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ABSTRACT

At universities in both developed and developing coun-
tries, increasing emphasis has been placed on promoting
technology transfer. Unfortunately, technology transfer is
sometimes undertaken for the wrong reasons, especially
in the mistaken belief that technology transfer will lead to
substantial additional income for the institution. While it
is important to protect intellectual property arising from
research and to actively promote the transfer of research
results, generating income should not be the primary ob-
jective in the transfer of technology. This is particularly
important for health science, where there is a risk that
research results, if not properly protected, will be inac-
cessible to private or public entities seeking to use the
research for public benefit.

International technology transfer benchmark data
can be used to understand the implications of promot-
ing technology transfer and the likely outcomes of a tech-
nology transfer initiative. The benchmarks indicate that
average income to an institution, after eight to ten years
of activity, is likely to be a modest 1%-2% of annual
research expenditure. The income is, moreover, highly
uncertain and variable. Institutional and public sector
managers must understand the nature of this income and
the dynamics of the technology transfer process in order
to manage this emerging discipline effectively, because
unrealistic expectations can lead to dysfunctional policy
decisions. The data and dynamic model presented in this
paper are intended to promote better decisions.

1. INTRODUCTION

The successful technology transfer programs of
universities in Canada and the United States have
prompted other countries to emulate them, and

major technology transfer and commercializa-
tion support programs have been launched in
Australia, Japan, the United Kingdom, and many
other countries. The high-profile successes of rela-
tively few institutions have, however, generated
unrealistic expectations. Additionally, it is not
always clear that the success, measured in terms
of income earned from commercialization, is pro-
portional to the magnitude of the investment in
research. Without a well-funded, high-quality re-
search system, it is highly unlikely that a technol-
ogy transfer program will contribute significantly
to economic or social development. Moreover,
it is doubtful whether other countries can easily
emulate the performance of the United States,
due to differing social and economic conditions.

The income-earning potential of technology
transfer activities can, in fact, be a hindrance to
effective programs. Technology transfer needs to
be undertaken for good reasons, apart from the
possibility of earning income. In health sciences
and agriculture, in particular, appropriate IP (in-
tellectual property) protection may be essential
to effectively exploit research results and ensure
that the benefits are widely available to society.
Whether exploitation of research is for commer-
cial or humanitarian uses, effective and appropri-
ate transfer of knowledge is still required, in ad-
dition to the normal academic requirements to

publish.
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However, even with comparable investments
in research, the performance of individual insti-
tutions is highly variable and unpredictable. This
is true even for institutions that are comparable in
size and maturity. A large portfolio of patents and
licenses is required to give a reasonable probabil-
ity of a net positive income. A large portfolio may
be possible at a national level but is problematic
in smaller countries, and even more so for smaller
institutions. Because the benefits of the innova-
tion system are captured largely at the national
level, institutions need public sector support to
reduce the institutional risk necessary to develop
profitable investments.

Technology transfer is, of course, only one el-
ement of the overall research and innovation val-
ue-chain. All elements must function effectively
for an institution to derive economic and social
benefits from its research. In addition to a strong
research system, a university must offer academics
adequate incentives to encourage their participa-
tion, particularly with regard to the crucial initial
step of invention disclosure. Universities must
possess adequate institutional capacity to take an
idea, evaluate it, appropriately protect intellectual
property, and then seek a path to commercializa-
tion through licensing or a spinout.

It is widely recognized that monetary re-
turns are not, and should not be, the primary
motivation for engaging in technology transfer.
Increasingly, it is a public research organization’s
social responsibility to ensure that research re-
sults are effectively transferred in a timely manner
into the public domain for the good of society.
The production of graduates and publication of
research results remain the most important ways
of affecting knowledge transfer; the more direct
transfer of knowledge through technology trans-
fer is, however, an essential adjunct. Far from
undermining conventional approaches, effective
technology transfer can support and enhance tra-
ditional knowledge transfer.

Technology transfer affects a society’s eco-
nomic well being directly and indirectly. In this
chapter, both the conditions necessary for deriv-
ing economic benefit and the factors that influ-
ence the performance of a technology transfer

office (TTO) are outlined. The data and models
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highlight the need for skilled technology transfer
professionals. If a country is to profit from its in-
vestment in research, then training and capacity
building at the institutional and national levels
are key requirements.

