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AFIT/GLM/LSM/865-14
Abstract

< This report provides a narrative review of concepts and
issues related to domestic technology transfer. Six inves-
tigative questions are posed which form a framework for
analysis. First, what definitions of technology, innova-
tion, and technology transfer have been advanced, and what
other concepts are relevant for understanding the subject
matter? Second, what factors have been identified as pro-
moting or impeding technology transfer? Third, what impor-
tant roles do individuals fulfill in technology transfer?
Fourth, what is the Federal infrastructure for promoting
technology transfer? Fifth, what is DOD's role in promoting
domestic technology transfer? Sixth, what models have been
advanced to portray the technology transfer process? The
literature review indicates that innovation research pro-
vides a large body of knowledge related to factors influenc-
ing technology transfer, and factors can be grouped as per-
taining to management involvement or the source - user rela-
tionship. 1In the Federal infrastructure for technology
transfer, there are notable active systems, but funding
appears to be a continuing problem. Although technology
transfer from DOD to other sectors is predominantly passive,
a trend toward active programs is observed.‘ A complete
working model of the process does not appear to be avail-
able, however, a variety of descriptive models contribute to

understanding technology transfer processes.
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AN EXPLORATORY STUDY OF DOMESTIC TECHNOLOGY TRANSFER
CONCEPTS, FEDERAL INFRASTRUCTURE, AND PROCESS MODELS

I. Introduction

Increased investment in research and development (R&D)
and improved industrial productivity resulting from applica-
tions of new technology were major factors contributing to
economic growth in the United States from the late 1940s to
1970. During the 1970s, the rate of increase in industrial
productivity declined in comparison to past rates and in
comparison to the rates of foreign competitors. Improved
transfer of the results of federally funded R&D to the
private sector has been considered one approach to enhancing
national productivity and competitiveness. (O'Brien and
Franks, 1981:73-74)

The findings stated in Public Law 96-488 indicate
national recognition of the importance of technology
transfer:

(1) Technology and industrial innovation are
central to the economic, environmental, and social
well-being of citizens of the United States.

(2) Technology and industrial innovation offer
an improved standard of living, increased public
and private sector produ-~tivity, creation of new
industries and employment opportunities, improved
public services and enhanced competitiveness of
United States products in world markets.

(3) Many new discoveries and advances in sci-
ence occur in universities and Federal labora-
tories, while the application of this new
knowledge to commercial and useful public purposes
depends largely upon actions by business and
labor. Cooperation among academia, Federal
laboratories, labor, and industry, in such forms

-
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ﬁ% as technology transfer, personnel exchange, joint
) research projects, and others, should be renewed,
S e expanded, and strengthened (U.S. Congress,
et 1980:Sec.2).
‘.'(\.
y
:% Public Law 96-4808, cited as the Stevenson-Wydler Technology
)
By
R Innovation Act of 1988, also states that scientific and
-
;:& technological developments resulting from federally funded
g&’ R&D should be accessible to state and local governments as

well as private industry (U.S. Congress, 1980:Sec.2.(1@)).

Technology transfer and technological innovation can be
j; viewed as aspects of the larger subject of how to better
{d manage the nation's technological resources (Gee, 1974:31).
Sy Assuming that expenditures for R&D are representative of
technological resources, the national "resource" was
estimated to be about $60 billion in fiscal year 198¢. The
ﬁﬂ Federal portion of this expenditure was estimated to be
about one-half of the national total. (O'Brien and Franks,

1981:74) The substantial involvement of the Federal govern-

~~§ ment in R&D presents a "prima facie case" for the necessity
&8
**‘

to understand the process whereby the results of federally

i sponsored R&D are transferred (Doctors, 1969:163).

o Problem Statement
3
ol One of the initiatives of the Stevenson-Wydler Act to
p
PP promote technology transfer is the requirement that "“Each
;jx Federal laboratory shall establish an Office of Research and
W,
SoM
: : Technology Applications" (U.S. Congress, 198@:Sec.ll). Sec-
e tion 11 of the Stevenson-Wydler Act, in addition to stipu-
-
;E lating functions of the Research and Technology Applications
: "
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%% Offices (ORTAs) and reporting regquirements, also specifies
J; that laboratories with budgets exceeding $20 million will

3§ commit at least 0.5% of their R&D budget to support the

?} technology transfer functions (U.S. Congress, 1988:Sec.ll).
- The Department of Defense (DOD) accounts for a signifi-
g& cant amount of Federal R&D activity. For fiscal year 1980,
;? approximately one-half of Federal R&D expenditures were

- estimated to be defense related (0'Brien and Franks,

:é 1981:74). 1In a 1984 GAO survey of ten agencies accounting
:ﬁ for a total of 263 laboratories, DOD's 75 laboratories

20

: represented the largest number of facilities operated. The
A; agencies surveyed were: the Departments of Agriculture, Com-
1; merce, Defense, Energy, Health and Human Services, Interior,
‘ . and Transportation; the Environmental Protection Agency, the
;g; National Aeronautics and Space Administration, and the

zsj ~ational Science Foundation. (General Accounting Office,

;: 1984:4) Although not reflective of the #.5% funding

i;; requ..ement for technology transfer functions previously

;3 mentioned, DOD laboratory ORTA funding amounted to

]t. $2,922,500 in FY 1982. Despite the substantial size of

éﬁ defense related R&D expenditures and the large number of DOD
:E research facilities operated, this expenditure was consider-
?f ably dwarfed by the following agencies (General Accounting
‘32 Office, 1984:7):

