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PREFACE

During the past few years there has been a growing interest in the secondary
use of research and development output. If the output from a research effort, over
and beyond its initial specific mission, can provide technology that is productively
used in many locations and/or by a number of organizations, then the original cost
of the research can be viewed as providing a substantial contribution over and
above its primary task to satisfy a specific and defined need. Secondary utilization
of research and development has attracted the attention of the President of the
United States, the Department of Defense and the individual Services as a logi-
cal method of enhancing the productive output of research and development
effort.! 2 3

Several sectors of the Navy have taken an active role leading toward more
effective use of research and development output. Three such efforts are appro-
priate to be mentioned here: (1) The Headquarters, Naval Material Command,
Washington, D.C. has been developing communications networks and technol-
ogy documentation and distribution systems specifically directed toward the en-
hancement of the use of research and development output. (2) Certain faculty of
the Naval Postgraduate School, Monterey, California have been investigating the
processes, concepts, framework and methodology of technology transfer. (3) The
Headquarters, Naval Facilities Engineering Command, Washington, D.C. has
conducted several studies and has introduced several programs within its com-
mand that deal directly and specifically with the desire to enhance the utilization
of research and development output.®

This book is a documentation of the papers presented at the June 9, 1975
one-day briefing jointly sponsored by the Naval Material Command, the Naval
Facilities Engineering Command and the Naval Postgraduate School.

The intent of the one-day briefing was to present to interested persons a review
of the progress being made in understanding the processes, concepts, framework
and methodology of technology transfer. The approach was to present both
theoretical work and practical case histories demonstrating the use of the theory.

There are relatively few centers in the United States doing what is sometimes
called, “*‘Research on Research'’ 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 concentrating considerable effort on
this subject is the University of Michigan Center for Research on Utilization of
Scientific Knowledge (CRUSK). The work of CRUSK with the U.S. Forest
Service (USFS) has resulted in interesting new methodology and meaningful case
histories. Because of this Dr. David Lingwood of CRUSK and Mr. Hal Marx of
the USFS were invited to participate in the one-day briefing.

Rear Adm. C. P. Ekas USN, Director of Technology Transfer, Headquarters,
Naval Material Command, was the host. The briefing was held at the command
briefing auditorium at Crystal City Plaza, Arlington, Virginia.

'President’s message to Congress. March 1972

‘Deputy Secretary of Defense memo to military services, June 21, 1972, / ﬁ-b z:‘

*Accounting Office Report (GAO), December 29, 1972,
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All of the papers presented at the briefing were recorded on audio tape. These
were then transcribed and a transcription was sent to each author for editing. The
syntax of each paper as it appears here is the author’s choice. Some of the papers
are essentially a verbatim transcription of the author’s speech, while others have
been edited to have a syntax akin to a paper prepared for a technical journal.

The printing of this book on technology transfer papers is the joint effort of the
Naval Postgraduate School and the Naval Material Command, Washington, D.C.

As editors it is appropriate and with sincere appreciation that we extend thanks
to each of the authors whose papers appear in this book, to Rear Adm. C. P.
Ekas, Mr. Perry Newton, Ms. Sterling Atchinson and Ms. Linda Massaro of the
Naval Material Command, Washington, D.C., and to Capt. Vince Skrinak and
Mr. Tim Rohrer of the Naval Facilities Engineering Command.

Monterey, California J. A. Jolly, Ph.D.
December 1975 J. W. Creighton, Ph.D.
Editors
¢t
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1. THE LINKER ROLE
IN THE TECHNOLOGY
TRANSFER PROCESS

by

M. E. Essoglou

Assistant Commander for Research and Development,
Plans and Programs Division, Naval Facilities Engineering
Command Headquarters, Washington, D.C.
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This morning we hope to tell you why the Naval Facilities Engineering Com-
mand (NAVFAC) embarked on the series of studies and other efforts bearing on
the subject of technology transfer. We have also included in our program today
one case history of a specific technology transfer event. However, the main thrust
of our presentations is essentially intended to tell you what we have done in terms
of organizational considerations, behavioral considerations and the kinds of things
that really constitute the technology transfer problem.

Before discussing my main topic, | feel it is necessary to give you a brief
chronology of certain events that the Assistant Commander for Research and
Development of the Naval Facilities Engineering Command has been essentially
responsible for since about 1962. Those of you familiar with the literature on
technology transfer will see that there is some correlation between the distribution
of various books and papers on the subject of technology transfer and the appa-
rent timing of 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 a number of other actions, partially as a
result of the guidance indicated from the NPS studies, and partially from our 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 NAV-
FAC family of organizations. 1 would like to point out that these events indicate
an awareness of technology transfer as a conscious type activity as opposed to the
more random, traditional technological diffusion. Our 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, is also reflected by
some of cur actions shown in Figure 1~1.

. RDT&E Assistance (1962)
. RDT&E Utilization (1964)
. Mandatory Task Proposals (1965)
. Technology Transfer (1966
AAEMKMNDN( )
B. RDT&E Liaison at Field Level
C. NASA and Other Programs
EElﬁ al Powuldu“m School (NPS|
. Nav ate
(1967-70) e
NPS Technology Transfer Study (1970)
. CEL Field Engineering Support Office (1971)
RDT&E Assistance Doubles—
$100 to 200 K (1971)
. CELUNAVFAC Workshop (1972, 1974)

Figure 1-1 Chronology of NAVFAC’S Technology Transfer
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Let me explain what we mean by RDT&E assistance and RDT&E utilization.
The user is generally a man in one of our field offices. These users of our technol-
ogy have always feit that the Civil Engineering Laboratory (CEL) never quite
solved the problem of a given research task fast enough to make the results useful
for his operating needs. Therefore, to make laboratory expertise readily available,
we set up the RDT&E Assistance Program by setting some money aside for
laboratory personnel to answer, on short notice, questions raised by the field. The
RDTAE Utilization Program refers to efforts in our Headquarters such as the
establishment of a division responsible for the utilization of the research output of
the laboratory. This program was a Headquarters function whose mode of opera-
tion was primarily through administrative tools like instructions, memoranda, etc.
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Notice that while it focused on the problem, its separateness from the *‘people
agents"" in the producer-user dialogue provided the seeds for its failure and dis-
continuance by 1966.

We went through a phase about 1965, where it was clearly recognized that if the
customers had input in formulating the research program the odds were that the
output would be utilized more readily. We went through a typical bureaucratic
routine where we required all field activities to submit a minimum number of
proposals per year. Well, needless to say, that did not work, because we im-
mediately were swamped with proposals and had to screen out most of them and
show that they were not worthy of pursuit.

Awareness of technology transfer in NAVFAC, as far as | can determine,
dates back to 1966. A number of independent initiatives relating to technology
transfer took place in 1966. As history of technological innovation amply docu-
ments, technology transfer and innovations usually happen when several people
in an organization, or even far apart, exposed to various ideas in their own spheres
of the operation tend to converge on the same idea or development. As it is also
well known, innovation needs a champion during its carly infancy stages. For
example, the Applications Division was established in the office of R&D at
the direction of the *‘boss’’, a Rear Admiral who was at that time Deputy Com-
mander for Acquisition where R&D is located.

The RDT&E liaison effort at the field level, on Figure 1-1, is something for
which | have to take the blame. During the R&D Ultilization era we were con-
cerned with the vertical flow of information that came in from our Laboratory, and
getting it into the Command’s business. The mainstream of NAVFAC’s business
is writing specifications for procurement of various items that are constructed or
manufactured. R&D utilization activity was essentially confined in the Headquar-
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 Pear] Harbor. 1t was apparent that the organization was literally cut
out of the process of introducing new technology. A new technology or idea had
to go from the laboratory to the Washington level, and from the Washington level
it had to be promulgated out to the ficld. We all know that it is the man in the field
who feels the pain of unsolved technical problems and has the need to implement
an innovative and promising solution. It is not so for the bureaucrat in Washington
who for many good reasons acts as a stabilizing agent in promulgating and main-
taining policies. Through the establishment of the RDT&E Liaison Officer, at
each one of our Field Divisions, we felt that we would by-pass some of the
inevitable though unconscious barriers that the Washington Headquarters interpose.
In brief, we felt thasince we operate mainly as a decentralized organization, why
not let the R&D program planning and utilization go somewhat decentralized.
Other advantages that the R&D Liaison Program had over the old Utilization
Division were: (a) fostering a mechanism of inter-field division transfer of innova-
tive solutions generated in the field, and (b) elimir.ating Headquarters jealousy as
to who should be in charge of the utilization business, R&D or Engineering.

