are the, nature and causes of these-problems, and w .a,t policy:
- ,. r:.

steps might be -;:.aken to. darwkth them? . . .--
. .

\ - C

.- , )

c. In,, order to acIlieve the. fullest, and fairest utilization of npower
.'resources, are pakiCtes On equal. employment being carried out in the staffing,. :

;--

of DOE-supolled RD&D programs ?.. ,e"
,, (

4,

=.IPPDrder to ansye-r-Oese questi3Onsa.a:variety of .basic data sources ve.,,

J,,-. 1 ''''. '

.

"to be eViewed to establisilithe character and dimensions of currently
°a , .

abanpowerupply, and still other data sources .have to be

learn Wliether problpms exist and.what they ute.,_The first step, estimating.
.

,

c. i ..,.7. :,

f

exAmin
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.''
the njmberg/and .characerStics of-Manpoweg engaged Illoi Available fOr energy

.

1,activities, should' titute d regular procedure with d'peribdic grodiict once
..th' information' sy s pm has.been established.- The identiLhication'of proboleMs

iAv.olveS'adatawatth on sensitiye indicators;),t$ith folloWps toconfirM.the
:-6

:s'ig/Aals.glyeh by, ..these indicators and 1o' learn more about the'hatyrabf the
--!..., -. ,-

;,;Iproblems,and potential, remeHes foritheM. -Tlie IbliOlwing seCtion,sdesCribe,the
- : .

in-wl-Pich data 650posignts.c'an be used-)for these pnrpo. -c;'r-

A.

Numbers and CharaateriStics of the 1,111powerupply.For ,Energy
4 . . .

,

1,d'CSTP Engaged in:Energy RD&D :
--

.

The annual- sUrVeA iir5comMended,iChagtr IV will provide the basis for :,-i-
,..,&, 0- , ', 1

estimating the numbers gf.ScilltiO.c and technicdl'employees ctrrently)engaged
.-f,:-, ; .., ,

.

- ' . .).
-..,.!iii.- &D by.'.typebf energy by:the folloWilig stA)s: ;-' ', -'"

. .

0' '
,

,,:.-i.- The, first segmeptwill..consist of those employed directly by DOE , -

.. 7, '
.

in its'conAtituent agencies and intrArural laboraories an? 1..A tfi GOCO's, data
4. . it4tA's

far Whiori will_ be'Collegteat least/annuallyin a manger' coordinated with':
4, 3 ft , /

',i ,respect to occupation and t}ipe---of technology,specificationS. This segment
,-,

wilIprovidecomprete corage Of the STa employment ii-ithosest4liipmentS
,

,
,

.
. . .

.t, oatith-which-1 DOE" is chiefly cOnterna ' Sincp the sliecifidations-call for all
- 0 # 1 - .

:STgiseMplOYMent Al the signaled occupations, thlpse engaged in other than
i,,, ,, -0- r Z-J , ) , )

RD&I;/., and'other than e rgywill also be identi.fied. t:),.

. " -4 ° -, Y

i1: TI±: e]_odA,t.,d,:otherFpdei.,4]eiIRD&D'wMbe
..-' ' , ;' "-

collected on t.eportafroMFederal'agencies, -.contractors, and:grqnteks;ihvolved.
--....;

Separate reporting .afrahgeMenta,should soiicItcooperd,tion frciiii thepOn7DOE

ede ral° agencies afee°pted, such as DOD, NSF ,AgricAlture, etc.'Ah annual
'

' :tp!

urVeyof Federal Goyernmentpntractots
). .

and grantees engaed in energy RD&D a'.---
---.._

1.1..VOdUce information on teei STP ploy0ad
.4

'Occupat idhs by-. type energ

with :the DOE regorting, abaVe;-

supported by Fede=ral -funds along with the amount of-Uhds OXPendedwitl be

. .

on Goverpment;-,fund d.pro.iects.'

*IOng he elements. reported,, .Together

es 'of evIployMent in energy RD&D



iii. Other Segments -to compl employment estimates' arc the worker

.,engaged in energy Rii&D forded,entire, r1 non federal sources, especially in
0

private. industry, universities; non-prefiOinstitutions, ,State and local govern-
.

ments, etc.. RecOUrse-to the Directory of establishments engaged

provide a samp_le f(rt5 whici

technology can'be derived.

employment by occupation and

As the system is conceived, the three part system discussed

permit estimates Of energy RD&D employment by type of energy'and

with Federal and other RD&D funds Separately identil:ied.

b. Other STP Engaged in Energy Activieie.v,4,ix.

,
.

In, additiOn t9 ;FP manpower engaged in' energy RD&D,

of the manpbwer,supply inn similar occupations' engaged_ in

These latter include production, testing,-teaching,

in RD&D will

type of energy

above will -

occupations

f-

DOE must be (ozant

other energy lctivities.

,many of which require

.expertise clbOefy,relied to'RD&D. A certairi amount of job transfer between
\4

these activities occurs continuously; assessment of RD&D manpower is4ncomplete

without colideration of'possible augmentation or subtraction through these

related act /

The-periOdierepOrtng of the DOE Units and GOCO's noted above Calls for
a. / ....

,-,

all STP engaged rin whorteer activities so that the energy non-RD&P employment

will be available for' this seiMent. TheNational Sample of Scientists and

Engineers (NSF 15)', when fully operat\ionl with the expansion anc modLication
.,'

pcoposed in Chapter_ IV, win:provide national.estimateS of STP engaged in
411 .

energy activits by cat-egoy,les on a.biennial basis. By subtraction of the

everenergy RD&D effiplOyment, a net enec

occupations T ns.

loyment estimate for non RD&D

c. STP Manpower' iii' Other A/tivities

, ,

Althbugh the,principalinterest of tTre DOE is expected to be in sTr
,. .

employment' in energy:activities as noted,- sortie attention Should also be
.t

given to the manpower'suppV in-these-occupalgons.not engaged inenergy.
"Ir

A.
-

.
part Of this supply. may become availahlefor.'energy activities. under

certain conditions;' for example,aAreseach physiciSt undertaking

men6aIreearch in magnetism, br a- ceramics engilleerattracted-to

'mai fluids corrosion problems.

1 "/
V -

funda-

geother-

t



While the National Sample of Sdientists and Engineers'(NSP,15), when

developed as proposed, will proyide iennii, manpower abpp4 data for. the

principal 'STP occupations, other data sources are more immediately available.

The BLS\Qccupational Employment Survey (BLS 2) is the principal source of
L.

occiipatiOnal manpower estimatesrmade periodicalry 1)7 that agency. The decennial

Census of'popmlation and the forthcomidg quinquennial census beginning with

1985 should be kept in mind. Interim NSF estimates are useful for this purpose

as are the manpower data of such professional societies as dos Engineering

Manpower Commis'sion, the American Chemical Society, the American Institute

o Physids, and thers for selected,Occupaions. Several of these sources

.;provide estimates'' of unemployed STP as welt as the employed. /

d. Non -STP occupations

The Comprehensive energy manpower information sYstem has largely been

defined in.terms of the professional STP occupations which are likely to

cause staffing. problems since they do not,respond as quickly to changing

labor, market facto'mas do workers in occupations requiring shore training

periods. However, certain of the crafts, such as machinists, construction

crafts, or pdttern makers, and semi-skilled occupations,are examples of

oecUpations.which m9y e'ome important. concerns to DOE.

:-1,1anpower supply- ata forsuch.occupltions are. less numerous and frequent.

The decennial dens0,A)reVi_des benchmark data, and periodic estimates by the'
1

BLS based upon employment surveys are.available. The BureaU of Apprentice7.

' shipiand.Traiding in the Labor Department provides completion and enroIlmenl.

data for apprenticeable occupations meetingFetleral program standards, (ETA 4)-
.

,The adddtiOnrof such OccupationsAlkien critical, to the DOE and GOCO periodic
''. -14A;2,. L . ., .

reporting'eystem will provide a useflil new,element for assessing the Manpower
.4,

sup,P1,y;

3% AssessindProtddms in ,Staffing EnergT.RD&D Rrograms

The potential,for manpower:pro6lems cannot be overlookedin the massive

array of RD&D programs that DOE now has central responSibility for pinning,,

'initiating and:Supporting.
-

programsare varied, complex, large-scale,

:and Often ca'refully seqUenced:it stages of'differing
-



programs alt often change

tives develaped to exploit,

natto,nal needs-

as unpromising_leads are dropped and new initia-

openings made by other research or to meet changing

These programs require large numbers of highly specialized' personnel,

whoSe availability and qualifications are critical to the success of th'e

programs' objectives. The number and kind of the perSohnel required age

'so qsubject,to change according to changing 'program. emphases.

DOE therefore has to be alert.to the signs that bay heralAmanpower.

problems*that will hamper the conduct of RD&O progra , efther delaying their

optcon!es or frustrating their looked-for'success. Tdblearn of these incipient

.Rroblems, the relevant current, indicators in the information system have ,to

be regularly'.watched'a'nd analyzed. To be of use, the analyses should be reg-
,

'

ulmt rly transmitted ini:,,comprelionsihle form to officials concerned with RD&D

program planninrwthrough channels Of"coMmunication established tor this purpose,

The data watch on potential problem indicators should include-the f011owing

are4s:
;...

a. Turnover and/EillioyMent Changes

'Do rising.turnover
i

rates signal problems in some programs dr,facilities

as compared with others? ,Are the causes reflected Lndother indicators, such.,
het

as expanding employment in other activities or industries ?. Or'So they refleCt 7

management 'or personnel problems for which other documentation'should 1)e

sought?

The primary data source on turnover is Contrctor Employment and Turnaer
.

(ERDA 2) which covers Che approxithately 60 GOCO facilities. Total separation

and,acdessions are given,. plus detail on quits and layoffs, with breikOuts on
,

all items for women and 4inorities. Inasmucf; as quits and laof
.

y rewnd
inversely .ip eRh other, according to chapges-in the labor market, it

important to'identify which of-thee components accounts for Ehe,turnover

changes. (Quits, as'nbted,before, increase in a tight labor_markee, decrease

in a loose one,) Analysis_of the data should consider:
J.1";

- Changes in trend over Eime;,,,
- --:. .

:., .:,. 2) . -Di niaritie8 between diffeient"facilities or occupations at a
.

. 01Vk''''' en me;. anti and
.

, . .

. , ,,,:.,3). Sharp'divergencies between internal'DOE and,other,indicatOrs4" (e.g.V
-BLS 3) allowing for differences in coverage ot' these:indicators.-
" 1. ,..,

.

1

4



While useful analysiscan be-made of Contractor Employment and Turnover

data even-with the present gross classdfications of occupations, more meaning-

ful analySiS lepends dh:the adoption of_recommendatiotns made in the previous
, .

.$4,

chapter fora substantial' expahsion of the Occupational.-detail reported in

that survey.
,-

-,

_ ..
againstThe Only other o of turnovermajor "outside" indicatr f tver aait which DOE

,

experienee can be compared -iS the BLS measure oft'LallorTurnb\rer ilimanufacturing
,

- ......,

and-Mining (BLS.3). BecausethetBLS measure Contains only industry,dentifications

..and no-occupational identifications .whatever,. arisons of the analbgous uni-

verses can only be crude, the best approximation being that of-energy-061ated
1; .,.:.ihdust-r-ies idenO_fied by:SXC in the BLS measurt., The composition of ,C,O00

and'BLS.employment coverage differs significantly; because a substantial proportion

(about 40percerit).of all COCO employment .consists of scientists and engineers, 'and
%4

the facts *y employment covered by BLS has o6:1Y a smoal proportion'of such oc-

cupations.%z 7NOtIkthstanding this 1attcin, the use of the,BLS:measure to
.-

establish a -"ba'cli:ground count" --.'aA estimate of tightness or looseness:TE--_,

the overal1 employment universe in energy -inaustis can yield important -1

Clues as, the causes ofturnovef changes in various energy sectors in which
.

DOE is terested.

, Reference to employment .indicators described in Chapter 4 can supplement
e

the turnover data'rn documenting alternative employmelt detAands'(indicatedby
n47, 12

Y 4.4 ; .

-- expanding orZoptractingemployment) in related ihdustr;es,orvoccupations.
4

.b: Salary Ratts 4 r7 0

:

, Ace disparities appearing in' occupational salary r,teSipat..hamper hiring
.

or retaining needed specialists?

. Do the salary ratesfOr all sCientiStST.and,engind. serdaged,,ii.n R &D or in

certain categories of facilities .(as. indicated by .Battpiies National .SurVey Qf,.
-±v

_CPmpengOtion 7- BATL 1). shoWSignifiOantly different trends-from tO6se in .all
GOCOestablishments or selected laboratories? Can the background trends..in.,

salaries .beconfirmed in the other_data sources descfibed in Chapter 4? (What'
. . ,

does the BLS-PATC survey (BLS 1) show for chemists and engineers,. for- ekampTe?), .

*Professional 'and technical workers
ance.slightly more in manuflactUring.

account for,aboUt 15 perent°o



Are offering salaries in the Endicott (NWU 1) or ,College

(CPC 1), or professionhl society reports-departing from entry

equivalent jobs in Government establishments? Ar job, offers

Plac6ent

rates for

in these,

"outside indicators- increasing rapidly or showing signs of remaining unfilled?"

Is there evidence of a significant expansion' on contraction in the over

be 'taken into account in

YOmotfon and pierequisites?

c. Want Ads

allfdemand for, scientiAs and engineers that sho
,, t

DOE-guided, personnel polfcied on recruitment,

e Deutsch,. Shea and Evans !!Engineerlgelentls
a ;

a-confirming indicatoi- of the leVe4.of retrui

the volume.of want ads. Prof ion .society

mand Index11 (DSE 1) provides

ent ac vity as evidenced by
ec

ournals earry,noticesof

opehings and applications 'and often summarize he'state of their job markets.

At least one organization"-2 The Scientific Manpower Commission -- reports

',monthly on supply and demand deVelopments in all S&E manpower
1

d. illed 07enj_ngs

To the evidenee of unfillOwgnings shown i

System Of'DOE, some further, evidence on shortages

public employment office, reports on the volume and nature of

or job orders. The U.S. Employment Service's files of unfilled openings

%.

the internal reportlpilg-7:-

in manpower can"te foUnd:in -

unfilled openings

or
,.job orders show the occupations .in demand In, employers, salaries offer,941, and,,

, .
. . .. .

.

the areas where,the;loA.S...need:`t'O'be-filled. (These are .shown in USES "Job--
.

'4-le-and "06-t-uV,t±ons. in,DtaMWe'feportsikET25. 3 )

like many indicators 601thlopedperationnf needs that,,,do not always

coincide withthe:.4pnlint'redt-in-the"state.of the job-market, th -
, . . ,

. -.aviAil41bIe'indleatorisbr not.always'conclusive and need confirmation by other

indicatore,-*but'by analysis of the relevant components in a system of infor-
..,,,

.

z.
.

.

ma\tdon. the market tendencies can beer de clear.

.41

.*TheScientifi'Manpower Commission4is,a partjOpating'bsghnization,of*.the'
Ametican Association for:'the Advancement of SCiene:Elf,,,,While generally not an

,
orLginal source of data-,7xit,rtollates and publjshes. pendiumsbf.:Ata on S&E :..

reports
, e

manpOwer (see SMC 1) and' -dt supply* 4 \".eloilMents.Stuqwn-1,n.other"i;:4-'-
.

1. ..,'Ilataksources in- its' monhly publtcatiOn, SeY:: f';C'Engineering.T,echnie744.-., -- .

Manpower Comments..
- : :

'., <2

: 1. t ' . ,S

c-"'"
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e. Other Labor Market Indications of Difficulties in Hiring or Finding Jobs

An example of confirming evidence on difficulties in hiring is given

by the Endicott (or Northwestern University) Survey rekort (NWT' 1), This gives

the number of jobs and the average sal.Sbies offere

d
by employers to college

__. . _ ____

and university graduates in typical graduate entry jobs. The survey also

shows the actual hires made and the actualsalaries paid compared tothe
.

...

offers madethe preVious year This comPhritron of employer expctations
. ,

. ,
e...., .

......

and their actual experiende reflects to a fair degree the state of actual

!Yob market responses to employers!' assessments of what those responses will be'.

Addltional confirming evidence should be sought in other indicators. The

College Placement Council's reports'parallel those of Endicott=vto some extent

in what they seek to show about employment offers to new entrants, ang they

should be xamined to judge the state of the job market. This involves com-

parison of'CPC's Annual Survey ".of Job Offers to College Graduates (cPC 1) with
-.,

those of previous years and similar examination 9f their,ReFruiting Aqivity
s

'RePoit's (CPC /) to testLemployers' actualbires against their previous plans to
,...

hire: The Engineering 4anpower Commission of the Engineers' Joint Council pub-
.

, .- '. -., .

.lishes additional' theijob.market in its Survey of Placement of .

. , .

.-Engineering Graduates (EMC ,2) These reports reveal gradations in the employ-

ment status of enqrteer.ingt1 duates which reflect to a fair degree the strength
T;*-4

J, of employer demand\antt the comparative success of graduates in getting hired.
.

The re lative ppsition of.STP supply in relation to demand is also indicated in
AD

the Applican t File of t1-4 kyliaent Service (ETA 1) which shows, by o'tcupation,

,the volume of job seekers xployment ervice offices. SOme-oCthe se appli-

cants will be unemplOyed, .`'+,s will be employed individuals seeking better

joTs. EVenthough USES has been niY a'minorintermediary in the STP job

market, change's in, the. small proportion of j,.ob seekers using the.US:Eq_can be

indicative of changes' in balgn4 cif supply and demand by re;;'ealing

unusual) difficulties eithet irChitingor,gett
Againas in many oehe'r indicators, the exp

.. ..
eports are not always relevant to the situatidr ific occupation, -but.. .o.

they signal an'afert. tO:infljences which may ails° ectthe specific occupa-,
.

hired.

jences'reilected in theseq.

tins aiid point to a need for systematic 4ploration
' , .' :.; ''''. ' !

, Ji ,-cators.
Is' 41 b'

17 I 's .- .

'The, "Manpower Intelligence Networkil,' opOsed ins,ChaptecIV 'Would-add.., .,

%I
....., ..*-q. .,

..- oration that is current,-flexible, and focused on RIAID manpower,:
. ,

k \

of all other relevant indi7

,
J

8



f. ,, .ternal Management Actions to Relieve Shortages

What recruiting or other policies need to.be changed to respond to the

condit,,i.onS.,shown by the data? Sometimes both the existence3ndektent Of

forces affecting the employment situation and the measures useditp countertt

them ara revealed in the statistical' aggregates ot° the.ad hoc actions taken

by individual employers to meet the specific conditions they face. Where

hiring is difficult, employers may resort.to increased overtime that,' en

the situation is extensive, will show up 1s rises in the averages of paid
4

overtimelot3rs worked in individual. industries published by BLS-in their

monthly series on EmPloyment, Hours and Earnings (BLS 5). While these data
- .

apply to all workers, not just scientific, technical and professional worker

they are nevertheless useful as background indicators in the absence of data
. .

specifically i4entifying the precise occupational group's involved.

Some Other responses by employers are notitasiay or ordinarilY sured,

but canibe elicited by special surveys when. he need. for this information

,botomes important for policy decisions. Hugh Folk and his assoCiatesdesigned

a Survey to collect such information, and this experience could be used,by

.DOE in special ad HOc surreys of employers in. ele,rgy RD&D if at any time it

'appears that problems have arisen.*
.4 . V

4 fig Employer,actiong can involve red4ctisa in hiring qualifications, redesign,

. ofjobs,*subcontracting4 'work, eancellirig of production or. refusals to .'.,:

accept new work. In addition to-eStablishing the 'nature of the employment,
',- *

situation,- the information collected can'also point, to the prevailineremedids-
,

being used by employers tocope with the situation; sometimes these,remedies
, 4

also reflect employers', expettatons that the ptoblems are only shbirmx
. ,__ ..

Where serious manpow'r shortage problemg ate suggested by other indicators,
. .

,such special surveys may be'worthyhile-and%athering the ihformatt0h-ftrayLbe--'
%,.;:.

, .. --
'.. , ,;-\

come feasible if a Vehicle such As the -recommended-Diracpry i'S estNished
,

. .

a. a survey sample 'ftame, -ir, alternatively; the Ilanpower,Intelligence Network
--

..'..could be used th,get informatiO'n quickly.

4

, -

. tiE.:plpp. 253 ff.

4t,
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Sometimes, the data °urges may reveal conditions not of short9ge but of

over-supply. Where the ture and dimensions of the situation can be determined

by analysis of all of th releVant data, policy actions maybe called for in

areas of training support or in other areas where programs operate ass induce-
..

ments to enter or remain in the prpfession. Of course this would be a sensitive

and complex. subject involving. study Of a variety of factors and a consideration

!of long -t rm-sdpply needs. Where indications of possible oversupply are allied

..tb confirmng data of overall economic slackness (in the data sources-cited as

providing a "background count" and in other relevant indicators), efforts to

reduce the supply of specific.STY might be ill-.considered. -Such efforts might

be eqUally ill-considered if the evidence of oversupply was localized or

connected with, temporary program tslocatioos. In situations such as these, 9

programs of mobility assistance couldbe considered, or holding pattern or

tale'nt stockpi,ang actions couldbeundertaken including- 'expansion, of support

programs. The subject i4p:frequenptly controversial, and the potential actions

are cited here not as recommendations, bUt as options that will inevitably be

relevant data in the 'procetssconsidered and Lwill therefore

of that consideiation.

requir16,accurate and

Equal Employment Opportunity

The present ,reportin :gystem for ERDA laboratories and Ipther OCO es-,.

tabli-g.hmentgfortunately identifies. the 0,inority and female composition of

)

tgd

employment and of employment actions %-.- :adthough the occupational identification

-.9f these components is exceedingly broad. One apprie.%ch,to,assessment of equal

employ=ment opportunity. progress is to compare the'compositi n.of employnknt in

the subject. organization -- the laboratory or GOGO facility -- h that',Ofsubject
- - ,

employment in the .community. .The seleCtion'oLt eappropr4.ate

context iS.isubject to., :,a.varietyof criteria which have not been firmly established,
13:. -t

but Census of Population dada, after allowa ef,Or expcted'changes since the-date,

of thetensus, prowide a variety ori*ormat 'fl:hy.'trat,; l_oe.ality and. industry.lit
...- .

s., --''

In bome ca s
.

!

e sothere are Ii d a t a onli'mplo yment in given ,X66lities dt In-
.t,

7,
_, .0_ .

. .
, - ...,

;.:dusries With inforbAtion 57n minoritykd female compos'i.tion by occ1R4roli%
, , .

r. ,
..

ThP'da data are admittedity spare .and of, 'en lack lireslarililecail," but.,,-use 1;Iff
.

'... .' V -,

.

N. # .. 4,0 ,.
......

;
.

. . e
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a Variety of .indicators can identify apparent departureS frpin employ-

Ment policies. Where the6edre revealed, the next indicators' to wa ch are

those which reflect remedial (or aggravating)' actions, namely those on

hirings ate? promotions. The availability of expanded occup9tional detail in

' the internal reporting system of DOE and its contractors ;. recommended

previously,\would make the monitoring of employment practices a far more ac-

durate,operation.

B-- ASSESSING THE MANPOWEROI.i:ELOOK TO ,PENTIFt PROSPECTIVE PROBLEMS

The question of the 'availability of, qualified research personnel also

becomes important in planning energy RD&D
(

programs for several y s ahead.

This is especially true if major increases in program size are contemplated,

butcou-ld also be true even without major prograM increases. Since the kinds

of scientific and technical personnel reqUired for research in the various
/.

energy technologies differ, a substantial shift in program emphasis, even

without all increase in the total program size, would create different demands

forlmanpower. Moreover, Since other'areas of employm,nt compete with energy

RD&D :for some R the same kinds of specialists, a substantial change in.any

of these other areas might.aff ct the availability of manpower for energy

programs.

To' assure the availability of "an, adequate supply of manpower for the

atcomplishMent of energy research and development programs"'the DOE needs,

therefore, first 'to estimate'the future specialized manpower requirements

JYof its own" programs, those of .other energy programs, and those of the com-

Teting areas ofemployment, and, seoStd, to assess the futuresu iy of
cl

trained personnel, which may be affected by the number of, studen s now in

the training pipelines, and. such alternative sources fdr- new workers as

immigration and transfers from related. occupations.

AP , !,'
1. Estimating Requirements.for Manpower

. The primary concern of DOE' must be'itS own requirements- specialized ,

, . ,

cl

i ..

;.0 manpower.,for it4tepergy. Rh&D pro4ams (bdth internal afra contractual).- It is
op - _. .:.

. 't,, ii . .

4 irloA tWlotte5rpo.on to make these estimates tha nyone else beCaUse of its

4



,4

'A

,

'iniimate knoWledge,of the

r
,-

ik
''..

. o ..,

'.
,, ' A !., :* i '1... Z. :;%...-,,te",;,

fieidAakd of the chadgingcontedtadd Zitectionof...7'

the research programs. DOE will alsg.have considerable iter in estimating
.

theflanpower .requirements for energy RD&D that are not generated'by its own

tesearch'programS but thatarise out of.research funde.d by tther Sources

industry, state or local goVerntents, or foundations.
- ,

'Although the present report.
,

fined to energy RD&D, DOE al.so has to
.. --

.be concerned with he.Tion7resea-tch anpOwer)needs-of the energy- related

industries (for, construction', ptOdU:"tion, etc.) not only because of the breadth

ofbOE's-responsibility for energy hut so because non - research functions may

compete for 4Ome of the same engineering, scientific and technician srlecialists

and skilled craftsmen needed for energy RD&D.
o

Finally, the prospective needs of,6ther industries and research programs
.

for the same types of spepialists haVe to be takenAfttb accbunt..4wWithrespect
it!

tothese, DOE can count on infortation and estimateS4from other agencies

concerned witassuring the availability of manpower for their missions, amend

of agencies generally concerned with manpower, needs, such as the National

Science Foundation and the Bureau of Labor Statistics.
0

a. DOE-Oegerated RD&D Manpower'Requiretents 1.

The most, dynamic force generating requitementefer energy RD&D manpower_

is the DOE budget and reultin expenditures.for r*arch both in intramural

laboratories' and on contracts or
.
grants. DOE therefore -needs, as an essential

part of its manpower information ;system, a method for e imating the manpower

requirementS fortfie various kinds of RD&D it supports, -Th most useful way
,

of expressing these manpower requirements-is in terms of the.hudget_or re-'

porting categOt.ies in which DOE's RD&D programs ale organized, especially
:54.

nce these categories.; are capable of being diuided, into components related

to the various- energy. sources and technologies. ThC critical need is for in-
-

formatlon on dollars of expenditure- and manpower employed (aild resulting oSt.-.

. per-manYratios)., classi=fied-hy,thesecategories. p,

Budgets, strictly speaking,. are developed for the -following fiscal year,,
.

...end may berecluced ( 11* sometimes increased) at y ariogstages in.the process

-- in the,Departme in `the Office of the President,'and,in the 6ongress-

''4, \

P
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The firmest budget figuTlis, therefore,-areth4e Tafthest along. in this process,
. , .

andthey provj_defguidandt as to expenditures and manpower needs for shoieser

perIbds into the future. Neverthelessi,--an estimate of manpower requirements
.ft

for the bUdget requested for he following year may be desir For a some-
.

what longer-term outlook,.the:5-year Corwarcf.plans that have been made by

Federai ,agenties-'4woUld be the basic- refercuce. Theseare.Usually expressed

in terms of dollar expenditures. If DOE continues to-develop long-term plans

fob,LeigY RD &D as was done in 1976*'-the*e can be used as ,the basis for a pro

jection of manpower requirements. Projections pan also be generated inde-

penden y fro other data:

To,translate expenditure programs expressed in dollars into manpower

requires ih,formation on the numbers of various kinds of workers employed per

dolilar of expenditures. /The reporting program on DOE intramural and contracted

RD&D activity referred to in Chapter IV is designed to provide, for.each type

Of RD&D..by energy source or technology and'by.stage of progression -(research,

development, demOnstration), a pattern af employment (by occupation) er; dollar

spent._ These patterhs will differ among projects -- even among projects

'classified a under, the same energy.teohnology. Moreover, thedollarimanpower.

ratios or the occupational mix ma.7. '-larrge over the next'few years as the research

programs move on to 'new stages. 0

The five-year institutional Plans of the energy-research centers and

rit.104414ab6ratories (Pittsburgh, BartieSville, Aigonne, BrObkhaven, Hanford,
. . r

etc.), deVeloped in 1977 for the firs-Atispe, giv some clues as to the ex-
':

pectations. bf research,managerSas,to manpower tequirements per dollar for each
,

program, but few clues as to changes in occupational mix. The information

provided is not-consistent from plan to plan; all show projected RD&D op-

erating and construction Costs,. by, DOE budget or accounting classifications
%

-

at are plated to energy technologies, and the manpower' requirements for

each, projected to 1983 ('n mos- t-:instances) .' Only a few'show the present

1

tcs

occupational mix -- usual y for"the entire:lab. Only one repart,commehts on-
,

projected shifts in occupational'mix:

*Energy: Research and Developmedministration, A National Plan for Energy.
:ReSearch, Development antl.Demoilat13apreating Energy Choices for_ the
Future, 1976. (ERDA 7671): 'Was 4hg1", p976.
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1-"x

NO one is better able to. m judgments as to future changes in dollar/

manpoWer ratios or occupational mix tharLthe project mahagersthemselves,, and

itwould 1e'exttemelyhe4fulto.the DOE's manpower analysis if such judgments

-were requested$in the COliFs f cticrent-arcd.future 5-year inatutional Plannirq

ecercises.;
' -.. T ''''

it
,;

For the RD&O work that DOE is having performed on contract, it. shotild be

Possible.to use the project proposals themselves as a.source of informAtion

on the'judgments of project managers on the occupational mix requiredand the

likely manpoWer requirements ot,the'project.

Ih using dollar figUres for program projections over a periodiof several

years, a question arises',as to howfto adjust for inflation specifically

the gerteral rise in.salaties and other costs of -Riol&D program's, which has

averaged 6 percent or more annually in recent years:* If the dollar figUres
. .

are considered fim,.then allowancefor inflation has to ber.nade; if the

are expressed in constant dollars,.or ifthere is an assumptiohqthat the
... b.

ultimate figures will. be adjusted to reflect changing costs, then it is not
4 t

1 ..

necessary to adjust the manpower-per-dollar ra os derived from repOrted
'i

_
,.

.

,
.

data., This point is mentioned only as a reminder'tkiat the issue has to be
.;.!...0

7

considered.- , . .. ' ."' '

, 0
Manpower-per-dollar ratios are also affected!. by the Mate'of the art

- / .

, 4,,,,,
.

itself, and the increasing availability of ;sop isticate Arld costly°instru-
.,,-.

.--.mentAtion and equipment for 'research.,:c: - .

. .
.

Th0Ohg=i4tffi-energy RD&D plan of 1976-_(PDA:761, referred.Wabove),

or future . pj.ans of this type, represent a-'differeht:Icind.-61PrObleillzas far
.

as development of manpower recitTiremedts4rojections; i concerned," This
, g ,.

. .- = .,

plan was expresSed; not in dollarsb0,in terms,of goals and rough time-
-....' ;..

. ,

tables. fot each necessary step ift-/,develoPment of eath.s6urcZof energy. or

energy technology. They could betranslated,into wer:,terms either

directly, by the program officials responsible forhelt,, after.adollar
1 , . ,

, .., ..-.:;- 11,

cost esLinate has been made. If the'dollar-casts -Ate-baSed in part on a

jtidgtent'as-to thentimbers,of scientific
.

AO technical wOrke s required tp

implement the ranis goals, then it were
, .

.

...%

.-

2-tp.use t
1

.

derlying manpower
. .

.
. E--

....,,,.

,..

requirements projectionprojection rather' ttihn incur ;I:i6".clanger of -errors first in
. ,..

.

their translatenAnto dollars and second in4tanslatingxthe dollars

int manpowermanpower -- possibly with different dOlar-Manpower ratios:
,

1

back.



b.' Requirements for Scientific and'ITecihtlical Per*sonne1.0ther ThanThOS'e
. .

Generated. by,DOE RD&D Programs

_Th is category
.

rOludes (al.:manpower on energy RD&D noLfunded by DOEp: ,
fit and technical personnel in; energy:re)AtedIndustrie6 but not

.''k&D, and (c) aliother stientlipiC and techrifaipersonnel..

DOE has an interest in current s4atistics on and future' equirements

,

for the first group -- how'many are engaged in energy RD&i) that is not .

funded by DOE add.what.will be the future manpower requireMents for this work?'

TOE'also has ponsideratae ebnctraTfor the,setond group, not only becaCse

their.. work contributes to,achievement'of energy production goals, and'in.some
.

cases' is supported by DOEfpeds, but also because, being emp]oyed in energy-
.4. ,

related- industries, hey-are 'most readily available. 0140a manpower 'resource. for .

' .- A,

P 1.,RD&D programs in the same Companies.- ' : 44 . ,,
: .

$11

-tequi

inerest in the third group isA)riMarilyas a4component 1 the total

9.1ypf scientific and tealnicalmaPpOwer; potentiall!y, ghlable:to meet.thp'-:

ements of DOE as well as other demands
"'

A earlier sectic3n, of*this chapter CliScusseehow an estimate of
, .

;cdrrent emtiloymen_t.on en(gy RD&D not'.fUnded , eb0E-ritight be made': 7Re-

quirements 'for the future would dePend on the financial resources ava4.17

able and on management judgments: as to the pay -off of ailkimiestMent. in

this'typof research. There are data bywhich the resources available
.

for R &D might. be projected by each industry for future yearS, 'but little'

to,go'on either in theory or in data', to project the manageMent decisiogs

-

,
.as to the .Hines of_iesearch and development worth. Pursuing. _, .... .,..

research
. . . ,..4

-ResourcesAvailable in each ,indiStry for R&D may-be pro.lected'by-Using

. data on R&D expenditUresper_unit of sales in, each industry eeCt'ofanc(pr:7..;

_,.
) , _ ; .

..

jections.of industry sales volume R&D eg'penditureS per Unit,Oi galea fot- h,. -..
-.

. . - . , , ,- ,,
industry are available_ for a series oP.-pest years from the NSF/Census :,,SurVey'10fA ',-:,,.,.

.7' , , V ii
.. Research and. m ent ln InduStry (NSF 4) . -Abe NSFThasloioneefed ,'11w-carefel.-1'...

J .

analysis of data: and the trends the'y'show:Coet'ing che entire ecbnOmy.*' 471;;

the, trends_ in indnstry safe's for the 107year period up',.to 198 .w.ee*,prO..Sected%..,,

)1N.' -
, \ _, ,.

:.on7ttle,asumption that they would, continue to increase at the, x to as iri.

..4
. I

II

'. . ' '1 . '
*National Science Foundation., 985,R&D Funding Ptoje
WashingtOn,.1976.

(NS? 76 -314),



..
i. the recent= -nast: An other appvoach to arof.ecting industry sales, baSed on a,

z

more complex analysis of 4t.he rfiarker".ancii technological factors af.fectingi. .

.1 : - taieaCh",industty- within the di-intex of g expected growth in GNP, and national.
.'ina'orie is 'illustrated b'y the'' Bureau of 'Labor Statistics' Economit Growth:

From 'these, R&D expenditures can be e'Stillrate9.-- for future Teat's.
and Ote4.e can be' i'at-Larated,-'into /ManPoWer by the 'ratios of scientific ,and

.. .
.D -

technical,' Manpowei-,epgaged iti RD&D
-.

,to expenditures. - u
4,..... ,

., ., How -much of this'wourd:: be, in energy, is, howve-e,,-..mbre diffie,q to-,., .

.

..judge.' AS An of.V,ersimplified: . approach, one,Coufd 'take the,. percent ?of dIta1
"` . 4 ., 4P- . 4 t ' - : ..,0 'y',4',. 7

R &D activieyeAresented by:, energy R&D ill each industry as of the most recent4., 4,,year. And 'peoject thiZ ratie tor- ti4e future. ernalivelyktone 'could ,tpsume
th° t sdhstanaally all the R&D prOjected .for. he energy-,producirig,-, converting

', an :.1 d'ittetibuting industries wotIld be energy R&D... Neither of these methods
':!., roof, std..m$ting takestoaccatint ..th4 fl,exibiIity. OL research ,mane ement in
:,,' ;.; -,°. . °I, , ''..( ':. , ; ' .',- ..X,,,--

"IlIZ'',T,9"sctarge.t.s:'of opportuAitr-opening,4p becausa\ of.. soienti1 break--"
, ,'-througiqs d,,h Mri,,), or anwther, Ot market developments.: Ih summary;

'-.):1., 3 '; .1 : . . ' . ' " . s ./. - t 4,
projection, of energy R1)4D.r.b.ct".vity or lbanpower; requirements, (ottier than 'that

.

,programmed ty0441),,Canbe.done roughly, and with less relability
.,.. than, the pioTt&tibri of. natal ,,RD&D, activity. DOE ,lias a ...peeia:1, interest; in:11.T

.t *. ,, -° ..._ :... '-, +. . .- -, '":4 - .:,..:, :°- ,--.4.6, '.,pto,ettingo/this, because -it is 1: esponsib,le for.:stimUlating energy research, '1'3
; '... . 7'4n-du. ,tO -tehe. SAond gr,bup,:se, ientitic _and tecjin±cal., pei-sOnOr in--

eliergy,:rei4ed indUsInias'but nckt !atagecl in RII&D; and the :third-.groupy
e

,

irrdl technical .pe,i'S'Onp.41.1 Other industrieS.;the ieconiterided
method4' for making projections of, requirements are identi have been u
used. for,a ziumber of yeArs, ,pur..ea u gf Labor.Statist)toS, c

Growth Studies,I'laf4red,,:e0 .their tranAlAt:ibn i.nto a t_ional
0requii-erirdrik's r4la the;i:National,SCoidnee oundation

)(see above);, g,AS4dciation.`end. oth*r anizatiphs..

:,:4The most recent:,prOjectig!is4,ar summarized in attic:les.imthezIvionth Labor
iteview tar '1,1a,reli 197. 6 ,' P tr? q421 ..-and':;NeVembr 197,6 (VP 3 -22) A .criti ai,.'.. ..
reViews of..`edArliee -projections. isl..f)ublished`Qin' +axe.. August 1976 iSSUe..(pp. 13--26).,,,,

,leiD epalike4;6: f-'L abii,,BiieauZf "Labor St a't is' t i : dtci ia iioral,:P soi.dc t ion
'dnd 'Tyaining DAta F-Bui1:e4n../91,8,.aShirigion,4,1976::: " I

... ''. -I r A: -=* 4 ., . .. '



F
EVa s of these methods have found that they have prodq.-ed estimates with
a 1 deKre of accuracy earlier' years, but have improvedsomwhat.in more

recelt attempt:4 as basic data and techniques have improved.* Recent research

has added EuO&fier to the technical and data resources.