2. RESEARCH AND INNOVATION
VALUE- CHAIN BENCHMARK DATA

Universities and research institutions in North
America have been benchmarking the research
and innovation value-chain for a number of
years."! This data covers each step in the value
chain, including expenditure on research; num-
bers of invention disclosures, patents, licenses,
and spinout companies; income from licensing;
and expenditure on IP protection. A few other
countries are following a similar approach, facili-
tating cross-country comparisons. (A selection of
the data is shown in Table 1.)

To assist with comparisons across countries,
benchmarks are generally converted to normal-
ized values. The most commonly used approach
is to normalize in terms of total research expen-
diture, converted to equivalent U.S. dollars. This
approach is called the adjusted total research
expenditure (ATRE). The most commonly used
reporting basis is per US$1billion ATRE or
US$100 million ATRE. Table 2 presents normal-
ized values of the raw data in Table 1 based on
US$100 million ATRE. For simplicity, only se-
lected variables are shown. This normalized data
can be considered typical data for a small- to mid-
sized U.S. university or a large university in a de-
veloping country.

The normalized data shows a remarkably con-
sistent pattern across different countries (summa-
rized in Table 3). While there are variations from
year to year and from country to country, they
are relatively small and statistically insignificant
compared to the variations between institutions
in one country.

The data presented in Tables 1, 2, and 3 is
for all research disciplines, as no desegregation
to field of research was undertaken by any of the
countries that conducted the survey. Although
such results would be interesting, there is a lack
of clear definition of the different fields, even



within one country, let alone across countries,
making classification difficult. However, it is
well recorded that medical and health-related
research constitutes around 50% of all research
expenditure. An analysis of individual results of
commercialization efforts also shows that health-
related products make up around 50% of tech-
nology transfer outputs, so the available evidence
indicates it is likely that the data for all fields is
broadly representative for health sciences. Given
that a relatively small proportion of total research
is devoted to agricultural research, it is not possi-
ble to make similar conclusions about technology
transfer in the agricultural sciences. Indications
are, however, that it is likely to follow a similar
pattern; there is little evidence that one field of
research has significantly different results from
another in terms of average performance, as indi-
cated in Table 3.

A widely used proxy for the overall perfor-
mance of the technology transfer system is the to-
tal license income earned per year as a percentage
of the total research expenditure. This measure is
used in this chapter, and elsewhere, but it must be
remembered that the measure is a proxy for a com-
plex system and does not, by itself, tell the whole
story. License income as a percentage of research
expenditure is often referred to, for simplicity, as
the “return” from an investment in technology
transfer. The concept represents one form of re-
turn, with returns to the economy through direct
and indirect benefits being equally, if not more,
important. The benefits to society, particularly in
health and agriculture, are often far more impor-
tant than any financial return the institution may
earn. The difficulty, however, is that the institution
bears the costs of undertaking technology transfer,
particularly, in terms of IP protection costs. The
benefits, in contrast, may be enjoyed by the wider
society, or even by another country.

Over the years that data has been collected,
the trend in total license income is instructive
(the graph is shown in Figure 1). In the United
States, the value has increased from 1.5% in
the first year of surveys by the Association of
University Technology Managers (AUTM) in
1991 to around 3.5% in recent years, ignoring
the anomalous peak during the dot-com boom in

2000. Excluding medical research institutes and
considering only universities, the figure is slightly
lower, at around 3%. The available figures for the
United Kingdom, Australia, and Canada are also
plotted in Figure 1. Again ignoring anomalous
figures in 2000/2001, averages are in the vicin-
ity of 1% to 1.5%. Interestingly, no evidence yet
exists of other countries having the same rising
trend that was observed in the United States in
the early years. Whether a similar trend will oc-
cur in the years ahead, or whether there is a sys-
tematic difference between the United States and
other countries, is still unclear.

The average data set is misleading, however,
and the full data set, showing individual institu-
tions, needs to be scrutinized. The AUTM data
is excellent in this respect, as is the Australian
survey. It is unfortunate that cultural norms in
Europe tend to hide individual performance, as
this impedes an understanding of the data.

