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L PREFACE

During lhc past few years there s deen gr owmg interest in the secondary
use ol researchand dcvclopmun output. 1 the output from a resedreh effor teover
and hevond its iitial specific mission, cun puwulg lc;hnology that is productively
used in many locations and/or by « number-of organizations. then the original cost
- 0f the rescarch can hc viewed as providing a substantial contribution over ang
< ahoveits primary task to x.m\ly a specitic and defined néed. Secondary utilization
of rescarch and- development has attracted the attention of the President of the
United States, the Department of 'Defense wnd vhe individual-Sérvices as a logi-
ccalimethod of enhancing the productive oul'pu{ of rescarch und Llcv‘clopmenl
cltort.! =9 .
Several sectors of the Navy have taken on active role leading” toward morc
eltective use of rescarch and dumlopm;nl output. Three such efforts are ¢ appro-
priate to be mmllonul here: (1) The Headquarters, Naval Material Command,
Washington. D.C. has heen. de veloping communications networks and technols:
ogy documentation and distribution systems specifically dit@eted foward the en:.
hancement of the use of rescarch and development output? (2) Ccl_l.un I.lcully of:
the N.lv.ll |’0\'lLl.lL|ll.llL School. Monterey. California have been investigating the
processes. coneepts, framework and methodology of (uhnology transfer. (3) The!”
Headquarters. Naval Facilities Engineering Command. Washington, D.C. has
conducted several studies and has-introduced several programs within its com-
‘m.mil'lh.u deal directly and specitically with the’ desire to cnh.mu the uuh/.mon
¢ of research and development output. v
This book is"a documentation of the papers pmxgnlul at the June 9., 1975_
one-day. brieting jointly xponmrul by the Naval Material Command., the Naval
Facilities !—nymumL Command and the Naval Postgraduate School. o
The intent 0[,””‘ one-day bricfing was to present to interested persons a re vidw .
ol the progréss hunL ntade in umlcul.lmlmL the processes, concepts, framework’
~and.‘methodology of technology transfer. The approach was to present both o -
o thOICllL.ll work and practical case histories demonstrating the use of the lhcmy o
A “There are relatively few centers-in the United States doing what is sometimes
A L.l“LLl. *Reseirch on RC\Q,;\lj’Ch" or more specifically research on methods of -
enhancing the. utilization of research output. In addition to the Naval Post-
-~ graduate School. one’of the centers that is gonuny.mm_ considerable n.Hml on
this sithject is the Univ ersity of Michigan Center for Research on Utilization df"
Scientitic Knowledge (CRUSK). The work of CRUSK with the U.S. Forest =
Service tUSFS) has resuited in interesting new methodology and meaningful case.
histories: Because of this Dr. David Lingwood of CRUSK and Mr. Hal Marx of
© o the USFS were invited to participate inn the one-day briefing. :
' Rear- Adm. C. P. Ekas USN. Director-of Technology Transler. Headquarters,
Nuval Material Command. was the host. T'he briefing was held at the wmm.md
o Lbrieling auditorium at Crystal City Plazie Ardington, Virginia, ; :

I .

TPy uldunl S m-.“.m. 1o Congress, M: weh 1972, 0. R s
T l)-.pul\ Seeret i of Defense memo to militry services e 2 1. 1972,

‘.\uwunlm&. Otlice Report ((-,\(_)). December 29, 1972

.
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e All ol te p.mcn presented at the briefing were u.umlul on .uulm l.\pc lhesc. . \

’ were then ll.mscnhcd and a lt.umnplmn was sent to cach author for editing. The

“syntax of cach puper as it appears here is the anthor's choice. Some of the papers
~are essentially 4 verbatim transceription of the author's speech, while others have
- been edited to have:a syntax akin to_a paper prepared tor a technical journal.

- The plmlmg. of this book on technology. transter papers is the joint effort of the
Naval Pmlu.uln.\lc School and the Naval Matesial Command, Washington, D.C.

As editors it'is appropriate and tith sincere appreciation that we extend lh.lnl\\

to cach of the authors whose papers appear in this book. to Rear Adm. C.
Ekas, Mr. Perry Newton, Ms. Sterling Atchinson and Ms. Linda Massaro of lhc
“Naval Material Command, sthm;,lon. D.C.. and to Capt. Vince Sknn.\k and
Mr. Tim Rohrcn of the Naval Fucilities Engincering ( omm.md

Monterey, California’ J. A Jolly, Ph.D
Pecember 1978 o W (lughlon l’h D

- , t Llllms . : -
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This morning we hope to tell you why the Naval Facilities Engineering Com- ‘
“mand (NAVEAC)Y embarked on the series of studies and other efforts:bearing on
the subject ol technology transfer, We have also inclided in our programy today -
one case history of a specific technology transter event. However, the main thrust
“of our presentations is essentially intended to tell you what we-have done interms,
Cof ()Ibclnlldllt)noﬂ considerations, behavioral considerations and the kinds of things
;" that really constitite the tcc.hnolo;,y transfer problem .
: . Before discussing my main topic, 1-feel it is ncccssury to give you a brief -
* chronology “of certain events. that the Assistant Commander for Resemch and -
Development of the Naval Fucilities Engineering Command has been e\sc’lli.l“y‘ ‘
“.responsible” for singe about 1962, 'Ihosc ot you tamiliar with the literature on
tcc.hnolog,y transferjwill see that there is some cor reliition between the distribution:
of various books «fd papers on the subject oflcchpoloby transfer and the appa-
" rent timing ol our management actions as reflected in the dates shown in Figure
1-1."This figure shows that in addition to sponsoring studies at the Naval Post-
graduate School (NPS). we-have taken i number of other actions, partially as a
result of the guidance indicated from the NPS studies, and partially from cur own
knowledge and reading of the general literature and our intuitive perception of
what we thought we should be doing to enhance technology transfer in the NA V-
FAC family of organizations. 1, would like to point out that these events indicate’
an awuareness of technology transfer as u conscious type uctivity as opposed to the .
more ‘random, traditional lcc.hnolog,iull ditfusion, Qur awareness that people, and
people to people type contact, ‘is the way to solve most of these problems as
‘opposed to ‘the more formal bureaucratic type approaches, ls alxo reflected by
some of our actions shown in Figure 1-1.

RDTA&E Assislance (1962)

RDT&E Utilization (1964) .
Mandatory Task Proposals (1965)
Technology Transfer (1966) .
A, Applications Division

B. RDT&E Liaison at Field Level

C. NASA and Other Programs

‘ CEL Report Utilization

Y A. Naval Postgraduate School (NPS)
A (1967-70).

o
pLR

o~

o

PSS 6. NPS_Technology Transfer Study (1970)

oo 7. CEL'Field Engineering Support Office (1971)
| ] 8. RDT&E Assistance Doubles—

e e $100 to 200K (1971)

- i 9. CEL/NAVFAC Workshop (1972 1974) .
‘ " Figure l\-l Chronology-of NAVFAC’S Technology Transfer

| :

Let me cxplmn what we mean by RDT&E assistance and RDT&E utilization,
The user is generally a min in one of our field offices. These users of our technol-
ogy have always felt that the Civil "Engineering Laboratory (CEL) never-quite
solved the problem of a given researchtask fast enough to'make the resuits useful

for his operating needs. Therefore. to make laboratory expertise. readily available,
we set up the RDT&E Assistance. Prog,r.lm by semng, some money aside for
laboratory personnel to answer. on short-notice. quesuonx raised by the field. The’
RDT&E Utilization Program refers to efforts in our Headquarters stich as the
establishment of a division responsible for the utilization of the research output of
the laboritory. This program was a Headguarters function whose mode of opera-
tion was primarily through administrative tools like instructions. memoranda. elc,
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\Jouw llml while it focused an lhc pmhluu. 1 m.p.n teness frony the *people .
agents” i the pnhlmu Aser diadogue provided the \culx Im Ats failure and dis-

umlmu.nmc by 1966,

~Wewent lhmuz.h a phxm about 1965, where it was clearly ruw;.nr/ed that if the
“eustomers had input in Immul.mm. the research program the odds were that the
uulpul would be utilized more readily. We went through a lyplcul bureaucratic
aoutine where we required all field: .lLlI\'l!le\ to submit o minimum number of
proposals per vear. Well. neediess to, siy. thyy did not work, becuause we im-
mediately were swamped with m oposiils and had to sereen out most of them and

show: that they were not .»mlhy of pumnl _ ,
Awareness’ ol technology transfer in NAVFAC. as far as 1 can dclclmmc

dates buck to 1966, A number of independent initiatives rcl.nlmz, 1o lc;hnolo;,y
transfer took plice in 1966, As hl\lOly of technological innovation amply docu-
ments, technology. transfer and innovations uxu.nlly happen whert several people
inan organization, or even far apart, exposed o various ideas in their own splnrc
ol the operation tend té converge on'the same idea or development. As it is also

well known, innovation needs a gh.nmpmn during its early infancy stages. For
exaniple. the” Applications Division was established in the office of R&D at

the direction of the “*boss™. a Rear Admiral who was at that ume Depuly Com-

mander for Acquisition where R&D is located.

The RDT&E liaison effort’at the' hdd level. on Figure 1-1. is s'omtlhin;, for
which 1 have to take the blame. During the R&D Utilization era we were con-
cerned with the vertical ﬂow of information that came in from our Laboratory,.and
;.cllmg. it into the Commiand's business. The mainstream of NAVFAC's business
is wriling specifications for proeurement of various items that are constructed or
manufactured. R&D utilization activity was c“cnlmlly confined in'the Hc‘.ulqu.u-

<

-

“ters, More than three-fourths of the engineers in the NAVFAC organization are

“located in the Field Divisions.- i.e., Philadelphia. Norfolk, Charleston, San
“Bruno. and Pearl Harbor. 1t.was apparent that: the organization was literally cut
aut of the process of introducing new technology. A new technology or idea had
to go from the Taboratory to the Washington level, and from the W.lshmglon level
it had tohe pmnmluulcd ont to the field. We all know that it is the man in the field
who fedls the pain of unsolved technical problems and has the need?o implement
an innovative and promising solution, 1t is not so for the bureaucrut in W.lthgon
who for many £oud reusons acts as stabilizing agent in promulgulmg and main-
taining pulizies. Through the establishment of the RDT&E Linison Officer, at
cach wone of our Field Divisions, we felt that we would by-pass some of the
inev n.nhlc llmu;,h unconscious barriers that the Washington Hc,ulqu.lncls interpose.
In.brief. we fu.d that since we ops e mainly as a decentralized Org wmization, why
not let 'hg R&D -program planning and utilization go somewhat decentralized.
Other advantages that the R&D Lisison Program had over the old Utilization
-Division were: () fostering a mechanism ofinter-field division mansfer of innova-
tive solutions generated in the field. and () eliminating Headquarters jealousy as
“to who should be in charge of the utilization business. R&D or Engineering.

n 1967 one of our Assistant Commanders became quite sensitive to the prob-
lei of unuscd technology and directed our Laboruatory to undertake a conscious
L“OII to determine to-what extent technical reports were being,. utilized. The

Laboratory wrned to the Naval Postgraduate School in the 1967-1969 period.
Most of the Postgraduate School effort did not start however umil 1970, Again to
juse phrase that has appeared in the literawure “every invention needs a cham-
pion:". In the Navy you need aggressive and innovative people to champion new

ideus .md .|ppro.uhu Around 1970 we were fortunate enough to have such a

“person in the ‘\\\I\l.lnl Cammunder for Rescarch and Deveiopment. He felt that

.

- . T,

\\g‘:\hould initinte @ rescich on rescarch™ effort at the Naval Postgraduate .
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School «Inculc«l tnw.mls Nt\VI A( s needs, ln I‘)7I. the new Com anding
Officer of the Naval Civil B ngineering Laboratory nntuc«l that \vhlh. we had made
provisions to deal with this transfer problem in Headquarters and at fhe Field -

“activities, in his own luboratory he could not find a focal point. As I'e |c\ull he

established the Ficld H\gmcum;_. Support Office (FESO)Whose sole pmpmc was
to see that the t.uslomcrs in the field were satisfied and got the inférmation lhcy ;

‘uqucsud in'a umcly manner. This focal point in CEL now schves as a “linker** or

;_..ncl\u.pu . (Gene Early, who has headed that office, will Llubm.m on this in
.mothu paper.) Since answering questions does tuke time, und the: modé of in-

" dustrial funding of Navy laboratories does not allow a man to’take time from his

assigned tusks unless e has something to charge that-time against, it became
evident that specific resounrces available at the Laboratory to muke quick advice
pusslblc had to be increased, The carmurked RD"I &E Assistance fund \v.v. then
doubled,

In 1972, und again in 1974, we pulled tn;_.uhu llk. entire NAVFAC c.ommunuy .

of pmplg working on tuhnolo;_.y transfer, i.c.. Civil Engincering Laboratory
personnel, the RDT&E Liaison Officers from om Field Divisions, Headquarters
personnel, and the Naval Postgraduate rescirchers. We held workshops exchang-
ing views, experiences and frustrations,

‘This is lhumhnuil sketeh of why and how we got where we are today.

[ N

The Postgraduate School Studies . S

Figure [-2 shows the studies that have bean carried nul by the Naval Post-
graduate School (NPS), In my talk this morning, I will concentrate on the work
done on the two particilar studies which we feel are really the mainstream of the
NPSe work, These are: ENHANCEMENT OF RESEARCH. AND DE-
VELOPMENT OUTPUT UTILIZATION EFFJCIENCIES: LINKER
CONCEPT METHODOLOGY IN THE TECHNOILOGY TRANSFER
PROCESS. by J. W.-Creighton, J. A. Jolly. $. A. Denning, 30 June 1972 and
TECHNOLOGY TRANSFER AND UTILIZATION METHODOLOGY:
FURTHER ANALYSIS OF THE LINKER CONCEPT. by J. A Jolly, J. W,
Creighton, 30 June 1974, We went to NPS for this work because it became
apparenit that our prior approaches to luhnology transfer problems lacked- the
skill of the kind of people who are trained ins behavioral science, By . seeking the
assistance of the School of Operations Research and Administrative Science at
the Naval Postgraduate School, we would’ et the people whose buckground and
training-would allow them to attack our problem from.a point of. view: slightly
different from that of the typicad phvm.ul scienee™ oriented engineer. Further
we reasoned that since these px.oplx. were-essentiadlly in an. in-house Navy
griduate school, with familiarity of the Navy system. we could get more for our
maoney. They. more than any other fuculty. might have a better feeling for the kind
of organization and the kind:of person we have in the Navy Department. Yet
another reason tor going to the Naval Postgraduate School was the fact that the
Nivy sends several hundred Naval officers (not only Civil Engineer Corps)

lhmubh this school every year. and the mere exposure of these graduate student

officers to the problems and concepis of teehnology transfer wouid have a rapidly-
multiplying beneficial effect when they would return to thw Fleet. Washington or
other field activities throughout the N.l\') As we look it cur results. ) am person-

ally inclined togfeel that the exposure of several hundied officers a year to

luhnolm.\ trunster loplu lxxun. readings. and projects his sensitized these
pwplg to this particular issuc. If nothing ¢lse comes from this research. this

training value adone will bring pavoltto the Nuavy in the vears to come in wilys that

we mity never be able to trace. Last. but not least. doing business with NPS s
10
/e

Y
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OGY FLOW AND UTILIZATION December '

1974
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Having provided - the

background history oI NAVFACs involvement,

now

let’s Took at the results of our studies, Technology transler takes place when there
is w source. a transfer mechidnism ol some sort, and utilization of the l\nm\lulg.c

o igure 1-3), The process may be quite compiex but in the simplest sense this is -
what we are 1 talking about. 1 would like to poir t out that this model,

The “linker

LTIG S,
are shown'in Figure 14,
the transter mechanism.

N

Source of, .

Transter Mechamsm -~

Figure 1=3.is

cessentially true whether we are talking about vne veitical llow of technology. i.2.

from at laboratory to-a given application, in a given discipline. or the’ houmnl.ll
transler of lcdmolol_\ as Irom one industry or activity to another, Inall cases the
source must emit a signal which the user must then receive and respond to it, 1t
can then be siid that technology transter has oceurred.

] e

(]

- Utikzation

Knowledge
(Supphar)

of Knowledge
(User Receiver)

Figure 1-3 A Simple Technology Transfer Model

11

<. Denning, who was then a student.
The modd essentially says that all of these factors alfett
Now, it we I\ncw how and - how much these factors
~affected the transfer mechanism in.a given organizational situadion.,
mmhh them by ‘direct management action based on fact rather than intuition” or ;
guess. Needless o say. quantifying this particular model has not been doné: His a-
tough job to do. and w huhm it will ever be done is questionable. In any cise. lhl\

" model was developed by Professors Jolly and Creighton and
The elements in the linker model

we could

bound to hiive benelits vesulting Irom the accumulition of studies, ‘Fhe result is .
the development of an in-house Navy-cadre of expertise in this area. :

© Figure 1-2 NAVFAC Technology Transfer Studids by the Naval Postgi-aduate School -

3



model seives i it very aseful conceptual framework around, which we can or-
ganize our thinking ind cpproaches to the problem. 1 would like to briefly describe

the clements of this madel, : : - _ B -
‘ _FORVAAL. FACTORS - . - /,.-'”
‘ Methad of Information v - ’
! 7 « fl»Dowmentalion ‘ DOCU ] //’ '
; ‘ , 11
=
|_| The Distribution System . /15TST | |
- - - e /
Formal Organizaiion ol thé ORGA
User s o
' ' . " // N
. Seteciori Process for Projects . ‘
" ' ' ] (Usérs’ Contribution) © PROJ i
P ‘ :
Gourem : Utirzat
o INFORMAL FACTORS . of Knowlodge
] /!{owk.srjgn C .'l Tthe Reco : {User/
P (Suppimr i - apa?I y ot the eCO‘IVGF_ capaH Receiver)
Iy
. ’ “V v"
Informat Linkers in the :
! | Receiving Organization LINK
Credibility as Viewed by - CRED H ) ,
|the Receiver : ‘ .
ST ‘ Perceived Reward 1o the REWA] .
R _ Receiver .~ - J—
< - ‘ :
| [Wilingness to be helped .y

FIGURE 1-4 The Information Linker Model

o . . R
- B

“Documentetion is a factor in the tansfer of technology. Very simply we are

talking about the format. the organization. the language. Does the, laboratory

: write a report that can only be understood by people in another simildr laboratory.
- or does it write a report that ¢an.be understood by « practicing endgineer?

‘ Divtribution  deals> with the: physical - channels used to” distribute ‘the

information—the entry. the exit. the plan. redundancy. This is pél‘h'ad%$ the eu%csl' R

© to measure or appraise. S ] ! ‘ i

| - Organization plays a very mportant part in determining how the technology is -

s goingto get transterred. it at all. The power structure, the nature of the business.,

the management style. resources, attitudes. bureaucratic tendencies. and state of

~equilibrium. These Kinds of things need to be measured or appraised, if we are to:

quantify thissfactor called organization, obvyiously the prospects for success are

difficult. o 3 ‘ o ‘ S
‘ ‘ o a ‘ ‘ oo ‘ ‘ : T "‘
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; Pm/u ! wh'( tion, T hls In(.lOl concerns who mnlmlu lhe prOJecl who dpproves,

who: aulhon/c S.. who monitors. and who is consulted about the project. Project

L “selection is very-critical in the ultimate. unluallon ol research. One lends to llll|lLe ‘
'~'lh'u which- he helps develop. , C

. Professor Jolly has seen fit to divide lhese Iaclorx into fornml and mlormal as -t
shown in Figure 1-5. Formal factors are things we can fay-our hands on. the kinds

of:things we can operate-on fairly directly. They are really system oriented: The

informal factors are highly behavioral and sociological and therefore quite tough

to handle. This is perhaps one of the reasons why the Federal Government has
‘concerned itself mainly with tormal documentation. storage. and distribution as-

. sistance, like the Defense Documentation Center and has_ignored the informal

-~factors: This observation. I believe. was made by Samuel Doctors in his 1969

- book "*THe"Role of Federal Ag,encnes in Technology Transfer'":: It- would seem

L~ " thatif reports and papers were available on the desks of the engineers and scien-

‘,_'u\tb leehnolor_y would be lmnsferled Thl\ is not the c‘lse We must recogmze

o

FORMAL FACTORS

Procedures for dissemination of storage
indexing and retrieval of knowledge '

Source of Utilization

" Knowledge ol _ L " of Knowledge "\ ,
. (Supplier - [ i o o . o {User/Receiver

- Organization) /" " | - LT Organlzanon)

c L S ’INFORMAL FACTORS

Inierpersonal communications and'con-| ;& v & ;
tacts, personal beliefs and feelings about al - ¢
knowledge source, perceptions about ones o
orgamzatlon supervrsors and peers

g
My

,,b

,.'FlGURE 1-5 Knowltdge flow enhancement factors divided dcwrdmg to formal vs
mformal :

: lhal lhe pr oblem hd\ two dlmenxlons One lhdl iy Tdnly m‘mageable is the quesl ion
oo of slornr_e and distribution of technical information through various infoimition
' CSystems: It isva relatively straight | forward ‘problem. however complex, The sec-
L ‘ond dimension is" the-set.of items called ‘informal- factors™. which deals with’ o
?“;,ﬂpcu,epllons It’gets quite:a bit more complicated when trying to manage suchdset - :
coof factors because, its science base is primarily behavroml mlher lhan phymcal -
.~ Let's néw look at lhese “informal®” factors. "z o
- Capacity refers'to characlensllcs of individualsiin.the user organlz‘mon lh'u are -
dcscnbed by terms like venturesomeness, wealth, power. education. expenence '
age. self-confidente.. qubvnome these. Lhdld(.lerl\lIC\ are vague and difficult to - I
7 trapslaté into qlldnllhdble ‘ariables for. analysls or dul;_.n plllpOse\ Yel lhey,‘ue” “
verv rmporldnl in the transfer process: - 3
““The linker is éssentially the individual or group ol mdnvnduals’who does eXactly’
\\'h;ll theterm implies. It is p!Obdb'V the single most i pottant factor. They link
the sourc; and - the “appiikation. Linkeris a- term:that Professors- Cnen_.hlon and
. Jolty use ini their tesearch. The literature. shows olhu somewhat slmmu terms in
-use hy varlom olher research teams. 7 S . e . .

.. . i L , . . : Ten s
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(u (l:/n/m uI lh«. souree is ulwmuxlv an cw.ml.ll I.(uul (‘erl.ni'nly it the
“watdd-he ™ user does ot Iuluu the message, he is getting, he will 1c;gu it. The’
information that is being transferred. must therelore emanate frony § source that is
atleast eredible uumhn" to the pereeption of the recipient or the potential user.
i‘I he rewdards tand pgn.nllxu) for the consequences of applying te¢hnology that is
“newta the' receiving Organization. imposed by management are’ “erucial.
1 l\.lmcI\ if e man is to get pe nalized more than rewarded., he will most certainly be
jtllxmglmed to.import i new picce of lgchnoloLy wlea. or approach that-which is -
suntried” within his p.nmulm organization. ‘
W illingness simply is the fact that i man whais L.UIHL to matke use of a [‘ICLL of
“technical infor mation must be willing to receive the message: and must-he willing
"o implement it. 1t is that simple.- ‘and that subjective. Ohviously a number of
- things could afféct o man's willingness. .
S Orall the elements in.the linker model. the linker clcmcm was chosen for \llldv
- hecause itseemed to focus on people most direetly. From other similar research -
reported in the literature. it was.established that the human I.mm is plulmhlv th ‘
most lmpml.ml element in technology transter.

The Adinker-is associited - with .the source. or with the usef. or he:-could he

somew here in betweerr. or Jinkers could he at both ends (see Figure 1-6). Profes-

sors Creighton and Jolly and the lncl.mnc) arc.inclined to feel that the linker'is

“more .xppmpu.ncly 4 mefaber of the user team. 1 tend o place the linker in the -
e middle because he is notan individual. he is the-synergistic effect of all the people *

in the communicaling Lhdll\ Imm transmitter to, receiver. All of lhgsg pmplc n

“

%

Source of - / User of

information, of - information or
knowledge y ‘ " knowledge "

v

User of * -
information or
kncwjedge

“Source of-  \.
. information or ...
knowledge -

Linker

T Source of S ‘ ' User of
’ information'or — Linker I information or .
knowledge: | ‘ : _ knowledge

FIGURE 1-6 Linker Positions in thc Flow ol l\nowledl_c
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their respective uml wis imust link: I Jinkage aceurs whm mulu.ll L\ul.mon ‘be-
Jtween two individuals occurs because their values mateh at least for the. pdllll.lll.ll' '
technology transfer event. Indeed if the linkeris at the user end wdind he enjoys the

- confidence of the would-be using team. he can operite internally in the organizit-.
- tion to get the idea implemented or used. . -

AL the beginning when 1 spoke of ' the (.Inunulnu' 01 N \VI- AC's tuhnulm_v
transfer efforts. I'mentioned the establishment of the Field’ Engincering Suppv.l
Oftice (FESQ). in the Civil Engincering Laboratory. This was a conscious, bu-.
réaucratit act to establish a visible. und atleast a formal. linker at the Laboratory
or the source. The establishment oI Linison Officers at the, Engineering” hle_ ) -

- Divisions was similarly o conseious act to Formally designace linkers at the Field - S
“aDivistons. - the user organizations. thllhu lhn.m. people are in fact effective -
linkers as the literature described lml\u\s is-a thlcwnl ‘matter;: we don’t }\,now.