Lt, is IC recommended thne DOE ehgage in the el orate estimating pOecess

required, but rather should keep in touch with apa eview the work done by
A:

the BLS and NSF, discuss with them their plans for making projections, and

assure that theplan meet the special needs of DOE. For example, the

occupations projected should include all those of int.L-estqo DOE; the 'economic

as.stOoptions for the plbjections should include alternative energy development

scenarios 'that are significant in DOE planning; and the future years for,

Which projections are made should be the same as-those needed, by DOE in its

own planning. The BLS and NSF should be persuaded to take DOE needs. into

account in making their projections. .The projections-so made need not dis-'

inguish'btween non-RD&D-employment of scipentifie'and,Skilled workers, employ-

ment in DOE-supported RD&D, and in self4inanc10 RD&D. It would, however,

pl-ovidQ a general background projection that would show the.demands from other

sectors. of the economy for workers with the skills needed for energy RD&D.

The characteristics of this projection method will mmared briefly
here to show some of its features. The general ips 4., .I' s tooeskimate total

manpower requirements in the target year in each sect Irby estimating the

production or activity. required to meet the exDecte market demand, and then,

frem information on the occupational composition of that sector estimate the

requiremehts for each occupation. Market demand for the output of each sector

is estimated from the demand Tor final products generated by the total income

of the major purchasers: consumers, government and capital lnvetment of

business..

*National Science Foundation; Proceedings of the Seminar on Scientific and.
Technical Manpower Projections, April 16-18,,,y974. Washington, 1976.

**Hugh Folk, et al,' Scientific and Technical Personnel in Energy- Related.
Activities: Current Situation and.Juture Resuirements.\Center for' Advanced
Computation, University:of Illinois, Champaign-Urbana, Ill. July 1, 1977.
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sew

A potential -gross national prodott.is projected on the basis of labor
..toz

force growth and projecited changes in output per worker hour and average

anhual ho This GNI). is divided among consumers, gOvernment and inv*stors
.

by apv cation ofan economic model. The patterns of purchases by each of

the thre major elements are used to estimate how they will divide their

expenditures among final products or services. The production of raw materials,

components or services by all supplying industries that is needed to generate'

these final products or services is then estimated by applying input/output,

tables for the United States economy, which show how much each sector buys

from and sells to every, other sector. .What results is an estimate of the
,

.

production load in every sector of the economy in the target year.
/ .

. .

Thel ,,employment required in each industry to produce this amount is then
i

estimated by projecting output pet' worker hour and average annual hours per

worker. The occupationAl composition of each industry is used to calculate

tke
1

requirements by occupti n, and the totals for each occupation are

f '

aggiegated across industries.

Most of the ratios used-are not the present or most recent ratios, but

father ratios_projected.for the target year; this includes, output per worker

hour, hours, occupational composition, interindustry input/output.coefficients,

and purchasing patterns of consumers, government and investors.

Estimates for some economic sectors are exogenous to this system; 'or e

example, employment of school and university faculty is 'estimated on the

basis of projected'enrollmentswhich are made from projections'of the pop

illation, of school age and trends in school enrollment.

The disaggregated treatment of the economy in this system makes it.

possibleossible to introduce special

1r

ssumPtions, estimates or scenarios of interest

to DOE, to test the effect of arious policy alternatiyes on the various

elements estimated, including production and employment by sector, employ-

ment by occupation, national! income, capital investment, etc.'

This method gives estimates of total employment byoccupation in each

industry or secto) of the economy. If DOE has made separate projections

of employment -op DOE contracts in some sectors, these are not additive,

since the base year occupatiohal employment data used in the projection

y 18
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system may contain some workerS employed on DOE contracts, and they would be

treated as part of the manpower ithe industry, related to projected pro-

.duction levels. It -is essential to identify separately the DOE-supported

employment on eftergy RD&D in the base year so that it can be subtracted

from the industry's total employment before computation bf the non!-DOEL.

generated RD&D employment associated with projected production levels.
.

The amount of energy RD&D employment not supported by DOE is related to

the leVels.pf the industry's sales, and so should be a .component of the
,,. .0. .

total scientific and technical employment projected. If.a sepate etti-
, s,

mate ofthis RD&D employment,is made, it should not be added to the employ-

ment requirements' estimated by the economic demand a prthh since it is

already comprised in the latter.. The integration of R&D projections with

general economic tirojections is a goal that requires careful consideration

and cooperation among the agencies involved. d {,

The _are serious.me675OEOgical problems associated with these pro-
,/

. jec'ti , requiring additional research. One is the-O-Ojection of occupational
\''

composition of industries, especially with respect to scientific..and technical

personnel, whose relationship to the production process is not as close as

that of variou's product on tmrkers. Some of these issues are discussed by

\.
. -...

Folk and his associates. For example, how similar is the occupational
.

.

composition of the various plants in an industry, and what factors affect

the differetices .-! are they effects of scale, or technological differences,
1,

or does managemenhave.considerable flexibility in utilization of different

tr

proportions of the various occupations in.responseto market factors

(salary levels or availability of the different 9Ccupations).? The answers

to these questions affect the projections that will be made. Because of

their relevance to DOE concerts, the DOE shourd encourage or support research

on these issues.

.4

*folk, et al., op, cit,- 151 -160.

1
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2. Projecting Supply of 'Manpower

The approach and emphasis in measuring and projecting supply differs

from those used for manpower requirements. The above discussion of methods

for projecting manpower requirements began with energy RD&D personnel working

. on DOEsupported.projects, and then moved on to personnel employed_on energy

RD&D with funds fl other sources, and, further, to all other persons in

the same occupations who areemployed in other work - either in nonresearch

work within energyrelated industries or in other industries. -In considering

the -.t.aloply of these workers, however, all members 04 these occupations in

the United States will be considered together.

It is necessary recognize that the supply, so conceived, is not hemo

geneous. There are differences among members of, any occupation or scientific

specialty with respect to.their ability to engage in various "kinds of RD&D in

he very broad and 'iversified field of energy.. An electrical engineer whose

experience-is in the'construction and design of telephone communications

facilities, or even one engaged in research on photovoltaic electricity

generation, may not easily adapt to work on the design df Tokamak fusion

reactors. While members of these occupations are not fully interchangeable;

it is reasonable to assume that with sufficient opportunipies'for special

training and experience there is considerable flexibility within each pro
fessional fit, so that all members of these occupations may tie considAe

potentiAl participants in one phase or:another of energy RD &D. .At any rate,

their _qualifications are in general more releVant than those of workers not

in these occupations..

In estimating the prospecti apply, We us start with the present

supply, deduct prospective losses and add prospective increments.

a. .Present Sup ly or Labor Force

Data on thenumbers and characteristics of the present supply' m y be
/

developed as was described at the'beginning of this chapter in discUssing

pre ent employment. In addition, present supplincludes those now in the

labo force but unemployed. In dip occupations involVed in energy RD&D,

the ufemployment rate is typically very low, as,it is among professional.an

\s"It

Cy
1
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. _
1

1

11.

technicAWorkers'generail _The numbers'L characteristics of unemployed'
41 ...-

Vw

members .of these occupations can be obtained 'from the National Sample Survey
' L

of, Scientific and Teehnical,Personol (NSF 15) and the sample survey§ of the ,
. ,

NAS/NRC doctorate file (NRC 2). In'general, stippiy and 'requirements estimat4

are so mpproximate -bat the additional-prediiOn achieved by adding the 1 to ''''

3

tt ..

i kpercent who are unemployed is not always worth the effort.

i
for/analySisof-of supply are age . --'.The significant chpracte+iStics

and sex (essential in estimating.losses fipm death and retirement), educati6nal

attainment (level and field 'or fields of education -- whih'arg not always

fully described by field of degree,'since many scientists with degrees in one

field have had substantial training in others), and fields-of work experience

(industries in which employed, areas of research in which work was conducted).

Data are not readily available on all these subjects in the general statistical

sources. p.

b. Prospective Losses

(
The principal kinds.of losses to the supply of workers in an occupation

are deaths, retiremen, (or teMporary withdrawals from the labor force, whiCh
, .

have been particularly significant in the\case of omen), transfers to other

occupations, and emigration. To estimate the future supply available to meet

',projected requirements, these must be separa)tely estimated for.the period from

f

/.\

the base year to the target year.

e
i. -Deaths: The most recent. Life Tables for the°United States publishe

bythe National Center for Hea,10.Staiistis;yublic Health Service, Depart-
.

men of HEW should be used, togethervith!the most recent available data on

the composition of each occupation,,6y4ge and sex.
-.

The most recent Life Tables as of.this date are for 1975, and will shortly

be published in Vital StatistiCsof:ihe United States': 1975, VOl.:11,:Nortality,

Part A.
S-`

The age and sjrx composition of members of ach occupat4 are available
0

in the sources used to get information on the present labor force -- the

CensUs of Population, the National --Sa surveys of scientific ands. technical
./

sl

personnel (NSF 15), and the sample sur of Ph.D.'s by NAS/NRC (NRC 2).(
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The fact that Cie National Sample surveys do not include graduateg since the

census was taken do not invalidate their 'use to estimate death -s, since the

number ofyersons'dying within ten years after graduation isnegHgible.

However, there may be a significant umber of.deaths amoulg persons who had

entered- the occupation from other oc4atieros since the last population
.

census, or from among, immigrants who entered the occupation. Therefore,

to the deaths estimated fof the occupation at pipes should be added an al

lotwnce for deaths among these entrants. This will be discussed below under

occupational transfers:
r.".1.

The computation of deaths in,an occupation,. ov a period of years in

the future should not be made from one-year death rates f-o x an aged group.
,,, .

Since death rates rise by age, the death rate for a population cohort will

be higher at the end of, say, a 10-year projection period than in the first
$ )

year. The death rates taken from the Life Table shOuld be rates for the

entire vriod of the projection. These car). be calculated f r each age group

\by subtracting from t 11.he number of persons in that age group i the L
x

column

of the life table the number of persons in age groups Y'years older (Y being
. ,

the number of years from the base year of the projection to the target year),

and dividing the remainder by the number in'the L
x

column for the age group

in,the base year; this gives death rates for the agOgroup in a period of Y

years.

ii. Retirements: Data from the 1970 census tabulations of 1965-1970

changes in status (BLa.....9.-are the best information on differential occupational

retirement patterns currently available. 'Since the retrospective data for

1965 status was found, to
.
be subject to error especially for persons with a N

weak attachment to the labor forc such as youths, women and older persons,

they were adjusted to make the age and sex composition in each. occupation

for 1965 follow the pattern in 1970. This is a reasonable adjustment for all
,

occupations except'those fast=grewing occupations with many young entrants,
/

or slow-growing occupations with few new entrants, or occupations in which

women havegained a significant proportion of jobs

V..- 22 1
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The 57year separation rates for men in. the scientific and technical

fields range from about 4,to about 6 percent, and for women from about 20
4

to about 25 percent.*

Fd6r the scientific and technical occupations not shown in the tabulations,

either because w,they were not separateiy^identified in the census'or because
4

the sample was too small to yield estimates with a sampling error of less

than 10 percent, it is recommended that the separation rates for the most

simil)r occupations that'are shown in the tables should be used: for

engineers of various categOries, the rates for all engineers; for womenl

scientists the rates for all women professional, technical and kindred

workers; etc.

iii. "T fansfers to other occupations: Al-doted in chapter IV, data

on inter-occupation Mobility show that the such changes are extensive and

'---\thergfore should be taken into account in assessing the prospective supply

of workebs in any occupation; but it waS also noted that there wee sig

mificant reporting errors in the principal source Of general information
t

«

on inter-occupational shifts. It will be a long time before recommendations

made in_chapter-IV for imprOvement in the data 'can be effectuated`. '

In making projections of supply, therefore, it is recommended that the

net of transfers in and transfers out of each occupation, assho'Wn in thd

1965-1970 change tabulations from the 1970 Census (BLS 4) be used, with

caution.

Emigration: There are feW data on this subject (pending achieve-

ment of thej,rqgram recommended in Chapter IV), and therefore'almost no

xquantitative account'can now be taken of this component in labor supply,
. 1

changes. A certain number of immigrants leave after working these

occupations for a period of iears, some to return to their home countres,c ,, -
f

It i
others to go to, third countries. INS data coll ted-'up'to 1957t.and limited .,

studies made 'nce, confirm this. In addition, some native-born scientists.

and:engineer have emigrated. Perhaps failtireto take accpunt of emigration'

Sommers and Alan Eck, "Occupational Mobility in the
Fove," Monthly Lpor Reviews January 1977; p.

kJ,

1
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'4%

in these occupations Offsets errors in underestimating.immigration, th 9L
gh

i N
., the latter is less.likely in.scientific and technical'occupations. 7

4

e. Pr ospective Incredents

, .

The principal sources of p
4

apective increments to the supply in an

ccupation-are entrants completing their training in"cools, colleges,

apprentj:teship programs, etc., transfers from other Occupations, immigration,

and the return to active work in the occupation of experienced workers who

had withdrawn temporarily, principally women who had dropped oui-for family

reasons.

4-i. Entrants from educational or training progr ms: The statistics on

the numbers completing training -- earned degreer ranted by institutions

of higher education (NCES 1), associate degtees and other formal awards below

the baccalaureate (mainly, in community college hand technical institute 2-
e

year programs) (NCES 3), completions of apprenticeships in registered pro-,

grams (ETA 4) and others -- give the information the number of persons

who have already completed various courses of training. If the! base yew*-
.

for p ec4ions is several years ago, these statistics help to fill inthe

picturelof the supply of newly-trained persons for part of the petted
,, ,

,

A

between the base year and tl(e target year: v

The number of trainees already in the pipelines determine the output of
. _

these programs several years ahead. Information on the numbers of under-

graduate students in their juniot,and senior years (NCES 4), cif graduate

students, by major field of study {NCES 2)and on apprenticeshili`enrollments

(FBA 4) can be used, together with data on the ratibs of enrollMen s to
.1

degfZes granted in subsequent years'(or.of registered apprent_ces-to com-
.

pletions) that may be delo,eloped byexaminatioah of past relationships i the

statistics, to estimate the number of completions or degrees that will b
"-

granted in,the next few years.
A

Beyond those few years, the projection of the number who will complete

training is more problematical, for it .i's dependent in part on the choices

made by students-- first, ahetlief to enroll in apprenticeship, in co ity

college programs, in\4-year colleges', in professional schoolV(engineerin

law, medicine, etc.) or in graduatp studies, and, second, as to what specialties

re



th will selec These decisions are affected bylpany factors including he

values and lil styles students aspire td, 'and aI.&p their information as to

employment and earnings opportubit4 'in the vagbus occupations.

At times, when jobs are hard to get, an'iner(eased number of doctoral

graduates accept postdoctoral research grants in universities, partly for

further training or research opportunity, tSut also partly as a holding patternf
until,they can land in a job. This has to 90\taken into account in appraiAng

to supply.

As noted aSove, Chapter IV, the NCES makes projections of college degrees

by'field rn'the basis of expected change in population of college. age and of
r %recent trends in enrollment.in the variou courses*of studli- It is recommended

that if
v.
these are used by DOE, they should be considered, not as actual pre-.

dictUns of what will really hapen. but as first,approximations -- illustrating
't1 ...

,.,,

,.*
the 1phlance of suPply and req rements that would occur if studenrs had no

/ ...

information that might lead t em to change fie4ds of study from their recent A.
/ .

patterns of selection; DOE w 11 want to assume that information will be.made

*available to students and that changes in these patterns of choice 'of field

may result.

. The'National Science. Foundation hasdeveY6ermethods of projecting the
, (--. i

numbers of college entrants, bacc4lureate degrees, enrollments for advanced

degrees in science anor'engi eering, anedoctorates in. these fields op the
..

o
basis of not only the past tre ds, but also with an adjustment to, give. more

weight to recent trends that rlect market and life-style factors,. It is
\,---'

suggested by N$F that the two separate estimates present,14a range within Which

'the actual figures may eventually fall.*

For apprenticeships and community college or 'technical institute 2 -year
.

programs it is recommended that no attempt'be made to make projections, in
. ,

\ ..
.\)view of the imited basis for analysis of tre in these types of training,

'
.

4 but.that thetrecent.data on completionsbe ed as a first approximation bf

prospective completions -- i.e., maki

training patterns.will continuA
A

initial assumption that present

-*National Science Foundation, Projections of Degrees and Enrollment in Science
nd Engineering Fields to '1985. (NSF 76-301), Washingtori,.1976.

r
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iL Transfers fsroM otifer occu AtiOns,: The recommendation under,the

discuAsifpn of losses:as a result of'transfer:stnOthei. occupations was that

net transfhrs shoWnlby- he 19651970 change tabulations of thelr970 census
-

(BLS.4) be Ji6d.aesa b is ..!.fior that estimate .This therefore covers th e s.

into the occupation as tell. ; 4 )transfer's

were noted

1,1

Immigration: T weakness.es Of data.On'iMmigration by. occupation

in Chapter IV. All that can be r idcommended at this point is that

in making projections'Allowance be made for immigration sing the most recent

data fromAhe'Immigrat.kon and Naturalization ServiceCkith suitable caution.

iv:-leeturn to the Aaborforce of experienced workers: The bulk of those
a

,.. .., ...

who withdraw from and subsequently tetArn to.the work .forceRare women who

drop out for family reasods. ,While in general there have been relatively

few women in the scientific*d technical and craft occupations involved in

energy RD&D.,. there,are substantial numbers in j few of the occupations, and

generalized efforts to increase t ir numbers in all of them. In thbsencea

1.
.

of:better data:,the net transfers between employment in each occupation and
/

non-labor force status, as shown.by the 196K-1970 statustabulationsfoill
..- ,

the 1970 census (BLS 4) may used, with caution. In mot cases the data
.,.

for women had sampling errors so large that they. were not published by BLS;

in such cases the general net change rates for the scientific and technical
.

occupations should be uied, applied to the women%in the spe ific occupation.
. v.? . ...

.

3. Assessment of the Requirements/Supply Bal4rnce an a Its Implications

.t J.. V

, The methods for projection of requirements and supply outrinedabnvd

h6Ve treated them .1-idependently of each other, w±thout allowance for the

interaction that in reali(ty occurs between demand and supply. -Thecrequire-,
.

...

ments and supply projected have been predicated. on the continuation of recent
.

/

past patterns or trend in patterns of economic and technological relation-

ships, with price, wage and market factors held constant orch4nging as in

the reeent past.. Both requirements and supply will, fact,-be affected

.
,,,.-e;thither. 7

- -the princiPh1 element Of regAitements that is re§pOnsive to supply and
ao.

market consideration is the way in which employers utilize members of the

various occupations to get their done. If supply is short and wages in

't

2



a particular, opCupation increase mbre than in othersI or qualified workers.

'6ecome hareto'hird; emp oyers' will seek toAubstituie less4qualified wOrkers

Or workers. from otherLcupations, or will seek to change the prOduction
.

process to utilize fewer of, the scarce or expensive workers. These'adjuStments

are, however, difficult to make, especially in research and development pro-

grams, whiCh typically quire peciailists of the highest abilities, with

limited possibility of bstiCu ing other workers. Moreoverl'in,the case

of'tese*ch'subsidized by government gontract, moderate increase's in salaries

for some scientific.and technical workers_are 75pstiN11.5d.barrier
/ (

pursuit ofthe project. '4 relativeshortage of supply isthereforelik

tinned

have a minimuwimpact on demand unless the-Shortago*is extreme.

In an oversupply situation, employers tend to raiSe hiring,_,Sandard2 or

, to employ highly qualified workers for less demanding-jobs,, and entrance

salary levels tend tp fall, or, in an ihflationary period2 to remain, stable

while afl other salaries are 'rising.

Adjustments are much mora:feasible inther:upn*/than in requirethentS.

In the `short run, employers scan .sometimes fin!d palified'yOrkers who ardS

employe4 in non-reSearchw .rk, or whol.are workingin-dthe occupations b
LL

have had some training th at leaspartiallyAualifTe$ t orm for the jo

at hand. Short7terinZra ox special courses help, to qualify partiall

qualified workers. In the longer run, student respond to signals from,tha

_4abor market by switching 4urses, anteri4,gr uate study infields with

good employmentopportuniti4, etc. .Educational institutions are sometime

responsive --,,offering spes,ial courses inShOrtage fields or-exganding:-
. _ .0

r.enrollments or facilities. For these easons the projection of enrollments
-

-aiqd-"completions of training programs, z*de prdVisionalIY on the basis of:,-pas

#clterns of student choice, are subject-tp revisd,on as information on emP14..-

.

/
ment oppo unities beconiesInOwn.

DO 2 after Asessig the prospbctive.requiremaa

woAcers for its energyRD&D,programs,estpuld therefore

students and educaLlOnal institution of its findings,

arid supply-of skilled

take pains to ihform

ehrough channels

available toit, i uding direct contacts with' institution; governmenCP.

agencies providin info mation on employment opportunities to students and
4

schools,. `..(such as the Bureau/of Labor Statistics, `National Science Foundation,

2 r
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...

Office- of. Education, and State employment security agencies affiliated with
.,

the Employment and Training Aehplinistration of the Labqx Department)', and

private Agencies such as the. ScienElfiq Manpower Commission; and the Engi

n. ee

,

4 ring Manpower Connnission,
.

.. .
The DOE may find implicaadons for its own policies in the prospective

.
supply/deman s,ituation. Programs to

.

encouragezVdents Ito ,-enter field's' of

special cone .L-.n to DOE thl-ough stUdent aid -may, be enhanced or re ueed on.,
the basis of such information,, or stippoit gradqate studeptsC rough

research grants could be .4ected. SimiLtirlys .effortgo 'to- strengthen certain
14,

university departments th ough research grants might be affected by cku d grn en ts ,

as to the adequacy of the presen ate of output of gz.aduaes as well as the

quaaity of the education' given. C ntract award policies may need tg antici

pate changes. in salary' leuels fr sc,ientffic and 'technical personnel in rel.'

spore. to pr'ospective cbang the supply/detnad. sj,tuation.

e.

0

2
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. CHAPTER V-I

THE CURRENT MANPNER.SITUATION

A. INTRODUCTION L.

On the basis of information now available from the principal sources

described' above, a preliminary assessment of the balance of supply and demand

for energyrelated manpower is attempted ih this chapter. Obviously, this

assessment cannot be as definitive as one using the manpower information.

system recommended elsewhere in this report. It will however, illustrate con

cretely the potential uses to be made of the data and some of the ptoblems in

their interpretation, and may be helpful ,to the Department of_Energy.

The general economic background will first be discusoed, and-then the

labor market situation-for scientific and technical personnel and tEe energy

industries, as they may impinge on manpower for energy RD&D programs. A final

section will discuss future requirements for.scientists and engineers in energy,

R&D.

B. ECONOMIC BACKGROUND

1. . The Overall Economy

After a rapid upturn from' the 1971 recession, economic growth has slowed

in 1977, and no acceleration is anticipated for the coming year.

The Gross National Product, which had risen in real terms at a 4.6 percent

rate 'from the third quarter of 1976 to the third quarter of-1977i was growing

'more slowly at the end of this period. * A slower rate of growth than that of

this year is generally anticipated for 1978. Total employment rose by 4 mill
,

ion (4.4 percent) in the year ending November 1977, more,,than double the annual.

rate of the past decade. Unemployment, which 'fell from 7.6 percent in October

1976 to 7 perCent in April 1977, remained at about that level for the following

seven months, despite a growth of 2.2 million in employment as more people

*U.S. Congess, Joint Economic Committee, Economic Indicators, Washington,
OCCober 19.77.
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entered the labor force*; efforts to alleviate unemployment made

the total.
.

2. Employment'and Unemployment of Highly Trained. Manpower

no dent in

Unemployment of prOtessiclal and technical workers has remained at about

3 percent since April, typically lower than for all workers, after declining

from 3.3 percent in the fourth quarter of 1976. Unemployment for these

workers is nevertheless significantly higher than during the post-World War

II period as a whole.'

Employment of engineers increased. in 1977, but .there was no significdtit

cllangeiA employment of.scientists.or ,of engineering and science technicians.**.

Unemployment of engineers in 1977, averaging under 1-1/2 percent through

the third quarter, has been about one-half, or less] that of professional

workers among whom engineers are included. The decline in engineering un-

employment from the recessionary high levels of 1975 and 1976 has been con-

siderably greater than that of the overall professional group,. a large pro.L

portion of which is teachers who have experienced serious employment problems

recently. Even as low as unemployment among engineers has been this year,

however, *their rates are still above those during the second half of the 1960's,

which were typically below one percent.

Information from a separate source tends to confirm the reduction in

unemployment for scientific and technical personnel: chemists''an'd.chemical,

engineers' unemployment'declined from 1..9"Percent in March 1976,to 1.5 percent

in March 1977.***

Recent improvement in unemployment among craftsmen has alSo been greater

than among professional workers as a whole. Unemployment of craftsmen fell

frOm 7 percent inthe fourth quartersof 1976 to about 5 percent/ in the most

recent six months, but this is also higher than the postwar average.

*Employment and Earnings, November 1977, supplemented by data for November
issued on December 2.

**Bureau of Labor Statistics, unpublished data.

***American Chemical SoCiety, Report on Chemists' Salaries and Employment Status,
1977, Washington, 1977.
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A sum, even with substantial reductions in the unemployment of professionals

as a whole (and even greater improvement among engineers and craftsmen), and with

large employment increases among all'r these groups this year., the unemployment

rates.for these groups go not suggest the tight labor market conditions of

several prior ygars.

3. Energy industry Employment

,1
Total employment in the energy industries has grown' faster than all non-,

agricultural'payroll employment in the y ending in Seprember 1977. le
energy sector's workers increased-hY-5-.1

for all worker's on nonfarm payrolls. Th reatest increase was in oil and

gas extraction (13.2 percent), but coat mining employment also rose faster

than the total (5.9 percent). Petroleum refining and electric and gas utilities
-".

grew less than the total:°

4. Federal Expenditures on Energy RD&D

.

Federal energy RDD expenditures, a majoIr generator of energy RD&D employL.

ment, wi I be gig up more slowly in th&l.978.fiscal year than in fisca11977.

An incre se of A: percent. is anticipated for the present yearn, compared to the

66 percent increase in the past year.* Among the fastes1,4-growing. programS.rnis

year are tliose on end-use conservation and technologies to improve efficiency,

ruel cycle R&D, geotherma0 l energy development, petroleum and natural'gas,,and
.

electric energy systems and energy storage. '(These categories are from the NSF

report.)

Energy R&D expenditures are rising twice as rapidly as the total Federal
> c.

R &D biadget, which is going up by 7.5 percent this year. (Only the relatively

small item of "international cooperation and development" is increasing more

rapidly rhan,,energy R&D.) All major\programs in the natural sciences are ex-
.

panding in terms of dollars this year, but since R &D costs (including salaries,

ofAcientific and technical personnel) are rising, the actual increase in em-

Tloymentkwill be smaller. The 15 percene.increase in energy R&D will result in ,

an employment increase for these programs of. perhaps half that amount.

*National Science Foundation, Defense and Energy Spur Federal R&D Growth from
FY. 1974-FY 19/8, Science Resources Studies Highlights, (1\8F 77-320), September
30, 1977. (The figures above differ slightly from those shown in the NSF report,
the main difference being the inclusion of energy-related environmental research
included by NSF under "environment. ") ..

2
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In recent years work in energy and fuel has attracted a greater share of

the engineers and scteptists. This can be seen.in the 1974 and 1976 employ-

melt of those_identified,in the 1970 Census of Pop lation as members of these

professions-(NSF 15). The share of all scientists and engineers in energy

and fuel increased froyi 10.4 percent in 1974 to 11.8 percent in 1976, and an

increase occurred in each individual field. (Since these data do'not-ainclude

the new graduates pnd other entrants since 1970 they are l' ely to understate

the proportions flocking to xpanding fields of work.). Abou half the earth

scientists, but only about On in seven of the engineers and physicists and one

in twelve of the chemists were in energy and fuel work.

C. THE CURRENT LABOR MARKET SITUATION FOR SCIENTIFIC AND TECHNICAL PERSONNEL

Tpeincreasedhiring'dctivity associated with rising employment of engineerS

has been reflected in an increase in the Deutsch, Shea and Evans Engineering. and

Science Demand Index (DES 1), which was alarply up in the.first eight months of,

1977 -- higher than any year.since 1966:

The deniand for scientific and'technical personnel, as reflected in relative

salary rates; has.been generally similar to'that for other'professional, admin-

-istrative dnd technical workers surveyed by;.BLS in the PATC survey in the last

3few years. Earnings of Tgineerirg-technicians and chemist :have: increased

slightly more than those for all workers.in the group; while those of engineers

have risen slightly less -(BLS 1)- Among these occupations only, the earnings of

engineering technicians have kept pace with the average, wage rates for all

production and non-supervisory workers on nonfarm payrolls (as)shown by an index

that eliminates the effects of shifting employment weights among industries and
-

the effects of overtime premium pay in manufacturing) (BLS a). All of these

increases have barely kept ahead'of the Consumers' Price Index.

'Current indicators of the supply/deMand situation for scientific and

technical occupations show that the active recruitment thattookplace with

the 1977 graduates is expected to continue with respect to the Class of

1978. The College Placement Council's survey of employers' hiring plans

(CPC 2), released December 12, 1977, showed an increase iv hires. Reports

froM other agencies following the recruitment scene (as summarized in

Scientific Engineering Technicql Manpower Comments, November 1977) agree

that the labor market is particularly active for the, technically trained,

especially engineers, scientists, and computer personnel. This active

market follows a.peridd of relative quiet,in the early 1970's.

VT -



-On the other hand, R&D, on which approxiltately a third of the scientists

and engineers are employed, is expected to show only token real growth inso-

far as,0,Federal Government funding is concerned for 1978;,according to NSF.

(as noted aboVe). There will he', of course, program adjustments with energy

R&D showing some increase. For most technical fields, the universities will

be graduating about as many new degree holders as in the:recent past

Theredo not appear to be many serious shortages in the supply of STP for

energy RD&D at this time. A review of the. available indicators, supplemented.

by interviews with R&D program managers, shows.only a few occupations for

which this generalization appears less true, *Parenthetically', the supply of

STP for energy RD &D is in general the same supply as for all R&D, or for all

activities in the,given occupations.

Coal mining ers.. A recent ERDA report, Manpower for Coal Mining,

,points out the current short supply-of_cpal-mining and coal-preparation engi-

neers at both the bachelor a d graduate degree levels. Thesefindings appear

to be confirmed'hy interviews th fossil fuel off.icials and 'representatives

of major energy production industries in a survey made by NSF in March 197.7,'

e current shortage is likely to, be temporary, however, since 'undergraduate

enrollmenT8 in mining engineering are sharply increasing and inhouse retrain-

ing of availablejehgineers trained as civil, chemical, electrical and other

serves to alleviate the,shortage.

-Petroleum engineers.. The NSF survey of,March 1977 found this ocCupation

in tight supply at all degree levels.' The Engineertng Manpower Commission.

reports median salaries' to be the highest for any engineering field at $25,250

per annum in 1976. New bachelor level graduates averaged $18,000 in 1577,

the highet among all engineers, and 8 percent more than 'in19762-according to

the College Placement Council, which seems to-confirm a tight supply situation.

*±ID-27&69, 'Septelmber 1977.

**National Science FoundAtion, Current and Future Uti,lization of Scientific and
Technical Personnel in-Energy-Related Activities. .NSF 77-315, Washington,
June 19T7.
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Chemical engineers. this occupation was

NSF survey. Con-qrming evidence as to.short

Placement Council for 1977 recruitme, it, an

average'starting salaries for inexierien

cent'in 1077. Chemical and En

s'o found in tight supply in, the

gewae reported by the College

the .American Chemical Soiety found .

d bachelor degree holders up 9 per-

ineerin ' ews' feported employment increasing

rs of 3percent by

gine.4.rs)'re-

der 1976 with a further incre#e foretast by chemical emplo

mid 1978. 'ACS members (inclu
/
ng.chemists ',as well as chemical

r,v

ported an unemployment rate cif onIy1 !1.5'peCent in March 1977, down from 1.9 Per-,

t etudy* of chemical engineers anticipateS,.cent a year earlier.

an increasing demand

petroleum-related to

mentS

An epende

for ?chemicelengingers with emphasis shifting

4
oth4T indUe:rlal:sectors. Average net additiOnal

of 2,000 per,yea
/
over he',next,10,years, a substantially higher.rate than

from the

require-

projected by'BLS, co pares

3;000. When allowa

,ates at' this leveli!impti tight supply. However, the American
-

Institute of CheMical E gineers reports first year enrollments, for 1976 Up 16
/ t

percent (see C emlcal n ineerin

graduates is

employers).

itb current bachelor graduating classes of about

ade for deaths and retiremente,.tbenumber of gradu-

s a continuing

Pro ren-for March 1977). 'Employment of new

continue rising into 1978. (C&EN survey of cheMical

Chemi incival energy RD&D requirements in this occupation are re-
,

ported i orga c, phy0_cal, and analytical chemistry.. The ACS reports marked

i.mprov ment in demand for chemists over the past year. (Chemical and Engineering

News1 or Qctober.24, 1977,)- The' unemployment-rate for'ACS members (including,

chemical engineers) was reported to be lower in the Spring of 1977 than a year

e rlier,..as,notad abbve, Chemical industry employers are increasing their em-

oyment of /chemists with fUrther.increases expected in 1978. Industry R8a

employment is up and expenditures are expected to increase by a further 9 per-
.

cent in 1978. Median annual starting salary_rates for inexperienced chemists

confirm an active demand, increasing 11 percent An 1977 over 1976. Starting

salaries for doctoral degree holders (up 7 percent) reflect a weaker market,

.probablyinfluented by the large number of chemists-engaged in poet doctoral

.programs, although fewer new doctorates reported sucR positions in'107.

*James Cummings-Saxton: "Market Demands and Educational Supply of Chemical
_.LEngineers,'1972000", reported in Manpower Comments, November,. 1977, p..3.

J
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Environmental

research and vst

scientists. The multi-disciplinary, ,field of environmental

shows promis of developing into a:category of science

-- and technology li ely r..ace an active labor7mfirket oVer the near term
.

. .
.

i

future. The energy,program,emphasis on_development of fossil 'and.nuclear
, r ,

.

.

fuel sPurces.will require professiorls with trainihg iftatmospheric, terres- 1
.

.
,
. 7

trial, h)i)drological and biological,/ fields for appraisal'of effect add preven-

tion of adverse impact UpCfn the ecOlogy.. Specialties such as atmospheric

chemistry and physics, soil and agricultural chemistty, hydrology, ecology

and others are included in the activeAemand :for environmentalistS'. -This

field wili become more active es research emphasis shifts'tp.development and
.. A, 0

demonst,ration. Doctorate production in ecology Shpws promiSe at least of

.sherp expansion for the biologiCal side, with the-American tPuncil on'Educa-
.

.t.tio.W,reporti napproXimate doubling ofsuch degrees expected,between 1976

and 1980. The physical science and engineering areas. and the bachelar level

may not expand as flexibly.

Other scientific and technical occupations. Numerous other occupational

specialties have come to our attention and have been reviewed, insofar as

available information permitted, from the standpoint of possible limiting

effect. upon energy RD&D. These include some small numbers of highly special-

ized skills 'such as electro-chemistry d plasma physics which may, present

problems-on specific programs. Other occuAtions considerecDwere not believed

to present serious problems at this time, including such engineering-fields as

civil, electrical, mechanical, industrial, systems, materials,andnucle'ar,

and science fields of metallurgy, pbygics, geology, mathematics, and economics

D. :FUTURE REQUIREMENTS FOR SCIENTISTS AND ENGINEERS IN ENERGY RD&D ACTIVITIES-
_._..

. . i

It is estimated that as of 1975, about 15 percent of the scientists and

engineers employed by private industrial concerns "ere en ged_in energy-related

activities. About one-fifth of this group ---or about 3 percent of all indus-

trial scientists and engineers -"-'merejnvolved in ener y RD&D. Energy RD&D.

scientists and'engineers were about 7 percent of all of those in xesearch and.
*

development work.

*,Natnnal-Science Foundation, op cit.
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Few analystS have attempted to Tro4,ect future requirements for personnel

n'energy RD&D activities. Not only is it difficult to project total require-

ments for epergy scieptisfs and'engineers, because of the lack of a ar-Cut

plan for energy development; conversion, and conservation, but t e needs for
4.

energy research, AA7elopment7and-demonstTation are even more 'certain at this

This'should not be,surpri ding since R&D activities n,general are by

their-very nature difficult to predict. 'Furthermore, specific plans for the

level and type of energy RD&D programs for some future time (e.g., 1985) await

scientific and technicai progress -to that point,ThaSed on economic and politi-

calcal decisions made in the next few years.
r .

i

The most recent and comprehensive attempt to project scientific and engi-

neering employment in energy-related'activities was undertaken by the Cent r

for Advanced Computation (CAC), under contract to theNational Science Founda-
* . (

.1,,

tion. This effort was based on earlier work done on manpower and energy

models by the Center. Selected results of the Center's study and a'1975 sur-

vey of employment of scientific and technical personnel in industry were .re-
**

'

leased by NSF. Analysts at the,Center incorporated the latest available

energy scenarios available from ERDA, which were included in the 1975 National

Plan for Energy,Research, Development, and Demonstration (developed prior to .

the establishment of the/DOE).

The fhree energy scenarios examined are called Free Imports, Limited Imports,

and Limited Imports Synthetics which imply different final demane, prices, and

technology patterns, The scenarios were analyzed against a backdrop of infor-

mation on overall national patterns of goods and services production and employ-
..

ment prepared by the B4eau.of'Labor Statistics. The input-ottput matrix .used

consists of non-energy coefficients projected by BLS and energy industry co-

efficients developed by CAC.

The findings of the CAC study show that the range-of requiepents for all

thescientists and engineers and those in energy activities tunder he three scenarios-

/illot ,very small.- .Usinga4oase of 1,200,000 scientists and engineers employed by
,,

indqstry in 1974, the projected requirements for this sector for the Free Imparts

*Hugh Folk, et al, op. cit.

**NSF, op. cit.
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.5

and Limited I orts-scenaribswere estimated at 1650000 a
.

. .

.14

percspft, or an average of 3 percent,annaally.
4,

Furthermore, it
... . .1 .

, .

that about\the same of all scientists and enginee'rs

growth of 37.5

was estimated

would be involved

in energy programs under the three scenarios --'11.4 percent. NO separate estimates

pf.manpower engaged in research And develolOtent*were ma
,

There are several reasons why these-rdecidedly different scenarios produced

essentially th.A'same overall reaurts., Scerdribs based on development of new

i'domestic capabilities also assume:a reduction in impoTts, resulting n'ajower

use of energy. This lower level reduces not only the total deMand for industrial
0

scientists and engineers, but also tho'se in energy. Additional'manpower'require-
.

ments for the Construction and operation of,nuclear power lants to expand coal

and synthetics use and to do research on new technologies,essentially offset

reductions from decl-ine.S in non- nuclear electric power production, -in petroleum

.extraction and refining,.and natural gas production, and other decreases result-,

ing from reduced energy use.

