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OBJECTIVE 

The purpose of this document is to describe and to propose research into the process of technology 
transfer between universities and industry. This project is being conducted by an interdisciplinary group of 
researchers at The University of Texas at Austin. 
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INTRODUCTION 

Successfully transferring advanced technology from university laboratories to private industry 
is a complex process which is not well understood. Even under the most efficient circumstances in 
private industry, technology transfer problems are extensive. Technology transfer becomes 
considerably more complex when one attempts to transfer advanced technology from public 
universities. 

Taking the larger view, Ouchi (1988) emphasizes that the intellectual property rights that 
reside in any society are a major resource and that change in the structure of these rights is a strong 
force in socioeconomic evolution. It is also recognized that the United States is beginning to see 
important and fundamental shifts in established technology transfer from public universities to 
industry. New institutional alliances between the public and private sectors, especially among 
business, government and academia, are altering strategies and tactics of economic development and 
diversification. How communities, regions and nations anticipate and respond to this new 
competitive environment will have a great bearing on the health and viability of their economies 
the quality of life (Smilor, Kozmetsky, and Gibson 1988). 

When examined as a process, technology transfer refers to the effective exchange of technical 
information among scientists and engineers as individuals, groups, or representatives of 
institutions or companies. In high tech, R&D technology transfer is more often the exchange of 
ideas, research findings, or critical information than simply a product transfer. In university-
industry cooperation, technology transfer is a two-way or interactive communication process. 

In studying this process, we seek to identify the factors, circumstances, and actions that 
facilitate or impede this transfer. We especially seek generalizations that increase our basic 
understanding and that can be tested in alternative environments and situations. 
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Assistant Professor 
Department of Management Science 
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The University of Texas at Austin 

3 



TECHNOLOGY TRANSFER: AN OVERVIEW 

By Harmeet S. Sawhney, Ph.D. candidate, Department of Radio-Television-Film, College of 
Communication, The University of Texas at Austin 

TIIE CHANGING RELA TIONSHiP 

At present, joint university-industry research constitutes less than one-half of one percent of the 
national R&D effort. But changing relationships between science and technology, theory and practice, 
knowledge and business, national and world economies have fueled the rather recent interest in university-
industry relationship as an area of academic research. The United States' diminishing ability to compete in 
international markets has resulted in much soul searching. It did not take much introspection to realize that 
the single competitive advantage which the United States retains is its innovative capacity, the capability of 
producing new technological innovations which are the basis for new commercial products and processes 
(Zablocki 1988). The competition drew its strength not from basic research, but from innovative 
exploitation of the commercialization potential of laboratory research and the close collaboration between 
institutions. It was apparent that the United States was not fully utilizing its vast research resources; hence 
the interest in the university-industry relationship. 

Unlike their European counterparts, universities in the United States have had a long utilitarian 
tradition which goes back to the passage of the Morrill Land Grant Act in 1862 and the subsequent 
agricultural extension programs. This utilitarian tradition, in the industrial context, was reaffirmed in 1903 
with the establishment of the first engineering experimental station in Illinois. Research, teaching and 
service form the triumvirate which is the basis of the American university. The following 1906 
observation by Lyman Abbott, as reported by Rudolf, contrasts the service aspect of the American 
university. "The English university, he concluded, revolved around culture, the production of gentlemen 
aristocrats. The German university found its life not so much in culture as such but in scholarship, in 
erudition, in the production of scholars. In the American university, the symbol of which Abbott located in 
the new University of Chicago, he saw a place where the emphasis was placed neither on culture nor 
scholarship but on service, on the preparation of young Americans for active lives of service" (Rudolf 1962, 
356). 

The close relationship between universities and industry initiated by the establishment of land grant 
universities continued into the first half of the present century. As expected, the links were stronger with 
the physical science and engineering departments which relied on industrial support for capital equipment 
and research funding. The post World War II explosion of federal funding disrupted this continuing 
relationship. Federal funding introduced peer review as the basis for research grants. Peer review, academics 
evaluating the work of fellow academics, severed the restrictive links with the nonacademic world. 
Unrestrained by the realities of the practical world, the academic propensities struck deep roots and got 
institutionalized. Also the large budgets, coupled with the more basic nature of federal research which 
permitted greater freedom of chosing research projects, made industry sponsored research unattractive 
(Az.aroff 1982). 

The decline of federal funding coupled with above mentioned factors has resulted in the most recent 
interest in the university-industry relationship. New linkages are being forged. Unlike the past, these 
linkages are different in one import.am aspect All along universities have made investments to generate 
revenue, but they were in areas unrelated to their main lines of business - teaching and research. Now the 
universities are increasingly investing monies directly in ventures which seek to utilize their main resource, 
faculty, for commercial purposes (Baba). It is this altered nature of links that has resulted in concern about 
the transforming nature of universities. There is a degree of inevitability about this transformation because 
rapid technologicalchange generates interpenetration of the academic and industrial domains (Baba). The 
reasons are twofold: (1) an increase in the market value of many university products (eg. graduates in key 
tech fields, faculty entrepreneurs, research results, and inventions) (Gibson 1984) and (2) a blurring of the 
lines between basic and applied research in areas such as biotechnology and microelectronics {Peters and 
Fusfield 1983). The possibility of giving direction to these forces of change underlines the importance of 
research in this area. 

THE PHENOMENON 

Any understanding of the technology transfer phenomenon is dependent on the conceptualization of 
technology; after all it is technology which is being transferred. At one polarity technology transfer is 
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conceptualized as a discrete, one-time occurrence. Here the conceptualization of technology transfer is 
hardware/blueprint oriented. The softer aspects - for example, training - are considered auxiliary. At the 
other polarity is the conceptualization of technology transfer as a process, the flow of ideas being more 
important than the flow of things. We take the stance that technology transfer is a continuum, with its 
discrete and process aspects being the two polarities. The context of the technology transfer situation would 
determine the discrete-process point on the continuum. In the international context technology transfer 
from developed to developing countries is more discrete than process oriented. Whereas in the university-
industry context it is more process oriented than discrete. 

Aside from the discrete-process aspect, in the university-industry context a factor of particular 
importance is the commercialization aspect of transferred technology. In fact the commercialization of a 
university's technology is the key factor in university-industry technology transfer. It is also on this 
commercialization aspect that the two cultures clash and thereby weaken the potential partnership. 

The technology produced by the laboratory is unrefined, not unlike a mineral ore. "Commercialization 
of technology is the process of taking research results as they emerge from the laboratory and bringing them 
to a successfully marketable product" (Dorf et al. 1987, 2). This process involves a number of stages: 
developing the product concept, building a prototype, testing its feasibility, developing and designing a 
marketable product, setting up the production facilities and, finally, passing the manufactured product to the 
marketing and sales department Much development and market research remains to be done. It is here that 
another divergence in approaches takes place. Some approaches see technology transfer as a rather linear, 
orderly process. Others see it as a chaotic and disorderly process. "In the process of talking about 
university-industry partnerships, there's a flaw in believing that we start with a deep idea in basic research 
which moves along from hand to hand to become an applied idea, then a developed idea, then a product that 
goes out the door. There are cases that look like that But that leaves no room for the flow in the opposite 
direction. The flow implies a very orderly movement - which we know from experience is not the case at 
all" (Dimancescu and Botkin 1986, 34). We take the stance that it is more chaotic than orderly. 
"Developing a commercial product sometimes requires as much or more creativity than an original . 
invention" (US Deparunent of Commerce 1986, 152). 