- Conceivably we could study them.” Thel point is that/ lhe\L formally designated
linker jobs were not nu.umuly filled with lml\u l\’pt_ " peaple. The qualities of -
the linker are listed on Figure 1-7. ‘At the time these'jobs were lilled there were
“overy few, essentially intuitive. criveria m‘_;ud;__ml_ the /potential linker attributes of-
theindividuals selected Tor the Linison and FESO ‘positions.. You all know the
‘typical recruitment process we go. through in the government. Furthermore. in
~Milling these jobs. selection was limited td availuble pmplc In some cases there
wits noselection in terms of individuals. but rather only in terms of OILclnl/dlIOIldl :
convenivnce, Inany case it is difficult 1o select people whu will link. If you
streceed. it-is an aceidént as much as |l is Lluan |

.GREAT MAN (GLOCK AND MENZEL

. 1958),

SCIENTIFIC TROUBADOR (MENZEL
1964,-HODGES AND NELSON 1965)

INTERNAL CONSULTANT (ALLEN et al

L INNOVATIVE WILLING TO ACCEPT
" RISK. ACTIVE IN MULTI-DISCIPLINES,
MORE ' INFORMATION CONTACTS.

_HIGH CREDIBILITY WITH PEERS, | 1968)
COSMOPOLITE; ORIENTED TOWARDS ‘lTECHNOLOGICAL GL\TE KEEPER
OUTSIDE INFORMATICN SOURCES. | (ALLEN 1966) N .
S R ¥ . |OPINION LEADER: (LAZAPSFELD 1948, :
" ' KATZ 1957) . S

FIGURE [-8 Writings on Aspects of

FIGURE 1-7 Attribiutes of Linkers
o : - : the Llnkcr Conu:pt .

\’
l
‘ —— l
' R
I
- Fhe linker concept is not particularly manml in that many authors h.n'c ina .
sense. toached upon the notion of the lml\c‘l from-time to time in their works (see =~ . w
Figure 1-8). What is new in the work dong at the:Naval Postgraduate Schoul is
““That all these terms and le.lmllmm are lcuwm/ul as subsets within o universal ~ ©,
lxnkcx sel. S v 4 "
In order to get on with the job ot .lpplo.u.hlm_ quanumauun ol tlu. linker model.
it w.ls‘dcudcd to survey first the Navy's olfu.el sector in Eharge'of NAVFAC and :
Cits Field activities. This was done using @ quic stionnaire (Appendix A) designed o 7 »
~ o measure, whether a person in a given sitwition would be inclined to function as a - v
; linker or the apposite. a stabilizer. Would ln be innovative? Would he'be prone to
w0 oo aceept the risks that wouald 2o w ith the acedptance and application of a-new idea?
L Would he be aperson with i high, number rul \uult:n.\ ol information t his dis-
pmal’ Would he be .uqu.umcd in many ipeas? We could not:go around and -,
Cinterview 1.700 people. so we had to LlL\an a lairly clever ‘questionnaire. ‘The
UNSWEr Lo any ong qucstmn dm‘s nat mdu.alt that a man is a linker ora \l.lhllj/u

} li R o
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It is the answers o a number of questions and combinations of. questions that
would causeus to categorize one man u linker, and another man a stabilizer. .
Initinlly we tried to. determine ‘who the linkers and stabilizers were among the -
~Civil Engincer Corps Officers.* After sceing the distributions of the results, we
wondered what the distribution of linkers versus stubilizers would be for civilians -

- GS=8 and-above. The results areshown in Figures 1-9. 1-10A and 1~10B. On the

busis of the guiestionnaires and distributions between officers and civilians on the
linker-stabilizer, scale. we cannot say. that civilians are more prone to be linkers
lh.ln officers or the other way around.

1972 1726 NAVAL OFFICERS . .
(CIVIL ENGINEER CORPS ONLY)-
- (65% RESPONSE) .
- T 1073 2954/4464 GS-8 to GS-16 NAVFAC
; CIVILIANS ((54% RESPONSE)
NOT POSSIBLE TO DISTINGUISH
_BETWEEN THE TWO POPULA-
TIONS (CLASSEN 1973)° '
¢ .. THE LINKER-STABILIZER. ‘BE-
- HAVIOR CHARACTERISTIC HAS A _
GENERAL ‘BASE IN TERMS OF
‘ TECHNICALLY -TRAINED PER- -
.. . SONNELAND IS NOT UNIQUE TO
v Lol A SELECT POPULATION - -

s

FIGURF l——9 The Ofﬁccrs and Civilians Parhcnpatmg in. the Linker-
Stabllwer Survey : »

. L
An ex mnumlmn of the (Lll(l l‘lom these, quewlmnn(mex reveals three quextxonx
the answerd to which suggest that in some” witvs Naval Officers and ‘civilians .

behave somewhat differently (Figure =11, Naval officers seem-to attenet {

Wer

professional meetings and one can perhaps understand- that because their Iily
prevents their hu.omlm_ established. They Jepend heavily on literature. i ur in-
stance. when you dre in charge of construction contracts one d.\y. the next dary

you move'into a design division. and two years Liter you move into a staff posi-

tion. you are changing quite rapidly. Following literature rather than the profes-
sionial, commumlv contacts becomes more logical and-casier. On the other hand

the civilian is'more inclined to use his personal E\pu:ence The'civilian tends to o

stay for a aumber of years. provides conlmmly in the organization and can draw,
from the pmblcmx he had several yeurs ago in developing answers to new ‘sithia-

“tions. Figure I-11 shows that uvxh ns tend to center interests with lhexr fellow =~
‘workers Whell..l\ officers more often center lﬂlClE\lS \VltH pcoplx. doing Nimitar
work.

1 can'only urge the interested. reader to ohl.un a Copy of the thesis .m(l see the
extent to which results of that work. could: be applied to your ora,.ml/.mon It is
emphatically stated that we did not do this survey or cross section in order that

-officers and civilians would be labeled as linkers or stabilizers and then keep them
.in or out of ¢ertain jobs. Although we know 'who the linkers and the stabilizers .

are, we do not know how to* mlum ate that mlommllon with all.the other do s and

*lhc ¢ inil Enginecring Corps is Lt)l]lpll\\,d of Naval Stalt Officers pum.ml\ IL‘\P()H\IML tul lhe '

construction md e rintenince -»t Naval Shore Fucilities \mlld wide,
A .
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i Pl;.,urc 1-10B A dlstrlbutlon of thc scores of the” Naval Ofﬁcer Civil Engmeers
S in response to the questionnaire which. was intended to measure the magmtude B
. of their Stabilizer-Linker trajts. . 3

don’ts of |oh sLIu.I/mn I want to m.l‘\c. it very clear lh.ll we have no duu.nx at this

time to stast shmmg puoplc'.nuund because they are linkers; or stabilizers. ic .
5> natuie of the data is L\pulmcnl.ll and- mmplu problems arise in \.lllsIme pm-,_;.’,‘_,

sonnel and organizational goals, There is no basis to even-suggest personnel
reassignment at this lnnc—pulmpx in the luture when our total sludv S mmplglul

. 'you what we have done.in NAVFAC to promote technology transfer;,

L. Selection.ol, projeets—werhave stepped.up our efforts o make use of our -
Field I iison RDT&E people in letting us I\nm\;_m HL.I(I(]U.L{IU.\ what the

3 . : - - -

OFFICERS BEHAVE- DIFFERENTLY FROM CIVILIANS BY:

.ATTENDING FEWER PROFESSIONAL MEETINGS
) “ DEPEND MORE HEAVILY ON LITERATURE :
S CENTER'NG INTERESTS WITH PEOPLE DOING SIMILAR WORK -

_ CIVILIANS BEHAVE DIFFERENTLY FROM. OFFICERS BY:
Lo ATTENDING MORE PROFESSIONAL MEETINGS
e USING PERSONAL EXPERIENCE MORE OFTEN
' CENTERING INTERESTS WITH FELLOW WORKERS - =

T FIGURE 1-1t

Ch‘lrdtlerlstltb that are differént between Naval Officer le En-.
- gineers 'and ‘Governnient_Service Employee Ciyil Engineers

. oot - . .\, . . .
Lo e
o . . o en) g

12 ) . o ‘ »
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- Lhave rearranged the basic linker model (Eigure 1-12). 10 facilitiite's ‘my ldhm.
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B e (SOURCE OHIENTED) :
- . SELECTION OF PROJECT
. o INFORMATION DOCUMENTATION
"o, INFORMATION DISTRIBUTION
o TECHNICAL CREDIBILITY . ‘
« LINKER (SOURCE AND/OR USER)
(USER ORIENTED) _

e FORMAL ORGANIZATION

‘o TECHNICAL CAPACITY .. _ .
‘e REWARD/PENALTY
= WILLINGNESS TO RECEIVE

: -

FIGURE 1-12  Activities Applicd to the Basic Linker Model

7
ficld pereeived R&l) nCuds are. vund what rescarch projects they want
funded. ) oo :
Unformation docume u!u!iuu—'—in addition to technical reports the fabhoratory
NOW puLs outL sev cral udditional types of publications that are readable and -
mare uspunsnc (o' the non- -research practicing engineer and maintenance
personnel. These are-one or (wo. pagd. briets of significant technical ac-
mmplnhn ents (Tech Datiy Sheets) .md periodic status reporting of work
Sl in progress. (RAP Briefs). Alsd pictorial- Ll.lphu. hrochures are mote
‘widely used. Ommanication awageness seenys m he \plC.ldInL among re-
scarchers and- management. at last! #
Luformation {/l\!llhll!l()ll——l)l\llIhllllun lists tend to "u oul af d.llc qunc
spidly and must;be cor: stantly: majntained. An organization can bhe situ--
rated with a 1ot ol literature thilt is ot needdd for its particular mission.
_FEeonomizing by avoiding the fine tuning -of distribution lists ‘for spcum
technological vutput lcnds to prevent eftfective dlslnhulmn Altempting Lo
Keep distribution hists up to date, is a continuing job.
directed o Individuads and ot merely tordesks™

Technical credibility —4F l.ml\l\ LWwe do not haved very Luud way of l\nowlnL -

W hethei recent lcdmulu-'\ transter activities have g.lll\cd the technical cred-
ibility of our laboratory. as pcucncd by the .man in the field.sto go up or
down. 1 could speculate and say.-ves. | think-it has gone up.”"When [ do
this T am not-heing true to empiricism and the purpose of having NPS do

T reseureh an our lcxc.ugh We want (o generate a certain amount of hard-data

Cinorder that minagement can get a better underst nding of our particular

Llechnology transter processes as a basis for polu.\ and action: Without
crcdéh'lc Tacts. neither Hc.ulqu wiers nor laboratory manggement can take
aetion towirds greater user eredibility-of the l.lhm.llm I’L‘Ih.lp\ weneed o
survey of opinions.from time to-time to triick “eredibility, of the luboratory.

I mentioned-the /inhers at_some Icn-'lh We have done studies with the assist-
amee of the Naval Postgraduate School to try to improve our understanding ut_uuu:.“_ :

I)I.\lllllullul],ls .ll.\u




tmmulmu okt zation and to determine w: ht.lht.l n lmpuIC\ or nh.mu\ llu flow of
technology. 1n regards to the rechrical capacity of our organization to make
eftective use of our laberatory generatéd lt.LhnUlOL\’ 1 .do not think we have data
s of now to tell vou that we do or do not have it. Some of the future studies by
NPS will hopetully be direeted towards a measure ol technical capacity as defined |
carlier. Again. intbitively . 1 belicve over the years the output of CEL has become
tunetd 1o the technical ciepacity of NAVEAC. byt agiin this can be contested.:
1. RewardiPenaltv-<The reward and penalty associated with mlroducm;, new:
technology. However important, has not been studied. measured or assessed
- in our organization. Again. intuitively. it appears to me that there is more .
concern over the consequences ind probabilities of fuilure (however low) |
‘ than over the consequences of succegss (however high).
20 Willingness to receive—We hitze made it possible for anyone whoy nu.d\
technology information to be physically able to receive it. Means exist
. money and telephenes, tora man innced anywhere in our mgum/‘allon l()
consult the engineer or scientist at the laboratory. We, atdeast in the R&D
shop. cannot Imwu er. induce his desire to do so. The R&D organization
Tthe " NaveFacilities- Comm.md_hgmlqu.nlux can_only make. technology

available. It cannot induce the desire of a field engineer (v make-use-of-the = -

weehnology. The previousiy mentioned factor " Reward/Penalty”™ has much
to do.with the willingness to receive:

c closing. let nn. justsay-thatonr, umm are continuing asd we hope that i the
vears (o come we citn dev z.lop some significant body.of hard data thipt can Serve as
a4 concrete basis for management-selection to improve the lcchnolo;_.y transfer

environment throughout. Also we hope that our reseirch results cun be of v.llm to
other government. ard lndll\ll‘l.ll or;,.ml/almnx o _ : <

o
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Commander, CEC USN Assnstant Commander for Re-
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| see by the ms(u that mosl 01 you are from the R&D community. lam new to
the R&D ficld pnly having been involved for about a year now. | would like to
submit to you that the people outside of the R&D community are doing a lot of
compluaining.” | suggest if you stop and think about it a minute, it can be traced
directly to technology transfer. because unitl you get that product into the hands
of the field engincers and they can usé it, they are incensed because you a .
working on what you want to work on. not what the field sees as vital-to their

- present needs—you are not ‘working on their ploblcms So from an operator’s

5l.mdpoml this is what we have to overcome. and it is going to be a long time in
overcnmmg It will tuke reul effort. . «

- So with that [.would Jike to summarize what you have he.lrd this mornmg First

~of all. 1 think the thread That ties this all together was Milon Essoglou’s pitch on -

the Linker Study. What is the melhodology-——lhe mechanism—whereby we can
transfer our leuhnulugy" I think this is very important and. 1 will refer back to it
again and again as it is the cornerstone. the building block, on which we.have 1o

-evaluate technology transfer. Also as you have heard in our past experience here.

the RDOT&E Liaison Engineers were set up before we had the linker study. but
once we had the linker study we found out that very fortunately we had fallen into
0 number of good things. We. set up the Liaison Engineer so we would have: a

g.ntekeeper ‘—one who would take in the technology to our Field Divisions and
disseminate it to our engineers. We also had another purpose which we found very
valuable. and that as he was collecting the problems and feeding them back to the
laboratory. we got the field engineers to have a feeling of relevance.to R&D when

‘we did work en their particular projects. We have that relationship which was
. referred toin the linker study. Early involvement in project selection is important.

We then have these relationships with 9‘;@ linker study and ils anulysis of.lechnol-
ogy transfer mechanisms. )

In RDT&E Assistance. we have a rcsponsc to the field. and I refer back to the
linker study. Until we can get credibility in the ficld and until they know. we are
working on theirsproblems, we are going to have a barrier to our technology

»

transfer. RDT&E Assistance is one small part of that. where we can respond to*

the field s needs and try to get our credibility established aguifi in their eyes with a
resultant willingness on their part to more readily .1cu3pl R&D. chhnology coming
out of our. Laboratory. v

The. Techdata Sheets and RAP Briefs were .nlluded to vcry bneﬂy lhns
morning—but what we have done here is to try toget a very high impact and an
immediate feedback to the fiekd. One that hits you between the eyes. You getit.on
a single sheet, not a report about 25 pages long with dotible and triple mlc;,r.mons
which when the normal man in the field Tooks at it says that's no good to me and
throws it away. The bottom line on these reports may be of extreme value, be it
corrosion studies. be it maintenance reduction. or whatever it is. We have Tech-

data Sheets and RAP Briefs that are intended-to have u high impact. Are you

interested? If so. this has all the information you are Jooking for iind who to call for -
- more information. We are getting the distribution and the documentation to the
. field in the best way we Know at this time in order to gcl the maximum, amount of

technology transter: - .

These are the efforts then that we h.nvc had in_the past (bue i’ igure 2-1). What
do we have right now (see Figure 2-2)? We had a complete analysis of our
program—where is it paying. the cost bencefits, in what categories. where are the
most benefits coming from with regard to callers.~with regard-to stations. with

regard to gt.ogl.lphlt..ll areas? So we have an analysis in this area to look at and -

possibly’ dssist-us m cmph.m/mg our leghnology transfer efforts (o m1p| ‘ove it
impact,. _ SIS
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NAVFAC TECHNOLOGY TRANSFER
" PAST
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RDT&E LIAISON ENGINEER (EFD)
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PRESENT

RDT&E ASSISTANCE PAYBACK
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TRANSFER

vou like.”

' H(-L’Rl, 2.3

. TECH DATA SHEETS
RAP BRIEFS .
FIGURE 2-1 ' Listed here are the var-
‘jous steps that have been taken to im- -
‘prove the NAVFAC Technology Trans-
“fer effectiveness.

FIGURE 2—2 The current work is di-

rected toward determining the ROI of

RDT&E Assistance and to study the
Facilitators to Technology Transfer.

% . :

-

I put facilitators in Figure 2=2 as opposed to barriers. You can put it any way
*This afternoon Dr. Jolly will be talking about a comparison of Navy
organizations with civilian organizations. Are there similarities? Are they differ-
ent znd if different” why? What we are Iookmg at then is how can'we compare |

_ourselves with civilian institutions and on-gding efforts.

1 think the most mmml&) aspect then is what do we sce coming out in the
future (See Figure 2-3). ‘AFin. as a spin-oft from the technology transfer. efforts
of Professor Creighton and Professor Jolly. we have asked. and they have come
up with. a course—a short cotirse.’ We are not talking about anything new. really.
in this course. You all have applied the principles that were discussed this morn-*
ing on the linker study. but it is a matter now of getting technology transfer for our-
technology. The only way we can get it to the field is to get out there and let the
peaple know what we are doing. what are the barriers. what are the facilitators of
technology transfer. and try to open up some of the minds that are there in our
Engineering Ficld Divisions and at Headquarters.

- v

NAVFAC TECHNOLOGY TRANSFER, .

, °
FUTURE o

'SHORT COURSE ON TECH TRANSFER

ROI

DEFINITION OF CLASSES OF SUCCESS
STANDARDS OF ACCOMPLISHMENT- . .

l isted here are several of the progecls that are planmd for the future. |
. As before the objective is to |mprme lhe NAVFAC Technology Transfer eﬂ'ectn e-
ness. L. .

P

"

We are veny optimistic and hope that lhls will pay some leldends back. but

-again we hope 1o have the first course thlly and get this information oul lo all of

‘our engincers and scientists.

Return on investment—this is under the gun more and more. What is your
return on R&D? We would like very much to get-a handle ‘on~just what we are
stalking about here. Definitions are critical in this area. Two come to mind im-
mediately.in ¢valuating return on ifivestment—the definition of classes of success
und standards -of accomplishment. We can write a report and it might be a very
good report and it might sit on that shelf for 10 years before it is needed. Well; was

< - . o
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it suucxxlul’ el us dclmc what we mean by success. | think lhert, are m.my S
dlt’krelll ategories here, so | think those have to be defined and cl.xwhed

What should we be shooting for at the Civil Engineering Laboratory'in the: way i '

" of lu.hnolog,y transfer and our results? Not only that, but we have to define, as

‘you saw in the linker study. two things, There is no way we can hold the Civil

l:m.lnu.rmg, Laboratory responsible for what ultimately ends up as being trans-
“ferred 10the field. Why? Because there is.another guy locked in the middle there.
Now the laboratory can be responsible for what'is source oriented—they gener-
ated it and that generates, if you will allow me to quote an author, **opportunities
to exploit’", but then the users’of that must tuke those opportunities and actually
put them to use. And I-think here we have to define our terms so that we can look

~at the Labor.llory and determine how they are doing and how others are doing in

exploiting opportunities. One of you may be domg, well. or both may be doing well .
_ but we have to have a rehned ¢ .mlhc:lllon in order lo evaluate our \tdnddrd\ of

" accomplishment.

Those are the areas. then that - I Iuol\ for in our contmued mvolvemenl wnh;
lu.hnolog,y transfer.
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Introducuon o : R K D O S
Conyus has .lulhol l[t.d lln. Dgp.ulnn.nl of Defense (DOD).to spehd i record -~
$9.3 billion this year on mllll.uy résearch, LIL\‘L'OPI‘I‘ICH[ test ‘and evaluation
IRDT&E): '(Rt.l »1). Does this mean-that taxpayers are investing only in uxeurgh
for an arm$ vace that: ‘mity ultimately ‘end'in nltulc.u holocaust?
~Notsot.ln .1dd|l|un to providing for a strong'future national defense,. .1 substan-.
. —tial-portion of -militury research and developnient. z.\pcmllllncs .uc‘qun.lly Tfinanc-
ingrmew luhnolog,y that will contribute to the progress of civilian'society, perhaps
"o oeven tolits survivil I\illll.lhy advances'in arcas such, as muhcul rescarch, en-
vironmental: plolcclmn, and air traffic, control, just to mention i.few, are also o
products .of defense RDT&E" spcnmng and -deserve equal blllmg as they s are; . -
suuccsslully translerred fronr military to_civilian .1ppl|cul|0n in mdu to .solvc Cow
aouuy s mmmlmg pmblcms

Crmcxsm Lewed at DOD R&D

In'recent years, critics have posed questions \llcm as: “Why can’'t DOD de-. o
: —velopa luhnolog atilization program such as NASA did during thé peak ye.us T
T of thE Spice ‘program? Lookvat the spin- -off benefits thatiiceried to il Ameéri icans,” B
L even the entire world, trom that program!™*
Criticism of lhls nature is Lul.unly Ieuum.lle .md w.ls lecognlzed by lhe Plesl-
‘ th.nl when hl. sl.llt.d ’ . .
L T As we “face lhe new challenges- of the 1970°’s we can dr.lw upon a great
' resérvoir of scientific and technological information wnd skill—the results of
-+ thg enormous investments which both the Federal Government and private
- enterprise made in research and (Icvelopmcnl in recent years . ... we must '
‘ appreciate that the progress we seek requires it new p.ulnelshlp in'science: .
‘and lechnulngy—om which brings log.elhcr the Federal Government, pri-’
- vale enterprise. state and.local ‘governments, and our universities and re-
‘search Lcnlcn in a coordinated. COOle‘.llIVC eflort lo serve lhc national
interest ... " (Ret?2), - . - ‘ -

In response . to the PIC\IdLnl s pohcy sl.lleménl several DOD R&D -
laboratories JOII‘lLd together in July I97l lo form the DOD Teéchnology Transfer
Consortium. the purpose of- which ‘is *“the transfer of existing knowledge, : :
facilities. or capabilifies. acquired WhllC wonkmg. on mllll.lry research and de- S
velopment:projects. to the solution of civil problems."" (Ref. 3). Spurred by the ..~ .7
" knowledge: that mlhl.uy research funds Expended by DOD can ulso beneht other '

o ‘segmenty of our society. the consortium has grown from eleven to thir¢y-one

\1"\\ - Army, ‘N.l\’ .and Air Foree laboratories. (Ref. 4). In November, l974 membgr-

"‘“\,\_ ship was e\lended to all government laboratories and the Fedcx.ll Technology
rmnslu (onsomum was formed. :

\‘

The Navy S Technology Transfer Program -

» The N.IVV whme\sh.uc of the fiscal yc.u {1975 DOD RDT&E budgu totaled -
5 billion. has been a‘*onng advocate of lcchnolog.) transter for many years.
Thcre are thirty-seven Navy ~activities involved in reseaich and ‘developmenl
throughout the United Sl.ues e'mh with o specific research and dcvc!opmenl
" mission. (Ref. 5). Because the N.xvy Marine’ Corps team operates in all of the
earth’s environments—at sew, underwater. and on land—Navy laboratories have
- been responsible for the development of néw .\mL.ldv inced technology inimany %
dmu ent areas of engineering and science. The Nivy.. has . traditionally been a
clos; p.nlnu with umvelsny .md wmmcncml ocean- mn.nlul lesc.ucln dntl has
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.1Iw.1ys ILIl an ohllgallon to xh.uc ns .mhu.vemcnls with lhnc olhu org..mu.lﬂons
Conscqucnllv the Navy was the first military service to issue an’implementing

‘ instruction calling for an active technology transfer program within the, Navy. and

"-found their way into the prlvule sector and are stimulating-corporate glowlh ina’

; reqmrlng. the designation of a-person as '« contact for techhology transfer.in the

various. laboratories and components of the Navy under the Navil Material

Command. The instruction also calls for-an-annual report of progress. (Ref. 6).
Allhough technology. derived. from. Navy R&D. has. been .1pp||ed successfully. to,

a wide varicty of civilian problems since the inception of the technology. transfer

program, the efforts éf-one Navy laboratory. in p.lrllull.u. have been an outstand-
ing success. This paper will describe their technology trinster program and trace

{he development of one product WhICh is now available commelcmlly and is being
used by more than 100 mg.mlz.lllons and busindsses, both in the publlc and
pllV.tlt. sectors, lhloughoul lhe United SldlLS .md abroud. ;

)

‘;Navy s Civil Engineering Laboratory
“The N.lvy s Civil l:ngmurmg, L.\bomlOIy(CEL) located .1(I|.1Lenl to the P.lClﬁL )

Oceun .in Port” Hueneme. California provides « sllmul.mng, ‘buckground for
uL.mvnly and tu.hnoloyu.ll advances. Port Hueneme means tpleasant place™

dnd-itis notsurprising that the focation.just 60 miles_west of Los _Angeles with'its

“"huge industrial -.compléx, attracts the most qualified scientific: and technical

- achievers. The work of'the I.lbor.llory covers a broad field of lechnology ‘going

Cwell beyond the scope of civil engineering. The luboratory. operating on an annual
o “budgcl of $12 million. -is the principal RDT&E center for shore and sea-floor .-
““activities, and for the support of Navy.and Marine Corps Lonsuucllon forces, The

laboratory” S wor l\lo.ld includes programs in électronics, s.mn.uy enyneermg .md
mathematics. as well as physics. chemistry and allu.cl sciences. ‘
The staft at CEL numbérs approximately 310, more than half of whom are’
plofesslon.ll engineers and scientists.. Master .md Doclomle degrecs outnumber.
Bachelor degrces by more than three to one. T he' laboratory is headed by a-

‘military Officer- ll‘l-Ch.ll'[._,C with,u solid;engineering ‘background and a Technical

Director who is a senior Civil Service scientist. The majority of the research
personnel are N.lvv Civil Service employccs A job rotation program that allows
the individual to select his own speu.nl area of interest. an engineering-in- ll.unml._,
program, and rapid advancement are features of the ‘CEL working environment.

