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A G U I D E  TO THE B E S T  T E C H N O L O G Y - T R A N S F E R  P R A C T I C E S  

Win. E. Souder ,  A h m e d  S. Nasha r ,  a n d  V e n k a t e s h  P a d m a n a b h a n  

In analyzing the best technology-transfer practices of a broad cross-section of gov- 
ernment agencies, research institutions, and national and industrial  laboratories, 
it was found that  different technology-transfer practices should be used at  the 
prospecting, developing, trial, and adoption stages of technology transfer. These 
results are summarized in a benchmark model that indicates which best practices 
to use at  each stage of the technology-transfer process, and what  roles should be 
p layed by technology disseminators, developers, sponsors, and implementors during 
these stages. Rules are suggested for making cost-effectiveness trade-offs among 
alternative best practices and designing optimal transfer strategies when budgets 
are limited. 

Technology transfer is the managed process of 
conveying a technology from one party to its adop- 
tion by another party, e.g., from a developer to a 
user, a seller to a buyer, one department  to an- 
other, etc.(I-9) "Conveying" implies a systematic 
interpersonal process of passing the control of a 
technology from one party to another. "Adoption" 
implies strong emotional and financial commit- 
ments  to routine use. Thus, transfer efforts that  
do not achieve adoption are failures. 

High transfer failure rates persist throughout 
industry, government, and academia, and many 
managers are concerned about them.(10-19) In 
response to this state of affairs, numerous prac- 
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rices have been proposed for improving technology 
transfer, such as improving management  of the 
process, overcoming organizational and human 
barriers to success, making the process more sys- 
tematic, improving the conveying of technologies, 
and increasing the users' willingness to adopt new 
technologies.(20-35) 

However, the proposed practices are many and 
varied, and it is difficult to determine when to use 
which ones. Thus, the purposes of this study were 
to identify the best state-of-the-art technology- 
transfer methods, and to document them in a guide 
that  managers can consult in formulating transfer 
policies for their particular situations. 

T R A N S F E R  M O D E L  
Several useful technology-transfer models have 
been developed.(36-43) Figure 1 was derived from 
these models, and was used as the framework for 
this study. In the figure, transfer success is viewed 
as resulting from management  of a systematic 
process, consisting of interacting roles and stages 
of activities aimed at promoting the adoption of a 
technology. 

T r a n s f e r  S t a g e s  
Prospecting (Stage I, Figure 1) consists of re- 

search, analytical, and decisionmaking activities 
aimed at screening alternative concepts or tech- 
nologies and selecting the ones that  fit the users' 
requirements. Though such activities occurring in 
the prospecting stage may look much like those in 
other stages, prospecting is distinguished by its 
focus on preliminary analyses, searching, and 
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screening. Developing (Stage II) consists of physi- 
cal and laboratory R&D activities focused on 
enhancing, elaborating, embodying, and tailoring 
the selected technologies from Stage I to meet the 
users' requirements. In the trial stage (Stage III), 
the developed technologies are field tested. The 
adoption stage (Stage IV) consists of final develop- 
ment, technology modification, and user implem- 
entation activities. 

In reality, the four stages depicted in Figure 1 

are dynamic. For example, the scopes and dura- 
tions of the stages (widths and lengths of the boxes) 
may vary with the nature of the technology. Some 
of the stages may be carried out in parallel, and 
the activities within each stage may overlap. The 
bold line connecting the stages is a two-way super- 
highway of activities and interfaces. Some tech- 
nologies may be so desirable that  the user adopts 
them during their prospecting or developing stages, 
thus by-passing the subsequent stages. In other 
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cases, the user may return to prospecting for better 
technologies after several acceptable ones have 
been identified, developed, and tested. The pros- 
pecting, developing, trial, and adoption activities 
may be repeated several times before the technol- 
ogy becomes appropriate for the user and/or the 
user is convinced to finally implement it. 