3
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Natiocnal Aeronautics and
Space Administration

$52,486,000

Department of Health and - 21,091,300
Human Services

Department of Energy - 13,245,400
Department of Commerce - 19,589,000

Department of Defense guidance in support of the

Stevenson-Wydler Act is provided in the Domestic Technology

Transfer Program Regulation. One of the policy statements

listed in the regulation is:

Support the domestic technology transfer process

as an integral part of the research and develop-

ment effort and incorporate domestic technology

objectives into the mission of each appropriate

R&D activity (Department of Defense, April

1985:1-1).
Whereas Doctors (1969) states the case for understanding the
technology transfer process is "prima facie", the DOD regu-
lation and public law provide explicit requirements for the
need to understand the process. Doctors (1969) also main-
tains that

In considering any program of technology transfer,

it is important to have in mind a working model of

the process. Such a model has not yet been

advanced by leading researchers... (Doctors,

1969:36).

Obviously, a number of years have passed since Doctors's

statement. The problem, therefore, is to determine if an

adequate model has been advanced.

- Sl Shladlan oy Sav Mak Pac Mo Siat Sam Suw ana o




Research Objective

The research objective is to ascertain if an existing
model portrays the domestic technol.,yy transfer process by
identifying technology transfer concepts, factors influencing
the process, Federal and DOD transfer mechanisms, and previ-

ously advanced models.

Investigative Questions

The following investigative questions guide the

research:

1. Wwhat definitions of technology, innovation, and
technology transfer have been advanced, and what
other concepts are relevant for understanding the
subject matter?

2. What factors have been identified as promoting or
impeding technology transfer?

3. What important roles do individuals fulfill in
technology transfer?

4. What is the Federal infrastructure for promoting
technology transfer?

5. What is DOD's role in promoting domestic technology
transfer?

6. What models have been advanced to portray the tech-

nology transfer process?

Scope
The 75 laboratories within the DOD consist of 35 Army

laboratories, 25 Navy, 14 Air Force, and one laboratory




directly under DOD (General Accounting Office, 1984:14-16).

A list of the laboratories is provided in Appendix A. The

b3 DOD laboratories estimated that 1,237 requests for technical
%; assistance were received from state and local governments in
h
i FY 1982 (General Accounting Office, 1984:9). An approach to
»%%i the research problem and objective would be to survey the
fka population of DOD liaboratories to determine what models, if
- any, had been adopted to portray the technology transfer
h‘ﬁ process. The requests for assistance could then be analyzed
n
$#$ as case studies for best fit to the models described. Such
fﬁA a detailed approach is well beyond the scope of this
fj;f research effort.
0
g}; For purposes of narrowing the research, the focus will
.. be on the conceptual process of technology transfer with
1255 specific examples or case studies cited as necessary to sup-
??¢ port or illustrate concepts rather than attempting to
N
‘;‘ enumerate or analyze numerous situations wherein transfers
i
L?ﬁ; of technology are effected. Identification of technology
Eé?% transfer models will be through the review of pertinent
.t~ literature.
EEZ This paper does not explore issues related to technol-
EE& ogy transfer in the international context of matters per-
TT taining to arms export regulation and control. Research or
?3; studies on technology transfer inclusive of international
G
;jt considerations will be cited to the extent that the source
;i purports to be equally applicable to domestic technology
»gg transfer.
Pt 6
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g? Value of the Research

" "Innovation and the transfer of technology are economic
;ﬁ phenomena that managers can, should and must manage"

{3 (Fischer, 1984:7). When managers think that technological
o change is something that happens to their organization

éé rather than something they can control and have work for
ah them, it becomes a self-fulfilling prophecy (Fischer,

. 1984:3). Another problem with management misconceptions

&é about technology is unrealistic expectations which have kept
K

:ﬁ "...technological capability on a roller coaster of cor-

54 porate funding" (Steele, 1983:133). Support by companies
1;? and public opinion for technological innovation has ranged
igf from "virtually universal" to innovation being seen as inef-
oS fective and socially unresponsive. Nevertheless, "...com-
‘:J panies must innovate in order to survive" (Steele,
1983:140).

o The requirements of the Stevenson-Wydler Act and sup-
i ) porting DOD policy may seem to indicate that only Air Force
%ﬁ managers directly involved with R&D management need to be

r concerned with domestic technology transfer. Technology and
;;; technological change, however, are pervasive facts of life
-

:*5 for all Air Force managers. An example of the widespread
;s. importance of technology is the Air Force's interest in
Ez* improving reliability and maintainability (R&M). 1Increased
Eg R&M will have a positive effect on three areas affecting

T mission capability: available manpower, costs of spare parts
ﬁ; inventories, and combat effectiveness of weapon systems.
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Achieving significant improvements in R&M will depend on
developing and applying technology (Russ, 1985:122-125). 1In
this environment, managers need to understand principles
relating to technology transfer just as much as principles
relating to such business functions as personnel, produc-
tion, and finance. Therefore, the value of this research is
to contribute to the ability of a manager to understand

technology transfer.

Background

Digman's (1979) literature review of research pertain-
ing to technical information systems provides nine specific
findings which represent an overview of thoughts concerning
technology transfer:

1. Technology transfer is an important, complex, and
poorly understood process,

2. Innovations are spread or diffused according to the
rules of diffusion theory.

3. There is a lack of communication and uvnity of pur-
pose between the developers of technology and the
users of technology.