Thus,'under any of the three scenarios, these projections indicate,a

hood of an annual 'hree- percent growth rate in employment of scientists and

engineeis for all needs in the e onom y; and the proportion of these personnel

volved in energy prodution does not change significantly.- Behind this overall

are widely varying rates for ind ividual occupations, energy activitiesgrowth. rate

and industries. Substantially faster growth than the average will'occur in, some

fields, possibly presenting

for civil and petrole\m

draftsmen are estimate

serious manpower problems. For example, requirements

engineers, mathematicians, computer specialists and

to rise up to 50 percent faster than the average: While

these analyses do not take into account the future supply of personnel to meet:

requirements in energy and the total economy,. the rapid. growth

in some specialized fields may present the nation with serious

steps are taken to anticipate and deal with them.

in requirements

shortages unless
C

4
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\---APPENDIX A

e

TAXONOMIES FOR THE CIASSIFICATION'OF DATA
RELEVANT TO 'ENERGY RD&D- MANPOWER

ti

In Chapter II and in other places in the text, references are nide
to various .taxonomfes relsiant to the c1assification of:.energY, entegY
RD&D, manpower, and other measures Of activity. In some cases, were,:
the listing is relatiely'shOrt or simple, the complete taxonomy is
given, as in the case. of the details of character of the Obrk included
Under RD&D (Section.B in Chapter II). In others., an abbreviated liSt7
ing orthe categories is presented in the text; Finally, references
are made to taxonomies not shown in the text. - Y

The following ,then are a series of taxonomies showing either
greater detail%iffan given in the text dt bAng'displokyed onfy_for in-
formational purposes to illustrgte the scope add'boundaries of energy

Sivities. The separate taxonomies in some cases have established

r

ng systeMs, e.g., B3 below.

A. RESEARCH, DEVELOPMENT, AND

(Characterof Work, Sector of the Economy, and Fields of Science)
Shown in Cha ter II, Section B

B'. ENERGY' ACTIVITIES: f

1. Energy Sources

a.. Fossil

i. Coal
Natural- gas

.

12,, Petroleum
iv. Oil shale
v. Tfr sands

. So14r

i. Thermal
ii. ,Electric

c. Wind

d. Ocean

i. Thermal
ii. Motive

e.- Geothermal

f. Photosynthesis, bioconversion.

g. Hydroelectrie

h. Synthetic fuels; (hydrogen, methane)

A-2
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1

1-' \

i. Other
------

(_

,-, . i. Plant and animal by- products
.

/4i Ilban and industrial,Viaste
.iiiIIIT Water resources (4 4

'

. ,General and muLti-eourcet t
2. Energy Stages

..-.

a. Exploration'- search iorporwdishoure of primary sources
of energy.

b. Extraction or recovery - removal of primary rce frOm ori-
sginal Location. "

_.

. R'ef'ining - benefication, upgrading,' purification, _ . . ' ss-
ing, or other treating of'primary sources.,

. Fuel conversion - coal gasificatiOn, uranium and thorium,
conversion, biodas to fuel, etc.

e. Energy conversion - f ssil-fueled power plant, fission' and
fusion (LWBR, HTGR BR), hydroelectric, ocean thermal,
photovoltaic, sola ating and cooling, wind generation
of electricity, etc.

f. Transportation and t ansmission - trucki g, shipping, railing,
and piping of raw or refined sources.

'...

g. Distribution - proceses of energy reaching final consumer
(electric lines,'Wholesale and,retaik.gasoline sales, etc.)

h.. Storage -.accumulation of raw, refined, or converted ,Sources;
including electri (compressed air, batteries,-salt mines,,
etc.) _

. .

i. ,Utilization - improveld conservation or efficiency of energy
and use--in industrial, commercial, transportation -or

.

residential uses.' Thisvarea.includes conservation of
basic sources for non-energy uses.

j.- Waste disposal, removal or treatment - by products or end
products of original sources of harmful or no Potntial
use.

As indicated pre, viously,
development, and demonstr tion; environmental conceins, and

, .basic science support applicable to any of these stages.
eti

3. Energy Budget and Reporting Classifications *.

(Follows on next page)

4,.

0

therecan beconservation; research,

N.

In most categories, operating and- capitWand equi
available as'separate ftems.

21"?'A-3
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02
'03

'04

05
06

ENtRGY SDPRLY -.RESEARCH AND T4CHNOLOGY DEVELOPMENT

' Coal - .

., ,.

Mines Reseailth aria Development
Y

Lid46fa&tion .
.

.

4

kirect.,HYdrogenatiah
Solvent EXtraction%.
Pyrolysis -'

Indirect, LiquetactiQB
SuPport/Studies.and Engineering
Liquefaction pebonstration Plants
Special

-.6

Forekgn Currency -;_liquefaction Project6

.
03.: Gasification)

(:-

01 High-BTU Gasification
02 Low-BTU Gasification
03.: In Situ Coal Gasification
04 Gasification DerAonstration Plan is

04. Advanced Power 'Systems
05 Direct Combustion

o

01 Fluidized-Bed Boiler- Atmospher c

02 Pressurized Systems
03 .Coal -Oil Slurries
04 -' 6 Support Studies and Engineering valuations

95 Direct, Combustion Demonstration

06 -AavancedResearch and Suppor.tin technology

07

01
' 02

v. 03-

Magnetohydrodynalics.

Open Cycle Plasma Systems
Applied.Research
Special Foreign.Currency,

AB .., Petroleum
0 4t,,

01 Enhanced Oil Recovery
, - 02

AC

AD -

01
'02

01
02

`Oil from Oil Shale .
.

Drilling, Exploration and Offshore Technology
Product Charadterization and Ut/lization

Gas

Enhanced Gas Recovery,
,Gas from Oil Shale

1

Solat4

Thermal Applications
Technology Su ort and Utilization
Solar' Electrc Applications'

pA-t4 -'
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AD Solar (continued)

61 Solar Thermal Power
t 02 Photovoltaic,Energy Conversion

03 Wind Energy Conversion Systems
04 Ocean Thermal Energy Conversion
05 Solar Satellite Power Systems (SSPS)

AE Geothermal

OL ,.,, Engineering Research and Development
02 T''' Resource Explcwation and Assessment
03 Hydrothermallechnology Applications
04 Advanced Technology Appisications
05 .

Utilization ExperimentSV
06 Environmental dontrol and Ihstitutional Studies

AF 0 Fusion

01 M'agnetic Fusion

01 Confinement Systems
02 Development and Technology
03 Applied Plasma Physics
04 Reactor Projects

AG Fission

01 Uranium Resource Assessment

01 Geologic and Related Investigations
'02 Technology Development
03 Supporting( Services

Fuel Cycle Research and Development

01 Support of Nuclear Fuel Cycle
02 Commercial Waste Management

03 Breeder Reactor

01 Breeder Reactor Studies
02 CRBR Project
03 FFTF Project
04 Breeder Technology
05, Test Facilities

04- Nuclear Research and Applications

01 Water Cooled Breeder Reactors
02 GasCooled Thermal Reactors
03 Gas Cooled Fast,Breeder Reactors (GCFR)
04 j Advanced Convert Reactors
05 Light Water Reactor Technology
06 Technology Development and Special Prbjects
07, Space Applications
08 Advanced Iiotope Separation
09 Nuclear,Energy Assessments

05 'Light Water Reactor Facilities

06 'International Spent Fuel Disposition

A-5 9



AH

ti

Hydroelectric

01 Low Head Hydroelectric 'Development

AJ Biothass (Fuels)

AK Multi-Resou,rce

01 Basic Energy.Sciences

01 Nuclear Science
02 Materials Sciences'
03 . CheMical Sciences
04 Engineering, Mathematical and Geosciences
05 Advanced Energy Projects

09 Used Nuclear Equipment Grants (Nonfund)

ENERGY SUPPLY - PRODUCTION, DEMONSTRATION AND DISTRIBUTION

BA Coal

BB Petroleum

01 Naval Petroleum and Shale Reserves

BD Solar

01 Heating and ooling Demonstratioln Program
02 Federal Buil ings Solar Pr6grath
03 Solar Commer ialization

BE Geothermal

BG Fission

01 Uranium Enrichment Activities

01 U-235, Production
02 Process Development
03 All Other U-235

BK Multi-Resource T
V

01 Electricity
02 , Alternate Fuels Demonstration Program
03 Federal Leasing

BL. Power Marketing''..

01 Alaska Power Administration
02 Bonneville Power Administration
03- Reclamation Power Administratirn

04 Southwestern Power Administration
05 Southeastern Power Administration

)
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Cl

CONSERVATION

Utilities

01 Electric Energy Systems
02 'Utilities Demonstration
03 Districelleating
04 Consumer Offices
05 Rate Reform

C2,

C3

Residential

Commercial

C4 Industrial

01 Industry
02 Industrial Monitoring
03 Cogeneration 01

04 Industry Energy Conservation
05 Other Industrial

C5 Transport

01 Transportation Energy Conservaition

Of Highway Vehicle Systems
02 Non-Highway Systems
03 Technology Studies
04 Electric and HybiltS,Power Syste
05 Technology Implenkntation
06 Electric and Hybrid Vehicle RD&D

02 Mileage Guides

C6 Federal Energy Management

C7 State/Local Programs

C8 Multi-Sector

01 Energy Storage
02 Improved Conversion Efficiency
04 Energy Extension,Service
05 Marketing
06 Inventors Program Support
OS Appropriate Technology-

D REGULATION

D13 Petroleum

DC Gas
'

ca Pipeline Regulation
Q2 Producer Regulation

DH Hydro

01 Water Resources iitalysis
02 Hydroelectric Projects LiCenses

A-7221,



DK Multi-Resource

01 Petroleum Products and Natural Gas
02 Compliance
03 Private Grievances and Redress
04 Electric Utility Regulation,
05 Compliance and Enforcement
06 Program Direction - Management

E EMERGENCY PREPAREDNESS

EB Petroleum

EK Multi-Resource,

F ENERGY INFORMATION

ENVIRONMENT,

GK Multi-Resource

01 Environmental Research and Development

01 'Overview and Assessment
02 Biomedical and Environmental Research

H BASIC, SCIENCES

liK Multi-Resource

JG

JM

01

01
02
03

Life -Sbiences4R search and 4;pplications

Naval Reactor Development

Submarine'Propulsion Reactors
Surface Ship Propulsion Reactors

,Supporting Research and Development

Weapons

-01 Weapons Activities

01 Reisearch and Development
02 Full-Scale Tests.
03 Production and Surveillance

02' Intelligence and Arms Control
03' Special Materials Production
04 Nuclear Materials Security and Safeguards

a°
21,'-13
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WN

POLICY AND. MANAGEMENT

Multi-Resource

Policy and Program Analysis
General Systems Studies

Other

01 Program Direction - Management Suliport
02. Institutional Relations

10 r/. Technical Information Services
20 Industry Relations and Technology
30 Government Relations
40 University Programp L-

01 Humari Resources Development
02 . Manpower and Systems Assessment
03 University Research and Support Activities

03 igUpporting Activities
04 international Cooperation, in Non-Nuclear TectInologKes

-
)

'COST OF WORK FOR OTHERS

01 ,Cost of Products Sold
02 Cost of Services Performed
03 Cost of UESA SerViqes
05 Cost of Separative Work - Toll Enriching
06 Cost of SS Material Sold
07 -Cost of Other Special Oroducts Sold

YN OTHER COSTS AND CREDITS

ZN REVENUES

35 CAPITAL EQUIPMENT NOT RELATED TO CONSTRUCTION

39 PLANT ACQUISITION AND CONSTRUCTION

40 COST OF REIMBURSABLE WORK FOR OTHER FEDERAL AGENCIES

50 REVENUE FROM REIMBURSABLE WORK FOR OTHER FEDERAL.
AGENCIES

80 -91 RECONCILING ITEMS AND OTHER CATEGORIES

2
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4. ERDA Budget Estimates Amended FY 1978*

The following categories were utilized in Authorization Hearings
before the House of Reprosentatives.for the FY 78 budget. They
are based on those s6own in3.above.

a. Conservation Research and Development

i, Electric energy systems and energy storage
ii.. End,use conservation and technologies to improve

efficiency: Industrial energy conservation
Buildings and community design
Transportation energy conservation,
Improveddonversion.efficiency

.iii. Energy extension service

Fossil Energy Development

1. Coal
ii., PetroleUm and natural gas
iii. Oil "shale and in situtechnology.

Solar].Energy Development

F. Thermal applications
.ii. Technology support.and utilization
iii. Solar electric
iv. Fuels from biomass

d. ,Geothermal Energy Development

Engineering R&D
ii. Resource exploration and develOpmeni

Hydrothermal technology applications
iv. Advanced technology applications --.
v. Utiliiation experiments

vi. Environmental control and institutional studies
,

.e. Fusion Politer Research and Development

Magnetic fusion
ii. Laser fusion

f., Basic Energy Sciences

i. Nuclear science
ii. Materials science

iii. Molecular, mathematical,
iv. Advanced energy, programs

g. High EnergyPysics

and geoscience

k. Fermi National Accelerator Laboratory
ii. Alternating Gradient Synchrotron

iii. Zero GradleAt Synchrotron
iv. Stanfordl fear Accelerator Center

* U. S. House of Representatives, 95th Congress, 1 Session, Commit-
tee on Science and Technology, Hearings; 1978 ERDA Authorization,
Volume I.,

2 "),1



h. Nuclear Physics

i. Medium enermphysics
ii. Heavy don physics

iii. Nuclear theory

i. Liquid Metal Fast Breeder Reactor

i Nuclear Research and Applications

i. Water cooled breeder reactors
ii. Gas cooled thermal reactors

iii Gas cooled fast breeder reactors
1V. MoIteW salt breeder reactors
v. Technology development and special

vi. Space applications
vii. Advapted isotope separation technology

1. Nuclear Regulatory Commission Safety Facilities

i. Loss of fluid test'facility
ii. Plenum fill experimental facility

1. FUel Cycle Research and Development

i. Uranium resource. assessment
ii. Nuclear fuel cycle

iii. Long term isolation or terminal storage.
-iv. R&D on retrieval storage

m. Uranium Enrichment

i. U-235 production
ii. Process development

iii'. All other U-235

n. Environmental'Research and Development

i. Overview- management
ii. Environmental policy analysis

iii. Integrated assessment
iv. EfiVironmental engineering
v., Standards, safety, and compliance

Life\Sciences ResearCh and Biomedical ApplicatiCons'

U.

i. General life sciences
ii. Biomedical applications-

Naval'Reactor Development

i. $ubmarine propulsion reactors
ii. Surface_ship propulsion

iii. Supporting research and development

q. Weapons Activities

i. Research and development
ii. Testing of atomic weapons

iii. Special test detection
iv. Production and surveillance



r. Special Materials Production

i. Production
ii. Process development

Waste management (Defense)

s. Nuclear Materials Security and Safeguards

i. Research, development, test, and
Safeguards analytical laboratory

iii. Nuclear materialmanagement and

t. Nuclear Explosives Appfications

St9rme application
ii. Techndlogy support

u. Program Direction

v. Institutional Relations

w. Supporting Activities

x. Cost of Work for Others

y. Enrichment Revenues

z. Miscellaneous Revenues

. ERDA "Uniform Contract 'or Reporting

Fossil Fuels (including synfuel)

development

- :Fossil Fuels _(general)
A2 - Coal Convbrsion 7 Liquefaction
A3 - Coal Conversion - Gasification
4 -Oil and Gas
-Oil Shale

A6 - Biomass - pyi.olysis

Nuclear

Bl - Nuclear (general)
B2 - Fission - Converters
B3 -Fission Breeders
B4 - Fusion Magnetic
B5,- Fusion Laser

Geothermal

Cl -Geothermal (gbneral)
C2 - Hydrothermal
C3 - Geopressurized
C4 -Hot Dry Rock

.t)

evaluation
(Support)
safeguards system

Guidelines" (UCRG) *

Solar

D1 -Solar -(`general,)
D2 L.Direct H'eat/Coel
D3 - Elettrie
D4 -Ocean, Wind
D5 - Biomass

Conservation

El - Conservation (general)
E2 -End Use
E3 - Improved Conversion

Efficiency
E4 - Energy Storage

Other
°

Fl -Multi-Technology
F2 - Genei41 (or Basic) Science
F3 - Medical Applications of

Nuclear Technology
114.- Hydroelectric
F5 -Other (identify on

the form)

* Energy Research and Development Administration ERDA Uniform Con
tractor Reporting Guidelines, January 1977.
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6. Scope of Energy R&D Inventory*

PART I. ENERGY SOURCES

A. COALr

1. Exploration,
2. Mining R&D
3. Processing (liquefaction,
.4. Environmental aspects
5. Combustion studies

B. PETROLEUM & NATURAL GAS

geology, reserves

gasificttion desulfurization)

1. Exploration, geology, reserves
-2. Drilling and production
3: Processing and refining R&D
4. Transporting and storage
5. Combustion studies
6. Environmental aspects-

.OIL SHALES & TAR SANDS

D. NUCLEAR FUELS 4
_ -

.

1. Exploration, mining, ore processing
2. Uranium,enrichment or fuel reprocessing

V.
'3. Environmental aspects

. SOLAR

1. Solar thermal conversion
2. Heating,and coolingi

Wind'energy or ocean thermal conversion
4. Photovoltaic couversio
5. Photosynthesis, bioconversion

F. GEOTHERMAL ENERGY

G. SYNTHETIC FUELS (hydrogen,-methane, etc.)

H. MISCELLANEOUS

93

)

1. PlAnt and animal by-products
2. Urban and industrial waste
3. Water resources

* Utilized in the Inventory of Energy Research and Development Conducted
by the Oak Ridge National LaVoratory for ERDA. Report prepared for the
Subcommittee on Energy Research, Development, and Demonstration of the
Committee on Science and 'Technology, U. S. Hauge -cif Representatives,
94th Congress, 2nd Session, January, 1976.

2f)--1
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PART II. ELECTRICPOWER

A'. ELECTRIC POi;ER GEVERATION

1. Fossil fueled and unspecified/

a. Research and engineering development
b. Materials and equipment
c. Cooling systqms,.
d. Environment 1 air Qollution
e. Environment - water' pollution
f. Environment - land pollution

,g. .Environment 7 waste product recovery, use, and"
disposal

Fission fueled

a. Research and engineering development
b. Materials and equipment
c. Breeder reactors
d. All other reactors
e. Reactor safety studies
f. Cooling systems
g. Environment - air pollution
h. EnviNmment - water pollution.
i. Environment - land pollubion.
j. .Environment - pollution, radioactive
k. Environment - waste produc,t recovery, use, and

disposal

3. Hydroelectric

4. Nuclear fusion t

a. Plasma properties, production,' and heating
b. Lasers'
c. Confinement ,

d. Engineering development

Other electric power generatien

a. .MHD and EFD
b. Fuel cells
c. Thermionic and thermoelectric generators.
d. Power cycles (Rankine, Stirling; Brayton, Combined)

B. ENERGY 'STORAGE

1. Pumped-storage
2. Batteries and storage cells
3. Electrode and,electrolyte studies
4. Flywheels

2 ()
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C. ELECTRIC PER TRANSMISSION AND DISTRIBUTION

1. Undersur, ce systems (cables,, accessories, or super-
conducti 'ty)

2. Overhead sy ems (transmission lines, etc.)
3. Stations and tations
4. Relaying, metering, and 0617mation

D. ELECTRIC POWER PLANNING, ENGINEERING, 8c.OPERATIONS

1. Load forec sting
2. System ,p nning, operation, and control
3. Electrical and physical phenomena

PART III. ENERGY USES AND CONSERVATION

A. SPACE HEATING AND COOLING

1. Waste heat utilization
2. Building design

B. LIGHTING, APPL NCES, AND EQUIPMENT

C. INDUSTRIAL AND ANUFACTURING PROCESSES'

DI. TRANSPORTATION

1. Air and space
24 Water
3: Greund

'49

Research and engineering development
Internal combustion systems
External combustion systems

a.
b.
/c.
d.

e.
Electrical propulsion
Efficiency and fuel economy

4. Environment Aspects

a.

b.
c.

Noise
Exhaust studies

.

Emissrons control

E. AGRICULTURE

PARviv. GENERAL ENERGY=RELATED STUDIES

A. ECONOMICS'

1. Supplay, demand, fdrecasting
.2. Econimic-feasibility'

a. POLICY, LEGISLATIVE, OR REGULATORY

C. TECHNOLOGY ASSESSMENT'.

D. SOCIAL AND SOCIO-ECONOMIC(ASPECTS

E. RUBLIC.INFORMATION,AND CONFERENCES

F. OCCUPATIONAL HEALTH 'HAZARDS

A-15
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7. Energy Sources and Functions of Federal Energy Information
Locator Systems

COAL:
Exploration
Resources (reserves)
Extraction
Processing.
TranspolIation
Organizational and Financial

Structure
-Consumption
Imports and Exports
Research and Development

ENERGY-RELATER:
General
Truck Inventory/Use
'Commodity Transportation
National Travel
Farm Expenditures
Private Electric UtiAities--
1, Performance Ratios
'Energy Conservation/Buildings
EnergylConservaion/Indusfry

..Energy Conservation/ComMurity
Associated Airline Finandal

and Operating Data,
Associated Airline Passenget-
Travel Data

earnings Impacts for aelected
Yeas

GEOTHERMAL:
Exploration
Resourcesjreserves
'Extraction
Processing,'

OIL SHALE:
Expl ation
Resource eserves)
Extraction
Processing
Transportation of Syncrude

. .

ELECTRICITT)
Production
Distribution
Consumption
Organizational and Financial

Structure
Research and Developmitnt

NATURAL GAS:
Exploration
Resources (reserves)
Production
Storage
Distribution
Imports and Exports
Processing
Consumption
Organizations} and Financial

Structure
Research and Development

NUCLEAR:
Exploration
Resources (reserves)
Extraction (minin&
Transportation
Milling
Uranium Hexaflouride Production
Enrichment
Fabrication
Storage
Imports and Exports
Reprocessing
Waste. anagement4
Research andDevelopment
Organizational.and FinanciLl
Structure

leactor Operations
Licensing %.

Uranium Sales

-41 Federal Energy Administration, National Energy Information Center
Federal Energy Information Locator4stem9 FEA/B-76/4929WaOlfigton,

" D.0%, November 30, 197h.
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ORGANIC WASTE:
Research and Development

PETROLEUM:
Exploration

,

Resources (reserves)
Production
Storage(crude)
Transportation (crude)
Organizational and Financial

StrUcture
Imports and Exports

'Research-and Development
Purchases by Type

SOLAR: \
Resources (system)

PETROL'4 PRODUCTS:
Refining
Product Storage

. Transportation
Imports and Exports
Consumption
Organizational and Financial.

Structure
Research -and. DeVelopment
Petrochemical Operations.
Sales by Type
Refining Outputs
Purchases by Type

.TAR SANDS:
Exploration
Resources (system)
Extraction
Proces4ng,
TAnsportation
Organizational and Financial

Structure

CATEGORIES Of MANPOWER (e.g. DOE Intramural RD&D, Other Federal
Supported Energy, etc.)

'

Shown in Chapter-'II Section

D. OCCV.24% L GROUPS AN4SPECIALTIES,

The iellowin list is based on the Standard Occupational Classifi-
.

cation (bein developed under the aegis of OMB).* It is a broad
general list ng of occupations, ,similar in content to those gener-
ally used i other, programs, for example,tthe Dictionary of Occu-
pational Ti les, Census Occupational Classification System, and
those used in manpower surveys such as those of NSF and BLS.

1. Enginee s and Scientists (including college professors and
instructors)

. a. Engi eers

Aeronautical
Agricultural.
Ceramic
Chemical
Civil, sanitary.
Geological, v..

Industrial

Metallurgical, materials
Mechanical.
Mining
Nuclear .

Petroleum
Other. engineers

Executive Office of the President, Office of Managemint and Budget,
Standard Occupational Classification Manual (Draft), 1976.
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b. Environmental Scientists.

Atmospheric, meterologists
Earth scientists, geologists, geophysicists.
Oceanographers,

Physical Scientists

sts Physicists and astronomers
urgists Other physical scientists

Chem
Meta

'd. Mathemat ans. and Statisticians
4.. .

Actuaries
.

Operations `research analysts
"Mathematicians Statisticians

..-

6, .."Life Scientists ,.. ,.

a.

Agricultural (including foresters and conservationist's)
Biological scientists .'

.
.

...,

(anatomists,*bacteriologistS,botanists, entomologists,-
,geneticists, microbioloki8ts, plantpathologists, soil

. scientists, zoOlogiste,..,etc.) '1-4-

BioChemiets, 4-
tiophysicists4
Medical 'scientists

f. Social Scientists
,

Economists Sociologists and-anthropologists
Psychologists Other social.. scientists

,
.

g. Health Vrofesqonals

'Dentists Physicians and-surgeons
Nurses Other health professions
Pharmacists .

h, Architects
,

2.k.. Technicians and Technologists

a. Draftsmen and designers .. 'tool mechanical architectural
and Similar,types ,

.0.:i).
" Surveyorsc

c: Technicians (medical, dental,_life sciences, electrical,and
,

electronic, mechanical, construciion, engineering, physi-
cal sciences, social.sciwyceS) ,. .

,Administrators_and Managers.- technical

a.: Dean or department. lead in .college or university
b. Head of research, development, or demonstration laboratory

or faCility
I,.Manager of gas plants, electric utilities, etc.

Superintendent ofoarilling and. production,pipelines, etc.
Other scientific-and tebhnical administrators and managers



)

4. Skilled Craftsmen*

a. Construction craftsmen

Brick stonemason
Bulldozer operator
Carpenter
Cpment/concrete finisher
Llect ician

b. Other. raftsmen

Boilermaker
Craneman derrickman
Electric power lineman

'

Inspector.
Machinist

Operatives

Asbestos worker
Blaster powderman
Driller earth
Mine operatiVe not

elsewhere' classified

Excavating /grading machine'
operator

Painter
Plumber pipefitter
StAuctural,metal craft--

Mechanical repairman
Millwright
Power station operator
Sheetmetal worker,
Stationary engineer

Oiler greaser
StationarY fireman
Transport equipment operator
14,elder flemedutter

d. Foreman,-relevant occupations and industries

The review of operations for occupations. unique to energy' id not
/ reveal any,uhexpected specialties'and practically all can be'Sub-

sumed under the several categories shown above. Among the more
unusual specialties were the following:

Physicists
Plasma.
Optical
AtMosPkgric

Other scientists
Epidemiologist
Aquatic ecologist
Microbiological ecologist
Thermodynamicist
Physical metallurgist

/ Toxicologist

/ J

Lngineers
'Geological
Corrosion
Combustion
Environmental

Chemists
Corrosion
Surface
Atm9spheric
SoliWstate
,leCtrochemist

FIELDS OF DEGREES,,OTRER AWARDS AND ENROLLMENTS

Fuli detail of the taxonomy is shown in those broad areas within
which some categorigs.are relevant to energy RD&D--maybe on]y a
single.item in some cases. Group titles with little likely rele-
vance to energy RD&D are shown for information only (and to com-
plete the full taxonomy, O'f instructional programs) and no detail
is .given--(e..g., area studies, education, fine and applied arts, etc.)

* Based on lists used In Project Independence Labor' Report and on list
used by ERDA in cop Contract Manpower. Reports.

A-l9
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CONVENTIONAL ACADEMIC SUBDIVISIONS QF KNOWLEDGE AND TRAINING *

0100, AGRICULTURE
NATURAL RESOURCES

Subject field designations which chara
lerize students, faculty, facilitiees. de-
gree programs, research projects. etc.
having to do with the production of
food and management of natural
fiber, plant, forest, and wildlife
resources.

0101 Agriculture, general
0102 Agronomy (field crops, and crop

management)
0103 Soils science (management and,

conservation)
0104 Animal science. (husbandry)
0105 Pairy science (husbandry)
0106 Poultry science
0107 Fish, game, and wildlife

management
0108 Horticulture (fruit and vegetable

production).
0109 .Ornamental horticulture

(floriculture, nursery science)
0110 Agricultural and farm

management
0111 Agricultural economics
0112 kgricultural busin'e;'s
0113 FoOdsscie'nce and tech Ology
0114 Forest
0115 Natural 'resources management
0116 Agriculture -and forestry

technologies (baccalaureate and
higher programs)

0117 Range management
0199 Other, specify

0200 ARCHITECTURE and
ENVIRONMENTAL DESIGN.

Subject field' designations which charac-
terize students, faculty, facilities,- del
gree programs, research projats, etc.
having to do with 1r-trilling ITA a ATO-

jession in designing buildings, com-
munities, parks, arid other manmade'
aspects of the physiosocial. environ-
ment.

0201
0202
0203
0204

(0205
0206

Environmental design, general
AN.chitecture
Interior design
1.andscapciv:111u!ctute
Urban architecture
City, community, and regional
planning

0299. Other, specify ,"

0300 AREA STUDIES

Subject field aesignations which charac-
terize students, faculty, facilities, de-
gree programs, research projects, etc.
having to do with programs designed
to study cultures indigenous to spe-

.., cifie geographic regions.

0301
0302
0303
0304

, 0303
0306
0307
0308
0309
0310
0311
0312
0313
0314
0399

Asian studies, general
East Asian studies
South Asian (India, etc.) studies
Southeast Asian studies
'African studies
Islamic studies
Russian and Slavic studies
Latin American studies
Middle Eastern studies
European studies, general
Eastern Eurapean studies
West European studies
Americin studies
Pacific area studies
Other, specify/

0400 BIOLOGICAL SCIENCES

Subject field designations which charac-
terize students, faculty, facilities, de-
gree programs, research projects, etc.
having to do with the :cierice of life
or living matter in all its forms and
phenomena especially with regard to
the origirt, growth, reproduction, and
structure of life forms.

0401 Biology, general
0402 Botany, general
0403 Bacteriology
0404 Plant pathology
0105 Plant pharmacology
0406 Plant physiology
0407 Zoology, general
0408 Pathology, human and animal
0409 Pharmacology, human and

animal
0410 Physiology; human and animal
0411 Microbiology
0412 Anatorily
0413 IlistOlogy.
0414 Biochemistry
0415 Biophysics
0416 Molecular biology
0417 Cell,./eirilTRy (cytology, cell

J;rpla Biology)
041 Marine biology
0419 Biometrics and hiostatistics
0420 Ecology
0421 EntornologY
0422 Genetics
0423 Radiobiology

*Department of Health, Education, and
St4tistics; A Taxonomy of Instructiot
Washington, D.C. 1970.

0424 Nutrition, scientific (excludes
nutrition-in home economics and
dietetics)

0425 Neurosciences
0426 Toxicotogy
0427 Embrytilogy
0499 Other, specify

. .-

0500 BUSINESS and
MANAGEMENT

Subject field designations which charac-.
terize students, faculty, facilities, de-
gree pioirams, research projects. etc.
related to the organization, operation,
administration, and control of private
and public organizations.

0501 'Business a commerce, general
0502 Accounting,
0503 Business statistics
0504 Banking and finance
0505 Investments and securities
0506 Business management and

administration '-
0507 Operations research
0508 Hotel and restaurant

management
0509 Marketing and purchasing
0510 Transportation and public

utilities
0511 Real estate
0512 Insurance
0513 International business
0514 Secretarial studies (baccalaureate

and higher programs)
0515 Personnel:management
0516 Labor and industrial relations
0517 Business economics
0599 Other, specify

0600 COMMUNICATIONS .

Subject field` designations which charac-
terize studentswfaculty, facilities, de-
gree programs, research projects, etc.
related to collection, preparation, arid
presentation opideas and information
intended for popular consumption
through mass media.

0601 Communications, general
0602 Journalism (printed media)
0603 Raclin/television
0604 Advertising
0605 Communication media (use of

(...° videotape, etc., orientfd
specifically tmarx.1 radio/
television)

0699 Other, specify

fate, National Centel for Education
1 Programs in Higher Education, OE-50064,
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0700 COM'PUTER and
INFORMATION SCIENCES.

Subject field designations which charac-
terize students, faculty, facilities, de-
gree programs, course work, recearch
projects, etc. having to do with them,
design, development, and application
of computer capabilities to data stor-
age and manipulation and, related
computati-onal procedures.

0701 Computer and information

0702
0503
0704
0705
0799

sciences, general
Information sciences and systezni
Data processing
Computer programming

stems analysis
r, specify

0800 EDUCATION

Subject field de ignations which charac-
terize studen s, faculty, facilities, de-
gree prograr s, research projects, etc.
related to a ministration and control
of education organizations and insti-
tutions and ubjects related to instruc-
tion, and ervites both within and
outside of uch formal organizations.

0801 Edu ation, general
0802 Elementary education, general
0803 Secondary education, general
0804

'Junior
high. school education

0805 Higher education, general
0806 Junior and community college

.:..education
0807 Adult and continuing kucation

0808 Special education, general
0809 Administration of special

education -

0810 Education of the mentally
retarded

0811 E.ducation of the gifted
0812 Education of the deaf
0813 Echication of the culturally

digadvantaged
0814 Edulation of the visually

handicapped
0815 Speech correction
0816 Education of the emotionally

disturbed
0817 Remedial education
0818 Special learning disabilities
0819- Educaticin of the physically

. handicapped
0820 Education of thg multiple

handicapped
0821 Social foundations 4-history and

. philosophy of education)
0822 Educational psychology (include

\ 0823
learning theory)
Pre-elementary education
(kindergarten)
Educational statistics and
research

\
.\ 08' , 4-

082'5

0816-

0827
08 28
0819
0830

0831

0832

0833

0834

0835
0836
0837

0838

0839

0899

/
Educational testing, evaluation
and measurement
Student personnel (counseling
and guidance)
Educational administration
Educational supervision
Curriculum arid 'instruction
Reading education (methodology
and theory)
Art education (methodology and
theory)
Music education (methodology
and-4Iteory)
Mathematics education
(methodology and theory)
Science education (methodology
and theory)
Physical education
Driver and safety education
Health education (include
family life education)
Business,/commerce, and
distributive education
Industrial arts, vocational, and
technical eduction
Other, specify

0900 ENGINEERING

Subject field designations which charac-
terize students, faculty, facilities, de-
gree programs, research projects, etc.

_ hating do with the practical appli-
cation of basic scientific knowledge to
the design., production, and operation
of systems intended to facilitate man's
control- and use of his natural envi-
ronment.

.

0901 -Engineering, general
0902 Aerospace, aeronautical and

astronautical engineering
0903 Agricultural engineering
0904 Architectural engineering
0905 :,,,,,kiangineering and bioznedical:!,

=9Fliginecring
0906 Chemital engineering (include

petroleum refining)
0907 Petroleum engineering (exclude

petroleum refining)
0908 Civil, construction; and

transportation engineering
0909 Electrical, electronics, and

communications engineering
0910 Mechanical engineering
0911 Geological engineering '
0912 Geophysical engineering
0913 Industrial arid management

engineering
0914 Nletalliirgical,engincering
0915 Materials -engineering
0916 Ceramic engineering
0917 Textile engineering
0918 Mining and mineral engineering
0919 Engineering physics
0920 Nuclear engineering

A 21

0921 Engineering mechanics
0922 Envionmental and sanitary

engineering
0923 Nfaval architecture and marine

engineering
0924 Ocean engineering
9925 Engineering technologies

,(baccalaurate and higher
programs)

0999 Other, specify

1000 FINE and APPLIED. ARTS

Subject field designations which charac- T;;

terize students, faculty, facilities, de-
gree programs, research projects, etc.
having to do with the creation and
appreciation of the diverse modes of
communicating ideas and emotions by
means of stylized,, visual, and non-
visual representations and symbols.

1001 Fine arts, general ,
1002 Art (painting, drawing,

sculpture)
.1003 Art history and appreciation
1004 Music (performing, composition,

theory)
1005 Music (liberal arts program)
1006 Music history and appreciation

(musicology)
1007 Dramatic arts
1008 Wnce
1009 Applied design (ceramics,

weaving, textile design, fashion
design, jewelry, metalsmithing,
interior decoration, commercial
art)

1010 Cinematography
1011 Photography
1099 Other, specify

1100 FOREIGN LANGUAGES

Subject field designations which chatac-
terize students, faculty, facilities, de-
gree programs, research projects, etc.
related to mastery of a language other
than English or related to the study
of. a foreign culture through explora-
tion of the literature of that culture
as expressed in the vernacular Ian-

, gyzge. .
1101 Foreign languages, general,

(includes concentration on )ore
than one foreign language
without major emphasis on one -7.--
langeage)

1102 French
1103 German
1104 Italian
1105 Spanish
1106 Russian
1 i01 Chinese

a
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1108 Japanese
1109 Latin
1 1 1 0 Greek, classical
1111 Hebrew
1112. Arabic
1113 Indian (Asiatic)
1114 Scandinavian languages
1115 Slavic languages (other than

Russian)
1116 African languages (non-Semitic)
1199 Other, specify

1200 HEALTH PROFESSIONS

Subject field designations which charac-
terize students, faculty, facilities, de-
gree programs, 'research projects, etc.
having to do with the maintenance
and restoration of physical and .men-
tal health.

1201 Health professions, general
1202 Hospital and health care

administration
1203 Nursing (baccalaureate and

higher programs).
1204 Dentistry, D.D.S. or D.M.D.

degree:

1205 Dental specialties (work' beyond
first-professioital degree, D.D.S.
or D.M.D.)

1206 Medicine, M.D. degree
1207 Medical specialties (work

beyond first-professional degree,
M.D.)

1208 Occupational therapy
1209 Optometry
1210 Osteopathic medicine, .D.O.

degree
1211 Pharmacy
1912 Physical therapy
1213 Dental hygiene (baccalaureate

and higner programs)
1214 Public health
1215 Medical record. librarianship
1216 Podiatry' (Poc1.1). or D. P.)or

podiatric imedic!ne D.P.M.
1217 BiOmedical communication
1218 Veterinary medicine (D.V.M.

degree)
1219 Veterinary medicine specialties

(work beyond first-professional
degree, D.V.M.)

1220 Speech pathology and audiology
1221 Chiropractic
1222 Clinical social work (medical

and psychiatric and specialized
rehabilitation services)

1223 Medical laboratory technologies
(baccalaureate and higher

, programs)
1224 Dental technologies

(baccalaureate and higher
programs)

1225 Radiologic technologies
(baccalaureate and higher
programs)

1299 Other; specify

1300 HOME ECONOMICS

Subject field designations which charac-
terize students, faculty, facilities, de-
gree programs, research projects, etc.
having to do with the theory and
practice of family 'and home care in-
cluding the science of ,foods, home
decoratiOn and management, an'
child cart.

1301 Home economics, general
1302 Home decoration and home

equipment
1303 Clothing and textiles
1304 Consumer economics and home

management
1305 Family relations and child

development
1306 Foods and nutrition (include

dietetics)
1307 Institutional management and

cafeteria management
1399 Other, specify

1400 LAW

Subject field designations which charac-
terize students, faculty, facilities, de-
gree programs,iresearch projects, etc.
having to do with instruction in the
legal customs, practices, and rules of
society and .states for th'e purpose of
pursuing a career in jurisprudence.

1401 Law, general
1499 Other, specify

1500 LETTERS

Subject field designations which charac-
terize students, faculty, facilities, de-
gree programs, research projects, etc.

'having to do with English language
and literature and -value systems re-
lated to ancient.and modern cultures.

1501 English, general
1502 Literature, English
15037 Comparative literature
1504 Classics
1505 Linguistics ( include phonetics,

semantics, and philology}'
1506 Speech, debate, and forensic

science (rhetoric and public
address)

1507 Cieative writing
1508 Teaching of English as a foreign

language

A 22

1509 Philosophy
1510 Religious studies (exclude

theologi5al. professions)
1599 Other, specify

(. 1600 LIBRARY 'SCIENCE

Sabject field designate it.hichcharac-
terize students, fa lty, facilities, de-.
gree programs, research projects, etc.
having to do with instruction in the

. professional skills required ty,organ-
ize collectiOns of books and related
rnaigials and the traininf necessary
for providing services relattee4to them. ,

1601 Library science, general
1699 Other, specify

1700 MATHEMATICS

Subject field designatrons which charac-
terize students, faculty, facilities, de-
gree programs, research projects, etc.
having to do with the science of num-
bers and space ,configurations and
their operations, measurement, rela-
tionships, and abstractions.