In 1967 one of our Assistant Commanders became quite sensitive to the prob-
lem of unused technology and directed our Laboratory to undertake a conscious
effort to determine to what extent technical reports were being utilized. The
Laboratory turned to the Naval Postgraduate School in the 1967-1969 period.
Most of the Postgraduate School effort dic¢ not start however until 1970. Again to
use a phrase that has appeared in the literature ‘‘every invention needs a cham-
pion”*. In the Navy you need aggressive and innovative people to champion new
ideas and approaches. Around 1970 we were fortunate enough to have such a
person in the Assistant Commander for Research and Development. He felt that
we should initiate a ‘‘research on research’ effort at the Naval Postgraduate
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School directed towards NAVFAC's needs. In 1971, the new Commanding
Officer of the Naval Civil Engineering Laboratory noticed that while we had made
provisions to deal with this transfer problem in Headquarters and at the Field
activities, in his own laboratory he could not find a focal point. As a result, he
established the Field Engineering Support Office (FESO) whose sole purpose was
to see that the customers in the field were satisfied and got the information they
requested in a timely manner. This focal point in CEL now serves as a “‘linker’’ or
a ‘‘gatekeeper’’. (Gene Early, who has headed that office, will elaborate on this in
another paper.) Since answering questions does take time, and the mode of in-
dustrial funding of Navy laboratories does not allow a man to take time from his
assigned tasks unless he has something to charge that time against, it became
evident that specific resources available at the Laboratory to make quick advice
possible had to be increased. The earmarked RDT&E Assistance fund was then
doubled.

In 1972, and again in 1974, we pulled together the entire NAVFAC community
of people working on technology transfer, i.e., Civil Engineering Laboratory
personnel, the RDT&E Liaison Officers from our Field Divisions, Headquarters
personnel, and the Naval Postgraduate researchers. We held workshops exchang-
ing views, experiences and frustrations.

This is a thumbnail sketch of why and how we got where we are today.

The Postgraduate School Studies

Figure 1-2 shows the studies that have been carried out by the Naval Post-
graduate School (NPS). In my talk this morning, 1 will concentrate on the work
done on the two particular studies which we feel are really the mainstream of the
NPS work. These are: ENHANCEMENT OF RESEARCH AND DE-
VELOPMENT OUTPUT UTILIZATION EFFICIENCIES: LINKER
CONCEPT METHODOLOGY IN THE TECHNOLOGY TRANSFER
PROCESS, by J. W. Creighton, ). A. Jolly, S. 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
apparent that our prior approaches to technology transfer problems lacked the
skill of the kind of people who are trained in behavioral science. By seeking the
assistance of the School of Operations Research and Administrative Science at
the Naval Postgraduate School, we would get the people whose background and
training would allow them to attack our problem from a point of view slightly
different from that of the typical *‘physical science'’ oriented engineer. Further
we reasoned that since these people were essentially in an in-house Navy
graduate school, with familiarity of the Navy system, we could get more for our
money. They, more than any other faculty, might have a better feeling for the kind
of organization and the kind of person we have in the Navy Department. Yet
another reason for going to the Naval Postgraduate School was the fact that the
Navy sends several hundred Naval officers (not only Civil Engineer Corps)
through this school every year, and the mere exposure of these graduate student
officers to the problems and concepts of technology transfer would have a rapidly
multiplying beneficial effect when they would return to the Fleet, Washington or
other field activities throughout the Navy. As we look at our results, I am person-
ally inclined to feel that the exposure of several hundred officers a year to
technology transfer topics, issues, readings, and projects has sensitized these
people to this particular issue. If nothing else comes from this research, this
training value alone will bring payoff to the Navy in the years to come in ways that
we may never be able to trace. Last, but not least, doing business with NPS is
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bound to have benefits resulting from the accumulation of studies. The result is
the development of an in-house Navy cadre of expertise in this area.

. UTILIZATION OF CEL TECHNICAL RE-
PORTS, Naval Postgraduate School, 1969.

. DISTRIBUTION OF CEL TECHNICAL RE-

PORTS, Naval Postgraduate School, 1970

. ENHANCEMENT OF RESEARCH AND DE-

VELOPMENT OUTPUT UTILIZATION EF-
FICIENCIES: LINKER CONCEPT
METHODOLOGY IN THE TECHNOLOGY
TRANSFER PROCESS. Naval Post-
graduate School, NPS-55CF72061A, June
1972 (AD 756-694)

. FESO PROJECT EFFECTIVENESS PRO-

FILE, SUMMARY AND ANALYSIS OF 1972
QUESTIONNAIRE RESULTS, October 1973

. TECHNOLOGY TRANSFER AND UTILIZA-

TION METHODOLOGY: FURTHER
ANALYSIS OF THE LINKER CONCEPT.

. FESO PROJECT EFFECTIVENESS PRO-

FILE: SUMMARY AND ANALYSIS OF 1973
?gﬁ‘STIONNAIRE RESULTS, September

. INVESTIGATION OF INSTITUTIONAL AND

BEHAVIORAL BARRIERS TO TECHNOL-
Og); FLOW AND UTILIZATION, December
1

. AN EVALUATION OF THE EFFECTIVE-

NESS OF A RESEARCH ORGANIZATION'S
MECHANISM FOR TRANSFERRING
TECHNICAL INFORMATION TO APPLIED
END USE. Naval Postgraduate School,
554074121, December 1974 (AD A003-501)

. THE POWER LINE DISTURBANCE

MONITOR: A CASE STUDY OF THE
NAVY'S CONTINUING EFFORTS IN THE

Naval Postgraduate School, NPS- FIELD OF TECHNOLOGY TRANSFER.
55J074061, June 1974 (AD A003-867) gsa‘,\aglsoaﬁostgraduale School, NPS

Figure 1-2 NAVFAC Technology Transfer Studies by the Naval Postgraduate School

Having provided the background history of NAVFAC's involvement, now
let’s look at the results of our studies. Technology transfer takes place when there
is a source, a transfer mechanism of some sort, and utilization of the knowledge
(Figure 1-3). The process may be quite complex but in the simplest sense this is
what we are talking about. 1 would like to point out that this model, Figure 1-3, is
essentially true whether we are talking about the vertical flow of technodlogy, i.e.,
from a laboratory to a given application, in a given discipline, or the horizontal
transfer of technology, as from one industry or activity to another. In all cases the
source must emit a signal which the user must then receive and respond to it. It
can then be said that technology transfer has occurred.

Source of Transfer Mechanism
Knowledge

Utilization
of Knowledge
(User/Receiver)

(Supplier)

Figure 1-3 A Simple Technology Transfer Model

The *‘linker’’ model was developed by Professors Jolly and Creighton and
LTJG S. A. Denning, who was then a student. The elements in the linker model
are shown in Figure 1-4. The model essentially says that all of these factors affect
the transfer mechanism. Now, if we knew how and how much these factors
affected the transfer mechanism in a given organizational situation, we could
modify them by direct management action based on fact rather than intuition or
guess. Needless to say, quantifying this particular model has not been done. Itis a
tough job to do, and whether it will ever be done is questionable. In any case, this
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model serves as a very useful conceptual framework around which we can or-
ganize our thinking and approaches to the problem. I would like to briefly describe
the elements of this model.