This bias towards the orderly nature of things has led to a ready adoption of the diffusion model as the 
model for technology transfer. We contend that there are important differences and that the diffusion model 
is not totally appropriate for the technology transfer phenomenon. In the diffusion model, transfer of 
information is emphasized, the endeavor being to replicate experts' knowledge in another's mind. 
Reinvention is frowned upon. The fact that much of the diffusion research has taken place in situations 
(developmental communication, agricultural extension programs, etc.) where there are experts and 
nonexperts could have resulted in this bias. The "innovation" is conceptualized to be a fully formed idea 
which needs to be merely transferred. The above may be true for technology transfer from a developed 
nation to a developing one, but not for the type of process we seek to study. We are interested in the 
transfer process between the university and the industry; that is, between two groups of experts. Also in 
the university-industry situation, it is not merely a transfer of a fully formed idea from one person to 
another; rather it is a creative process where the interaction between university and industry researchers leads 
to a new useful idea. Unlike the diffusion model, in the creative process half baked ideas are being bounced 
off each others' heads; slowly the germ of an idea snow balls into the big one. The difference can be 
illustrated by the following analogy. The diffusion model is like a kindergarten situation where the teacher 
transfers the alphabet technology. The creativity model is like a graduate seminar where students do not 
"learn" but discuss things. Thus we see that the diffusion model and the creativity model are two different 
ways of conceptualizing the technology transfer process. The figure in Appendix 1 is a graphic attempt to 
capture this difference. Perhaps technology transfer is not one or the other but is rather a "broadband" 
phenomenon which ranges from mere diffusion to sheer creativity. Also perhaps creativity could be 
conceptualized as a degree of reinvention. 

This ready acceptance of the diffusion model has resulted in great emphasis being placed on establishing 
linkages between universities and industries. "The thinking being that once the links have been established 
there would be an automatic flow of technology. The link being analogous to a pipe connecting two tanks 
with different water pressures. Linkages are a necessary but not a sufficient condition" (Dimancescu and 
Botkin 1986, 34). These linkages are merely vehicles for technology transfer. What is more important is 
for there to be a climate within which "there is enough knowledge and most of all a certain spirit by which 
things get done" (Dimancescu and Botkin 1986, 34). The technology transfer is the challenge of managing 
this climate. 

Attempts to model the process bring in an inherent linear bias. They tend to reduce the complex 
processes into chronologically ordered stages - boxes with straight lines joining them. "They tend to 
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describe the movement of a technology as a whole into use, and with the exception of a few feedback loops, 
omit consideration of the back and forth exchange of information that occurs as the various parts of the total 
technology gradually come together into useful form. The difficulty in modelling the myriad of 
transactions which might occur in a single transfer led the authors to the belief that most transfers contain 
non-identifiable parts and that to accurately describe in model form all the parts of an actual transaction is 
next to impossible. Each transfer is procedurally different from others, although they have common 
elements. For this reason we abandoned work on procedural models, believing that if the factors which 
contributed to successful transfers were well understood, managers would be in an improved position for 
drawing up their own plans for attracting and implementing innovations" (Creighton et al. 1985, 67). 
Creighton et al. (1985) isolated nine elements that were repeatedly stated or implied in descriptions of 
transactions or subtransactions of technology transfer models. 

Since they are relatively manageable and identifiable, four of these elements are considered to be formal. 
They are recognized as things to be administered or things to be done. These factors are: 

(1) organiz.ation 
(2) project 
(3) documentation of information 
(4) distribution of information 

The five informal elements are concerned with things which are not clearly identifiable, nor precisely 
manageable. These factors are: 

(5) linking (coupling, liaison etc.) 
(6) capacity to transport or receive, and to act 
(7) credibility of parties or organizations in the transaction 
(8) willingness to transmit, receive or implement ideas 
(9)reward 

These are the key ingredients of the technology transfer phenomenon. Each of the nine elements has 
its own theory. These are the key "pieces" in any technology transfer context. The interrelationship 
between them would vary from context to context. Research has emphasized the linking factor to the 
exclusion of others. "The theory thus has been the theory of information movement usually excluding 
management theory with which it must merge. Linkage is an important part, but the actual transfer does 
not take place until the information or technological process has been tried then rejected or put to use. By 
the time this occurs the linking, or intermediary function has long since passed" (Creighton et al. 1985, 
67). Technology transfer is something that happens by people doing and exchanging ideas rather than by 
creating anonymous "deliverables." Technology is not a deliverable that can be neatly packaged and 
forwarded. It is a process, and it travels best in the minds of people (Rogers and Dimancescu 1987, 5). The 
linkage is only a physical medium which by linking minds in two different institutions provides a path for 
the movement of these ideas. This movement is not orderly or unidirectional. It is chaotic and disorderly 
with ideas bouncing to and from the collaborating institutions. "The effective commercialization of new 
technology is less of a relay race where players hand off a baton to the next player than it is a basketball 
game where players pass the ball back and forth as they advance towards the goal" (Dorf et al. 1987, 2). 

With this understanding of the phenomenon, let us study the various approaches to technology transfer. 
Until recently, little attention was paid as to how science was actually transformed into technology and 
subsequently commercialized. It was generally assumed that somehow or the other it would naturally 
happen. Slowly over the period of time as competitive pressures grew, interventions were designed to 
quicken the process. The post World War II efforts for technology transfer can be divided into three stages. 
In each stage a particular "model" or outlook on how technology transfer occurred tended to dominate: the 
Appropriability Model (1945 to the late 1950s), the Dissemination Model (late 1960s to the late 1970s) and 
the Knowledge Utilization Model (late 1970s to the present). 

The Appropriability Model emphasized the quality of research. It was assumed that if the quality was 
good, the competitive market pressures would force the industry to use the products of federal research. 
Under this model deliberate technology transfer mechanisms were not necessary. The Dissemination Model 
emerged in response to the growing concerns that federal R&D was being underutilized. The model sought 
to facilitate the technology transfer process by developing dissemination mechanisms. The idea was to 
inform the potential users of the available research outputs. The Knowledge Utilization Model more 
actively seeks to link the researchers and the users of technology. It seeks to confront two important 
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barriers to technology transfer: (1) inadequate interpersonal communication between producers and users 
throughout the information generation and transfer process and (2) inadequate attention to organizational 
barriers (Devine et al., 27). 

THE BARRIERS 

With some understanding of the phenomenon, the paper now proceeds to study the factors within the 
university-industry context which tend to hinder communication and thereby the flow of technology. The 
problems in the coupling between universities and industry are often referred to as "impedance mismatch." 
In order to adopt the knowledge utilization approach, it is important to understand the nature of these 
barriers. The following table lists some of the more important ones and the subsequent discussion explains 
them in greater detail. 

UNIVERSITY INDUSTRY 

1. Academic Values Business Imperatives 

2. Networking Within Dept: Low High-Organizational Goals 

3. InterUniv. Networking: High Intercompany: Low (secrecy) 

4. Loyalty to Field Loyalty to Company 

5. Disciplinary Boundaries Multidisciplinary Approach 

6. Orientation: Bibliography(written) Orientation: Expert (aural) 

7. Time Pressure: Long Term Time Pressure: Short Term 

8. Universalistic Code Particularistic Code 

9. Research Partners: Choice Research Teams: Org. Need 

10. Peer Review Maxket Place 

1. Values 
Academic values stress public dissemination of knowledge; whereas the realities of the business world 
demand secrecy and proprietary rights. The academics value publications; whereas the industry treasures 
patents. 