1701 Mathematics, general
1702 Statistics, mathematical and

theoretical
1703 Applied mathematics
1799 Other, specify:

1800 MILITARY SCIENCES _

Subject field designations which charac-
terize students, faculty, facilities, de-
gree programs, research projects, etc.
having to ,do with techniques and
skills unique to the pursuit of a pro -
fessional career as a military officer.

1801 Military science (Army)
1802 Naval science (Navy, Marines)
1803 Aerospace science (Air Force)
1899 Other, specify

1900 PHYSICAL SCIENCES

Subject field designations which charac-
"terize *students, faculty, facilities, de-
gree programs, research projects, etc.
having to do will; the basic nature of
matter, energy, nd associated phe-
nomena.

1901 Physical sciences, general
1902 Physics, general (exclude
ett biophysics)
1903 Molecular physics
190J Nuclear physics
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1905 Chemistry, general (exclude
- biochemistry)

1906 Inorganic chemistry
1907 Organic chemistry
1908. ,Physical chemistry
1909 Analytical chemistry
1910 Pharmaceutical chemistry
191) Astrondrny
1912 Astrophysics
1913 Atmospheric sciences and

) meteorology
1914' Geology
1915.. Geochemistry
1916 Geophysics and seismology
1917- Earth 'scienCes, general
1918 Paleontology
1919 Oceanography
1920 Metallurgy
1999 Other, specify

2000 PSYCHOLOGY

Subject field designations which charac-
terize students, faculty, facilities, de-
gree programs, research projects, etc,
having to do with behavioral and
mental process'es.

2001 Psychology, general
2002 ExPerimental psychology,

(animal and human)
2003 Clinical psychology
2004 Psychology for counseling
2003 Social psychology
2006 Psychometrics
2007 statistics if psychology
2008 Industrial psychology
2009 Developmental psychology
2010 Physiological psychology
2099 Other, specify

21004 PUBLIC AFFAIRS
and SERVICES, .1

Subject field designations which charac-
terize students, /aculty, facilities, de-
gree programs, research projects, etc.
related to developing and -improving
competencies in the management and
operation of governmental agencies.

2101 Community services, general
2102 Public administration
2103 Parks and recreation

management
2104 Social work and helping services

' (other than clinical social work)
.2103 Law enforcement and corrections

(baccalaureate and higher "i".
pro rams)

2106 InMrnational public service
(other thah diplomatic service)

2199 Other, specify

2200 SOCIAL SCIENCES

Subject field'design101 which characl
terize students, fciaitty, facilities, .de-
gree programs, research projects, etc.
hating to do with all asps is of the
past and present activities, conduct,
interactions, and organizations of hu-
mans.

2201 Social sciences, general
2202 Anthropology
2203 ArchAcology
2904 Economics
2205 History
2206 Geography
2207 Political science and government
2208 Sociology

,2209 Criminology
2210 International relations
2211 Afro-American (black. culture)

studies
2212 American Indian cultural studies
2213 Mexican-American cultural

studies
2214 Urban studies
2215 Demography
2299 Other, specify,

2300 THEOLOGY

Subject field desig-nations which charac-
terize students, /aculty, facilities, de-
gree programs, research projects, etc.
related to preparation and training
for a religious vocation.

2301 Theological prof,ssions, general
2302 Religious music
2303 Biblical languages
2304 Religious education
2399 Other, Specify

4900 INTERDISCIPLINARY
STUDIES

Subject field designations which charac-
terize students, faculty, facilities, de-
gree programs, research projects,etc.
involving more than one major dis-
cipline without primary concentration
In any one area.

4901 General liberal arts and sciences
4902 Biological and physical sciences
4903 Humanities and social sciences
4904 Engineering find 1pr disciplines
4999 Other, specify

'2. TECHNOLOGICAL AND OCCUPATIONAL CURRICULUMS LEADING TO ASSOCIATE DEGREES
AND OTHER AWARDS BELOW THE BACCALAUREATE

5000 BUSINESS and COMMERCE
TECHNOLOGIES

Subject field designations which charac-
terize students, faculty, facilities, de-
gree and certificate programs, etc.
specifically associated with develop-
ment pf skills required for commerc.ial,
business, or secretarial occupations at
the semiprofessional level. Two years
of preparation beyond high school are
usually sufficient fo'r entrance into
these occupational fields..

5001 Business and commerce
technologies, general

5002 Accounting technologies

5003 Banking and finance technologies
3004 Marketing, distribution,

purchasing, bu:iness, and
industrial management
technologies

5005 Secretarial technologies ,( include
office machines training)

5006 Personal service technologies
(stewardess, cosmetologist, etc.)

5007 Photography technologies
5008 Communications and

broadcasting technologies
(radio/television, newspapers)

5009 Printing and lithography
technologies
Hotel and 'restaurant
management technologies

5010

ri P-./
A).-/kr,,, 23 2..

5011 Transportation and public
utility technologies

5012 Applied arts, graphic arts, and
fine arts technologies '(include
advertising design)

5099 Other, specify

5100 DATA PROCESSING'
TECHNOLOGIES

Subject field designations whici charac-
terize students, faculty, facifiRes, de-
gree and certificate programs, etc.
specifically associated with develop-
ment of skills required for data pro-
cessing or related occupations at the



semiprofessional level. Two years of
preparation beyond high school are
usually sufficient for entrance into
these occupational fields.

5214 .Medical assistant and medical
office. assistant technologies

.5215 Inhalation therapy technologies
5216 Psychiatric technologies. ( include

mental health aide programs)
5101 Data processing technologies,

general
5217 Electro diagnostic technologies

(include E.K.C., E.E.C., etc.)
5102 Key punch operator and other 5218 Institutional management

input preparation technologies technologies (rest home, etc.)
5103 Computer prograrinner 5219 Physical therapy technologies

technologies 5299 Other, specify

5104 Computer operator and
Peripheral equipment operation
technologies 5300 MECHANICAL and

5105 Data processing equipment ENGINEERING TECHNOLOGIES

maintenance technologies Subject field designations which charac-
.5199 Other, specify terize students, faculty, facilities, de-

5200 HEALTH SERVICES and
PARAMEDICAL TECHNOLOGIES

SubjeZt field designations which charac-
terize students, faculty, facilities, de-
gree and 'certificate programs,: etc..
specifically associated with develop-
ment of skills required for health
serbice related occupations at -pie'

/ semiprofessional level. Two years of
preparation beyond high school are
usually sufficient for entrance into
these occupational fields.°

5201 Health services assistant
technologies, general

5202 Dental assistant technologies
5203 Dental hygiede technologies
5204 Dental laboratory technologies
5205 Medical or biological laboratory

.assistant technologies
5206 Animal laboratory assistant

technologies
5207 Radiologic.tcchnologies (X-ray,

etc.)
5208 Nu -sing, R.N. (less than 4-year

program)
5209 Nursing, practical (L.P.N. or

.L.V.N.--less than 4-year
,prograrn)

5210' Occupational therapy
technologies

5211 Surgical technologies
5212 Optical technologies ( inc'llide

ocular care, ophthalmic,
optometric technologies)

5213 Medical record -technologics.

gree and certificate programs, etc.
specifically associated with develop-
ment of .skills required for mechanical
and. engineering related occupations
at the semiprofessional level. Two
years of preparation beyond high
school are ,,usually sufficient fpr en
trance into these occupational fields.,

5301 Mechanical and engineering
technologies, general

5302 Aeronautical and_aviation
technologies

5303 Engineering graphics (tool and
machine drafting and design)

5304 Architectural drafting
technologies

5305 Chemical technologies (iriclude
plasti'cs)

5306 Automotive technologies
5307 Diesel technologies
5308 Welding technologies
5309 Civil technologies (surveying,

photograrnmetry, etc.)
5310 Electronics and machine

technologies (television,
appliance, office machine repair,
etc.)

5311 Electromechanical technologies
5312 Industrial technologies
.5313 Textile technologies
5314 Instrumentation technologies
5315 Mechanical technologies
5316 Nuclear technologies
5317 Construction and building

technologies (carpentry,
electrical work, plumbing, 'sheet
metal, air Conditioning, heating,
etc.)

5399 Other, specify `

- 5400 NATURAL SCIENCE-
TECHNOIOGIES

Subject field designations Which..liarac-
terize orients, faculty, facilities,' de-
gre certificate programs, etc..
spec fically associated with eleuelop-
nzent of skills required for natural
science related occupations at the
semiprofessional level. Two years of
preparation beyond high school are
usually sufficient for entrance into
these occupational fields.

5401 Natural science technologies,
general

5402 Agriculture technologies
(include horticulture)

3403 Forestry and wildlife
technologies (include fisheries)

5404 Food services technologies
, 5405 Home economics technologies

5406 Marine and oceanographic
technologies

5407 Laboratory technologies, general
5408 Saditation and public health

inspection technologies
(enviromnental health
technologies)

5499 Other, specify

5500 PUBLIC SERVICE RELATED
TECHNOLOGIES ,'I

Subject field designations which charac-
' terize students, faculty, facilities, de-

gree and certificate programs etc.
specifically associated with develop-
ment of skills required for public
-service related occupations at the
semiprofessional level. Two years of
preparation beyond high school are
usually sufficient for entrance into
these occupational fields.

5501 Public service technologies,
general ,

5502 Bible study or religion-related
occupations .

5503 Education technologies (teach er
aide and 2-year teacher training
programs)

.5'504 Library, Assistant techn o logies
5505 Police, law enforcement,

corrections technologies
3506 Recreation and social Work

related technologies'
5507' Fire control .technology
5,308 Public administration and

management technologies
5599 Other, specify



3. SPECIALTIES OF DOCTORAL' DEGREES

MATHEMATICS
000. Algebra
010 Analysis & Functional Analysis
020 Geometry
030 Logic
040 Number Theory
050 Probability. Math. Statistics

(see also 544, 670, 725, 727, 920)
060 Topology
080 Computing Theory & Practice
.082 Operations Research (see also 478)
085 Applied Mathematics
09R Mathematics, General
099 Mathematics, Other

ASTRONOMY
101 Astronomy
102 Astrophysics

PHYSICS
110 Atomic & MoleCular
120 Electromagnetism
130, Mechanics
137 Acoustics
134 Flui s

.135 P6,s a
136 Opti
138 --Ther
140 Elementary Particles
150 Nuclear Structure
160 Solid State ,

198 Physics, General
199 Physics, Other

CHEMISTRY
200 Analytical
210 -- Inorganic
220 Organic
230 Nuclear
240 -- Physical
250 TheoretiCal
260 Agricultural & Food
270 Pharmaceutical
275 Polymer
298 Chemistry, General
299 Chemistry, Other

EARTH SCIENCES
301-- Mineralogy, Petrology
305 Geochemistry
310 = Stratigraphy, Sedimentation
320 =Paleontology
330 Structural Geology
341 Geophysics (Solid Earth)

Geomorph., Glacial Geology
360 Hydrology
370 Oceanography
381 Atmospheric Physics and. Chemistry
182 Atmospheric Dynamics
383 Atmospheric Sciences, Other'
391 Applied Geol., Geol. Engr.,

Econ. Geol.
395 Fuel Tech., Petrol. Engr. (seep 479)
398 Earth Sciences, General
399 Earth Sciences, Other

ENGINEERING
400 Aeronautical & Astronautical
410 Agricultural
415 Biomedical
420 Civil
430 Chemical
435 Ceramic,
437 Conip,uter
440 Electrical
445 Electronics
450 Industrial
455 Nuc14.; r
460 Engideering Mechanics
465 Engineering Physics
470 Mechanical
475 Metallurgy & Phys. Met. Engr.
476 Systems Design, Systems Science
478 Operations Research (see also 082)
479 Fuel Tech., Petrol. Engr. (see also 395)

480 --Sanitary
486 Mining
497 Materials Science
498 Engineering, General
499 Engineering, Giber

ENVIRONMENTAL SCIENCES
589 Environmental Sciences

rFlICULTURAL SCIENCES
500 Agronomy
501 Ag,ritultural Economics
502 Animal Husbandry
503 Food Science & Technology
504 Fish & Wildlife
505 Forestry\
506 Horticulture
507 Soils & Soil Science
510 Antmal Sciences
511 Phytopathology
518 Agriculture, General
519 Agriculture, Other

MEDICAL SCIENCES
520 Medicine & Surgery
522 Public Health
523 Veterinary Medicine
524 = Hospital Administration
527 --I Parasitology
534 Pathology
536 Pharinacology
537 Pharmacy
538 Medical Scierices, General
539 Medical Sciences, Other,

BIOLOGICAL SCIENCES
540 Biochemistry
542 Biophysics
544 Biometrics, Biostatistics

(see also 050, 670, 725, 727, 920)
545 Anatomy
546 Cytology
547 Embryology
548 Immunology
550 Botany
560 Ecology
562 Hydrobiology
564 Microbiology & Bacteriology
566 Physiology, Animal
567 Physiology, Plant
569 Zoology
570 Genetics
571 Entomology
572 Molecular Biology .

576 Nutrition and/or Dietetics
578 -- Biological Sciences, General
579 Biological Sciences, Other

PSYCHOLOGY
600 Clinical
610 Counseling & Guidance
620 Developmental & Gerontological
630 Educational
635 School Psychology
641 Experimental
642 Comparative
643 Physiological
650 Industrial & Personnel
660 Personality
670 Psychometrics

(see also 050, 544, 725, 727, 920)
680 Social
698 = Psychology, General
699 Psychology, Other

SOCIAL SCIENCES
700 Anthro ogy
708 Communications'
710 Sociology
720 Economics (see also 501)
725 -- Econometrics

(see also 050, 544, 670, 727, 920)
727 Statistics

(see also 050, 544, 670, 725, 920)
740 Geography

745 Area Studies
751 Political Science
752 Public Administration
755 -- International Relations
770 Urban & Reg. Planning
798 Soci91 Sciences, General
799 Social Sciences, Other'

ARTS & HUMANITIES
801 Art, Applied
802 Art, History & Criticism
804 History, American
805 History, European
806 History, Other
807 History & Philosophy of Science
808 American Studies
830 Musio a.
831 Speech as a Dramatic Art

(see also 885)
832 = Archeology
833 Religion (see also 881)
834 Philosophy
835 Linguistics
836 Comparative Literature
878 Arts & Humanities, General -
879 Arts & Humanities, Other

LANGUAGES & LITERATURE
811 American
812 English
821 German
822 Russian
823 French
824 Spanish & Portuguese
826 Italian
827 Classical*
829 Other Languages

EDU4ATION
900 Foundations: Social. Philosoph.
910 Educational Psychology
908 Elementary Educ., General
909 Secondary Educ., General
918 Higher Education
919 Adult Educ. & Extension EduC.
920 Educ. Meas. & Stat.
929 Curriculum & Instruction
930 Educ. Admin. & Superv.
940 Guid., Couns., & Student Pers.
950 Special Education

(Gifted, Handicapped, etc.)
960 Audio-Visual Media

TEACHING FIELDS
970 Agriculture Educ.
972 Art Educ.
974 Business Educ.
976 English Educ.
978 Foreign Languages Educ.
980 Home Economics Educ.
982 Industrial Arts Hue:
984 Mathematics Educ.
986 Music Educ.
988 Phys. Ed., Health, & Recreation
989 Reading Education
990 Science Educ.
992 Social Science Educ.

, 993 Speech Education
994 Vocational Educ.
996 Other Teaching Fields

998 Education, General
999 Education, Others

OTHER PROFESSIONAL FIELDS
881.-t, Theology (see also 833)
882 Business Administration
883 Horile Economics
884 JouriValisni."/A ,

885 Speech& H4111/g)Sciences
(see also 831)

886 Law. Jurisprudence
887 Social Work

r891 Library & Archiva 1Sc ience
897 Professional Field, Other'

899 OTHER FIELDS
Identify the specific field in the imam provided on the queltionnalre.

National Research Council, Summary Report 1976 Doctorate Recipients From United
States Universities, March 1977.
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F. INDUSTRIAL CATEGORIES

k

Indnstrial categories in nearly all cases are based on the taxonomy
establishedin the,Standard Industrial Classification Manual issued
by the Office of Management aild Budget.* In Chapter II, Section G,
industrial coding is discusse4 and a list of basic energy industries
is provided: The following.are other. examples of classifications
of other "energy' industries."

1. Indirect Energy Industries (as identified by Folk and associates * *)

SIC Industry

281 Industrial chemicals
1623 Beau constru tion contractors except highway.and street
1629 Heavy constr ction, nee'.
3293 Gaskets,-packing, and asbe I-insulation for boilers
3317 Oil country, tubular- goods
3433 Heating equipment, except electric
3443 Fabricated plate work (boiler shops)
345 Screw machine products, etc.
3494 Pipe fittings, flanges and valves
3511 Turbines and steam engines
3531 Construction equipment
3532 Mining equipment °
3533 Oilfield equipment
3534 -Elevators and moving stairways
3536 Cranes and hoists
3535 Conveyors and conveying equipment
3561 Pumps and doMPressor§
3568 MechOical power transmission equipment, nec.
3567 Industrial process furnaces and ovens
3612 Power, distribution, and 'specialty transformers
3613 Switchgear
3621 Motbr6 and generators
3623 Welding apparatus
3811 Mechanical controls and instruments
3822 Automatic temperature controls
7391 Research and development laboiatories
8911 Architectural and engineering services
8922 Noncommercial educational, /scientific, andresearch

organizations A

9631 Regulatory agencies '

Executive Office of the President, Off4ce of Management and Budget, "

Standard Industrial"-Classification Manual, 1972.
4

** Hugh Folk, op. cit., p. 5.
21
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2. *ergy-'Relat,.9d Industries*

Baved n the use of an'input-output doefficientrcutoff of .01,
the ollowing list of industries "related" to each of several
major energy industries was prepared.

COAL MINING

Relate0 Industries

Maintenance and repair'construction (all other)

Coal mining_
Crude petroleum and natural gas

Industrial organic and inorganic chemicals
Miscellaneous chemical products
Petroleum refining and other products %

41.
Reclaimed. Tubber and miscellaneous rubbr products
Blast furnaces and basic steel products-,
Screw machine products and t4olts, nuts, rivets -and- washers
Construction machinery
Mining machinery -s

Railroads and related servic4e
ElectriC utilities.
Wholesale trade
Real estate
Miscellaneous business see ices
Miscellaneous professional services

CRUDE PETROLEUM AND NATURAL GAS
,Related Industries

-Crude petroleum and natural g
Maintenance and repair construc on (all other)
!aIndustrial inorganic-'and organic chemicals
'Blast furnaces and basic steel products

Wholesale, frade
Retail trade
Real estate
Miscellaneous business services
Miscellaneous professional services
Transferred imports
Business travel, entertainment and gifts

PETROLEUM REFINING AND RELATED PRODUCTS:.

Related Industries
Crude petroleum and natural gas
-Maintenance and repair construction (all other)
Industrial inorganic and organic chemicals
'Petroleum refining and related-products 4

* America4'Society for EdgineeringtEducation, A Proposed.Plan for Edu-
cation and Training in Nonnuclear and Nuclear Energy Telwologies,
ERDA Z61,33, February 1977- (!
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PETROLEUM REFINING AND RELATED PRODUCTS (continued)

Blast furnaces and, basic steel produdts
_Motor freight- transportation and warehousing
Water transportation
Pipeline transportation
Electric'utilities
Gas utilities,
Wholesale trade
Banking

'Real estate
Viscellaneous business services
*Advertising
Miscellaneous professional services
Transferred imports

-ELECTRIC UTILITIES

Related Industries
Coal Mining
Crude petroleum and natural gas'
Maintenance and repair construction (all other) -

Petroleum refining and related product
Railroads and related services
Motor freight transport and warehousing

° ;Electric utitities
Gas utilities
Real estate
Miscellaneous business services
'Federal electric utilities
State and local electriciutilities

GAS UTILITIES

Related Industries
Crude petroleum and natural gas
Maintenance and repair construction (all other)
Gas utilities
Real.estate
Miscellaneous business services
Other state and local government enterprises
Transferred imports

a
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APPENDIX B*

DATA SOURCES RELEVANT TO ENERGYESEARCH,-
DEVELOPMENT AND DEMONSTRATION

1
MANPOWER

0

Table Of Contents

ACE 1 Junior Year Enrollment

ANS Nuclear Employment Outlook

BATL 1 - National Survey of Compensation Paid'to Scientists and
Engineers Engaged in Research and Dev9lopment ActivitieS'

V-National Survey ,Professional,-Administrative, Technical'.
andClerical Pay (PATC)

BLS Occupational Employment Statistics Survey

BLS Labor Turnover Rates

BL

BLS 5 -

Tabulations of Occupational and-Labor-Fefte. Status Changes
from 1965 to 1970 4

Current Employment, Hours and Earnings Statistiqs

BOM 1 -. Mineral Facts and Problems

t
CENS 1 - Annual Survey of School Enrollment (CPS)

CENS 2 - (1) Census Of Manufactures
(2) -Annual Survey'of Manufactures

CENS 3 - , Current Population i;eports - Series P-60 Money Income in
o 1975 ofFamilies and Persons in the U.S., .

. e
o .

m..

.CGS 1 - , Survey,of Graduate Enrollment

. ,

)
4'

.

..CPC - Annual Survey of Job. Offers to College Graduates.
.

p
CPC, 2 - 'Recruiting Activity Reports

r° 1 (a) what employers planned too hire (Dtcember)
.(b) what employers actually hired (June)

* The data sources listed in this Appendix are, in general, arranged according
to agency publishing the principal report: In a number of cases mare than
one agencyis involved In a:survey or report. This is .brought out in'the
description,of the data source. .



DSE 1 - Engineer/Scientist Demand Index

EMC Professional Income of Engineers

EMC 2 Survey of Placement of Engineering Graduates

ERDIC -, Report of Contractor` Hours and Earnings
.

ERDA 2 Repot of Contractor Empidymen1 and'Turnover

ERDA 3 - Nuclear Engineeringnrollments and Degrees

ERDA 4 - Radiation Protection Enrollment Degree Survey

ERDA 5 - Survey of Occupational Employment in Nuclear
or Nuclear Related Energy Activities

ERDA 6 - iuclear-4161Ated Technician. ManpOwer

ERDA 7 - Industrial Training

ERDA 8 - Energy Related Technology Programs AACJC

ERDA 9

ETA 1

omparison of Compensdtion Paid Scientists-4nd
Engineer in R&D

I
mploymen t Service Applicants File

ETA .2

1.

Projecting Employment Requirements for Energy
Development and Expansion in Federal Region VIII

ETA 3 (Employment Service Job Openings
(a) Job Bank Openings Summary
(b) Occupations in Demand.
(c, Job Bank - Frequentily Listed Openings

ETA 4 - Apprenticeship Statistics

ICC 1.1'- Annual Reports of Interstate Carriers

'INS '1 _Beneficiaries of Occupational Preference and other.
Immigrants admitted,- by OCcupation

KAI 1 - Co Re Manpower Projections, 1980

-f

NCES 1 Earned Degrees Confe ed (HECT1r/

B-2
1
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NCES -

NCES 3

Stiideits Enrolled for Advanced Degrees, (HEGIS)

Associate Degrees and Other FOrmal Awards
Belowfthe Baccalaureate (HEGIS)

NCES 4 .Upper Division Enrollment by Degree Field ,( HEGIS)

NCES 5 Survey of Recent College Graduates

NRC Survey of Erne Doctorates

'NRC '2 - Survey of Doctoral Scientists and Engineers

NSF Federal Funds for Research; Development and
other- Scientific Activities

NSF 2. Federal,R&D Funding by Function.

NSF Energy R&D in Federal.Installations'

NSF Research and Developmentt.n Industry

NSF 5 Research and Development in State Government Agenties
. 0

. r.
NSF-7:6 Expenditures foycientific Activities at Universities

and Colleges

NSF 7 - Federal'Slippnrt of Research in Universities and
Non-profit 'Organizations

NSF Research and Development Spending by Non-Profit
Organizations

.NSF 9.- National Patterns of R&D Resources: Funds and Manpower

NSF 10
.c

NSF.11

NSF 12

Federal EmployMent of!ScientifiC and Thchni'cal Personnel

"Indu4rial Employment of Scientists and Engineers

(--Scientists and Eipeineers Employed by Universities
and College's

NSF 13 Graduate Scien.0 Student Support and Post Doctorals

NSF 14 1972 Professional, 'Technical and Scientific
Mahpower'SUrvey (Post Censal Survey.)

k

NSF - N tio50.1.-Satple of Scientists and Engineers

NSF.16 - Immigration of Engineers and Scientists,

24-
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.NSF 17 - R&D in ,Local Gdveblment.

NSF 18 - New Entrants Survey of Recent College Graduates.

NSF 19, , Immigrant,.Scientists.andEngineerS, A Study of
Characteristics and Attitude's :

.
.

MAID d The Enddclitt RepoA: Trend'S in Employment of College
,

and University Graduates in Business and Industry,-

. .

Jnternational Measures of Research 6,,DevelopMent

"ORNL 1 .,InventorY of Energy Research and. Development

PSU 1 - The:Bituminous Coal
,

Industry:. ',A. Forecast
..,,'Mnpower-GoVernment Policy`- Technology'

4`.

SMC

UCAL f-..

Salaties'of Scientists,',Enginders and
A Summary of Salary Surveys' ';

The American Freshman: National' norms .;11
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ACE :1

JUNIOR YEAR. ENROLLMENT

Agency:- American Council on Education for Witional Science Foundation
Unit: Higher Education Panel

Description:

I

Content: Ope of the surveys conducted through the Higher Education Panel
l (HEP) 'operated by the American Council on Education (ACE) for the National

, Science' Foundation (NSF). Survey was conducted in January 1975 of enrollment
in the junior year by field for Fall 1973 and Fall 1974. Data are classified
by- field and.type of institution cdntrol. 1,

Coverage, Survey Method, Sources,. Sample: The HEP 'was created in 1971 to
conduct quick-turnaround surveys on policy issues in higher education. A
sample of 543 institutions .(Ofering at least the baccalaureate) are included
in the'Panel. Response rate was 91% for, hissurvey. Survey was conducted
in 1972 and 1973

Reference Date: Fall

Frequency: Periodic

When Available: Several months after surIbey
;

sifi ations: Taxonomy of National Center for Education .Statistics (NCES).
by NSF.

Forms and R ports: 'Major Field Enrollment of Junior-Year Students, 1973 &'1974.

Evaluation Commentary: Surveys-provide a quick look at career interest at jurtor
year period of college- students and means of estimating future graduations by
field. Survey will be conducted periodically upon experience of need by spon-

rn sors. NCES survey of upper divisiog enrollment could affect such plans if
it is continued'.



.ANS 1

NUCLEAR EMPLOYMENT ONTLOOK

Agency: American Nuclear Society

Description:

Content: Annual survey to determine nuclear manpower demand for both ex-
perienced a1-id new graduatingstudents. Provides data by industry, education
1,eveis, functionS to be performed (innuding R&D4 design teaching), salary
medians for current lnd-previous year. Separate data for technician hiring.
Supplemental survey covers'ANS members who are new graduates hired fox full
time employment (coursessalaries, employment).

-Coverage, Survey Method, Sources,-Sample: Cooperating organizatidns (50
listed) in nuclear industry-mail questionnaire.

Reference Date:: Yarn i

'Frequency: Annual

'Forms and-Reports: Nuclear Emplo ent Outlook '75.

Evaluation Commentary: This report useful/as indicator of demand/supply trends.
Uncertain as to proportion of coverage of industry. Student membership ques-
tionn.aire apparently low in coverage of new graduates.

pip v
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iv .

`NATIONAL SURVEY OF --COMPENSATION PAID TO SCIENTISTS AND ENGINEERS
ENGAGED'IN RESEARCH AND DEVELOPMENT ACTjVITIES (ANNUAL SURVEY) ERDA- 4f6/157

Agency: Battelle, Columbus LaN Columbus, Ohio; far Industrial Relations`Divi-
sion, ERDA -

Description:

Content: Annual survey, going ba ck to late 194t's when it mas conducted by
Los Alamos Lab of the Atomic Energy ComMission (AEC)*. Battelle did its_9th
survey in 1976. Monthly salary data are given for supervisory and nonsuper-
visory scientists and engineers, by degree level, age, years since bachelor's
degree, type of. institutions (nonprofit research institutes, educational insti:,
tutions, contract research centers, Federal establishments, industry), and ,
occupation (working-ag-0 kinds of engineerS, physicS, chemistry, atmdsphfc/--'-'7 er
earth/marine/space scientists, agricultural /biological ;scientists, economists,

' Ithematicians/statAstjcians and computer scientists), Also shO'ws rat
technicians in the establishments, and. percentae without detrees.

for

( '
,

Coveragey'Survey Method, Sources, Samplie: All

,

establishments employing scien-
ti.%ts and en ineers engaged in R&D universe of 7,617 establishments (1976
survey) strat d by type (see above), size, and size of standard metropolitan
statistical ar as in which located.' Establishments with less than 40 scien-
tists and engineers in R&D were. omitted. Sample "randomly" selted, but only (

.., 304 of 802 establishments Contacted responded (9 of 61 educational institutions
221 of 595 industrial est lishments, etc.) so responses could be biased. Data
are based on report on ind viduals, some filled out by individuals, some by

'11
their firms from records. .

/

/

Battelle sends an. annual cz5ntract report to ERDA discussing technical Im ita-
tions and plans for technical impr vement.

Reference Date: 1'976 la

Frequency: Annual

Forms and Reports: Copies of the 2 forms sed (employee and employer forms) and
accompanying instructions are in b. of 1976 report. -j-s'

Evaluation Commentary - ThL, low r to of response makes bias Possible. Sampling
errors are calculated, assum g random selection.

o
,,Data are displayed with mean -, medians, 10th, 25th, 75th and 90th percentiles,
by age and years since first egree. The series may be valid-as armeasure of
trend even if level is subjec to bias._

Differential response rate by

,

I

e of institution may also introduce bias.

9

.r
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BLS 1
t .

NATIONAL SURVEY OF PROFESSIONAL, ADMINISTRATIVE,
TECHNICAL, AND CLERICAL PAY (PATC)

Agency: Bureau of Labor Statistics, U.S. Department of'Iabor
Unit: Office of Wages and'Industrial Relations

Description:

Content': 'Shows average salaries and annual changes, in private industries,
of 20 occupations at 82 work levels; in6ludes salaYy series for 8 levels each
of Chemist and Engineer -- 2 entry and 6 worklevels -- plus 5,levels of Engi7
neering Technician.. Ts used to equalize Federal pay levels to those of private
industries, hence reflects levels (& trends) directly of private, and indirectly
of Federal, Chemists and Engineers. Trend data are also imputed to allied 'or
similar occupations. Imputations not shown in this publication, determined by
"Pi% /dent's Pay,Agent" Directors of (01) Office of Management and Budget'and
(2) ivil Service Commission.

Cove .:e Sur y Method, Sources, Sample "Relates to establishments
over a givn size in the 48 conterminous United States (variable, e.g.
manufac Ur,ing-over 250 emploYees;'services-over 100 employees). Strati-
fied sample.of 3,000 establishments 1y industry for each relevant oc-
cupation. Data obtained by Bureau of Labor Statistics field economists
through personal interview with personnel officers of establishments sampled.

Reference Date: March

Frequency: Annual (17th as of 1 6

When Available: 0I tober

Forms and Reports: ,Natio al Survey,of Professional, Administrative, Technical, and
Clerical Pay, March,1976; U.S. Department of Labor; Bureau of Labor Statistics/
Bulletin 1931,-Washington, D.C. 1976.

/
Evaluation Commentary: Sampling errors relatively low (under 4 percent for.70 of

82 work levels and survey control and definition of job content and level are
'igorous. L 0 els and trends shown for surveyed categories of chemists, engineers;
and technicihns probably most authoritative:available and probably can be im- -
puted to related occupations (most criticism relates to imputation of private .

'industry responsibility levels to.those of Federal employees as well as inter-
occupational imputations).. 'Although used in personnel practice to compare
agency of establishment pay rates for individual occupations with that of norm,
adjustments,in Federal pay scales have In prac 'ce been made for all occupation
across the board with a single average percent y increase. Data shown in medi
dh and quartile detail may ndt reflect deviations in pay trends for specific
subspPrialties and other variablcs, bul.ilwy do andere inLended to reflect pay

.5responses by industry to imbalances in supply and demand% Expansion of survey
to inclUde smaller.firms haS beentested (only a few occupations show significant
changes in trend shown by regular survey). .Survey, is costly, but it is a re,
liable vehicl'for precise pay data. Use of this survey for other scientist and
engineer occppations and R&D fulictionssh8uld,be considered. if'substantial ex-

( Pansion in Federally supported'renergY R&D increases need formore tirecise'pay
.

,)

Comparability. data.
..'

* 2 c.

B



et?'s

BLS !

OCCUPATIONAL EMPLOYMENT STATISTICS SURVEY.

14

Agency: Bureau of Labor StatLsticlsand cooperating. State agencies
Unit: Division of Occupational Outlook--Office of Employment Structure

and Txends

Description:

Content: Survey of employment by nccupation, .,reporting. by employing estab-,
jishment. Covers altogether about 2000 occuPations. ',For scientificirechnical
personnel oceUpatiohs the number engaged in R&D 1s' collected, as well as total
employed: Scientific technical personnel occupations include.8 clasSes of
engineers, 5 of draftsmen and technicians, 4 of physical scientists,2 of math
scientists 1 at life scientists, amd 1 of soqial scientists, and 17 craft.
occupation . Each industry -is sent a speCial questionnaire with a standard
list of core occupatiohs and a list of the occupations appropriate to that
industry; the STP occupations are on the core list,

Coverage, Survey Method, Sources, Sample: At present 40 states participate,
with a separate probability sample for each, stratifiedhy size in each state;
largest plants are included with ',certainty. Over 70% response rate, varying
up to 95% in_some states. Sample'is drawn from universe of unemployment-
insurave-covered plants. Exclusions: self-employed, Federal. Government,
agricUlture, and education.' Health, Education, and Welfare has jurisdiction
over education, but won't survey. 'Civil Service Commission publishes
Feieeral employment by occupation. (National Science FoundatiOn'collects
employment of scientific technical personnel in colleges and universities.) 0
To supplement the 40 states, Bureau of Labor Statistics collects balance
of United States as a unit, an tb4act with National Science Foundation.
Sample for each state-delgnod tozeve3-(ligit'industty.detail for state °'

plus some Standard Metropolitan °Stratistical- Areas /22algit-in some states),.
In 40 states total sample is'some.150;000'establishments; in remainder of
United States about 10,000. 0

Reference Date: Apri June, Survey phased in 3-year cycle: 1976, teade
and Federally regulate industries; 1977. manufacturing; 1978, all other
industries.

14.

Frequency: Annual 1

,""4

When Available: States hav data by end.af calendar'5'ear,

'Classifications: Standard Industrial Classification for industries; a
hybrid occupational classification, major-groups same as Ceps'us., detailed
occupations close to Dictionary of Occupational Titles.

Forms and Reports: Program is described in Bureau
of Methods.

2
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tzeLs 2 (Cont'd)

Evaluation Commentary: Some large-states still missing from 'state -by -state
program. Gaps:,./(1) no reason why the self employed' shouldn't be included
(reported separately from employees, by occupation). We miss mostly self,
employed engineers, etc.; (2) agriculture,'education--not many scientific
and technical personnel missed, except in higher education, covered'by
National Science Foundation 'survey.

Reasonably fast schedule: National and State data available by end of
calendar Year; blown-up total estimates due to National Science Foundation'
by April 15. Estimates for National Science Foundation at 2-digit level
only. With +% response, probably' adequate to assure unbiased estimates.-
but this silo d be reviewed industry by induetry and by size classes.

Hybrid occupation classification may be close to the new standard occupa-
tional classification system.for'scientific and technical Personnel occupa-
tions.

Sampling errors to be calculated for evvy. estimate, National and State.
Quality control in state and national Btireau of Labor.Statistics offices
by erical and professional .review. Computer-mechanized, quality control,
using standard deviation of the occupational ratio for the industry from the
current survey; outliefs are rejected. Original collection is by mail in
some states, personal visit in others; in the latter, some states .actually
collect the data and match the job definitions on the questionnaire to those
in the plant. For the Bureau of Labor Statistics Mart of the survey, personal
visits will beLmade to 500-1000 plants, but some ofthe visits will 6e to
secure cooperation, and the data will not be collected personally by the
Bureau of Labor Statistics representatives in all cases.

.

Limitations: Confidentiality may restrict what can be published by industry
for States; occupational comparability with Census and Current Puulation'
Survey will not be complete (35°4 error found in the latter two).

B -.10



BLS 3.

LABOR TURNOVER RATES

Agenyt,Buidau Of Labor Statistics, U.S. Department of Labor
fftc6 of Manpower Structure and. Trends

Rates of accession (new hires, other accessions) and separation
ayofs, other separations), monthly for manufacturing industries

.d foie selected mining and communication industries). Data are pub-
SgrLaN manufacturing, duxableyand nondurable goods ,hdustries, all
il4tIndard industrial classification industries, and selected 3- and
.%hdustries.

-Survey Method, Sources, Sample: Based on shuttle sche ule'reports
ratified. sample of establishments. Data overiall emplo ees and include

rs nnel actions (hirings and.separati ns) for the calendar month.to.

Bas oar alcSlatiOn of rates is the midmonth employment estimate normally
repor ed iithe Employment, Hours and Earnings Survey. Ikrnover data7thre
also pub/iShed for states and selected local areas.,

Reference Date: C.64ar month

Frequency: ,Monthly

When Available: Month following reference month in press release, 2 to 3 months
following in other Burrau of Labor Statistics publications.

Classifications': Standard Industrial Classification System
k

Forms and Reports: Data are colledted on Form DL 1219, and'are reported in Monthly
press release, "Labor Turnover in Manufactur'ng. Data alsoreported monthly.
in Employment and. Earnings and. Monthly Lab eview (both publialed by BLS).

Evaluation Commentary: Error not calculated. Stbstantial4revisions are sometimes
made in preliminary data published. Represents by far the most comprehensive
and Targe ample ,survey of turnover in manufacturing. No occupational iden-
tificatiOn is.made--data refer to "All Employees " - -hence applicability to
specific occupations is doubtful. Energy industries in manufacturing, and
bituminous coal mining can, however, belidentified. Utility of these data
for assessing energy R&D manpower situation lies in providing .a background of
turnover patterns and.trePds for all employees (particularly in certain energy-,
related manufacturing industries) against which to compare other data on.per-'
sonnel patterns and trends for Department of Energy or other energy R&D manpower,

4J
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BLS 4

TABULATIONS OF OCCUPATIONAL AND LABOR FORCE STATUS CHANGES
FROM 1965 TO 1970

Agency: Bureau of Labor Statistics, U.S.. Department 6f Labor
Unit: Office.df Occupational Structure and Trends

"EcDescription.
4-,

..