FORMAL FACTORS

_{Method of Information "
Documentation bocu
The Distribution System DIST H

L Formal Organization of the ORGA
User §

| | Selection Process for Projects
(Users' Contribution) Pecy

Utihzation

INFORMAL FACTORS of Knowledge
(User/
= Capacity of the Receiver CAPA TJ Receiver)
Informal Linkers in the LINK H

Receiving Organization

the Receiver T
|| Perceived Reward to the REWA H

Receiver

Willingness to be helped WILL J

FIGURE 1-4 The Information Linker Model

Documentation is a factor in the transfer 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 similar laboratory,
or does it write a report that can be understood by a practicing engineer?

Distribution deals with the physical channels used to distribute the
information—the entry, the exit, the plan, redundancy. This is perhaps the easiest
{0 measure Or appraise.

Organization plays a very important part in determining how the technology is
going to get transferred, if 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 this factor called organization, obviously the prospects for success are
difficult.
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Project selection. This factor concerns who initiates the project, who approves,
who authorizes, who monitors, and who is consulted about the project. Project
selection is very critical in the ultimate utilization of research. One tends to utilize
that which he helps develop.

Professor Jolly has seen fit to divide these factors into formal and informal as
shown in Figure 1-5. Formal factors are things we can lay 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 formal documentation, storage, and distribution as-
sistance, like the Defense "Documentation Center and has ignored the informal
factors. This observation, 1 believe, was made by Samuel Doctors in his 1969
book ““The Role of Federal Agencies in Technology Transfer'. It would seem
that if reports and papers were available on the desks of the engineers and scien-
tists. technology would be transferred. This is not the case. We must recognize

FORMAL FACTORS

Procedures for dissemination of storage,
indexing and retrieval of knowledge.

Source of Utilization
Knowledge of Knowledge
(Supplier (User/Receiver
Organization) Organization)

INFORMAL FACTORS

Interpersonal communications and con-
tacts, personal beliefs and feelings about a
knowledge source, perceptions about one's
organization, supervisors and peers.

FIGURE 1-5 Knowledge flow enhancement factors divided according to formal vs
informal.

that the problem has two dimensions. One that is fairly manageable is the question
of storage and distribution of technical information through various information
systems. It is a relatively straight forward problem, however complex. The sec-
ond dimension is the set of items called ‘‘informal factors'’, which deals with
perceptions. It gets quite a bit more complicated when trying to manage such a set
of factors because its science base is primarily behavioral rather than physical.
Let's now look at these ‘‘informal’’ factors.

Capacity refers to characteristics of individuals in the user organization that are
described by terms like venturesomeness, wealth, power, education, experience,
age, self-confidence, etc. Obvicrsly these characteristics are vague and difficult to
translate into quantifiable variables for analysis or design purposes. Yet they are
very important in the transfer process.

The linker is essentially the individual or group of individuals who does exactly
what the term implies. It is probably the single most important factor. They link
the source and the application. Linker is a term that Professors Creighton and
Jolly use in their research. The literature shows other somewhat similar terms in
use by various other research teams.
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Credibility of the source is obviously an essential factor. Certainly if the
“would-be’" user does not belicve the message he is getting. he will reject it. The
information that is being transferred must therefore emanate from a source that is
at least credible according to the perception of the recipient or the potential user.
The rewards (and penalties) for the consequences of applying technology that is
“new’ to the receiving organization imposed by management are crucial.
Namely. if a man is to get penalized more than rewarded. he will most certainly be
disinclined to import a new piece of technology idea, or approach that which is
“‘untried’’ within his particular organization.

Willingness simply is the fact that a man who is going to make use of a piece of

technical information must be willing to receive the message and must be willing

to implement it. It is that simple. and that subjective. Obviously a number of

things could affect a man's willingness.

Of all the elements in the linker model, the linker element was chosen for study
because it seemed to focus on people most directly. From other similar research
reported in the literature, it was established that the human factor is probably the
most important element in technology transfer.

The linker is associated with the source, or with the user., or he could be
somewhere in between, or linkers could be at both ends (see Figure 1-6). Profes-
sors Creighton and Jolly (and the literature) are inclined to feel that the linker is
more appropriately a member of the user team. | tend to place the linker in the
middle because he is not an individual. he is the synergistic effect of all the people
in the communicating chain from transmitter to receiver. All of these people in

Source of
information or
knowledge

Source of
information or
knowledge

Source of
information or
knowledge

User of
information or
knowledge

User of
information or
knowledge

User of
information or
knowledge

FIGURE 1-6 Linker Positions in the Flow of Knowledge




G e

g

AR i srmei s s

their respective contacts must link. Linkage occurs when mutual excitation be-
tween two individuals occurs because their values match at least for the particular
technology transfer event. Indeed if the linker is at the user end and he enjoys the
confidence of the would-be using team, he can operate internally in the organiza-
tion to get the idea implemented or used.

At the beginning when | spoke of the chronology of NAVFAC's technology
transfer efforts. I mentioned the establishment of the Field Engineering Support
Office (FESO), in the Civil Engineering Laboratory. This was a conscious bu-
reaucratic act to establish a visible, and at least a formal, linker at the Laboratory
or the source. The establishment of Liaison Officers at the Engineering Field
Divisions was similarly a conscious act to formally designate linkers at the Field
Divisions. the user organizations. Whether these people are in fact effective
linkers as the literature described linkers is a different matter; we don’t know.
Conceivably we could study them. The point is that these formally designated
linker jobs were not necessarily filled with *‘linker type™* people. The qualities of
the linker are listed on Figure 1-7. At the time these jobs were filled there were
very few. essentially intuitive, criteria in judging the potential linker attributes of
the individuals selected for the Liaison and FESO positions. You all know the
typical recruitment process we go through in the government. Furthermore, in
filling these jobs, selection was limited to available people. In some cases there
was no selection in terms of individuals, but rather only in terms of organizational
convenience. In any case it is difficult to select people who will link. If you
succeed. it is an accident as much as it is design.

GREAT MAN (GLOCK AND MENZEL

1958)
INNOVATIVE, WILLING TO ACCEPT  SCIENTIFIC TROUBADOR (MENZEL
RISK, ACTIVE IN MULTI-DISCIPLINES, 1964, HODGES AND NELSON 1965)
MORE INFORMATION CONTACTS, 'Nfgg';AL CONSULTANT (ALLEN et al
HIGH CREDIBILITY WITH PEERS,
COSMOPOLITE, ORIENTED TOWARDS TE&{*&gL’gg)CAL GATE KEEPER
OUTSIDE INFORMAT .
i ki OPINION LEADER (LAZARSFELD 1948,
KATZ 1957)
FIGURE 1-7 Attributes of Linkers FIGURE 1-8 Writings on Aspects of

the Linker Concept

The linker concept is not particularly original in that many authors have. in a
sense. touched upon the notion of the linker from time to time in their works (see
Figure 1-8). What is new in the work done at the Naval Postgraduate School is
that all these terms and definitions are recognized as subsets within a universal
linker set.

In order to get on with the job of approaching quantification of the linker model,
it was decided to survey first the Navy's officer sector in charge of NAVFAC and
its Field activities. This was done using a questionnaire (Appendix A) designed to
measure whether a person in a given situation would be inclined to function as a
linker or the opposite. a stabilizer. Would he be innovative? Would he be prone to
accept the risks that would go with the acceptance and application of a new idea?
Would he be a person with a high number of sources of information at his dis-
posal? Would he be acquainted in many areas? We could not go around and
interview 1,700 people, so we had to design a fairly clever questionnaire. The
answer 1o any one question does not indicate that a man is a linker or a stabilizer.
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It is the answers to a number of questions and combinations of questions that
would cause us to categorize one man a linker, and another man a stabilizer.
Initially we tried to determine who the linkers and stabilizers were among the
Civil Engineer Corps Officers.* After seeing the distributions of the results, we
wondered what the distribution of linkers versus stabilizers would be for civilians
GS-8 and above. The results are shown in Figures 1-9, 1~10A and 1-10B. On the
basis of the questionnaires and distributions between officers and civilians on the
linker-stabilizer scale, we cannot say that civilians are more prone to be linkers
than officers or the other way around.