The comment of one scientist wt- CEL'is-indicative: of lheéeélmgs of iast of the .

laboratory's emiployees: “In this .q,e\ol giant; slndes jmspate. fhe indérsea WOlld

e

,"/

~ .

“in ncarly every branch of industry.-the’ ch.xllc.ng,e is the lhmg, that l\eeps us .1I|ve st

e

: Technology Transfer at CEL

- and awake. Be.llmg, the' ‘challenge:is lhe lhmg, lh.lt gives us u..ll |ob s.msl.lcnon
Wllhout it, hle wolld be pretty dull.: . :

CEL has actively promoted lcchnoloL.v transfer for many years and is responsi-
ble for & host of Navy R&D spin-off itenis that are beneﬁlmg society in the fields
of envlronmcnlal protection and energy conservation. New developments have

\'penod when an economic. stimulus .is"mast welconie. CEL _possesses i wide

variety of technical e\pemse To further indicate the dlvuslly of ongoing work.

~the laboratory.is involved in the csl.\bllshmenl of polar bases on'snow and sea ice,

“deep ocean systems. floating n.wal bases. waterfront” slruclures ‘power.transient
detection and corraction, even’ a skull/brain injury Lompuler program. The suc-

cess of CEL’s leLhnoloLy transfer is attributed to the organization’s progressive
.\mlude which is symboh/cd by the I.lbomloly s motto— “ﬁncl away. . .or make

(Qn%. Do e e
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o I{cwun/nu_ e mumxl.mw ol lcuh'mlo;,y tl.lmlc in I‘)7" the Liboratory cs-
T tablished lculnmlup transfer program., The theme of lhc pmu.lm LL‘nlL‘IL‘d
©os 0 around the |0||U\\II1L command sl'*'cmcnl . : ‘
.,,;' L . ’ :
‘ Inmlcmcnl.mm of the usllll\ ol \uc.u:\xllll work units is puh.mx the best .
“measure ol the. Comntand’s success i fulfilling ‘mission requirements. We
must therefore strive wtall times Tor the increased utilization al our.re escarch’

= reSults by the Department of Defense. the Navy, the-Navy Eacilities En-
_gineering Command, and’ the entire scientific and technical commuinity. We:
must also manage the utilization of technology on an oh)wuvc md system-
.lllL basis. ' . .

)

CFE l stechnology utilization cllmlx were directed at, .|II .lppmpn.m partsol th
Navy and addressed its total mission and commitments. The thrust ol the program
“was-to close the gup between CEL LlL\’LlO]"Lll technology and aeceptance and
.lpphu.nlmn by u widle spectrum ol Navy users. 1t was .mp.ncnl to CEL thatif their

sited technology was going 1o sell itsell beyond the -primary u.uplcnl lhl.l'l a
m.ukclmL plan was also an essential ingredient. Foremost. the pxoy.lm must be
rser oriented and involve people i in both ends of the spectrym.. “*CEL is LOlnL to
push . .. we must involve the user so he can help pull when we push.”” The
command’s for mul.nlcd technology transfer program contained the following cle-

ments: ;

I.- ldentify underutilized €. L developed technglogy.
3. Identify new users and benelits to be gained bv them. .
3. Seleet candidates for marketing. . ’
4, Assign internal CEL responsibility by product. . .
5. Develop background inlormation. ; ' . '
Approve/modify marketing strategy
. Perform an cconomic analysis. .,
"Develop a marketing plan. AR S
, _ Market product Gulvertise). - P . ' -
210, Evaluate progress. ' h Coe "
= HL o Publicize success or recvele if.not-suceesstul. .
. ' o

RLLULHIII“L the fact that mu;.nxcd utilization of luhnoIoLy wits xynonymom

< XN

with increased communication between’ CEL and;potential users. vatious forms.

of mnnnunu.mon were evaluated and measured for eflectiveness in achieving the
pmu.lm s ohjectives. Allu finalizing all aspects of the newly LlL\’LlUpLd technol-
ogy transfer program. CEL’s Assistant Officer-in-Charge céneluded., *Our utili-

zation effortd are experimental. We really don’t know how to promote llllll/..llmn
nor does anyone else; We have some ideas that we'll try and we'll- learn‘in” the

'plugcxx We're talking about promoting ch.mLL—.lL_yvacly promating change:

to a better way of doing things.” -

With the foundation of the program laid. CEL’s next xu.p was to choose candi-

So02 0 dates Trom ncwlv devéloped products that were considered to be ‘under-utilized
© but with a high potential-for heneficial .lpplu.llmn within the Navy. The- selection

=70 included @ ¢athodic protection kit for ship moorings, i weathered paintddentifica- .
‘ .-tion Kit. cathodic protection system for wiiter tanks: diver tool Kits. a single Imu

heat-traced pipe system. quick camp. modules. funicular shell construction. and 2

nofithe power line monitor-on the puhlu and private sectors as aresult of CELs
aggressive technology transfér program serves as an example of the loul Iknchl\
m hc unul from Navy research and LIL\clopmcnl
/J, : C : ' r_g ()
‘ ' J

~ :
three-phase electric power line monitor. The dev clopment. m.nkumL und lmp.nu




Ny

CEL's Invastngatlon of High Ouallty Electric Power

»Dunng the latter months of I‘)(ﬂ well belore any public concerri wils u(plcsscd
“over i possible Tuel shortage and'its resultant efTects on electrical power output,
CEL initiated a research project to determine the, requirements for high qu.lllly

clectric powerorisensitive electronic equipment in use at Naval shore stations..
. ~The Navy:is a:heavy user ol electrical- power in o variety ol shore stations
- containing technical foads rélated to command and . control. communications,
. computer and n.lvlgulmn functions in support of the Navy mission. Operational .
reliability of sensitive equipment constituting lcuhmcul loads:is directly allected:
by lhc quality and’ reliability of power. This. power is presently. supplied with a
wide range ol quality and reliability. At the time of the CEL study. few il any:
. \.lll\l.lClOly procedures or techniques existed which-would provide for cost effec-
"o tive compatibility between the quality of suppllcd power and- lhc nower require-
mcnls ol umcul scnslll\’c Lqummcni

Development of Power Line Monltor . . R o

E T
During C EL's investigation into the quality dind |c|mblllly of LlCClllC“l powu at
- Naval shore stations. it becamg, readily apparent that some means ol monitoring
and categorizing transient (|l\llllb.lnLe\ in power supplies that caused operational
“malfinctions and damage to critical equipment would be required.
- Anindustry-wide search wiis conducted to determine jla suitable and econom-
ical power line monitor was’ commercially available. Numerous momlms were
“found. but most of them were designed to monitor - lew specific .u.lmelcus
Theircosts ranged from approximately $300. for a unit that could monitor a single
parameter, to elaborate power line monitoring systems costing as much as $25.000.
Cwithestill only o three parameter capability. There:was also'the problem ol porta-
“bility. Since many ~N.1v J shore instillations are located in remote areas. both in = .- -
the United States and overseas, a several hundred. pound monitoring system - -
would not be suitable fog shipment to. or use in the field. This ledto the' CEL -~
~development of a prototype. portable. Iow cost. lhlee phase power: di slulbdnc
monitor. | L .
~ By May I‘)T’ the™Hrst prototype monitor had bcen designed. .1b||c.llcd. .md,“
, ‘tested by My M. N. Smith. one ol the civilian employees of Civil’ Engineering. .- S
oo Laboratory. oawas L.lp.lb'C ol dclcclmﬁ «categorizing. and.counting the occur-
. rences of anomalies in electrical power syslcms The monitor could detect power’
~disturbances in all three ph.lsc line-to<neutral voltages without the necessity of L
dlllclcnll.llmL the phase in which the disturbances occurred. Tt could continu-.
ously monitor pulse transients and variations in voltage and lrequency which i
‘c\ucded pre-selecteddevels. Whenever a plcscleued level had been'exceeded. o
single.count was registered in one ol five counters'which categor |1ed the (|l\llllb- Lo
ancesas an under-voltage. an oveffvoltage: an-under/over frequéncy. a low mag- '
nitude lmplll\L or a high magnitude impulse. Evena combination of «hslurb.mccs 5
oceurring sinsltaneously could ‘be  properly “¢ategorized and -counted. The
'momlm contained visual warning lights. an audio warm. and an AC volt meter.
(Rel. The original prototype monitor was housed . in a 22><I4‘A>< 0% inch
c.lhmu .md weighed only 48 pounds (See Figure 3<1). ;
- The total R&D funds .1ssou.llgd difectly with the development of lhc mu_m.ll.
.prololypc power line monitor have been estimated at $10.000. (Rel. 8). The suc-
cesstul completion of this project coincided with the lmplcmenlalmn ol the labora- - ‘
tory’s'technology trinsler program. Allel the original prototype monitor had been .
successlully ‘bench-tested at the Civil Engineering Laboratory. the decision was o
made by ithe Naval Commupications. Command to procure six additional monitors -~ 3
- forfield-testing and utilization at various Navy shore instaliations. In March 1972, P
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4 Request for Proposal to design, fabricate, deliver, and test the six nc\v'mohilor(‘
waus submitted 10 thei U8, l)cp.umu.nl of (ommcuc for publication in the -
“Commerce Business Daily.”” The successful luddu wottld hc lcqunul to' mect
: Cl:l s specifications for the monitor, o
Programmed Power tne., « small ch.umm«.s m.mul.luunm. subsidiary of . C
Franklin.Electric Compiny, decided 4o submiti-proposal and bid foi; the contract.- ..~
The company hidd recently. started operations in Menlo Park, California and had
~undertaken :inextensive research and development project in the field of uninter-, . e
< tuptible: pm\c systems. They had also performed some pre Ilmm.uy R&D on
~.power line monitors, with the thought of .possibly m.ul\cung.lhcm in"the future:
~ Programnied, Power was: the. successtul bidder, and in Juné* 1972, lcu:lvcd the
. Ceontraet for six monitors. The contract called for delivery. of the units hy Sep-
~ o tember of that year, and for the performance testing to be conducted at the Civil |
- Engincering l,.nhm.umy during October. The total amount of the contrict was ‘
\22.47‘) or-$3.749.50 for c.uh of the six supphcd monitors. : . W

’ Transferrmg the Technology ‘6f the Monitor e ’ ' . L
While waiting for dchvcly of the new monitors hom Pmy.lmmed Power, CEL
ficld-tested the original prototype .u the Naval Station, Rota. Spain. and the
Navil Coastal Systems Laboratory, Panama Cuy Floridit. Both field evaluations
were totally \uucxxlul Realizing thal the monitor had potential widespread-ap- .
- plication tor the Navy, CEL issued u complefe technical. note, describing the
* 7 _monitor and its capabilitics in June 1972, The initiad distribution of the technical
note was to il Naval Facilities Engineering’Command ictivities und the Detense
Dmunu.nhumn Center in Washington, D.C. G o i
. Based upon the enthusiastic usponsc. from the Nitvy c:v:l cngmeum;, commun- - . -
City. GEL-made the: decision to make”the monitor a. primary candidate in their -, &
technology transfer prograni. In August, 1972, a press release was sent otit offer- ‘
‘ing to make the results of the rescirch and development efforts on the monilor
available for use by pnv ate lmlusny The following note uppeared in the ~En-.
Cgineering News Letter’ section of the September 11, 1972 ‘edition of ELEC-
_IRONI(S \IA(:A/INI ' ' ' :

Power: l The Momlm From lhc Navy

Fired of womlumL what vour power line is doing. or v for thit matter, isn’t
“doing? 1 so, you may be interested in a low-cost. 3-phase powcr line -
monitor that keeps an eye on the output of such supplies. The monitor
checks for both over and under-voltage and fn.qucm.y. and positive o nega- _
: tive pulse transients from 50 10 600 volts of pulse duration of from | micro- <, =
) second to 16 milliseconds. The Naval Civil Engineering Laboratory has - .
». - mide the results of this resgarch and development effort available: for
further information write: Utilization Officer, 1.O2, Nuval Civil Enginecring
Laboratory. Port- Hueneme. Calif. 914()'4 : ' )
The response to that” m.ng.mne article was ovclwhclmmg Within :t.week the
 Civil Engincering Laboratory had received 71 requests for information about the -
: ~ ~monitor. By the end of March, 1973, the laboratory had received a total of I77
. separate mlo:m.mon requests from pnv.m. industry. other mlln.nry services. gov-
ernmental, dgencies, universities. hospitals, 36" state agencies. .md 14 different
countries. ¢ : [ ‘
Meanwhile: Pmy.xmmcd I‘uwcn Inc. made the decision to. dcvelop a momlor
suitable for commercialgpplication. The company impr oved CEL’s basic design i
o and introduced their Model 3200 (See Figure 3-2). As could have been predicted, o
N _lhun plmluu wWas an msl.lm sucu.ss 5.1'&.\ tor 1973 .lmoumcd lo I96 ()()() In |974
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Programmed Power inc. - .. . oL S “ .
141 Jefferson Drive . Cue
‘Menio Park, CA 94025" : , ' - o
{415) 323-8454 - BT o ‘ Y 12/3/74

R

’ .. WE ARE PROUD TO NUMBER AMONG, OUR VALUED CUSTOMERS , . .

) Aetng Life & Casualty : NAS‘A—-John'son Space Center

HE : Aluminum Company of America- -~ . NASA—Langley Research Center ) A
: American Broadcasling Company , N NASA— Marshall Space Flight Center *
. S American Microsysteins, ‘ . National Accelerator Laboratory '
" Arizona State Universily oo National Bureau of Standards P
v . B-D Spear Medical Systems * i National Institutes of Health ;
: Banco do Brasil, S:A: . . . New York City Off-Track Betting Corp. :
Bank of America ‘ ' : New York Telephone o : - .
. Bell Canada : ‘ ) “ New York Times i
Bell Helicopter ' . Pacific Northwest Bell ..
Biue Cross Association' . : . Paim Beach City. Data Processing
BNR (Canada) . . Palos Gbmmunity Hospital
‘ . Bolt, Beranek & Newman ' Philco-Ford Corporation ‘
N ) - Bowling Green State University . Portlarid General Electric o
e Brookhaven National Laboratory © Pratt & Whitney Aircratt :
i Bunker Ramo Cerporation Privy Council of Canada
. o Bunker Ramo, Esis Division PRD Electronics
: ' Burlington Engineering . Randolph Engineering
Burroughs Corporation a . Rental Electronics -
- Canadian Overseas Telecommuni- Rich Inc. ) r
cations Corporation ) St Regis Paper Company
Canadian Bank of Commerce : Bcan Data Corporation - - -
* Canteen Corporation . : Port of Seattle :
Chandlér Leasing Carporation - A.O. Smith Company .
Chemical Abstracts Service . Stanford Research Institute ) a
: Control Data Corporation . ‘ Stanford Universily i
- ‘E. I. duPont ‘ ' Summit Radio Corporatjon- .
Eastman Kodak i Teledyne-Inet g
ECRM i . ' Teleswitcher Corporation S .
Electro Rents ot Texaco, Inc.
Elektro Ziegler (Germany)- - . Texas Instruments
Empresa Brasileira de Telecommuni- Thatcher Glass Manufaclurng
cacoes, S.A. ) ~Tymshare, .In¢”’
Emery Air Freight Union Carbide Corporation
" .Ford Mutor Company U.S. Air Force Academy 0 )
Four-Phase Systenis Inc. - U.S. Army, Anniston Depot
GTE/ Information Systems : - U.S. Army, Ft. Huact 'ica ) ;
¢ GTE:/Lenkurt Electric i L U.S. Army, MERDC : -
‘General Motors Proparties . . . U.S. Army, Red River Depot '
General Motors Proving Grounds ‘ U.S. Army Security Agency
Harris Trust & Savings Bank . U.S. Delense Electronics Supply Ctr. '
Hartford National Bank & Trust Company’ - (Pt. Mugu Air Station)
Hercules, Inc. U.S. Navy Air Station North Island . -
Hewlett.Packard ° : U.S. Navy Civil Engineering Laboratory
Hoftman-LaRoche o - "U.S. Navy Puget Sound Shipyard
: Honeywell inc. ’ ‘ ‘ U.S.. Navy Subic Bay Torpedo Station
* Houghes-Aircraft”’ : U.S. Navy, WesNavFacEngCom
IBM . . - U.S. Department of Commerce (NESS).
Identicon - U.S. Department of the Interior
Industrial. Nucleonics (Bureau of. Mines)
: , Kitchens of Sara Lee ) } U:S. Department of State )" .
~ Efi Lilly & Cornpany Univac . ) !
: - McDonnell-Douglas University of Michigan
Medical Center Company ' " Wellsco Data Corporation
Metropolitan Life Insurance . . *Western Electric . - b
Ministerio da Fazenda. S.A." * - : * Westinghouse Electric
State of Minnesota ISD g Wisconsin Electric
Montgomery Ward ° ' Xerox Palo Alto Research Center

NASA—Ames Research Cemer

Figure 3-3
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* sales of the monitor totaled $454.000 and the 1975 saes.Torecast predicts close to

$1 million, Programmed Power now. olfers o complete range ol monitors to both

_ the domestic and international markets (See ligure 3-3). The company: currently
employs fifteen people. six directly.as a result ol the monitor. By 1978, when

Programmed Power expects to enter the. unmlcnupuhlc power systems market on
fuirly-large scale. employment is expected to reach 110 pedple.
\ ' .

Beheﬁ?s Derived from Transterred Technology of the Monitor .

The econvmic benetits o CEL’s transfer of the monitor technology to Pro-
grammed Power Inc. are .obvious and the company .lcknowlcd&.u that CEL was
responsible Tor its entry into monitor produclmn (Rel. 9. Power. line monitors
have constituted the bulk ol the company’s business since its- fmm.mon and is

responsible for its growing work force.

The positive impuct that CEL’s trunsfer of the monitor technology will have on
the country’s economy as a whole can also be estimated. Utilizing the economic
concept of the multiplier effect. it can be shown that a $10.,000 research and
development effort by the Navy will have led to the creation of an estimated
$1.650.000 worth of additional goods and services by the end of I975 {f the.
Navy's R&D C\pendmnc is considéred to be the™'initial investment,'* then the
resultant ° mulupher will huve been. 165—an excellent return by any me.lsure'
particularly in these days of economic uncertainty. (Ref. 10).

The direct savings to the Federal Government users ol themanitor as a result
of its bcm&. c.nmmen,mlly availuble are significant. The original six power line
monitors purchased by the Civil Engitieering Laboratory cost $3.749.50 each. The

= price of the same monitors fell to $2:995 when Programmed Power Inc. went into

full-scale commercial production. Since then, the military services and other Fed-
eral Agencies:-have purchased .lppmxnm.llcly 35 ol the monitors. Ifa conservative
cost savings figure of $600 per unit is used, more thun twice the initial $10, ()0()

R&D costs have been reulized to date. v

Although CEL’s development of a low cosl versatile power Imc monitor wis.-
initiated to fulfill a Navy need created by varying quality of world-wide electricil:™
power suppliés, the current fuel shortage and related encrgy.crisis in the United
States have increased industry’s demand for power monitoring” devices. “The -
power-generating problem with its feared consequences ol power outages.
brownouts, voltuge dips. transients. iind frequency variations is worrying industry
and rightfully so. According to Mr. Lee Cooper. President of Programmed Power
Inc.. ""Last year's fuel and energy crunch woke up a lot of people in the elec-
tronics and computer-industries. They found out that much to their dismay. they
cun no longer take for g.r.mlul what comes out ol that C|L(,lll(,.l| socket in the
wall.”” (Rel. t1).

In a recent article by Mr. C. B. l"sung. a highly qualified expert in cleclric‘ul
power consumption. the .mlhm States Brownouts will be a fact ol'life for an
indefinite pcriod'ol'linu. to come.”™ Mr Tsung further reports that from a recent
survey concerning the effects ol voltage reductions. it was discovered that during .

" brownouts. poor and unreliable operations were experienced with elevators and

their controls. monitoring equipment. escalators. communication equipment. air
conditioning equipment, and a wide variety .ol motors. computers. and other

business machines. Particulurly sensitive equipment. such as electronic data™.
-processing computers. production controls, and medical diagnostic instruments,

are affected by even slight voltage variations, and probubly should be removed
from:service \\hcn supply voll.xg.ex do not range within specified requirements,
(Ref. 12). Im.lg.me the expense involved when a technician spends hours attempt-
ing to debugu u)mpulel malfunction when the culprit-wasnot lhe machine hul the

N 86

30



O

ERIC

Aruitoxt provided by Eic:

”

: o ' . Joym ;

\

- o 2

Spower supply s or the consternation of an executive making erucial corporate
e

~decisions on computer generated data that may be-erroncous: or wdoctor's fear

- that critical medical monitoring instruments may malfiinetion becanse of power
~problems. The monitor can deteet and/or indicate solutions for many of these
- problems, ‘

. Conclusion

" o

- “Phie power line monitor is just one example of how Navy R&D efforts, com-
bincd with an aggressive technology transfer program such as that at the Navy’'s

Civil' Engineering Laboratory, are benefiting society and returning public divi-
King £ ) R )

dends from defense rescureh dollarss .
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The rese: mh .npplmllmn effort in the K ousl Service wis slmlu.l some 75 years

A;_.o Somechow: from the 20s to 1972 we lost sight of the fact that ‘we ‘had the
responsibility of getting our research ‘applied. Somewhere in that period we

started talking-to libraries and peers rather than user groups. Back in about 1972

“which was gonducted in"Atlanta,. Georgia. As a result of this research implemen- |

“the Generul Accounting Office did an audit of Forest Serviee rescarch and as it
~¢ame out it looked as if we were not getting uny research applied. Therefore

rencwed effort was begun to get the research applied. From then on we hid the
challenge to see that the information from the Forest Service Research was

moved out of the laboratories and journals und into the h.lmls of lho. pmplc who

need it'to help.them solve problems.
The initial effort was 1o hire the CRUSK group to Iook at the chsl Scrvu.c

+apparatus. The next step was to formulate a Washington Oftice Steering Commit-
“tee.. The committee was made up of the: three branches of the Forest Service
'whuh are Research, State and Private Forestry, and National Foresf Sy\lems In

1972 this committee on;,m.m.d a national workshop on Research Implementation

tation workshop they looked at several problems within the administration of

-research, and within the administriition of the Forest 'Service in particular, - in
regard 10 application -‘research  findings, Thcy came ‘up with about. 28
- recommendations——most of which have been put into effect. This was a week long

workshop. @ver 100 people attended. Most of the attendees were from the Forest
Service, Some of the findings of the workshop resulted in a new chapter to the

Forest Survice Manual and Handbook which . now covers the policies and
service-wide responsshilities for research lmplgmenl.lllon For the first time it sets -
~out that there will be field responsibilities for research implementation and coor- -~

dination. The Forest Service is:ilso revising its research program section to cover
responsibilities, roles, and lmplcmz.nl.llmn of research results. We orgunized i
Wushington Office Tusk’ Force to develop a uniform service-wide publication
syslem because we realized fully that one of the important means of communica-

tions is through a publication, process. This task force has \llbmlllt.d a dr.lfl report

‘ lo the Chiel of Staft.