41 444
Content: Data are from the 1970 Census of Population, in which there was a

question on labor force status, place of residence and occupation in 1965,
which was asked of a 5-percent sample. ',General tablulations comparing 1965,
and 1970 status and residehce were published by the Bureau of the Ceejus,
in Occupatioriend Residencejn 1§65, SuWject Report No. PC(2)-7E, June 1973.

Ls
Specific changes for individual occupations were tabulated by' Bureau df Labor
tatistics using 3 percent of the populatiVn (3 one-percent Pu lic Use Samples).
Data shown for each occupation include status in 1965 classiff d by status
in 1970--not in labor force, dead, transferred to different occupation, or 1

employed in same occdpation. ('those dead in 1970, and, of course, not report-
ing to the Census; were estimated by. appllying to all persons e ting them-
selves to have :been"in an occupatidn in 1965, by age groups, ' inverse surviV)al
rates" to estimate the additional number who were in those 8-Ccupations in 1965
but who had died by 1970.) 5-Data shown for each occupation'(in separate tabu-
lations available frcom Bureau of Labor Statistics) also include 'status in 1970
classified by status in 1965--not in labor force, employed in-a different.occu-
patiot, or employed in the same occupation: These data are tabulated by sex.

Coverage, Survey Method, Sources, Sample: The 3-percent sample'is representa-
tive laC1of t population enumerated in 1970. Sampling error is present especial-
ly for smal er occupations end When the data are classified by status and
sex. The data can also be clasaified by age \n her characteristics tabu-
lated in the 1970 Censui, but relative sampling error becomes so large,as to
make manyof the figures unusable for analysis.

.

-
Reference Date: 1965 and `1970 (April)

,Frequency: Has been done only for thi'S period.

Forms and Reports: Data are presented in an artic e by Dixie Sommers and Alan Eck,
"Occupational Mobility in the American Labor orce,!" Monthly. Labor Review,
January 1977, pp. 3-19. Additional tabulatio s.are available on request th
Bureau of Labor Statistics.

Evaluation Co entaiy: Principal deficiency'is he inaccurdte reporting of status.
in 1965, well as failcure to report occup ion ifi-that year. It is estimated
thatthe atistics overstate transfers into 1970 occupatiOns by about 14 percent,
on the average, and oveFstate all other en rants to 1970 occupations, by abut.
6 percent. Full discusion in Burdau of he Census report Accuracy of Reporting/
Work Status and Occt atiop Five Years , ReT)ort E 15, No. 3, February 1970
(unpublished). There are also errors in re6brting an coding 1970 occupation.
Any error in the occupation reported for" either 1965 or 1970 could affect' the
measurement of mobility substantially, since mobility is dcliaractdristic of
a minority of workers.



n.

BLS 5

CUR4NT EMPLOYMENT,.HOURS AND EARNINGS. STATISTICS

Agency: Bureau of Labor Statistics, Departmeht of,Labor
Unit: Office of Employment and UnemplOyment.Analysis

Descripticin:

ti

Content: Monthly statistics on employment, average weekly hours, average
weekly earnings and average hourly earnings for employees in nonagricultural
stablishments. Data published-for over 400"individual industries at a national

'rl'

vel. Employment of all workers and of production or nonsupervisory workers
is reported for each industry. Employment by sex is published quarterly.. Data
for States and 220 metropolltan areas is published by the cooperating Sfhte
agencies in somew t less induStrial detail. ' :.

,

Coverage, Survey Method, Sources, Sample: All nonagricultural establishments
,are4overed. Excluded groups of workers are the self-employed,.domestic
'workers, unpaidfamily'workers, and those working in agriculture. Reporting
sample is 158;000 establishments with 31 million employees. Mail questionnaire
is returned monthly to State agency which compiles State and local estimates
and sends individual establishment data to Bureau of Labor Statistics'for com-
pilationof national estimates. Monthly employment change is4estimated by per-
centcent change.shown by firms; reporting in current and previous months; these
changes are used to carry FOcward an estimate of total employment in each
industry made annually from unemployment insurance tax reports and other sources:

Re erence Date: Week including the 12th of each month
e

Frequency: Monthly

When Available: First week of folldwing month
1 a

Classifications: Standard Industrial 'classification

Forms and Reairtv National data in full detail, and State data by broad industry
groups a-re reported monthly in BLS report Employment and'Earning-s. State and
local datg'are published more fully by State,agencies. Historical data (im-
portant because all figures are subject to revision up to 214 years after pub-
licaiion) are published in Emloyment and Earnings:. United States
1312) arid .in Employment ,and Earnings: States and Areas (Bulletin 1370) which

. Jare reissued annually.

Evaluation Commentary: Current issues of Employment and Earnings shave technical
notes showing average errors in the estimates for industries of different size
groups--e.g., average for industries of 100,000 employees is 2.7 percent, Hours
reported are hours paid for,not hours worked (i.e.,,,include vacation and holi-
day \ours) and hourly earnings are estimated on this basis. Workers with

jmore than one job who appear-on more than one payroll are counted more than
once; this duplication is estimated at about 3 percent in nonagricultural
employment.

B° 13



BOM 1

MINERAL FACTS AND PROBLEMS

Agency: U.S. Department of the Interior,
Unit:- Breau of Mines

Description:

Content: An annual compilation (1975 edition was the 5th) of informtion on
minerals and the mining industry.- The 1975 edition (a Bicentennial volume) "'
contains information on world and U.S. reserves and resources, U.S. and world,
pineral producti capacities including estimates for 1980, locations and
capacities of s elters for copper, lead, zinc, and aluminum, recycling, dia-

' grams for majo commodities, and projections of minerals in the U.S. economy
to the year 2000e. Separate chapters are available on practically all minerals
including anthracite and bituminous coal,lbetroleum, natural gas and uranium.

Coverage, Survey Method, Sources, Sample: Data obtained through standard
statistical series of the Bureau of Mines and other sources. The data base
for theilong-term forecasts is 1973.

Reference Dater Annual

FrequFrequency: Annualency:

Bureau of Mines

Forms and Reports: Mineral Facts and Problems, 1975 Edition, Bureau of Mines
13ulletin.667. Data are collected through standard BOM surveys.

.

.17

Evaluation Commentary: This is the standard reference Work on mineral commoditilL
in the U.S. and abroad.

At 14



CEI4S 1
4

'ANNUAL JURVEY OF SCHOOL ENROLLMENT (CPS)

Agency: Census Bureau, U.S. Department of Commerqe
Unit: Population Division

Description:

Content: Whether or not each person is enrolled in a school (separate data
forcolleges), classified by age, sex, color or ethnicity, family- income
marital status, tyre of area in wbich-living (metrbpolitan or other), level.
and control of school"(public/private), years of-School completed, yeai of
coll,ege-7in which enrolled, type of college (2-year and 4-year), and whether
attending full-time.

Coverage, Survey Method, Sources, Sample: Survey is made every October by
addilg.questions on enrollment to',,the regular monthly Current Population Survey
of'employment and unemployment. Sample is (as of 1977) about.56,000 house-
holds nationally and the school enrollment quesiions.areasked, about every
member of the hbusehold over 3 years of age. Data whether enrolled can be
tabulated by any other characteristic collected in the survey that/applies to
the individual, r to the whole family.

4

Reference Date: October V

Frequency: Annual

When Available: Preliminary report abOut 8 months later, final report
about 1 year.

Forms and Reports:' RepRsrts are designated series P-20.

1

Evaluation Commentary: Sample is adequate for demographic analysis 'of school and
college attendance rates by demographic groups. Report is based on information
froM a'responsible member of the household, not necessarily the student,

.

so information on characteristics of schools or course of study-(Occasionally
asked) may not be fully accurate. "SchOoli' aslefined excludes "special"
schools,, defined as those not in the regular school system, such as trade
schools or business colleges, but the report tabulates the numbers enrolled
in such schools (over 1 million persohs)by age, sex, color and whether they
are high school graduates.

4



CENS 2

(1) CENSUS OF MANUFACTURES
(2) ANNUAL SURVEY OF MANUFACTURES

:A
. Agency: CenG-sBureau, U.S. Depgrtment of Commerce

Unit: Industry', Division

Description:
'NN

Content: General datapy industry (energy related industries can be identified)
on: all employees, production workers, ManhoU'rs, payroll, cost of materials,
Vlue added, value of shipments, capital.expenditpres, inventories. Also
includes Special data on suppIementgl labor - costs, and ad hoc data on energy
such asf.,"Fuels and Electric Energy Consumed" '(1974). Data available by state.

'Relaied.data are collected in Census of Mineral Industries.
.

6
Coverage,,Survey'Methtd, Sources, Sample: Complete census is conducted every
five years; annual surveys represent sample survey extensions;f7Sample includes
70,000 manufacturing establishments of a, universe of 300,bb9 Scope, coverage,
survey methdds are described in detail in regular survey r Orts.

Reference Date: Calendar year

Frequency: Annual (full. census iA quinqudnnial)

When Available: About 11/2.years after reference year

Forms and Reports: Reported in chapter preprint bulletins`-and consolidated
bulletins'undet=survey title ( Annual Survey of Manufactures, 11'974, etc.)
SurVey forms are'reproduced in most bulletins.

. .

Evaluation Commentvtry: Standard errors tare calculated and for most esti2

.

,r,

mates. Sample d gn gQ-coverage and survey techniques regarded as-high. .i.

quality.. Identif cation of energy R&D ox Of occupations isnot made in this
survey'and not con idered feasible. Value of 4he data for energy manpower
analysis is indirect, relating to composition and level of economic activity
of energy industries, fuel" consumption by fuel source all indUstries,
state and regional concentrations, labor costs and r.economic-background
'data..

L.,
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CFNS 3

CURRENT.POPULATION REPORTS SERIES P-60
MONEY INCOME IN 1975 OF FAMILIES AND PERSONS IN THE U.S.

Agency: .Census Bureau, U.S. Department of Commerce-
'

Unitp Fami,ly and Individual Income Statistics Branch

Description:.

Content: Annual income of families and individuals, by inc*,class interval;
according to 9.4ariety of perSonal, family and work characteristics, the
most relevant being occupation and industry of longest'job diring the reference,
year. Occupations include broad categories ("pro.fessional, technical and
kindred workers") with some,YUrher detail added itdreceht years ("engineers,
technical") and.consideratibn,being given to identifyingsome additional

.detail such as "scientists and mathematicians."

%.

Coverage, Survey Method, Sources, Sampl : Use4 Current Population Suivey
sample of ,the,population.' Approximate y 50,000 hOusehoIds are interviewed,
with 1-ie income queries, asked each March.

Reference Date:' 1975 (latest) -

Frequency: Annual
Oe-

When Axia-i-leble: AYout March of 21-1c1Year after reference year

Classifications: Census Occupation and Standard Industrial Classificatipn

Forms and Reports: Census Bur au P-60 Series Current PopulationiReports on
Consumer. Income - Money'Income in0ear) ,.of Families and, Re'rsons in the

United States.

Evaluation Commentary: Although some additional pccUpational detail is being
considered and provided on professional, technical and kindred 4orkers to,
identify scientists and engineers, specific identification of sdientist and
engineer specialties, or of energy R&D affilietion,..does not seem feasible
given the sample size of the survey. Mein use of these data is to depict:
income status (both, level and trend) of scientists andetWeers astoa
compared to other occupational categories. uch datawould be suggestive
of the sacioeconomic status of s'cientists'and engineexs and of changeg that
may be taking place in their relative position. '

I
F

. .
.

Most of the estimates show rigorously defined rangesxof stetigti&al error.
to guide interprecationof the data.

r

"
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CGS. 1

SURVEY OF GRADUATE ENROLLMENT
J.

Agendy:Oncll of Graduate Schools (CGS)/Graduate Record: xaminationS Board
(GREG)

Descipticil: .

. _'.. .:,' , .°
, ., , 40 - .

dr.' Contene:.,FOrbout'5.year% theyroUncil. ot,GracruateSchools/Gtoduate ReCord
Examinations. Board have been conductingla two-phase survey. of graduate 1 , 0,

eirOi,lmeilits, Thefirat phase obtains fom CGSmember.broad,daea on total
.

.

- and,lsttime graduate enrollment by "size.:ofinseitvtitW and control; and level,
of .,degree: Also -collected are data' on. applicants f.r. .g.raduoteStudy'ana on
'restarcti:asSistants-arid fellows The "secotcd.phaseih-addition obtains data.
on enrOlImenes'by field :the physical; sotiar.and biological,.
s.ciences,:.and-engineering) bif, sex and by ,ethnic.gtoup..;'

.

;,'. ). 7 % g
. .

Coverage, Survey Method.aSources,. Sample::, iqail-qdetionAaires used -.for the
-tve PilaSs..- theunlverse of 3,54 (CGS members) insp)tutions grant either 'Le,.
masterS'or doctoratb degrees:. ,The first wane is mailed iA early fall with .,

respohse;requeste'd by'November 1-- The Seciindyhase*Is/-m4iled the flatilowing
spring.iith response by midOctober -Response to ehe.,197677surveY Was'91%. :.

fdr.theAtirst wave and 853 for the second-, The CQS.mmbeNphip 'awards' 99% of
i

,

ctorat:eg and 85% of mastersgrantedi:. is

.,- . .-- :0

. .
e

,

/,

ReTerence Date:- AcedemiC ,year
.,.

..'i.e.

Frequency: Annual

. ,
. I ,.,

When A0 able: See.above ...t. ..--

.t14s1.0ations:' CGS field% and l'eyel (standard)
-k -',

a:

'Forms-and 'Reports': Fall and spring release of data -'se releases of CREB.
,

Evaluation-S,immentary: A modest survey collecting few dak response is high_
and 'dat.eare released quickly: Detail by fieldis poor as only broad areas,

-ere epiiected: All' in all .a good' collection 'of infotmation.

t

1"

ti

.



CPC 1

ANNUAL SURVEY OF' JOB OFFERS TO COLLEGE GRADUATES

'Agency: allege Placement Council, Bethlehem, Pennsylvania0
N

Description: ;

Content: Annual report on number of job offers made and salaries offered
to graduates in each-field. Occupations: the major engineering specialties,
agricultural science, chemists, mathematdcians, cOmputer scientists, biological,
scientists,. physicists d earth scientists, also business', accounting,'humani-
ties and social sci tists. Degree levels: all 3 degree levels are'tabulated
separately, but with fewer fields at the higher levels. Salary data repe'rt,ed:
average for each occupaEion at each degree level, and the 80% range. Types
of Industries: '--16.'industries, government, non-profit. (Teaching jobs a're not

, covered because °the organizations collect'this..)

Coverage, Survey Method, Sources', Sample': Reports, from 160 schoo b.A. Jo
offers reported,are actual offers! made to individuals,nota gener count of
the nut er

^
employers wguld like to 1-iire. They contain. dup14cation,.,since:an. ..

. -, '

itilldivi-daa ..y,receive mgre tha bne firm offer,-and a companyNmayAve to make...,
... 1, 4-V\tra....,e'fiiSers) to hireOtite,p sph.' Lastear the College Placep,afft Council-,, , 4,- 4 e . '

dido. :-.'!.. ..,to ind ovt how. much duplication there was It depended on theema uppi*y s tuation in individual fields, Was as low as 1:1.5 in some.

*/occupaEions. T is yar it's more competitive:
_..,.,-

Reference Date: Sprk , t.

Frequency: Annual

'Forms and Reports: Annual report costs $35. C

Evaluation Commentary: With the ,
tial. sample, unknown amountS of duplication .

and incomplete reporting even for the schools sending .in Teports .(neither the
.

,--_____ students nor the cOmpaniesreport all offers) the data are no more than a straw.
in the wind. Trends in salaries offered may ,be more useful:than numbers,:fof

.
.
; offers. What's reflected is the large-employer campus recruiting, and therefore
:, smiall firms' demand and the job-hunting that students do themselves off campus

,:

are not reflected. In the humanities and social Sciences where on-campus re= ,
.cruiting is not prevalent, the data don't mean much. .

B 19
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CPC 2

RECRUITING ACTIVITY REPORTS
(a) WHAT EMPLOYERS PLAN TO HIRE (DECEMBER)

. .

(b) WHAT EMPLOYERS ACTUALLY HIRED (JOE)

Agencyc College Placement Council, Bethlehem, Pa.

Description:

Content: "December" report'(a) number of persons employers expect to hire
in the 4 major groups - engineering, 'science, math and other technical
fields, business and other nontechnical fields. (Also a category of hires
for ,which thardis6ipline or major is not a consideration, as for exaMpl,-.
insurance sales.),- Tabulated by industry sector. Employers report on the"-
form the comparable figure for last year, and all analysis is in terms of
the year -to -year percentage change.

"June" .report--(b) number actually hired, -compared to number hired ll,ast",year.
Same classification of occupations and types of employers.

7
-Coverage, Survey-.Method, Sources, Sample: 700 employers ort-; civil Service
CommisSron gives good coverage of Federal government; b t state and local
governments are weak. Industries other than manufacturing, transportation
and utilities arq,weak. ,

Reference Date: D4zmber and June,

-Frequency: Annual
A

Eorms and Reports: Reports cost

-7

Evaluation Commentary: The sample is probably strong in Some s.,etbrs, weak in.
others, and so what we have is difficult to evaliffite. The collection of (...,.;

year -ago data on the same fOrm assures an accurate comparisbn of the perentage
!

change, but the reporterS in December and June areusually not entirely "the
same. (A recent test of a matched group of reporters in Dejember and June
showed little difference from the comparison 'than was found. in the unmatched
totals.) -'

-.

,

N. S
,

L.. -2 0c7
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DSE 1

\ ENGINEER/SCIENTIST DEMAND INDEX

.Aency: Deutsch, Shea and Evans, 49--East 53rd'Steet,.New.Yotki New Yok.

Description:

4
Content: ConO_sts -oka three part. index indicating,the level of: recruitment.
activities fo4engineers. and scientists. One part is classified advs4tising
from 15 -20 newspapers in each of four geographical areas (Sunday classified
ads' or degreed persons); second part is display ads in all issues of news-
paperS;. third is the number. of ad pageS in technical journals. The index has
been issued monthly since 1961. 'Current 'base is average for 1961 = 100.

.
Coverage, Survey Methode, Sources, Sample: See above. Part one is weighted
for 50% of the overall indeX; second part is .25%; and 'third, 25%... Newspapers
count ads in t6rms..of agate lines'for parts 1 and'2.

, .

Reference Date: Each month ,

Frequenc: Monthly "IT

WhenAVilable: Following month
. <.- .

Forms and Reports: None--corresponding media furnish most data--staff oversee
operation--a monthly release issued. .,

Evaluation ComMentary: The index can be viewed as a confirming indicator ofthe
,,,,fluctuations in the levels of recruitment activity. The collection organiza-.

-tion (Deutsch, Shea and Evans) is a management 'consulting firm. There is no
claim for the activity being a statistically valid sample. Recruitment aaver- -

1,tising Must be .for degreed personnel and appear legitimate (no institutional
ads per se are included). Thou h no details are provided by occupations, the

/overall index does provide a mac ure of the "level of demand".

ti

2
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1

PROFESSIONAL INCObi OF ENGOTEPS

Agency: Engineering Manpower Commission (EMC)

Description:

Content: The 1976 survey was the twelfth in a series of collections made
.

since 1963. Among the data collected are annualsalaries of-engineers by
years of experience after degree, by superVisory and nonsupervisory positions,

. by level of degree (B.S., M.S. and Ph.D.),an&by industry. The mai9 survey
covers employees in the major sectors of"ihe economy with a special survey
covering most engineering schools.

Coverage, Survey Method, Sources, Sample': The 1976 survey data were obtained
between May'and June of that year: Employers are'"requested to supply annual
salaries of engineers in their employ. The total number of respondents was
906 in 1976 covering 163,000 engineers (about 15% of the total) of whom 531
lake in private industry,. 364 in ducation, and 7? in government. The Engi-
neering 'Commission' tries for a " epresentative coverage of industries," but
this is not a statistically val d sample.

Reference Date: Annual

Frequency: Biennial

When Available: 6 months after..colliction

Classifications: "EMC. definitions and classifications.

Forms and Reports: Professional Income of Engineers, 1976, EMC.. Questionnaire, is
included in report.

.

.

Evaluation Commentary: This survey collects very useful information on salaries
paid toengineerfng graduates by employers in the several sectors f the
economy. However, other than for almost complete coverage of engineeping
schools; the respondents do not represent' a statistical sample of universe
in any.sector, About 15% of all engineers are covered.

ty,

4

2
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*EMC 2

P

SURVEY OF PLACEMENT OF ENGINEERING GRADUATE&

Agency: Engineering Manpower Commission of the Engineers Joint Council
,

f

Description:
yr '

Content:, Employment status of each year's engineering and 4-year engi-
ileering4echnoiogy (associate degree) graduates, by field'and level of
degree. 'Graduates are classified as employed (those in new jobs, and
'those returning to jobs previously held), entering full-time graduate
study, entering military service, still considering offers of employment,
.those with no employment offers or other plans (seeking' employment sepa-
rated from-not seekingemployment), those with other plans (such as foreign
students returning home), and those for whom no information was avaAable.

Coverage, Survey Method, Sources, SaMple: Survey covers about 172 engi-
neering schools and 207 schools offering engineering technology (associate
degrees) or bachelor of technologydegrees. Information is obtained from
an official\of each school in the late Spring of each ye3ri. Schools ac-
credited by the Engineers' Council for'ProfessionalaDevelOpment and some
not so accredited are included, and separate placement figures are shown
forYthe graduates ()teach.

Reference Date: Spring of each year

Freyency: Annual

When Available: End of year

Forms and Reports: The.latest reportA,s Prospects of Engineering and Technology
Graduates, 1976, NewkYork, EMC, 1977. Questionnaire is reproduced at the back
of the.report. ,;:)°

Evaluation Commentary: Accurate information on the. exact status of graduates
is not always available to pfficials of schools, some of whom do a better
lob than others in keeping in touch with new graduates. "No information"
is reported on from about 10 to over 2Q percent:of the graduates at various
degree levels in 1976, and the information on the others is not always ac-
curate. Nevertheless the trends.in the labor market are picked up by the
survey' -which showed the proportion of bachelors' degree graduates with
no job offers or 'plans (and not entering graduate school or military service)
rising from less than 1 percent in 1969 to 14 percent in 1976;

A
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ERDA 1

REPORT OF COXTRACTOR HOURS AND EARNINGS (ERDA)

Agency: Energy Research and Development' Administration (ERDA)
Unit: Division ofLabor Relations

Description:

Content: -Includes employment, payroll, and,man hours wo.'rked (for,,non-
professionals) by production apd related; clerical and'related; technician's; -

executive,administrative, professionals; scientists and engineers.

Coverage, Survey Method, Sources,., Sample: Coverage includes.Government-Ow
Contract-Operated (GOCO's) facilities (approximately 60). JComplata coverage.\--
Reports are filled with ERDA field offices whi*h check them and forward\to.
headquarters. Approximately 100,000 employed 41 GOCO's: .

. ii;

. .

n
, J

Reference Date: Pay periods include, 12th,4 of March aid September

k ,

Frequency: Semi-

1

nnual
..v 1

.

. When Available: Available in headquarters by'mid-month followi ng

Classifications: Generally campatib a awith BLS-790, employment .and payroll

t
reporting.

Forms and Reports: Data collected on.AEC-341-summarized in Divisionof Labor
Relations--See Contractor Statistics. , 0

.

.

...-

Evaluation Commentary: The 60 GOCO's covered include about 100000 employees,

911)

about half of which are sie 'fik and technical. Semi-annual coverage pro-
vides periodic updates for nu eir energy §6pporte43,by'governmept.'Insuf-
ficient detail on occupations,.however, as well as type of activity, i.e.,
R&D, etc. '.) ,,,,,

Related to Bureau of Labor Statistic annual srvey of ampl nt im nUcler
energy industry, ipcluding private utilities, constructio N design, R&D,
etc. with about double GOCO coverage. ' f

V



ERDA 2

REPORT OF CONTRACTOR EMPLOYMENT -AND TURNOVER (AEC -2521
451,

Agency: Energy Research and DeVelopment Administration (ERDA)
Unit: Division.of Labor Relations

Description:

.Content: Separate male /female, individual Fontractor, minorities employment
by occupation category (i.e., profesqiOnals,:technician'S, etc.) at beginning
of period; .separations'by' type, accessions;'and employment at end of period;
promotions-.

Coverage, SUrvey.Metocit Sources, Sample: Coverage includes all Government--
Owned, Contractor Operated a0000 .establishments.=' -approximate al]:y 60. Dal'
collected by ERDA. field. offices, checked and. forwarded to hNdquarters.

Reference -.Date :, 6 months, calendar year

frequency: Semi-annual
.

.., .

.,. ForMs*And Reports: Data'summarized by
.

ERDA Labor Relations
in Contractor Statistics, InduStrial Relations.

.1.
- .

Evaluation Commentary: Epployment data for GOCO's by category--no( det
occupations -- detail, on minorities emOlorilent(. Will need more occ t.

(detail (electrical engineers, physici'sts, chemists, etc.) for RD .1

Division and distributed

3

J

4

2
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ERDA 3
.voo

NUCLEAR ENGINEERING ENROLLMENTS AND, DEGREES, 1975

,
Ageng: Energy Research and Development Administration (ERDA).

UttilrX Otfice.Of University Programs/ManpOwer Assessment Office
#

° 41\
.

!

,...,

'Description: .

!
)

4

Content: "° Fifth survei bf all institutions 'offering degrees and options -in
nudlepr e'nginee,ring-. Includes undergraduate and graduate enrpllment by
full7tiffid and part-time-status (also by year fOr undergraduates), degree
granted by level, curriculum or option (nuclear, electrical, etc.)", race, sex,
and citizenship. Supplement covers pOstgraduate education and epioyment
plans. Selected data from primary survey shown by school.

Coverage, Survu Method, Sources, Sample: Sixtyr-nine institutions covered
in 1975, but t'coverage varies .by year as schools'add or drop curriculums'
and options.' Mail questionpaire is senttotthoolg. 1975 report(Shows data
for all schools covered and control universe `.for reporting all five years.
Survey is conducted by Oak Ridge Associated 'universities for ERDA.

Reference Date: Academic year

Frequency: Annual

When Available: Year after survey (1975 report released. July, 1976).

Classifications: .ERDA energy curriculum Options.

Forts and Reports:, Questionnaire is included in report. 'Copies' of'previous
survey reports available from ERDA.

"Evaluation Commentary:" Prob lY almost complete coverage of one selected area
of energy, education--nuc ar engineering.' Response appears to bd good; ',

however, respOnse varies as,sChools ad'd.or delete option or curriculUm. .Names
of reporting schools arep.ublished in report; therefore, schools of other
interested. parties can allow fir exclusions and fill in for what is missing.
Maid islack of coverage of non-nuclear energy option's.

) ,/)
1.

2
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ERDA 4

RADIATIONZPROTECTION ENROLLMENT AND DEGREE SURVEY

Agency: Energy Research. and Development Administration (ERDA)
Unit: 'Office of University PrograMs/ManpoWer Assessment Office

Description:

Content: Includes f 11 or parttime enrollMent.by-level (undergraduate,
master, doctorate) in Fa11.1975, and,d,egrees granted (bachelor, master,
doctorate) July 1974June 1975 by program option: Minorities and women
separately identified. Supplement provides intormation on employment
of graduates by type and degree level.

Coverage, Survey Method, Sources,, Sample:. 1975 surVeycovers 58 institutions
offering education programs in fields of 'radiation protection such as health
physics, radiation health and safety, radiological health, and similar. Con 9.

4 ducted by Oak Ridge AssociatOUniversities for ERDA. 1975 survey conClUded
7h October 1975--returns due 11/10/75.

N"\

qReference Date: Fall 1975 for enrollments; acadeMic year .74 -5 for degrees'.,

Frequency: Annual

When Available: ,5 re-pOdated JUly1976.

Classifications: Non-stA- dard

Forms and,Repprts: Schedule included on page 511. of Radiation(Proteetion Enroll
ment5 and Degrees, 1975.

Evaluation. Commentary: Coverage appears'.cbmplete although not all items reported,
e.g., minority enrollments'.

1975 survey is 5th annual survey.

Not clear 'how many gradUates becgme employed in RD&D ac,tivi,ities in energy,

ie
but data prOvied on placement of graduate's in government, 'academic institu

,.

-t

tions, GOCO's, and industry.
.

.1

2 "
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ERDA 5

SURVEY OF OCCUPATIONAL EMPLOYMENT IN NUCLEAR
OR NUCLEAR 'RELATED ENERGY ACTIVITIES %,

. .

Agency: Bureau of Labor Statistics (BLS) for ERDA .

Unit: Division, of Manpower and Occupational Outlook
. \

Description:

. Content: 1975 surVeywas-14th. conducted since 1960. Emplbyment--t,otal

and'ili-.R&D--by occupation in these activities; sourcesof funds (Federal
Government, own_cirganizationfundgi other funds); and current difficulties
in hiring personnel; employment by segment of nuclear activities. OccUpa-

..;-tions: 7 t)Res'Of engineers, mathematicians, 4 types of phydical rientists,
- 4 types of.life scientists, '8 types 'of techAiCiaL, welders with, nuclear

certification, other. Segments:. 21 segments of nuclear or nuclear - .related
activities, such as, uranium milligg, chemIcal..reprocessing of irradiated
fuel, transportation of nuclear materials, reactor'reseorch, etc.

.Coverage, Survey Method, Sources, Sample: Coverage is all lulown private
industrial establishments authorized to deal'with nuclear-materials, and
all Government- Owned, Contractor-Operated (0000) related to ERDA.
list furnished by ERDA. About 60.GOCO plants .and 1,06(0 privately Owned
establishments in 1975 survey. Mail survey. Total employment: 198,000

in'nuclear aCtivitiesq200,000 total company employment).

Reference Date: Mid-year

.Frequency: Biennial ox:nleilannuall)
.

.., ,

WIlen-Available: Usually 4' year after sprveY.

Forms and-Reports: Employment in Nuclear Energy Activities 19,75, ERDA. The
. BLS also issued'a reld'ase on results of the 'survey. ,.. '

. ,IN
.

, -

. .

Evaluation Cdiinentary:. Coverage of plants in survey scope is.virtuall3rcom-
( .plete. The survey has been conducted long enough to achiee an vriderstanding

,

of terms on the part of respondents, and the.7,data are rioasoAably accurate.

6

14 Q

.5

.
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ERDA 6'

AN ANALYSIS OF NUCLEAR RELATED TECHNICIAN MANPOWER IN WESTERN'STATES (001A-78)

.Agency: Oak\Ridge Associated Universities For ERDA
.Unit: Manpower Development Division

Description.:

AAP

Content: Report" of a survey of nuclear related technician employment in the,

Western States covered by tbe'Western Interstate Nuclear Board.

' . c.,

Survey Cove both current'- employment (16,800.-in,Jandary '75) and projected
'empeloyment (22,000,bylate-'77). - 0.N

-
.4,.

tk-P. )

.
.

.

Traintni 'pr gi-ram .and.lsraduates projected for similar period. Includes types
of technicians and.types oi- training pro4rams by states and type of training
or employment organization.

I
..

.

.

Coverage, Survey Method, Sour,ces, Sample:- Some 2 00 organizations -- employment
or training -- Surveyed with79 percent response" estimated 'to account for 95
percent of employment.. 5ample of non-respondents to mail questionnire fol-I-lowed hp for error estimates. /.

-a,

Refeuence DAe: January 1, 1975

Frequency: Single time

When Available: On file

Classifications: Technicd1 classifioations developed for survey

6 .;!Forms-an& Reports: ,QUes.tIOnna40d6Leintludpdh,rep..011.for both
employing organizatidhS'and:...zalnIng-,-ts:_.

.4

_valuation Commentary: Repc4t 40egf-O Aipmprehensie examination of nuclear`
related technicians. Shorte'geS antieAvat: for prodUction andlpredctor operators
and_for test and measurementtechnrci4is'; probably surplus of medical and health-
related.:T,

'

\\\

Tries to allow for attrition and.grolith in empl4Ment.'

;Usual difficulties with respect to losses to occup.ation.4n&-training attrition,

'Appears 64,be a woi*manlike,.job., , :7-,' -. --,
. .. c..,-A,,,..)..

r ,

6Can expect differences in inferpretas2,: : employers of different types o
iqchniCians- -,

I '



RDA 7

IN 41 ij TRIAL TRAINING- UCLEAR MANPOWER
. .

Agency: .Energy Research and. Development A ministration (ERDA)
Unit: Office of University ProgramS

Description:

Content: Using a listing -of industrial establishments. published by the,
American Nuclear Society (ANS), ERDA compiled an inventory of edUcation,i
training and work experience programs for nuclear rower plant and facility
personnel! supported or conducted by industrial firms. Information collected,
includes separate firm-by-firm listings describing the programs- -the length
and:an type'.(radiation.protectiOn, computers, instrumentation, reactor opera-
tion, etc.):

Coverage, Survey Method/'Sources, Sample: As indicated, the original list
of proposed respondents/was takenfrom those-firms indicating a "training"
program in the American Nuclear SOciety 1976 and 1977 Buyers Guide. The
response was simply that.received and'no indication of coveragecan be made.
St 'Liar rta0ing opportunities are found in trade uni,onSo'Federal agencies,
and prkfessional societies. o

Ref rence Date: Spring 1977

4 Frequency:- Single time

When, Available: 6 months after'surVey.

Classifications: As found in'survey

Forms Reports: /IndUstrial Training for Nuclear Power Survey. M dology
also described in report.

Aialuation'Commentary: No evaluation can be made with respectto coVeraige.sin
response was requested only f.rom a speciallisting. And lack 'of response
doesn't indicatel_ack of such trailing. The.surVerdid provide useful infor-
mation on nuclear training--but of course did not' cover othei enez=gy prOgrams,.

5



.ERDA 8

ENEROY-RELATED TECHNOLOGY" -PROORAMS IN COMMUNITY Alb JUNIOR COLLEGE:
4t-

s Agency: Energy Research and Development AdministratiOn (ERDA)
%

Description:

Content:: In 1975, ERA suppotted'a.Survey .donducted by- k,Ridge Associate*.
Universities' (ORAU) with the opperaon of tbiAmerican. Associat,i!On of,Com-

1,4mUnity and .Junior Colleges .5C). Informatio obtained-included.the number...o

. of exis44ng and planned energyrelatad TriogliamJt curriculum) and the,, type of
.,iriV-olvement or cooperation between schools. and industry. The, programs7are
delineated. into several energy categories.(petrOleum,..coalminihg, geothermal,

ktetc.), type of 'school (public, priv4ate),.iocation'of.schoda%

:CoveramSurvey. Method, Sources ScamylPe; The universej for the surVey,was.
AACJC listsmembers (89,1 schools). and .nonmemb6rs (333) qf the organit-
zation. All schools" were solicited, and returns .were received 'from 612 peMber.11
and 162 -nonmember schools. Follow-ups were tonducted to determine hias4:in the
response. Attpgether,' some 76.schoola"7-ilated existing energy-telatea"pro
graMs and 153 indicated,,qmes_being-iplanned.-.ThejolloW7up indicated.'a like=
lihood,of less frequent eporting'Of these prograMs 'among'originalnon7
.respondents..

Reference Date:

Frpquency: 'Single time

4

End of.,Carendaf 1975

'when Available:. 6 months after survey.

Classifications: As found in survey

4
',Forms and Reports: Energy-Related Technology Programs in Community. and Junior

Colleges, An Analysis of Exieting and.Planned Programs. Questionnaire and
methodology included in repolylit.

Elialuation.omMentgry: This was Ingle -time survey,which indicated a substantive
%,

)trericrtoward the introduction of energy_programs in these institutions. ,Theinstitutions.
"survey should be'conducte& 'again, in the- ne 'future:.

a

c-- ' I .

,71



4

-COMPARISON OF COMP SAT ; AID-SCIENtWS AND ENGINEERS
. INRESEARCH AND DEVELOP T--1976 DATA':

, .
. . .

1 ,'..Agen-y: Energy; Research and Developmen kiministration -(tERDA)
'Unit: Division Ober Relations' p.

.
,

i

i-

.

: ,
, .

: , ,.Description.: ,i\%.
. ,..

.

.

. N:s .t .. . .

Contentl Repre-Optsspecial tabulations'andanalyses .c.Ompar*g.com.p.P.nsati:on-
paids_cientiptsand:engineers in '18 ERWlaboratories with, compensation paid
scienti,sts-aitneers tiCother Ca:0_lities'represententhe Battelle 4i4

. % :
National Sure; ,,COmpensatiortr (See Da't-a'Sonrce:BATIfI). Data and compar-
isons-areSown 1)5ype of estabAlishment, education levgy;'managament level,. :
agedegr4 Ieveip years Since degree.- Analytical approath 'is'egsentially
"age -Wate,17.74iffiati.ngseiaries..accordi:ng Co chronological age maturity
or years since receiptof aegrAle, --

, .l 4 ' , 2 '
, % ,.. Coverage, 6urveyethods Spurces041flple:. -.11d .content eSsen-'t

tialy the same as.,-;ATI. 1.''.6Seven, of the eighteen TRDA 1aboratoriesgdre :

included in t -°4ATt:"1 sample. :This sprveycompares repOrtsPikali eightpen ',.
%laboratories, parately aggregated-.and7andIyzed, with the .totals and various
.catc*ories_of

.

torliPqbl.,"outside" universes shown in BATL 1... ''

41

Reeren,dd tra'te:..)29.76

4, i !...,
.ot-- Fre0e.ncy: ' .

. ....-

# -

. .

Mben A lable?' .About FebrUary of` year '611Owing xefereoce year.
..1 , . -.._ , ..'L7e"

7drs.'andReportA'*31441.yeports available from,ERDA (now DEPartment of Energy) ..

e:
-''' i--1\1.4.tdonal Te,cliniqa,l'infOratiOt:i serVice. f , 1'

.. e .

Eya1uat Commentary: Tbis' survey; along: Wit4.that:of the 'Bottelie National
8111"vep:Of CompensatiOn eMplOys,One ofethe,tiOSCpragroatic aP'koqches.towards
i4ntifying the.cOinpbrientsvn.whlch compensation differeneesAre°.baSed
cThesesomPOnents involve priMarily edUcatfon,:su4:10VisOry responsibility
and ate, and they-,appehr:tbiirovid.aE6irace standards for analytkcaIly.
realistic measurwnt and coMpprisob.of compensations for scientiStsAnd
engineers. :Resp:nste'of:EROA laboratories- portion of the survey seems
to be (as.thight bee)0De'cteCfrom .0t.nature ofvtife'contol and finan-
i.nlsupport); a &tbp'slata.'may be, consideted,highIy Act rate alldrepresenta-

tiVe u '1.76411rifortUnatelybe e.4gpr ers,SurveY..(BAXI. 1).
results',(whichform
ffawed,ven though

.

expdriences a loy .espOlite rote, so tlilt their.Surve
' one base of the''comParisonproCdss)'is statisticall
Conceptually sound.
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ETA 1

EMPLOYMENT SERVICE APPLICANTS,FIL

Department of Labor
Unit: .Employment and Training Administration, U.S fbyment Service

Description: )

.

"Content: Applicants in State Employment Service offices who have not yet
fOund jObs,'tabulated 'by occupation (seve

byDAtionary df-OccupationalTitles Cldssifica )- for the United States,
ali4tdates and 85 large metropOlitan areas.