Transfer  R o l e s  
Four important roles influence the flow of 

activities through the stages in Figure 1. The dis- 
seminator role involves making potential users 
aware of appropriate technologies, counselling the 
users about their needs, and generally serving as 
a marriage broker between technologies and us- 
ers. As the arrows in the  figure show, adoption 
may occur as a direct result of the disseminator's 
work if the technology is appropriate and the user 
is eager to adopt it. More often, the disseminator 
and the user will interact through several feed- 
back loops and adjustments in the technology, as 
illustrated in the figure. Examples of dissemina- 
tors are not difficult to find, e.g., libraries, librari- 
ans, and information specialists often play this role. 
The sponsor role covers political and financial 
support for various activities, as well as for dis- 
seminators, developers, and implementors. Govern- 
ment funding agencies are examples of sponsor 
role players. The developer role involves the con- 
duct of laboratory, scale-up, and field trial R&D, 
and the implementor deals with selling, customer 
development, and trouble shooting. 

Disseminators operate primarily within the 
prospecting and adoption stages; sponsors within 
the developing, trial, and adoption stages; devel- 
opers within the developing and trial stages; and 
implementors within the trial and adoption stages. 
Sponsors also facilitate the work of the dissemina- 
tors, developers, and implementors, in reality, 
these are dynamic and interacting roles. The same 
party may play different roles at different points 
in time, the roles may reinforce each other in 
various ways, and they may be combined. For 
example, the typical industrial R&D laboratory 
often plays combinations of the four roles at vari- 
ous times for various users. 

The static model in Figure 1 may not capture 
all the dynamics of technology-transfer stage-role 
interactions, and it may not completely portray all 
the challenges in managing these complex proc- 

esses .  However, it was a very effective guide in 
understanding and documenting the complex proc- 
esses encountered in the study. 
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M E T H O D O L O G Y  
The following is a brief description of the method 
used in selecting organizations and best technol- 
ogy-transfer practices for the study: 

Sample  of  Organizat ions  and 
Success fu l  Transfer 

A sample of organizations was selected to 
represent each of the roles in Figure 1. A National 
Aeronautics and Space Administration dissemina- 
tion center and a Department of Defense technical 
information analysis center were selected for their 
disseminator roles (44,45), and the National Sci- 
ence Foundation and US Departments of Trans- 
portation and Energy for their sponsor roles. 

Finding organizations that specialized in play- 
ing only developer or implementor roles was more 
difficult. Thus, three federal laboratories, two 
private laboratories, and one research institute 
were chosen because they each play combined 
disseminator-developer roles, while emphasizing 
the developer part.(46,47). Also selected were three 
private laboratories and three university research 
centers that  combined developer and implementor 
roles (48,49); the US Bureau of Mines and the US 
Departments of Agriculture and Education which 
also combined developer-implementer roles, but 
emphasized implementation. 

Two successful technology-transfer programs 
were picked at each of these organizations, thus 
obtaining a sample of 40 programs for study. The 
major criterion for successful programs was those 
whose technologies were adopted by more than 
three-fourths of the targeted user population. Adop- 
tion was defined as occurring when the user made 
a significant financial and emotional commitment 
to the routine use of the technology for more than 
two years, and when the user expressed satisfac- 
tion with the technology. Because a significant 
commitment for one user may be a trivial commit- 
ment for another, judgments were required in 
applying these criteria. In every case, the details 
of the actual adoption were verified through audit 
reports and field interviews with key individuals 
within both the transfer and the user organiza- 
tions (see below). The resulting sample thus re- 
flected a cross-section of industrial, government, 
and  university successes in transferring a diver- 
sity of technologies to a variety of users. 

Data Col lect ion and Analyses  
Each of the 40 programs studied here had been 

documented in audits by members of the various 
transfer organizations. Content analyses (50) were 
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done on these reports to generate a list of prac- 
tices that  appeared to account for the transfer  
success in each case. In order to verify and update 
the list, field interviews were conducted at all 
t ransfer and user  organizations. 