2. Networking within Department/Organization 
Academic departments tend to be "portfolios" of professors with different areas of speciality. Also the 
individualistic academic jobs do not require too much interdependence. These two factors have resulted in a 
low level of networking within departments. In business organizations, because of common organizational 
goals, the task interdependence among individuals necessitates networking. 

3. Networking across Departments/Organizations 
Academia has "invisible colleges" with researchers spread across institutions. Hence the networking across 
institutions is high. In industry, because of efforts to maintain secrecy, networking across organizations is 
low. 

4. Loyalty 
Academics tend to be more loyal to their fields than the institutions where they happen to work. The 
corporations demand total loyalty. 

5. Disciplinary Boundaries vs. Multidisciplinary Approach 

8 



Academics tend to have a narrow disciplinary focus. In industry anything goes as long as it works. 

6. Aural vs.Written 
In academia, when approaching a research problem the tendency is to get a bibliography. It is a written 
culture where written communication is preferred. In industry the tendency is to reach out to an expert. It 
is an aural culture where aural communication is preferred. 

7. Time Pressures 
In academia the time pressures are long term; whereas in industry they are short term. This could be a 
contributing factor towards the written orientation of the academia and aural orientation of the industry. 

8. Universalistic vs. Particularistic Codes 
Academics strive to abstract concepts from particular situations so as to arrive at universal truths. The 
written medium is better suited. In the case of industry the process is the reverse. The industry researchers 
strive to adopt the theoretical universal concepts to the situations particular to their organizations. The 
aural medium is better suited. 

9. Research Teams 
In academia research teams are formed on the basis of rapport and hence are out of choice. In industry the 
research teams are fonned on the basis of organizational needs. 

10. Evaluation 
In academia performance is judged on the basis of peer review; whereas in industry the final arbitrator is the 
marketplace. The tenure system discourages active involvement of junior faculty in industrial research. 

The barriers are not insurmountable. Both sides stand to gain. The universities would benefit from: 
(1) replacement of lost federal funds; (2) avoidance of complex federal regulations and "red tape"; (3) the 
potential for long tenn support outside of government; (4) help with financing sophisticated technology 
required for state of art teaching and research; (5) access to specialized industrial equipment; (6) support for 
graduate students; (7) broader and more relevant educational experiences for graduate students; (8) 
professional stimulation for faculty members and (9) potential marketing of university innovation with 
royalty returning to the university and individual faculty members (Baldwin and Green 1984, 6). 

Industry would gain: (1) access to highly trained graduate students as potential employees; (2) access to 
competent scientists without having to develop extensive capabilities; (3) new ideas, approaches 
and products that enhance the competitive position of industry groups as well as individual companies; and 
(4) improved capability for meeting governmental, environmental, health and safety standards (Baldwin and 
Green 1984, 6). 

"There is no shortage of technology in America. There is, however, a distribution problem. And one 
way to break the logjam is to get the right people talking together" (Frye 1985, 7). Getting the people to 
talk across the above mentioned barriers is the central challenge of technology transfer. It will be the 
endeavor of our group to understand the nature of these barriers and find ways of facilitating the much needed 
dialogue between the university and industry researchers. 

In studying technology transfer, we seek to identify the factors, circumstances, and actions that 
facilitate or impede it. We especially seek generalizations that increase our basic understanding of the 
phenomenon. Sample generalizations from the study of technology transfer in the Phoenix area (Cognos 
and Associates 1987), as well as several other studies include: 

- Often the most successful cases of transfer initiate with personal rather than organizational contacts, but 
the latter are ne.cessary to fonnalize the process. 

- The joint interest in a topic may well motivate effective communication between personnel in industry 
and university although the individuals may have quite different opinions of the project or organizational 
motives. (Microelectronics scientists and engineers may often have more allegiance to their research topics 
and ideas than the organizations they work for.) 

- Common attitudes toward environment, life-style, recreational and cultural interests may have a greater 
effect upon developing relations between university and industry researchers than many industry recruiters 

9 



have understood; that is, they are more than "perks." (The Japanese are using this concept in planning their 
new technological cities.) 

- Opportunities for serendipitous contact are especially effective catalysts for university-industty contacts, 
not only in the research environment (seminars, professional meetings, "coffee rooms") but in the 
community environment (above) as well. 

- Typically effective relationships may take 3 to 5 years to develop; new projects require a "warm-up" time 
for information to flow. (Therefore, short-term projects are probably not suitable for university-industry 
transfer.) 

- Differences in corporate and university environments raise barriers to cooperation. Industty researchers 
often cite petty or cumbersome university administrative requirements as a major problem. 

- Differences between corporate and university motives are real and must be accommodated. (As Intel's 
Gordon Moore told Cognos and Associates: "Participation in joint R&D may be good for the countty, but 
it's not necessarily good for your company.") 

- Attihldes about research dissemination are often directly opposite, as industry may view information as 
proprietary and to their strategic advantage; whereas the university tradition is for wide dissemination in the 
scientific community and to students. 

- Industry and universities often have different motives governing choices of basic versus applied research, 
the latter not traditionally feeling the need for product development. 

We seek to build on these early path breaking studies and then integrate our findings into a coherent 
framework so as to make the technology transfer phenomenon more understandable. This larger endeavor 
has been sectored into manageable research projects. These are described in the subsequent sections. 
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TECHNOLOGY TRANSFER ISSUES IN A R&D CONSORTIA* 

By Christopher Avery, Ph.D. candidate, Department of Speech Communication, College of 
Communication, The University of Texas at Austin 

R&D consortia represent a new organizational form for America and a test case for American industry. 
The transfer of research results from the consortium to member companies is a primary ingredient to the 
success of the consortium and a complex communication task to which most researchers are unaccustomed. 
Indeed, researchers prefer to conduct research rather than persuade potential users to find a way to apply the 
results. Further, potential users differ in the way they prefer to receive the results. Therefore technology 
transfer, although a crucial component of R&D consortia, is a challenging and not-well-understood 
organizational task. This paper reports on the preliminary stages of a qualitative analysis of a consortium 
located in the Southwestern United States. The objectives of the study are: 

1. Assess and compare approaches to technology transfer from the perspectives of the 
transmitter (the consortium) and of the receivers (member companies); 

2. Identify and contrast generalizable and specific factors that enhance and inhibit the 
technology transfer process; 

3. Identify factors associated with the consortium's ties to universities that may relate to the 
technology transfer process; and 

4. Compare and contrast successful and unsuccessful examples of technology transfer that 
have occurred at the consortium. 

There are four sources of data for the study: 

1. Transcripts of recorded interviews with executives, managers and researchers; 

2. Field notes written during and after each interview and visit to the consortium; 

3. Archival data from personnel records, meeting minutes, collateral material, news 
clippings and publications; and 

4. A survey of the consortium contacts within member companies. 

The following are some of the preliminary findings of the study: 

At least three dimensions characterize the variety of technology transfer found at the consortium: 
(1) Mode; (2) Initiative; and (3) Continuity. Each of these are briefly described here. 