Coverage, Survey Method,-Sources, Sample: All wiq arerePorted 7 State
Employment Service Agencies aS,4a*Ving filed job appliCations.and whose names.
have not been deleted from theapplicant files because they. lre known to have
taken jobs.

indred detailed ncenpations,

"
14 .Computerized file,.ESARS (Employment Service Automated. ReliotAt System) ,

is tabulated quarterly..
'Frequency: Quarterly

y 1

,Forms'and'ReportS: No publication, bUt certerly tabulations are available on
microfiche. :fable 96.iS the tabulation of the appl,eicant_fila by occupation.

.
. .Evaluation Commentary: Aapli,eant* inciude.pe'aille with jobs who want better jobs

(underemployed ?) as well a5';those,unemployed.i, . .

Scientific and technical p.ersofeel tyPically'do not use public employment-
.service to seek joss, but where-Subs a'r&ibard. to .get more applicants will show
up; also, when sorLone receives unemploWent.insurance Genefits,''he is re-
quired toseek work through-the publiTigvemployMent service. -A:rise in the ..

number' of scientist ab.d engineeapplj.cants -is therefore a sign of deterior-
ating labor market, even though the total of,applicanits is not a measure qf

.

the°number of scientists and engineers seeking"jobs. I. '

4

4.

'41



ETA 2

PROJECTING EMPLOYMENT REQUIREMENTS FOR 'ENERGY DEVELOPMENT
AND ,EXPANSION IN FEDERAL REGION VIII

IP

Department ,of Labor
Unit; Imploymept and Training Administration Region VIII (Denver)

-7,

. 7!:
e

iContent't 'Based onBOreau'of Mines and/ USDL manning tables and BOM "Projects
to Expand Fuel Sources in Western States" to obtain manpower. requirements for
implementing these projects. Principal energy areas: coal mining, power
plants, coal conversion facilities. Shows projected requirements by state
in Region VIII (Colorado, Montana, North Dakota, Utah, Wyoming); by detailed
occupation (specific. jobs, e.g., front end loader operatiorr). Includes
construction pf facilities and operation phases (except mi-ning which does
not include :construction q-dquirements). (No R&D or s)ctentsist manpower data.).

Coverage', Sur.)ey Method, Sources, Sample: Energy d velopment projects reported
to or known to BOM were applied to manning tables for the production capacity
shciwn. Shows only direct employment_.requirements and does not attempt to net
out labor force attritions dues- to retirement, death, separation.

Reference/Date: 1976-1985

4S;
Frequency: One time

. When Available: October 1976

Classifications: Dictionary of Occupa tonal Titles, Standard Industrial Classi-etttiOn'S.
Forms--and Reports .Projections based .,apm Circular 87L9 ( Projects el) Expand

FueNSources in Western States )- and USDL/BOM manh-ing'tables. 'See relatQ.d',,. ,

speechy-Robent J. Brown (then Regional Administrator ETA Reg'ion VIII, now
.Underse etary'of USilL)'. 11614'1'N:176 Energy Employment: The Critical Dependency
in tite,.1411 .,dStatEconomy to National Commission for Manpower Policy, San
:trancisco;, 0.4ifpinia..

. '

Evalo4tiOn Commentai.y: , B'aS7ed.on fairly accurate mannin ...:t4,1es"develdpeqd by,on-.
sites'urveys, leSs accdkot:e reports by companies, on planned-energy,Apjection

- : , ,..., .projects, is subject :to usual.wedknesses :of projections--in this case whether
planned,proiects wiIi...be realised and whether technology. will Also't.

- ,does not shoW.indire'ct'employment gcnerated'or show net :employment' additions,
required (aft.er labor force attrition). Also limitecrto one region.

. %
.. .

NevertheleSs gives7qtantitative_parameterS.Of employment. req-klirements to,short
term(to 1985) prospective expansidnplanSH3y.speci'fic (job.ti.tle)
anCdempristrtethat employment- needs .can 441*estimated with fai'r degree of
specificity'for:prospective energy expansionvIprpjects_ ,No-R&D occupakionS

, are involved in' these prOjections:. but- highly skilled craftsmen,occoLTiOnS
are inclUded.'. Valuable-mainly as' a model for forecasting. energy manpower ., _requirements,

34



ETA 3
It

,

,

EMPLOYMENT SEIWtCE [JOB ouNflps: (.1) JOB .BANK OPENINGS SUMMARY (JBOS)
(2) OGCOPATIOS INbEMAND (OID).REPORT (3) JOB BANK FREQUENTLY- LISTED

OPENINGS (JOB -FLO) REPORT

czAgency: U.S. Employment Service, U:S. Department of Labor
Unit: Job Search Information Unit

_Description:

Content: JBOS repreSents national summary Listing, by job bank region,'of
rctrievable jOb 0-ders in the -Public Employment Service for the reference

mont41. Produs.d,nly in. microfiche and has limited availability. OID 'is a
of about 140 occupations either heavily-in deriand in one

eas, or With substantial aggregate demand in flue br,more a eas, ,

Appears s. an 8-page newspaper monthly. IncludeS'cert,ain "Frequentlysted.
,Occupations " .(FLO) according to multiple criteria' of. employment office size
and volume of jot.orderflow. _Shows FLO openings, during and'at end of mop.
JOB-FLO repp-its monthly on selected' characteristics of.FLO according...to..
industry generatitlorders; quantity, find experiehce andeducationalrequire7
ments of employees Issued-as computer print -out bulletin.

selected s
or mo

Covra e, Survey M,thod, Sources,, Sam 1 : Data are. based on job order tapes
of openings regist
at national office
also focuses on'hi
local offices, wit
in information gui

Reference Date: C

Ereq_uencY: Month],

When Available:. A

Classifications.:'
-thereof. Industri

Forms and Reports:_ Aidese ibed above.

red in job bankS'.' JBO$ inciudes.41 order's reerievable
old reports On occupations heavily- irtp..demand,; JOB-FLO

h volume occupations TegUlAly reported by about 125 large
1 analytiCal materAil. -Selection criteria are described
es available with-frle reports.-

lendar"mOnth

a

out month later

ictionary of 'Occupational ,Titles.00TY and aggregates
according to Standard Industrial Classlfication (SIC)

.

Evaluation Gommenta I Data *represent only those job orders registered with the
. .

, ie nally has been only a, minor intermediary in `the, job market
for scientists engine s. Past experiencith operational repotting .diff4.7
cuq ties, dela in ransmissitn and' failures ,to"clear"the files of job-

.

order4,no>lOnger in force can be expected to blur the interpretation of the
data as an accurate reflection of demand: However, if taken With.other_data,-
these .operilngSdara mayprovide,confirmation, or initial indicators subject.
to chnfirmation,.of\development5 indemand t, for specificeategories:ofscien7.
tists and engtnaers, .Additional 'analytiCal material is available,' On limit&1:'
basis- at lnationalf.b fice of USES, in "Analitica Table Series,''.-wbich'presents
time. Series anAIV.is by OqCupaefonal category, wages; industries and areas.

,... .

B 05'
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ETA 4

APPRENTICESHIP STATISTICS

Agency: Department of Labor,
Unit: Employment and Training Administration

AY,

Description:

Content-: Statistics on apprentices in_apprenticeship:programs registered
with the Bureau:of Apprenticeship and training or ,with State ApprOticeship
Councils. -.Number in training t beginning of year, new registrations and
reinstatements, occupations cancellation's,- and, number in 4rabning ate id 0of year. Data available b, occUp.ation in which the worker is apprenticed
(53. OccUpatiqn-s plus mis ellaneous).' Dataton-the charact istics of,appren-
tices, by.occupLion a industry, are 'available: race o hnic.g.roup, sex:"
and veteran stat

Coverage,;Smrvey Method, Sources, Sample: All registered programs, as defined.
above, are covered. Reports are from local Trogram coordination.

Reference Date: End,of.calendar year

1 ,
Frequency: .Annual

, 01,

forms and Reports:'. Data regularly sy reporCed in the.StatistJc section of the
,. ..,.

anAualEmploment and Train'Ing Report of-the President. ,- .'

,
.. ..

.Evaluation Commentary: The non-registered programs,l.exluded-from the data,
areqelieved to train a large number of apprentit.-4S-7sometimes said to be

''' as many ,as those in registered programs,, brut there are no hard.data.on the
number. Informal t(i'''a*ning also goes on4dr many,of thetrades,-,,and man
appenticeS can get. joUrneyman jobs:befbre-coMpleting the program..The''...,'
.comcilerions of registered .programs d'o not, ,,therefore, fully meaSueThe,'
total her of persons who ,enter the.trades. , ,- ;,.,0I .

.

. : -

B =,3'6
.
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ICC).

ANNUAL REPORTS OF INTERSTATE.CARRIERS
(PETROLEUM'PIPELINES)

Agency; Interstate Commerce Commission
Unit: Accounting DiviSion

Destri6tion:

Content: Annual reportg of regulat,dcd*apies.usually:inalude sch dules,
by individual carriers, on employment. and compensation in addition to finan-
cial.a14.*ipercing information. Thy,. schedule on empaoyment byregUlated
iaters,Ot oil pipelines calls for-We-average number and annual compensatio
of "professional ad.subprofessionol emOlbY..ereS,:" Somevariat type'of.
company. A..:

, o,'.

A, ''''

Coverage, Survey Method, Sources, Sample: .A1.1 IT'egudated tomp
yrequired to report.

4

Reference Date: _Calendar year

Frequency: Annual

Clessifications-:, Ad hoc occupational classification:. 22, categories include
such detail-as "carpqR/Ors" and-"t&egraph:operators7' with broader categories
suchaa'."professional-end subprofe4ional employees.;'

.

...4

Forms andReports: Information apparently not publi0.6d,'but available for public
inspection,4of individuaIreporLs-in Rodm6114 IOC. Building, 12th Street and ....

Conqtitntin Avenue, N.W., Washington;-'D.C. -.

. ,., .

.

. -,.
Evaldation Commentary: Not sufficient occupational detail to:provi.de more than

Ngeneral background information, i.e., "professional and subprofessional em-
, ployees (engineers,.chemists, etc..)" a4 detalled.as pipeline repor6 goes.

i ,

Employment represents the "avei-4ell!.idOeAt1171:YtOta3! compensation for
; the year'." ° :-..r A '

- 4"..
Data have limited .utility a5'Present1,y,strUttureOutundOnbtedly will be
consolidated into 'a uniform Depatmerigf..ErferM7 reporting 'system withmore
useful occupation-41 detail:

- .



INS 1

BENEFICIARIES-OF.00CUPATIONAL PREFERENCE AND OTHER IMMIGRANTS. ADMITTED;
BY OCCUPATION

Agency: U.S. Department of Justice
Unit: Immigration and Naturalization Service

Description,;.

Content: Occupations of all immigrants by category of. em
shortage-occupations,* and _all others, mainly relativesq3f.U.S Nationala0):
'FY-1976 teport lists admissions by 11 categories of engineers, 81_1fe-and.-- /.

physical'scigntists, 6 social Sc:entists, 25**teachers: 9 engineering' and science
technicians, etc. Temporary stud ts, who may become long-term, are generally
classified-as Yrionimmigrants."------7 --.. a

* 2nd largest' for scientists and engineers -

a ** Largest category by rar for scientists and engineers

Coverage, Sprvey., Method,,,7,Sources,.Sample:. Occupationsj4ased on entries supplied
, by immigrants (sqmetimesconsularofficial&on'application for entry visa and
.applicatiOns fot.certification for immigrant entry because of critical occupa-
tional. shortage

. . '-.

.

4 i
, ,

, N
Reference Data: Year ending' June 30

.

. _
.

... ..

.

Frequency: AnnualL-Data reported in AptUal Report of the Commissioner of
-,,0

iK-

Immigiition and NaturaliZetion., - .. , "/

, .
?,

When-Amoilable: About 3 months'after endOf refetence year

. . ., 44.,

Classifications: CensuS occupatA;no(rotighIty)
. *. 'Ai .- . .

, . .,
.

. .

.

. Forms and Reports:. Application for immigration visas and for certification (by U.S..
Department Of Labor) of critical.labor, shortageg,-(confidential records not

, ,I.

1. ..usually aVatlable). ,. t'

Evaluation Commentary:' Uniform standards Are applield.to occupational designations
by immigrants. Also, occupationgiven.is' before entry into°U.S.A.; and may
not'refleet actual ocupation after immigration. "FolIow-upsUrvey and analysis
Of 'records by David North for U.S. Department of Labor(MA)'shows. substantial
occupational dispersion aft-et entty,'with.tendency. for mobility 41ppard_in ccu-.

, patiOnal social and economic status'(SES) fOr those at 16wer end,and mobility_
As.

doWiiqard for those declaring 'themselves It nupper end of.acCIl,tiona S'ES,'.. ,

Mete' is need ti regular TolloW:-;up on occupational status (nee fot,and feasi7
bilitY of whi.0 demonStratedirl)D. North's study)., bette in:

,.,.,
....., stetdaedization

-of'oectipatignalde'signations, better coding .tabuJating and pu41. 14A%by_Immi-Immi-
gration'and Na urca4lizatLqp Serlittce; and some indicationby apaly of .,_.-

.

discgpanciesintrodUced by intervenCionarytions in typ immigration.proCess'
(e.g:, FY. 1976 .beriifffcatian of 14-2,temPorary-work-70pRosedlylaborers7- ;.'

? shows 328 engineers and 23 scientists admAted) . '6evvritple'ss, theSe are ,best :. .

IndIzat.ions of_Manftude.of'foreign-su.tiply to-U)Si CTIS4entifiC,:Tectinical and

1
rIzineering M4np0oW.:'

%. . I

.' e .
IS

. , ! ' o

.ee also, NationaliScence Voundat'ion,.sNU. 5c,iegtista and EngineTs fr.Pirl'
-.Atgad: ,Jrendr4 of,rPast Decade,:1966-75, 77)-305. \ :"

, .,..



Agency:

KAI 1

COAL ,MANPOWER PROJECTIONS, 1980

Kramer Asoc tes, Inc.

Description: rt. 1

Content: Projects manpower requirements for bituminous and Jignite coa .mining:
aggregate manpower byotype of mine (underground, strip,auger), by year 4974-80,
using projections and other data (shown in detail) from other sources on type.
of production, output, age comp6sition of workrce, productiwity (extensive
detail and discussid0 a," retirements and other attrition. Also: projection of
sciployment by skill grade and illustrative skilled occupations. (But noR&D

scientist manpowe covea-gs...)

Coverage, Survey Method, Souces, Sample: 'Performed diadercontract with U.S.
Department of Labor, Manpowdr Administration. Est-imates manpower requirements
on basis of projectionsOf output made by National,PetroleuM GOunci1 (in U.S.
Ener-gy Outlook, 1971-85,-published 1971-72). Using also: .aggregate cmplOyment
qed.produ6tivity data, illustrative occupational composition in West Virginia,'
United Mine Workers,AaXa_Lon age composition and attrition of labor force.

Reference Date: 1970-73

Frequency: Single time

actual data; 19q4-80,projections

.

When Available: Sejtember 1973

Forms and Reports: None -- calculations made on basis or other pubrishedfdaWet and
.judgmental analyses. Assumptions stated and judgmental factorsgiven,%

Evaluation Commentary: Report notes handicaps in making estimates of both awe-
gate and OccuPational Manpower requirement projections owing,to limitations

availabledata (quality, detail, exiStence). Relied heavily on West Virginia
Occupational employment detail to impute'Ratte.rn to entire'industry, and to
secure. comparability with other published occupational data such as union con-

,

. tract }ob titles.. Also notes deficiency of detailed productivity data and its
Unit ing effect on validity of these'projections. Nevertheless a good broad
cut qestablishing.order of magnitude.of'net additional manpower requirements-

. .

lAtuminous coal industry.
..,-

o
..

.

. .

P imAry imProvthnents needed: more, and more,tomparble, occupational data and
me breakdown of productivity measures now made,by United States Department

of. Labor. ,6,.
.,.,

Y-
1.,'

4

4

oy



NOES 1 '",/

7-EARNED DE'GUES .CONFERRED -- HIGHER EDUCA4ON

Agency: Health, Education and Welfare
Unit: National Center for Education Statistics (NCES)

o

GENERAL INFORMATION SURVEY (HECIS) '

Content: Reports annual baccalaureate and higher degrees conferred by United.
`States institutions of higher education. Incfudes level of degree (bachelor,,'s,
maste'r's, doctor's, first professional); disciphne speciality in which degree
grahted, type of institution (publie/private,.universitY or other), sex of
recipient folfe degree..

Data available also for' .ndiv'idual institutions.

,Coyerage, Survey Method, Sources, Sample: Covers substantially 100 percent of
/approximately 1,800 institutions identified in Education Directory as_offeting
bachelor'or higher degrees. Survey instrument is.mai questionnaite to pn-.
':dents of institutions or to State coordinators. Cover academic years July--
June.

Reference Date: School years, July 1-June 30

Frequealy: Annual

When Available: Nominally by January. Orfollowing year. Data expected to be
- available on tapes by'January of. year-following school year reported. How-
ever,19 5-.76 tapes not availabie in June 1977, and last published-'report now
availabl is for school year 19.74-75'. - Availability date varies widely-depend-
ing upon receipt of-sUrvy forms, editing, vntractor,processing,,Government
Printing Offilpe printing schedules, etc.

.

Forms and Reports: Forms OEi2300-2:1 Delkees and
reproduced:on p.. 4.5f Earned Degrees' Con erred 1974- 75'~:i

i

Individual' institution data separately published in liMited supply available.

ti

ti

Evaluation Commentary OnlYsourCe of comprehensive data on_degrees granted by
level andThy

t
Coverage of institutions substantiallycompldt ,

but extent of possWe egtor in repotting field'o degree unknown: Machine
edit for consistency wiCt previous year report and MatheMatical accuracy sup-
plementdd csith visual inspection atid foElow-up with institutions in question-
able.cases., Som%diff,prences fodnd with National Resear Council- doctorate
survey.,

a

Wassification offA-field pf degree compa4ai7le.bck tt19/0771: can ber:conyed4'
to 196566.

, ,

4,Ufeful as
.as ea.nrgy.
surveys of
activities

, f t

V',

indicator of p. ote4t,a l
-

spply _ fo r techrtiOal mahp cptuglpiS, such
...

education an4.rdegree backgrounds of_ the pusently em loyed in energy
Usefilnes'Swouf4 be,,gratly enhaced by 4up3leme

k ,i,..!..
e. .

ki".

. . .' 45,4."
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$TU 4.!ONROLLED FOR ADVANCED DEGREES--HIGHER EDUCATION GENERAL INFORMATIOd_.1
SURVEY -(REGIS.)

.
,

.

Agency:', Health, Educatidn.and Welfare
,-,

Unit: National Center-for Education StatiS'tics (NCES)

Description:
o

J.

Content: RepoiTs annually on studentg enrolled for advanced degrees (master's
or higher and first Professional) in U.S. higher education, institutions. In-
cludes sex, atteridanc status (full or part-time), whether "less_ than or more
than 1..year of,grad ate 'study complete and discipline speciality of major field
ogiwstudy.

Information also available on.enrollments by discipline and individual insti-
tution.

Coverage, Survey'Method, Sources, Sample: Questionnaire sent to all institu-
tionsuniversities and 4 year'revorting units-- identified in Education
Directory. Returns from 1,050 institution units 'cover all known to enroll
students for advanced degrees in Fall 1974. Coverage complete. Mail question-
naires.completed by institutions or State coorainators.

4o

Reference Date: Fall term

enc : Annual

When, Available: No inally by June of following year, btltan June 1977 the
1974 resort last availble. Tapes earlier.

Classifications: "Taxonomy of Intructional Programs in0Higher Education" for,
major fields of study.

I.

forms and Report:s1- Vorm OE 2300-2.5 Students Enrolled for Advanced Degrees
reproduced on p. 53fdf Students Enrolled for Advanced Degrees Fall 1974',
Nation'al Center for Education ,Stat,istics 76.-112.

Evaluation Commentary: Only source of. comprehensive information on students
enrolled for graduate study in all fields. The 9654p enrolled for master's
at-0 ,doctor's and the 2 p23,000enlled for firSt professioul degrees exclude
graduate 16vel 'students enrolled in courses whiCh do not-termiinate in advanced
degrees, and pot-doctorates.

Comparability good back to 1971 when discipline specialities first classified
..accOrding0

*

'

to Taxonomy of InstitictionalTro4tin Higher Education."
..

/,

grams,,
: ..

a ...
.

Useful to estimate higher education trends for disciplines of interest to energ
e;. maripower. deeds supplemental information onedtcation-and training' of manpOwer '

.,noWtenglibd in energy work.
.

*1 .--.. :,
. %

.4

4 1-

8 -.41 .

:4+
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ASSOCIAT);,. DECREES AND ong FORMAL AWARDS BELOW4HE BACCALAUREATE--
HIGHER EDUCATION GENERA1., INFORMXT[ON SURVEY4EECTS"). 'I. ,','

...

Agency: Health, Education arid Welfare
Unit: National Cehtei

Description:

fro Education Statistics (NCES)

(,,r7
r. .\

Content: Reports annual awards of associate degrees, other formal. award's
based on less than 4 yearsof college-level work by institutions of higher
education.- Primarily emphasizes completions 46L-.orgaur. 'W.DcCupational curricu- ti

lums in variety df technologies -norMally:,:offereit-In year collegiate programs
to prepare Students fr irgmediate employment. Includ ",,,associate degrees (at
least 2 years and leAs-.tlien4 years beyond secondary) other awards
(requiring.1 year beyond secondary); type of control ,(pu priva e) ; type
of institution (university, other 4 year, 2 year); curricdlum (arts and science
or general, scienCe por enAneering related occupational); discipline special
ties; sex of recipients: .

f-
.

Data also availabie'for individual institutions and States.

A --
Coverage,. Survey Method, Sources, Sample: Coverage base--PinstitutiOnal units"
identified in Education Directory as universe of those offering programs re-
quiring at least'2 years of college work but less than 4 years..

:'

Survey:instrument mail questionnaire to presidents of institutions or State

. coordinators:1 Response substantially complete (3.nonrespondents in 1974 -75)
O. a

Reference Date: School years, 'July 1-June

Frequency: Annual

.011.
When Available: Nominally January of foIlowing.year'.., Data ftequently'delayed--
_published report fof 1974-3=became available in June4977.

Classifications; Discipline specialties--"TaxonoMy of Instructional Programs
,

j_.........f
Forms and Reports: Form OE 2300 -2.1., Part C, y)egrees'and Awards Based on Less

Than 4 Years Work Beyond High School reproduced on T. 39f of Assoc ate Degrees.
and Other Formal AWards Below the Baccalaureate 1974-75 (NCES '77=3

.

. .

Evaluation Commentary: Source of: co-mprehensdve data on an admittedly murky area,
4

-7---'//'

of post-secondary edUcation'leading 'to entry into technical; semi-professional',
and in, soMe cases professional. occupations. Does not include technical training

.

programs in secondary schools, employer On-the-job and.apprentice training;;
.

or
armed forces; all'Of which are important,trainingmechanisms.

in Higher Education"

Comparability good, back tO19.73-.4;,andik.air to 1970-1,. EoWeVer, 4tegori. d
have been added :t.ciSpecialtis-since 971,:and'other revisions 'made. .

-4.

Useful as indi ator.ofPRFential sUpply fOr technical manTower,prOgpmS with
entry'at stmi-professional and technical .occupational level. *eds Supple-
mentqty information on education and training of new .entrants presently:
ployed in energy' R&D programs.

B. 42t
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. . /
Agency: 'Health', Education and. Welfare .

\

Unit: National Center for Educatiod Scetistics:DthES).

!(zs

4-AIGHM-EDUCATION-GENERAL INORMATION ISURVEY

.'I4CES
, .

-EIROLLMENT 'BY, D. a'REE

Description:
N . \ 0

Content: This. J.i.s..a new secion,added to,.the Higher Education General Informa-
tion Survey (H .IS) requdsting inforMation on numbers\ of upper division stu-.'
dents by majo field of stuffy..' It was combined with'the regular survey of
students enrol ed,foe advanced degrees. Informationqs) rovided.on enrollments
by geld, sex:, full or part-time study and*. by institut on and geographic 1b ca-
Ed:OW:1' In a,sefiarate section, information was reque ed\also on 'students
enrolld.for first professional degrees.

, .

\COVerage'Survey Method SoUrces,; Sample: All institutions awarding at least
a bachelor degree which are included in the Education Di-rectory Of Higher'Edu-
cation were contact-ed. Daea were furnished by 1,658 institutional units
(separate147 organized campus or branch of larger universities or state systems).

----.''Upper division enrollment. is defined as juniors and seniors\enrolled foe 4-
or 5 -year bacCalaureate degrees. A 'response rate of 100% of the institutions
was obtained. ..

.'

-

Reference Date: Fall of year

Frequency: Per odic

When Available: About one year following referenc

Classifications: . Taxonomy of fields of study of the National Cent\er for Edu-
cation Statistics.

Forms _,and Reports: ,Qusti:Ofigildixewith instructions contained in reports. A
report .f.iliper Division Enrollment, by Field, was issu in mid- _1'977.

.
.

.,Evaluation Commentary: This is the first ''.collectfon of such data since 1967.
At pfesent the NCES is' not certain how Often theupper division or. graduate
enrollment surveys.will be Conducted., It appeals that both surveys enjoy very
h/gh response rages and-trae no special trouble with definitions,. etc. The
problem for the NCES is one of priorities:of surveys.

2 c).
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NCES 5

.SURVEY .0F`RECENT COLLEGE CRADUATES

Agency:. WeStat, Inc. for National Center for,,E8ucation Statistics (NCES)

Description:

Content: Concentrating on obtaining infOrmation on possible additions to,
teaching.supply. The'suryey obtained informat'on' from a sample ofcollege
graduates at the bachelOr:s and master's degree level,of 1974-75 on: support
during undergraduate work (loans, scholarships', etc.), completion' of iequire-
mentsfor teaching certificate and-fields of same, continued student status,
salaryil.teaChing activities by field, relation -o,f.major to.job, language com7 '
petency,- major field of study; and selected perSonal characteristics.

COverage: Survhr Method,' Sources, Sample: Westat, Inc., undercontfact to
NCES, co ducted this survey of 194 -75 graduates,in,Mid-1976.' The: sample
design nsisted of 4006 bachelor s and 1600 master's degree recipients Se-
ected o two stage' basis from a stmple of universities and college's (actu7

o 1 J t 5800 from"200 schools)'. Some 4,350 usable replies were reCeived.-c
Sample was weighted up' to the counts obtained intheHigher EduCation CenerA
information Survey (REGIS) 1914 -75.' The sample wasweighte&to include over-
representation for education' majors.` Additional .data on methodologies used
in the survey are found in the report listed below:

Reference 'Data: Spring 1976
,

Frequency: 'Single time

When Available: One year after survey

4assifications:. NCES,Taxonomies

Forms and Reports: Two reports,haveApen preparedbut are not yet released:
Methodological Report, Survey ofRedentCollegedraduates, 104-4.75 and ''

Survey of.197475 College Graduates.' The qUestionnaire will becontained

:

iL1 the former report.

Evaluatlion Commentary: Though felt to be a successful SUrveyin terms\of meeting
the broad purposes of the National Center,' it is v.Tak with respect to providing
data on science and engineering gradu'ates. This results. from the intended
bias toward edudation majors and thus the number of cases wasAM

.,

large '.
.. ,

enough, to provide - detail on most,. science and engineering disciplines. ACES,
.

in. November 1977,1. signed a,.iontract with:the National Opinion Research Center
. ti

(University of Chicago) to conduct a new similar Surveyfor,107 graduates

tl

B 44
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NRC 1

SURVEY OF EARNED DOCTORATES
.....i'' '0 , .

Agency: &National Resear.chXquncil
,Unit: '":1rmmissionoU Hum ri Resources J.
,.

!, ---e-

DescriptionP. a.,

I- - , 'il ,,, 1

Content: Name'` sex,, .c -, `citizenship, -,high schoOl andllege 'education
(year and - 'location fl' institution, field and'title of-drees); title of
theipiSabd thesis Oisor, source ot financial-support In gradUate school,
academic status in,year prior to award, immediate post graduation'plans,
(fellowship, employment', milftary, and broad type of-employer), name. of
elApyingurganization,:' Occasionally one or two 9dAi,tional questions' asked,
e.g.,.

,
education of lather and mother.. .0 P'

!

. ,.,

,Coverage,,,SurveyMethod, Sources, Sam 1e: Questionnaike-distributed.tp eah
candidatetd1,:ductbral degree inallU...S.,schoblsby Graduate Deapor
official: Questionnaire.returned to NRC.at.award,of degree: Retupiefbr many '

years heVe.been'at Over 99.% rate ..Some fdllow-ups are, maae.4tolmrs all fields4

and insitutionsawarding earned doctoraCes. Sprvey has been carried4eut on.'
this bas'is-sin 57. However, NRC. has Cumputerized file of ali.,'earned doc-
torates since

.

-Reterence
\

Pate: A a.demic year

Frequency:,\Annual.

When-Available About 9 months'`-after ell of year,

CI ssifications: National Researdh Council/National Science,Foundatio4 fields"

4
f science and engineerifig.

. -;.

.". ,& , .

:Forms and Reports; Annual report Doctorate Recipients from United States Univet-
. sties 'includes 'questionnaire. Occasionally'Sum ries'of data. for several

l'.
.

. ` ,
r,

1 c r

years produced.

.

:Evaluation Commentary: '.Thid .practically completecoverage of earneddottorate$%.,
from a U.S. Univertifyi FurtilerMore, a compUteri4dfilp:Of all data for all
years is maintained -by NRC. individual completing questionnaire states his
field of study.',''rherefore data not strictly comparable witti.Haiional Center

: for,,EducationStatisticS data on earned' doctorates. ** No infurmation on ene.rgy-
-- related,ctivities. .
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NRC'
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RAVEY DP DOCTORAL SCIENTISTS AND ENGINEERS:
51.7 ' ktck:

Agencv,:;. Nat ion,a/ Resai-ch Cou'ri.c1.1 '(NRC)'t
Commissip on Human ,Resources '

er ::..1
'44, pes cr,ip t74. op ,i ' .., ...

. ,

,

Corttenk.: 'Covers demographic, .ed-u,cat`ional, and profePsional charact-eris,t.ics4
. ...

orddeor-1,4,-;seieriOst4.and engine'ers77age,..ge, place ;Of birth,- PaA,
. . zensnip, T tion_.Naeh .degi'ee hly field, date,!and institution), labor forop__L-__

status , emp ent,1-:iy. f,ieZd- wo'ric aciiVit*y',.' emplcrker (boad induP t ry .group) , :,

aca'deviik..dt'ais , lo:Catl On , / `rea g'f' ha tiona.E.,ineeres t (enery,, 'et c ., ) ,-. arid
s port 13r., klecieral 'agantY. Survey, -S-uppo 'reed .Primarily by Nation41 -Science
Foundat loci,: 1.. A ° /' lc

. .

.
. " /

.
> -

. , . : '4' . ;) .' / ;4 . Si- .. ViA. . 7 4

'Coverage, uVey MO thdd,,_ ,Siovscei"- 'Sample : ....11a,i.l. quegt ion°n. a re surxiey ,,to satple , ,
.- of .indivi_d al. doctoratep';',qt"Ee basic- sanipa,-.sel.e`t.ted,,,,fo'r firse survey' in ..1.0.9,7-3. . A

is obntactew eN4ery..-two years. viath.-addition 01, eto new class.en of awardees.,,t... .
- _ . , .

Sample selected. ,pm tniyer-O '6,f cloCto'rateawards ..($ince 1920-)' and. Na,tional
Science Fclundati 131d:g40,ter.-.. Sample, aboufF ..1:ins7.5;. but,* s ,tr?atyified '..bY field;

-, ." year Of dekre, Sex,`'i4Pi;.d. OV aoct,orate 1,34.st.itupiOn". : ResponSe r'ate" i-n 1975..
neral sipiilor acr:O$s. stratification---errprs .:

are' sl-lown ins. I, 7.5.4rep.(:)t,t'... Th.ir sdrvey; for 1977' u-.1ill'erway:' ,
..bout, 70% . 4Reosponse,las in

Reference DaCe teti /pia r

° Frequency :" r

,

1,4h-A "Ayai'labIe': :A:year aft....!*:,..iryey.- '
.. , 4, .. .

ClaSs-,117ications-: Natlomal Repearch CoLinci1.71fational- 5q.enc.e.,..foun'cl.g.tion ,fields
. A 4

of -dOc or6.e.,,, ward$ and, erniii,oyiPeirt A: .t1, -. ''...':; '4.' ° .4 :: .. . : S /, 4

..

.4

Farms and Reports : `Ques,tionnatre 'report octoral: Scientists and Engineers,
in Ow United S,,tates,77-1S7 ptofia,e;, Researre,,COu4oil (NRC),, °

teristics of Doc'toral. Scientiksts, a.i d Eng neers n The'United StateP,',.1975,Cp.
National Se4eno,e ,"B'ofiNRC and NSF. have produced other' reports,
from .this data= sdurce: ,

, ,

Eva hot .Cornmntary ThiS serie''S ..o§rwpstirY. y is th-edefinit iVe one
and engineering docpotes.; 4sonieprj1VsSional societilgs survey
tions . S-amWe for Haweivr-f,

ois an 'be enhanced to produce nbett0,P" ,,data in se ectVi.,- cohorts DetA.dn computer
tppe,,,thu-s additional tabulatiohs'an, be obta Separa data 'o:daenergy;,,

:0 0



NSF 1

FEDERAL FUNDS FOR RESEARCH, DEVELOPMENT, AND OTHER SCIENTIFIC ACTIVITIE8,,
4,1SCAL YEIWS 1976, 1977, 1978 -- NATIONAL SCIENCE FOUNDATION'

. National Science Foundation
Unit: Division of'Science Resources Studies

AscriptiV:

, 4

Content: Twenty - fifth, annual report on Feder -"funds for R&D by: agency,
'character of work (R-D-Basic.7Applied and R&D lant),''performer (DtPartmerq
and Bureau), field of science (life science, electrical engineering- -but
nopenergybreak), research at universities byagency and field of science;
foreign performers,(region, country, agency)', geographic distribution by state:
Historical data available on outlays and obligatigns 1967-77 (some from 1960). t.

Coverage, Survey Method, Sources, Sample: iMail-sgrkgy forMs to 35 Federal agen-
.cies and subdiiiisions (93 respondents) on bbligations and outlays incurred for
R&D. Information supplemented by Office of: Managemen'fl and Budget reports suh-
mitted by agencies.on R&D activities and expenditures (as contained in OMB.
special analysis "P"--"Federal R&D Programs").

Reference Date: . Fiscal Years 1976, 1977, 19786

3Fre ency: Annual

When Available: November 1977 (Statist dal Tables),

Classifications: NSF fields of science and character of work, ,

Forms and Reports: Form not shown in report'but obtainable from National Science
Foundation represent 3 years estimates (revised and update each year-for
R&D by headings,in,this report. Federal*Funds Resear h, Development and

;

'Other Scientific Activities,Fiscal Years 1976,'1977, and 1978, Vol. XXVI,
NSF (in press). This voldme includes PART I (R&D funds) 'and PART II (funds
associated with collection and dissemination of scientific and technical info);
contains analysis; charts, summary 'current and historIcal tables and is supple-
mented by Appendix volumes showing detailed statistical data. Detailed Statis-,,
tjcal Tables (Appendices C and D) NSF 77-317.

r

1 Evaluation Commentary: There are potential substantial differences in response
among agencies owing-to imprecision of concept and judgmental decisiOns in
classification. There are wide differences within,a0ncies and among bureaus
in identifying mp and distinguishing one type from another, and among individ-
uals within same unit init:king such classifications for different reporting
requirements or over ti4e. Nevertheless, the series is probably still best
indication of R&D funding Magnitudes by Federal Government andfor other dis-
tribdtionsshow6k SPrecial identific tion of energy R&D is not obtained
spe ifically from this ,survey,but is 'dentified by NSF staff (see-NSF-4). -
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. FEDERAL :R&IVRINDiNGliY.-FUNCTION

Agency: ,National Science Foundati'dn
,Unit: of .Science Resources Strdles

it
'

beset tiien:

NSF 2

dent : Federal obligations for .R&D are clasSified by .15 maAr and 34
sub-functions (including "energy,delselopment and conversion"). Each set of
R&D dollars is claSsified into'a single,function.: Data available for fiscd1
years71960-78. and classified by function and agency. Data are presented in

,3-year series, with last*2 years estimated on basis of President's budget
Data also shown by substantial detailof programs within-the 'sub7runctions.

Coverage, Survey Method, ,Sources, Sample: Federal obligations dlaSsiFied
by NSF staff using'categories deVeloped by National/Science Foundation with
aid of Office of Management and Budget. Obligations, data were collected
from gencies as responses to regular (annual) survey of Fedv.ral funds.
Data lassified"by function.on basis of detailed budget requests.

Reference Date: Fiscal 'year

,Frequency: Annual

. .

When Available: 9 months after'Preside'nt's budget.)

Classifications: National Science Foundation for R &D and fields of science;
National Science Foundation/Office of Management Budget: functions:

e

Form,! and Reports: Annual Report On Analysis of Federal R&D Funding.by Functiol,-1

1969-78:,

Evaluation Commentary:' Practically full setle coverage of R&D funding by Federal
agencies. Data not strictly comparable over years beciuse f change, in func-

tional categories. Federal dollars classified info separate functional cate-.
gories and thus no multiple classification. available.° Separate datdon'
energy provided.

AN.

.1*
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Agency: iNatl.onal Science Foundation (NSF)
Unit: Division ofScience Resources Studies

NSF

FEDERAL INSTALLATIONS,

. Description:

I

Content: R&D spending and REiD manpower in energy and energy-related pro-
grams in"Fe4eralt installations. R&D dollars classified by energy source (oil,
coal, nuclear, conservatipn, environmental control, etc.) by installation and
agency. .Personnel in R&D classified by broad occupation, energy source and
selected inallation. Projections of R&D dollars also made.

Coverage, Survey Method, Sources, Sample:. Questionnaire survey mailed by
NSF to Federal agencies involved in energy R&D. Survey was net on samp
rather it was for full coverage of agencies reportinW,intramural energy R&D
act'ireities in regular'NSF survey of Federal R&D fundina)

$ . -,. ...

Reference Date: Fiscal years 1973-73

Frequency: Single time
c.

,When.Available:. One year 'after

Forms and Reports: Energy and Ener0-Related R&D ,Actiivities of Federal Installa-
tions and Federa4Tunded R&D .Centers .(NSF

,

Evaluation 4mmentary:' This may fr ave been a sin time survey. It 'was con-
ducted about the end o-1974--a period of planningand the "early implemen-
tation'of "Project Independence.". Its coverage was fairly complete and
reporting good. However, there are no.present plans to conduct another
survey,--"pressure of pridritiee--Within NSF.

.4
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-.NSF 4

RESEARCHND DEVELOPMENT TN INDUSTRY 1974

Agency: National Science Foundation (NSF)
Unit:. Division of Science Resources Studies

Description:

Content: 4test.(as of.9/76) in largely 'annual series (20th since 1953) on
R&D expenditures in private industrial firms. Funds for R&D are given by:
source, industry, Size. af.company (sales and employment), geographic distribuip
tion, basic versus applied, energy and pollution abatengt R&D (funds--no
employment data), employment of R&D scientisis and en0heers by industry,
Federally-funded R&D centers. Historical data shown to 1953 or 1964 for some
series.
APPENDIX: Technotes, detailed statistical tables and survey form. Some
additional detN4 of R&D employment by industry, cost per R&D scientist,
percent of R&D employment to total employment, but no'energy, employment data.