The characteristic distribution of this data is
illustrated in Figure 2, which shows the returns of
all reporting U.S. universities in rank order. The
data is more easily understood when plotted on a
logarithmic scale, as shown in Figure 3. The dot-
ted line in Figure 3 shows the approximate trend
line for U.S. data. Figure 4 shows the same data
for Canadian universities and Figure 5 shows
the date for Australian universities, both with
the U.S. trend line superimposed. The distribu-
tion of returns is remarkably consistent in these
three reporting countries. The data for the United
Kingdom shows a similar trend, but cannot be
displayed in the same way because individual in-
stitutional performance is not reported.

Table 4 summarizes the returns for the
United States, Canada, Australia, and the United
Kingdom in three bands. The first is for all report-
ing universities, the second for the lower 95%,
excluding the upper 5%, while the last row shows
the performance of the lower 50%. Excluding
the upper 5% removes eight universities in the
United States, two in Canada, one in Australia,
and five in the United Kingdom.

The affect of the skewness of the returns is
evident: 95% of universities have returns of less
than half the averages, while 50% earn only very
small amounts from technology transfer. This
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has important implications whether TTOs earn
enough to cover operating costs or if they need
to be subsidized. (This is discussed in more detail
below.)

An important reason for undertaking bench-
marking is the understanding and insight that
the process fosters. This is what Lundvall* calls
a learning-by-comparing approach, and it is es-
pecially important when using benchmarks in
a different environment. Inherently, long-time
delays make innovation-system benchmark data
particularly difficult to collect and interpret. A
good understanding of the origins and structure
is necessary to avoid misuse of the data. The mod-
el that has been developed here assists with the
interpretation of the raw benchmark data and the
underlying processes it reflects.

Analysis of the data is complicated by the
existence of a few exceptional cases. In Australia,
for example, the omission of a single equity trans-
action in 2000 changed the income earned by
over 50%; while in 2001 and 2002, one univer-
sity accounted for 66% of all income earned. In
Canada, omission of two universities had a simi-
lar impact, while in Europe omitting two uni-
versities reduced the income by 70%. The affect
of a few large transactions makes measuring and
interpreting the benchmark data more difficult,
particularly for projections and comparisons.

Some observations, with respect to the coun-
try average data, are relevant:

* 'The invention disclosure rate of 40 to 50
disclosures per US$100 million ATRE
(or US$2 million to US$2.5 million of
research expenditure per invention disclo-
sure) is remarkably consistent across coun-
tries and over time. The most recent U.K.
data set is an exception and would seem
to indicate a difference in policy approach,
with the invention disclosure rate increas-
ing by nearly 50% from 2001 to 2002.
Not all disclosures are equal, however, and
in some instances a higher disclosure rate
would appear to indicate a lower “quality”
of disclosure, as indicated by the fact that
a smaller percentage of the disclosures are
converted to license or spinout opportuni-
ties, as shown in Table 2.
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The rate at which disclosures are converted
into a patent or license varies from 30% to
50%. This is a relatively close correspon-
dence with differences explainable by differ-
ent national policies and support measures.
The spinout-company rate shows a similar
range, explainable by the greater emphasis
on company formation in Europe and in
the United Kingdom, in contrast with the
emphasis in the United States on licensing.
The United Kingdom and Europe gener-
ated four to six times more spinout com-
panies in 2000/2001, but the number had
dropped in 2002, reflecting a much more
difficult venture-capital environment after
the dot-com bust.

A recent report in the United Kingdom,
however, has asserted that the reported
rate of spinout-company formation is 50%
more than the real rate. If true, this would
make the United Kingdom data more com-
parable to other countries and illustrates
the importance of clear definitions when
collecting benchmark data.

It is noteworthy that the total percentage of
invention disclosures that result in either a
license or a spinout is roughly similar in all
countries examined, at around 30% to 40%.
The staffing of TTOs shows interesting
variations. The United States averages four
staff (per US$100 million ATRE), whereas
Australia and Canada have eight to ten staff
(per US$100 million ATRE). This reflects
economies of scale in the United States,
as the average number of staff per institu-
tion is similar. Stafling levels in the United
Kingdom, however, are six times higher
than the United States per ATRE. This
reflects the emphasis on spinout-company
formation (known to be much more peo-
ple-intensive than licensing) in the United
Kingdom and the strong national support
schemes that are in place.

The cost of operating a TTO can be esti-
mated from the reported staffing levels and
salary survey results, formal or informal. As
shown in Table 5, these budgets fall into

two categories and three groupings. For the



United States, Canada, and Australia, the
budget for a small university is about 1% to
2% of total research expenditure and 0.2%
to 0.5% at the larger institutions. U.K.
universities typically have budgets approxi-
mately double these figures.