Alsoin 1973 a Nation®l Research Informaiion Service Adwsory posmon 1o the
Deputy Chief of Rescarch was established. 1 became that. I was at that llme

working with the Northeastern Forest Experiment Station on information Serv-
. ices work.and I had a one-half responsibility for this national assignment, «

My responsibility at the Northeast Station was'to stimulate .special activities”
that would lead toward better or more rapid .lpplu..luon of research findings. This
-responsibility led-to the dc.w.lopmunl of a pilot project on p.ncku;,mg, research for

specific audiences. The success of this endéavor:hus generated interest in the
pickaging process for rescarch applications. We were able to take a bit of re-

‘search that one ‘of our scientists had on decay and discolorution of trees und by
unique p.u.k.nun;_.lh;oug,h iHustration. simple shdcrprescnl.lllons we were ableto

get the message out Tar bevond where he had been uble to reach with 100 technical

publications.” As a result:of that we were L,lven u responsibility to develop a

national guide that other scientists could utilize in p.u.k.lg,m;_. their reseurch. This

‘uudc is-now, .lv.nl.lhle

Eich of the.cight régional stations has an editorial and puhlu.dllon branch. But
out-in the regions and ireus (there.ure two aréus of the Forest Service and ten
regions) there is no one respgnsible for taking the resedrch information and put-
ting it into lunguage that the“user cun understand and use.

We have tuken a series of puhhu.lllons which were or I;_.m.llly cnlllled thl s
New in Research.in the West' und expanded that to *What's New in Research™
It.covered about four stations to expl.un what was huppening at those stations so

that w practitioner could undz.rsl.md it. ll he wants additionid information -he

,
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S knows where 10 go 1o get it We have a s‘imilur publication **FForest Rcsc m.h
© o News for the South™ which covers two are
v Our research administration in the W.nshmgon office has hcgn working wnh :
pcmmncl to umphly and clarity the researeh a.rudc evahition L,mdc to provide - °
© recognition to’implementation elTorts by sclcnllsls. We are trying to tackle lhc, B
rewand s)slcm ‘ . v
- " The Chiel and stalf are working with the Exténsion Serviee to establish Joml_
o locations of extension foresters and Forest Service specialists at research centers
N .md land grant universities, whenever le: mhlc ona puson -to-person busis torlhg
v *trnsler of research information.. o !
‘We h gve reorganized our experiment sl.nllom .md for the hrsl time we h.nvp wlioo
,pmnmn which has direct responsibility for research lmplcmenl.nl;gn We el itan S
Assistant Director (AD) for program planning and application. He is a key staff:
officer in the station. We had & workshop lor these ADs for pl.mnmg and .lpphcu- ‘ i
tion in February of this year, at which we established their orientation and major "+,
ohpcuuvcx by which they would: tackle? ‘the applicatioffsprocess. Weé have de- .-~
‘veloped & l-mcxny Technical Information System working with the ‘Atomic
Energy Commission in Qak Ridge. We are going to compulcnze our technical -
information system and storage retrieval so lh.nl the land mana&,er in c: 1se hc hasa- [~
problem, can plug into it and get an answer. -, P
My present pmllmn was established in 1974 in W.lshlnglon D.C.1serveasthe =
focal point Tor initiating, developing, coordinatings and lacilitating programs®-.
which will help accelerate the application. of® Ic)[csp service research results,
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AL CRUSK we do ‘""r‘c'sc,;u'cih Qﬁ‘lhe research utilization process: we also try to
o ogetthe knowledge we produce PUL 1o use by studying and improving our skillsin' -+
L the dissemination-and utilization(D&U) process. Often. we see in our own utili- -
S s zation work the same’ principles we observe operating in'the D&U networks-we.
- study. Today T will be fdiscussing"L')v,o,‘lh'of‘l'hese levels. using as an example-our
- four-year uction research project with the U.S. Forest Sérvice Research Branch.®

We have vworked from within the research.organization. so'it is this part of the

! "Fm'esl"Service"'l'\\'il_l"'l;:ilk“’ubo_ul."Thé‘ comments made by Mr, Hal Marx have
‘covered how the Research Branch-is rying to relate to the-total Forest- Service .
organization. In our work we have stresseda model which highlights the central-’ |

worked with the Research Branch'in a waty which puts us somewhat'in the role of,
an advocate for.the user. Howe ver, since we have been constrained to'work from
within ‘the Research Brinch almost exclusively. the lh'rusl‘ot'fou.r analysis ‘and

ity of the potentiu) user of.gesearch in the roral R&‘D,,;‘D&,U process.'so'we have'

feedb:‘ick/problcm-".s'olving work has been: what can the Research Branch do 1o-

improve huth the prodilclion.ot'knoWledgc and-the extent to'which it gets used?
The analyses | will talk about latér are geared 1o answering this question.

- Pirenthetically. I might note that researchers always seem to be more in-
terested in such work than are the:users. The reward systems of researchers, and
others for that matter. are tied up in the production. not in the input. In fact, most

~ of us here are researchers interested in getling oir products used. ‘Researchers ure

-more ‘motivated than clients 1o improve: utilization, and agencies such as the

. Government Accounting Office do audits which heighten this motivation (the -
~ Research Branch received un audit critical of its application efforts &t few years -
ago). The backdrop for our work. then. was an agency motivated—at least at the - e

top leadership level—to improve dissemination of findingzs, and uses to. which they -

are put.® .

x

.

Analytically . we have been working with two important criterix in this process: -

‘the researchers ‘contributipns to scientific knowledge.” and to applications of

(~

knowledge: The former is a necessary but not sufficient condition for the latter;” -

~As Hal Marx” comments might lead vou to suspect. the Res‘e\urc’h Branch has:

~been. historically. more concerned with reaching other researchers asthe primary

client for research: but the shift is now on toward applied clients. the natura)

resource managers. 'We have tried to emphasize thespoint thai u “clith analysis™ "

. A

. Is-more fruitful than trying to decide if the knowledge being produced is either - s
“basic’” or “applied.”” We feol thatz in many cases. it is almost impossible to look -
- atknowledge and make a basi -applied distinction. Also. even if the knowledge

can be classified as “applicable.” that is no clue as to.whethervr-not it uctually

gets transmitied 1o and put to continued use by clients who #re nofresearc hers. 7.

I'think this‘is enough background about our overql) approach. The materials in
Figure 5—1'will give you more information about the project itself. What | would
like o do now s to concentrate on IWo topics in- turn: (1) the action research
"R&D Lab Renewa) Model™ which we have been trving to get put into use in the

Forest-Service. und (2) the findings about scientific and -applied contribution

“which are-emerging from our research within this model.” At:the end. "I wil]

mention some of our learnings aboug rescarch utilization principles which seem(0

“hold true at both levels: (1) our work with our Forest Service clients. and (2) what -

“our research identifies about how they get their knoivledge put to_use. From what
I 'have heard ut this meeting. | suspect that many, of these principles may apply to.
the Navy situation. as well. . o o ‘

The R&D.Laboratory Model - .. R .
There ‘are four broad areus which we feel cojﬁpclenl;ly work with inan R&D
_organization, and which 'we-huve sludicdz‘n the Forest"Service. The

se are ‘the
\. : ' -
».‘ N ‘

-
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To conduct a comprehersive act:on-research pro;ect coverlng the areas ot
-(a) :Organizational planning and goal-setting = .~
» (b) . Individual satisf4ctions, information-précessing, and other personal factors
(c) “Organizational climate, leadership, functioning -
(d) Production and dgissemination of, outputs for scientific cllents and- for appI:ed cllents
Impllclt in:the notion of -action research’is a -detailed problem-solving perspective for.problem-

formulation,”data collection, analysis, feedback, identification and group problem-solving to work on - -
problem areas, and finally, an evaluation of changes in the organization. The overall sequence. wnll take S

‘something like tnve years (we are tour years |nto the process now).

TASKS - SR R

. Initial, problem tormulatlon was done through ayear's open ended mtervrewnng. learnlng. and setting
up ofan"” |ns‘1de team” trom F.S. Washlngton leadershlp. pr|mar|ly in research but with client represen-
tation as well ‘

Data collection- (year two) saw creatlon of a complete Fl&D organlzatlon questionnaire in the four -

“areas above, and collection of-data*from a census of researchers and a¥s sample of research techni-
cians, with an overall response rate of 94%. A large data reduction and multivariate analysis chore
toIlowed focusing on the criteria of satisfactions, scientific, and. appl|ed contribution, with some atten-
. tion to reward §in terms of G.S. Grade). - -

Recently we have been involved in guiding the data teedback process with small groups in each of
the ‘eight F.S. research stations and the Forest Products Laboratory. The mbde! has been.one of

“teaching problem -solving skills needed to derive problems from data, identify solutions, and build action _ *
" - plans for.them. The data have served to: (1) |dentlty predictive models’ for the criteria (and-hence,-

establish important predictors), and (2) indicate where the stations are on the criteria and their pred|c-
tors, to establish priorities for problem- ldentmcatlon Group dtscusslons use these results as.a spring-
board in result-validation and interpretation,

Future work will center ‘more and more in; helping the . system correct problems |dent|t|ed and
reinforce the- strengths. Prime areas-for national attention are; (1) a complete look at' research
apphcatrons—appropnate acfivities ~how to measure contributions, and the reward system; (2) de-

velopment of organizational skills'i in the stations; (3) testing of a short form of our instrument, gearedto * -

use as'a management tool. “The form will collect ratings of organizatipnal and tndlvudual tactors plus
Iook directly at the ettects of these factors on satisfactions and_ contrlbuttons : s

, FURTHER WORK

We have-also been working wrth a medical R&D organlzatlon in a more compact version of the " . .

project,-with an instrument. based on.the notion of point 3 in the paragraph above. Similar data have

also'been collected in an educational R&D lab by another researcher. In the future we- wull finish * ‘

e analyses at |nd|vndual project, and location levels, and write extenstvely

h;.,ure ’—1 Summar) of the CRUSK—U.S. Forest Ser\'ue Rcsearch Study

© focus areus s listed s the rows in ‘the model in Flgure 5-2. The areus are: (h the
~"-research planning process. both-long and \hml range: (2) Ochlnl7dll0n‘l| factorss
(3) individual factors.. attitudes. motivations. information processing, .uand

h.tcl\youml and 13y production of knowledge. dissemination. and utilization. We -

« did not prioritize these focus areas. nor put-any predictor—criterion, models on
- them before ‘we began to work. This may scare some social scientists: but.we
began with the ““free”” approach hec wse we think the criteria.and the models need

to be set by an'organization to meet ity needs. not ours. What we ure saymg is that

.l of these factors are needed; 1o give us a maslery, over what is:going on in the'
organization. but that how the areay interrelate and what the nnponlanl outcome
measures are must be specified by the client.” -

The stages in the action rescarch process. specified working.toward lhe ng,ht
UCTOSS the top of the figure. -constitute a moré -uctive. than normal role .for the
researcher in helping his client ynderstand and .use information. Though this
process provides. we believe. more useful and used outputs. it has heightened our
concern about factors such as long time periods in research projects. the necessity
- for lcum building. and. the réw; wd \vxlcmx in science—all fuctors we will discuss
as “parallels’ Jater. S

In lhc first stage of problem lonmul.tlmn “we sputl a full year srmply g,ellmg. o

I\nuw the territory ™ .tml the pz.oplc. in the re\c.ucL mgum/.tlmn T hls detail paid
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“ 3
Off in the coverage we were then .lh'L to provide in our \lIlVLy instrument. ‘the
plullLll\x power of our am I|V\L\. and in the ultimate dsefulness of the results. The |
-major data’ from' the problem formulation year consist of open- -ended group.

“interviews with about 300 persons in the Résearch Branch und client groups. ‘

From this:we went on into the second phase of the model. using a self-
administered survey questionnaire covering the four areas. M.my of the concepts

‘ ~used were taken from precedent works on research organizations, organizational
T development. and dissemination and utilization. All of the concepts were. how-

i ever, filtered through the realities u)nl.unul im the ploblem formulation results.
and through a Forest.Service project monitoring team. in order to’insure that we
were asking relevant questions. In anglysis we have concentrated on criteria
dealing with reactions (and s.msl.ncrmns) with the organization. contributions to-
l\l'lt)WlLLlLL and applications. and muc.mngly in fecent months, the notion of the
u\\.ud system. We find that interest in these criteria varies within the organiza-
“tion. We-have discovered that there is'more interest at the top of the-organization
with issues such as research ‘application, while individual researchers are more
-concerned with the organizational conditions which help or hurt their work: and
contributions of either type. Thus: we have had to keep o wide range of informa- -«
tion in the feedback data and reports we have provided for stations. and in the
meetings we have held for problem solving bused on the resulis.

< What h.lppgns during feedbuck and problem solving?-The following phases

seem 1o over most of the work done scp.lmt'gly in the var ious research stations.

1. Orientation of the clieat 10 our puspeulvcs. .md of us to their current
' problems: initinl meetings with leadership were used. too.
2. ‘I’ ‘esentation of findings dculmg with the criteria und with I.lclms which
relate strongly to the eriteria in nation-wide analyses. Datua are always pre-
.\Lnl&.d in o way which allow them to compare themselves with the rest of the
system. and in addition. by 1mpoul.ml levels (c.g. . /job status) within lhclr
Jocal organization. : - )
Validationof our findings ugainst the collected -.experiences of L_rnups from -
the station: ln cuses of disagreement between the clients and the data. we .
explored the reason for the diserepancy, and usually came out m.uum. with
the clients' judgments. '
4. Problem formulation. using the data and discussion as stimuli for th L_loup
to use in brainstorming sessions with the goal of ldgnlllymg real, c.onlmums.,
‘problems in that station. v

“ad

5. Solution recommendation, using continuing hmmslmmmg to come up with
alternative solutions. evaluate the alternatives, and finish with o list of rec- .
ommendations for action. - The recommendations usually went to station S
eadership for reactions and lmplgmgnl.llmn. . :

- _ i
o Oln role in the content of lhls wml\ was greatest L|lllll'|g th first two steps. and

guve way to inereased activity with the process used by.the meeting p.ulmp.mls
during the later phases. Validation wiis a particularly important step. since itwas
hére: in the group sctting. -that individuals came to feel they understood our ‘
mnupls;ﬁml could relate to them. In addition. they had the nécessary chance to . ‘
tocate problems in the data or .m.llvsls Several l\mds of problems were identified

R in various locations:

12 Conditions had chunged Since the d.ll.l were-collected. Here our desire to
~colleet complete data and do ‘cofiipréhensive analyses worked ag: unst our_
desire to be timely. In addition, the Forest Service-told-us-inno” tincertain _
terms that the xl.mons could-not-hold s{ill, or u)nsx.nl to hc control uoups EE

for us -

¢
<
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2. We had not asked the nghl questmhs Thls was p.lrllcul.uly true in L.l\e\‘

where 16cal conditions differed from those true nationwide. Were we to do
» the research again. for example, we would probably.put more emphasis on
- the financial aspects of research projects. Where*we did have an area cov-
ered: however. we fotind that the items seemed much more on target than in
the average survey. This we. attribute completely ‘to the amount of work
" which went on during the first year. and.to the fact that items were not added’
solely from the social scientist’s view of how the world (.md lhe concepls“‘f

- “working in it) ought to be.

3. Our analyses weren't complete. We found that our cllenls g.xve us valu.lble,
clues for variables which needed to be considered for qualifying conditions.
etc. The fact that they themselves are researchers helped no end here. The
comments added both to the predlulve power in our revised analyses, and to
the utility of the results—primarily smu. the cllenl could now have more
confidence in the findings.

Our general principle running through all ofour work is that ofdlrecl psycholo;,- '
ical involvement of the client throughout the process. and of direct interaction
between client and researcher at all phases. The “*action potential’ of the results is
much greater if the client“feels he understands and somehow *‘owns " the study, -
its concenpts, and its findings. On the other hand, the client needs help with the
plouss through which the findings get turned into recommendations:for qupporl-
ing good things or «.h.mgmg bad ones. These feelings of ownership are particularly
“crucial at le‘\delshlp levels. since these plov:de Q legmmdte entry to the staff—and
the staff in turn_ insures that |C(l(|Cl'shlp cannot ignore the study and s recommen-'

~dations.

1o think. this covels the process of our work sufhcnenlly The next quesuon
involves what we ve learned from the research. | have selected three analyses for
attention here. taken fmm the data for all. Fonesl Selvme Rese.uch stations com-’

~ bined. ] : .

Some Findings T .

We will be looking at .m.llysc.s oflhe to l\mds of contribution lescdrchels can

make: that to scientific knowledge itself. and that o applications. We have found .
that indices. of The two kinds of contribution do correlate positively—researchers -
w hm.m. contributing to science also tend to contribute t¢ applications. Beyond
this* however. there,are different plCdlLllVL models for scnenuﬁL (md applied
contribution. *

- The scientific L()nlllblllntxmlntle\ is_the vertical scale in Figure 5 3. Groups
h*r‘“ been defined by the computer. as a function of high-low splits on a set of
_predictors. so as to maximally predict the criterion of contribution by creating
groups (in & non-symmetric ‘manner—ihe. leLhmque is'called Automatic Interac-
tion Detéction). Notice one thing about the strategy we are using—wece hiave not
broughl back to the client any regression or correlatign analyses. We have: found

~that it is difficult even for reseagchers to derive dction implications from coirela-

tional findings. They seem to need /evely-on defined variables for gmu/n of iden-
tified type and size.

The analysis - shows us that lhc highest Lonlllbulor\ to science in the Forest
Service Reseduh Branch ure research team Project Leaders who are also *‘self
starting.”” in that they get a greater-than average amount of stimulation to per form.

*Both meastures Lqu.nll\ \\Lth appropriaté quulmnn.uu responses in three arcas: numhu of \mlan
nmpuls in l.lsl “\L yéars, number of-events-attended. and opinions about wnllrhulmn ‘ ,
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Figure 5-3 “AL D ” Analms of the Scientific Contrlbutlon Index (Data from

scientists and PI's) )
wellfrom lhelr own work. lde.ls “und curiosity. Théy are .1Iso more * LOL.nIlIVCIy

‘ complex.™ that is. they prefer to h.mdlc\m.my aspects of a probjlem-at once, rather

» - than working on.one facet at a time in a linear fashion. The combination of these P
three tactors. then. defines the highest group>making up about 13 per cent of the .

resx..uchers |n the organization. Smenlnls. as oppesed to Project Leaders, can’
.“compensate’” fortheir lower role.in the organizationalstructure by having a

Ph.D.. being more active in inter-project and mler-dlsph%\ llaborative re-

search. and having a good scientific information exchange er{\jlro“m'rent The
scigntific information environment and feelings of high challenge in work dnd\\
dedication to work help the non-doctorate Scientists.-On-the bottom in terms of
_scientific contribution are Scientists without a doctorate who'say their scientific
~information environment is bad. Organizational fiictors, then. seervcritica) for the MR
“scientific contribution of scientists but only personal cognitive and motivation

factors are impactant to the contribution of the research leaders. (Most of whom

were probubly selected for their job because they had these characteristics.)

.
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In hcdh.uk we would compare the peuenl.lgex in edLh of. lhexe nine groups -

from:the nation- \Vldc data with perc (.Cl'll.lLe\ in the station. We would also look at
‘the mean score¥ of the nine groups in the sl.,lllon. again compared with the na-
tional data. If o station found it had more researchers thanaverage in a low group.

and/or a’lower contribution score for that group. then it would have un idea of

" which t.u,lmx to work on for ch.mg.e For example, if"20 per cent of g station’s

research Scientists showed up in the non-Ph. D.—poor scientific information
group. then that: station would have a clue, that it might need to improve the

_information. environment Yor these persons. Wé *"might” because this finding
. would still need 10 be discussed and validated by the experiences of the group.,

The next example, in Figure 4. covers the indéx of applied contribution. It is ln
a_different torm for ease of understanding, but it was produced by the same
analytic procedure as was used above. What we are saying here is, and [ would

Lh.lllcn5c you to think about your own R&D organization. that applied contribu-

tion is affected most dramatically by the extent researchers think their organiza- -
tion supports their.efforts in linking with clients. The support measure includes
“perceived pressure from inside and outside the research team to get application:

the extent the supervisor pushes“'uppliculionz and the rewards perceived for such
work, also. What the threc plots show'is that the effects of support are positive for
all three groups. though a bit more important for Project Leaders*who get a greal

deul of stimulus from client problems. Client stimulus makes a difference, as does.

* HIGH R .
’r The 11 groups account for 32°’ of
_the variation in the index. . i
J(N-914) o, . 6.1%
2 1 ; he . . A
& PLs. High stimulus
from clients -
- (13~.40) .
[72] 1 . -
29 1 “ -0
>3 . _ -~ 86%
Q7o .-
52 .0~
oe Cieem T 226%
T 3 0 - . o
E4 . ‘ Scientists, High stimulus
‘65 -0 from clients (13 -234)
o= 12.3% . . [ N A
Na g’ . o \aa :‘.;\4
ws L o= 147%
1t o o
o Cd B -
< 5% ~
8'\ ‘ .O/ Scientists & PLs,
: . ~ 127% *  Low stimulus from
Py 3.1% - - v clients & their problems
- . - (B -.34)
/ e . .
o~ .
3.8%"
° LOwW .
4-5 . 3 2 . 1

) Low  -. ' : . HIGH.
T ORGANIZATIONAL SUPPORT FOR LINKING WITH CLIENTS’ ‘

‘Percent of all Scientists and PLs.

h,.,urc 5—4 Summdr\ of the “A.LD.” \n¢l|V\IS oi thc Apphcd Contnhutmn Indcx
“(Data from Sucntlsts ‘and- ‘PLs) ) 4 9 , . .
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S - _]Ob status {f the. lL‘\Ldthu is h:gh in ;_.eltmg this stimulus from clients. So. job

SR status, stimutation from clients, and a overall organizational sUpporl are the
important factors to know about in predu.lm;_. applied contributions. The support
- dimension, in particular, has come in for a lot of discussion during feedback as a
contlollmy_. factor in the amount researchers gel ; acnve in dpp|lCdllOns This brings
us to the final analysis.

" Just how do the two contribtition factors relate to rewards rcsedn.hers receive?

To answer: this we divided researchers into five groups, as @ fllncllOn of their
scores on the two contribution measures, and then compared the average G.S.
Grades of the groups, after wnuollmg for background and experience factors.
The results are in Figure 5.

' %40 'r_ 2 ) » ’ (17) .
. 135} .
., 130 |
w
(=)
<
T .
L O (13)
0 125 |-
0 ’
k % Scientist§
<
g
120 -
. 115 |-
4
110 1 1 | | 1
, GRP 1 GRP 5 i GRP 3 GRP 2 GRP 4
low on ‘Moderate Lo Scienti- High Scienti- High
both on both fic. high fic, low . on both
' Applied Applled . o

FIVE SCIENTIFIC AND APPLIED CONTRIBUTION GHOUPS

‘Means ad;usted lo remove ellecls of background factors listed below.

%

.Table of Covarmles S ) : Scientists ‘ PLs
. ' . t p te 7 p
Level of educalion . 15+ . .0001 35 001
Years since education compleled . . 80 . .0001 4.2 . .0001
Years in Forest Service research .. ’ " 6.5 .0001 23 - 05
. . . i P I
Equality of adjusted means dt T, 4,680 4,242 -
. ' F 6.8 7.1 ,

‘ . p. 10qo1 o 10001 -
l-q.,ure ~5 -Analysis of Covariance for G. S. Grade of Five bumtmc and. Apphe
Contrlhlmon (,roups

. * 5 O ‘
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"What we see is that. for lcxctuch team |’l0_]LCl Le.lderx those whio are’ hu,h in
applied contribution are .uboul one halt'a G.S. Grade lower than their colleagues,
regardless of where they are on scientific contribution. Comparc groups-one and

three: the only difference between them is that group lhru is high on .lpphc.mons :

while both are low in scientific contribution. Here. grolip. three is half a grade
lower. esen though. objectively. they are at least conlnbulmg in one area. More
serious is the cut taken by group four as compared with group two. Projec
Leaders in group four are high in borh kinds ofconmbunpn ‘but they are still half

trend for G.S. Grade'as the Scientist becomes high in either aréa and finally both.