Coverage, Survey Method, Sources, Sample: Mail survey of 1400 companies rep-
resenting saatified sample of all, manufaCturing and non-manufacturing indus-
tries knotin to fund R&D. Survey unit = company., Standard error leSs than 1%
on'lotals, up to 7% for industrjes, up to 47% for companies iiith under 1000 em-
ployees; substantial comparability over time, particularly adjacent years.
Limited coverage on energy: funds shown for energy industries (but no employ-'
ment) by Federal and company, for fossil (by fuel) nuclear (by fission or non-
fission) and other energy. (solar, geothermal)'.

Reference Date: Year 1974 (for $).,; January 1975 .f,or employment

Frequency: Annual

When Available: September 11976:(Fceface date)
!

Classifications: 1967 Standard Industrial Classification

Forms and Reports:* Research Developme t in Industry, 1974, NSF 76-322; -

Highlights -- Energy Inc. ease of 18 P cent. Leads Industrial Mb Spending in
1975, NSF 76-324. Forms 1D-1, RD-3, 61-11 ate reproduced in principal reports.

'Evaluation Commentary: survey (and its predecessors and related reports,,
listed above) is the definitiVe measung of R&D spending and employment and
establishes the order of magnitude of the totals and industry distribution'
(up to 5 digits Standard Industrial Classification forAselected industry).
One major weakness f'SNthat the reporting unit is a.company rather than an

1Pk't

establishment. Ugeful -spending data on ergy and anti-pollution industries
(basically 2-digit SIC) are limited by ack of comparable manpower,data or
even basis for relating funds to mptoyment. Inclusion of energy employment

;
query in future suzygyi would' be seful if even only one time, as would sub-

. .emPle asking for occupational detail. ..'These would show magnitude dealt.'
with now known only vaguely, give basis for relating future R&D funds in

li,"eftergy to manpower component, and identify, principal occupations in now only
surmise broad array of energy R&D occupations.

A.



NSF 5

_d
RESEARCH AND DEVELOPMENT IN STATE GOVERNMENT AGENCIES

Agency,: National Scieric oundation (NSF)
DiviSioh of S ienre -Rt!,;ources Studies

.

Description:

Content: A periodic survey .of R&D activities of State Government agencies
which. collects information on a project basis of such'activities including:
name.of project; character of work (bksic, applied development); field of'l
science; financial support by'source (other agencies, industry, universis,
etc.); expenditures foT R&D plant; man-years of R&D of
engineers, and te.chnici.ans; support by Federal agency. Functional areas:.
(health, natural resources, transportation, etc:) are identified by agency
subdivision--but no energy'area.

Coverage, Survey Method, Sources, Sample: Agencies of State gArnment,s
identified from p st Surveys of National Science Foundation and Bureau of
Labor Statistics an review.by individual State budget officers. Mail ques-
tionnaires sent to tate by(Bureau Of the Census under contract with

i
National.

Science Foundation. Initial unverse of 1309 units was reduced 1276 as av--
..--4,

result of reorganizations and phase-outs. Response was 98% with 1% of these
indicating R&D activities. Last survey gotiducted covered fiscalAyyears -1972
and'1973. Reporting of activities was by prOject'within agency sbbdivision.

Reference Date: Yiscal,yedr

Frequency: Periodic--34 years

When Available: lyear after 811illek'

Classifications: NSF fields.of science and. other'categories

Forms-,and Reports: Research and Development in State Government' Agencies,
Fiscal Years 1972 and 1973 (questionnaire included in reper1),. NSF 75 -304.

Evaluation Commentary: Coverage of individual Stateagencies was good--98%cof
identified units., Unclear as to hOwcand.* whom units engaged R&D were -

' 'identified. Survey coilOuCtedHonlyevery.374 years leaVes a significant gap
in changes in State agenicprieTitle's;for R&D. Energy was. not really. very
.vAible in 1973.

(



NSF 6

EXPENDITURES FOR.SCIENTIFIC ACTIVITIES AT UNIVERSITIES AND COLLEGES

Agency: National Science Foundation (NSF)
\*

Unit: , DiVision of Science Resources Studies

Description:

Content: Current expenditures for-research and development in science and
'.3-.

.engineering by source of f ds, character of work (basic and applied res,parch,
' 'development), field of, scie ce, institutional control (public/private), type-

df institution (level of degree granted) geographic location, capital expen-
ditures for research, development and instruction, and expenditures for
instruction and departmentalresearch in graduate-degree-granting institutions:,
Similar data are ALare obtained. for.derally:Funded Research & Develbpment Centers
'(FFRDC's4 administered by universities:

Coverage, Survey Method, Sqprces, Sample .Mail que.s.4ionnaire Survey in univer-
sities and colleges - -all institutions gran ing graduate degrees in science ,or 41)'
engineering and all others with.)50,000 in R expenditures.. The 1975 surv4

u, covered 540 universities and colleges and 22 FFR C's--covering 99% of all R&D
In academic institutions. Eleven schools did not respond but imputations were
made for these institutions.

Reference Date: Fiscal year

° Frequency:' Annual (1975 was lOth4
.

\\......

When Available: About oneyear after survey

Classifications: National Science Foundation/Office of Manage Budgetsent and Budget's
fields of science; National Center for Education Statistics/Na ional Scieve
Fouddation's.classes of institutions.

#.11

.Forms and Reports: ,Questionnaire included in primary reArt. Expenditures for
1

Scientific Activities at Universities and C011eges'Ey 1975 (alsd a companion
report Detailed.Statistical Tables for same survey).-Data also are abstracted

."
for use in .Natianal Patterns of R&D Resources (N3F-9).

Evaluation ComMery: This is the'definitive survey collection on R&D spending
in Universit'qes and colleges....--The survey does not provide separate data on

`adversity 11&D expenditures in energy areas", but proVides the background totals
for all R&D.' A companion survey provides data on.profeSsional staff in science
and engineering employed 'n universities and colleges (No. separate data on

energy). (See-NSF-12.)

52
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NSF 7 .

FEDERAL SUPPORT OF RESEARCH IN UNIVERSITIES AND-,NONPROFIT

Agency: NationalScience Foundation (NSF)
Unit:- Division of Science Resources Studies

o 0

6escription:

Content: Information on FederAsuppoet of research and-research facilities
, in universities; colleges, and-selected nonprofit organizations'is computed

by National SCience foundation from other Fedei.al."agencies. In addition, . 4

information is collected on all other scientific activities and nonscientific
activities, e.g., iqstructional.equipmeht, training grants -and fellowAips and
general science support. Date .are categorized by field of science, PiTnitu:
tion, agency, type of activity, geographic location.,-daftware in terms of
dollar allocations. The report is mandated under the enabling act of the
Foundation.

RGANIZATIONS

Coverage, Survey Method, Sources, Sample: Data are collected from 14-Federal
agencies representing an estimated 99% Of all Federal R&D.support. and 95%of
all Federal support to stich institutions.. Data are separated by each educa-
tidnal institution and are available on'122 selected nonprofit organizations
and seven,Federally-funded R&D centers. o

-Reference Date: Fiscal year

Frequency: Annual

When Available: About 1 year following close of fi'Scal: );ear;
A S"\

Classifications: National Science Fbundation ,fields and categories of RAD

Forms and Reports: ,Annual report to. President and Congress Federal Support to
Universities, Colleges, and Selected Nonpxofit Institutiohs, FY1974. .(41S.F.

-77-303)."

5Evaluation Commentarr: Datacover-obl rations made,by.14 agencies-represpting
99% of all Federal R&D support to su h institutions. No separate data on
energy. ',

I
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NSF 8

RESEARCH & DEVELOPMENT SPENDING BY NONPROFIT ORGANIZATIONS '

)Aunty: National Science Foundation (NSF)
Unit: Division of Science Resources Studies

Des60.ption:

7
j

_

Content: Research and development spending,and employment y type of Organi-
zation (research institute, museum, etc.). goeg-caphic locat, on, level of:
education (of scientists and engineers). Also data obtain;.: o capita ex-
Pendituresfor- R&D, R&D spending b-source of "funds (Fe.-Yal(, foundations .

etc.), and-field uf science. Data cover boN0 intramu 1 operatibns and. awa ds

made to ihers by,thesenonprofit organizations.

Coverage, Survey Method, Sources, Sample: Mail questionnaire,to"all nonpr,fit
organizations possibly spefiZting at Least $, 0,000 annually on R&D. Comers
research institution, voluntary hospitals, rivate foundations.-associations
and societies, etc. In 1973 survey, sUrve. mailed to 664 organizations
(some 220 removed as not applicable) .and responses receivpdfrpm 294 or 66 %.a
estimates made for 150 nonrespondents...

Reference Date: Fiscal year

Frequency: Periodic -4
v
years)

G 1 .

When Available.: About one year after.' . , .
.

Classifications: National Science Foundation fields of,, science'and .tegerie4
L .

' 1pf organizations.
.".

o
1

Forms and Reports: Research &.Development Activitie's of Independint Nonprofit
Institutions,' 1973 (questionnaire included), NSF 75 -308.

,

Evaluation Commentary: Survey not conduCted except as ptiarities allow -- every
3-4 years.' Last 'survey wqs for FY 197.3. Difficult to obtain and keep current
possible universe, nonresponse substantial and estimates for nonrespondents

4
questionable. No separitedata on'.'energy,

5

,/,

:r

-

1

2
/

B - 54



Agency:
,

,NsF 9

'NATIONAL PATTERNS'OF R&D- RESOURCES : 'FUNDS

ational Science.Foundation'(NSF).
Division of Science ResoarCes Studies

Descriptions

AND MANPOWER

A
Content: At-lenfibal compilation of 'data on R&D funding. and scientific.and
technical manpowerin R&D. Each. report-contains
data were first collected inw)-arious\economic se
tains 1953-76 information. All data are from an
of &D uidertaken by Science Resources Studies (
Afo butinclude ooniderable detail by sector
/and ocicupation.,

Coverage, Survey Method, Sources, Sample:
of 'data varies according.to_O-rienal sou
Government (two large t sectors) are nnual:
Federal and nationa source of information on

ReiZerence.Date: V 'rigid,, latest data

Frequency: Annua

When Available: Spring

trends on these factors since
tors, 'e.g., 1976 report'con-p,
ual Ad' other periodic surveys
SF). Data are all in summary
f economy, type of R&D, industry,

erage of sector and periodicity
f data. Industry and Federal:
Howeyer, this is the standard,
R&D funding and .manpower.

-c4,11ection
4-

Classifications: National Scierice Foundation classification'

Fotms and Reports: Questionnaires for s.ectoral surveys are with each separate col-
lection. Annual report islame'title series (latest is NSF 77-310).

0

Evaluation' Commentary: Data limitations, comparability, etc:, vary by sector.
Evalyabion,commentary are inclilded with iraividu4.1_ sector surveys.

0
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t
NST:IV

.FIVERAL EMPLOYMENT .OF SCIENTIFIC AND TECHNICAL PERSONNEL

N....
..e.---

Agency; Natidnal:Ec ence FoundatiOn using dita( o fined fr6m the Civil Servicj
COMmission (CSC)
Unit:' Division: f Sciende ResoUrpes: Studies

Description:

,

Content:. 'Emploment of persons classified as.acientists, engineers,
and nd in heafrW fields by Pedeval agencies. Data classified, by occu-

pational categories,agenCie4 function (R&D) Tor some years, grade, and some
.geographic locations.. A new reporting system,wIll bring data on eduCational
leve 6y field) and better reporting of work activities. CharacteristicsK-
tqebla a in theZeqtral Personnel Data

' 1) .'vi .Service Commission oc 'ational series,.
hoi

t.....c" 2) labst degree, .. L
..., .

field pf highest degree,
4) age,,

5) function (shows R separate fro D), .--,

6) sUpervisfOyand 'management status (new as. of June 1977),
ex,
m rity status, . II

9) grade Ur equivelent for non7gra,Pf ,s

4
10) agency (plus sbie subdivision);

state of employment, .

12)Hsalary plus some others; e.g. ,.:veteran.
".4

. Accessions and sepalrations.tabulation is from "Nature of Action" sports.,

File4kCPMF) include:

Coverage, Survey Method, Sources', Sample: Data secured by Na"tional.clence
Foundation from Civil Service Commission.tabuations made from annual occupa7
tonal survey (usually made around; first of the year). CivilService Commis-
sion has developed new reporting system on pessons employed by, Federal, agencies
using'a "Central .Personnel Data File" (CPDF). Presentcollection covers prac-:_
tica/ly all agencies (except CIA, FBI and similar udits) employing scientists
and engineers.

Reference,Date: Januar3ifor annual survey; periodic for CPDF inf-e

/Frequency:, Annual

When Available:lbout one year
.

.

, .

Classification Civil Service Commission occupational codes And g'rade'levels..

v - I
:Forms and Reports:-Rcientific and Technical Personnel Employed by the.Federal

Z._ \i,GOvernment, . Education and Work Activities Of Federal Scientific and Technical:.
,I Personnel- (NSF 76-308). Alestionnalres used are Civil Servile Commission

report on. occupationalemployment. .

,-

- _
.

/- ,

'Evaluation ComMentary:..--Tractically fu \l scale toVerage)of Federal employment.. fine
''s limitation. as that under old system of 'reporting, persons were classiged'under

standaL,CivirService Commission (CSC) occupational codes and therefore;

th.ere was some qcl, errep ting of scientists end enginee employed by agencies
-(t e in administrativejobs). New repartirfg sys'tem eventually may be on
ample basis fo(r largeagencies. No separate reporting enanergy7-except for--1.,.

employment in Eaer6 Research &Development Administration and Federal,Energy
.Administration as energy agencies. ,. 1

, .

.
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4
ftency: llurep of E sus for, National Science Foundation
' Unit: Censtis-co omit Survey's Division; NSF-Science Resources

NSF 11

INDUST IAL EMPLOYMENT,OF SCIENTISTS AND ENGINEERS.

Dascription: p

studies. b i4.is ion

Content': Employment of scientists, engineers, and.techniCians.Hby occuPation,
industry, and reporting by engagement in R&D activities -Strrfratereprting-.
by energy sourct-a-nd energy. stages (explOration, refining, etc.).

_Coverage, Survey. Method," Sources,- Sample:. ques
Sy Census in mid -1975 for NSF.--7,4aMOle design based o
.industries) divided into 5 employment sizes (altogeth
number,of.establis'hments chosen was about 27,000 (040
unit companies and 12,700 to unit,companies. Sever
Response rate was low .(about 69%),

,
ionnaire snrveT,cenducted
stratified groups- (31.
109 ;The total

,535,E3

lbw -ups made'.

elOng.

Refakence Mat,eh 1975

Frequency: Single time:

When Available: .EarlY 1977

dorms and Reports:. National Sciende.,Foundon Highlights Private
, 'Employment of'Scienttst's and Engineers in 1975 Shows 5 Year Dec

and Current and Future Utilizatien,of gcientific'and Technical
vities (NSF 77-315)." ,.

ndustr'
fie (NSF 7312)'
elonnel

.:Energy-Relatdd Acct
- .

Evaluation' Commentary The sure was generally no ccessful, TAe-r ponse
,

rate was low-171e to .70 percent There. were also numerous problems with
.-response' to individual ,questions on Vie form, e g,,.technician reporting and
leveljof scientists and.engineers-. i:ThiS survey of National
'Scientd Fblindation/6ansus was to:restart a,,program of col ction on-indUstrial,
employment on all scientists and'engineers and those on ener wo

14.

sy

4 '
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NSF 12

SCIENTISTS AND'ENGINEERS.p1FLOYW BY urrivtRsITIE OLLEGES

4 .

Agency: .NatiOnaj .5,cience Faundation,,(NSF)
Unit: Division of SCience Resources Studies

Description:

. A f
Con nt: Pull- and p4rt;-time employment of scientists, engineers, and tech- .

n lansuniversities and collegds andederalIyTF ded Research and
velopthent Centerst(FFRDC's) run by the1L Data avail lby field of employ:
ent, functi!on.(R&D, teaching and other), by highest de rea attained, insttu-

tibn, geographic lOcation', type ,of institution (level of degree granted,and
type of control). graduafe'students and pdst -doctorates are included

awith separatdata on former: Similar data argalipil.able back to 1965.
.

roverage,Suyvey,Zethod, Sources, Sdhple: Survey upiiverse iriludes. all higher
educatiah_institutions (inChiding 2-year schools) e7cept schools_of art, music,
law, theology and o Hers without piogrems in science or engineering. January,
1976 AuryeYfMaf;led to 1°10 inst -ittiOrt-g with 1915 (or 87%) reSpondiepg. Na`'

tional-..ScienC.0.1FoOdeti ted:data fot'-295 nonrespondents usinepast. reports
Pand:Otherisurrogetes: Th estimates amounted to hb"but percent of total
employment af s-cientists An engineets,-:".-DOCtbrate-granting Institutions had

-'' esponsarate.af 96%. Mail qUkstionnaiTe used with ome:telephqne follow -ups. _

rence Dta:: January (mid-Academic YeareV.:

Frequency: j Annuall:

j."

en Alienable: -Abdut one year aftei-,Si4vey (,:

Class NAtionar Science Foundation fields of employment and
of-sc rice, level of degrees.;

. . ,

Forms and Reports: Manpower Resources for Scientific Activities at Universi ies
and Colleges, Jan. 1976- (NSF 77-308) pl s a report with detailed stati ical

tables for.each year.
, 0

Evaluation' Commentary: Beginning 1n January 1975, survey mailed nearly all r-
institutions; prior'to that, smaller institutiops"{in terns .f degrees granted.,
oNR&6$) were sampled.. Survey now prqvides comprehensive r sorting of. this
segmenE of-scientific and technical employment..- No, separate .ata provided
for energy ectiyit

1 0
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NSF 13

GRADUATE SCIENCE-STUDENT SUPPORT ANDTOSTDOCTORALS

./-.
Ageffcy: National. Science. Foundation (NSF)

Unit: Division of Science Resour,ces Studies

Description: /-

Content: Numbers of graduate science students and postdoctorals and /or"
research asso,iates in all science Ph.D granting institutions are reported
by departments (also 105 medical schools). -*Data given by'departmnt, level,
of study, mechanism of support. (fellowship, traineeship, etc.), source of
student support (Federal ageny, institution, foreign, self and family, etc.)
for fulk7time'students. Postdoctorals and research associates are shown by*
department and Source 4f support.' Counts,of part-time stuSents (not by
support) also given.

Coverage, Survey Method, .Sources, Sample:,. Data collected in f.11 1976 for
1482 masters and 6289 doctorate level departments in scienceandengineering
in 361 Ph.6,granting schools (including 16; medical schools) and 1?04 depart-
ments in 326 master's granting institutions. Schools granting less than
doctorate'in science and engineering not covered., The main survey is pre-
ceded by small sample "quickie",survey to give,eprelithinary measure before
end of calendar year of numbers of students enrolled.

Reference Date: Academic year-
,*

Frequency:' Annual

When Available:' Main survey resutts-about 9 months after collection,

Classifications: National Science Foundation fiefs of science categories.

Forms 'and Reports:. NSF data released in series Science Resources, Studies High-
) lights. Fulf data-released in reports on' Detailed Statistical Tables

(see NSF 77-319, in press). Questionnaire and instructions in reports.

Evaluation Commentary: Survey beginning in 1975 covers all institutions granting
.master's or doctorate degrees in science or engineering. Doe's not show any
data by energy categoriesonly standard NSF field breaks. Data do not com
pare directly ,.7i.th'7National Center for Education Statisticsjdata on graduate
students because of coverage and fieldS.

I
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1972, PROFESSiONAL, TECHNICAL, AND SCIENTIFIC MANPOWER SURVEY (P.OSTCENSAII SURVEY)

'Agevy:. National Science Foundation ( SF)-

Unit: .
Division of Science Research.'Studies

Description:

Content: Demographic, educational, professional and employment-related
characteristics of Scientists, engineers and technicians and persons with
training in these fields identified through the 1970 Census of Pppulatipn.
Survey covered two time periods--1970, and 1972 -- employment, education and pro-
fessional data including employment Status,.occupatipn, industry, and work
activities of employment, field of education and level of degree, student
status, marital status, sex, age; place of birth, etc.

Coverage,- Survey Method-, Sources, Sample:. 10-lational sample pi:over 150,000
persons was selected from,records of the 1970 census. These persons were coded

by tha Census in the experienced civilian labo?.4Lforce in scientific, engineering,
technicaland related occupations. 'In addition, a small sample of persons
with 4 or more. years of college, but in other occupations, was.alsp.included.
Mail questionnaire used by the Census resultedin approximate 70% response rate.

Full deseription'of survey methodology questionnaire, sampling, etc. is shown
in reports listed below.

'Reference Date: 1970 and 1972

Frequency: Single time (subsequently redesigned and conducted biennially as.
National Sample of scientist's and engineers. See NSF 15.)

When Available: 1974

Classifications: Census occupations; fqSF categories of fields.

Forms and Reports: Quystionnaire included in primary reports. Primary repQrts,

issued were Selected Characteristics of Five Engineering and Scientific Occu-

pationalGroups, 1972, NSF 73-306, The 1972 Scientist and Engineer Population

Redefined, (2 volumes and appendix), NSF 75-313 and 75-327. Census published

two reports on the survey which include information on the methodology and

sample: Persons in Engineering, Scientific; and Technical Occupations: 1970
and 197.2, Current Population Reports P-23,No.'45, and Characteristics of

Persons in Engineering_ and Scientific Occupations: 1972, Technical Paper No. 33:

Evaluation Commentary: Includes only persons originally included in sample from
1970 census; therefore excludes new entrants past that point. Sample for most

major occ"upational groups generally large enough for most analyses with one
exception. The sample was too small for the group of persons with 4 or more
years of college but not currently (1972) working as scientists and engineers..

The total sample, however, is the only national available group of persons
trained in or working as scientists or engineers. The sample was surveyed
again in 19-4 and 1976 and will be resurveyed in 1978. See NSF-15. Separate

data provided on energy involvement.

3:4
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r
NS . 15

NATIONAL SAMPLE OF SCIENTISTS AND ENGINEERS

Agency: National Science Foundattp F)

StudiesUnit:. Division of Science Reso

Description:_

Content; This. is a series of surveys tf a national sampleof scientists and
engineers (based on the 1972 Postcensal survey conducted by Census for NSF.

Surveys wilt be conducted e,V,exy ,two years beginning 1974. Survey questions
include educationalatnainment since 1971,, wdrk status fdr January of each of
two years,, occupation, location' of work, work activities, salary, sponsorship;
under Federal funds, and employment on national programs, including energy.

Coverage, Survey Method, Sources, Sample: The sample was that used in 1972
Postcensal which in turn was based on or drawn from the 1970 Decennial Census
(1972 .sample was 150,000 persons). Based.on.responses to the 1972 survey and
criteria established by National Science 4.oundation, about 51,000 persons were
surveyed in 1974: Mail. questionnaires 'were used. Completed. questionnaires
were received frop44,000 or 87.7 %. The survey, methodology sample, and coakerage
are discussed in the primary report on the, 1974 survey.

,

Reference Date: Spring
°,

Frequency :. Biennial

When .Available: About one year after survey.

Classifiation- s Census/National SCience Foundation occupations, degrees,
. industries.'

Forms and Reports: Sbrvey questionnaire included in reports. Ch acterfstids of
the Natioilal Sayle of Scientists and Engineers, 1974, NSF (Par 1-Demographic k.

and educational; Part 2,-:'employment; and Part .3-geographic),-NSF 75- , 76-323,
and 76-330. Several other related National Science Foundation xepor,
Selected Characteristics of Persons in, Fields of'Science and Scienc and

Engineerins,-1974 and Current Pop lation Reports, Special Reports, P--=n, No. 53

Evaluation Commentary: The original Postcensal survey represented 1,400,000
scientists and engineers. After accounting for those who did not meet National
Science Foundation criteria, did not respond, died, or moved out of science.
and engineering, some 1,080, 00 scientists and engineers were represented in
the 1974 survey. The technian notes in the main survey report (regarding
above)" contain discussions of methodology, sampling, limitations, weighting
and estimating, and standard errors. The National'Sample surveys are the only
current collections covering this large a proportion 0-gall scientists and
engineers. However, its main limitations are the lack of new entrants since
1970. Separate data are provided on energy involvement.

349
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16.

IMMIuRATION-OF ENGINEERS AND SCIENTISTS

1

Agency: National'Science Foundation (NSF) -

Unit: Division bf Science Resources Studies, using data from the Immigration
and Naturalization Service (INS)

Description:
roN

Content: Information,on the numbers of persons becoming or entering the
U.S..as immigrants,, who were also classified as scientists and engineers, -
is obtained by NSF .from the Immigration and Naturallzation't_Service (INS).
Persons are classified as scientists and engineers on the-basis of their
declaration on their visas. However, their employment status7and occupation
in the U.S. is not determined. Information available on these persons in-.
cludes year of entry'or change of status, country of origin, country of last
.permanent residence. Data are available in various degree's of completeness
for more than 15 years. (
Coverage, Survey Method, Sources, Sample: The sourceeof data for numbers
of persons obtaining immigrant status are several. The primary group is those
persons entering the U,S, on immigrant visas, intending to become permanet
residents(. In additiOn, substantial numbers 4-om foreign countries already in
the U.S. change to immigrant status. These in lade students, temporary visi-
tors, etc. The -raw data on immigrants is furnished by INS to the,NSF which
analyzes and publishes information on the subject. 71100,,y 'questionnaire"-
used is the application for immigrant visa or a simil#::form.

,Reference Date: Fiscal year

Frequency: Annual

When Available: One year-after close of f4Aal year.

Forms and Reports: The National Science Foundation (NSF) periodically releases-'
special'tabUlations and analyses through'tbe two series, Highlights and

.,Reviews of Data on Science:Resources, and by other reports.' The last
release of information was in February'l977,which,contained information Tor .

the period 1966 -75, Scientists and Engineers'jfroin Abroad: Trends of"the
Past Decade,4196,6-75 (NSF 77-305)..AlsO, see Annual Report of dommissioner
of Immigration and Naturalization (INS 4) and (NSF 19).

- /

0

Evaluation Commentary: The Information on numbers ?ersons entering the U%S.
as permanent immigrants or changing status toi_ iirantsobtained by the
NSFfromINS is alMost complete.. Powever, the d to on occupation of immi-
grants is questionable. First, the original cla Ific,4tion is based. on

3
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NSF 16 (Cont'd)

e

immigrant declaration'of occupation withip country of origin. Secoftd,

there are no data on the current employment staruSoroccupation'of these,
persons, e.g., one can enter as an "engineer" but never be employed--as
an engineer or anything -else. The flow of immigrihnts over the years has
varied in terms of. totals, occupaions, and country oi origin as immigration
policies changed. One important policy has teen the 'restriction based on
unemployment problems in the United States. Immigrants can enter under
special occupational preferences only if,their.presence in.the U.S. doesn't'
impacAon employment chances for U.S.)citizens. Illegal immigration, which
is believed_to be substantial, is not covered, of course. It is likely,
however, that relatively few scientists and engineers come in illegally;
more may change Statuson a questionable basis once tile}, have entered as
ttude-hts or temporary visitors.

.)
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NSF 17
'.4

RESEARCHAND DEVELOPMENT IN LOCAL GOVERNMENTS

Agency: National Science Foundation (NSF)
Unit: Division of Science Resources Studies

Description:

.Content: Surveys of_ ese activities were made covering Fiscal Years 1956
and 1967 and fiscal Years' 1968 and,1969: These collections.-Were made by the
Bureau of Census for National Science Foundation. LOcal goieSrament units
reported on a separate project basis th fon:owing:. name.and description of
Project; character of work (basic; applied, etc..);",field of sciencesoutce
of finds (Federal, State, local, etc.);-R&D.plant; and amount of 'R&D 'per-
forted,byother organizations. Separatedata were obtained also on Man-years
of R&D employment for scientists and engineers, techniciaps, and all other

"person el.

,
Coverage, Survey MethOd, Sources; Sample: A universe of the more than 80,000
local governmental. units was used in this collection. The sample was Strati-
fied hy. six types of,units-&muniCipAities, countfes,' independent-school
districts, special districts, hospital districts, and'town0ip-S--and by size
of units (counties with 250,000 populItion, 100 largest hospital districts
in terms of expenditures). In al1,713.independent units and,307 dependent
agencieS)of larger units were mailed questionnafres.

Reference. Date: Fiscal Years

Frequency:, BetiOdthr(last for 1968 and 1969)

When Avallable: Qne year after collettion
e-

yo

Forms and Reports: earch and Development in LoCa1 Governmepts, Fiscal Years
1968 and 1969,_ N F 71-6. (Similar report covering FY 1966 and 1967.) Ques--

tionnaireS and in tructions .are included in 'reports.

Eval;iation Commentary: The survey was, fairly silccessul in terms of coverage
of uni-ts and data collected. A new survey covering FY 1977 is in planning
-by NSF and Census. The 1968/1969 survey accounted for a total of $40 million
(about one-half of which was suppOrted by Federal funds) and,abouC2,600

'full -time equivalent personnel (about 40 rcent were scientists and engi:-
neers). Though this is an extmely small_ portion of total national R&D',
this segment has not been,measueed since 1969: Also, no information on
energy R&D'activitieS-has been collected for these agencies.



ti
NS)

NEW ENTRANTS 'SURVEY OF RECENT COLLEGE GT ADUATES

\ Agency: ;1\1 onal 9tience,Fopndation.(NSF).
Tnit: ivision of Science ReSources Studies

Description:

P
,.Conlrent:- In 1976, this surZy of. baAelor'$ and master's degree recipients
'of aqemicl,years 1974 and 1975 was)Conducted by Westat',.Inc. for NSY. Among
the -data collected were: pge, sex, citizenshig, race, date and field of degree
received, employmeTlt status., general type of employment (business, ed'ucat'ion,

'government), work activity (research, teaching, etc.), employment on topics
of critical national interest (health, defense, energy. and'fuel, etc:.), sup-
port by Federal agency, and current student. status.

Coverage, Survey.Method, Sources;. Sample: A two-stage'sampling procedure. was
AeSigned for this study: The first stage consisted of a sample of all. colleges
'''41nd universities affering_a:bachelOr's or master's degree in science and/or
engineering, producing 365 institutions for this study: From this sample,
ap0foximately 7',600 bachelor's-degree holders,and.1,000 master's degree,'
Holders were selected for each academic year. The sample of graduates was
selected from. computer -generated-ists of-graduates or. graduation programs
provided by the institutions. This material mas secured through mail and tel-
ephone contact with each institution. Following the mailing of questionnaires,
a'number of follow-up strategies were employed to increase the responserate.
Through these procedures,'an overall response rate of 65 percent was achieved.
The results of the survey were produced in computer-generated tables for
analysis by NSF.

Reference Date: Academic yea

Frequency: Perihdic

When Available: (About one year after survey.
A

Classifications: National Science FoundatiOn and Naii'onal Center for Edu-
.

'cation Statisti-cs P

. .

Forms and Reports: A report'on the urvey is Tresently being preparedbY the

1
National Science Foundation. Th questionnaire and methndblogieg'used in t
survey and other information will be included in the report...

,,-.:...

..,,, ,?-

,Evaluation Commentary: The survey was generally successful althou on a modest
response rate was achieved. Westat.is'presently (late 1977) (co ducting
a sinilar survey for the National Science. Foundatioh'covering the bachelor's

.T.

, and master's degree recipients of academic year 1972 and 1976. The former
year is being surveyed to obtain an analysis of outcomes fiVe years after
award of degree.

.Information obtained through these surveys Will help to fill in the,gap of
new entrants.in the NSF Survey, National Sample of Scientists'and Engineets.
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NSF

IMMIGRANT-ACIE ISTS AND ENGINEERS:JN THE UNITED STATES
-A STUDY OF CHARiCTERISTICS'AND ATTITUDES (NSF'73-302)

Agency: National Science FoUndation.(NSF)`
Unit: Division.of Science Resources StudiA

Description:

r

V.

/ : .,-
<

Content: Thi.survey represents/one of the rare attempts to obtain major
.

followup information on imdigant:Scientists and engineers,. Data were
. collected on: a) reasons for. imMigrating to the',US., b) demographic a

charac,tsristies, bYeducation, d): employment, e) publications andpatents,
and f) of living and working conditiOns inOle U.S. Most in:-
formation,is tabulate&by countryof birth and/ot country of laSt:permanent

. .

,.residence.

Ceveloge, Survey Method, Sources, Sample: Based on a sample of immigrants,
drawnfrOrecordS ix/field offices of the Immigration and(Naturallzaiion
Service (INS), 0 reported themselves employed as scientists and engineers
in. the atnual report -required from aliens in January 1969. The size of the
survey universe, sampled for the.'sPecified scientists and engineers ig'not .

precisely_known, bu,t is assumed to correspond to the proportions of all.
.

immigrarits covered h4r the six INS field offices. sampled (namely, 30 percent).
The sample covers aliens who became)immigrants between February 1964 and
January 19.69. Sample frame is described in Technical Notes in the published

Reference. Date: Mid -1970 survey status of aliens reporting in-the'January
1969: annual alien survey, working as scientists onengin s 'who became

.... immgrantS'between February 1964 and January 1969. '\c.

Frequency: Single time

When Available: February 1973

.\ Farms and Reports: Survey form is reproduced in bblletin.

.:'Evaluation Commentary: . This report represents a uniqye.and valuable souree of
inforMation on qualifications, contributions, employment'status, attitudes 41d
reasons for immigrating to the:U.S., of immigrant scientists and engineers,
The.report is, however, fla ed because of difficultiesin.availability'of
initial records; errors in sample selection and coding and .a lack of preCise'
information on the size of the universe represented by the:sample. Most im-
portant, the survey approach precluded assess ent of information on imthigrant
scientists and engineers, based,ontlheir:occ pation prior to, and after, ad-
mission to, the U.S. This survey started wi the occupational designation
of immigrants already in the U.S.

B -



NSt 19 (Cont'd)
'... e

)i .

j..0/ In addition to the impartarit informatiO developed;.\the sitrvey up-
dotttedly'regulted ip, iMproved'record keep'ilg by the .INS and a generally
keener interest in (information on immigran s as d significantlsource of

. , scieAtists artimengineerS in the U.S. -

1( r.
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' THE'ENDICOTT REPORT: TRENDS IN ppLo MEN COLLEGE AND'UNIVERStTY.GRADUATES
IN BUSINESS AND INDUS RY KNOW AS NORTHWESTERN UNIVERSITY SURVEY)

e

C.

Agency:, Northwestern JiciVeTS'ityA, Evanst
The Placement ,Canter

,
--T-

Deseription: ,,:'

n, Illinois 4

...
. . f .

0 0

Content: Companyintentions as to,hiring'Of graduates for tirve next yeafi- and
actual performance. in the past year: .number hired and ro be hired; by sex,

.

level,':andlsalaryleVel,'tabulated by occupational specialty (see below), an'by.
Y' 0.

de r,ee ldvel. Also,.monthly earnings of.men in engineering anda few other
. , , .

f',elds who graduated.5 and 10 years ago; turnover rate in.first 3 years f9r
,. .,..

engLpeets and some other fields; factorsdetermiriing rieds (non-statigtica1) .
. ,.. 1-,

Coverage,-SurveY:Mathb6,SOurces, Simple, eraonnel executives of 160'large
national oompanies'aresuryeyed eac. ... TabUlations'compore expeFtedhirings

. . . .

year
-

next -with'actualhiringS last year, showing intentions compared to .per.7
formancd: Tabulatibns of starting saTar.ies,to'be offered Show-distribution of
-offers by salary, level,.by ddgree.level and field of degreeAoMArfd to aver--
ages paid last year. o

only

of turnover "in each year Of the first:13- a.e
4

..
shown in the.report; Only hAlf the companies report turnover.

Reference Dater; November

Frequency: Annual '

. .
When Available: December .

. , '.

Classifications.:. Engiheering, Chemistry,-.Mathematics/statistics, and 6 non-
technical fields.

Forms and Reports: .Annual repot with title as abovia. /7
Evaivatio rntehtions,if a8curately"reportea,are Useful information

mparedto actual hires,irithe preifious year. :It woUld-algo be useful
-tovknow the actual hires and

m
salaries paid by the endklo,dach year compared

ito the intentions expressed in the previous fall. This might indicate the
state of the labor market.

The sample ig, of courgwo not, representative of smaller companies,: nivdrsities,
and government, whiih together, offer jobs to a largefnumli'eT'Of gra-uates.

B
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OECD 1

r INTERNATIONAI MEASURES OF RESEARCH AND DEVELOPMENT
.

-Organitatiop...for'Economic Cooperation and Development OECD)
'DirectoTate for Science, Technology,. and Industry (DST1)--Science

Resources Unit

Description:-
o

Content: Summarization of data:obtained from various, OECD'members govering a
.evNlable measures of R&D since 1973 (same data up throUgh n76).. Same. 24
_Countries Are included in study which is conducted about every 2 years.1.,
Spring issue OfDSTI.Newsletter accents data 01 Goverilthent'f4nding of R&D'

A 'including-information on energy R&D dollars. main biennial surveys include
cOverage-&f R&D spending and dollars in all sectors of member natLo%s.

e, urve Method, SoUrces, Sample: OECD members are requested to
complete q estionnaires usi available,natignal'info-Nation. Surveys usually
conduted ennially. No satrap olved--,Coverage of country surveys is equal
to'respon e which may vary each urvey 'period.- Also each nation does not
update each 2 years.

Reference Date: Calenda year'

Frequency: rBiennial

When Available: 1-2 years after reference year

T
ClaSsificatidns: OECD Manual on ,standard survey practices
r .

.

Forms an4 Reports: Biennial Tepa.tt.on QECD R&D surveys are available for 1963-64,.
1967, 1969, 1971,.and1973.. Also OECD publishes The Measurement of .Scientific
and Technical Attivities - 1osed Standard Practice for Surveys of Research
and Experimental Development (Frascati Manual).

. -.
.

Evaluation Commentary: Study-IS usually summatidh of R&D survey results,from
member nations. Thus, no new data on U.S. R&D,ativitieS is obtained 0 g
th's mechanism. However, this activity provides international comparisons
R& program expenditures for energy, but no, manpower data are available.,
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*ORNL 1

. .

INVENTORY OFINERGY, RESEARCH AND'DEWOPMENT-
,

Agency- Oak
is,ratio "'(ERD

To Unit- Energy Inventory-

ti

tional Laboratory,' Energy Reseitch and Development Admin
)

.
-:--4

-
.-

i ar Desc.ription:
.,--

. . ,,,
. -

.

Content: -Separate project reports aps rhdiCated by.indust al acid ttlir.pe -
*formers.. Each project of $5,000 or more'was tO;be repor ed including info a-

tiOn.on location and type of organization PerforMing R&D work; type o5 indu try,'
pumber of full-4 time equivalent (FTE) scientists and engineers, Opplf son

R
Fi-soring organization, expenditures forR&D by time per,ioa and phase'

, R&D

work, field of energy R&D (coal;petr6Ieum, electric power, etc;).
41 t

.