* 'The average returns shown in Table 4, cou-
pled with the typical budgets shown in Table
5, enable an estimate of the profitability of
the various classes of offices. These results
are shown in Table 6. In the United States
and Canada, the bottom 50% of all univer-
sities operate at a loss, and only the 50% to
95% group are operating at a break-even or
slightly profitable level. Only the top 5%
are very profitable. It is this skewness that
contributes to the all-too-common expec-
tations of unrealistic performance. In the
United Kingdom and Australia, only a few
universities are profitable, with over 95%
operating at a loss.

The similarity in performance among coun-
tries with different innovation systems and
cultures indicates that the creative innovation
process is inherently similar regardless of the en-
vironment. The single biggest factor that dwarfs
all others is the expenditure on research, and it
appears that no innovation system is significantly
different with respect to the effectiveness with
which ideas are generated and transformed.

This is not to imply that active innovation
support systems are not required. All the coun-
tries examined and reported in the benchmarks
in Table 2 have strong systems of support and
are actively involved in training and developing
capacity to manage the research and innova-
tion process. Without such capacity, it is highly
unlikely that the performance of any institution,
region, or country will come even close to match-
ing the average benchmarks.’?

3. PHASING OF THE
INNOVATION-VALUE-CHAIN

The benchmark data is masked by the long de-

lays inherent in the technology transfer process.

Each step in the value chain takes a few years;

typically six to ten years elapses from the mo-
ment of invention disclosure to the time when
significant income can be generated from a li-
cense. These delays are depicted in Figure 6, and
the impact of these delays is illustrated in Table
7 and Figure 7.

This phasing makes interpretation of the
benchmark data difficult, because data for a par-
ticular year depends on activities that happened
many years earlier. The total license income in
any one year, for example, depends on the accu-
mulated sum of invention disclosure and patent-
ing activities from prior years and is independent
of the disclosure rate in that particular year. For
ease of analysis and reporting, ratios are used to
measure the relationship between variables that
may in fact be years apart. In a steady-state envi-
ronment, these ratios are correct, but the dynamic
relationship must be understood.

The data presented in Table 2 is therefore
primarily useful as a steady-state approximation,
particularly when used to make projections for
a new institution or a country just establishing
an innovation system. Misunderstanding these
dynamics can contribute to false expectations of
returns that are more properly based on observa-
tions of essentially steady-state data from mature
systems.

The dynamic model combines knowledge of
the phasing of the value chain and the time du-
ration of the various steps with the steady-state
benchmark data in Table 2. The primary purpose
of the model is to provide estimates of the likely
rate of return and cash-flow forecasts (institution-
al and national) of alternative innovation-system
scenarios. As the parameters of any particular in-
novation system are not known in advance (and
are difficult to measure even in retrospect), the
main use of the model is as a “what-if tool” to ex-
plore alternative approaches and understand the
impact of policy decisions.

Table 7 illustrates one possible model based
on a hypothetical institution expending US$100
million in research expenditure per year for 20
years. (The model is currency independent and
whether this is US$ or any other currency makes
no difference to the rate of return.) The model
has also been used for actual institutions, where
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past and future research expenditure is known or
can be forecast. Any available data on past inven-
tion disclosures, patents, or licenses can be used
as initial conditions; the model can incorporate
as much past data as is available to generate
forecasts.

Figure 7 shows the results of using a range
of parameters to represent the three main TTO
operating models, called the income, service,
or economic models. The choice of office op-
erating model depends on institutional and
national policy, and upon capabilities and re-
sources. In practice, a mix of models is normal.
Each model can be defined by a set of innova-
tion value-chain operating parameters. These
parameters enable the future performance of an
office (or country) to be calculated, including
investment outlay required, patent prosecution
costs, time to break even, and potential internal
rate of return (IRR). The IRR is the estimated
return to the institution from investing in es-
tablishing a TTO, including staff costs and IP
protection expenses.

The importance of the model is not the ac-
curacy of its predictions, which will, of course,
be no better than the underlying parameters and
assumptions underpinning their use. The prima-
ry benefit is in understanding the dynamics and
relatively long timescales involved in technology
transfer. The model can thus help avoid unrealis-
tic expectations and can also provide the basis for
a series of intermediate benchmarks that can help
ensure that the innovation system is moving in
the right direction. Invention disclosure, for ex-
ample, is clearly an important early indicator to
measure both the health and the vibrancy of the
research system.