1972 1726 NAVAL OFFICERS
(CIVIL ENGINEER CORPS ONLY)
(65% RESPONSE)

1973 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-
SONNEL AND IS NOT UNIQUE TO
A SELECT POPULATION

FIGURE 1-9 The Officers and Civilians Participating in the Linker-
Stabilizer Survey

An examination of the data fror; these questionnaires reveals three questions
the answers to which suggest that in some ways Naval Officers and civilians
behave somewhat differently (Figure 1-11). Naval officers seem to attend fewer
professional meetings and one can perhaps understand that because their mobility
prevents their becoming established. They depend heavily on literature. For in-
stance, when you are in charge of construction contracts one day. the next day
you move into a design division, and two years later you move into a staff posi-
tion, you are changing quite rapidly. Following literature rather than the profes-
sional community contacts becomes more logical and easier. On the other hand
the civilian is more inclined to use his personal experience. The civilian tends to
stay for a number of years, provides continuity in the organization and can draw
from the problems he had several years ago in developing answers to new situa-
tions. Figure 1-11 shows that civilians tend to center interests with their fellow
workers whereas officers more often center interests with people doing similar
work.

I can only urge the interested reader to obtain a copy of the thesis and see the
extent to which results of that work could be applied to your organization. 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 certain jobs. Although we know who the linkers and the stabilizers
are, we do not know how to integrate that information with all the other do's and

*The Civil Engineering Corps is comprised of Naval Staff’ Officers primarily responsible for the
construction and maintenance of Naval Shore Facilities world-wide.
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STABILIZERS POT. NON-DISCRIMINATING POT. LINKERS
STABILIZERS _MAJORITY I LINKERS
1835-32 -0935-38 X-43518 +0.938-49 +183S-56

S- 6.340
Figure 1-10B A distribution of the scores of the Naval Officer Civil Engineers
in response to the questionnaire which was intended to measure the magnitude
of their Stabilizer-Linker traits.

don’ts of job selection. 1 want to make it very clear that we have no designs at this
time to start shifting people around because they are linkers or stabilizers. The
nature of the data is experimental and complex problems arise in satisfying per-
sonnel and organizational goals. There is no basis to even suggest personnel
reassignment at this time—perhaps in the future when our total study is completed
and accepted by management as a basis for selection.
I have rearranged the basic linker model (Figure 1-12), to facilitate my telling
you what we have done in NAVFAC to promote technology transfer:
1. Selection of projects—we have stepped up our efforts to make use of our
Field Liaison RDT&E people in letting us know in Headquarters what the

OFFICERS BEHAVE DIFFERENTLY FROM CIVILIANS BY:

ATTENDING FEWER PROFESSIONAL MEETINGS
DEPEND MORE HEAVILY ON LITERATURE
CENTERING INTERESTS WITH PEOPLE DOING SIMILAR WORK

CIVILIANS BEHAVE DIFFERENTLY FROM OFFICERS BY:
ATTENDING MORE PROFESSIONAL MEETINGS
USING PERSONAL EXPERIENCE MORE OFTEN

CENTERING INTERESTS WITH FELLOW WORKERS

FIGURE 1-11

Characteristics that are different between Naval Officer Civil En-
gineers and Government Service Employee Civil Engineers
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o (SOURCE ORIENTED)

e SELECTION OF PROJECT

e INFORMATION DOCUMENTATION

e INFORMATION DISTRIBUTION

o TECHNICAL CREDIBILITY

e LINKER (SOURCE AND/OR USER)

(USER ORIENTED)
o FORMAL ORGANIZATION
o TECHNICAL CAPACITY
o REWARD/PENALTY
e WILLINGNESS TO RECEIVE

FIGURE 1-12 Activities Applied to the Basic Linker Model

field perceived R&D needs are. and what research projects they want
funded.
Information documentation—in addition to technical reports the laboratory
now puts out several additional types of publications that are readable and
more responsive to the non-research practicing engineer and maintenance
personnel. These are one or two page briefs of significant technical ac-
complishments (Tech Data Sheets) and periodic status reporting of work
still in progress. (RAP Briefs). Also pictorial-graphic brochures are more
widely used. Communication awareness seems to be spreading among re-
searchers and management at last!
Information distribution—Distribution lists tend to go out of date quite
rapidly and must be constantly maintained. An organization can be satu-
rated with a lot of literature that is not needed for its particular mission.
Economizing by avoiding the fine tuning of distribution lists for specific
technological output tends to prevent effective distribution. Attempting to
keep distribution lists up to date is a continuing job. Distribution is also
directed to individuals and not merely to “‘desks’™.
Technical credibility—Frankly, we do not have a very good way of knowing
whether recent technology transfer activities have caused the technical cred-
ibility of our laboratory, as perceived by the man in the field, to go up or
down. | could speculate and say, ‘‘yes, | think it has gone up."” When | do
this 1 am not being true to empiricism and the purpose of having NPS do
research on our research. We want to generate a certain amount of hard data
in order that management can get a better understanding of our particular
technology transfer processes as a basis for policy and action. Without
credible facts. neither Headquarters nor laboratory management can take
action towards greater user credibility of the laboratory. Perhaps we need a
survey of opinions from time to time to track credibility of the laboratory.
mentioned the linkers at some length. We have done studies with the assist-

ance of the Naval Postgraduate School to try to improve our understanding of our

e
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SJormal organization and to determine whether it impedes or enhances the flow of
technology. In regards to the technical capacity of our organization to make
effective use of our laboratory generated technology, | do not think we have data
as of now to tell you that we do or do not have it. Some of the future studies by
NPS will hopefully be directed towards a measure of technical capacity as defined
earlier. Again, intuitively, I believe over the years the output of CEL has become
tuned to the technical capacity of NAVFAC, but again this can be contested.
l.  Reward/Penalty—The reward and penalty associated with introducing 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 and probabilities of failure (however low)
than over the consequences of success (however high).
Willingness to receive—We have made it possible for anyone who needs
technology information to be physically able to receive it. Means exist, i.e.,
money and telephones, for a man in need anywhere in our organization to
consult the engineer or scientist at the laboratory. We, at least in the R&D
shop. cannot however, induce his desire to do so. The R&D organization at
the Naval Facilities Command headquarters can only make technology
available. It cannot induce the desire of a field engineer to make use of the
technology. The previously mentioned factor **Reward/Penalty’" has much
to do with the willingness to receive.
In closing, let me just say that our efforts are continuing and we hope that in the
years to come we can develop some significant body of hard data that can serve as
a concrete basis for management selection to improve the technology transfer
environment throughout. Also we hope that our research results can be of value to
other government and industrial organizations.

(35
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I see by the roster that most of you are from the R&D community. | am new to
the R&D field only having been involved for about a year now. | would like to
submit to you that the people outside of the R&D communiy are doing a lot of
complaining. 1 suggest if you stop and think about it a minue, it can be traced
directly to technology transfer, because unitl you get that product into the hands
of the field engineers and they can use it, they are incensed because you are
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 problems. So from an operator’s
standpoint this is what we have to overcome, and it is going to be a long time in
overcoming. It will take real effort.

So with that | would like to summarize what you have heard this morning. First
of all, I think the thread that ties this all together was Milon L:ssoglou’s pitch on
the Linker Study. What is the methodology—the mechanism—whereby we can
transfer our technology? 1 think this is very important and I will refer back to it
again and again as it is the cornerstone, the building block, on which we have to
evaluate technology transfer. Also as you have heard in our past experience here,
the RDT&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
a number of good things. We set up the Liaison Engineer so we would have a
‘*gatekeeper’'—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 on their particular projects. We have that relationship which was
referred to in the linker study. Early involvement in project selection is important.
We then have these relationships with the linker study and its analysis of technol-
ogy transfer mechanisms.