For each program an expert  panel was as- 
sembled comprising three members  from the adopt- 
ing organization and two from the transfer organi- 
zation. The panels provided a consensus rat ing on 
each practice relative to each stage in Figure 1 
using the following scale: "0" for optional (a non- 
essential practice that  facilitates success when 
used), "I" for important  (a non-essential practice 
that,  if not used, hinders t ransfer  success), and 
"E" for essential (a practice required for success). 
Practices found unimportant  in any stage were 
eliminated from fur ther  consideration and are not 
reported in Table 1. 

Some practices received only unimportant  
ratings, some received only essential scores, and 
others received a mixture of scores. Some were 
ra ted 40 t imes because they were present in all 
programs, while others received fewer scores. 
Statistical discriminant, correlation, and path 
analyses were run on these :data (51) to ascertain 
any statistical relationships between the practices, 
and to determine whether  each practice was pri- 
marily scored as unimportant ,  optional, important, 
or essential. All statistical tests  were run at the 
95% confidence level, e.g., a practice that  could 
not be placed in one of the four rating categories 
with 95% confidence through statistical discrimi- 
nant  analyses was eliminated from further consid- 
eration. 

D I S C U S S I O N  O F  B E S T  
P R A C T I C E S  F O U N D  
As Table 1 shows, 37 practices were either op- 
tional, important,  or essential to one or more 
t ransfer  stages, and were designated as '%est prac- 
tices". With the aid of statistical cluster-analyses 
methods (52), these best  practices were found to 
cluster into the seven types of practices (analyti- 
cal, facilities, etc.) listed in Table 1, as described 
below: 

A n a l y t i c a l  
Analytical practices consist of various tech- 

niques for measur ing  and assessing transfer ef- 
forts. Five best-analytical  practices were identi- 
fied: t ransfer  audits,  benefit  measurement ,  opera- 
tions audits, decision checklists, and strategy 
matching. In transfer audits, tk e transfer organi- 
zation conducts follow-up client interviews at the 
end of every project to measure  the client's level of 

Table 1. Summary of Best Practices 

Stage  I S tage  II S tage  I I t  S tage  IV 
Best  Practices Prospect ing  Developing Trial  Adoption 

ANALYTICAL 
Transfer  Audits  I I I E 
Benefit  Measurements  I I I E 
Operat ions Audi ts  I I E E 
Decision Checklist I E E E 
Stra tegy  Matching E E E E 

FACILITIES 
Hand-on Laboratories O I E I 
i Society Sponsorship 0 I I I 
1 Incubators 0 0 E E 
Joint Demonstra t ions  I I E E 
Joint Evaluat ions  I E E E 
Vendor Access O O I E 
R&D a t  the User  Site I I E E 

PRO-ACTIONS 
Pass ive  Outreach I E E E 
Co-op Agreements  I I I E 
Joint Funding  I I I I 
Joint Transfer  Team I E E E 
Loans to Recipients O O O I 
Personnel Transfers  O I E E 
Co-op Training 0 I E E 
Consulting I E E E 
Open Interact ions  E E E E 
R&D Does Tra in ing  I I I E 

PEOPLE-ROLES 
Boundary Spanner  O O I E 
Gatekeepers I I E O 
Champions I I E E 
Angels O I I E 

CONDITIONS 
Outside Author i ty  I I E E 
Research Ties I I E E 

TECHNOLOGY QUALITY 
Tangible  Value I I E E 
Divisibi l i ty  I I E E 
Incrementa l i ty  I I E E 
Adapt iveness  O O I E 

ORGANIZATION 
Life-Cycle Teams I E E E 
Leader  Responsibi l i ty I E E E 
Transfer  as R&D Goal E E E E 
R&D/User Par tners  E E E E 
Ear ly  Involvement  E E E E 

*Key: 0 = Optional;  I = Important ;  E = Essent ia l  

satisfaction. Most of the transfer  audits  involved 
some type of benefit measurement. For example, 
one transfer organization studied here used the 
dimensions in Table 2 to create a score card for 
self-evaluation and a da tabase  which they used to 
demonstrate their effectiveness. Assessments of the 
gateway quality, extent  of adaptation,  and value 
added (Table 2) were also used in a decision 
checklist to rate prospective technologies with an 
eye toward selecting the most  promising ones for 
transfer. Several clients noted how these practices 
inspired greater  confidence in the t ransfer  organi- 



Table  2. D i m e n s i o n s  Fo r  M e a s u r i n g  T r a n s f e r  
Bene f i t s  

1. 1. N u m b e r  o f  U n i t s  o f  t h e  T e c h n o l o g y  A d o p t e d .  The 
most beneficial technologies will be adopted by the users 
at several plants, locations and departments. 