The first dimension, the Modes of transfer, fall into two broad categories first used to describe federal 
technology transfer programs (Tornatsky et al, 1983) Those categories are "passive," in which the transfer 
medium allows for random contact between transmitter and receptor (as when information is stored in a 
database for later access), and "active," in which either transmitter or receptor targets the other, or 
alternatively, a third party matches transmitters to receptors (as in the agricultural extension service when a 
county agent selects technologies to provide to farmers). 
The second dimension, Initiative, refers to the "push/pull" nature of the transfer process. Some transfer 
processes are initiated primarily by the consortium personnel and involve more selling than transferring. In 
one case, a significant "Not Invented Here" (NIH) factor existed at many members where the consortium 
tried to transfer a technology. Successful transfer required repeated attempts, cunning strategy and 
championing on the part of the inventor of this technology before members began to accept the technology. 

Other transfer processes are initiated by members. In a highly publicized case, a manager from a 
member company recognized the potential application of a technology under development at the consortium 

* This report is based on ongoing research at the IC2 Institute, The University of Texas at Austin. 
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and sent a crack engineer to "live at the consortium" for a week out of every six until she had "pulled it out" 
and delivered it to the member. This member showed maniacal initiative in receiving this technology. 

The middle ground is tentatively labeled "collaboration" because, if the process is occurring but it is 
truly unrecognizable as being primarily push or pull, then there must be balanced participation by both 
parties. Some of the consortium's technology transfers lie in the collaborative area of the continuum since 
the consortium utilizes the member companies as "laboratories" for testing of their tools. 

The third dimension Continuity refers to how relatively "discrete" versus "continuous" the transfer 
process is. Technology transfer is discrete if the technology physically exists as hardware or software and 
can be (and is) physically moved from the consortium lab to the member development facility. The most 
prevalent example of this is the case referred to above of the member company sending an engineer to "get" 
the technology and moving it directly to a product application. That transfer occurred in a short burst (6 
months) of high levels of activity with quite visible efforts and visible results. 

Technology transfer is continuous if the technology exists primarily in the minds of the researchers and 
the papers they write and presentations they make. Continuous technology transfer is the constant flow of 
information about learning activities in which researchers are engaged. An example of this is members' use 
of the consortium research reports as an intelligence tool to constantly survey the progress within specified 
domains. An indication of the continuous nature of transfer is one member's insistence on not just 
knowing the research successes but also the failures. They say "tell us also of avenues you have explored 
which did not turn out to be fruitful." This form of technology transfer is Jess visible, Jess focused, less 
measurable and less romantic -- it does not make very good headlines -- but also is not necessarily less 
useful than discrete transfer. 

Given the three dimensions discussed above, just cataloguing the variety of technology transfer 
mechanisms and events within the consortium affords a complex array. Thus setting standards for planning, 
measuring, evaluating and managing transfer must also be complex. This complexity may have been 
expected but not well defined since there was no previous model with which to provide definition. Thus the 
consortium has experimented with the management of technology transfer. 

One primary example of problems the consortium has addressed in learning to manage transfer includes 
the demise of a discrete process whereby a technology would be delivered to all members at the same time. 
This policy was discontinued when experience showed that transfer was often more continuous than discrete. 
Indeed, the consortium has found that members, because of competitive positions are often unwilling to tell 
what technology they are or are not using. 

The consortium management also displays some dissatisfaction with many members use (or lack of 
use) of the research reports produced by the consortium researchers, a decidedly continuous process. These 
issues have encouraged one consortium manager to promote a customized approach to delivering technology 
to each member. "We will not customize the technology, but we will work to discover how each member 
can best receive it." 
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FACILITATORS OF AND BARRIERS TO TECHNOLOGY TRANSFER 
BETWEEN THE UNIVERSITY AND INDUSTRY: PRELIMINARY 
FINDINGS OF THE AUSTIN, TEXAS STUDY* 

By Gary Stewart, Ph.D. candidate, Department of Management Science and Information Systems, Graduate 
School of Business, The University of Texas at Austin 

This study examines factors which facilitate or hinder technology transfer between the universities and 
industry. This exploratory study examines linkages between three large Austin, Texas based corporations 
and the University of Texas at Austin. The three corporations studied are Motorola, Inc., Texas 
Instruments, and 3M. They are major employers in the Austin area and were selected because of their 
importance to the Austin economy. 

J\.ffiTHODOLOGY 

Currently, a series of initial interviews are being conducted with each of the three companies. One 
person involved with university relations for each company was approached by the research team. After the 
company agreed to participate in the study, the contact person provided a list of of people involved with 
relations between the company and the University of Texas at Austin for the initial round of interviews. 

These initial interviews are loosely-structured and open-ended, with the purpose of discovering the 
various types of linkages which exist between the three companies and the University of Texas. It is 
believed that the three companies themselves will lend a rich diversity to the study. All three companies are 
"high-tech" companies and are therefore involved in the movement of technology. Motorola has been 
located in Austin since 1973 and represents a company with intennediate-length contact with the Austin 
area and the University of Texas. 3M is relatively new to Austin, having been in the area only a few years, 
and began occupying a new facility ("four points") in the summer and fall of 1988. Texas Instruments, 
with its world headquarters in Dallas, is a long-time member of the Texas and Austin communities and its 
relationships with the University of Texas give a long-tenn perspective on the linkages that may develop 
between industry and the university. 

THEORETICAL UNDERPINNINGS 

Analyses of the data in this research have four primary theoretical supporting foundations. First is the 
Role Theory. Under this theory an examination is made concerning whether the members of industry and 
academia (and "interested parties") feel that it is within their proper function to be involved with the transfer 
of either industrial or academic technology to the other entity, or whether such activity falls into what a 
person feels is his or her "proper role." 

Second is the Culture Theory. Rather than assuming the classical model of culture theory, which 
applies only across international boundaries, as between the United States and other countries, an 
examination will be made to see if perhaps the different cultures of industry and academia may indeed hold 
different outlooks on the process of the transfer of technology. Perhaps we can identify the "academic 
outlook" as well as the "industry outlook" on the subject Interestingly, it may also be possible to label 
the interested parties involved as "more academic" or "more industrial" in their disposition concerning 
technology transfer between academia and industry. 

Third is the Decision-Level Theory. Group-individual, organizational, and environmental levels of 
analyses have been identified. It is possible to discover if persons from different levels in the hierarchy of 
organizations have different perspectives on the subject of technology transfer. A further segmentation can 
be made by looking at the number of years of service with a firm or university. Perhaps seniority is an 
influence concerning technology transfer attitudes. 

Fourth is the Resource Dependence Theory. The manner in which people are willing to behave, 
according to this theory, is based on the amount of resources needed to survive. A shortage of resources 
may cause one to modify behavior specifications. This research will attempt to see if resource dependence 
may play a part in the attitudes which various individuals hold concerning university-industry relationships. 

* This report is based on ongoing research at the IC2 Institute, The University of Texas at Austin. 
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PRELIMINARY FINDINGS 

After partial completion of the first round of industry interviews, these preliminary findings can be 
reported. Obviously, these findings reflect the industry point of view and will later be complimented by the 
views of members of academia. 