4. ECONOMIC-IMPACT ESTIMATION

The ability to calculate, or even estimate, the eco-
nomic impact of technology transfer activities has
been actively debated for a number of years. The
statement below from the AUTM licensing sur-
vey for fiscal year 1999 has been disputed, and in
subsequent years AUTM has refrained from mak-
ing claims in the survey, suggesting instead on the
need for ongoing research.
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“The economic impact of the licensing of
technologies developed at academic institutions
is remarkable. The responses from member in-
stitutions estimate that the licensing of innova-
tions made at academic institutions contributed
over [US]$40 billion in economic activity and
supported more than 270,000 jobs in Fiscal Year
1999. In addition, business activity associated
with sales of products is estimated to generate
[US]$5 billion in United States tax revenues at
the federal, state, and local levels.”

Despite contention over specific claims of
economic impact, it is widely accepted that the
process is of economic benefit in all countries that
have active innovation systems and promote uni-
versity technology transfer. The many countries
that are investing resources in technology trans-
fer development confirm that there is widespread
confidence that the investment is worthwhile and
generates a positive return.

With considerable justification, developed
countries use the overriding argument that,
when a research program is already in place,
technology transfer can result in significant ad-
ditional benefits for a small additional cost (as
shown in Table 4). But in developing countries
with smaller economies, less-developed innova-
tion systems, and many competing demands for
resources, the situation is less clear. The bench-
mark data shows that the volume of innovation
activities arising from research is directly pro-
portional to the amount of research funding. If
additional investment in research is proposed on
the grounds that it supports economic growth,
some justification for this needs to be shown (for
example, that there will be a positive return from
that investment).

While there is some financial benefit to the in-
stitution performing the research, the benefit is, at
best, around 1% to 2% of research expenditure, as
shown in Tables 2 and 3, and is generally between
0.5% and 1.5%. Income generation from tech-
nology transfer is therefore clearly not an adequate
reason for an institution to invest in research. The
financial benefits of technology transfer activities
are captured primarily at the national economic
level through business creation, with national re-
turns arising from direct and indirect economic



effects. The data makes a compelling case for pub-
lic funding, not only of research itself, but also of
technology transfer activities.

Even when the public sector invests funds
in research (whether for economic development
reasons or otherwise), a research institution must
invest in technology transfer activities over an ex-
tended period (eight to ten years) before a posi-
tive return can be expected. The highly uncertain
and variable nature of the returns compounds
these difficulties. Indeed, measuring the national
economic impact of technology transfer is diffi-
cult and has been the subject of intense discus-
sion and debate. A simplistic model has been
developed to illustrate the concepts and motivate
the development of more comprehensive models
(the approach used here follows that described by
Pressman’).

Universities report that the typical average
royalty rate, from which license revenues are de-
rived, is within the range of 2% to 4%. Direct
business activity generated by technology trans-
fer activities is therefore of the order of 25 to 50
times the revenue received by the licensing insti-
tution. Using an appropriate multiplier (typically
1.5 to 2.0), the overall direct economic impact
can be estimated. This is not strictly an economic
model. It is an estimate of the multiplier effects
that are required to obtain a positive return. More
work is needed to determine the actual multiplier
effects that occur or are achievable. In addition to
these benefits, the pre-production benefits associ-
ated with technology transfer activities have been
shown to be significant.®

This economic return is the direct return from
the activities measured and managed by the insti-
tutions TTOs. There is strong evidence that the
entrepreneurial culture resulting from the focus on
technology transfer results in many other benefits
that are neither captured nor measured by the in-
stitution, but which have an impact on the local
economy.” These are the indirect multiplier effects.
Whether similar benefits will accrue in developing
countries is difficult to say and requires more re-
search. Certainly, the factors noted by Tornatzky
generate cause for concern. He noted that states
with strong entrepreneurial support (such as
Massachusetts and California) tend to draw

entrepreneurial talentand opportunities from states
with less support, resulting in a loss of economic
benefits accruing to the states where the research
was undertaken. This migration constitutes a leak-
age of benefits from states with less-well-developed
entrepreneurial environments to those with a more
nurturing environment. If leakages from poorer to
richer states in the United States (in terms of entre-
preneurial support) have an impact in the United
States, the effect in developing countries is likely to
be even more pronounced.