'

CoveTage, Survey. Method, Soyxtes-, Sample: 'The, 1973 -15 survey which was the
most complete of3 Arveys Undertaken reported o out 6500. projects totalin

.

$2.5 billion , in 1975. Source lists of indus'tria r spondents were obtained .

from directories, lists of various Government 'ag ncies for coiltracts'and sur-
,-.--- veys.. rt .is not ',known how complete response was because of; uncler,:instruc- \,

tions for cut-off and lack -of an established Universe., However, Oak Ridge
..

National Laboratory (ORNL) states that 80 -85 percent of all energy R&D perform d
in *U.S. in 1973 was covered.

,,e.

A new survey A:Under way._

Reference Date: Years 1973, 1974 and 1975

FIrequenc:. Every 3 years

.When Available: 6 months after end of colleation

)

. 4 e

t'l

.
. .

Classifications: Standard industrial glassification industries; ERDA energy
R&D categories.

Forms and Reports: :Examples of questionitaires and instructions are shown in pub-
lishea reports. Results pf survey are contained in 5 volumes,released 1y
SubcoMmittee cm.E:hergy Research,-Development, and Demonstration of House Com-

6 Mittee on Science land Technology, inventory of Energy R&D, 1973-75.

Evaluation C mthent Though survey was condUcteA by ORNL with sponsorship ofl
House Co mitt 4 and supported by ERDA and the National.Science 'Foundation and
though respo sf was high, there is'no*way to determine its coverage or com-
pleteness The'1973-75 survey specifically does not include demonstration
as a phas of RAD, but it appearsthat .a good many of these ERDA projects were
covered -in terms of dollar amounts of expenditures for the energy projects

/ liste 1976-78 survey is under way. However, it will not be a coMpre

*.hen ve approa'ch: It is understood.that ORNL wilr.sample firMss.ina feW
as. Also;-the:first draft of the questionnaire included a'separate cate-

gorizAtion of "demonstration" 4'S a phase(of R&D. However,'it was decided,to
remove this category and stick with 1R&D as originally defined..
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THE`SITUMINOUS cpAl, INDUSTRY: A FORECASTn.AANPOWER, COVEANMENT POLICY TECALO&

-Agency:,;pennsylvania State "university, Institute for Research eir.Human Resotirces
.- 4t.

..0 _
. :..

Descri tion: ,

. .

%II
sir ..,

.-.

-1,..

Cintenti Using U.S. Bureau of Mines (BOM). projectiOns,of, coal.output, this
,

repwrte yl,estimates associated and aeman4c-Aggregate manpowe-t
.-demand"ShoWn..by Surface and undeir rtuad-Minin estiwtetsuipplY; aild,rrew"pa-. ,,
trant4-5qUii'red; projeclt-ed tmplo me by:.State., .

. . .

,
. ' .

'..' 01 . 4 ,,t - '
i,-

. " .- r ''. \-
.ExtenSiai alySi Of)piOductivity; comppsition .f'labor force,,energy'iDdircy -.

, optid'alS,, potential labor. shortages, trends,,in--illi dng teFhnology arid development
and generalrindustry outloole--no detail- onplcill d labor; or R&D re6likemeuts._ .

1 ' , .-, . "i, :
Coverage, SArvey_Method, Sources, 7ample:, SpoUsore 11 the Bureau of Mines,
demand projection's based.on.BOM output prOjections conve to ate outputs
assuming output ,per man.at given wage; supply, estiMates based on econometric
models of "competitive. labor. market, -" ,industry outlook--production methods,
types of mining, consumption patterns, etc. Based on "Delphi method," i.e.,
opinions of experts which they are permitted to revis e. after learning opinions
of each'other brOughtctogether to express a consensus or range of consensuses.

Reference Date.: 1973 actual, 1985 and 2000 projectedr

Frequency: Sirigle time

When Available :'\ April 19L)

Forms and Reports: No ,survey or forms, but gives extensive deScription of fore-
cast techniquesuSedl ./

EValuatlon.Commentary:. Although totally lacking in direct. reference to R&D man-
power, the lengthy analysis -of technology and output, and use probIems,permits
reader to make a,s'ough approach td. generation of estimates Of change in current

,

. .R6tD-manower'in'toal mining industry, 1.

r

S
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SMC 1

SALAR1ES OF,SCIENTISTS,.ENCINEERS'AND'TECHNICIANS....A SUMMARY OF SALARtSURVEYS

-/- i

Agenqy:' SCientifc Manpower,Commission/
..., ,

Description: , 's

, '

Content: A cOmpendium of 138 tableS on- salaries of Scientific and,Tehnical
r ,

fersonnelas cblletted, by Governtebt agencies, educational associations, mag-' ''°
azine publishers and profeS"siAS1 societies: Data organized and hriefly
4a8Crihed'Un1er he44ings 0f:- 1) starting salaries; 2), 'salaries of experienced

(scientific and teAniCal personnel; 3) salaries of engineers.; 4) salaries ,of
' :1engineeKing technicians and technologists; 5)- Federal salaries; 0 academic

c

_o

A
sp.iz,vs. :

.)" z.,1

..
14"-

0.
' .

' ' 1
P

Survet Method, SourceS,-Sample:- 24 sources are given for the 138. '

_...5-71-ary .tables... Brief descriptions, of data tvendsand:significant findings
,

area givenundelvtlieheadings above. No description is given of energy
instruments,nstruments, sample, etc:'and only. occasional reference is made ''Cp

c ..- *k

A
.

'
.k o .7'coverage.

Reference Date: 'Various (latest aata for some tables June 1977)

uenc One time aumtaty
... . .

t 1

, . When. Available': OctOber 1577

t

Forts and Reports: Not described

. Evaluation Commentary: :A useful compendium of salary data on scientific and tech=
nicel personnel based on-dig'par'ate sources of varying degrees of reliability
not adequately desd,ribed. ,

B
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UCAL 1

THE AMERICAN FRESHMAN: NATIONAL NOMS

Agency: University of California Cooperative Institutional search P'ro'gram,
Los Angeles (CIRP) and American Council on Educations (AC

Laboratory for Research in Higher Education

Description:

Content: Personal, professional and education characteristics, career choices,
undergraduate majors, levels of degree sought and sources of financial support
of freshmen in universities and colleges. These annual data offer a first

'.look at the potential supply of college-trained personnel.

gi" ~ Coverage, Survey Method, Sources, Sample: The,survey .questionnaire is
administered to freshmen in nearly 600 cdllegbs and universities in'1976.
Although 328,000 forms were returned, data on 216,000 from 393 institutions
were used to calcula..t.d the norms. All institutions in the'National Center fd.r
Education Statistics /Highdr Education General Information System survey.are
invited to yarticipate. The " National Norms Data" are based only on data from
institutions where the coverage of entering freshmen is judged to be repre-
sentative, although inlerwaVe.on from questionnaires not used in these averages
is supplied t.1 the originating institutions for their own planning needs.

Reference. Date: Fall

Frequency: Annual

When Available: 9 months after collection

Classifications: CIRP taxonomies

,Forms and Reports: Questionnaire and decr.iption of methodology,are
published report. Annual report produced, The American. Freshman: National
Norms for Fall 1976.-

Evaluation Commentary: Main purpose of survey is to collect descriptive normative
information on entering students for a variety of 'analytical and administrative'
_interests, and as a reference base for longiCudinal follow-ups of these. stu-
dentsto'determine the effects of cllege on them. CIRP's interest appears
to be mainly in the process of education rather,.than in career outcomvs.

There still seem to be problems with the degree to which schools are repre-
sentative of the entire structure.. Sa le is particularly-weak in coverage
of technical schools. '

3
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'APPENDIX C

BIBLIOGRAPHY

This bibliography excludes a number of technical publications whichwere collected and reviewed to get information on the nature of
research efforts on various energy technologies and the technical
and.scientific specialties involved.

Publications mark d NTIS are available from the National TechnicalInformation Ser ce; U.S. Department of Commerce, Springfield, Va.22161.

U.S. Government publications, when not available from the issuing
' agency, are available from the Superintendent of Documents, U.S.

Government Printing Office, Washington, D.C. 20402.

American Chemical Society, Office of Manpocier Studies. Professionals inChemistry, 1976. Washington: American Chemical Society, MarAL.,1977.

American Management Associatiori. Managing Industrial Energy Conservation (anAmerican Management Association briefing.) Under contract with Federal
,. energy Administration. New York: American Management Association.

American Petrolepm Institute. Petroleum Today. Washington: Spring, 1977.
.0%

Atelsek, Frank J. and Irene L. Gomberg.. Energy Costs and Energy ConservationPrograms in Colleges and Universities 1972-73 and 1974-75. Washington:American Coundll on Education, April, 1977.

Atomic Ene Commi4sion. Utility Staffing and Training for Nuclear Power.WASH -1130 revised.' Washington:, June, 1973.

Atomic Industrial Forum, Inc. List of Organization Members. WashingtoniAugust 1,-1976:

Bagge, Carl E. The Economic Viability of Synthetic Fuels from Coal (addressbefore"the World Coal Conference, September 11, 1975). Washington: NationalCoal Association, 1975.

Bankers Trust 'Company. Capital Resources for Energy through'the Year 1990::':
New York:*Bankers Trust Company', 1976.

Baratz, Oulette, Park and Stokes. Survey of Alcohol Fuel Technology, Vols. Iand II. M-74761. Washington: National Science Foundation, November'1975.

Bechtel Corporation. Path -,to "Self-Sufficiency: Directions and ConstrOnts.74-43. Washington: National' Science Foundation, August, 1974'./-



Bezdek, Roger H., department of Commerce, Bureau of Economic Analysis
mArd Manpower and Energy' Dimensions for the Federal Budget:'',Journal of

Environmental Systems, Vol. 5(1). Washington: Baywood Publishing Company,

1975.

Bituminous Coal Research, Inc. Serving the Coal,Industry. Monroeville,

Pennsylvania: National Coal Association.

Bodle, W. and K. VyaS. "Clean Fuels from Coal!' The Oil and Gas Journal.

August,26, 1974.

Carasso, GalLa4er, Shurma, Gayle and Baraby. The Energy Supply Planning

Model: Vol. I L. Model Structure and-Use, NTIS No. PB-245-382; Vol. II -

User's Manual and Appendices, NTIS No. PB- 245 -383, Prepared for National

Science Foundation by Bechtel Corporation, August 1975.

Chewning, June S., energy Researchand DevelopmentAdministration, Manpower

Assessment Office. Industrial Training for Nuclear Power. ERDA 77-39.

Washington: January, 1977.
. ,

Clague, Ewan. Coal Manpower Projections, 1980. Washington: Kramer Associates,

Incorporated, September 27, 1974.

Cohn, Elchanan and others. The minous'Coal Industry: A Forecast. University

Park, PennAylvania: Pennsylvapia, St to University, 'Instirtute, for Research on

Human Resources, April, 1975, ,

Department.of Commerce, Bureau of the Census; Annual Survey of Manufactures,

1974: General Statistics for Industry Groups and Industries (Including Supple-

--Imerrtal'ILabor Costs). M74 (AS)-1. Washington: November, 1976:

-- Annual SurvOY' of Manufactures, 1975: Fuels and Electric Energy Consumed.

M75 (AS)-4P. Washington:- March, 1977.

Department of Commerce, National Technical Information Service. Weekly Government.

Abstracts - Energy-(Collation of energy abstracts 'approximately semiannually).

National Technical Information Service: January 31, 1977, June 13, 1977.

,Department of CommerC, Patent and Trademark Office. Technology Assessment and

Forecast, Sixth' Report. Washington: June, 1976.'

-- Technology Assessment and Forecast, Seventh Report. Washington: 1977.

A

Department ofCommerce, NatiOnal Technical Information Service.. Weekly Government

Abstracts - Energy.: NTISUB/C7097. National Technical Information SerVice.

Congress of the United States, Office of Technology Assessment (OTA). Analysis

of the Proposed National, Energy Plan. Washington: June, 1977.

-- Enhanced Recovery of Oil and Devonian. Gas: Washington: June, 1977.

Congress of the United States, Congressional Budget Office. President Carter's

Energy"Proposals: A Perspective (Staff Working Paper). Washington: June, 1977.
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,'Doggette,.John R., Oak Ridge Associated Universities. Energy-Related Technology
Programs in Community and 'Junio'r Cblleges:' An Analysis of ExisLing and Planned
Programs.401ht1 wal Technical Information Service: July, 1976. "

Dupred, Walter G. and John. S. Corsentino, Department of the Interior,
(

Bureau of
Mines. United States Energy Through the Year 2000 (revised). Washngton:je
December,, 1975,

Energy Research and Development Administration.
Appendix 11d. Wathington: 'February, 1977.

Division,of Labor Relations. An Analysis of Nuclear Related Technician Manpowerin United States. ERDA-78. Prepared for Energy Research and Development Admin-
istratipn by Oak Ridge Associated Universities. National Technical Information
Service: November, 1975.

Accounting Hafldbook, ERDA Manutl,

/'

Contractor Statistics.7 Industrial Relations. Washington: January, 1975.

- Employment in Nuclear'Energy
Activities, 1975:' A Highlights Report.. Officeof University Programs/Manpower Assessment OffiCe. 76-111. Washington:August, 1976.

ERDA University Conference Pro_caedings 1975. ERDA 76-42. Washington:1976.

-- Energy Information Data Base - Subject Categories-
: May, 1977, .

. ,
.

4

-44',Divi ion of Administrative ServiceS. .'FIDA.'HeadiquartetsPort IPaex. Index. 7f i":..', 0..r.i1J976,'-1;7741";
Ilak.".q977-'71r4.1/5; 111.Ta9,Y77". '17,--41/J, .'ERDA 76-41

.

ril,A1160: -.1'.: , . -,. 4-

1$D- 4584 -R2. Washington:

,

-EnirgY-Related.DOCtokal SCIeritlsttIp*Endineer to the United States 1975.
0-4As§,aciatpd UniVersities,,-

Prepared by Larr.:Blait.,,ZA0;4t.

%.

Energy Research:at the BartiesV.
Oklahoma:. August,' 1976.

,Res'eatttOCenter. Bartlesville,

- - Energy,Program Report .1975-1976; Volume II Coal Gasification.' ERDA 76-10.Subject category UC-13. Washington: January, 1977.

-- Fuels from Biomass Program: Program and Project Status.
November, 1976. 76 -137. Washington:

Division of Physical Research. High Energy Physics Program. High EnergyPhysicists and Graduate Stadents, 1975 Census. .ERDA-98- National TechnicalInformation Service: November,- '1975.

-- Institutional Plans for ERDA Laboratories. and Research Centers. February 10,1977.. Call to Program and Field Organizations foi 1977 (Fiscal =Years 1978-1983).Institutional Plans for ERDA Laboratories and Research Centers.

C
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1. Call List. February 10A977.
2. Oak Ridg lan. May 31, 1977. "First Draft."

3.' Brookhaven National Laboratory. May, 1977. "Drafk"

4. National Aeronautic and Space Administration Lewis Research CePber.'%

May .31, 1977. "Draft."

5. Lawrence Berkeley Laboratory. Jun, 1977. "Draft."

Lawrence Livermore Projection. k965-1982.- "Draft."

'-SandiaFive Year Projections. July, 1977'. (Sand 77-1184).

Pittsburgh Energy Research Center.. ""Draft

MOrgantown. 1977:

Bartlesville. May 25, 1977. "Draft."

Laramie. May, 1977. "Draft."

Hanford. May 31, 1977. "Draft."

6.

7.

8.

9,

10.

11.

12,

'13. Pacifica Northwest. May, 1977. 'Revised August, 1977.

14. Grand Farks. June 9, 1977. "Draft."

15. Savannah River. May, 1977. "Draft.",

16. `]Ames Laboratory. May 30, 1977; Revised June 2, 19 7;

17. Idaho. May 31, 1977. "Draft." /

tt

-.Division of Materials and Exploratory Research. Man ower Coal Minin

.Supply - Demand - Training. TID 27669. Washington: September, 1977.

- - A National Plan for Energy Research, Development and Demonstration: Creating

Energy Choices for the Future. Volume I - The Plan; Volume II - Program Im-'

plementation. ERDA 76-1. Washington: April 15, 1976.

ft,"

Draft."

10

Division of Solar Energy. National Pro ram for Solar Heatin and Coolin.

of Buildings. ERDA 76-6. Washington: November,.1976.

Division of Solar E ergy. National Program Plan for Research and Development

in Solar Heating and oling. ERDA 76-144. Washington: November, 1976.

National Survey of CompellsationtPaid Scientists and Engineers Engaged in

Research and DevelopmenCtgctivitie's,A11976.
Prepared by Battelle. uolumbus

Laboratories. ERDA 76-157. .IfahingTan: November 1, 1975.

-- Division of Labor Relations. Nuclear Engineering - Enrollments and Degrees

(Enfollments - Fall 1974, Degrees Granted - July 1965-June 1974). Prepared

for ERDA by Oak Ridge Associated Universities. ERDA-76 (75). Washington:

geptember, 1975.

- - Oak Ridge Associated Universities. Nuclear Engineering - Enrollments alit

Degrees, 1976; ERDA 77-102. Washington: July, 1977.

;%

4- Division of Biomedical and Environmental Research. Nuclear Medicine Research;.

An Evaluation of the ERDA.Program. ERDA .76-135. National Technical Information'

Service: August, 1976.

-- Division of Solar Energy. Ocean Thermal Energy Conversion (OTEC) Program

a7R. ERDA 76-142. Washington: October, 1976.

- - Division of Solar Energy. Photovoltaic Conversion,Program - Summary. Report.

ERDA 76161. Washington: Noeber. 1976.

oar I
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- - Division of Technology, Overview., Environment and Safety. Project Plan 1977
.

1979: National Coal Utilization Agsessment.. ERDA 77-19: National Technical
Information Service:, March, 1977.

American Society-for Engineering EduCation. Education and Tiaining Task Force
fOr the Assistant Administrator for Institutional Relations; A Proposed Plan fol
Education and Training in Nonnuclear and Nuclear Energy Technologies. ERDA76-131. National Technical Information Service: February 1977.

t

A Proposed Plan for. Education and Tratning in Nonnuclear and Nuclear Energy
Technologies. Final Report:.. ERDA 767133. National Technical Information
-Se-firilEe--;- February, 1977,

Division of Labor Relations. Radiation Protection - Enrollment and Degree
Survey (Enrollments - Fall 1974; Degrees Granted - JUly21965-June 1974).
Prepared for ERDA by Oak Ridge Associated Universities. ERDA 7,2(75).
Washington: September, 1975.

Oak Ridge Associated Universities..
,Manpower Within th ERDA Multi-Program Laborat ie , 1975. Washington:
July, 1975.

'Division of Solar Energy. Solar Energy;for Agriculture. and Industrial ProcessHeat. Washington: May,'1976.

Division,pf-Solar Energy. Solar Energy Envirrmental and ResourCe AssetsmentProgram. 'ERDA 76-138. gational TeCtinical ,Info4-mation Service: October, 1976.

Scientific, Engineering wand. Technician,

Division of'Solar Energy. Solar Thermal Energy Conversion
ERDA 76-159. ,-WashingtOE: October, 1976,

Division, of Solar Ehergy, Lind Systemstranch.
Energy Program. ERDA 77-32. Washington:

- Program Summary.

Summary Repo rt Federal Wind,
January 1, 1977.

1972 Technician Population Redefined: Demographic, Educational and Em-
ploymehE ChalOcteristicd. Prepared by Michael G. Finn, Oak Ridge Associated
Universities.1977.

-- Office of public Affairs'.- The United States Energy Research and Development
Administration. Washington: 'May, 1975.

Environmental Protective Agency.. Energy from theWest:AProgress Report of,
A Technology ASsessm of Western Energy Resource Development. Volume 1-

/

EPA-600/7-77- 2a. 'Washington: July, 1977.

hxecutive .,Office of the 0
President, Energy

Energy Plan, Washington: April \27, 1977.
Policy and Planning. The National

-- Office of Management and Budget. ' Draft: Standard Occupational Classification
Manual. Washiheton: 1976.

--A

Exxon Corporation USA's Energy Outlook, 1977-1990. Houston Texas: Exxon Cor-_poration, January 1977',i,
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-- World Ener'gy.Outlook. EBS 4/77. New York,, 1.\,w York: Exxon Background

Series, April 1, 1977.

a

-Federal Energy AdMinistration, National Energy Information Center. Data Dictionary -
A Directory to FEA's Energy Information. Washington: ReVised March, 1977.

- National Energy Ilfortation Center. Federal Energy Information Gathering

Activities: A Report to thePrtsident of the United States, and the Energy

Resources Council. Washington: December, 1976.

-- National Energy Information Center. Federal Energy Information Locator System.

FEA-B-764.Z.491'". Washington: November 30, 1976.

--.National Energy Outlook. FEA-N-75/713. Washington.: February, 1976.

-- Project IndependenCe Blueprint Task Force Report: Labor Report. NTISPB

502 TEM 46. National Technical Information Service: November, 1974.

2ederal Power Commission, Bureau of Power/Power Staff Report. 'Electric Power-

Supply and Demand, 1977-1986, as Projected by the Regional Eldctric Reliability

Councils in their April.1, 1977 Responses to FPC Order 383-4, Docket R-362. '

Washington: May 16, 1977.

,,. Folk, Hugh and others. Scientific and Technical Personnel in Energy-Related

. Ac t.cr ities: Current Situation, and Future Requirements. Submitted to the

National Science Foundation by the Center for 4dvanced Computation; Urbana-

Champaign,-Illinois; University of Illinois, July, 1, 1977. .

. , .

, ,

\--- "Ford Foundation, Energy PolicyyrojeCt. 'A Time to Choose: America's Energy
_,.

Future. Cambridge, Massachusetts: 'Ballinger Publishing Company, 1974.
---,----

General' Accounting Office, Comptroller General's Report to the Congress.

U.S- Coal Development--Promises Uncertainties. -EMD-777-40.- Washington:

September"22,. 1977.'

An Evaluation of the filational Energy Plan.''` EMD 77-4 shington:

July 25', 1977.

- 7 'Improvements Still-Needed in Federal Energy Data Collection, Analysis and

jteautins. OSP 76-21 Washington: June 15, 1976.

Mission Budgeting: Discussion and:Illustration of the.0 ncept in Research

and Development Programs% PSAD 77-124. Washington: Jul 27, 19,77.

- - Need for a,Government-Wide Budget' Classification Structure for Federaal

search and Development InformationAppendix IV. PAD 77-14A. Washington:

Match '3, 197,7.

Rocky Mountain Energy Resource Development: Status, Potential.and Socid-

economic Issues. EMD 77-23. Washington: July 13, 1977.

gulf Industries Research Consortium. An -InveStigation of Primary Factors

Affecting Federal Participation in Research and Development Pertaining to the '

Accelerated, Production of Crude Oil. Report to the National Science FoUnda7

tion. NTIS PB-2' 951-Item 110. Galveston, 'Texas: September 15, 1974.



Departme nt-of Health, Education and Welfare, National Center fort EdUcation
Statistics. Associate Degrees and Other Formal Awards BelOw'the Baccalaureate:
Summary'D'ata 1974-1975. Washington: 1977.

1

- .-- University and College Surveys and Studies Branch. .Earned Degrees Conferred
1974-1975, Summary Data.,,,,.:KES,77-328. Washington: 1977. e , ...

:..

-,- Projections of Educatidm8itatistics to 1985-86. NCES 77-402. Washington:1977.
. '. ,e' . (\

Students Enrolled for Advanced'Degrees*.ja11.1974. Washington: 1976,

- A Taxonomy of IndseTuctional Programs in Higher Education 'DOE750064.
Washington, Government Printiing Office: 1970.

Hollander., Jack M. (Editor): Ahnual Review of Energy. -Volume 1, 1975. PaloAlto, California: Annual Reviews, Inc., 1976.
, o- , /

Department of the.
.

Ihteriorq Bureau of.Mines. Careers with the Bureau of Mines.Washington: 1970.

- - Office of Coal Research. Clan Energy from Coal Technology. Washington:0
1973.

..
-- _Office of Research and Development.,'EnereResearch

Program of the United.States Department- of thefInterior.::.WashingtOn: Margh., 19'74.

- 7,Energy Perspectives 2. Washington: June, 1976.

- -' Geologic Su7ey. A Guide to State Programs .for the Declaration of SurfacedMined Areas. CircUlat- 731. -Washington: 1976:
.

.
, ,:. I'

: .

. ,Bilreau of Mines. Repeints from Bulletin 667: IntriidtketiOn, 'Anthracite,
Petroleum,' Natural Gae,Uranium, Shale Oil. (chapters from'Mineral Factsand Problems, 1975 Edition). Washingtoml. 1975:.

-- Minerals in the Uni ed States Economy: 10-Year Stipply-Demand Profiles forMineral and Fuel Ca odiies (196675). Washington,: 1977.

Mineral Trends and Forecasts. Washington: OCtober, 1976.

Mining Technology Research. Washington: February, 1976.

Research 1976: A,Summary of Significant Results
gi n Mining Metallurgy andMineral Economics. Washington: Government Printing Office' 1977.

Kash, Devine, Freim, Gilliland, R*poft, Wilkanks. air Energy Future. NSF/RA-760158. Norman, Oklahoma: UniversIty of Oklabbma Press, 1976.

Sheridan, Eugene T. Supply an Demand for United States Coking Coals and
Metallurgiceil. Coke. Department of the Interior: Bureau of Mines, Washington:1976.

Department of Labor, Burgau of Labor Statistics. National Survey of Professional
Administrative, Technical.and Clerical Pay. Bulletin 1931. Washington:March, 1976.
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Occupational Supply: Concepts and Sources of Data for Manpower Analyses

Bulletinr1816, Washington: 1974.

. . . .

-- Projecting Employment'Requirements for Energy Development and Expansion in

Federal Region VIII. Washington: Octobe., 1976.

Repot on Phasi I'of-a Project to Develop Annual Annual Employment Estimates

of Scientists, Engineers and Technicians. Prepared for,NAtional Science Foun-

dation. Washington: August, 196

-- Secretary of Labor's Report on the Impad'of Energy Shortages on Manpower
Needs. Walhington: March, 1974.

.

LaRue, Moore and Schafer. Analysis, and Assessment of. Enhanced Oil Recovery

Baseline, Data. 76- 155 /1, and 76-155/2..' Summary, Conclusions' and Recommenda-

tions. Final 'Report. .DeceMber 1976.

,
Land, GeOrge W. Synthetic FluTE Fuels, horn Coal (A Review). Auguat.., 1973..t C oa

Lawrence Berkeley Laboratory; Energy and Environment Div ion. Analysis. of the

plifornia'Energy Industry. 'LBL-5928,4 0 Prepared for Energy Research and
Development Administration.' Berkeley, California: University of California,

January, 1977.

-'-Procecdings df 1976 Summer Workshop on an EnergyExtensio7n Service, held'at

lawren6p Berkeley Laboratory, University of California, July 19-24, 1976.

LBL.$236,: Berkeley, California: University of,CalifOrnia, May, 1977.

Progress 'Report on the Analysis of Manpower Constraints on Energy Plant
Construction and Operation, OTIS Item.61.' Prepared'for Energy Research and

Development Administration. Berkeley, California: University-of California,

June 314 1975 '

"

5,ummary of'Data Bases at the Lawrence Berkeley Laboratory. Computer' Science.

and Applied Mathematics Department and Energy "AnalysIS Program, Energy and_

Environment Divisidn. Prepared for EnergY.ResearCh and DeVelopment Administra-

tion by Burkhart, Gey aiid Ruderman. Berkeleyi California:University Of

California, Octobdr, 1977.

Midwest Research Institute. Program for Regional Energy Analysis. ERDA 107,

Volume 1; Volume 2. National:Technical Information Service: December, 1975.

Mitre Corporation. An Agenda for Research and Development on Energy. Systems.

Volume 1 - Summary and Recommendations. MTR-6605. Washington: National SciencE°

Foundation, Fellruary, 1974.

-- Balanced Program Plan:-/Analysis for Biomedical and Environmentar Research),

ERDA-116. National Technical Information Service:' October, 1975.

National Academy of Sciences. Modeling and Simulation for Engineering Manpower

Studies. 'ProceedingS of .a Conference held February 9-10, 1976. Washington:

1977.

-- Nuclear ience: A Survey oftFunding,Facilities and Manpower. Washington:

1975.

c



National Coal Association. Bituminous Coal Facts, 1972. Washington: 19

-- Coal Aid to Higher Education.
Washington: 1976:

-- Coal Facts,, 1974-1975. Washington: 1976.

-- Coal; Energy for Independence.
Proceedings f-rom the 59th Anniversary Con-.vention, June 30-JUly 3, 1976. -Washington., 10 .A

=--COal and Research. Washington: 1975.

Map of Coal Areas in the United,States. Washington: December, 1972.

National'Energy Act. Communkcatiop fro the. President of the United States.Washington: April 29, 1977.
7t,

-- 95th Congresslst Session.
House Document 1195-138. Washington;Government Printing Office', April 29, 1977.

National Petroleum Council. Irist of Key Occupations in the Petroleum andNatural. Gas Industries. Washington: -April, 1969.

-- People ii the United States Oil and Gas Industries: Their Skills and Occu-pations. WashingtOn: March, 1969.

National Research Council, Board on Human. Resources Data'and Analyses.Doctoral Scientists and Engineers in the United States, 1975 Profile.Washington: 1976.

Summary RepOrt:1976: ,Doctorate Recipients
Washington: 'March, 1977.

from United 8tates Universities.

NatiOnal Science Foundation. Energy .Research and Technology: Abstracts ofNSF/RANN Research Reports. NS RA-N 75079. Washingtod: May,. 1975.

-- Federal Funds for Research,=Dev lopment and Other Scientific Activities,Fiscal Years 1975,,1976, 1977. N F 77-301. Vol. XXV - Also, Detailed Sta-tistical Tables, Appendices C and D; 76-315. Washington: December, 1976:

-- Division of Science Resource Studies. Fiscal Years 1959-1977: An Analysisof Federal Research and' Development Funding by Function. 76-325:, Washington:September, 1976.

Division of Science Resource Studies. Characteristics of Doctoral Scientistsand Engineers in the United States, 1973. NSF 75-312. Also, Detailed Sta-N, tistical Tables, Appendix B. NSF 75-312A. Washington: May, 1975.

-- Division of Science Resource Studies.
Characteristics,of the,National Sampleof Scientista and Engineers, 1974. 1"art '1-- Demographic aild Educational;Part 2 - Employment; Part 3 -.0eographic. NSF 75-333, 76-323, 76-330.Washington: December, 1975; November-December, 1976.
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9

.0
Division of'Science Resburce Studies: 3ExpendituresfOr Scientific Activities

ofUniversities and Colleges, Fiscal Year 1975. NSF 77307. Also,.Detailed

Statistical Tables*, Appendices B and C. NSF.76-316. Washington:, ,Martb, 1977.

-- Division of Science Resource Studies. Graduate Science Education: Student'"

Support'and Postdoetoraks, Fall 1975 Detailed Statistical 'Tables, AppendiCes

III and IV. NSF 76-318. Washington: 'September 30, 1926.

-- Immigrant Scientists and Engineers in the United States - A Study of Charac-

teristics and Attitudes. NSF 73-302. Washington: Government Printing Office,

February, 1973.
A.

- - Divisidn of Science' Resource Studies, National Patterns of Research and.

Development Resources: Funds and Manpower in the United States, 1953-.1976.

NSF 76-310. Washington: April, 1976. .. 0

k

Projections of Degrees and Enrollment in Science and Engineering Fields to

1985. NSF 76-301. Washington: December, 1975.

.
1

-- Projections'of Science and Engineering DOctorateSupply and Utilization

1980 acid 1985. NSF 75-301. Washington: February, 1975.

- - Recent RANN Reports-. NSF/RA-750290. Also - JanUary, 1977, NSF/RA-770014;

May 1977, NSF.77-32. 'Washington: October, 1976.

- - 1985 keSearavand'Development Funding Projections. NSF 76 -314. Washington:

June,1976.
45 ..3"

.\

_ 4 .

-DiVision.of:S'cience Resource,Studies. Research-and .DevelopmentActivitleg
. .

of Independent,Nonprofit
Institutions, 1973.= NSF 75-308. 'Washington:

.April, 1975
0

17 .

-- Report to the President and Congress Federal Support to Universities, Col-.

deges and-Sel.ecte Nonprofit Institutions. Fiscal Year 1974. Also., Detailed

Statistical-Tab)", 1975, Apper ix B. NSF 77 -303 NSF 76-305. Washington:

January, 1976.

Research and Development in Industry, 1974. NSF:76-322: Washington:

September, 19.76.

The 1972 Scientists and Engineer Population Redefined. Volume 1 - Demographic.

Educational and Professional- Characteristics. NSF 75-313. Volume 2 -Labor,

`Force and Employment Charabteristics. NSF 75=327. De iled StatiStic.*1 TableS:

Engineers, By Field. NSF 767306. WashiTigtFn: Maya 1September,.1975.

- - United' States Scientists and Engineers:
1974, NSF 76 -329. Washington:

September, )976..
: ..-

,

== Wayne Si. Boucher, Editor. The Study of the Future: An Agenda for Research..

NSF/RA-770036.' The Futures.Group, Inc.: July, 1977.
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,

Oak Ridge'A'SsoZiated Universities. An Overview of Manpower Data'on Scientists,.Engineers and Technicians: Sources, SUmmary and Recommendations. ORAU-124. vOak Ridge, Tennessee: (NTIS NO.ARAU-124), November.1975:
.

,

.
.

.

.

1 I.
Oak' Ridge Operations Office. Comparison of Compensation Paid Scientists andEnginers,in Research and Development,.1976. Data. ERDA77-,49. NationalTechnical Information Service: 1977.

Orgahization for Economic Cooperation and DevelopmenDirectorate for Scienceand Technology and Industry. Trends in the National Research and DevelopmentEffort Since 1973. Science Resources/Newsletter. Paris, Prance; No. 2
. .

Spring 1977 .

1
-. ,

-- World EnereOutlook (A Report by the Secretary-General), Paris, France:1977.

Scientific Manpower Commission. Salaries of Scientists, Engineers and Techni-.clans - A Summary of Salary Surveys. -Washington: October, 1977.

-- Supply and Demand for Scientists and Engineers, A Review of Selected Studies.'Washington: February, 1977..%

Shapley, Willis'. P Research and Development In the Federal Budget: FiscalYear 1977. Prepared for the American AsSociation for the Advancement ofScience: 1976. f

2
-- with Don I. Phillips and Herbert Roback. Research and Development in theFederal Budget: Fiscal Year 1978. .Preparedfor the American Association.folJthe Advancement of'Science: 1977.

.~Society for .Indusiriat .and-Applied Mathematics:' Energy: Matheinatics and Models(Proceedings of a conference held. At Afta, YEal; July 7-11, 1975).
Philadelphia, Pennsylvania: 1976.P I

0

Sulkin, Naomi A., National Science Found.4tion. Projections of Drees and.Enrollment in Science.and Engineering Fields to 1985. :NSF 76-301. Washington:Dec9mber, 1975.

Tetra Tech, Inc. Energy Fact-Book, 1977. (Contract report for"the United StatesNavy, Off11Fe-of Naval.Research.) NTIS AD/A-038 802. Arlington, Virginia:April, 19rAk.
J

4United States,Hou8e of Representatives, Committee on.Science., and Technology.
Hearing on 1978' Energy Research and Development

Administration Authorization._No. 2, Volume 1. 95th Congress, First Session.. Washington: February 22.1977.

-- Committee on Science
and-Astronautics.. Energy Policy and Resource Management.Report wepared for Subcommittee on Energy. 93rd Congress, Second'Session.Washington: July, 1974.
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ApPENDWD

LIST OF INDIVIDUALS 1NT IEWED*

ENERGY RESEARCH AND
DEVELOPMENT,ADMINISTRATIONJERDA)

. -

Headquarters
^

Theodore M. Albert'
J. F. Casey
Arthur G. Follett
S. William Gouse
'Lloyd D. Herwig
Edward L. Johnson
"James S. Kane
John F. -Kaufman
'James C. Kellett
Richard H. Lewis
Edgar L. Lucas
Ann G. Montague
Robert C. Stephenson
Robert' A. Summers
Wayne W. Rives
John G. Yates

Field Installations

"'Argonne National..Laboratory

Ralph P. Carter
L.'burris
R. Q. Ivins
N. Kostyk.
M. C. Kyle.
Leon Markheim
R. G. Matlock

,Redmond
C.'Roberts
R. E. Rowland

Bartleiville Research Center

John S. Ball

Fermi. National Accelerator Laboratory

H.-Hinterberger

Lawrence Berkeley Laboratory

Jack Bolger'
Robert Budnitz.
John Harte
Craig Hollowell'
Dean Merrel
Michael Wahlig

'Carl, York

EDIN
LABR
GE
ATE

. Solar
OC
ASGA
:APACE

OUP
APAE.
OC
LABR
OUP
AFO

-LAM'
AFO ,

.

Land Reelamation
Oomical Engineering
Coal. Program

Environmental Systems
Environmental Planning
Public Affairs
Solar Energy
MHD

F
6-

Educational Affairs
Radiological and Enviranmental

Director of Center

Technical Services

Transportation
Environmental

..Ecosystems
Air Quality
Computer Science and Mathematics
Solar
Energy Conservation

,

* Motet were by personal contact; ,a few were by telephone.
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as
J

Oak; Ridge Associated Universities

Ron Gross Manpower, Education, Researeh

OTHER AGENCIES AND ORGANIZATIONS

Federal' Energy Administration

Lawrence Clinton'
B. D. Hong
W. Richard Johnsen

Batelle Memorial Institute

deraleLevy
,Jean A. Newborg

College Placement Council-c

Jean'Kessler

Department of Commerce

1 Elmer S. Biles

Department of Health, 4EduCation

&Training

Marjorie Chandler
,Theodore Draws

Department'of Labor

'Jerome MI Steller
Willis Nordlund
Brian McDonald
Neal Rosenthal
Dixie Sommers
Anne Young
Charles Green,
Burman Skrable

NatiOnal Plannilg..Associ- ation

Ivars Gutmanis

National Science Foundation

Joel Barrie
Benjamin'Olse
William 4. ewart
Eleanor St dard
R. E. Kezar'

Offiee of Management

Charles Ellett
M4lo Peterson

d Budget

American Coal Associat4on

Joseph Yancik

Computer Scienees Corporation

Chester Billingsley

..Energy Information.
Energy Information:
Energy Information

u

(

andAnalysis
and Analysis
and Annalysis

Columbus Laboratories
Columbus Laboratories

.Bureau of the/Census

sndWelfare,
National Center
Nafional Center

Office
Office
Bureau
'Bureau
Bureau
Bureau

for Education
for Education

of the Secretary
of OelSecretary
of-Labor Statistics
of Labor Statitties
of Labdr Statistics
of Labor Statistics

Employmeht and Training Administration
Employmeht_and Training Administration

Statistics
Statistics

Division of Science ResourCes Studies
Divisioh of Science Resources Studies

'Division.of Science Resources Studies
DivinsionOf Science Resources Studies

',Rivisioh of IlaterialS Research

Statistical PolLcy
Statistical POlicy

Vice President for

rk7C

D 2-

Division
Division

Research