- During data feedback, discussion immediately turns to the big.issue: whyb,'-;.,‘“
doesn't the organization reward applications work of Project Leaders? As we've

said carlier. the Forest Service has been concerned in the past with bunldmg its
sciéntific legitimacy. academic credibility. building laboratories close to univer-
sity campuseés, and so on. Reputation buiilding is a necessary step: but, what we

~are seeing is that rewards are not yei ready for the next step which the organiza-.

tion is trying to take. We suspeet that a great deid of work will be .needed tn
Lh.mge the peer evaluation \y\lcm and the government guidelines for evaluating
\LanLC : - - :

‘ Parallels ‘ . e

o
| w.ml to close with some p.mlllelx L-haveseen at the two levels we l.lll\cd about
.uher the use of our knowledge about research pr oduction and utilization in the

“'Forest Service. and what we see in the Forest Service as they try to get their

knowledge put to use. As I said. some of these seem to apply to the Navy setting

s well,
First. of course is-the reward problem. It seems endemic—as much ot a diffi-

culty in the Forest Servicé as in academics in rewarding efforts to get research

applied. It seems that the people in charge of research orgonizations are only.

beginning to move in the directionof emphasizing application—and more so in the
government than in wcademics: but neither gr oup has taken the next uqu:rcd step

“of putting rewards where their_verbalizations are. S

A second parallel-is that pr oblem of maintaining a Iong. time sequence of proj-

“ects. | have indicated that the Forest Service project is .l_lpul to five year etfort.

We have had difficulty maintiining our momentum as a research team. Social
Scientists arg geared to work on short range things. Very few of us are psycholog-

ically keyed to not huving an answer.for the next four ygars. This. ot_)mxe ties -

immediately back into the reward system pmblgmx All of these things mleu;cl
We see the same difficulties in the Forest Service: if we think a five year time
sequence is bad—what do you do it you waunt to study thé complulu regeneration
of the forest? It may take a generation before the project is done. creating a
motividion and momentum problem. So both of us (we and the Forest Service)

seem to have pmhlcmx in terms of time scale: 1 haven't heard this mentioned as so

areat i pmhlum in Nayvy R&D. however.

Third. is another time problem parallel. that of turn-around time. Qur .malym
being as-detailed as-it was, took something like a yoar or a year and one-half? As 1
said, the.organization moved,out trom under us. In the Forest Scrvice. we hear

~* the same’thing. We hear clients complaining that. By thé time you guys came

“back with your xolulmn to the pmhlcm we had slmplv flipped a coin tor a solution

and wént on. That was last year” ‘s problem. This year's problem is x. y or z. What

do vou have to teH ine on that? It seems lhdl rescarchers are still tied to lhc .01

i, : , 5 1. K )
L - Uy .
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©_a grade lower than their peers who are high only in scientific contribution, The .~
© reward system for Project Leaders, tth appears 1o give i negitive reward for
,.lppllc.nglons For Scientists, the picture is not so bad—we see a general.positive

£
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‘Ic\'cl or-even the ()()I level of sl&nmc.mcc before they will say 'mylhmg even
- ‘jlhough the real world often makes: decisions on the flip of a coin. Clients are.
'saying to us-all the time. **Why don't you give me a.60-40 guess?*" If you stop and
. -think about it many of us researchers. change hats. We take oft the conical peak -
3 . - hatof the .u.adc*mxcn an and put on lh; hard hat of the consultant. We will go out
' into the real wwrld and we will help people. What we do when we do that. is f{orgel )
the data ané fiie from the hlp We use our hunches, which are educated guesses
based on what we, think is going. on. We are -not staking our reputation on’a
- probmi!it. level.‘Clients are asking us to do more of this. even within cur :«-
. .seesch proiects. With both systems we have somé problems doing lhls Thiz
pro:bably true for the type of research that you do also. ’
~ Fourth is familiarity with the client. This is a erucial factor in the 5uccesc of
research, primarily.:1 maintain, because of the fact that research must be designed
to meet the needs of the clients. Itis also required to help solve problems I havea
- rule of thumb. About the time that'1 feel you could go'to work as a x’esedrcher for
~ that organization. or about the time you go to a meeting and are mlslaken foran
employee ol the organization, then that point in time you are dl “the level where
you can-begin to make some positive inputs to that or}_,’mnzallon Before that it'is
best to be quiet.
Fifth is the problem of the R&D o client ratio. This ratig brmgs in the need for
Hlinkers and ‘person multipliers. These concepls have also been discussed during
this meclmg Our project used two people. On the ayerage ‘ther’e has been one
scientist man year on the project. There are about | ()00 researchers:in the Forest
Service R&D community: but it least 40,000 to 50.000 who could be potential
users of the informaticn they produce. That ratio,is very large. Somelhmg needs
+* 7 to be put into the middie. We all have Iedrned/lhdl people make better people

o multipliers than impersonal media—both we and the Forest Service re begmnmg
to move into the arca of training other peoplé to translate knowledge and pass it

.. along. The Department of Agrlcullure sl.uled the extension concepl ‘but some-

“how there has been a problem in c.lrrymg lhc tonceptl over into lhe Foresl

" Service.
The sixth patallel is that we all have to learn lhdl researchcrs cannot take-all of |
“the blame for lack of use of knowledge. Again it goes back to what people are
- rewarded for. We have had a few reward problems in that we are demanding a fair
_:amounl of time-from people out.in the field. Time was needed to derive solutions
based on what we had found. but they may not get rewarded for glvmg us this
tinte. ‘Fhe Forest Service rescarchers have the same problem. It doesn’t 'say in a
Forester's job description: “onc of the things you will do. and get rewarded for. is
listening to the researchers.”” | don't know of dnybody s job’ descnpllon in dny
agency which is written this way.

Seventh is. the paraliel of organizational support, the thing that we saw was $o.-
important in applied contribution. SOCId' science is.still overly concerned with the, -
academic image and rewards rescarchers for contributions made in narrow scnen-!
tific specialties: as judged by scientists themselves. R&D organizations seem to .

' be llndbh. to bre.lk the mold. provide support for their staff. and put pressure on -
the larger acadeic cominunity lhal what the lib and its peop’le dois valuable and
important. : .

The.eighth pdld"(,' i cne which 1 see in .1II ot the syslcms lhal is the * musnc‘gl '

. chairs problem.™ Just about the time we in our research get someone trained in
- one of.the stations to know what we are talking about. orJusl about the time that -
the ch.sl Service rescalch branchgets one of the people out'in the regional office
trained. QrJusl about the time, you get that Navy C.lpl.un so that he knows what
you are talking about. the person is gon¢. The turn: -around time seems to be
. something like two years. Then you must start all over again. We are not too bad

>
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up or across to other stations. People that we worked with Larher are showing up

Forest Service research because when. clients '*go up®' they tend to get moved to
another region, away from the smeon lernlo*/ Inthe case of the*Navy, | would
- 'suspect the problem is even more severe. We all need to think of mechdmsms
- which. willFmake our application .inputs ‘transfer-proof.” - -
The ninth and final point involves the need to work in ledms We need to
because we are’ concerned with doing good social science and with' the group
processes required to get our results and model put to use. We also need team
members who **know the Territory™* of natural resources. The Forest Service is
also moving more to interdisciplinary teams as Ihey come to work on motke *‘real-
“life™” problems. Most researchers are too narrowly lrmned to be .lh\e to dOJllbllCE ‘
to the scope demanded in most *‘real’ problems.
~ Inconclusion. 1 have tréed to illustrate the process we have used, logelher with
o “some of our findings from the Forest Service prOJecl Both what we have learfied
- in.the process and about the ‘Forest. Service point to a series of pamllels The
‘ pdr.lllels stress the importance of providing organizational conditions and- sup-
ports (pdruculdrly rewards) which permit researchers to contribute to both sci-
ence and dppll(. ation at the $ame time. The. dual conlnbullon mukes tremendous -
‘demands on rescarcher and organization altke. and means we h‘lve much to learn
~ about being timely, involved. broadbased. and relevant to our clients.

References .

. ' fhc Forest Serviée ‘Project is deseribed ‘in 1wo documents, Annu.ll chorr FY 73-74 and Annual
« Report EY 74.75 by David A. Lingwood amd William C. Morris. These reports are available from
© Center for Research on Utilization ol Scientific Knowledge, Institute for Socml Rescarch, Um- ‘
\usuv of Michigan. Ann Arhm' \Ildﬁg.m - . L
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“administrators in the system. Usually: whcn people leave from a station at which. - 1‘
‘we have worked. they either go oul 1o retifement or they go up. Many have’ moved T

in surprisingly useful places. | suspect that this does nol happen with the clients in - -
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lhc l’lcsldunml lnlcmxhlps in Scncnc, lmd hngmuenng ‘Program was initiated

E fundmg. bcmg, provided by the Department of" Labor. : ;
%+ This program enabled unemployed or underemployed scientists and eng,meers o
- “holding advanced degrees to work for a year at Federal Research, and Develop-
- 'ment laboratories. AGne year nomenew.lble stipend of up to $7, 000’ per year was
R 1 ¢ anlednto euach n}l(.(rn with the labor .1!0|y plovullm> matching lunds or, m many
c*lses larger amounts.
.2+ The internships were intended to help lhc scnenllsls and engineers to broaden
= lhenr work’ expeuence’thcreby t.lclhmtmglhen transition to future jobs néeded by
. somely To this end, a’total of*557 scientists. dndlenglneem were gl.mled intern-
» \hlps at 72 laboratories before the program was,concluded in the spring of 1973.
oo . ltis unfdrtunate that no system for momlormg and evalualmg the program was
‘_estabhshcd before it was started. At the time the program concluded, httle was
l\nown about its success or failure in accomplishing its objectives.
+ - Inlate 1973. and early 1974; two naval officers who were enrolled in a program
“Ied(lmg to a Masters Degree in Management at the: U.S. Naval Postgraudate
School, undt.rlod\ a slmly of the internship program.! Thls reporl descnbes and
summ.uue< lhen thesis and their eHorl in plep.mng it. Co

El

[y

The Purpose of the Study

The sludy was initiated in.an effort to measure the effectlveness of the Presl-
dential Internships in Science and Enmncenng Program The speuﬁc ObjeClIVCS‘
of the study were as follows -

S

1. To determine’ lt the pro;,r.lm helped the ifiterns o obt.un employment in lhe .
science or engineering fields.. AL
“To determine - lf the mlelns provlded lhe I.lbor.uones wnlh Qa specmhzed
talent.

To determine how long it look lhe mlelm lo become productive members of
their laboratories. » e ! .
. To determine what cflccl lhe mlemshlp h.ld on mﬂucncmg lhe interns lo '
seek a doctorate. Y .
To determine if the interns’ salaries and 'ulv‘mCLmem p.mems were equnv.l-
lent to those of their contemporaries. ‘

. To determing if the internship increased the mlerns Cdpdblllly for lechnol- ‘

. ogy transfer. -
. To determinc how u.chmt.xl mlon mation was u.mstened ‘between the mlems
~“und other members of the labor atory. and to examine how mtonmanon w‘n
. obtained by laboratory members. , "
~To determine-if there were'identifiable b.urlels to lhc transfer ol leuhno]o;_,y
“hetween the interns and other members of the laboratory.: ‘
To determine some of the characteristics of the interns involved. Of parllcu-
lar interest are those characteristics that can be ussociated with the linker
and. stabilizer concepts described by Creighton. Jolly.-anid Denning. (Ref. 2).
To determine if specificintern Lh.ll.lCl(.llSlle were rel.llcd to their pen form-
» anceat the l.lbomlory : .

9,

L '(dlu Chatles E. and lxorxmu Thum.:s B.. l\ld\l‘t/.ls Thesis. A Study of the Presidential Internshipin
77 Science and Engineering. June 1974 (opn.s are ‘n.ul.xhh. from the l)t.h.n\t. Documentation Center.
C.xmnr(vn Station. Alexandria. Virginia 22314, - ]
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The Background for the Study

L Dunng the period in which the: l’lcsldunm' lnlcrnshlps in Suencc and’En-
Eo L.meelmg Program was initiated. highly qualified young scientists and engineers
were enduring a particularly high unemployment rate in the airframe ifustry. Dr.
Edward E. David. Jr.. Science Advisor to the President. commented that ‘“these
» unemployed people could provide a unique source. of skills and resources, much

o ® ol which wus-dcvclopul at taxpayeis” expense in colleges. universities. and vari-

' “ous-luboratories.” In a'sense, these people repuscnled i vnal national resource

that was not being dteuw;ly utilized. SR

- Conc urrently. there was a’growing nLcd lhloughoul the counlly for research’in

i i smh arcas. as pollution control. trash disposal. management and integration of -
large projects. and the nuclear field in areas as diverse as new power systems or

e »eriminal and medical laboratories. The inltrns‘hip program could provide tempo-

i ~ rary employment for scientists and engineers.: expose the trainees to both the

B problems and the ‘capabilities of government research and development’ institu-
tions. and sgnd technological specialists into the mainstream of L,overnmenl umls.
whuh had previously not been able to afford such’ expertise. « -

S made a great, deal of sense for the federal government to prolecl its interests
by devising' means to utilize the skills’ that it had helped to develop. One of the
main thrusts of this study was to evaluate the .luompllshmenls of lhe mlernshlp ‘
pmu am as a means of uulmng these skills.
| " An essentiil I\ey to the success ol this plOLl‘.lm would be the dbl'lly of the
L laboratgries and interns involved to transfer technical information and knowledge -

from one 1o the other. TLLhnoIogy transfer has been defined by Gruber and :
" Marquis as “*the acceptance by a user ol a practice common elsewhere, orit may . - -
be a diflerent .1pp||c.mon of a given technique designed originally for another '
use.” (Ref. 3. p. 255-6). An example is the widespread adaptation of many of the R
space pmu.lm developments. such as teflon and sub mmmlurw.lllon ofeleclromc e
components: to commercial appllulllons : .

IT one accepts the principle thut y copsiderable amount oflhe nauon research o
-apd development elfort igvolved devising different uses of existing 1deas. or "
further sophlstlcuuon ol known concepts. thenit follows that an important facet of
rescarch’' and development is the capability to dlswvel .md u.msfer what has -
already been learned from one user to another. ‘

i Another important: factor to be considered regarding the mlemshlp program is
the capability of the program participants.to develop and utilize innovative con- .
cepts, Barnett cills mm)v.mon “.1 new thought. behavior. or thing which is differ-
ent from existing forms.”” (Rel. 1, page 7). ¥t is certainly not difficult to conclude
that'the solution to such r«.l.ntrvely recent areas of public Lonurn such as pollullon
-.control and trash (|lsp()\.l’ which had not becn generally lecognwed as high pr ior-
ity nutionad pmblgms i’ prc'vmus u.nel.umns, would lcqlure some mnovallve
lcuhmqm.s ! ‘

Creighton. lollv .md Denning (Ref. 2vhave suggested that Lerl.un ch.lr.lclcns-
tics of some individuals would rendei them more etfective in accomplishing the

" technology transfer mission than others. Thc.y wént on to describe those individu-:

: “uls who exhibit the traits of a g gatekeeper (one: who holds the strategic position in = -

terms ol the flow -of I\nowlulu from -souree. to application (Ref. kS pp. 7-11).

innovator {early ld.lplu of an innovi monL c.nly knowér (one who consistently

‘tukes initiative on his own behalf to.seek out scientific knowledge and derive

uscful learnings lhuc.tmm (Ref. 4. pp. 741, and oplmon leader (the ll'lleldll.l'\

from whom others seek information and- advice).

Individuals whoidisplay a high degrec of confoirmance to this (Igscrlplmn have
hu.n fermed by Creighton. Jolly. .md Denning as linkers .whife those who show

56
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,unly little u)n!mnl.mu were called stabilizers. lhgy |lIlthl‘ hypolhum.d that *
there would be a refationship between the output dhuuuy atilization ot research-
“and the behavioral characteristics of the. individuals in the user activities.
If linkers and stabilizers could bu identified in the intern group, ‘it would be of
o interest to analyze their pertor mance characteristics, as viewed by their super-.
. visors. in;order to see il there ‘were any significiant differences and if one group or
oo the other uchiceved superior performance. results. ldentification of such relation-

" ships, if they, uuslc.d could be of value to the lauboratories and others who are
_concerned with .quunmg ser vices of pwple to .ucompllsh resemch and develop-
ment tasks. , ‘

It would be pusumpluous however, to’ .nssume that the interns'themselves h.nd
: complete control of their destinies, and it should be recognized that the nature of
v Alhe l.nbor.llmy itselt 'would have somL impact on- the ability ‘of the interns to.
function as either linkers or stabilizers. If. Tor example, a laboratory had estab-
" lisheu policie’s that would serve as barriers to'the adoption of, technological i inno-
2vation. it would pgrh.lps be difficult for a linker oriented individual to'realize his
< full potential. ‘Barriers. in this context, could include such things as failure of the -
" laboratories to encouruge and reward innovative_ suggestions. failure of super-
. visors to recognize and accept their subordinates' ability to develop useful new.
. concepts. failure of the: organizition to maintain adequate channels of communi-
“cation whuchy employ;cs can: readily brmg, innovative ‘suggestions to' their
supervisors’ attention, and many others. It is also likely that some factors that
iy appear as b.nrnus or demotivitors to some individuals may- not have lhe'
same dLlllanl.ll eftect on others. : - . -

With these thoughts'in mind. the study was launched in quest of mlmm.mon

thi ll would prove n.lcv.ml to the: “concepts discussed .\hove »

hi Descnptlon of the Study

o A survey of lhe scientists and engineers who p.uhcnp.nled in lhe mlemshlp
pr ogram’ was conducted. It was.anticipated that some of the interns and super-
visors would no longer be employed at the internship laboratories. ‘Therefore, it
was almost certain from the outset that it would be impossible to-survey all interns,
or supelwsors orevento ohl.un a uuly random s.nmplmg of the original popul.n- ‘
tion. I8

With these llmlldllons in mmd the sample popul.lllon was selected ﬁom lhe
aboratories that” participated in the internship program. The sample was not

“random-in, that it was-limited to those laboratories in the -California area, or

“Jaboratories with a large number of interns. .and/or. Department of Defense
laboratories that could be conl.lcled by Autovon-telephone. These limitations
were imposed as a.method of minimizing the cost of the study and Lnulll.mngr.y
quu.I\ response. The lack: of l.mdom sample violates a prime, requirement -for_
statistical significance implications to the total population. “Therefore. the study’

0 team ‘was able to apply the st msllcul measures: only to the population. ot lhe‘-
sample. - 2y ‘
S A self dCSI&.n.lllnL quullonn.mc was developul based upon a research- of the-

* - literature which examined the ¢haracteristics and qualities of the linker. The:

- self-designation method was .uloplt.d as an ctfective but economic method of ™
*identilying the effectiveness of the program in that the individual's puu.plmns are

‘ * what actually’ affeet his behavior., (Ref. 5.p. 216). ‘ )
v Fifteen of the 72 laboritories involved in the internship program wer \clcued ‘
' These| lnboratories employed 137 of the 557 interns. Questionnaires were e sent to

lhcm The m.ulmL\ dnd n.sponsn are’ shown in Tdh'L 6-—] ‘

N
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N ' "TABLE 6-1
R QUES’IIONNAIRE DISTRIBUTION
- : Number Returned
Location C P Sets Mailed  Intern Supervisor

Cold Regions Research and : ’
Development Laboratory ) 4
Brookhaven National Laboratory ‘ 15
Frankford-Arsenal - ' 3 -
- Lawrence Berkeley Laboratory - .. . 9 .
| 2
3
8

LN O

"National Aerospace Medical
Reésearch Laboratory .
“National Center for

. Eafthquake Research
*  Naval Electronics
Laboratory Center
- Naval Missile Center
Point Mugu " 4
- Naval Ordnance Laboratory ‘ : .2
Naval Research Laboratory ‘ 44
" Naval Ship Research and ‘ :
Development Center . 6
Oak Ridge National Laboratory 12
- Pacific Southwest Forest and _ A -
" Range Experiment Station A 2 i
Picatinny Arsenal 10
Western Regiondl Research - .
Laboratory ' . : 12 ;
TOTALS o - 136 . 8

N O—=www

O ==
P
AS

o

~ ) =

A numbier of the interns and their supervisors were personally interviewed by a-
“research team member. The intervViews clarificd unexpécted: responses and |dcn- _
trhul results of the prou.nm not e\.mumd by lhe questronn(nre

Ouestnonnalres ‘ S TR

- Iwo separate quntronn.mes were L|I\lllblllt.d one o th lnlernx and the olhot‘,
to the xupuvrsor in thé Taboratory under,whose guidance the intern worked.
The jntern questionnaire was composed of 29 semantic difterential -questions.
“directed toward identifying the-effectiveness of’ the program. uand three open-
ended questions dealing with biographical data. .
A second questionnairein twq parts was intended to deter mine thc profcsslorml
- atmosphereof the laboratories as it d“t.t.lt.d the attitudes and pcrlormdnce of the
interns and to determine the supervisor's evaluations of the interns’ charicteris-
“ties and productivity. Each question was d\\OCIdlLd wrlh one or more questions in
th mtun questionnaire.

Resuits Matched to Specific Objectrves

This.section matches responses (o the qu;xtlonn‘uu wrth uth of' the obuctrva '
of the study. The objectiveis stated. a summary of the findings pertaining to the
ohu.glrv; is given. This is followed by a summary of the responses | (o cach ques-
tion wlmh Lonlnbuud to. lhdl ohm.lrvc : ‘

O
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Objective 1. Io dglummc i’ ﬂu pmgmm Iulpul the” interns Lo ohmm
employment’in the scienee or cm..mgcnng fields.
Seventy-cight puwnl of the interns strongly, agreed or :.lglu.d that lhc intern-

- ship hglpul 1hem Hbtain employment in thejr fields and 76% strongly agreed or -

.u.uul thft the ,mlunx‘hrp increased their employment opportunity. Ninety-four
percent of the supervisors strongly agr eul or agucd thatyhey would xewmmend
the tnterns for emplwyment. Only one supervisor disagreed.

The number of interns employed increased from 40 before lhcinlunship 1o 78

-after. Three of the interns went back to s¢hool after the internship while six of

them were unemployed. The tétal number of interns not holding |obs in their field

decreased from 62 before the internship-to nine after. Ol those six interns who-

“awere unemployed after the internship: one had been plcvmusly undu-employcd'

two had been employed i in their field. and three had been'in school.”

()/)/ume' 2. To determine i the interns provided the Ilbomloncs with.a

specialized talent.

Forty-cight percent of the inter ns and 465% of the §l|pu‘Vis‘0|‘§ strongly agreed or |

agreed that the interns provided the laboratory with a specialized talent. Forty-

four”percent of the interns and 4‘%“1 of the supen’mns fel"thal the interns proles-.,

sional knowledge was cither far greater o greater than the interng’ contem--

porarics. Only 7% of the interns and 10% ol the supuwsms “felt«t was less.
There wa$ a moderate dls.lglu.mgnl bewween the interns’ and supervisors’
responyes uumdmL the inferns” major value: to the I.lbomlmy The: interns lelt

-more strongly that theirmajor vidue was the knowledge they brought with them to -

“the laboratory or their ability to develop new concepts. with 59% of the interns

“selecting one of “hese responsés. On the other hand. 58% of the xupuvuors
“indicated that the interns® ability to understand and use concepts already in use at

-the labordtory or torcarry out instructions given by others was the mlems major
walue to-the laboratory. , - . :
Ohjective 3. Todetermine how long it looI\ the interns to become plmluulve
members of their laborateries.”

Sixty-three pereent of the interns and 509 of the stipervisors-felt that lhe interns
had become productive within two months. Only 2% of the interns and super-
visors. felt that it took the interns longer than-six months to become productive.

l'hnly -nine percent of the'interns and 6857 of the supervisors lhoughl that the

“interns had become pr oductive taster than mest other-new membery:
T ()/m crive.d. To determine what effect the: lnlgrnshlp had on mﬂucncmg lhe ;

“interns to seek a doctorate.

" Fiftyseix percent of the supervisors.strongly agreed.or agreed that their |.lb0|.l-
tor y's poIILy was to encourage internsto seek .l(lvunccd LlL_‘ es. while 1097 of the
supervisors disagreed with this statement. - .