In RDT&E Assistance, we have a response to the field, and | refer back to the
linker study. Until we can get credibility in the field and until they know we are
working on their problems, 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 again in their eyes with a
resultant willingness on their part to more readily accept R&D technology coming
out of our Laboratory.

The Techdata Sheets and RAP Briefs were alluded to very briefly this
morning—but what we have done here is to try to get a very high impact and an
immediate feedback to the field. One that hits you between the eyes. You get it on
a single sheet, not a report about 25 pages long with double and triple integrations
which when the normal man in the field looks 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 a high impact. Are you
interested? If so, this has all the information you are looking for and 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 get the inaximum amount of
technology transfer.

These are the efforts then that we have had in the past (See Figure 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 benefits in what categories, where are the
most benefits coming from with regard to callers, with regard to stations, with
regard to geographical areas? So we have an analysis in this area to look at and
possibly assist us in emphasizing our technology transfer efforts to improve its
impact.




NAVFAC TECHNOLOGY TRANSFER NAVFAC TECHNOLOGY TRANSFER

PAST PRESENT
LINKER STUDY RDT&E ASSISTANCE PAYBACK
RDT&E LIAISON ENGINEER (EFD) FACILITATORS TO TECH
RDT&E ASSISTANCE TRANSFER
TECH DATA SHEETS
RAP BRIEFS

FIGURE 2-1 Listed here are the var- FIGURE 2-2 The current work is di-
ious steps that have been taken to im- rected toward determining the ROI of
prove the NAVFAC Technology Trans- RDT&E Assistance and to study the
fer effectiveness. Facilitators to Technology Transfer.

I put facilitators in Figure 2-2 as opposed to barriers. You can put it any way
you like. This afternoon Dr. Jolly will be talking about a comparison of Navy
organizations with civilian organizations. Are there similarities? Are they differ-
ent and if different why? What we are looking at then is how can we compare
ourselves with civilian institutions and on-going efforts.

I think the most important aspect then is what do we see coming out in the
future (See Figure 2-3). Again, as a spin-off from the technology transfer efforts
of Professor Creighton and Professor Jolly, we have asked, and they have come
up with, a course—a short course. 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
people 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 Field Divisions and at Headquarters.

NAVFAC TECHNOLOGY TRANSFER
FUTURE

SHORT COURSE ON TECH TRANSFER
ROI

DEFINITION OF CLASSES OF SUCCESS
STANDARDS OF ACCOMPLISHMENT

FIGURE 2-3 Listed here are several of the projects that are planned for the future.
As before the objective is to improve the NAVFAC Technology Transfer effective-
ness.

We are very optimistic and hope that this will pay some dividends back, but
again we hope to have the first course shortly and get this information out to all of
our engineers 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
talking about here. Definitions are critical in this area. Two come to mind im-
mediately in evaluating return on investment—the definition of classes of success
and 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
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it successful? Let us define what we mean by success. | think there are many
different categories here, so | think those have to be defined and classified.

What should we be shooting for at the Civil Engineering Laboratory in the way
of technology 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
Engineering Laboratory responsible for what ultimately ends up as being trans-
ferred to the 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 take 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 Laboratory and determine how they are doing and how others are doing in
exploiting opportunities. One of you may be doing well, or both may be doing well
but we have to have a refined classification in order to evaluate our standards of
accomplishment.

Those are the areas then that I look for in our continued involvement with
technology transfer.
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Introduction

Congress has authorized the Department of Defense (DOD) to spend a record
$9.3 billion this year on military research, development. test and evaluation
(RDT&E). (Ref. 1). Does this mean that taxpayers are investing only in research
for an arms race that may ultimately end in nuclear holocaust?

Not so! In addition to providing for a strong future national defense, a substan-
tial portion of military research and development expenditures are quietly financ-
ing new technology that will contribute to the progress of civilian society, perhaps
even to its survival. Military advances in areas such as medical research, en-
vironmental protection, and air traffic control, just to mention a few, are also
products of defense RDT&E spending and deserve equal billing as they are
successfully transferred from military to civilian application in order to solve
society’'s mounting problems.

Criticism Levied at DOD R&D

In recent years, critics have posed questions such as: ““Why can't DOD de-
velop a technology utilization program such as NASA did during the peak years
of the space program? Look at the spin-off benefits that accrued to all Americans,
even the entire world, from that program!"”

Criticism of this nature is certainly legitimate and was recognized by the Presi-
dent when he stated,

**As we face the new challenges of the 1970's we can draw upon a great
reservoir of scientific and technological information and skill—the results of
the enormous investments which both the Federal Government and private
enterprise made in research and development in recent years . . . we must
appreciate that the progress we seek requires a new partnership in science
and technology—one which brings together the Federal Government, pri-
vate enterprise, state and local governments, and our universities and re-
search centers in a coordinated, cooperative effort to serve the national
interest . . ."" (Ref. 2).

In response to the President’s policy statement, several DOD R&D
laboratories joined together in July 1971 to form the DOD Technology Transfer
Consortium, the purpose of which is ‘“‘the transfer of existing knowledge,
facilities, or capabilities acquired while working on military research and de-
velopment projects, to the solution of civil problems.’” (Ref. 3). Spurred by the
knowledge that military research funds expended by DOD can also benefit other
segments of our society, the consortium has grown from eleven to thirty-one
Army, Navy, and Air Force laboratories. (Ref. 4). In November, 1974, member-
ship was extended 10 all government laboratories and the Federal Technology
Transfer Consortium was formed.

The Navy's Technology Trarisfer Program

The Navy, whose share of the fiscal vear 1975 DOD RDT&E budget totaled
$3.5 bilhon, has been a strong advocate of technology transfer for many years.
There are thirty-seven Navy activities involved in research and development
throughout the United States, each with a specific research and development
mission. (Ref. 5). Because the Navy-Marine Corps team operates in all of the
earth’s environments—at sea, underwater. and on land—Navy laboratories have
been responsible for the development of new and advanced technology in many
different areas of engineering and science. The Navy has traditionally been a
close partner with university and commercial ocean-oriented research, and has
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always felt an obligation to share its achievements with these other organizations.
Consequently, the Navy was the first military service to issue an implementing
instruction calling for an active technology transfer program within the Navy, and
requiring the designation of a person as a contact for technology transfer in the
various laboratories and components of the Navy under the Naval Material
Command. The instruction also calls for an annual report of progress. (Ref. 6).

Although technology derived from Navy R&D has been applied successfully to
a wide variety of civilian problems since the inception of the technology transfer
program, the efforts of one Navy laboratory, in particular, have been an outstand-
ing success. This paper will describe their technology transfer program and trace
the development of one product which is now available commercially and is being
used by more than 100 organizations and businesses, both in the public and
private sectors, throughout the United States and abroad.

Navy's Civil Engineering Laboratory

The Navy's Civil Engineering Laboratory (CEL) located adjacent to the Pacific
Ocean in Port Hueneme, California provides a stimulating background for
creativity and technological advances. Port Hueneme means ‘‘pleasant place™
and it is not surprising that the location, just 60 miles west of Los Angeles with its
huge industrial complex, attracts the most qualified scientific and technical
achievers. The work of the laboratory covers a broad field of technology. going
well beyond the scope of civil engineering. The laboratory, operating on an annual
budget of $12 million, is the principal RDT&E center for shore and sea-floor
activities, and for the support of Navy and Marine Corps construction forces. The
laboratory's workload includes programs in electronics, sanitary engineering and
mathematics, as well as physics, chemistry and allied sciences.