2. T h e  G a t e w a y  Qua l i t y  o f  t h e  Techno logy .  The most 
beneficial technologies provide a ~gatewaf'  to others, 
e.g., the steam engine opened the gates for many other 
important technologies. 

3. The  E x t e n t  o f  A d a p t a t i o n  in  Use.  The most useful 
technologies are the ones that  undergo the most modi- 
fications by various users, and therefore have the larg- 
est number of adaptations and variations in use. 

4. T h e  V a l u e  A d d e d  f r o m  Adop t ion .  The value added 
from the adoption of the technology is measured by 
client perceptions about the reduced costs, improved 
profits, increased market shares and increased client 
know how that  resulted from its adoption. 

5. S u s t a i n e d  Use.  The length of time the organization 
uses a technology is the ul t imate measure of transfer 
$ l l C C e S S .  

zations and led to closer working relationships. 
In an operations audit, an ad hoc interdiscipli- 

nary team from the transfer agency performs a 
systematic audit of the client's total operations. 
Recommendations can range from minor adjust- 
ments to the adoption of highly sophisticated tech- 
nologies. The audit insures that a systematic view- 
point has been taken and that the recommended 
technology or solution is the most appropriate one 
for the user. 

In the strategy-matching analytical practice, 
the transfer organizations purposely fit their trans- 
fer strategies to the nature of the technologies and 
the users. For example, if the technology was 
unfamiliar to the user, a high degree of personal 
consulting and promotional activity was employed. 
For immature technologies, extensive development 
and proof testing was used. The transfer organiza- 
tions also commonly used decision checklists like 
the one illustrated in Table 3 to confirm that they 
had carefully considered all the important segments 
of the transfer process. 

F a c i l i t i e s  
Many of the transfer agencies studied here 

provided testing facilities and related support for 
the potential adopters. As the data in Table i show, 
seven best practices were found: hands-on labora- 
tories, society sponsorship, incubators, joint dem- 
onstrations and evaluations, vendor access, and 
R&D at the user site. Hands-on laboratories where 
prospective users could experiment with new tech- 
nologies under close supervision, were especially 
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valuable to prospective users who had neither the 
staff nor the expertise to perform their own in- 
house research. Several users noted that they 
would never have tried the technology if the labo- 
ratories had not been available. Society sponsorship 
(professional and trade societies and interest 
groups) provided a kind of laboratory where po- 
tential adopters could vicariously examine new 
technologies by hearing about the experiences of 
their peers. Society members included prospective 
users, sponsors, implementors, disseminators, and 
developers who traded ideas, learned from each 
other, and generally kept each other up to date. 

Incubators, which are funded by the transfer 
organization to develop the advanced technologies 
and reduce them to practice in order to remove 
doubts about their utility, were also popular. The 
incubators studied here conducted public evalu- 
ations and demonstrations of their technologies for 
the world to witness. As Table 1 shows, the expert 
panels felt that incubators were essential for trial 
and adoption. The literature generally supports this 
notion, based on the idea that  incubation reduces 
the risks to the adopter.(53-58) Note that joint 
demonstrations and evaluations were scored either 

Tab le  3. E x a m p l e  of  a T rans f e r -Dec i s ion  Check l i s t  

C o n s i d e r a t i o n s  r e l e v a n t  to t h e  n a t u r e  o f  t h e  
t e c h n o l o g y  

Does the technology perform reliably? 
Wilt i t  perform reliably in the recipient's applications? 
Is it a low risk venture for the recipient? 
Is it a low cost venture for the recipient? 
Is this technology important to the world? 
Will this technology have a major positive impact? 