OFf the 45 interns who did not have a doctorate pnm to th internship. 31

indicated that the internship had no inﬂucnu upon their desire to seek a Lloum.ue-

~and. that they had already decided one way or the other. Eight interns said. the

program mmun.u__ul them to seek a doclomlu dml four said the internship dis-
couraged them. N - - -
Objective 3 “To determine 1l th interns” salaries and advancement patterns
were LL[lllV.llLl]l to those of their contemporaries. .
The. interns™ and supervisers’ responses regar ding the interns” advi incement

pattern were, quite similar. Twenty-nine pclunl of the interns and ?4’/( of the

supervisors agreed or slrom__ly u_uul that the interns” advancement pattern w.ls,

visors disagreed or strongly disagreed. with this suppoxllmn The most frequent

Ldanswer chosen Iw both groups was ° umILudul

Q
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Sl\ly llncc pcucnl of the interns felt’that their s.\l.mu were cnhc: hlghu or

much higher than their contemporaries, while only 6% lelt they were lower.
‘Obhjective 6. 'T'o determine il the internship inere: |scd the mlum capability
for luhnology transfer.:

Seventy-cight percent of the interns and BO%. of the supuvnon agreed or
strongly agreed that the internship had improved the interns’ (uhnology transie
capabhility. avhile 10% of the interns and only "'/r ol the superyjsors disagreed or
strongly disagreed with this statement. :

Objective 7. To determine how lL(.hl]lCdl mtmm‘mon wias u.msluud hc-
tween the interns and other members of the laboratory and to examine how
‘information was obtained by laboratory members.

Filty-one percent ol the interns felt that the way in which the I.nhm.llmy shared
scientilic mlmm.mon wits either outstanding or completely satisfactory. while
only one intern indicated that héifelt the laboratory was t.ompklely unsatisfaétory
in this regard. Sixty-seven percent of the interns agreed or strongly agreed that
they were satislied with the amount of-information they received about what was
happening’at the laboratory and 60% of the sipervisors either .1g,uul or strongly
agreed that the top management of the I.lbomlmy was clfective in keeping the
scientists and engineers- informed about what was going on. One supervisor
strongly disagreed_that his laboratory was elfective in sharing information. The
negalive responses to questions regarding the distribution of informatign in the
laboratories were generally spread among severiil l.lhol.llollk.\ with only one ye-
Lcwmg predominantly negative responses.

Ninety-two percent ol the interns indica'ted that lhgy were able to. relate in
lgchmc i arcas with two or more other membiers ol thgir luboratpries. while only

“one intern could relate with no one. Twenty-live percent of the interns thought
they'dould relate with more lh.m six other Labomlury members (md several ol
. them indicated that they could refate with anyone in the laboratory.”

By tar the response nwsl»lreqmnlly chosen uas the most elfective way ol ©
.changing technical information in ths luboratory was “‘informal dicussions on a

~one-to-pne basis” with 83% of th interns and. 565 Of the Supervisors in agree-

ment. Orly 3% of both the intern® and superyvisor groups indic ated that written

“memos or reports. or formal meetings were most effective.

Fifty-nine -percent ol the interns indicated that other sucnlms.and engineers
from their faboratories were their wajor soyece of sucnllhc or technical informa-
tion and 4857 ot the supervisors lelt that discussions .mmng this grotip was: the
major method of obtaining information. Twenty:four-pere *nt of the. supﬂv:sms

thought that discussions. between laboratory membeis and scientisiST engineers

and cdueatbrs from other activities was the major way ol obtaining scientific
information: but only 657 or the inter ns felt that this was their major .soulu_: nl"
information. ‘

Most ol the super vmns 045y felt that it thc intern usu.ncd to’him had an idea

hre thought would be useful to llu. I.lbomlmy he would be most likely to discuss it

with his supervisor and only vo stper visors siaid the intemn wuuld wr llL arsport
or implement therqidea on his own authority.
"~ Objective 8. Todetermine if there were ulgnnﬁ.lhle barriers 1o the transfer ol
technology between the interns wnd other members of the liboratery.
The majority of the interns (736¢) and supervisors (60%) cither disagreed or
strongly disagreed lh.ll the p.\puworl\ uquucmcnls of their I.|hm.ll(nu,s were

“often unproductive.

Scventy-two percent off the interns .md 88% of t‘lc supclvmns ¢l thcr.lgucc or
strongly agreed ‘hat the l.llmr.tlo.y m.m.umnum ¢ncouraged its menibers to in-
corporate innovative ideas. OF 12 interns who disagreed that the luboratory en-

- couraged innovation. nine were assigned to stabi: departments that had few
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‘changes in scientific personnel. Remarks made by interns during the personal
interviews showed some beliel that older, well-established departments are not as
likely to enconrage innovation as newer ones.. ! .

I l|l) live percent of the interns and 8847 ol the xnpuvmnx strongly agreed or
agreed that the laboratory geve individual recagnition or linancial rewards to

members xug.;_uung new ideas. A much larger percentage ol intefns than super-

visors (2377 va. 6¢) Llls.lgucd or strongly disagreed with this statement, =%

Most ol the supervisors (7047 ) cither agreed or'strongly agreed 1+ most of the
innovative ideas or techniques suggested hy the interns were accepted by the
laboratory. OQddly, the interns who worked Tor two supervisors who strongly
(|I\‘IL.ILLL| that the laboratory accepted innovative ideas both said that all of their

| suggestions were accepted..

There was no general consensis among &ither the interns or the SUPErvisor s to
the primiary reason that the I.|hm.|lo|y did not adopt all ol their innovative sugges-
;mnx The answer most Trequently given what that they did not meet the Tuborg-
tory'sineeds. \\Ilh 244 ol the interns .md 3004 ol the supervisors choosing this
answer. “

Siaty-one puum ol the interns und 72‘/; of lhcrsupuv:xm s Telt lh‘ll the restric-
tions ln]p()\u' on scientists and Lnymu s intheor pm.mng new ideis were minimal
or very reasomible. Only ong super vnsm Telt the restrictions in his lnboratory were,

exeessive.

Mast of the interns (8607) .n.uul or stronily ag.n.ul that their \NpLIVl\Ols had
an open door policy” There was only a muderate indication that those six interns
who disagreed or slmngly disagreed with this statement felt that their laborstories
were restifetive in incorpoiating new uIL.ls. did not’ cnc.oul age innovi mon. or did
not give individual recognition: S J

- Obhjective 9. l'o determine some ol the Lh.ll(lLlLll\llL\ ol the .interns
involved, OF particular interest are those characteristicssssociated with the
linker .nml \lv.lhl'l/Ll LOﬂLLpl\ LlL\Llth(l by Creighton, Jolly and Den-
ning. (Rel. :

Fifty-two puum ol the interns und 6257 ol the xupu'viwrse indiciupd that the
“interns had supplicd- one or two original ideas Tor projects. Six percent of the
interny and one percent ol the supervisors said the interns had provided hvc or
mote original ideas, .+ s "

Thirty-seven percent of the interns said they had recommended three or loun
articles to their colleagues. 1567 had-not recommended any, and on_[y one had
recommended six or more. ;

Filty-cight pclunl of the interns mdu.llul that they uLuI.uIy cad up 1o six
Journals. magazines. or newspapers. Forty-two pereent read seven or more. None
of the interns indicated that they did not regularly read it least one periodical.

Three times as many superyisors disagreed or strongly disagreed that they went
to the intern as o frequent source ol information as those who agreed or strongly
agreed. “Fhe largest single grouping however was the 44% who were undecided.

Seventy percent of the supervisors ggreed or strongly .luud that most of the
ideas suggested by theinterns were accepted by the !.nhm.uory while only 12%
‘disagreed or strongly disagreed. :

“Ohjectivie 10. To determine it specific intern Lhamuulxllu were rels llul 10
their performance at the luboratory. - ‘

It was speculated that those interhs having th slmngul linker traits would

~have different pqtmm.mu characteristies than those with stronger stabilizer

traits. Inan effort to prove or disprove this supposition. intern questions which
were designed to measure linker-stabilizer traits were cross-tabulated with the
related supervisor questions which should give an indication of the interns” per-
Tormance. For this amdysis. only those questionnaires that provided miitch-ups
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between interns and their individual supcl'\'ism'\' were used. This restdted in a
substantial reduction of the sample size of 31 intern-supervisor match-ups. ‘The
resudts of this cross-tabulation showed no apparent relationship between pertor-
" mance.characteristies and linker-stabilizer traits. ‘

Next, an anilysis was performed by comhining the scores on séleeted. mlun-..‘,
questions and l.m}ung the interns according to total seores obtiined, The upper:
© o group was designatéd as potential linkers, the lawer group as'potential stabilizers,”

: and the indiscriminate middle group as neithor potential linkers nor stabilizers.

. The dinker-stahilizer groups were then cross-tabulited against the same supervisor
Squestions listed in the preceding paragraph. Again, no apparent relationship
‘ c\lslcd hetween the performance ol charaeteristies.and linker-stabilizer-traits.
Various other combinations ol cross-tabulations between intern questions de-
signed to measnre linker-stabilizer traits and supervisor questions that indicated
intern performance all failed to produce any xl{.mhg.ml relationships huwun

the two.

L. i . 5.

* Analysis o ,
The responses from the interns” and supervisors” qucslionmﬁrcs were recorded
on comptiter cards and analyzed by utilizing i set of computer pn‘)g'runm’ cilled the
. Statistical Package for the Sociid Sciences (SPSS). These programs provided the
- imeans to obtaiy a timely overview ‘of the data received. ‘ :
The SPSS program was used to provide cross-tabuolations; to compute values of
-chi-square and to compute Pearson Produce-Moment Correlation Coefficients.
These three methods of comparing responses to varigus combifiations of intern-
_supervisor questions were uxul to ulumlv IlelllOn\hlp\ .tmong. the- question
“FeSponses.
The cross-tabulations simply pmvulul contingencey tables which, .tllhoug.h not,
o p.unull.ulv useful by themselves, were the basis for the determination of chi- ~
square significance levels. T he chi-square significance levelsewere in turn used to
‘measure the degree of inter ngpcndcnu between the two qUCsliom being
compared, . :

Very few of the mmp.uuom pIOL|llLCL| a significance figure of 5% or less. which
was the risk level considered appropriate tor.this study. This result indicated that
the response patterns for the two groups, interns and supervisors. were not inter-
dependerit in general. That is. the two groups tended to respond ditferently even
when asked identical questions. -

The major arcas in which their answers .nppcmul to be inter-de pgmlgnl were in
regard to the extent ol luboratory restrictions. the effect of the internships. ypon
the interns’-technical transter cup.lhllnv. ‘and the propensity of the .nlmmlmy to

eneatrage innovation.

The nnmber of chi-square comparisons made was |ImIlLL| to those m.udmps

. lh.nl appeared to be particularly pertinent to the study. . .

" Pearson’s correlations wete:computed for all possible combinations of intern-

-supcr\'iso'r questions in order (o aseertain it there were any lincar-relationships.._ .
‘ between the answers given hy the interns and their supervisors. Those combina-
= tions that resulted in o correlation significance factor of 0.05 or less were

examined in greater detail in an effort to determine which specific factors were
related. Some of the more significant relationships were simmarized as follows:
1. The interns were more likely to feel that the program helped them to obtiin
~employment when their luboratories had relatively few restrictions.
2. Witheinterns thought the program increased their cmplovmcnl opporlu‘nilv
the taboratory was likely to hitve encouraged and re swar LlLLl innovation, and
to have exercised few restrictions. :
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supervisors thought that_the intern’s technology-téansfer- c.np.nbnht\rw'\s IMprove

"
B :

RN thrc the interns-telt that the laboratory encoitraged innovation, laboratory

estrictions were apt to hc minimal and most of the_interns® ideas were
du.c.pl&.d by their SUPCIViSOrs.

their supervisors to become productive faster-than others.
5. Theinterns who were assigned to the mote stablé dgp.ulmgms felt lluy had
a better advancement pattern than their contempaoriries.

6. The interns who thought their supervisors had an open door policy lool\ less:
time to became productive, had most of their ideas accepted by the labora-.

«tory, .provided the I.nhm.umy with a specialized talent. had a better ad-

ancement pattern than their contemporaries. and were gonsidered by their

SUpervisors to have a greater degree of professional knowledge than their
x.unu.mpul.nlc - .

Conclusions .

From.the outset: it was apparent that the I.ng.g majority ul interns were helped
by the internship program. Over hadf of the inferns um.uncd with the laboratory
upon mmplc(mn of the mlunshnpo.nml most of the others were either adequately
employved in their field of expertise or had returned to school. The internghip
progriom also gave the laboratories a unique opportunity to-evaluate the perform-
ance of the interns inexpensively and with a minimum of contractual obligation.

Personal interviews with supervisors and personnel managers resulted in a clears

cut consensus that they felt the program had been really beneficial 1o them. In

Interns wlio thought the laboratory ru'u_rdcd innovation were judged by !

most cases. the supervisors would have gladly -retained the interns assigned to -

them under this program if funding and puxonncl ceilings had pummcd

_ Althotgh the interns appeared to have provided the luboratories with technical’
expertise they could not have otherwise afforded: there seemed to be a tendency
tor the supuvnxons to view the interns’ role more as trainees or hclpens than as
rescarch specialists. Personal interviews.with some of the supervisors revealed a.

lack of complete knowledge of the objectives and ground rules of the program. In
one case, tor instance. the supervisor was uot notified in advance that an intern
was going to be assigned to him and was not advised of the purpose of the

assignment.-While it is not known how widespread this lack of program knowi-"

edge was. there-is some evidence that better communication throtghout the

. laboratories at the beginning of the program wuld have resulted in-better utiliza-

.

“tion of the interns” skills. -

The ability to communicate and utilize concepts that are wnslducd lechnoloy—

ccal advanees has been discussed as a primary characteristic required of the pro-

gram participants. 1t this is so. then the technology transfer capabilities possessed
by the interns should have been a considerable asset to the laboratories. A large
majority of the interns supplied at least one original idea for non-routine work-
IL|.IlL(|zPlO|LLl\ that were completed by the laboratory; wnh,m.mv of them provid-
ingseveral such ideas. Additionally. it was appirent that both'the interns and theit

during th—ll’IlLln\hlp period and this increased ability should prove even more
useful to them in future assigriments. "

An element that should be of considerable 1 importance to laboritory managers is . |

the means by which technological information is exchanged among their scientific
work forees. In this case. one-to-one discussions hetween laboratory personnel

- were by far considéred the most effective means of.exchanging such information.:
- Small informal group discussions nearly completed the number of methods that

laboratory personnel felt were eftective deviees for communicating technical ‘in-
formation. Written reports and formal meetings were not considered by many to
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be the best meuans of accomplishing this task. These conclusions result in the

—requirement Tor laboratory, managers to cansider ways that technological informa-

tion can be elfectively distributed to more than one other person or to Targe
numbers of personnel. Perhaps one answer dies in the |dcnnhcul|un and more
deliberate planned use-of *his linker-agiented personnel..

Although, there are no_set criteria for classifying individuals s linkers- or

stahilizers. it was powhlg during the study to identily interns within the s.unpk
group that possessed relatively-high degrees of linker or stabilizer tendencics,
From the previous conclusion. one mil.hl surmise that the laboratories would
hitverused lhnx. twd groupings of interns in different ways in order to make best
use o their respective talents in .lumnpllshnu. the laboratories™ research and
development mission. There is. however, little evidence that the laborutories
Formally recognized lhc charadteristics described by the linker-st; ibilizer concept

and there did not appear to be any significant differences in the luboratories’
utilization of these two groups.
The supervisors™ evaluations of the interns’ pulmm.mu also did not show any

su.mhg.ml dilferences between the linker and ‘stabilizer oncnl;d groups. One
assumption that perhaps comes too casily to mind when wnsulgnng the linker-
stabilizer charactéristies is.that one’ group is likely to be superior to the other in
some of their performance or output traits. The results of this study do not
suppaort that assumption hm\ ever .md one might xpgculalc on the possible reasons
as follows: :

by
g

unknown-influencing factor, was not included in-the scopu of this study .md

'\upu\l\ms recollection of the interns’ performance. - -7

Ve ! . . { gy
I"he one-year pcrlm‘muncc period may not have been sulficient to allow lhc

dis'criminulim. traits to emerge. be recognized. and be utilized.
Performance is not evaluated on some unigue. absolute scale. but is more an
interpretation of the Ll]]P'O)LL\ performance as seen through their super-
visors® eyes. i.e..a supervisor with strong linker traits might vaiue the sume
traits in his cmplmc;x more highly than a supervisor having different traits.
The study may, not ‘have adequately discriminated between linker-stabilizer
charicteristies., '

The interns may nol he a l\'PIL.l' group in terms ol linker-stubilizer Lh.ll.lL-
-teristics
The elapsed llmg <|nge the. termination of the InlLIn\hlp program and the
study (mm.uu. from one to two-and<i half-years). tended to uhscm the

The pusslhlc existenee of one or more of the above fuctors. or some other

therefore was not investigated.

In general, there did not appear-to be an excessive numbcr of barriers in the ™

laboratories that would tend to disconrage meluyu,\ from submitting innovative ~ _.
suggestions. Fhere was some indication. however.” that individual laboratories
that had specific types of barriers. such as luck of an open door policy by super-
visors. were less likely to receive and use innovative suggestions lmm the interns,
This trend was not strong enough ' to be considered conclusive. :
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Inlroducllon e ‘ : BRI

CThis paper describes a method that h.u been d:.w.lohul to measure the cm.c- '

lwcm ss of a technology transfer program. The method was used on an on-going

Navy program and showgd that-benefits to Navy users-amounted to almost $3for
every program dollar spent, The method was developed by two Civil Engincering

Corps officers. LCDR Jack lkmlmksun and LT Bill Fisher,ind documented as

a Naval Postgraduate School report in December 1974, 1t was their thesis for the - ‘

degree of Master of Science in Management. ‘
The technology transfer program described in this pupu was funded by the

Naval Fucilities Engincering Command (NAVFAC) and executed by the Navy's -
Civil Enginecring Laboratory (CEL) with the purpose of providing rapid response;
service on short term requests for technological assistance from Navy shore.

activities, The program is umulmuu.d by CEL's Fucilities Engin¢ering Support
Office (FESO).

It is also desirable to recognize some follow-on work by Pmlu\ot Jolly who' -
_was i thesis advisor for this study. He let me read a draft of'a related paper he was

“preparing and some of my wording may sound familiar to him.

There have been various efforts to measure the effectiveness of the Assistance
Program. However, the need for a comprehensive method of quantifying benefits
of this program have persisted. That need has now been satisfied by theevaluation
method developed by Hendrickson and Fisher.

Y

Outllne

To st.l the stage. first some buc.kz,mund on the Naval Fucilities Engmcermg

Commund its' R&D program and its Technology Transfer programs: Then some
buckground on the Civil Engineering Laboratory, its Fucilities Engineering Sup-
port Office. and some details on the Assistance Program. This will be followed by

some comments ‘on the internal-methods that have been used at CEL to evaluate .
program progress.. Then there will be a discussion of the ‘npprouchc\ previously 7o

used by the Naval Postgraduate School to evaluate the Assistance Program. Next
will be presented ‘the derivation of the evaluation- model by Hendrickson and

- Fisher. This will be followed by the application of the mndel to the FY74 program

data. Finally. the results of cost benefit analysis pcllmmcd uxmg the model will be
" shown. By approaching the subject in this way, the plan is to ;,lvc you « feeling for
the NAVFAC/CEL Assistance Program and the environment in which it func-
tions. With that background, the discussions that follow on the development and
exercising of the evaluation model will be more meuningful and allow you to refate
lhcsc efforts to an effort or program llml you might want to evaluate.

3

Organlzauon and Mission

“Figure 71 depicts the big organization picture and the rclullon\hlp of two of the

main players, the Naval Facilities Engineering Command and the Civil Engineer-
ing Laboratory. CEL is under the administrative control“of the Naval Construc-

tion Battalion Center at Port Hueneme. CEL is i detachment of the Center. butin
‘R&D matters CEL operates lin a4 somewhat autonomous manner mukm;, dlreu ‘

contactWwith NAVFAC and others as necessary.
The Naval Fucilities Engineering Command executes i program of Resunch

- Development. Test. and Evaluation for shore facilities, Advanced Base and Am- ‘
phibious. Operations, Scafloor Structures, Environmental Control. and l'ncx;,y‘

Conservation. The part that is of interest today is related to shore facilities.
NAVFAC s link to the shore facilities is primarily through their Engingering
Field Divisions, their Public Works Centers. the Public Works Dt.purtmenls of

~individual Naval Activities. and the NAVFAC construction program offices. the
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Figure 7-1 Commdnd Organization. This diagram shows the relatlonshlp of the

‘Naval Facilities Engineering Command (NAVFAC), the Naval Construction’ Battal-
mn Ccntl'r (CBC). and the Navy s Civil l-,ngmeermg., Laboratory (CEL) ‘

thgel in C'h.nrgc of Construction (OlCC) and Resident Officer in Charge. of
- Construction (ROICC). (See Figure 7=2). You will see and h(.dl‘ more about these
~field org(ml/almns later. :
- The mission of the Civil Eng.mccrmg L.\bor.uory is a reflection of NAVFAC's

- R&D mission: To act as the principal Navy RDT&E Center for shore and sea-
floor facilities support of Navy and Marine construction forces. The part that we
wnII be, looking atis related to shore fucifities because the purpose of the Assis-. .

tance Program is to provide .\sslsldnce to Shore activities. A-major portion of the . .-
NAVFAC R&D program effort is assigned to the Civil Engineering Laboratory: .-
.in the form of specific research projects. Figure 7-3 shows a brcakdown of the .
“FY4975 program by mission areas. About 65 percent of what you'see is funded by =
NAVFAC with the remainder coming from.other Navy, DoD, and non-DoD -

L “sponxors A significant portion of the NAVFAC program accomphshed at CEL
s provides R&D results which benefit the N Navy' shore activities'in efﬁcnently and .
LﬁL‘LlI\L')’ meeting ¥heir independent missions. These would’ primarily be in the
aréas of.Shoré und Harbor Facilities, Energy Conxerv(mon and Env:ronmenml :

“Pollution Ab.:lcmem ‘ REROEN
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| NAVAUFACILITIES -
ENGINEERING COMMAND S
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(0ICC) . - J

- ~ . PUBLIC WORKS -+ .
“-PUBLIC WORKS L DEPARTMENTS (PWD'S)
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Flgure 7— NAVFAC Relatlonshlps for Facilities Matters: The links between the
“Naval Facilities Engmcerm{, Command (NAVFAC) to the Engineering Field DlVl- :
. sions and othc Shore facilities. activities are shown.

‘30

3. o
0 M. B i .