The staff at CEL numbers approximately 310, more than half of whom are
professional engineers and scientists. Master and Doctorate degrees outnumber
Bachelor degrees by more than three to one. The laboratory is headed by a
military Officer-in-Charge with a solid engineering background and a Technical
Director who is a senior Civil Service scientist. The majority of the research
personnel are Navy Civil Service employees. A job rotation program that allows
the individual to select his own special area of interest, an engineering-in-training
program, and rapid advancement are features of the CEL working environment.
The comment of one scientist at CEL is indicative of the feelings of most of the
laboratory’s employees; **In this age of giant strides in space, the undersea world,
in nearly every branch of industry, the challenge is the thing that keeps us alive
and awake. Beating the challenge is the thing that gives us real job satisfaction.
Without it, life would be pretty dull.™

Technology Transfer at CEL

CEL has actively promoted technology transfer for many years and is responsi-
ble for a host of Navy R&D spin-off items that are benefiting society in the fields
of environmental protection and energy conservation. New developments have
found their way into the private sector and are stimulating corporate growth in a
period when an economic stimulus is most welcome. CEL possesses a wide
variety of technical expertise. To further indicate the diversity of ongoing work,
the laboratory is involved in the establishment of polar bases on snow and sea ice,
deep ocean systems, floating naval bases, waterfront structures, power transient
detection and correction, even a skull/brain injury computer program. The suc-
cess of CEL's technology transfer is attributed to the organization’s progressive
attitude which is symbolized by the laboratory's motto—*‘find a way . . . or make
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Recognizing the importance of technology transfer, in 1972 the laboratory es-
tablished a technology transfer program. The theme of the program centered
around the following command statement:

Implementation of the results of successful work units is perhaps the best
measure of the Command’s success in fulfilling mission requirements. We
must therefore strive at all times for the increased utilization of our research
results by the Department of Defense, the Navy, the Navy Facilities En-
gineering Command, and the entire scientifi¢ and technical community. We
must also manage the utilization of technology on an objective and system-
atic basis.

CEL’s technology utilization efforts were directed at all appropriate parts of the
Navy and addressed its total mission and commitments. The thrust of the program
was to close the gap between CEL developed technology and acceptance and
application by a wide spectrum of Navy users. 1t was apparent to CEL that if their
created technology was going to sell itself beyond the primary recipient, then a
marketing plan was also an essential ingredient. Foremost, the program must be
user oriented and involve people in both ends of the spectrum. **CEL is going to
push . . . we must involve the user so he can help pull when we push.’” The
command’s formulated technology transfer program contained the following ele-
ments:

Identify underutilized CEL developed technology.
ldentify new users and benefits to be gained by them.
Select candidates for marketing.

Assign internal CEL responsibility by product.
Develop background information.
Approve/modify marketing strategy.

Perform an economic analysis.

Develop a marketing plan.

Market product (advertise).

10. Evaluate progress.

11. Publicize success or recycle if not successful.

S R

Recognizing the fact that increased utilization of technology was synonymous
with increased communication between CEL and potential users, various forms
of communication were evaluated and measured for effectiveness in achieving the
program’s objectives. After finalizing all aspects of the newly developed technol-
ogy transfer program. CEL’s Assistant Officer-in-Charge concluded, **Our utili-
zation efforts are experimental. We really don’t know how to promote utilization
nor does anyone else. We have some ideas that we'll try and we'll learn in the
process. We're talking about promoting change—aggressively promoting change
to a better way of doing things."

With the foundation of the program laid, CEL’s next step was to choose candi-
dates from newly developed products that were considered to be under-utilized
but with a high potential for beneficial application within the Navy. The selection
included a cathodic protection kit for ship moorings, a weathered paint identifica-
tion kit, cathodic protection system for water tanks, diver tool kits, a single line
heat-traced p:pe system. quick camp modules, funicular shell construction, and a
three-phase electric power line monitor. The development, marketing and impact
of the power line monitor on the public and private sectors as a result of CEL's
aggressive technology transfer program serves as an example of the total benefits
to be gained from Navy research and development.




o e

;
%—,
B

CEL's Investigation of High Quality Electric Power

During the latter months of 1963, well before any public concern was expressed
over a possible fuel shortage and its resultant effects on electrical power output,
CEL initiated a research project to determine the requirements for high quality
electric power for sensitive electronic equipment in use at Naval shore stations.

The Navy is a heavy user of electrical power in a variety of shore stations
containing technical loads related to command and control, communications,
computer and pavigation functions in support of the Navy mission. Operational
reliability of sensitive equipment constituting technical loads is directly affected
by the quality and reliability of power. This power is presently supplied with a
wide range of quality and reliability. At the time of the CEL study. few if any
satisfactory procedures or techniques existed which would provide for cost effec-
tive compatibility between the quality of supplied power and the power require-
ments of critical. sensitive equipment.

Development of Power Line Monitor

During CEL s investigation into the quality and reliability of electrical power at
Naval shore stations, it became readily apparent that some means of monitoring
and categorizing transient disturbances in power supplies that caused operational
malfunctions and damage to critical equipment would be required.

An industry-wide search was conducted to determine if a suitable and econom-
ical power line monitor was commercially available. Numerous monitors were
found, but most of them were designed to monitor a few specific parameters.
Their costs 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
with still only a three parameter capability. There was also the problem of porta-
bility. Since many Naval shore installations are located in remote areas, both in
the United States and overseas, a several hundred pound monitoring system
would not be suitable for shipment to, or use in the field. This led to the CEL
development of a prototype, portable, low cost, three-phase power disturbance
monitor.

By May 1972, the first prototype monitor had been designed, fabricated, and
tested by Mr. M. N. Smith, one of the civilian employees of Civil Engineering
Laboratory. It was capable of detecting, categorizing. and counting the occur-
rences of anomalies in electrical power systems. The monitor could detect power
disturbances in all three phases, line-to-neutral voltages without the necessity of
differentiating the phase in which the disturbances occurred. It could continu-
ously monitor pulse transients and variations in voltage and frequency which
exceeded pre-selected levels. Whenever a preselected level had been exceeded, a
single count was registered in one of five counters which categorized the disturb-
ances as an under-voltage, an over-voltage, an under/over frequency, a low mag-
nitude impulse or a high magnitude impulse. Even a combination of disturbances
occurring simultaneously could be properly categorized and counted. The
monitor contained visual warning lights, an audio alarm, and an AC volt meter.
(Ref. 7). The original prototype monitor was housed in a 22x 43 x 1034 inch
cabinet and weighed only 48 pounds (See Figure 3-1).

The total R&D funds associated directly with the development of the original
prototype power line monitor have been estimated at $10,000. (Ref. 8). The suc-
cessful completion of this project coincided with the implementation of the labora
tory's technology transfer program. After the original prototype monitor had been
successfully bench-tested at the Civil Engineering Laboratory, the decision was
made by the Naval Communications Command to procure six additionai monitors
for field-testing and utilization at various Navy shore installations. In March 1972,
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a Request for Proposal to design, fabricate, deliver, and test the six new monitors
was submitted to the U.S. Department of Commerce for publication in the
“*Commerce Business Daily.’" The successful bidder would be required to meet
CEL’s specifications for the monitor.

Programmed Power Inc., a small electronics manufacturing subsidiary of
Franklin Electric Company, decided to submit a proposal and bid for the contract.
The company had recently started operations in Menlo Park, California and had
undertaken an extensive research and development project in the field of uninter-
ruptible power systems. They had also performed some preliminary R&D on
power line monitors, with the thought of possibly marketing them in the future.
Programmed Power was the successful bidder, and in June 1972, received the
contract for six monitors. The contract called for delivery of the units by Sep-
tember of that year, and for the performance testing to be conducted at the Civil
Engineering Laboratory during October. The total amount of the contract was
$22.479, or $3,749.50 for each of the six supplied monitors.

Transferring the Technology of the Monitor

While waiting for delivery of the new monitors from Programmed Power, CEL
field-tested the original prototype at the Naval Station, Rota, Spain, and the
Naval Coastal Systems Laboratory, Panama City, Florida. Both field evaluations
were totally successful. Realizing that the monitor had potential widespread ap-
plication for the Navy, CEL issued a complete technical note, describing the
monitor and its capabilities in June 1972. The initial distribution of the technical
note was to all Naval Facilities Engineering Command activities and the Defense
Documentation Center in Washington, D.C.