Perceived Types of Educational Institutions 

Discussions with personnel from industry indicate there are three types of universities in the "mind's 
eye" of industry. First there is the research institution, with the image of doing mostly pure research. This 
type of institution is the one which would be approached by industry to do basic research and is where one 
would expect monies to be directed for initiating basic research. . 

Second is the "working man" university, perceived as a type where you could hire graduates who will 
roll up their sleeves and get to work. This definitely is an applications-oriented view of the university. 
The third view of the university is what one industry official referred to as a "teacher's university," one 
where teaching is the primary focus, in both university function and in the student product. 

There are implications for the university and for industry if these stereotypes are indeed prevalent in the 
industrial community. It seems that the "research university" label holds the most prestige; the working 
university is second in prestige; and the teacher's university is the lowest . If a university is trying to 
increase its national ranking, and thus its prestige, it may focus more on research efforts and less on those 
activities which are viewed as application. 

Further, with financing being of great concern these days, the research institutions will get the lions 
share of research money, and universities will perhaps seek the research image and the money that goes with 
it. 

For graduates of various institutions, the implications are also serious. Graduates from research 
institutions may more easily get the jobs in prestigious research institutions. And, as one industry official 
told us, "We like graduates from the working universities--they jump right in and get to work." 

An interesting finding of this research is that industry officials feel the top-tier research universities--the 
Stanfords, MITs, and the like--are much more accommodating to the needs of industry (for overall 
cooperation) than are the "second-tier" universities that may be trying to break in to "top-tier" status. Most 
industry officials interviewed so far felt that the University of Texas was a major but second-tier university 
and was not as cooperative overall as top-tier universities. Two potential reasons were offered. First, a 
university such as Stanford is comfortable with its position and is willing to do basic research as well as 
"hands-on" type activities. Second, a "climber" institution such as the University of Texas at Austin is 
more likely to pursue those research activities which it views as necessary for reaching top-tier status. 

The Difference In Perspectives 

Industry personnel see a marked difference in the traditional roles of business and the university. Most 
of industry effort is aimed at producing an item or service which will yield profitable performance in the 
relatively short term. This involves keeping the efforts on projects secret to the company at least until a 
project is commercialized. For the university, in contrast, publication of findings is an important and 
integral part of the academic process--as "publish or perish" so famously illustrates. 

The Contact Point 

Interview results indicate that the majority of university-industry contacts are initiated by industry 
personnel, usually to get help in filling some need. And, while there must be some type of official 
organization-to-organization relationship, all interview responses in this area stress that the most fruitful 
relationships have been at the individual-to-individual level. In fact, some of the contacts between the 
University of Texas and industry in the Austin area have resulted from past acquaintances which occurred at 
another time in another state. A need was filled because someone in industry knew that a former contact 
was now at the University of Texas. And, it was stressed again and again that all programs which the 
university could establish, while perhaps not obviously beneficial in themselves, can contribute to an 
overall better relationship in the long run. 

A further preliminary finding is that in order for a relationship to have a good chance for success, there 
needs to be a champion for that idea or relationship--someone who single-mindedly is dedicated to making 
that idea happen. Lip service or a part-time effort will not cause the event to occur. 
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An Increased Focus 

There definitely is an increased amount of attention being given the university system, and really the 
educational system in general, by members of industry, and conditions within the system of academia may 
also fundamentally alter the relationship between universities and industry. 

Financial considerations on both sides of the relationship are of major importance. Cutbacks in both 
federal and states monies to universities are making universities look evermore to industry for money. 
Some universities are presently financially strong and do not have to look as hard for funding. Others, 
however, are more financially pressed and may be willing to reexamine their policies as they relate to 
industry. As an example, the subject of "indirect costs" regarding grants and conttacts between industry and 
the university may be a major stumbling block when it comes to solidifying a relationship. 

Industry officials relate that they are taking a very careful look at the relationships they have with 
education. First, they have discovered that university relations have not been very carefully managed or 
understood in the past. Second, there is an ever-increasing concern not only with university-level education, 
but with primary and secondary education as well. In the future, there will be better control and focus on 
university relations and there will be competition for industry monies by the secondary and primary levels 
of education. Money that in the past might have gone to the university may go to kindergarten. 

Further, those interviewed feel that most corporations will trim the number of universities they have 
associations with and that some smaller and uncooperative universities may find themselves without 
corporate financing in the not-too-distant future. 

Finally, some of the industry personnel interviewed feel that some universities believe, incorrectly, that 
university research is the major motivator for university-industry relations. Only a small percentage (for 
one of the companies, less than one percent) of basic research monies are those that are directed to 
universities. Instead, the companies need other types of outcomes from their associations with universities-
-for example, access to top graduate and undergraduate students. And, those universities that are willing to 
meet the most of the total needs of industry will be those that receive more of the funds from industry. 

THE CASE STUDY 

There is one area which involves the University of Texas at Austin with all three of the corporations in 
the study and which will likely become the "encompassing case study" of this research. The topic is 
continuing education. 

All three companies, individually and as members of groups of companies in the Austin area, have 
approached the Engineering School concerning the establishment of both undergraduate and graduate 
programs during evening hours for their employees. And, all three companies, individually and in their 
groups, have been rebuffed by the University of Texas. Descriptors such as "aloof' and "snobbish" were 
used to describe industry's perception of the University of Texas' attitude concerning continuing education 
outside of normal hours and procedures. 

It also was felt that perhaps the real pressing needs of industry were being given inadequate 
consideration by the university. 3M has a requirement that each of its employees receive 40 hours of 
classroom instruction annually. toward upgrading the employee's capability in his or her job description. 
Motorola and Texas Instruments both encourage their employees to upgrade their educations and pursue 
their degrees. All three companies feel that the ability to pursue degrees is an atttaction which will enable 
them to recruit and keep top-flight employees. 

But perhaps the most pressing need of companies in industry is for their employees to maintain 
technical currency. As the world moves in ever-increasing complexity, the half-life of education shortens 
ever more. For industry to maintain its competitiveness, employees must go back to class, if not to pursue 
a degree, then to learn the state of the art. The University of Texas' failure to meet this need in the Austin 
area was variously described as "a missed opportunity" and as "an unfulfilled obligation." 

FUTURE DIRECTION 

After the initial sets of interviews with the three corporations are completed, the study will have 
revealed the types of linkages and contacts which exist among the companies and the University of Texas. 
In addition, interviews with personnel from the University of Texas (identified as linkage contacts during 
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the interviews with industry personnel) will be held in order to get the "University perspective" on the 
linkages between industry and the university. From these interviews, a set of questionnaires (Likert and 
semantic differential questions) will be developed. These questions will be structured to gain insight into 
the attitudes toward university-industry linkages and technology transfer between the two entities. 

Further, there are several organizations in the Austin and central Texas area which might be classified 
as "Interested Parties" to university-industry linkages and technology transfer of these linkages. Some 
groups thus far discovered include: "The Technology Transfer Group of The University of Texas at Austin" 
and "The Texas Technology Council." By surveying the three entities--the university, industry, and these 
"Interested Parties"--this research can help determine if there are attitudinal differences among industry, 
academia, and interested parties which all are potentially affected by the technology interchange between 
industry and the university. Discovery of such attitudinal positions may help in understanding the 
phenomenon as well as in formulating policy which will encourage greater technological cooperation 
between industry and academia (assuming, of course, such cooperation is desired.) 