. PERCENT EFFORT - -

. 'f,‘$" : o
0 ISRAL. i : . .
©,SHORE & ~ SEAFLOOR' '@ NAVY& ‘ENERGY . ENVIRONMENTAL
- . " HARBOR FACILITIES MARINE CORPS CONSER- ' -~ POLLUTION
v FAC!LITIES S o CON%TRUCTION VATION ABATEMENT
_— ; FORCES . - , :

J‘lgurc 7—3 I‘undm;., h) Mlsslon Areas FY 75 Fncr;,\ and cmlronmcnt have beeome .
neres ls‘m;.,b important now amounting to about one-fifth of lhc Cl‘ L cffurt Shore -
dl‘d H rl)or Facnlmts, rcmdm the first prlorll) L .
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Al present; there are nine Naval officers. seven Navy enlisted and 300 civ

. “about 150 people. or.about haif of the civilian complement, and is highly qualified
i a large number of engineering and scientific fields. A tabulation of CEL disci-

- - 'Engineering Laboratory somewhat of a misnemer, but it's also what makes the

Assistance Program work. This breadth of knowledge coupled with the profes-
sional experience of the staff makes a good combination for being responsive in a’

‘variety of subject areas. The professional staff is of very high caliber. All hold
degrees, with over half holding masters degrees and another 20 percent’ with
doctorate degrees. - -

ENGINEERS - - SCIENTISTS

CHEMICAL . BIOLOGIST

Coowve T GEOLOGIST

. ELECTRICAL  CHEMIST

ELECTRONIC ~ METALLURGIST

STRUCTURAL / '  PHYSICIST

HYDRAULIC - - OCEANOGFAPHER

' MECHANICAL  OPERATIONS ANALYST
‘:SAN.II('iI'AHY, T MATHEMATICIAN -

.- Figure 7-4 Navy’s Civil Engineering Laboratery Diséip!ines. Even though the name

and mission emphasize Civil Engineering, it is necessary and desirable for the labo-

ratory to have engineers and scientists that are qualified in a wide range of discip- .

lines. = . ;

i N

To round out the CEL/picture, you need (o know how we are organized and
where the Fucilities Engineering Support Office fits into the organization. This is’

" shown in Figure 7-5. We have a military Officer-in-Charge and Assistant Officer-

in-Charge and a civilian Technical Director.'A number of support offices service ‘
the professional staff which is divided into-four departments and offices displayed -

“along.the bottom. THese are the people who actually provide assistance to people

ilians .
- ‘working-at, CEL. Five. of the nine’ officers serve in administrative -and Tiaison - 5
; positions. The, other four officers are involved in project- work and the seven . i "
. enlisted personnel are all divers assigned to the diving locker: The 300 civilians -
are’scientists..engineers, and support personnel. The professional staff numbers:

plines is shown as Figure 7-4. - This variety of disciplines makes our title of Civil -

~in the field. The,ﬁfncililies Engincering Suppor Office, the official title for the - §

" one-man liaison office. is located as a staif to the Technical Director to have easy

_access. o any’ part of the organization. The FESO was established in June 1971 to
emphasize m’anagemcnl‘s_d,esire to focus attention on the' Assistance Program and -

. %, 1o ensure the Laboratory responsiveness 1o field needs. Its primary functions are:
To act as a point of contact.for liaison with the field. To coordinate the Assistance
Program. Td identify usernéeds and influence.the on-going research program; and
To insure l/hcfappliczuion of «:«::i*s. The Assistance program is.a NAVFAC-

T buit will}oulilhc focus and ¢oo:.X"« .tion that was provided starting in 1971,

ERIC
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- OFFICER IN CHARGE
" ASSISTANT OFFICER

IN CHARGE~
"RESOURCESE | . - = . & .«
MANAGEMENT- -
OFFICE S
il PR . | A |
| supPORT | =~ |INSTRUMENTATION : COMPUTER INFORMATION
OPERATIONS CENTER .| CENTER SERVICES
“TECHNICAL
DIRECTOR .
PLANS & ' ' FACILITIES
ANALYSIS |© - ENGINEERING
[ ‘ ] N | 1
. ‘ . MECHANICAL ENERGY.
OCEAN cviL . .
& ELECTRICAL PROGRAM
ENGINEERING ENGINEERING| - | ENGINEERING A

Figure 7-5 Internal Organization of the Navy’s Civil Engineering Laboratory. The

Facilities Engineering Support Office (FESO) is shown as a staff function to support =

the Technical Director. It serves as a liaison between the Field Engineering Offices of
‘ NAVFAC and the departments of the labordtor)

Assnstance Program . ‘
. Here is a brief summary of.the Asslsumw l’rog‘lm and the part playcd by the

‘ FESO office. A man in the field with a problem or a need for information relating
* to new materials, equipment. techniques. and muintenance or construction-proce-

dures requests assistance from the Laboratory. The FESO provides the neces-

~ sury liaison and coordination to ensure that he gets a quick answer. at no cost. =
because the program is prefunded by NAVFAC. The Asslsmnce Progqm in--
volves efforts to dneuly transfer techndlogy from its origin to its usage in re-

sponse to specific situations or problem areas that are brought to the attention of
the FESO by potential users in the field. Action starts when somcone in the fi¢ld
makes. a request for assistance. This effort of FESO is shown by Figure 7-6.

.Another NAVFAC Technology Transfer program is ¢alled the RDT&E Liaison
‘Program. This is shown schematically as Figure 7-7. In each of the six EFDs. an

RDT&E Liuison replescnmtlvc has the collateral job of provndmg linison between
NAVFAC and'the field in the R&D area. They transmit to NAVFAC expres-

“sions of need for R&D in specific areas based on field needs they sec. They also

pass the results of R&D related to field problems. and needs, to “peoplein the
field. These are the same field people: that the Assistance program serves: The 6
EFD-« themselves. the 9 Public Works Centers. the Public Works Offices at 180
odd lndt,pendent activities and 83 NAVFAC construction offices. Both programs -

“are trying to'help the same -people. although in different ways. This lesults in a

mulutude ot commumcatmn ch‘mnels
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| NEw MATERIALS | POINT OF CONTACT
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. CONSTRUCTION ' _ o
e PROCEDURES .
W _
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z
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O :
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]
) LABORATORY SHORT - TERM -
- SERVICES UPON REQUEST AT i
' ' NO COST

ll;.,ure 7—6 Field Needs and FESO Action. lhe FhSO acts as the liaison in terms of
assuring quick answers to field needs.

Evaluation of Assistance Program

As u prelude to the evaluation work done by the Postgraduate Schodl, Fu,me
7-8 gives some highlights of the Assistance Program.as measured by CEL. Since

the Fucilities Engineering Office:was established in 1971. we have been measuring
‘progress or usage by two main parameters: Namely. the number of requests we
“receive for ussistance and the number of activitics that request- assistance.

Growth in usage of the Awst.mcc Program has been encouraging by both mei-
surements,

The subjects of lhuc Assistance rz.qlu.sls are as v.un.d as the dl\ClpllnCs of our
professional staff. Figure 7-9 shows the subject areaand the relative percentage
of importance for the FY74. The top subject area of paints. coatings and chemi-

~cals has ‘been consistently around 23% for the last three yeurs. The energy area
Cwas-a new entry for FY 74, Almost half of the requests come from the Public”

Works Oftices. When we started keeping track of the program, the bulk of the
requests were coming from the En},mceum. Ficld Divisions. but that trend re-
versed several years ago. Figure 7-10 is a graph showing the number of requests

- for assistunce made to the Navy's CEL by each of the uctivities. The FESO
Claims that it is casy to reach. right at the other end of the telephone. In fact, the .

telephone is equipped with a 24-hour .mxwuih;, service. The telephone must be
sitisfactory for requesting technical assistance bm..uue 76 puu.nl of the requests
received last year were received by telephone.

© A natural question at this point might be—How fast is our quick szponxe

“service? OQur scorecard is shown on Figure 7-11. Over Half of the requests re-
ceived in fiscal year 1974 were satished within a week of receipt and a total of 75 .
percent wnhm H1 monlh People Jll\l aren "t .1uuslomul to thinking ot this. kind of = -~

72 o
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: GEL -
- FESO ‘
RDT&E ASSISTANCE

7 N W

NAVFAC
CODE 031

£

RDT&E.LIAISON

* 'RDT&E REPRESENTATIVE
‘ IN EACH EFD

d

WESTERN

PWC's (9)

ATLANTIC

. v CHESAPEAKE
EFD's
PACIFIC

PWD's (182)

NORTHERN

' SOUTHERN _

OICC.ROICC's (83)

Figure 7-7 NAVFAC RDT&E Assistance and Ll.uson Prog,rams The Liaison activ-

ity forms a three way communication network that ties together the NAVFAC The

Navy's CEL .md the Engineering Field .lctmtles

reaction time when-they lhmI\ .lbnul a lcse‘lrch Iabomlory Itis the way to assure

. umlmuc.d use of an assistance program.

What benefit is there in all of this Tor the user? The meusures CEL nonmally
uses speak to system usage and response time. Increased activity and rapid ré:
sponse time are both good—but. they do not measure the benefit to the user. In
response to a NAVFAC desire to measure these benefits. and to measure them

quantitatively, the Naval Postgraduate School started looking at the Assistance -

program in 1972, An. effectiveness questionnaire was developed and was com-
pleted by the EFD liaison representatives for the requests that originated from the
EFDs. The evaluation process was continued the next year for the FY 73 Assis-
tance Program with a slightly modified questionnaire which wis again completed
by ‘the EFD liaison representatives for the requests that came from their EFD.

"Evaluation of the returns from these two years.of evaluation yielded a variety of
. interesting statistics and trends. but the most dramatic result was the realization

that.a better method.of measurement of the benefit of this type of information was

- necessary. The evaluation of benefits using lhc questionnaires was too restrictive.

P -
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Figure 7-8 Aun ity RL(]UL‘S(S by Year from Fleld Orgdmlauons The trend toward
more use of the Nn) s CEL is shown by the increase in the numher of servlce
: requcsts from the field to the laboratory. .

S

Paints
Coatings
Chemicals

: .- Poliution
‘Pavernents , e

26

_ Eiectrical Energy
Roofing
Sewage/Water
o St?uc{ural ‘ .
Classified Mat'l
Concrete Destruction

Corrosion

Cathodic Protection Plastics

Shown by Percehtages

,h;.,ure 7-9 Subjects Covered by Requ(.sts The requuts for information originating.
in the held and sent to the I\‘ny’q CEL tend to cover a very wide spectrum of

sub|eus

69

ERIC

Aruitoxt provided by Eic:




7163 -

149
©
105
<AL
kg;,
u il
33
22 -
10 -
3 :
Chief " HO Engr ~ Publicc ©  Public Officer
of : Naval . Field - ‘Works Works . in
Naval -Facilites |  Divisions Centers. - Offices Charge
Material . Engr ‘ " of
: Command - : ‘ ‘ . Conslr’n

Figure 7-10 -Source and Numbcr of Requests Sent ‘to PESO The Public Works
Offices and the Engineering Field Division thus together account for over 80% of
all requests’ tor assistance sent to the Navy's Clvll En;.,mccrm;., Laboratory.
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W RESPONSE TIME .. .FY-74- ‘ . g 252 7554

,213/ .
: : - 6307 -
. 192 - 570
-REQUESTS
126 ‘ ‘ ‘ 370
92 SR — 270
DAYS 0 2 7 14 30

hg.,urc 7-11 Rcsponse Time to Requests for Assistance. The Navy’s le Englneer-

. ing Laboratory has bieen able to rcspond to. 57 percent of the requests received in
seven days or less .

G

It only permitted benefits to be classified into two main categories: Specific dollar
sivvings and intangibles. The.net effect was that the intangible benefits were sev-
eral times larger than the benefits quantified in dollars. The intangible benefits.
which were not measured. far outweighed the measurable benefits 1o the point
that it was bche\ed that ‘the Assistance program benefits were not being accu-
rutely measured. 1t made the need for a better method of measuring benefits even

4mme important.

Improved Meadsuring Methods

If the analysis were to have real meaning. lhc ml.mglhlu or unme.nsﬂmble
category would have to be n.nmwed 1o a level where its uncertainty did not
overshadow the measurable category. Figure 7-12" depicts the objective of the.
Hendrickson and Fisher study. One way that @ more accurate measure of benefit
could be achicved waus to extend the survey o include more of the field requests.

_The 1972 and 1973 surveys were limited in scope. the 85 and 104 requests sur-

vcyed in those years were from the Engineering Field Divisions only. This did not

give a representative sumple of the total population. Flg.me 7-13 shows the detail .

of the sources of requests for assistance.

Only a small fraction of the requestors that completed lhc questionnaire were
willing to assign a dollar vilue to their use of the CEL assistance. In FY.72 only 12
of the 85 requests surveyed. or 142 percent. gave dollar v.nlues 1t was somewhat
better in fiscal year 73 when 30 percent gave dollar values. Even so. it was felt that
the true value of the benefits were not being evaluated by the guestionnaires that
were being used. For the FY74 survey. Hendrickson and Fisher selected 295
requests for analysis. thus extending the survey to.include all of the field requests.

A revised-questionnaire was also developed. Again the EFD liaison representa-" = *

tives completed questionnaires for the requests that had come from the EFDs.
Information on the remaining 190 requests from PWCs. PWOs. OICCs, and
ROICTCs were gathered via lclgphonc hy researchers at the Postgraduate School.

7 0




TOTAL CURRENT BENEFIT® FY-74

MEASURABLE —-|—-

® EDUCATION
; ® OTHER USES
- - ® SAFETY
© @ MORALE T
Figure 7-12-Total Current Benefit FY-74.- The Hendrickson and Fisher Study had
the objective to increase the accuracy of the measurable benefits from assistance -
requests received by the Navy’s CEL.

' o o s //// .
, . | N

Field : 259 - - \ a

Not‘Surveyed | ’// ' § |

covia s “ N
“ S.EABEEv | : | §
B | | N §
; " N 104 | §
'..\ o \\\\ §

- FY72 A FY73 FY74

Figure 7-13 Source of Requests and Number S‘urveycd. In FY-72 and FY-73 the
survey +was limited to the EFD’s. The term ‘‘Field"* includes bath EFD’s, PWC's,:

PWO's, OICC’s, and ROICC’s.
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“The sume qm.sllonn.me was used in obl.unmg, mtorm.mon over lhe phone as was
used by the EFD representatives.

Before the revised quesllonn.lne was developed .md used, Hendrlckson and

_Fisher did some deep tiunking about why the last two surveys had not given the

desired information. One of thefirst things they recognized was that by looking at -

° current benefits they were only looking at part of the picture. There were actually

two kinds of benefits: PRESENT AND FUTURE. The current -benefit of the

. Assistance’ Program is that realized by someone in the field as a result of the

assistance provided in response to their request. It was decided to limit the study
to current benetits as had been the case in the other two Postgraduate School
studies. However. in passing, some attention was focused on the fact that the
Assistance Program would produce future benefits. The primary benefit was
through this exposure to field problems, CELs ongoing résearch program would
become more aligned to the real needs of field users. Thus common problems, .

. those faced by a number of Activities, would surface sooner and solutions to these

problems would become available at an earlier date to provide the basis for
improved efficiencies and performance.

Probably the.most important thing to recognize-was lh.ll objectively quantifying
the benefits of the CEL Assistance efforts would be highly subjective and lead to
varying results. For example, the benefit of a specific recommendation to solve a

‘particular problem can easily be quantified if it will reduce out of pocket expendl-

tures to achieve identical results. Quantifying benefits derived from one plece of
information which is only part of the total information, requ1red to arrive at a

4 _.decision, involves a grealer degree of subjectivity. At the exireme end [of the

scale. quantifying intangible bencfits such as increased morale, safety and general
information would involve the most subjective measurements of all. In essence,

any attempt to quantify the.benefit of information.is necessarlly highly subjective
and recognition of this fact was an underlying consideration i in the development of
a4 new dppro‘lch

New Approach

The major issue in cv.llu.llmg_. lhe benehl froma leehmcal recommend.mon wils
to develop a categorization process. A system was needed that would provide an -

-organized method of testing te see whether or not a benefit.resulted, and if a

benefit resulted. then to what extent the recommendation was responsible for the
final benefit. Thé categorization system developed for evaluating benefits looked-
like Figure 7-14. The Srst thing to find out was whether or not the requestor

considered that the assistance he received was in any way beneficial. This infor-

mation was obtained by revising the questionnaire and placing this straightfor-

ward question at the head of the list. )
Assuming that there was perceived benefii—the evaluation continued. The next.

three steps in the eategorization process looked into: (1) The type of assistance or -

5

—BENEFIT? YES OR NO
—TYPE OF INFORMATION

—% CONTRIBUTION TO DECISION :
—PROBABILITY OF IMPLEMENTATION ‘ -
-—ESTIMABLE? YES OR NO .

Figure 7-14  Evaluation of Benefits. The levels of categorization are shown. Each
request for assistance could be subjected to evaluation by determining lhc answers to
the qucsllons sh()“n
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information provided. (2) A determination of the percentage of contribution of the
recommendation to the final project decision. and (3) The likelihood. that the
projeet would be nnplcmcnlcd S0 that the assistance would actually produee a

benetit. The fingl steps in the process were (o determine whether on not a specific

©dollar benetit could be estimated and caleulate the actuad-benefit.

“T'he three central steps in the process will be dls&.ll\scd ina |Illk more detail
hefore exposing you to the whole model. B

(O TYPE OF INFORMATION

The evaluation with regard to the type of information was fairly straight-
forward. The choices were whether the information wis general in nature. so as to
have no immediate vadue that could be identified. or whether the information was

“specilic to a project or use and therefore of current benefit.

£l

() PERCENT CONTRIBUTION TO DECISION o

The nextstage in the evaluation process was to determine whether the specific,
information was essentially complete and self-contained in terms of influencing a
decision to do something. or whether the information provided was only part of
the total information used to arrive at a decision. In’these cases where the infor-
mation was complete - 100 percent credit for the benefit was allocated to the
Assistance Program. Where the information provided was used in conjunction
with other information already.availuble to the user. an information percentage
fuctor was used which ‘varied between | and 99 percent. The factor was deter-
mined on an individual ciise bisis, . :

The assigning of these information puu.nl.lgc factors was recognized to be
subjective. and not wholly accurate. but certainly more correct than giving the
Assistance Program 100 percent ceredit for information whuh wus-incorporated
with other information already known by the requestor.”

a

(I PROBABILITY OF IMPLEMENTATION

This stage in the categorizaton processs involves the determination of the prob-
ahility that the lcwnmwml.umn or information provided would be implemented.
Here. results that were considered beneficial were classified into one of the four
categories shown in -Figure 7-15. Probubilities were assigned to the last three
categories based on the experience of the investigators. The first category needs
no tactor since implementation represents 100 percent eredit for the Assistance

1+

PROBABILITY OF IMPLEMENTATION
RANGE- MEAN

IMPLEMENTED - 10 1.0

. - PLAN TO IMPLEMENT 04-06 05
- ] ' _DELAYED PLAN (TEST) 02«04 03 -

: _DELAYED PLAN (STUDY)0.1-03 0.2

Figure 7-15  Probability of Implementation. The assigned probability was based

upon the action plan. An implementation plan was assigned a prol).ll)lllt\' of 1.0
while a delayed study plan hdd a low.probability of 0.2. ‘

o )
74




O

ERIC

Aruitoxt provided by Eic:

‘o

Program. The lcast subjective category. where there was a definite plan to imple-

ment the information, was assigned a probability of .5, 1t was felt that this esti-
mate could be inaceyrate to the degrée that figures could vary anywhere in the

range of .4 to.6. The last two categories involved 'ifs"". The project would be

plunned for implementation if tests proved successful. or in the last case. if studies
showed this to be the proper course of action. Probabilities of implementation
were determined in a similar manner to those for the planned projects. The subjec-

~tivity of the estimates increases and therefore the probability of implementation

decreases as you proceed from plans 1o test to study. “

Model

Now that the basic parts of the model have been presented. it is logical to
present the complete model. This is shown as Figure 7-16. Everything except the

“heart of the benefit analysis, dollars, has been discussed. Consider those cases in

3 L.

.o . RESRONSE
x 10 REQUEST

Yis " NO
BENERIT T COUNT
: W>= AS ZERO

SPECIFIC INFORMATION

GENERAL INFORMATION

EVALUATE

PARTIAL INFO. COMPLETE INFQ.

FILE FOR 5OME EVALUATE

FUTURE USE

DETERMINE °5 r ASSUME 100°%
CONTRIBUTION ' CREDIT

IMPLEMENT %/ \64 DELAYED PLAN (STUDY}
[ _ ACTION

SPECIFIC FUTURE PLAN S DELY_ED PLAN (TEST)

ESTIMABLE

$ BENEFIT € BENEFIT  § BENEFIT

© ESTIMATE BENEF(T
DOLLAR BASED ON
BENEFIT ... (NVESTMENT

Figure 7-16  Benefit Evaluation Decision Model. Star.tihg at decision A, a series of

“decisions are shown that make it possible to evaluate the dollar henefit of the answer

to a technical question supplied to an engineering organization by a research labora-
tory. :
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th hollnm row whuz, a Yl S mdu.lles that a dollar esllm.lle ofbeneﬁl is posslble
That's the odd numbers—1 through*7. If the estimated savings were of the one’
time type. the amount identified was. used as the project benefit dollar base. If the.
estithated savings were of the reoccurring type, then the present vilue of the first
five years of savings was used as the project benefit- dollar base. The benefit
credited-to the Assistance Program in both cases was the project bénefit dollar
buse reduced us.necessary by the factor for information cAntribution ‘and the’
factor for lmplemenlallon probability. The cases where NO indicafes that 1 dollar
estimate of benefit is not possible. which are the even numbers-from 2 2 through 8,
represent recommendations which did not result in specnﬁca]ly identified dollar-, -
savings. These generally fell into areas where the benefit was in the form of
impraved operations. betier morale. intreased safety. improved quality. etc. In
the Y72 and FY73 surveys these benefits were left as unqu‘mllﬁed intangibles
- and they outweighed the measured benefits. But with the exception of information
which fell into the general L.llegory that was not quantified. that would be number
9 in the upper left area. each response 1o a request should have an identifiable
benefit even though it may not be readily quanllﬁable in terms of direct dollar
savings. Each response to a request could in some way be identified’ with an
implemented or proposed pro_|et.l the m.lgmlude of which was normally relauvely ‘
easy 1o estemate. :
In FY 74,100 of the 295 requests z.v.lluated fell into this mesnmable c;negory
For these cases an additional factor. a benefit percenld;,e factor. was applied as a
further reduction. The assumiption accepted at this point is that ir order to commijt
funds'to a project. a decision maker must, whether he recognizes it or not. expect
" a return in future benefit which is some percentage greater in present value than
the initial oull.ly This percentage would vary from decision maker to decision
maker. Even though the investment return would be expected to .vary. it is as-
sumed that the quality of the decision maker who decides to implement a project
bused on supplied technical information. would be such that the results of his
decisions over the long run 'would yield a positive benefit. 1t .appeared thal a
reasonable value for this factor would be 0.1 or 10 percent. This would be {he
minimum regurn expected. For example. take ‘the case of a modification to an-
R existing piece of equipment which would result irr some unquuintifiable benefit. In
- this case. the project benefit dollar buse would be the cost of the modification. The
benefit credited to the Assistance progiram would then be calculated by reducing
the project benefit dollar bise by the. 10 percent benefit factor as well as by the
necessary factors for information contribution and lmplemenlalmn probubility.
One of the most complicated e\.lmples would be the case where a piece of equip-
ment was due to be replaced and the information provided by CEL caused the
repl.ucmcnl to be accomplished through the procurement of a different type of =~
===s.,___item which was more beneficial. Assuming the cost of the replacement item was |
- esséritially-the_same as the ®riginal, use of the total procurement cost as the
project benefit dollarbase would, be clearly m.lpplopn.lle On the other hand, use .
of .a zero benefit: would be |usl as inappropriate, dti is obvnous that some v.nlue '

bclween lhese lwo L\llemcs ls more .lu.lndle . T

mag.mludc betwec ’hcsx. two v.nlucs. wils Lhosen suchcllchy consldermg lo
" what extent the non-dollur benefit.of the new type procurement increased relative
to the total.benefit which would have accrued by replacing the item in-kind. The
percentage increase in benefit was applied to the cost of the procurement and that
figure used as the project benéfit'dollar base. Again. the benefit credited to the
Assistance Programywas calculidted by ruluung the project benéfit dollur buse by .-
applying the 10 percent ‘benefit factor as well as by the necessary factors for
“information contribution and implementation plob.lblllly
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TR RN L
i Quantmed Benefnts FY' 74
‘ Appln..mon of the model to the I974 suavcy ddl.l Pl()dll(.cd the bcneﬁls %hown m” e
“Figure 7-17. Of the 295 responses surveyed. 233 indicated lh.ll ‘the requestor . -
“tonsidered that he had received beneficial information or assistance. That'is 79
-percent. a very sitisfying: number There were 62 cases indic iting that the request’ -
‘yielded no beneficiil information. .Howeverﬂlmon,g these were-40 cases in which
°  extraordinary circumstances indicated that the cases should-not be_ |ncluded as
' zero benefit requests, but rather-should be eliminated from the sample for- pur-,%ua
poxcs of cost benefit analysis. These are,showin as not counted. That leaves only
2 cases where requestors said they dld nol lccuv any benchl

i D MEAN

g .. ' 'BENEFIT CODE ‘REQUESTS ' VALUE
NOT COUNTED - 40 L
ZERO BENEFIT 2 . T,
1 27 $254,361 )
2 51 oo 18525 -, %
3 : 6 ‘ 19,250
4 ) as © 29,540
5 8 . 62,534
6 g 7. 10,455 ‘
7 1 . 472
" 8 12, f 2,130
9 82 . " unquantified,.’ .
o L - 205 $397,267

Figure 7-17 Quanllhed Bc.m.ﬁts for FY-74 FESO Operdtlon Dollar benefits are:
shown according to bénefit code. The dO“dl‘ beneﬁts are calculdted using the Benefit
- Evaluation Model. - o o o -

The rcm vinder of the table shows the benefit: code numbers ‘which corlespond . wl
to the numbers we just talked about on the model. the number of requests. and the. E
total benefits cidculated for each benefit code number using the fuctors previously
presented- Allhough three values for benefit were developed for éach benefit RPN
code. only the mean: values are listed for- clarity. Note that there are still 82.
unquantified-requests in the general information category. Although the requestor - o
said he received benefit. no effort was made to establish.dollar benefit v.llue fox
Lencl.ll mlorm.mon which may h.nvc. been: hled Im fulurc use. ~

‘

Cumulat:ve Benefnts

A cumulative plot of all the mlorm.mon dcvcloped is much edslcr lo Iool\ at ‘md :
someinteresting observations can be made. This'is shown us Figure: 7-18. The
curves graphically show that as the benefits of a greater percentage of requestsiin
the sample are quantified. lln. fotal eftimate of cumulative benefits becomes more

‘ \llbjl.(.llve The vertical dlsl.mcc tween the HIGH and LOW curves at any .