C o n s i d e r a t i o n s  r e l e v a n t  to t h e  r e c i p i e n t  

Is the recipient familar with the technology? 
Is the technology appropriate for the recipient? 
Does the recipient have a plan to receive the technology? 
Does the recipient have adequate resources to receive it? 
Does the recipient have an angel for this technology? 
Does the recipient have adequate business acumen? 
Will the recipient be able to maintain the technology, or is 

there a vendor who can? 

C o n s i d e r a t i o n s  r e l e v a n t  to  u s  ( the  t r a n s f e r  a g e n c y )  

Are we fully committed to the technology? 
Do we  have a long term partnership with the recipient? 
Do we have the technical ability to transfer the technology? 
Do we have the appropriate staff for this transfer? 
Can we adequately train the recipient? 

C o n s i d e r a t i o n s  r e l e v a n t  to  th e  t r a n s f e r  p r o c e s s  

Has complete information been exchanegd? 
Has useful information been exchanged? 
Is there a proper hand-off point for this technology? 
Does a sense of joint emotional commitment exist on the 

parts of both the recipient and us? 
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important or essential to all four stages. Carried 
out at selected high visibility user sites, these 
demonstrations emphasized the "neighborhood 
effect," where one innovative user commits to a 
new technology and others follow suit.(59-65) 

To provide vendor access, transfer agencies 
introduced technology adopters to several appro- 
priate vendors and helped them build relationships 
with the vendors. Studies show that when a pro- 
spective user does not have access to good vendors 
to maintain and update the technology over time, 
they either resist adoption or soon abandon the 
technology after initially using it.(66-68) In all the 
successes studied here, the transfer organization 
developed lists of recommended vendors and serv- 
ice firms, and assisted the adopters and the ven- 
dors in developing close working relationships. 

In several cases, the transfer organizations 
provided turnkey operations by carrying out the 
R&D at the user site. One of the transfer agencies 
in this study noted how they had copied this idea 
from Japanese life-cycle developer-user partner- 
ships.(69-71) 

P r o - a c t i o n s  
Pro-actions consist of various initiatives that  

the transfer agencies took to foster successful 
adoption. Passive outreach consisted of newslet- 
ters, meetings, talks, reports, press releases, train- 
ing courses, demonstrations, advertising, and tes- 
timonials from satisfied users. In cooperative 
agreements, transfer organizations and prospective 
users developed 50-50 partnerships to fund and 
carry out the work. Joint-funding actions, in which 
both parties shared the costs (though not the work), 
were popular. Consistent with other studies, the 
data in Table I show that joint-transfer teams, 
composed of members from transfer and user 
organizations, are effective.(72-81) Loans from the 
transfer agency to the user organization, perma- 
nent and temporary personnel transfers between 
the two organizations, and cooperatively funded 
training also worked well. Interestingly, the pur- 
pose of the loans was not to defray user costs, but 
rather to obtain commitments to the technology. 

In most of the cases studied here, one-on-one 
personal consulting was critical to the successful 
transfer. The disseminators, developers, and im- 
plementors assisted the adopters in analyzing their 
needs, determining the suitability of various tech- 
nologies, and deciding whether or not to adopt 
them. The transfer organization played the role of 
a neutral consultant rather than a salesperson for 
a particular technology. Open interactions charac- 
terized the successes, with the top management, 

middle management, scientist, and bench-level 
engineering personnel at both organizations freely 
interacting on all issues and problems. As the table 
data show, the expert panel felt that consulting 
and open interactions were essential for success in 
nearly all stages. The literature is consistent with 
this assessment.(82-84) 

In several successful cases, the technology 
developers worked intimately with the adopters to 
train them in the use of the technology (R&D does 
training). These actions emulated Japanese tech- 
nology-transfer practices, by which scientists are 
evaluated on how well they train their counter- 
parts in the user organizations. It is significant 
that this training begins well before the technol- 
ogy is perfected, using prototypes, models, and 
mock-ups.(85-88) 