4, Successful transfer depends more on the personal
factors than upon formal dissemination means.

5, There is a myriad of government and industrial pro-
grams concerned with information dissemination,
especially technical information.

6. The information activities of government agencies
seem preoccupied with goals such as maximizing
transfer, whether or not this is possible or even
desirable,

7. In spite of various Federal agencies' attempts to
increase the transfer rate, the rate of utilization
is not high.
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8. Organizational structures and practices affect the
innovation process, but no single organizational
model offers a master solution to the problem of
innovation.

9. Innovators are the key elements in the innovation
process. (Digman, 1979:38-39)

Digman's findings suggest an organization for this
thesis. Regarding the first finding, another perspective on
technology transfer is that it is one aspect of the larger
process of technological innovation (Creighton et al,
1972:1). The larger process of technological innovation is
itself a large, multidisciplinary body of knowledge. Dis-
ciplines contributing to the field of innovation research
include economics, political science, sociology, industrial
engineering, and even geography and anthropology. One of
the problems resulting from this multidisciplinary charac-
teristic is different terms of analysis and methods. (Tor-
natzky et al, 1983:13-14) The following section, therefore,
examines definitions of technology, innovation, and technol~
ogy transfer and explores the relationship of technology
transfer to the large, complex field of innovation research.

Digman's second, third, and eighth findings concerning
the spread of innovations, lack of communications, and
organizational structures sugaest the first section of the
literature review in the next chapter -- factors which have
been identified as influencing technology, both favorably
and unfavorably. The second section of the literature
review examines the role of individuals in the technology

transfer process. Digman's fourth and ninth findings
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indicate the importance of individuals in technology
transfer, therefore, the role of individuals is discussed
separately from the factors in the first section. The
fifth, sixth, and seventh findings concerning government
agencies provide the impetus for the third and fourth sec-
tions of the literature review which examine the Federal
infrastructure relating to technology transfer and DOD's
activities. The last section of the literature review
relates to the research objective of this thesis ~- models

of technology transfer are considered.

Concepts and Definitions

Technology. "The concept of technology transfer is not

a simple one to define, for the meaning of the phrase seems
WAls to depend upon the audience considering it and the point in
1554 time" (Doctors, 1969:3). To explore the concept of technol-

ogy transfer, a necessary step is to consider the idea of

ﬁﬁ? technology (Gee, 1974:32). Machines and physical tools are
f.ﬁ common referents for technology (Doctors, 1969:3-4; Tor-
h@? natzky et al, 1983:1-2), however, such a view is an inade-
‘;i‘ quate "nineteenth century notion" (Doctors, 1969:4).

ji% Schon (1967) offers a broader definition of technology
E:q as

o ...any tool or technique, any product or process,

Mty any physical equipment or method of doing or mak-

P4

Iy ing by which human capability is extended (Schon,

o 1967:1).

5.".

_— This definition is also accepted by Doctors (1969) and Tor-
"

;;# natzky et al (1983), although in Tornatzky et al's quoted
G 10
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iy reference to it, the words "any product or process" are

deleted (Tornatzky et al, 1983:1).

? Simpler definitions of technology can be found. For

% example, technology is "...the means or capacity to perform
" a particular activity" (Gruber and Margquis, 1969:255), and
§ "Technology has been defined simply to be the application of
a : science" (Gee, 1974:32). Gee (1974) argues that the "appli-
» cation of science" definition is inadequate, using the exam-
A ple of dropping a pin as applying science (law of gravity)
E; but not technology. His argument would seem equally appli-
o cable to Gruber and Marquis' definition. Dropping a pin is
N

;S a particular activity. Holding it between two fingers and
{E releasing it is certainly a means to perform the activity,

ﬁ but such a means is not likely to be considered technology.
% Applying the pin drop example to Schon's definition, the

jg holding/releasing activity can be viewed as a technique or
iﬂ method of doing and the dropping as a process. The example
:5 fails to qualify as technology, however, by virtue of the

32 "pby which human capability is extended" criteria.

) Gee (1974) posits that "The imprecise nature of tech-
;; nology ... rules against a precise definition" (Gee,

?; 1974:32). Gee explains technoiogy by contrasting it with

;» science.

33

Whereas science is concerned with the increase of
knowledge and understanding, technology is

ey directed toward use ... the output of technologi-
cal activity is a product, process, technique, or

11
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material developed for some specific use. Tech-
nology ... can incorporate inventions ... Patents
are more commonly the outgrowth of technology
rather than of science (Gee, 1974:32).

Comparing Gee's comments with Schon's definition, a conver-

gence of terms - product, process, techniques apparent.

Also, Gee's emphasis on "use" is similar to Schon's "method
of doing or making." Schon's definition of technology
appears to be an adequate conceptualization of this vari-
able,

Invention. Gee's comments noted above introduce the
next variable to consider - inventions. For inventions,
Doctors (1969) adopts the "narrow sense of the patent defin-
ition, "any new and useful process, machine, manufacture or
composition of matter"™ (Doctors, 1969:5). Another defini-
tion is

...the first creation of a piece of hardware (or
software), usually in prototype or demonstration

form, which proves the feasibility of an idea or

concept ... a subset of the idea

generation/commercialization process (Jervis,

1975:19).