~point-on the horizontal scald rep esents the. range within which the estimates .

+ could. l€.l\0ﬂ.lb|y be expected to vary due to differing personal values of es- Lo

" timators and decision makers. The curves also tend to intuitively verify the appli- e
-cation. of the model. The beneﬁlx from the highly intangible cases. like :bencfit L
c.odu 7 und 8 are. less than lhmc from the tangible ones, like codes 1 and 2, as. '
vindicated by the slope’of the curves. Since the original objective was to quanhfy o
benefits in terms that are casily. undelslood and .lppn.cmu.d hy m.m.lg.emcnl
doll.n\ that is. what dm.s all this mean? ‘

LT g
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':h;.,urc 718 Assnst.mcc Bexctits vs Number of Requests Ordered by l’robdhlllty of.
. Estimate. This figuré shows the curves of quantified benefits utllbmg hlg,h mean,’
and low prohahlhty of implementation. The slope decreases and the’ range of accu-
rdu mr‘cns as greater, numhtrs of requcsts m thc sample are quanuﬁtd s
. ; ' ; \‘3‘ N . - '
B r , o

s : . .o

The - bcnchls dl\'ldul by llu. LO‘wlS gives the bc.m.hl per dollar sp(.m This is ;.
shuw nin IIL.UH. 7-19. Very simply stated. for cvery dollar we spent on the
f\\\ls(.mtc ng amin fiscut year 1974, some user m the shore facility t.ommunlly
u..llh./ul.SZ.T’ worth Ul hgnchl

~ BENEFIT (MEAN VALUE)
- ASSOCIATED PROGRAM COST _.

$397.267 ,
R s146083 < .

R 272

gurc 7—19 l’r();.,rdm ll'uwht to thc N.n\ W hcn thc toml dollar bentm for H’ 74,
B £ dmdcd by !he total pr()}.,r.am u)st lor F \'-—74 it shm\s a hcncht to the Navy of $2 72
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Benem Trends

- One more interesting thing lhal was (hane s part of the FY74 survey was to
.ll\t‘ a backward look at the FY72 and F¥ 7% data. The 1'Y72.and FY73 benefits
were- classified as I.lr&,ely intangible and lhe imangit ~vere not measured, As
such they far outweighed the measurabie benefits such that the Assistance Pro-

~gram looked like a-losing proposition, when intuitively this wits not the case. A

backward ook at benefit trends: using the . methodology - developed by Hen-

. drickson and Fisher produced different results. The benefit trends for a three your
“period- are shown as Fignre 7-20. The first lhmg that should be noted is that

benefits using the FY74 survey methods: are abolt 3 times larger than those using

~the FY72/73 survey methods. ‘What this means is that the resultsiin 72 and 73 were
understated-at about one-third of théir value. If you'notice that the FY 74 dollar

benefit is much smaller than previously shown, it-is because to do this trend
analysis certain.extraordinary benefits were eliminated from the projections.

" There was one instance of a $150, ()00 sawing in FY 73 and another in FY 74 that
~amounted 10 almost $188,000-that’ were not included. Also these FY' 74 benefit

figures-were developed using an adjusted 40 percent sample to match the size oI"

- the suh iple” that was surveycd in 72 and 73.

. _ | 210,
‘ \\ by FY_72-73 SURVEY METHCDS
. l by FY-74 SURVEY METHODS
| SN } i
125
76 77
) 46 ' \
28 \\ o \
N N\ N
. FY-72 . FY-73. G

Fié,u"re 7-20 Aselstame Bcncht Trends (thousands of dollare) The bar graph show
the Navy's CEL assistance benefit using (1) estimates of the requestors and (2) using
estimates lrom thc Benefit hv.lluatmn Du:mon Model.

Summary ; v e T , .
~ This sludy ha's carried lhg. t.osl/hcnc.hl analysis beyond the usual Lompanson of*

) numbers of réquests. response time.and estimates of tangible benefits. A benefit

S79 R
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cvaluation decision model was introduced that provided the means ol categorizing
technical information and recommendations. The model considers both tangible
and intangible benefits. After the technjcal information or recommerdations are
categorized and a project dollar benefit base assigned, the dollar benefit is ad-

Jusgzd according to the percent ol influence it had -upon the pIO)LLl -and the likeli-

hocad that the project would be lmplcmcnlcd
When the model was used to evaluate assistance lesponscs over the last three

“years a noticcable increase in benefits was apparent. The evaluation of the FY 74

Assistance Program showed a return of $2.72 for-cach dollar spent.

Conclusion ‘ ‘
This study demonstrated that it is possible to qlmnlil'y meaningfully. in dollars,

u signiticant portion of the benefits of technical information and assistance that ave

often identified as intangibles. This benefit evaluation decision model should be s
useful in, evaluating the benefits of technology transfer and-utilization in other

- organizations as it has been in the Navy's Civil Engineering Laboratory.
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1t & pleasure 1o be here this afternoon to he able to report on some research

“that we think is very inlcrcsling. and hopelully will have some long term benefits,

Before 1 become involved in the details of the reseirch 1 do have some coneerns
that 1 want to express. When one gets into the area of research that involves a
behavioral change and the measurement of organization pulmm.mw it is cer-
tainly appropriate that one proceed very cautiously: At this stage itis very early in
our research, Our findings have not been validated. In fact, our findings should be
considered tentative and unproven at this period in time.

This is the one paper presenteds today in which there has been no pnon pub-
lished article, th\l\ or lcporl Thas is m.unly true hcmu.sc this research is m the
carly stages.

In order to fully understaid the ICNc.lth wmk lh.nl 1 wish to d:scuss it is
lmporl.ml that we have a common understanding of what is meant by chhnology
transfer! Going back to Gilmore’s ( 196‘))‘ definition as the reference point we hnd
that lcchnology transfer i )

—il purposive umlmuous L“Oll to move ltchmcul devices, mufterial,
mclhodx. .mdlor information from the point of dnswvery or dcvclopmcnl to
new users.’ :

One main emtphasis that 1liKe to place on technology transfer is that it is 4 new
use ol existing information. It is not lmpon.ml whe'ther the ideais new, only that it

oS new to the person adopting it. This is the important aspect.

Another main emphasis thut 1 would like to placc on technology trunsfer is lh.ll
we anulyze what we are.really trying to accomplish. To make myself clear,

~should like 10 2o back to the definition of diffusion. This may give 4 wm'lhwhik

insight. Diffusion is the-historic unplanned movement of leuhnoloyu.ll devices.
material. methods, .md/m mlm mation from the point of discovery or development
toa nc\\ user

In the dise ot diffusion lhelc is no louuscd effort to cause the transfer function

- to take place. °

53

It has been published in the literature, and many of you know, th.ll the dnfllmon
process on the average takes about 30 years, It is very slow. Stated in another
way. only about 3¢ per $ear of new technology moves to secondary users unless
there is purposive effort. Because of this there is o gre cal nccd for us to do some-
thing to speed up this process. - )

The third m.uor emphasis that 1 would like to mike concerning lc.uhnolog.y
ll.lmtcl is'thatitisa xou.tl pluu,\\ This is illustrated in-a statement by Havelock
971y '

“The trupsfer mechanism is not mclcly u series ohommum ntion channely’
through which information fows. It is a complex mcch.lmxm whuc.h involves
~‘the interaction of people.™” ’ &

This in no way detracts from the necessity or import unLL\)t documentation or
disteibution. i gons beyond documentation and distribution to the extent that
technology tr nhlc: is also a people oriented concept. RN

The obp i« of the rescarch that T will present here is to attempt to measure

the ditfer.woes m performance between organizations that accept luhnology
S moy e atilization ‘mply as a diffusion process as contrasted to organiza-

GONS el gk o purpesive. - conscious effort to communicate- and  utilize

knowledge. - . S . N

C'Gimaore, Joh s !‘wl nvirorme nt and.the Action ut Technology Immlu 1970-20."" in &t Repor:”
< of o Conferenee sponsored by Denver R oseareh Tostitute, University oft Denver called gnowmass-
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Our desire svas to see il it was possible to differentiate between two organiza-
tions with these different charieteristics., °
o Earlicrin the morning there wis a prosentation by Mr. Essoglou? that dealt with®
the “link o eonacept.” 1t was interesting that the results he reported indicated thatin
[ i o as very little difference in the distribution of the number of linkers or the

nu: ~stabilizers in any farge organization. With this in mind. one wonders if
itis stole toidentify differences in characteristics between large organizations -
that At be effective in terins of technology transfer and those that might be

Losely ineffective)”

s studyis intended to evaluate this organization difference. The presentation
01 aie research study will be ordered as follows: T

f. A review of the fuctors that are important in enhancing technology transfer.

2. A discussion about the devielopment of the instrument for measurement of
the selected characteristics of an organization.

. A discussion of the results of the measurements, e

4. A summary and interpretation.

P will be able to go through the model of technology transfer, Figure 8=1, very
rapidly. You retember that Mr. Essoglou? used this - model in his discussion. He
tulked about the transfer mechanism and the concept of movement of technology
from the source to the user. This model was developed first by studying the
Hterature. The literature *scarch gave us o relatively long list of factors that are
importantin terms of enhancing the movement of technol: zy from the source to
the user. The large list was then distilled by using a modified Delphi process to
arrive at the nine factors that you see in the model. -Because of time limitations it
“would not be desirable to spend very much time talking about cach element of the
model, but in order tO0 understand the research that 1 wim going to'discuss, some
appreciation of the definition and scope of cach of the nine fattors is important.
> Factor 1..The method of information documentati 1. Documentation deals
with how the technical information is recorded and presented. Information
documentation can be rated by considering the format tised, how the material is
organized and the complexity of the language. 1t is also necessary and desirable to -
design the documentation such that it is relatively eisy to index and/or inctude in
technical seirch systems. '

“Factor 2. Distributipn. The distribution as considered for this model is the
physical channel through which technology flows. It involves both the number of
eniries and case of access us well as the formal distribution plan. Distribution of

‘ad

- technical information includes formal distribution lists, publications in journals.

“presentations at symposia and conferences. and person-to-person exchange.
“Fuctor 37 Organization. This is the receivers perception of his formal organiza-
tion. When trying to evaluate the formal organization. in terms of its influence on
the nliliz.mioq&ol'lcchnicul information, it i$ usefiil to consider the infra-structure
elements suchas the power stracture. the nature of the business, the management
style. the resources avaitable, the attitudes cof management, the amount of

burgaucritic tendency and the stivility of the organization: . '
Factor 47 Project.SThis fuctor refers to the users input to, the selection of
research and development projects, ‘For effective research utilization, the client
or potential ciient shoitld have an open communication channel to the researcher.
The client or petential user should have somd™influence on the selection and

» & °

er . . . e e . . H . oy . C e e !
Aissaglon, MLE Naval Facilities Engineering Command. The i.nker Role in the Technology
Pransfer Process.” Proceedings Briefing op Technology Transfer Projects, Naval Maerial Com-
. dne 9, 1975, :

Hbid. y

e
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-Method ol Information” pDocu
o Documentation
The Distribution System DIST HaGe o ;
3 pE— 3Cy
i - Formal Organization of the ORGA
. User
Sefection Process for Projects oo, Gy
{Users" Contribution) N
,Sou'rce Utillization
0
Krowledge Capacity of the Receiver 5] 1Cs
{Supplier) B . CAPA
i M .- :
> informal Linkers in'the LINK 6Ce
Receving Organization ‘
Credibilty as Viewed by CRED MCr o
the Receiver f
T HgCg
Perceived Reward to the REWA
Recewer y )
' : 14Co
Willingness to be helped WILL

The model -may)be expressed in equation furm such that:
L N0Cy - mCy - - - uCy |
Where
L, Lnker index for an orginization ,
. A measure ot factor utihzatun. ¢ range 0—=1
A measi:re of the factor-contribution, ¥ Ci 1

Figur¢ 8- Pradictive Model of. Technology Transfer. The linking mechanism
Jnecessary {0 achic ¢ effective technology transfer is deseribed by identifying the
factors that vuairitnite to movement of technology fsom .the source of knowledge
(suppieve v ke uiddization of knowledge (user/receiver). .

“approval o1 projects. In paiicalar. potential user monitoring and consulting can
be important in determining futere utitization of the research output.

Factor 5. Cupagity. The capucity of the user t6 utilize new and/or innovative
ieis covers a wide spectrum of traits inctuding venturesomeness, wealth, power,
education, experience. age. self-confidence, and cosmopolitaness. These traits
are measurable and their relative strengths can re.eal the potential capacity of an
individual withitga user organization to utilize availuble technology.

Factor 6. Linker. The congept is that a person. referred to here as a linker.
operates as @ coupinag device between the source and user of availuble knowl-
edge. The concept. as described here. is-that o linkes (person) fupctioning within

“the user’s organization would exhibit identifying traits and characteristics simitar -
10 those of the gate-keeper. opinion tcader. innovator. and carly knower of an _.
mnovation. The linker is often the intermediary in-the technology transfer processe

Factor 7. Credibility. Credibility is an assessment of the réliability and accu-
racy ol the information as perceived by the receiver. Credibility is a {unction of

.‘l . 84 .
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EXAMPLE OF QUES' ‘ONS: e _ '8
FACTOR #1 ) 2 Suaz
"METHOD OF INFORMATION DOCUMENTATION . & 858638
TECHNICAL AND/OR TRADE JOURMALS OFTEN HAVE USE- £ & ¢ @ £
FUL IDEAS ABOUT PROCESSES OR PRODUCTS THAT

12345

. . . L] .
the perceived reliability and accuraey of both the source and the channel through

swhich the information Nows. The extent of use and the rate ol adopting rescarch
output correlmt® with the eredibility of the available technology. :

Factor 8. Reward. Reward. as referred to in the model. is the perceived and
actuad recognition of innovative hehavior i the socid system of which the indi-
vidual is o member. Rewiard can be considered 1o be divided into two broad
categories. The st category is intrinsic to the work itself. Examples Of intrinsic
rewurd are the oppoctunity to use skills. to gain new knowledge, to deul with
chillenging problems and to have freedom to follow up ones own ideis. The
second category deals with extrinsic rewurd. Extrinsic reward is related to salary,,
administrative anthority. association with top executives and similar benefits.
Both intrinsic reward and extrinsic reward are important in influencing the utiliza-
tion of ne- and/or innovative knowledge.

Factor 9. Willingness. Aavareness. even first hand knowledge of i new and/or
innovalive idea. is not sullicient’to assure its use. There must be o willingness and

“interest (or perhaps a better description is an internal motivation) to utilize o

better method. process or concept. Willingness is a very personal element. yet it is -
often a criticai point in the transfer and wtilization mechanism. V
Although this ‘introduction to the nine elements of the technology transfer

“model. of necessity. has been briet, it does provide a foundation for the discussion

that will follow. ,
What has been“done then is to use the theoretical materizd that has been dis-

cussed as o means to look at an organization. The objective is to find out how.an

organization performs in terms of each of the nine factor arcas of the model.

In order to get at the problem. several organizations that were similar in tit
they had a lurge number of graduate civil engineers were selected to be studied.
The organizations” were: Two public works centers of the Navy: one Naval Re-
search activity: a depactment of the State of California: a 1Brge private engineering
compauny: a consulting engineering graup. and five ficld engineering divisions of

~the Nuval Facilities Engineering Command. This gave atotal of eleven organiza-

tions, .
‘The selection of the orgar 7ations was intended to provide some data from the
Federal sectorand some data from the private sector. Each of these organizations
is made up ol a furge number of professional type people most of whom are
graduate civil engineers.

A point to make at this time is that it is yauch too carly in the study tor it to
reseal specifically which organizations are cither good or bad. In fact. the onl:
pevon that would be considered eligible to receive the scores would be the diree-
o commander of an activity. For this reason the activities are simply identified
v number. Too - . :

The instrument was designed around the model using Thurston differential type

wstion construction. Fach fuctor of the model was-considered sepanitely. Five
questions were developed to measare the level of presence of a fuctor in the
organization. An example.of & question for the first factor. Documentation. is:

ENGINEERS CAN PUT TO PRACTICAL USE. -

it
“ e
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The respondent had the option ol indicating: strongly .lyu agree, no unlnmn.

disagree, and strongly disagree.
The questions for bactor #2 wete structured ina snml.n way, One example is:

i

EXAMPLE OF QUESTIONS; g , 3
FACTOR#2 . - x By
THE DISTRIBUTION SYSTEM - 2uwifz
COLLEAGUES WHO ATTEND PROFESSIONAL MEETINGS £ & O § @
USUALLY PREPARE A REPORT OUTLINING THE NEW ©® < 2 B ©
' 12345

INNOVATIONS THAT THEY SAW OR HEARD ABOUT.

One last example-is Iu-m the group of five questions to. evaluate the factor
Formal &)u.. m/(uns ol 24y User. Ttis shown here.

1 STRONGLY DISAGREE

- . b

oY w

. . u

EXAMPLE OF QUESTIONS: e

FACTOR #3 . 2 24
FORMAL ORGANIZATION OF THE USER Zwig
MANALEMENT ENCOURAGES INTER-DEPARTMENTAL £ & $-§
COOPERATION AND ASSISTANCE AT ALL ECHELONS IN @ < 2 @
1234

"SOLVING PROBLEMS.

This methodology was applied 1o all nine Tactors. This then resulted in nine
fuctors times five questions cach or 45 questions in total. The questionnaire was
designed to be relatively short and casy to read.” : e

Nine of the eleven organizations were large cnough to have over 200 profes-
sionad empldyees. For these orgianizations the sample was about 200, The re-
sponse wis -about 3077, : -

Two-of the organizatfons were much smadier. The sample size was 39 with
o response of about 25,

“The anady ~is technique that seemed most reasonable to us wus the median chi
Josquare. The mediantfor-cach factor w s determined for 1hg combined, xdmplL

napulation of the eleven arganizations, This estublished the refereice standard.
Then cach factor of cuch of the eleven organizations was tested ag: inst the me-
dian using chi square analysis, 11 the test ol a factor against the reference gave a
chissquerre value of 3.84 ar larger then it was considered significantly different at =
Sthe 9377 Jevel. For this discussion the eritical value was therefore 3840 This is
summarized as: :

ANALYSIS TECHNIQUE ? -
MEDIAN CHI SQUARE TEST

CHI'SQUARE VALUES EQUAL TO OR GREATER THAN 3.84 SHOW A SIG
NIFICANT DIFFERENCE FROM THE MEDIAN OF ALL ACTIVITY (D.F.-1,
0.95:-3.84) ¢ - .
PLUS VALUES |ND1CATE A DIFFERENCE IN A FAVORABLE DlRECTlON
NEGATIVE VALQES INDIGATE A DIFFERENCE IN AN UNFAVORABLE

DIRECTION. o

T ‘ 86
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Figure 8 28 intended 1o show the most dramatic results trom the study. The
nine factors are Jisted on the abscissa: Activity #10 is the organization with the

- argestnumber of positive chi square vidues greater than 3,84, In contrast Activity

0

#3 has the Targest of negative chi square vilues greater than 3 NJ

RESPONSE

BEST WORST
RESPONSE RESPONSE
Activity Activity
. #10 #3
1. DOCU o+ 31.737 - 7.205
2. DIST + 11,032 -6.514
3. ORGA + 5.813 -7.170
4. PROJ 0.224 - 5.761
5 CAPA..  3.062 ~0.123
6. LINK + 5.706 --12.173
. 7. CRED - 0.427 0.190
8. REWD - 0.085 -2.593
9. WiLL ~+ 0.558 -4.417
Figure 8-2  Organization Response. This chart shows the median chi square vahues

for the activity with the most factors with chi square values significantly positive and
the activity with the most factors that are significantly ntga'no Details of the chi
square caleulations are discussed in the ¢ aption to Figure 3

Analysis would tend to support the argument that Activ ., #10-was performing
very well in such factor arcas as documentation. distrittion, organizadion. and
linker performance. In contrast Activity #3 appearedto have low performance in
the factor arcas of documentation. distribution. organization, project sclection.
linker pérformance. and willingness 1o aceept new ideas.

What does high or low performance mean? At that point it is a value judgment

On our part hecatse we have notdemonstrated the validity of' the test: However. it
would appear to us that organizations that are more effective in terms of their
technology ll.ln\lcl .auumplnhmcnh will'tend 1o have higher positive chi sqn.n
numbers.

Some of the organizations that w ere selected were those lh.ll we l‘n.llcvul weie
superior and some were those that we believed were inferior in terms of their
effectiveness at technology transfer. Our intuitive judgement was supported by
the chi square tests. o "

Once of the things that we have not done is to establish a weight or coefficient for
cach ol the fuctors.

You can see in Figure 83 that cach ol the fuctors is considered sep .u.uclv We
have no reason'to believe that they should or should not have an L(]ll.ll weight in
terms of their effect on the wehnology transter capability ¢ the organisation.

We would like to do additionat rescarchtin order to determine just how impor-
tunt cach of the fuctors are. How important is reward? How importantis (,IL‘dIhlll-\
1y eis our strong feeling that these factors may be of different importance in
different arganizations dt.pcmllm_ upon vrganizational ohjectives,

In otber words, we need toissign a coefticient to each of the factors in order to
reflectits importance inan organization 1tis our hope that the coefficients will be
@ constant for any spevific seeter of the ecconomy. i.e.. privivte research. govern-
ment research. private engineering cte.

.. We have not attemopted to add the factors together at lhl\ point in time. Bu.um.
\»l this. we doonot “mwe asingle index niomber that can hc'usul as a grade or
Suahuation seore tm an UlL.lm/.llmn L . »
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. Higure 83 A Median Chi Square Test Matri of Activity vs. Factor, Above are shown (he statistic,

" median Chi Stuare, for eleven activitieg vs the factors of the tecknology teansfer model, The insteument
was a self-administercd questionnaire with five questions for cach factor studied, The questions were
malipl clioice attitudinal, with five passible ansiwers, The response rate was approximately ity percent
and was about the same for all activitis tested. No follow up was wsed, The completed and usable response

. vasapprovimately.N= 00 for cach of aing organizations and approximately 25 for the other i, The

"I neforence median or expected value for the Chi Square was the median of dl cleven actvities. The [+]

S ‘amindicates that the activity was better than the median while the (] sign indicates that the actiily

Y was helow the median for the particular faclor-being tested, The Chi Square, | DIF, is 0.00=211,
095=384 and 0.99=663, Factors with- eifher 4] of (=) Chi Suare valuesgreater fhan 0.9 pro

abilty of heing{difTerent from the median of the clegen actiitie arc contained in.a hox, - |
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¥ igure 8-3 is the mlul putmc ol the sludy AII cIcvun wg.um/mmns are shown,
Nofe that Activity #1 is very close to the median tor all Tactors.

Activity #3 is the one that was shown in Figure #2 with the farge number of
negative chi square values.

Activity #10 s the organization with the largest number of factors wnth positive
¢hi square values.

Anuther eonsideration that we have examined aind that we waoader about is the -
ohjective ol the organization. Activity #10 is profit motivated as contrasted to a
private or government research labor tory. This may be important and may“tend
to tell us something about the high positive chi squire scores
. Inreview. wehave tuken the faetors of the model and (Icvclnpcd an instrument
which attempts to measure each of the factors. We then administered the instru-
ment to eleven dilferent organizations,

Inanalyzing the data we have found a «thrcm.c bclw;cn the orgum/.ulons We
have evaluated these dilterences in terms of the median chi square test. We found
that there were > significant dilTerences between-some of the factors. Some ulgum«-

zations have several factors that are pusmvc and sigmticant and some organiza-
tions have several fuctors that are neyisive and signilicant when the median chi
squire test is applied.

This tends to lead us to the fccllnL~ that it may be possible to identily (using the
technique) organizations that are high performers in terms ol technology tr.mslc
and those:which are low performers.

One might postulate beyond this state that it conccuvahi; could be trun, that
eertain actions could be taken to change the behavior of the. individuals within the
organization so that the organization would be more efficient.

* L think when you get into the arcu of behavior changing you xhouldjhml\ about

th work reported by DF. Dave Lingwood.?

Perhaps the -most vulnerable aspect of this research is that we do not have u
reference standard. A reference standard is needed in order to make lhe best usc
of these data, This will be the objective of future sludy
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