Based upon the enthusiastic response from the Navy civil engineering commun-
ity, CEL made the decision to make the monitor a primary candidate in their
technology transfer program. In August, 1972, a press release was sent out offer-
ing to make the results of the research and development efforts on the monitor
available for use by private industry. The following note appeared in the *‘En-
gineering News Letter’” section of the September 11, 1972 edition of ELEC-
TRONICS MAGAZINE:

Power Line Monitor From the Navy

Tired of wondering what your power line is doing, or for that matter, isn't
doing? If so, you may be interested in a low-cost, 3-phase power line
monitor that keeps an eye on the output of such supplies. The monitor
checks for both over and under-voltage and frequency. and positive or nega-
tive pulse transients from 50 to 600 volts of pulse duration of from | micro-
second to 16 milliseconds. The Naval Civil Engineering Laboratory has
made the results of this research and development effort available; for
further information write: Utilization Officer, LO2. Naval Civil Engineering
Laboratory, Port Hueneme, Calif. 93403.

The response to that magazine article was overwhelming. Within a week the
Civil Engineering Laboratory had received 71 requests for information about the
monitor. By the end of March, 1973, the laboratory had received a total of 177
separate information requests from private industry, other military services, gov-
ernmental agencies, universities, hospitals, 36 state agencies, and 14 different
countries.

Meanwhile, Programmed Power Inc. made the decision to develop a monitor
suitable for commercial application. The company improved CEL's basic design
and introduced their Model 3200 (See Figure 3-2). As could have been predicted,
their product was an instant success. Sales for 1973 amounted to $196,000. In 1974
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Programmed Power Inc.

141 Jefferson Drive
Menlo Park, CA 94025
(415) 323-8454
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Elektro Ziegler (Germany)

General Motors Proving Grounds
Harris Trust & Savings Bank
Hartford National Bank & Trust Company

NASA—Johnson Space Center
NASA—Langley Research Center
NASA— Marshall Space Flight Center
National Accelerator Laboratory
National Bureau of Standards
National institutes of Health

New York City Off-Track Betting Corp.
New York Telephone

New York Times

Pacific Northwest Bell

Paim Beach City Data Processing

Stanford Research Institute

Stanford University

Summit Radio Corporation

Teledyne-inet

Teleswitcher Corporation

Texaco, Inc.

Texas Instruments

Thatcher Glass Manufacturing

Tymshare, Inc.

Union Carbide Corporation

U.S. Air Force Academy

U.S. Army, Anniston Depot

U.S. Army, Ft. Huachuca

U.S. Army, MERDC

U.S. Army, Red River Depot

U.S. Army Security Agency

U.S. Defense Electronics Supply Ctr.
(Pt. Mugu Air Station)

12/3/74

Hercules, Inc. U.S. Navy Air Station North island
Hewlett Packard U.S. Navy Civil Engineering Laboratory
Hoffman-LaRoche U.S. Navy Sound Shipyard
Honeywell inc. U.S. Navy Subic Bay Torpedo Station
Houghes Aircraft U.S. Navy, WesNavFacEngCom
1BM 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
El Lity & Company Univac

Douglas University of Michigan
Medical Center Company Welisco Data Corporaiion
Metropoliian Life Insurance Western Electric
Ministerio da Fasenda, S.A Waestinghouse Electric
State of Minnesota ISD Wisconsin Electric
Montgomery Ward Xerox Palo Alto Research Center
NASA—Ames Research Center

Figure 3-3
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sales of the monitor totaled $454,000 and the 1975 sales forecast predicts close to
$1 million. Programmed Power now offers a complete range of monitors to both
the domestic and international markets (See figure 3-3). The company currently
employs fifteen people, six directly as a result of the monitor. By 1978, when
Programmed Power expects to enter the uninterruptible power systems market on
a fairly large scale, employment is expected to reach 110 people.

Benefits Derived from Transferred Technology of the Monitor

The economic bznefits of CEL’s transfer of the monitor technology to Pro-
grammed Power Inc. are obvious and the company acknowledges that CEL was
responsible for its entry into monitor production. (Ref. 9). Power line monitors
have constituted the bulk of the company’s business since its formation and is
responsible for its growing work force.

The positive impact that CEL’s transfer 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 ap estimated
$1.650,000 worth of additional goods and services by the end of 1975. If the
Navy's R&D expenditure is considered to be the ‘‘initial investment,’* then the
resultant ‘‘multiplier’’ will have been 165—an excellent return by any measure,
particularly in these days of economic uncertainty. (Ref. 10).

The direct savings to the Federal Government users of the monitor as a result
of its being commercially available are significant. The original six power line
monitors purchased by the Civil Engineering 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 approximately 35 of the monitors. If a conservative
cost savings figure of $600 per unit is used, more than twice the initial $10,000
R&D costs have been realized to date.

Although CEL.'s development of a low cost, versatile power line monitor was
initiated to fulfill a Navy need created by varying quality of world-wide electrical
pewer supplies, the current fuel shortage and related energy crisis in the United
States have increased industry’s demand for power monitoring devices. The
power-generating problem with its feared consequences of power outages,
brownouts, voltage dips, transients, and 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
can no longer take for granted what comes out of that electrical socket in the
wall.”" (Ref. 11).

In a recent article by Mr. C. P. Tsung, a highly qualified expert in electrical
power consumption, the author states, ‘‘Brownouts will be a fact of life for an
indefinite period of time to come.’* Mr. Tsung further reports that from a recent
survey concerning the effects of 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 equipraent, and a wide variety of motors, computers, and other
business machines. Particularly sensitive equipment, such as electronic data
processing computers, production controls, and medical diagnostic instruments,
are affected by even slight voltage variations, and probably should be removed
from service when supply voltages do not range within specified requirements.
(Ref. 12). Imagine the expense involved when a technician spends hours attempt-
ing to debug a computer malfunction when the culprit was not the machine but the
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power supply; or the consternation of an executive making crucial corporate
decisions on computer generated data that may be erroneous; or a doctor’s fear
that critical medical monitoring instruments may malfunction because of power
problems. The monitor can detect and/or indicate solutions for many of these
problems.

Conclusion

The power line monitor is just one example of how Navy R&D efforts, com-
bined with an aggressive technology transfer program such as that at the Navy's
Civil Engineering Laboratory, are benefiting society and returning public divi-
dends from defense research dollars.
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4. APPLICATION RESEARCH
EFFECTS IN
THE FOREST SERVICE

by

Hal Marx

Application Staff Assistant to the Deputy Chief of the
Forest Service (Research), Washington, D.C.

33




The research application effort in the Forest Service was started some 75 years
ago. Somehow 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
the General Accounting Office did an audit of Forest Service research and as it
came out it looked as if we were not getting any research applied. Therefore
renewed effort was begun to get the research applied. From then on we had the
challenge to see that the information from the Forest Service Research was
moved out of the laboratories and journals and into the hands of the people who
need it to help them solve problems.

The initial effort was to hire the CRUSK group to look at the Forest Service
apparatus. The next step was to formulate a Washington Office Steering Commit-
tee. The committee was made up of the three branches of the Forest Service
which are Research, State and Private Forestry, and National Forest Systems. In
1972 this committee originated a national workshop on Research Implementation
which was conducted in Atlanta, Georgia. As a result of this research implemen-
tation workshop they looked at several problems within the administration of
research, and within the administration of the Forest Service in particular, in
regard to application research findings. They came up with about 28
recommendations—most of which have been put into effect. This was a week long
workshop. Over 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 Service Manual and Handbook which now covers the policies and
service-wide responsibilities for research implementation. For the first time it sets
out that there will be field responsibilities for research implementation and coor-
dination. The Forest Service is also revising its research program section to cover
responsibilities, roles, and implementation of research results. We organized a
Washington Office Task Force to develop a uniform service-wide publication
system because we realized fully that one of the important means of communica-
tions is through a publication process. This task force has submitted a draft report
to the Chief of Staff,

Also in 1973 a National Research Information Service Advisory position to the
Deputy Chief of Research was established. 1 became that. 1 was at that time
working with the Northeastern Forest Experiment Station on information serv-
ices work and | 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 application of research findings. This
responsibility led to the development of a pilot project on packaging research for
specific audiences. The success of this endeavor has generated interest in the
packaging process for research applications. We were able to take a bit of re-
search that one of our scientists had on decay and discoloration of trees and by
unique packaging through illustration, simple slide presentations, we were able to
get the message out far beyond where he had been able to reach with 100 technical
publications. As a result of that we were given a responsibility to develop a
national guide that other scientists could utilize in packaging their research. This
guide is now available.