The keywords in these definitions are "new" and "creation".
Inventions, as products or processes, embody technologies
which may or may not be new. To be an invention, however,
“i the manifestation of the technology must be new. The idea
W

of "newness" alsc introduces a longitudinal dimension into
the study of technology transfer, i.e. the concept of tech-
nology over time. A technology does not cease being a tech-

nology due to the passage of time. A more important notion

may be Jervis's description of an invention as "a subset of
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i
&)
o the idea generation/commercialization process." The concept
::. .
of innovation seems to represent the larger process of which
N
f invention is a subset.
"
:ﬁ Innovation. Whereas the definition of invention is
s‘.‘,
fairly unambiguous, conceptualizations of innovation seem to
§ follow two themes. One theme is an extension of the inven-
[
:' tion definition and emphasizes commercializing the inven-
"
tion. The second theme is somewhat broader in that the
i . : : .
f; ' characterization relies on the perception of the user.
! C . C
[ Examples of definitions which stress new commercializa-
, tions include the following:
:E ...the application of a new technique (hardware
L or software) which increases performance at exist-
40 ing or lower costs (Doctors, 1969:5).
]

...the series of activities which in effect
< delivers an invention or idea to its first accep-
5 tance and use ... Innovation is by no means con-
2 fined to the technological sphere but exists also
) in the arts and in education, social, and politi-
- cal circles ... (Gee, 1974:31).

& ...the technical, industrial, and commercial

(¥ steps which lead to the marketing of new manufac-
tured products and to the commercial use of new
technical processes and equipment (Jervis,
1975:19).

K The definitions offered by Gee and Jervis introduce the

dimension of "series of activities" or "steps" to the dis-

y’-o

cussion of innovation. As contrasted with "invention",

N '

innovation is more likely to be viewed as a process than a

singular event. All three definitions incorporate the

- - e e
PR e e d

dimension of "application" or "use". Thus, an invention for

which there is no use does not constitute an innovation.
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Several concerns may be expressed concerning these
definitions. First, in Doctors's view, an economic benefit
is required (existing or lower costs). This stipulation
seems to mitigate against situations wherein performance is
increased, but at a higher cost. A requirement for
increased performance may warrant an innovation even if the
cost is higher. Gee's comments imply that the "technologi-
cal sphere” is something different than the arts, education,
social, and political spheres. Given Schon's broad defini-
tion of technology, all the spheres could be characterized
as having their own technologies, i.e. techniques and
methods of doing things. Therefore, a separate definition
for "technological innovation" appears to be an unnecessary
redundancy inasmuch as innovations are inherently technolog-
ical.

Examples of the second theme in which innovation defin-
itions are broadened include the following:

...the application of a technology, idea, or con-
cept to a new use or a new user where the applica-
tion is embodied in a new product or process
developed for a specific purpose (Jones, 1983:14).

...a technology new to a given organization. By
this definition, not all technologies are innova-
tions; only those recently introduced into a set-
ting are ... (Tornatzky et al, 1983:2).

... an idea which is perceived by the individual
to be a new method, means, or capacity to perform
a particular activity (Creighton et al, 1972:1).
Innovation is not a technological advancement.
Innovation is the process of applying a given

technology to areas other than those for which it
was originally designed (Sullivan, 1980:14).
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From these definitions and comments, the shift of "new-
ness" from the technology to the application is apparent.
Another perspective on innovation is provided by Jolly
(1980) who distinguishes between the noun and verb com-
ponents of innovation. The noun component refers to the
"device, technique, or procedure" and "The concept of new-
ness need only apply to the user" (Jolly, 1980:76). The
verb component, on the other hand, refers to "...the
sequence of events that commonly occur when an institution,
company or industry innovates" (Jolly, 1980:77).

One criticism of these definitions centers on
Sullivan's statement that "Innovation is not a technological
advancement." From the discussion so far, the statement
"...not necessarily a technological advancement"™ appears
more appropriate. This is only a minor criticism, however.
The second set of innovation definitions generally
represents the conceptualization of innovation that is
necessary for understanding technology transfer. Changing
the newness concept from the device, technique, or procedure
to the user introduces the idea of movement or transfer from
one setting to another. Thus, this paper accepts the defin-
ition offered by Tornatzky et al that innovation is technol-
ogy new to an organization.

Vertical and horizontal transfer. Before investigating

the definitions that have been advanced for technology

transfer, the idea of vertical and horizontal movement

should be noted. Whether or not vertical and horizontal




transfer are both considered subsets in particular defini-
tions of technology transfer is not usually specifically
addressed, suggesting perhaps that the distinction is not
important.

Doctors (1969) cites the work of Brooks (1968) in
explaining vertical transfer as when

...a general principle is applied to produce a

new product, device, or process within a given

scientific or technical discipline, and, generally

within an organizational entity such as a single

corporation or government agency (Doctors,

1969:6).
A more succinct explanation is that "...the vertical flow of
technology..." is "...from a laboratory to a given applica-

tion, in a given discipline..." (Essoglou, 1975:5).

Horizontal transfer, on the other hand, can be

described as

.. .secondary applications, wherein technology
which originates in one sector (such as aerospace)
is used in another sector (such as urban transpor-
tation or health... (Linhares, 1976:13).