Figure 8 illustrates these concepts in an ex-
ample projecting the returns arising from the
technology to an investment in research illustrat-
ed in Figure 7. These projections are, of course,
sensitive to the assumptions made. The model
shows, for example, that a positive national IRR
can only be achieved if the indirect multiplier ef-
fects are at least three to four times more than the
direct effects. This reinforces the need for a more
in-depth understanding of innovation system
dynamics so that these effects can be understood
and measured.

What is clear from the model is that the direct
returns resulting from technology transfer are far
from adequate to justify additional expenditure on
research. In developing countries, the debate on
whether higher expenditure on research is justified
is intense and the model illustrates the need for
more in-depth analysis and better economic data.

5. VARIABILITY OF BENCHMARKS
AND RETURNS

The benchmark data from individual institutions
(from all countries and over hundreds of institu-
tions) shows a very high variability from year to year
and from institution to institution. This variabil-
ity is observed on all measures in the value chain:
invention disclosures, patents, licenses, spinout
companies, and income. The variations are up to
two orders of magnitude, even for institutions that
in other respects are similar. Some of these trends
were illustrated in Figures 2, 3, 4, and 5. Analysis
of the data by income, size of the institution, ma-
turity, or size of the TTO indicates that none of
these variables is strongly correlated with efficiency
or performance measures. The only significant
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correlation is that innovation output measures are
proportional to the volume of research, as mea-
sured by expenditure on research. Even this figure
is proportional only in aggregate over a large port-
folio, with strong institutional variations.

Figure 9, for example, shows the variation
in invention disclosure rate in terms of millions
of dollars of research expenditure per invention
disclosure, as a function of both the age of the
office and the magnitude of research expenditure.
Although in aggregate over time and across coun-
tries the figure is relatively constant, at the insti-
tutional level very strong variations occur, irre-
spective of the size or maturity of the institution.
The European, United Kingdom, and Australian
surveys show a similar distribution, so this is not
unique to the United States.

Figure 10 shows the variation in license in-
come (as a percentage of research expenditure) for
U.S. and Canadian institutions. The graphs con-
firm the theoretical model presented above and
demonstrate the ten-year lag before significant
revenue is generated. But even after this portfo-
lio-establishing period, returns to offices of simi-
lar size and experience vary greatly.

This high variability in returns has been not-
ed and studied.®*”'? The variability in innovation
returns appears to be inherent to the nature of in-
novation, but the variation in returns in early in-
termediate benchmarks (for example, invention
disclosure rates) is not affected by the same fac-
tors. While still variable, this variability is less in-
herent and more manageable. Economic returns
are determined by an unpredictable set of market
factors, while the intermediate benchmarks are
more controllable by the institution and TTOs.
Institutional commitment, coupled with skilled,
experienced staff, can significantly contribute by
identifying opportunities and motivating inven-
tion disclosure, and, of course, by managing all
the subsequent steps in the value chain.

The impact that skilled staff could have on
the overall innovation process and benchmark
figures is a topic for further research. If best prac-
tices could be identified and disseminated, they
could potentially increase innovation returns sub-
stantially. This is particularly relevant to smaller,
more-isolated offices, and offices in developing
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countries where peer learning is absent. Strong
professional networks are critical, and these need
to be promoted and developed.

Sherer and Harhoff' performed an in-depth
study on innovation returns. Based on their analysis
of eight large patent portfolios in both the United
States and Germany, the researchers concluded:

“Our empirical research reveals, at a high level
of confidence, that the size distribution of private
value returns from individual technological innova-
tions is quite skew—most likely adhering to a log
normal law. A small minority of innovations yield
the lion’s share of all innovations’ total economic val-
ue. This implies difficulty in averting risk through
portfolio strategies and in assessing individual orga-
nizations’ innovative track records. Assuming simi-
lar degrees of skewness in the returns from projects
undertaken under government sponsorship, public
sector programs seeking to support major technologi-
cal advances must strive to let many flowers bloom.
The skewness of innovative returns almost surely per-
sists to add instability to the profit returns of whole
industries and may extend even up to the macroeco-
nomic level. Although much remains to be learned,
some important lessons for technology policy have
begun to emerge.”