The questionnaires will be tabulated and statistically analyzed to determine if there are statistically 
significant differences among the attitudes of the three groups. 

As this research will yield both descriptive and statistical reports, a success and a failure (assuming 
both are found) concerning technology transfer from each company's dealing with the University of Texas at 
Austin will be reported as a case study. And a larger case study encompassing the involvement of all three 
companies and the University of Texas will be included in the final report 

SUMMARY 

This early stage of the research has revealed that there are indeed some profound differences between the 
University of Texas at Austin and industrial firms in Austin, Texas. Close cooperation seems to be a 
desirable goal for both entities. However, further study and opening of channels is required before the needs 
of both sides are met and close cooperation becomes a reality. 
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UNIVERSITY SPIN-OFF COMPANIES AS A MECHANISM OF 
TECHNOLOGY TRANSFER* 

By Glenn Dietrich, PhD. candidate, Department of Management Science and Infonnation Systems, Graduate 
School of Business, The University of Texas at Austin. 

INTRODUCTION 

The traditional research role of universities concentrates on pure research -- research that would add to 
the body of scientific knowledge without regard to the short tenn or commercial use of the research results. 
Academic journals, conferences and classrooms are the primary means of disseminating the information 
resulting from this research. During the last ten years, universities have modified this approach to include 
short term goal oriented research along with the pure research. While the traditionalist may not approve of 
the change, the inclusion of applied research benefits the university and society by transferring technology 
quickly and by spawning new business ventures. The major technology transfer mechanisms resulting from 
the goal oriented efforts include technical consulting on the part of the researchers; licensing the technology 
so that outside businesses can productize the discovery and thus allow the university to benefit monetarily 
from the innovation; and promoting spin-off companies. 

Purpose of the Study 

The purpose of this study is to investigate the role of the university in the creation of spin-off 
companies and to identify and analyze the variables that serve as barriers or facilitators to the technology 
transfer process. The environment at the university and within the geographic area will also be studied in 
an effort to determine the variables that influence the creation and the success of the spin-off firms. 

Scope and Limitations of the Study 

This research is of limited scope, concentrating on the spin-off companies from the University of Texas 
at Austin. For pmposes of this study, a spin-off company is defined as a finn founded by someone who had 
a University affiliation at the time the company was started. The University affiliation could be that of a 
member of the faculty, staff or student body. A further limitation of the study is that only companies that 
produced a "high technology" product were considered. Firms that provided consulting services or other 
types of products were not included. Firms in product areas such as electronics or computers were included 
while finns in areas such as text book publishing were not 

The origin of the technology was not considered as a criteria when selecting the spin-off companies. In 
some cases, the founder of the firm had conducted research with the new technology prior to affiliating with 
the University. If the individual was affiliated with the University at the time the organization was started, 
the finn is included in the study. The founding member may be either a part time or a full time employee 
of the new company. 

LI1ERA TURE REVIEW 

There appears to be two groups of literature that affect university spin-offs and technology transfer. 
These literature groupings address the subjects of university spin-offs and technology transfer separately, but 
there is little in the literature that addresses the combined subject areas. 

Many of the articles concerning university spin-offs discuss the role of the academic researcher as 
someone who does basic research but who also becomes an entrepreneur using the discoveries from the 
academic environment to fonn a business promoting the innovation. Some of the academic institutions and 
some of the academic people involved see a conflict of interest between the traditional roles of the 
university and its goals and the goals of the business (Weiss 20). 

One of the main reasons the emphasis of university research was modified is because the federal laws 
that govern the ownership of federally funded intellectual property changed in 1980. Prior to 1980, this 
type of intellectual property belonged to the government; however after that it belonged to the university. 

In order to gain the most fmancial reward from inventions or innovations from faculty members, many 
universities have formal arrangements with "technology b'ansfer compa-nies." The technology b'ansf er 

• This report is based on onging research at the IC2 Institute, The University of Texas at Austin. 
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companies provide the link between the academic research and the marketplace. These outside companies 
have the potential for being profitable. The license fees are generally shared between the university and the 
people who conducted the research. These arrangements precipitate the ide.a that the university is selling out 
for financial gain. From the university perspective, private ventures have become an important source of 
funds in a time when federal grants for research and enrollments in graduate schools are down (Doctors). In 
1987, licensing fees amounted to $6.1 million for Stanford, $5.4 million for the University of California, 
$5 million for the University of Wisconsin and $3.1 million for MIT (Jereski 104). 

Universities have established technology licensing offices to promote the use of academic rese.arch. In 
these cases, the technology offices serve as the link between the university and the marketplace. These 
offices apply for patents, arrange licensing agreements, and work with the ventwe capital industry for new 
product start up. This type of office frequently assists faculty in establishing a new venture (Jereski 104). 

There are several ways the universities can share in the innovations. The three most common 
procedures are to sell the rights to the innovation, license the rights to the innovation, and arrange for an 
equity position in the venture. In some cases combinations of these are used. Another technique that 
assists the researcher but not necessarily the university is a true spin-off where the researcher establishes a 
firm outside of the university with no direct business tie to the school. If the technology office at MIT 
assists the researcher in obtaining a patent and venture capital then the university maintains an equity 
position in the venture (Wilson and Szgenda). 

Other areas of the spin-off literature address the roles of the universities in supporting spin-off 
companies and the benefits accruing to the universities and the community when such suppon occurs. 
Spin-off companies provide an exciting atmosphere for promoting research results, a positive influence of 
research, a positive influence on teaching, a fertile are.a for graduate assistants to conduct research, and an 
incre.ase in the perceived presence of the university in the community (McQueen and Wallmark). There is a 
general assumption that a first rate technical university is required if there is to be a collection of successful 
technology oriented companies in a geographic region. This is evidenced by the development of research 
parks in close proximity 10 major universities with good schools of engineering, computer science or other. 
technical or scientific disciplines (Allison, Deutermann). However, a study conducted by Arnold Cooper 
analyzed the spin-off companies in Palo Alto, California that were founded during the decade of the 1960s 
and found that universities have not played a major direct role in the founding of high technology 
companies (Cooper 42). This study also concluded that universities do play a major indirect role by 
educating subsequent entrepreneurs; attracting them 10 an are.a 10 obtain an education, where they sometimes 
elect to remain after the education has been completed; and adding to the overall quality of life and general 
attractiveness of an area. Assistance in solving technical problems and providing continuing education are 
also cited as indirect influences in the decision to formulate a spin-off company close 10 a university. 

The technology transfer literature takes a more general approach to the subject and for the most part 
does not address the university spin-off issue. James Gander does present a model that discusses the 
dynamic behavior of the firm and the university as well as the linkage mechanisms that exist between the 
two organization types. The primary linkage developed in Gander's model is the research personnel and 
faculty exchange between the firm and the university. This model uses the Fletcher Rule which states that 
10% of the research personnel or faculty will be participating in some type of exchange program at any 
given point in time and that this exchange promotes the technology transfer (Gander). 

The factors that make for a successful spin-off or new product introduction are discussed in one body of 
diffusion literature. The roles of the national laboratories, the diffusion process, and spin-off companies are 
closely related. One of the main factors cited as necessary for supporting spin-off companies is the 
requirement by the national laboratories for the research institution to provide a repon describing the 
research and making that repon available to business firms. Additionally, the repon should contain all of 
the necessary drawings and process descriptions that would facilitate a spin-off decision (Olken, Weiss 20). 