P e o p l e - R o l e s  
Four people-roles were found to be important 

to success: boundary spanners, gatekeepers, cham- 
pions, and angels.(89-96) Boundary spanners range 
freely throughout an organization and link re- 
sources across several departments. They derive 
their power informally, as a result of their alli- 
ances and informal power bases. By comparison, 
gatekeepers do not command any resources. Their 
talent lies in introducing the outsider to the power 
centers, i.e., they hold the key to unlocking the 
organization's gates. Champions are the organiza- 
tional "guerrilla-warfare" agents who will ruth- 
lessly grab a technology and carry through or 
around organizational obstructions. On the other 
hand angels are the high-level executives and 
patron saints of the organization who will care- 
fully protect start-up projects and shield them from 
harm until they mature. In all the successful cases 
studied here, the transfer organizations carefully 
sought out these various players within the user 
organizations, cultivated them, and used them as 
a team to aid in the successful transfers. 

C o n d i t i o n s  
Also in all the successful cases, the technolo- 

gies were highly recommended by competent and 
respected authorities outside the transfer organi- 
zation. The technology had much greater credibil- 
ity when a neutral party endorsed it. Most of these 
successes had research ties, in that there were 
connections with research-based universities. The 
rare technical question that could not be answered 
by the technically proficient transfer-organization 
personnel or the outside authorities could be re- 
searched at an affiliated university. 



T e c h n o l o g y  Q u a l i t y  
The dimensions of quality found in the study 

to be important  were tangible value, divisibility, 
incrementality, and adaptiveness. The Values of 
all the successful technologies studied here had 
tangible value that  was measurable.  Thus, the po- 
tential users could see the improvements,  side by 
side with their less-effective current practices. Note 
that  the degree of risk associated with the tech- 
nologies did not appear  to be a barrier to their 
adoption; it was the uncertainty of the value of the 
new technologies vis-a-vis the current practices that  
mattered.  

Moreover, all the successes studied here 
involved divisible technologies, which can be 
adopted piecemeal. Installment-plan adoption al- 
lows the users to sample without  major commit- 
ments  and risk-taking. The most successful trans- 
fers consisted of technologies that  were modifica- 
tions and incremental extensions of things already 
familiar to the users.  The capability to perform 
adaptive engineering on the technologies to make 
them fit the users '  needs or the ability to effec- 
tively contract out these functions characterized 
all the successful t ransfer  agencies. 

Note that  these results  do not indicate that  
radical technologies cannot be transferred. Rather,  
they emphasize that  special efforts must  be made 
to clarify the benefits and break the technologies 
into smaller pieces tha t  are less imposing to users. 
(97) 

Organization 
Organizational best  practices were life-cycle 

teams, leader responsibility, transfer as R&D goal, 
R&D/user partners,  and early involvement. In life- 
cycle teams, interdisciplinary groups of research- 
ers stay with the project throughout its research- 
to-transfer life cycle, crossing from one organiza- 
tion to another, moving to new locations as the 
project evolves. This practice, which is common in 
Japan  (98-101), is seldom used in the US and was 
not frequently found in this study. However, sta- 
tistical analyses determined that  i t  was a '%est 
practice" on the basis of its importance to success 
in every case where it was used. Similarly, the 
best  practice of making  the R&D team leader 
directly responsible for the transfer of the outputs 
from the project was seldom found in this survey. 
This routine Japanese  practice is based on the 
premise that  no R&D project is a success unless it 
is fully transferred.(102, 103) It contrasts with US 
practices, where some R&D projects that  are 
commercial failures may be regarded as technical 
successes.(104) The best  practices of emphasizing 
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transfer as an explicit goal at the early stage of 
the R&D work and placing the responsibility for 
transfer on the R&D team leader were also sel- 
dom found in this study. However, developer-user 
partnership agreements  and early involvements 
between developers and users  were often found. 