The AUTM data confirms that this skewness
is even more apparent in university portfolios,
with an average of only one in 200 licenses gener-
ating more than US$1 million in revenue.'? This
concurs with Sherer’s data: of the eight portfolios
he analyzed, the three from universities all had
higher levels of skewness than the industry port-
folios. This skewness is of particular relevance to
smaller institutions and countries.

This disparity in outcome, which can oc-
cur even between institutions of similar size, ca-
pability, and investment, can lead to problems.
Without an in-depth understanding, the bench-
marks can result in dysfunctional policy decisions
at both national and institutional levels.

6. IMPLICATIONS FOR

DEVELOPING COUNTRIES
Data on the actual performance of developing
countries is not available, or at least none has



been discovered in the course of conducting this
research and making presentations in a number
of countries.’> A limited set of data, which has
been obtained by personal contact with a number
of institutions, is available for South Africa. This
data is shown in Table 8, together with projec-
tions of the possible outcome if South Africa was
operating within the international ranges sum-
marized in Table 3.

If South Africa was to attain an innovation
performance similar to comparable institutions
elsewhere, the entire South African higher-edu-
cation research system could be expected to
generate 200 to 300 invention disclosures per
year. After seven to ten years, such a disclosure
rate should lead to a portfolio of around 500 ac-
tive licenses, two of which would be likely to be
generating revenue of greater than US$1 million
per year, with total revenue of US$5 million to
US$10 million per year.

Furthermore, the distribution of returns
would almost certainly be skewed, even among
the five or six major research universities, let alone
the 15 smaller institutions. A few institutions are
likely to perform relatively well, while the major-
ity are likely to operate at a net loss, even after
ten or 15 years. Furthermore, the skewness and
variability of returns means that it is not possible
to predict who is likely to succeed and who will
be considered to have “failed.” Given the finan-
cial constraints that exist in higher education
institutions, continued institutional support for
technology transfer is likely to be a risk, unless
external support or stimulus is provided.

In the United States, the Bayh-Dole act of
1980 provided a major stimulus for technology
transfer, but the difliculty of using a similar mea-
sure in South Africa is illustrated by the funding
differences. In the United States, the proportion
of research from federal funding is 61%, while
industry contributes only 9% of total research
funding." In South Africa, industry funding is
58% and government funding makes up 28% of
total research funding."” This funding pattern has
implications for IP generation and ownership, as
well, and is an example of the differences that
need to be considered when making projections
based on international benchmarks.

One argument that carries some weight is
that the high levels of industry-sponsored re-
search in South Africa and other countries with
a similar pattern of funding, represent consider-
able informal technology transfer embedded in
research contracts. The true performance of these
institutions, therefore, may be much higher than
is indicated by the simple “AUTM-like” technol-
ogy transfer indicators.

Whether the benchmarks from countries
with large, well-developed research and innova-
tion systems will scale to smaller countries is at
present unknown. More detailed analysis and
measurement are required to determine appropri-
ate benchmarks and to construct a more robust
and accurate economic impact model.

7. CONCLUSIONS

The similar relative performance of higher-edu-
cation technology transfer systems in developed
countries indicates that the creative innovation
process is inherently similar and that no one
country is significantly better in terms of the ef-
ficiency with which ideas are generated and trans-
ferred. The impact of a technology transfer pro-
gram is determined primarily by the magnitude
of the expenditure on research and the length of
time the program has been in operation, provided
active innovation programs exist and well-trained
technology transfer professionals are in place.
These are essential requirements if institutions
and countries aspire to attain international norms
of performance.

To avoid unrealistic expectations of the ben-
efits of technology transfer in smaller countries
and institutions, this data set must be under-
stood. Effective models of the innovation system,
preferably based on local data, can help predict
budget requirements, the possible return on in-
vestment, and the timescales to attain these goals.
Measurement of the local innovation system
should commence at the earliest possible stage,
because early indicators (such as the invention
disclosure rate) can provide insight into how the
remainder of the value chain is likely to develop.

The long time-period required for individual
institutions to derive benefits, and the fact that
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the benefits are largely to the national economy,
indicate that appropriate national support mea-
sures are needed to encourage innovation devel-
opment and to overcome institutional resistance
in resource-constrained environments. Using an
innovation-system model (where appropriate)
to evaluate and quantify alternatives, further re-
search is needed to determine the most effective
support measures.