Doctors (1969) again draws on the work of Brooks (1968) to
offer the definition that horizontal transfer is when
...one technology is adapted to a different area
of application, generally across institutional
lines. An example ... might be seen in... the use
of a new metal alloy developed for a rocket engine
in a boiler for a steel mill (Doctors, 1969:6).

Research and development. R&D can be defined by

detailing its separate components as follows:

Basic Research - an increase of knowledge or
understanding in science by gaining a fuller
knowledge or understanding of the subject under
study.
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ipplied Research - the practical application of
scientific knowledge or understanding for the pur-
pose of meeting a recognized need.

Development - the systematic use of scientific
knowledge and understanding directed toward the
production of useful materials, devices, systems
or methods including design and development of
prototypes and processes. (Newton, 1980:9)

Technology transfer. Gee (1974) contends that the

phrase technology transfer "suffers from ambiguity”™ partly
because of the guestion raised of from what source to what
user. Sources and users do not necessarily have to be in
the same technical discipline, and the activity may involve
existing technoleogy or new technology. (Gee, 1974:32) The
definitions of technology transfer in the literature
reviewed present three views on technology transfer: (1)
the activity involves movement of technology after some type
of adaptation, (2) the activity involves the movement of
technologies both with and without adaptation, and (3} the
activity involves the movement of technology; adaptation is
not stipulated in the definition. Another characteristic
introduced in the definitions is technical information.

Definitions of technology transfer which represent the
first view include:

...the process whereby technical information ori-

ginating in one institutional setting is adapted

for use in another institutional setting ... more

than the mere dissemination of technical informa-

tion, it implies the adaptation of new technology

through a creative transformation and application
to a different end use (Doctors, 1969:3).

17

|
|
!
J
|



...the process of employing a technology for a
purpose other than that for which it was developed
... tech transfer focuses on the utilization of
previous research (Foster, 1971:111).

The second view that technology transfer involves the
movement of technology both with and without adaptation
appears to be widely accepted. Examples and comments incor-
porating this view include:

...the utilization of an existing technigue in an
instance where it has not previocusly been used.
The transfer may be merely the acceptance by a
user of a practice common elsewhere, or it may be
a different application of a given technique
designed originally for another user (Gruber and
Marquis, 1969:255-256).

When scientific or technical information generated
and/or used in one context is reevaluated and/or
implemented in a different context, the process is
called technology transfer (Bar-Zakay, 1970a:3).

...the application of technology to a new use or
user. It may be a direct application or may
include the need for adapting or tailoring the
technology to its new use or user (Gee, 1974:32).

...an effort to bring the results of research and
development to new users... Technology transfer
calls for the transformation of research and tech-
nology into products, processes, Or services; or
to the application of research developed for one
purpose to a secondary purpose (Myran, 1978:10).
...the diffusion of a technology or technological
information from a source to a user, in the same
or a different organization, that results in an
innovation (Jones, 1983:14).
Examples of technology transfer definitions represent-
ing the third view wherein adaptation is not mentioned may
be considered to implicitly recognize transfers both with

and without adaptations inasmuch as technology is still

technology whether or not an adaptation is employed in the

18




Yy new setting. Definitions and comments reflecting this view
include:
, ...a purposive, conscious effort to move tech-

nical devices, materials, methods, and/or informa-
\ tion from the point of discovery or development to

o new users,.. It is the planned and rational move-
ment of technology... It must be distinguished

g from the more general process of technological
diffusion: the historic, unplanned movement of

: technical or social items from one user to another

@ without any focused effort to actively transfer

0 the particular item (Creighton et al,1972:2).

\ The movement of technical ideas and know-how from
b, a conceiving organization (the seller) to a user
y organization (the buyer) is technology transtfer -
p at any stage of research and development (Evans,
b 1976:26).

...a process which involves the linking of tech-
nologies at one extreme with expressed or innate
- needs at the other and by means of a complex brok-
erage system (Gartner and Naiman, 1976:25).

...the successful dissemination of technical
. information (technology) to a potential user,
> resulting in some form of utilization of the tech-
nology by the user; therefore, successful technol-
ogy transfer depends upon the existence of some
sort of technical information system (TIS) (Dig-
man, 1979:37).

e 0 s

The definitions offered by Doctors (1969) and Foster

(1971) appear to be too narrow by considering technology

Par "a o o Y

transfer to be only applicable to adaptations. Given the

frequent references to technical information, however,

Doctors's comments deserve particular emphasis. The dis-
semination of technical information by itself does not con-
b stitute technology transfer.

After reviewing the definitions, another observation is

that technology transfer appears to be predominately a hor-

I\,

»
4
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izontal transfer activity. To simply define technology

-
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transfer as the horizontal movement of techneoclogy, however,

would result in the same limitation as imposed by Doctors
and Foster, i.e. a restriction to secondary application.
Myran's (1978) definition represents a view that technology

transfer has both vertical and horizontal components.