S E L E C T I N G  T H E  B E S T  P R A C T I C E S  
A N D  M A K I N G  T R A D E - O F F S  
Figure i and Table i can be used to help select the 
contingent set of best  practices within each stage 
of the technology-transfer process, as follows: First, 
consult Figure i to determine the stage of the 
transfer process at which activities are to occur. 
Then implement all the essential-rated practices 
from Table I for that  stage. For example, for Stage 
I activities the following practices should all be 
implemented: strategy matching, open interactions, 
transfer is R&D goal, R&D/user partners, and early 
involvement. 

No situations were found in this study where 
either optional or important-rated practices were 
redundant  when they were combined with essen- 
tial-rated practices. And there were no indications 
that  the use of multiple practices interfered with 
each other. In fact, the data  supported the notion 
that  t ransfer  success rates increase as more best 
practices are employed.(105-107) When budgets 
and resources are adequate,  funding all the op- 
tional and important  practices in addition to the 
essential practices increases the odds of transfer 
success. Because several best practices exist within 
each type in Table 1, the above rule of thumb may 
be flexibly applied. For example, the transfer 
agency may not have the ability to implement the 
pro-action loans to recipients, bu t  it may  be able 
to implement several other optional or important 
pro-actions. 

When budgets or resources constrain the 
choices, optional practices are the ones to sacri- 
rice. Though there were indications that  the de- 
ployment of optional practices (along with the 
essential practices) facilitated some transfer, there 
were no indications that  the absence of an optional 
practice severely inhibited success. By compari- 
son, the data showed that  the absence of an 
important-rated practice could either reduce the 
degree of success or cause the transferring organi- 
zation to exert extra efforts and costs to avoid 
failures. To reduce the risks of failure and to 
economize on the resources applied to the transfer 
effort, important  practices should be employed. By 
contrast, the data demonstrated that  essential- 
rated practices need to be employed, since they 
consistently correlated with transfer success in the 
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cases examined here. Thus, depending on the 
tolerable risk of transfer failure and the available 
budget, the data in Table I may be used as a 
guide to the determination of various trade-offs in 
selecting cost-effective combinations of best prac- 
tices to be employed. 

Selecting the Most Important T y p e s  
Using statistical correlation and path-analysis 

methods (108), relationships between the seven 

Figure 2. Relations Between Types of Practices 
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types of practices were determined as presented in 
Figure 2. To carry out these analyses, the expert 
panel ratings in Table 1 for the best practices 
within each of the seven types were pooled and 
considered to be ratings for the respective type. 
For example, an essential rating for transfer audits 
and for benefit measurements were treated as 
essential ratings for analytical practices and pooled 
together for the analyses. In Figure 2, the num- 
bers along the arrows are the path coefficients 
(109), showing the strength of the causal relation- 
ships found between the types of practices on a 
scale from 0 to 1 (with I representing perfect 
correlation). All the relationships shown are sta- 
tistically significant at the 95% confidence level. 
Any statistically non-significant relationships found 
were not included in Figure 2. 

As evidenced by the magnitudes of the corre- 
lation coefficients in Figure 2, pro-actions and 
technology quality emerged as the two most im- 
portant types of practices. Both were found to 
directly promote successful transfers. Conditions 
and people-roles also were found to promote suc- 
cessful transfers, but to a lesser degree of correla- 

tion: Analytical practices were identified as a 
significant facilitator of both pro-actions and tech- 
nology quality. In contrast, organization practices 
were a significant facilitator of only pro-actions, 
and facilities practices only affected technology 
quality. 

Figure 2 can be used to help determine which 
types of practices to sacrifice when transfer budg- 
ets are limited. For example, pro-action and tech- 
nology-quality practices should always be em- 
ployed. The path coefficients are statistically sig- 
nificant and these practices directly affect transfer 
success. In order to maximize their impacts, or- 
ganization, analytical, and facilities practices 
should also be employed. Because conditions and 
people-roles are less strongly correlated with suc- 
cessful transfers, they are of lower importance and 
can be sacrificed under limited resources or budg- 
ets. Note that the same logic leads to sacrificing 
organization and facilities practices. Thus, under 
extreme budget constraints, the technology-trans- 
fer agent may be able to achieve a satisfactory 
transfer by deploying all the essential analytical, 
pro-action, organization, and technology-quality 
practices and ignoring all the other types of prac- 
tices. However, the risk of a transfer failure is 
much higher than it would be if all the essential 
practices within all seven types were deployed. 