Institutions and innovation systems need to
take into account the skewness and inherent vari-
ability of innovation returns. In the early stages,
more emphasis needs to be placed on intermedi-
ate benchmark measures and less on such tradi-
tional measures as license revenues and spinout-
company formation. m
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/ TABLE 3: RESEARCH AND INNOVATION VALUE CHAIN \
Invention disclosures 40-50
Patents 20-30
Licenses 10-15
Spinout companies 1-5
Income STm—$3m

\ (1% — 3% of research expenditure)

TABLE 4: AVERAGE RETURNS IN 2002
(LIcENSE INCOME AS % OF TOTAL RESEARCH INCOME)

AN

CANADA AUSTRALIA

All universities 3% 1.60% 1.50% 110%
Lower 95% 1.60% 0.80% 0.60% 0.55%
No. of universities excluded

8 2 1 5
from average
Bottom 50% 0.28% 0.23% 0.08% 0.02%

\ Note: “Group” refers to university rankings by percentage of license income, as indicated in Figures 2-5. /

TABLE 5: TYPICAL TECHNOLOGY TRANSFER OFFICE BUDGETS \
(As % oF TOTAL RESEARCH EXPENDITURE)

UNIVERSITY SIZE BUDGET BUDGET
(U.S./AUSTRALIA MODEL) (U.K. mODEL)

Small 1%—2% 2%—-3%

Medium 0.5%—-1% 1%—-2%
\ Large 0.2%-0.5% 0.5%-1% /
/ TABLE 6: LIKELY OUTCOMES (ESTIMATED BUDGET VS. LIKELY INCOME) \

GRouP U.S. & CANADA U.K. & AUSTRALIA

Bottom 50% (of all universities) Loss Large loss

50%-95% Break even—profitable Loss

Top 5% (of all universities) Very profitable Profitable

\ Note: “Group” refers to university rankings by percentage of license income, as indicated in Figures 2—5. /
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Research expenditure (ATRE)
Invention disclosures (total)
Patents filed

Licenses

Start-ups

Patent budget (as % income)
License income

Size of staff

INTERNATIONAL

RANGES
(FROM TABLE 3)

per US$100m
40-60

20-30

10-15

1-5

0.2%-0.5%
1%—2% of total
4-20

CURRENT (2004)
(BASED

ON FIVE
UNIVERSITIES)
Us$194m

per US$100m
23

6

4

3

0.30%

0.1% of total

9

\ Note: Projections are based on likely ranges from international benchmarks.

TABLE 8: PROJECTIONS OF TTO ACTIVITY FOR SOUTH AFRICA

PROJECTIONS

IF AT
INTERNATIONAL
NORMS

ZAR2b
US$500m

200-300

100-150
60-100
5-20

US$5m-US$10m
20-100

~

/

-

FIGURE 1: LICENSE INCOME

(1991-2004 For U.S., 2000-2003 FOR OTHER COUNTRIES)
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FIGURE 2: LICENSE INCOME FOR U.S. UNIVERSITIES FOR FY 2002
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FIGURE 3: LICENSE INCOME FOR U.S. UNIVERSITIES FOR FY 2002 \
(LoGORITHMIC PLOT)
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FIGURE 4: LICENSE INCOME FOR CANADIAN UNIVERSITIES FOR FY 2002
(LoGORITHMIC PLOT)
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FIGURE 5: LICENSE INCOME FOR AUSTRALIAN UNIVERSITIES FOR FY 2002
(LoGORITHMIC PLOT)
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FIGURE 6: TYPICAL PHASING OF THE VALUE CHAIN
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FIGURE 7: IMPACT OF PoLicy CHOICES ON PERFORMANCE
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FIGURE 8: ESTIMATION OF NATIONAL INTERNAL RATE OF RETURN (IRR)
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FIGURE 9A: DISCLOSURE RATE VS. AGE OF OFFICE
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FIGURE 9B: DiscLOSURE RATE VS. RESEARCH EXPENDITURE
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\ Source: IIPI Report on South African University Technology Transfer: A Comparative Analysis, Jan 2004.j

FIGURE 10A: TTO AGE As A DETERMINATE OF LICENSING INcoME (U.S.)
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FIGURE 10B:TTO AGE As A DETERMINATE OF LICENSING INCOME (CANADA)
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