2. . , . C s .
:., One obvious conflict in the definitions is between
)
:h. Jones (1983) and Creighton (1972). The use of the term
Nt A
. "diffusion" by Jones contradicts Creighton's statement that
(L
Eii technology transfer is separate and distinct from diffusion,
"
o . . . .
r. Concerning technology transfer versus the diffusion of inno-
O )
v vation, Chakrabarti and Rubenstein (1976) explain that
M
j;: Spencer and Woroniak (1967) brought out the dis-
- tinction between the terms "diffusion of innova-
&l tions" and "technology transfer" by attributing an
Al element of planning and purposiveness in the
. latter (Chakrabarti and Rubenstein, 1976:21).
oo Technology transfer studies and diffusion of innovation stu-
i (f}
K.1{- dies represent two main traditions of research on the move-
" ment of technical information, emphasizing "point to point"
o
aj: mechanisms and patterns of "spreading" over time, respec-
!
q} tively (Chakrabarti and Rubenstein, 1976:20-21). These com-
> o}
o ments support Creighton's statement, therefore, Creighton's
?E definition is considered to be superior to Jones's.
y” Creighton's definition also adequately represents most of
!
-— the views expressed on technology transfer definitions
4 !'.:
" reviewed herein, assuming that his comments implicitly
;ﬁ: recognize movements of technology both with and without
P adaptation.
o
s
S
I.'_.
"

20

e 'i_”)'- RIS TR WL et
Ve "\-! -'}t_)-"n",.-.{*" .f\.f\*‘{\f"‘ hE)




In relating the concept of technology transfer to the
Federal sector, Tornatzky et al (1983) note that "...most
government programs to promote the spread of technology are
not characterized as "dissemination"; the term technology
transfer is usually applied" (Tornatzky et al, 1983:161),.
Linhares (1976), on the other hand, comments that Federal
technology transfer interests are wide ranging and inc' . |
activities not only defined as technology transfer, but also
technology utilization and diffusion. He also emphasizes
that there are both vertical and horizontal components in
Federal technology transfer. (Linhares, 1976:13-14)

Based on the review of concepts and definitions, a
broad view of technology permits investigations into a wide
h range of tools, techniques, products, and processes as Ssuit-
able subjects representing technology. The range of inves-
tigation in the subject of innovation, however, is affected
by which type of definition one accepts. Defining innova-
tion from the perspective of commercialization of inventions
is more limiting than defining innovation on the basis of
user perception. Technology transfer presents an even more
difficult subject on which to focus because of varying per-
spectives on the scope of activities included in the con-
cept. In some views, technology transfer seems almost
] synonymous with innovation; in others, technology transfer
is viewed solely as horizontal or secondary applications of
technology. In fact, neither of these views is acceptable.

t In general, technology transfer is a subset of innovation
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dealing with the movement of technology both with and
without adaptation from the source to the user. The source
to user context is in contrast to the more generalized pro-
cess of diffusion or spreading of innovation.

An important observation on technology transfer and
innovation diffusion is that

...the two processes are not mutually exclusive;

a researcher working in one tradition must draw on

the knowledge available in the other (Chakrabarti

and Rubenstein, 1976:21).

In the following literature review, therefore, research and

discussions on innovation adoption, R&D output utilization,

and commercialization of innovations are all considered
valid sources of information concerning factors and con-

siderations in technology transfer.
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¢ II. Literature Review

Factors Influencing Technology Transfer

N Chakrabarti and Rubenstein (1976) conducted research on
! 73 cases of adoption of NASA innovations in 65 organiza-
tions. The 73 cases were divided into two categories, pro-

¥ cess and product, with 28 and 45 cases in each group,

3 respectively. Based on their review of technology transfer

Y literature, twelve propositions relating to techno-economic

s and organizational factors were developed:

3

. Techno-economic Factors:

“ 1. The degree of general connection of the technology

to the firm's existing operations will affect the
degree of success of adoption.

2. The specificity of the relationship between the
technology and some existing and recognized prob-
lem will affect the degree of success of adoption.

8 3. The degree of urgency of the problem to which the
technology was related will affect the degree of
K success of adoption.

ﬂ 4, The quality of information received from the
i source about the innovation will affect the degree
of success of adoption.

S. Maturity of the technology will affect the degree
of success of adopticon.

v 6. Availability of personnel to implement the tech-
nology will affect the degree of success of adop-
S tion.

7. Availability of financial resources to implement
the technology will affect the degree of success

: of adoption.
; Organizational Factors:

8. The degree of top management interest in the piece
2z of technology will affect the degree of success of
. adoption.
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9. The degree of success of adoption will be influ-
enced by the dimensions of organizational climate
of the adopting organization.

18. The degree of success of adoption will be higher
in organizations where the use of confrontation in
joint-decision making is higher.

11. The degree of success of adoption will be higher
in organizations where the use of smoothing in
joint-decision making is lower.

12, The degree of success of adoption will be higher
in organizations where the use of forcing in
joint-decision making is lower.

Support was found in process cases for all seven
techno-economic factors. The results in the product cases
supported propositions 1, 2, 3, 6, 7 and 8. Chakrabarti and
Rubenstein noted that "The adoption of process innovations
seems to be related to a firm's immediate problem-solving
needs” (Chakrabarti and Rubenstein, 1976:32). Adopting pro-
duct innovations, on the other hand,

...seems to be a more complex process regquiring

both the commitment of a greater amount of

resources and a higher level of top management

participation than is the case in process adoption

situations (Chakrabarti and Rubenstein, 1976:32).