It should be noted that  Figure 2 was devel- 
oped using only Stage III and IV data. Because 
there are fewer essential-rated practices in Stages 
I and II, the transfer organizations studied here 
did not experience any budgetary problems in 
funding all of the essential practices within these 
stages. Questions about which essential practices 
to sacrifice within these stages never arose. 
However, a model like the one in Figure 2, could 
be developed for any stage around essential prac- 
tices, important practices, etc., depending on the 
user's needs. 

Designing Systematic 
Transfer S t r a t e g i e s  

The results in Table I and Figure 2 reinforce 
the lesson that successful technology transfer is a 
multi-faceted matter, involving the careful manipu- 
lation of a complex system of factors.(110-115) 
Independently deploying only one or a few of the 
factors may not achieve transfer success because 
it does not take full advantage of the potential 
synergism within the system. Limited budgets that 
force the transfer agency to sacrifice some essen- 
tial practices or to eliminate some types of prac- 
tices may severely depress the odds of transfer 
success. Does the use of Table I and Figure 1 as 



a benchmark prescriptive model of the best strate- 
gies facilitate a comprehension of these lessons and 
lead to more systematic transfer strategies? 

In an a t tempt  to answer this question, the 
authors have been working with three transfer  
agencies (different from the ones studied here) to 
evaluate their programs against the above prescrip- 
tions. Where variances were found between their  
programs and these benchmarks,  the managers in 
each agency met  as a group to discuss, justify, and 
rationalize the differences. As a result  of the inter- 
ventions, one agency has  significantly increased 
its transfer budget,  and all three have altered their 
strategies by funding more essential practices, 
deleting several optional practices, and trading off 
some less important  types of practices for more 
important types. The three agencies have increased 
their t ransfer  success rates as a result  of these 
changes. 

These pilot experiences reinforce the notion 
that  useful models of technology-transfer processes 
can be developed, and that  these models can be 
applied to help discover various ways to increase 
the effectiveness of t ransfer  strategies. This 
s trengthens the hope that,  through additional 
research, models can be developed that  can aid 
managers  in optimizing their transfer efforts.(116- 
120) 

S U M M A R Y  A N D  C O N C L U S I O N S  
The best  technology-transfer practices of a broad 
cross-section of organizations were studied. Best  
practices were defined as those characterized by 
successful t ransfers  of technologies adopted by a 
significant percentage of the target  users, who 
made long-term commitments to the routine use 
of those technologies. The best  practices were 
studied within the framework of a technology- 
transfer  process-stage model. It was expected that  
a set of contingent relationships would be found, 
i.e., tha t  some practices would be essential to the 
success of some stages while other practices would 
not. 

Seven types of best  p r a c t i c e s w e r e  found: 
analytical,  facilities, pro-actions, people-roles, 
conditions, technology quality, and organization. 
T h e  contingent relationships that  were found 
showed that  some practices were essential for 
t ransfer  success, some were less important, and 
some were optional. The seven types of best prac- 
tices were found to interrelate in cause-effect 
chains. Collectively, these results were shown to 
comprise a benchmark  model that  managers can 
consult to assist  them in developing more effective 
technology-transfer strategies. 
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This research has made a start towards a model 
tha t  technology-transfer managers  can use to aid 
them in selecting optimal strategies for particular 
situations. Future research should focus on the in- 
depth study of matched success and failure trans- 
fer cases in order to further clarify the causal 
relationships between the best  practices, the de- 
gree to which each is important  to transfer suc- 
cess, and the cost-effectiveness of trade-offs be- 
tween them. 
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