Innovation strategies within the firm and in support of spin-off companies is much discussed. 
Organizational concepts such as providing the atmosphere 10 promote innova-tion, developing rewards for 
risk taking and not necessarily success, and improving communication lines are necessary if the firm desires 
10 promote the diffusion and the innovation processes (Mandell and Ennis). Perhaps more directly related to 
the spin-off idea is the concept of business incubators that can be used to share the risks associated with the 
new business venture. "The incubator seeks to link effectively talent, technology, capital and know-how to 
leverage entrepreneurial talent, accelerate the commercialization of technology and encourage the 
development of new companies" (Smilor). These incubators could well be the technology offices associated 
with universities. 
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RESEARCH METHODOLOGY 

Selection of the Firms 

The companies studied do not represent a statistical sample of the University spin-off companies, but 
they do represent an attempted census of the total population of these firms. The list of companies was 
compiled from records maintained by various offices at the University that are involved in new business 
start-up. In addition, key people in the technical academic disciplines and in research labs were interviewed 
to see if the list could be expanded. Firms that did not market a "high technology" product were removed 
from the list. All companies that met the criteria for being a spin-off are included in the list, regardless of 
when the firm was founded. 

Conduct of the Study 

The first phase of the research consisted ot the development and administration of a questionnaire. The 
questionnaire is divided into 12 major areas. These areas are: 

1. Company demographics, including first year and current annual sales; 
2. Type of University affiliation of the founders; 
3. Reasons for starting the company; 
4. Source of technology and initial potential market; 
5. Tie to local economy; 
6. Role of organizations in company formation; 
7. Role of the University in company formation; 
8. Role of the University in company development; 
9. Identification of specific programs that assisted in the formation of the firm; 

10. Major difficulty facing organization; 
11. Source of company financing; and 
12. Ways that the University could assist spin-off companies. 

Within each major area, detailed statements using a Likert measurement scale were used to measure the 
importance of each category. Approximately 49% of the firms surveyed responded with a completed 
questionnaire. In the second phase of the study, firms that responded to the survey were selected for detailed, 
structured interviews. The firms were selected for the interview according to a set of criteria that included 
apparent willingness to assist in the study. Both large and small firms were chosen. Firms that perceived a 
large influence of the University as well as those that perceived no influence are included. 

As much as possible, the interviews were conducted with one of the founders of the spin-off 
organization. If the founder was unavailable or no longer affiliated with the firm, then an early manager or 
other principal participated in the interview. The typical interview lasted about two hours and focused on 
the influence of the University in the founding of the firm and the transfer of the technology. Methods for 
improving the role of the University and improving the university environment that fosters spin-offs were 
explored in depth. 

RESULTS OF THE STUDY 

Reasons for Starting Company 

The most important reason for starting the spin-off company for all respondents was the recognition of 
a market opportunity. The desire for personal independence, the desire to start a new company, the desire to 
have fun with an entrepreneurial venture and the desire to try something new were the other reasons that the 
respondents felt were important. The issues that addressed dissatisfaction with the University were all 
judged as being not very important reasons for starting a new company. 

Source of Technology 

For the most part, the technology used by the start-up company did not come from the University 
Technology developed at the University was used in only 20% of the firms. 
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Tie to the Local Economy 

The most important ties to the local economy are in the areas of recruiting employees from either the 
university or from other educational institutions. The local economy as a source of business is considered 
to be very unimportant by 80% of the respondents. 

Role of Organization in Company Formation 

The University is the only organization selected by a majority of those responding as being important 
to the formation of a new company. The federal government is the second most important organization. 
Other levels of government as well as other business organizations are considered to be very unimportant 

Role of the University in Company Formation 

The biggest role played by the University in the formation of the company is as a source for ideas and 
personnel. The University Technology Transfer Office and the licensing policies also played an important 
role for 25% of the respondents. 

Role of the University in Company Development 

The most important role the University plays in the continued development of the company is in 
providing research expertise, as 35% of the respondents felt this very important. The University as a source 
of personnel and ideas is also considered very important by 24% of those responding. 
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PROPOSED PROJECTS 

REPLICATION OF THE PHOENIX STUDY 

The proposed project is a follow-up to the National Science Foundation Project No. ISi 8505583 
(1986) by Cognos Associates of university/industry technology transfer in microelectronics research and 
manufacturing. This prior social sciences project focused on Arizona State University and microelectronics 
companies in the Phoenix metropolitan area. By contrast, the present research will concentrate upon the 
larger scale and presumably more innovative examples of the University of Texas as involved in both 
recruiting and developing technology transfer relationships with the Microelectronic and Computer 
Technology Corporation and Sematech. 

As in the Phoenix study, the main objective of the proposed research is to identify the basic planning, 
organizational, and communication processes involved in technology transfer between universities and 
commercial organizations engaged in microelectronics research and development These processes can be 
studied and interpreted on a theoretical level as a variation of "diffusion of innovations" theory (c.f. Everett 
M. Rogers, The Diffusion of Innovations. New York: Free Press, 1983). 

Similar to the Arizona project, several main questions will guide the research in the Texas study of 
technology transfer in microelectronics: 

1. What are the background and the special characteristics of this research cooperation? 
2. What are the perceptions and evaluations of cooperative undertakings between the industry and 

university researchers? 
3. What are the apparent costs and benefits of cooperative industry-university research? 
4. What generalizations can be drawn from the foregoing relative to theory of the diffusion of 

innovations? 
5. What are contrasts between the Arizona and Texas experiences relative to the above findings? 
6. What are likely comparisons to other examples of technology transfer (e.g., Silicon Valley, Route 

128, and the Japanese experience)? 

The recent decision by Sematech to locate in Austin provides an invaluable basis for comparative 
research with the MCC experience and the further interpretation of these results with the Arizona NSF 
study. Basic generalizations from these results will not only be valuable for understanding the technology 
transfer process more theoretically, but to enhance opportunities for research excellence in the State of 
Texas and for the U.S. in its attempts to remain internationally competitive in microelectronics. Although 
the duration of the proposed project will limit the study of Sematech to its initial development, it is likely 
that we can continue study with other resources. 

Just as Texas is among the leaders in the development of innovative planning for university-industry 
cooperative research in microelectronics, we should similarly establish ourselves as researchers into the 
technology transfer process itself. A major part of this process concerns conditions affecting the 
infrastructure of science and engineering in the state. 

In addition to assembling archival information detailing the recruitment of MCC and Sematech to 
Austin, and the cooperative operations to date of these two organizations with the University of Texas, the 
main data will be information gathered from structured questionnaires used in interviews with 
representatives of six groups. Like the Arizona study, we will interview government officials and both 
administrators and researchers representing university and industry organizations. 

However, for the Texas study, we will add a special "entrepreneurial" group - that is, individuals from 
other areas of business, civic organizations (notably the Chamber of Commerce), and other special interests 
who have promoted university-industry cooperation. 