Reporting on research results from a study of attempts
to market products, Jervis (1975) indicates that five major
areas were identified to distinguish innovations achieving

commercial success:

1. Strength of management and characteristics of
managers

2. Understanding user needs
3. Marketing and sales performance

4, Efficiency of development
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5. Effectiveness

of communications

These conclusions were among the results of Project SAPPHO,

a study carried out at the University of Sussex, wherein 70

similar innovations in the chemical and instrument indus-

tries were matched into 35 "pairs" of successful and unsuc-

cessful commercialization attempts. (Jervis, 1975:19-21)

Also in the context of commercial innovation is Jones's
(1983) discussion of technology transfer success factors as
being related to three general areas:

1. Organizational factors
2. Communication factors

3. Technology maturity factors

Regarding organizational factors, Jones contends that "Goal
compatibility and congruence determine the extent to which
technology transfer is likely to happen" (Jones, 1983:28).
The differences in goals between university Ra&D and commer-
cial organizations are cited as an example wherein a general
interest in theory may not foster a transfer relationship to
firms more concerned with the financial benefits of commer-
cial applications (Jones, 1983:26-31). Communication fac-
tors are important in technology transfer because

In~-house personnel are usually concerned with
cost

short term incremental product

improvements,

reduction, quality control,

and other internal

needs., This observation reinforces the need to
communicate with outside sources of information in
order to keep track of technology trends and
opportunities (Jones, 1983:30).

Technological maturity refers to the "gap" between

basic research and readiness for commercialization,
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Increased maturity implies less risk and uncertainty for the
commercial adopter, and, therefore, greater probability of
successful technology transfer. (Jones, 1983:31-32) ™The
more mature the technology, the more likely is the firm to
attempt to transfer and commercialize it" (Jones, 1983:32).

Linhares (1976) discusses technology transfer factors
in the context of utilization of Federal R&D output, whether
the user is private industry or governmental agencies at the
local, state, or Federal level. Six factors are cited as
appearing to be critical:

1. Technical community awareness of user community
needs/desires

2. Technical knowledge and sophistication of user com-
munity

3. Technical knowledge and sophistication of supplier
community

4. Risk aversion environment

5. Market disaggregation

6. Federal program coordination.

Regarding the first factor, Linhares notes that Federal
R&D is often perceived as being undertaken without relation
to real problems and needs. 1Involving the market sectors in
addressing needs and problems could improve the probability
of technology transfer as R&D moves away from basic
research. The second factor is a problem for state and

local governments, according to Linhares, inasmuch as budget

constraints often preclude staffing for scientists and

engineers. By the term "supplier community” in the third
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1' factor, Linhares refers to "suppliers of products", not the
> source of technology in the sense of a source - user rela-
?T tionship (Linhares, 1976:18-19). The suppliers of products
§‘$ are themselves a user or market in that they must make inno-
H

‘: vation adoption decisions regarding their produacts. The

:: source of the technology transfer may be internal or exter-
_;t nal.

;‘ The fourth factor, risk aversion, relates to innovation
i  adoption decisions. Linhares contends that in the public

;5 sector the tendency is to avoid risk due to concerns for

' criticism from voters and a focus on near term issues and

iﬁ improvements (Linhares, 1976:19-20). Market disaggregation,
Es the fifth factor, occurs in the public sector because even
" though the market may appear large for a product, each cus-
P

.% tomer may impose unigque specifications, thus preventing

‘ﬁa economies of scale which would facilitate technology

- transfer. Federal program coordination as a factor refers
;; to the potential problem of an agency supporting R&D for a
:¥ product which is not compatible with the objectives or regu-
! lations of another agency. "Cross-program knowledge" is

‘: important (Linhares, 1976:20).

{: From the four authors reviewed above, two general

i~ themes seem to emerge for discussing factors that influence
L)

:ﬁ technology transfer. One broad theme is management involve-
g ment. Chakrabarti and Rubenstein's proposition concerning
:& top management interest specifically recognizes this theme.
'%3 Their propositions concerning the availability of personnel,
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the availability of financial resources, and organizational
climate can also be considered to be management related fac-
tors. Jervis also specifically cited management as a major
area influencing innovation success, and his other major
areas of marketing, development efficiency, and communica-
tion effectiveness can be considered to be in the domain of
management involvement. The second general theme relates
factors to the source - user relationship. Chakrabarti and
Rubenstein's propositions concerning problem recognition and
problem urgency, and Jervis's major area of understanding
user needs highlight this theme. Linhares's factors on
awareness of needs, user knowledge, and supplier knowledge
also are examples of elements of a source - user relation-
ship. The related issues of risk aversion and technological
maturity, as discussed by Linhares and Jones, are examples
of factors which can be barriers to a source - user rela-
tionship. Additional literature concerning factors
influencing technology transfer is reviewed in the following
paragraphs under the sub-headings of management involvement
and source - user relationship.

Management involvement. D.B. Hertz wrote in 1965 that

there was a growing awareness among executives that innova-
tion was not just desirable, but was a condition of sur-
vival., Hertz also noted that research findings had found
that deep involvement of top management in the research pro-
cess was associated with successful R&D operations (Hertz,

1965:49). More recently, global competition and the impact
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of technological change are cited as challenges reguiring
executive skills in the management of innovation (Fischer,
1984:2; Leonard-Barton and Kraus, 1985:102). Two factors
that management must influence in order to promote effective
performance by innovative groups are "...the ability to
anticipate technological progress within a field and the
need to establish an appropriate setting for a creative
group"™ (Fischer, 1984:3).