Each of the eight regional stations has an editorial and publication branch. But
out in the regions and areas (there are two areas of the Forest Service and ten
regions) there is no one responsible for taking the research information and put-
ting it into language that the user can understand and use.

We have taken a series of publications which were originally entitled **What's
New in Research in the West'' and expanded that to **What's New in Research’".
It covered about four stations to explain what was happening at those stations so
that a practitioner could understand it. If he wants additional information he
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knows where to go to get it. We have a similar publication **Forest Research
News for the South™ which covers two areas.

Our research administration in the Washington office has been working with
personnel to amplify and clarify the research grade evaluation guide to provide
recognition to implementation efforts by scientists. We are trying to tackle the
reward system.

The Chief and staff are working with the Extension Service to establish joint
locations of extension foresters and Forest Service specialists at research centers
and land grant universities, whenever feasible. on a person-to-person basis for the
transfer of research information.

We bave reorganized our experiment stations and for the first time we have a
position which has direct responsibility for research implementation. We call it an
Assistant Director (AD) for program planning and application. He is a key staff
officer in the station. We had a workshop for these ADs for planning and applica-
tion in February of this year, at which we established their orientation and major
objectives by which they would tackle the application process. We have de-
veloped a Forestry Technical Information System working with the Atomic
Energy Commission in Oak Ridge. We are going to computerize our technical
information system and storage retrieval so that the land manager, in case he has a
problem, can plug into it and get an answer.

My present position was established in 1974 in Washington, D.C. I serve as the
focal point for initiating, developing, coordinating, and facilitating programs
which will heip accelerate the application of forest service research results.
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5. A STUDY OF RESEARCH
UTILIZATION IN THE
U.S. FOREST SERVICE

by

D. A. Lingwood
Center for Research on Utilization of Scientific

Knowledge (CRUSK), Institute for Social Research,
University of Michigan, Ann Arbor, Michigan
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At CRUSK we do research on the research utilization process: we also try to
get the knowledge we produce put to use by studying and improving our skills in
the dissemination and utilization (D&U) process. Often, we see in our own utili-
zation work the same principles we observe operating in the D&U networks we
study. Today 1 will be discussing both of these levels. using as an example our
four-year action research project with the U.S. Forest Service Research Branch.

We have worked from within the research organization, so it is this part of the
Forest Service I will talk about. The comments made by Mr. Hal Marx have
covered how the Research Branch is trying to relate to the total Forest Service
organization. In our work we have stressed a model which highlights the central-
ity of the potential user of research in the total R&D—D&U process, so we have
worked with the Research Branch in a way which puts us somewhat in the role of
an advocate for the user. However, since we have been constrained to work from
within the Research Branch almost exclusively, the thrust of our analysis and
feedback/problem-solving work has been: what can the Research Branch do to
improve hoth the production of knowledge and the extent to which it gets used?
The analyses 1 will talk about later are geared to answering this question.

Parenthetically, | 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 getting our products used. Researchers are
more motivated than clients to improve utilization, and agencies such as the
Government Accounting Office do audits which heighten this motivation (the
Research Branch received an audit critical of its application efforts a few years
ago). The backdrop for our work, then, was an agency motivated—at least at the
top leadership level—to improve dissemination of findings. and uses to which they
are put.

Analytically, we have been working with two important criteria in this process:
the researchers’ contributions 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 you to suspect, the Research Branch has
been, historically, more concerned with reaching other researchers as the primary
client for research: but the shift is now on toward applied clients, the natural
resource managers. We have tried 10 emphasize the point that a “‘client analysis™
is more fruitful than trying to decide if the knowledge being produced is either
“basic’’ or “‘applied.”” We feel that, in many cases. it is almost impossible to look
at knowledge and make a basic-applied distinction. Also, even if the knowledge
can be classified as ““applicable,’” that is no clue as to whether or not it actually
gets transmitted to and put to coatinued use by clients who are not researchers.

1 think this is enough background about our overall approach. The materials in
Figure 5-1 will give you more information about the project itself. What 1 would
like to do now is to concentrate on two topics in turn: (1) the action research
“R&D Lab Renewal Model™ which we have been trying to get put into use in the
Forest Service. and (2) the findings about scientific and applied contribution
which are emerging from our research within this model. At the end. | will
mention some of our learnings about research utilization principles which seem to
hold true at both levels: (1) our work with our Forest Service clients, and (2) what
our research identifies about how they get their knowledge put to use. From what
I have heard at this meeting. | suspect that many of these principles may apply to
the Navy situation, as well.

The R&D Laboratory Modei

There are four broad areas which we feel competent to work with in an R&D
organization, and which we have studied in the Forest Service. These are the
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GOALS
To conduct a comprehensive action-research project covering the areas of:
(a) Organizational planning and goal-setting
(b) Individual satisfactions, information-processing, and other personal factors
(c) Organizational climate, leadership, functioning
(d) Production and dissemination of outputs for scientific clients and for applied clients.
Implicit 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 will take
something like five years (we are four years into the process now).

TASKS

Initial problem-formulation was done through a year's open-ended interviewing, learning, and setting
up of an “inside team" from F.S. Washington leadership, primarily in research, but with client represen-
tation as well.

Data collection (year two) saw creation of a complete R&D organization questionnaire in the fou:
areas above, and collection of data from a census ofp researchers and a'a sample of research techni-
cians, with an ove all response rate of 94%. A large data reduction and multivariate analysis chore
followed, focusing on the criteria of satisfactions, scientific, and applied contribution, with some atten-
tion to reward (in terms of G.S. Grade).

Recently we have been involved in guiding the data feedback process with small groups in each of
the eight F.S. research stations and the Forest Products Laboratory. The model 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) identify predictive models for the criteria (and hence,
establish important predictors), and (2) indicate where the stations are on the criteria and their predic-
tors, to establish priorities for problem-identification. Group discussions 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 identified, and
reinforce the strengths. Prime areas for national attention are: (1) a complete look at research
applications—appropriate activities, how to measure contributions, and the reward system; (2) de-
velopment of organizational skills in the stations; (3) testing of a short form of our instrument, geared to
use as a management tool: The form will collect ratings of organizational and individual factors, plus
look directly at the effects of these factors on satisfactions and contributions.

FURTHER WORK

We have also been working with a medical R&D organization 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 will finish
analyses at individual, project, and location levels, and write extensively.

Figure 5-1 Summary of the CRUSK—U.S. Forest Service Research Study.

focus areas listed as the rows in the model in Figure 5-2. The areas are: (1) the
research planning process, both long and short range; (2) organizational factors:
(3) individual factors, attitudes, motivations, information processing, and
background: and (4) 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 because we think the criteria and the models need
to be set by an organization to meet its needs, not ours. What we are saying is that
all of these factors are needed to give us a mastery over what is going on in the
organization, but that how the areas interrelate and what the important outcome
measures are must be specified by the client.

The stages in the action research process, specified working toward the right
across the top of the figure, constitute a more active than normal role for the
researcher in helping his client understand 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 team building, and the reward systems in science—all factors we will discuss
as “‘parallels’ later.

In the first stage of problem