Questionnaires available from the Arizona study, with some adaptations for Texas, are designed to 
gather information on early planning for industry-university cooperation, developmental strategies, specific 
cooperative activities involving the technology transfer process, perceptions and evaluations of those 
processes, and estimates of costs and benefits of cooperation. Interview data will be coded for subsequent 
analysis which will also include qualitative evaluations by the project consultants. Results will be drawn 
in according to the main questions for the research. 
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THE POTENTIAL ROLE OF COMMUNICATION TECHNOLOGIES 

Interactive electronics methods of communication can be powerful tools for assisting in the process of 
technology transfer from several perspectives: 

1. Fonnally, as planned and prepared educational or instructional programs; 
2. Infonnally, as conferences or meetings; or 
3. Special, as conduits of data such as on-line transaction processing (OL 'IP) or computer assisted 

instruction. 

This investigation will be concerned primarily with major policy issues involving the first two (which 
generally involve group interactivity as opposed to person-to-machine interactivity). Policy issues pertain 
to the broadest level. Other levels include the scientific level, the technical management level, and the 
operative/field level (IIC 1982). 

The technologies used in these interactive electronic communication processes are: 

1. Audio (voice only); 
2. Audiographics (voice with visuals generated by a computer, electronic table, light pen, freeze-frame 

video, or facsimile); 
3. Video (one-way video with two-way audio and two-way video); and 
4. Computer. 

Numerous successful projects in distance learning and in organizational teleconferencing have involved 
each of these processes. 

A relevant international case history is provided by INTELSAT. In health and education, INTELSAT 
has implemented 30 projects involving 37 countries, including such projects as the People's Republic of 
China's National Television University with hundreds of thousands of students; the University of the South 
Pacific which provides college education to remote islanders; and Miami Children's Hospital which brings 
the latest pediatric techniques to doctors in Columbia, Peru, Venezuela, Chile, Costa Rica, and the 
Dominican Republic. 

Domestic case histories are widespread. Educational institutions and industry alike participate.in 
interactive electronic communication. Olgren (1988) reports, "of the top 50 firms on the Fortune (500) 
list, 60 percent use teleconferencing routinely. These 29 companies have a total of about 1500 
teleconferencing sites and an average of 51. The majority have used teleconferencing for several years, have 
more than one system and tend to use video." Regarding the educational sector, Olgren writes that a third of 
interactive electronic communication users are in this sector, 72 four-year schools have 3500 sites. "The 
average school has teleconferenced for six years and uses a one-way video system to link 48 locations." 
Additionally, she comments: 

Another type of market is the consortium or cooperative venture in which a teleconferencing network is 
shared by different types of organizations, cutting across market sectors. For instance, a number of 
universities provide educational programs to business through shared-network arrangements or 
subscription fees. 

The federal government is a large user of interactive communication. The U.S.military has been 
installing videoconferencing facilities under a $900 million contract for its Defence Commercial 
Telecommunications Network. 
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FORMATION OF INTER-ORGANIZATION AL COMMUNICATION RELATIONSHIPS IN 
UNIVERSITY /INDUS1RY TECHNOLOGY TRANSFER 

Research suggests that individuals from universities and industry meet, intezact -- often informally --
and perceive that they and/or their organizations could mutually benefit from a formalized exchange 
relationship. Over time, informal interpersonal relationships become formal interorganizational 
relationships. Examining patterns of communication during this "organizing" activity between university 
and industry participants is the aim of this research. 

Increasingly, technology transfer is characterized not by the movement of technology, but by 
interpersonal communication across university and industry boundaries (Peters and Fusfield, 1983). The 
eventual result of communication is an integration of both organizations' knowledge and actions. 

Industry experience and research suggests that technology transfer takes much time to develop (reports 
suggest three to five years) and often begins outside of formal organizational channels, but must, at some 
point, be administered through formal channels (Larson, Wigand and Rogers 1986). As noted by the 
National Science Foundation: 

The process of establishing university-industry interactions is not linear; it is circular, iterative, and 
sometimes discontinuous. It is an exercise in mutuality where understanding is more important than 
contracting; where personal contacts outweigh administrative mechanisms; and where ostensible 
purposes shelter widefined and even more valuable priorities (1982). 

Little is known, however, about communication patterns as these informal and formal relationships 
unfold. In fact, most communication research on technology transfer has focused on "technical information 
flows" when many other perspectives on organizational communication are available. In order to more 
fully understand the processes in forming technology transfer relationships, research should examine how 
boundary spanning communication varies with inter- and intra-organizational interdependence in the 
progression (and formalization) of the relationship. 

Little extant research specifically examines organizational boundary communication in the transfer 
process even though its import is noted (Tornatzky, Eveland, Boylan, Betzner, Johnson, Roitman, and 
Schneider 1983). Theories of boundary communication propose processes by which information enters or 
exits an organization across its borders and, especially in the case of technological innovation, that 
individuals in special boundary roles communicate in the external and internal environments of the focal 
organization (Tushman 1977, 1978). Technology transfer is an especially interesting case of organizational 
boundary communication since boundary spanning individuals from very different organizations pursue 
mutual work-related interests. More important, though, than the information flow focus of technology 
transfer, is that these work-related interests appear to require elaborate coordination within and between each 
focal organization in order for transfer to proceed. Boundary communication processes must serve . to 
coordinate each organization with its dissimilar partner. Boundary communication, then, is more than the 
transfer of technical information from one organization to another. It is both technical and "organizing" 
communication occurring both internally and externally at the borders of each organization. Examining 
organizational boundary communication in technology transfer will add to our sparse knowledge of 
organizing commwiication at the borders of organizations. 

In addition, no known research specifically examines intra- or inter-organizational interdependence in 
technology transfer even though interdependence implies that "there is something of interest -- resources, 
work, or information -- between parties" (McCann and Galbraith 1981, p. ) Anecdotal and empirical 
research in technology transfer points to "impedance mismatch" (Peters & Fusfield 1983), i.e., dissimilar 
goals, values, organizing structures and communication styles representing organizational barriers which 
must be overcome in order for transfer to proceed. It is thought that these dissimilarities contribute to the 
lengthy organizational boundary communication process of transforming informal, interpersonal 
relationships into formal interorganizational relationships. Correspondingly, results of recent studies on 
interdependence indicate that perceptions of goals, attitudes, and structural properties of relationships vary 
with communication between parties (Tjosvold 1988). Interdependence, then, between and within the 
boundaries of participating organizations may vary during the transfer process. Previous organizational 
communication research on interdependence has examined primarily intra-organization communication, i.e., 
horizontal communication between sub-units (Jablin 1987) and primarily where sub-units are structurally 
interdependent (i.e., interdependence is viewed as a constant and a result of formal organizational structure, 
c.f., Thompson 1967). Interdependence, however, is proposed by others to be variable, to be affected by 
other than formal structural variables (Weick 1974; Tjosvold 1984). Interdependence (and antecedent and 
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resultant communication) is affected by perceived goal, value, and behavioral similarities and dissimilarities 
(Deutsch 1949). These variables have been identified above as important in technology ttansfer 
relationships. 

In the formation of technology transfer relationships, inter- and intra-organizational interdependence is 
somehow managed over time by organizational boundary spanners so that two organizations may exchange 
resources, knowledge and experiences. The problem, then, is how two very different organizations 
communicate within and across their borders in order to "organize" transfer. Specific questions include: 

How do organizational boundary communication processes change as organizations enter, build, 
maintain and terminate technology transfer? 
How do interdependencies of actors and organizations change as they enter, build, maintain and 
terminate technology transfer? 
Are communication and interdependence related over time and through formalization of technology 
transfer relationships? 
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