Myers and Sweezy (1978) reported on results of "a study
of 200 innovations that passed initial screenings but failed
after entering the commercialization pipeline" (Myers and
Sweezy, 1978:41). 1In their study, five broad categories

accounted for most of the failures:

Market 27.5%
Management 23.5%
Capital 15.0%
Technology 11.5%

Laws and regulations 17.5%

Management, as a category, included errors such as
developing a welding torch for repairing automobile bodies,
but discovering after it did not sell that the torch was a
fire hazard with the upholstery in place (Myers and Sweezy,
1978:41-42) ., Management, in general, was related to the
other categories as well. For example, Myers and Sweezy
noted that in the marketing category "...management often
plunges ahead without trying hard enough to minimize that

risk" (Myers and Sweezy, 1978:41). 1In the area of laws and
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regulations, management is described as "conservative" by
rejecting products or processes which might be susceptible
to patent or anti-trust problems. 1In the capital category,
management tended to underestimate the funds required to
complete the innovation process. The involvement of manage-
ment should be to "...ask the right questions at the right
time" in order not to overlook things easily forgotten and
to "...force an appraisal of the assumptions and ideologies
that underlie every innovation" (Myers and Sweezy, 1978:46).

In contrast to the private industry and commercializa-
tion context of the discussion on management involvement so
far, Driver and Koch (1981) describe conditions which can
help transfer research results into management practice
based on experience in the Federal sector (U.S. Forest Ser-
vice). Driver and Koch contend that a manager must be
involved with the researcher in several ways. First, the
problem and significance must be agreed upon. Both parties
must have a personal and mutual interest in the problem, and
the research effort must be a cooperative effort with the
manager involved in the early phases. The manager and
researcher must also establish and maintain "...mutual
respect and trust" (Driver and Koch, 1981:33-35).

Source - User Relationship. Management involvement

includes managers of both sources and users in the technol-
ogy technology transfer relationship. The distinction
between source and user does not necessarily mandate an

interorganizational relationship. 1Interorganizational
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rzlaticonships, however, are often the context of literature
concerning technology transfer. Such is the case with
literature reviewed in this section.

The source - user relationship can also be character-
ized as seller - buyer. Evans (1976) uses this terminology
in describing sellers as typically consisting of inventors,
universities, or research institutes, and buyers as typi-
cally being an industrial organization. The ability to
transfer technology between seller and buyer, according to
Evans, is a function of attitudes held by each party. The
differences in attitudes can constitute a "transfer gap" to
be overcome if the relationship is to successfully promote
technology transfer. Evans's "technology gap" raises issues
similar to those posed eLsove by the questions of technologi-~
cal maturity and risk aversion. (Evans, 1976:27-29) 1In par-
ticular, the transfer gap consists of six elements:

1. The gap between idea and prototype.

2. The communications gap between organizations.

3. The disparity between the buyer's concept of worth

of new technology and the seller's opinion of its
value.

4. The refusal of buyers to recognize that outside
technology can be valuable to them.

5. A biased interpretation of the risk versus return
axiom.

6. A tendency on the part of many organizations to
discourage the sale of a technulogy even when it
would be to their benefit to do so (Evans,
1976:29-30).

The transfer gap makes technology transfer difficult
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because attitudes are difficult to chanjge. To overcome 5
these problems, Evans suggests that sellers provide "reas-

surance that the technology 1s practical" with working !
models of products or small scale tests of processes. For I
buyers, Evans suggests that the risk-taking on new technol- |

ogy be uncoupled "from the marketing, production, and R&D

processes to a special group. (Evans, 1976:31-32)
Evans's suggestions can be related to an earlier arti-
cle by Foster (1971). Foster commented that

Ideally, a company should build a tech transfer
team that operates in the new business department,
although, of course, the team will interface with
the R&D, marketing, and manufacturing functions
(Foster, 1971:111).

departments" by assigning responsibility for new products or
|

Foster recommends that organization for technology transfer

be based on pairing problems and customers. Thus, in his

example, a company with a new technology such as composite

materials should identify speéific customers in aerospace,

building construction, or other appropriate industries. The

transfer teams can then proceed with implementation plans

addressing particular needs. Foster stresses that the tech

transfer team should not be located :n either the R&D or ;

marketing department. (Foster, 1971:116-117) |
A generalization from Foster (1971) and Evans (1976) :

seems to be that special provisions in organizational struc-

ture may have to be made to facilitate the source - user

relationship. Gartner and Naiman (1976) present a similar

argument in the context of Federal technology transfer by
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Ry positing "...for a complex technology transfer to be suc-

cessful, an explicit structure is needed" (Gartner and Nai-

32 man, 1976:27). Gartner and Naiman describe technology

gz transfer by characterizing the environment as comprised of

N two general systems: the R&D General System and the Company

éé General System. The R&D General System can be a Federal,

33 university, or private laboratory. The Company General Sys-

* tem represents the user to whom technology is to be

? transferred. Departments and divisions within the labora-
1 tory or company represent the subsystems of both general

systems, and elements in both cases are the people involved

E: in transfer and utilization. (Gartner and Naiman, 1976:22-

3% 23) Barriers have been identified as listed below:

N Between the General Systems

a

1, No formal transfer policies
» 2, Cost barriers
! 3. Time horizon conflict

4., Infringement problems

Between Subsystems

N 1. 1Inertia barrier
.% 2. Lack of an incentive structure
Q 3. Cost barrier

4, Communication barrier
; 5. Time barrier
¢ 6. Geographic distance
A}{ 7. Non-existent transfer management structure
- 8. Technology barrier
R 7

Between Elements

Al 1. Lack of an incentive structure
J) 2