Chapter 3
The Role of Research Orientation
for Attracting Competitive Research Funding”

Hanna Hottenrott

Abstract This article studies the role of research orientation for attracting research
grants at higher education institutions in Germany. Traditionally research activities
were funded by the institutions’ core budget. More recently, extramural research
funding has become increasingly important. Besides the public sector, industry pro-
vides a growing share of such funds. The results based on a sample of professors in
science and engineering suggest that basic and applied research is complementarity
for attracting research funding from industry. Thus, professors who conduct basic
research in addition to research on the applicability of their results appear to be most
successful in raising industry funds. For raising grants from public sources, it turns
out that specialization is more important. Specialized research units on either basic
or applied research obtain significantly more public grants which points to a substitu-
tive relationship between basic and applied research for grants from public sources.

1 Introduction

Based on the idea that university systems with competitive funding mechanisms
provide output incentives and are consequently more efficient and productive
than traditional funding environments, university research throughout Europe is
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increasingly funded by a mix of “fixed” institutional budget and project-based funds
(Auranen and Nieminen 2010). Industrial grants provide an increasing share of such
extramural funds (OECD 2007, 2009). Besides the growing role of funding from
the private business sector, public research funding is also becoming increasingly
competitive. The rules and precepts according to which such funds are granted may
naturally differ between schemes and sponsors. This chapter aims to contribute to
the understanding of how university research matches industry demands for scientific
knowledge by analyzing the role of research orientation for the attraction of com-
petitive research funding and how it is different for public sector grants.

While previous literature found academic research to be highly valuable for indus-
trial innovation (Mansfield 1991, 1995; Cohen et al. 2002; Cassiman et al. 2008),
the direction of research that is most beneficial and therefore more likely to be
sponsored has not been studied as extensively. Do firms benefit from sourcing basic
science that is not feasible or unprofitable to build up themselves? Or do they seek
access to rather applied research that provides knowledge that is closer to applicable
technology and thus closer to marketable innovations?

Previous studies did shed some light on the question which fields of science were
particularly interesting for certain industries and on the importance of geographical
proximity and faculty quality for getting funded by industry (Mansfield 1995;
Mansfield and Lee 1996). At the university level, Ljungberg (2008) finds that mainly
larger and highly specialized universities in Sweden attract most industry funding
relative to their size. The larger but less specialized universities and most of the
smaller regional colleges and universities receive less. Thus, he sees specialization in
research as an important characteristic for explaining differences in the ability to
attract private-sector funding. Anders Brostrom (2012), on the other hand, finds in a
study on firms collaborating with major Swedish universities that these firms collabo-
rate with university researchers in order to access academic networks and to strengthen
skills of their employees, i.e. to increase absorptive capacity for knowledge spillovers
in general, not only from science. This may suggest that firms are less interested in
highly specialized research units but in those that provide a variety of skills.

The reason for the lack of evidence in the literature at the laboratory level so far
could be rooted in the seemingly obviousness of the question who gets such fund-
ing. As argued by Trajtenberg et al. (1997), industry research and development
(R&D) is directed at commercial success, while university research focuses on solv-
ing fundamental scientific questions. Thus, it seems obvious to assume that firms
fund university research labs to gain access to such basic research that complements
their own application-oriented R&D.

However, firms cannot absorb scientific knowledge without effort. Investments in
absorptive capacities may be crucial. The extent of such investments may depend on
whether firms source solely basic research or whether they are able to contract
researchers with applied research skills. Consequently, it could be argued that as
applied science is easier to identify and exploit for industry and involves lower moni-
toring costs (Thursby and Thursby 2004), instead of sourcing pure basic research
results, firms could target university research that has passed a certain threshold of
applicability and is consequently less costly to adopt. Moreover, sourcing applied
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research reduces the “distance” from basic science to applicable technology that may
be especially large for early-stage technologies (Thursby et al. 2007).

As both arguments are straightforward, one could reason that firms prefer those
researchers as collaboration partners whose labs are capable of doing both basic as
well as applied research especially if the joint research evolves through different
stages of maturity. If the latter argument applies empirically, we would expect to
find a complementary relationship between basic and applied research orientation.

Another question that arises is whether research orientation plays a different role for
the successful acquisition of public grants as compared to industry funds. The rationale
behind public research funding has traditionally been based on the positive externalities
from basic science. Public funding for applied research, on the other hand, has usually
been linked to public-private research partnerships and has been justified by the result-
ing economic benefits from such collaboration (Czarnitzki 2009). Given the limits of
public funds, award criteria generally revolve around academic excellence to ensure
highest possible returns to society (Viner et al. 2004; Sorenson and Fleming 2004).
Excellence, however, may require a high degree of specialization in order to achieve an
accumulative advantage at the level of the individual researcher or the research team.

This chapter adds to previous research by studying the role of research orienta-
tion, i.e., basic versus applied research, for attracting competitive research funding
from the private as well as from the public sector. The sample of 669 research units
at 46 higher education institutions in Germany covers a broad range of disciplines
in science and engineering. The results suggest that basic and applied research is
complementary for raising funds from industry. Professors whose labs conduct both
types of research attract most funding from industry in contrast to those who are
focused on either basic or applied research, both in monetary terms as well as in
percent of their total research budget. For raising grants from public sources, on the
other hand, specialization seems more important. Specialized research units on
either basic or applied research obtain significantly more public grants pointing to a
substitutive relationship between basic and applied research for such grants.

This chapter proceeds as follows. Section 2 describes the data and sets out the
empirical framework. Section 3 presents the econometric analysis and the results.
Section 4 concludes and points out roads for further research.

2 Data and Empirical Framework

The unit of analysis is the research lab for which data has been collected from dif-
ferent sources. First, a survey among research units at German higher education
institutions in the fields of science or engineering was conducted by the Centre for
European Economic Research (ZEW, Mannheim) in the year 2000. In the survey,
university professors indicated the percentage of their units’ research that is directed
at basic research (BASIC_SHARE) or applied research (APPLIED_SHARE).
Moreover, the amount of private-sector research grants received during the year
1999 both in monetary terms (INDFUND) as well as share of their overall budget
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(INDSHARE) and the corresponding information on public grants (GOVFUND,
GOVSHARE) is obtained immediately from the survey.!

To control for other important determinants of research funding, the survey data is
supplemented with additional information from different data sources. Most impor-
tantly, the previous scientific performance of the research units’ heads may also impact
the attraction of grants (e.g., Murray 2002; Viner et al. 2004). Past scientific publica-
tions (PUBS) as well as citations to these publications (CIT_PUBS) have been col-
lected from the ISI Web of Science® database. In addition, information on patent
applications (PATS) on which the respective professor was listed as inventor and for-
ward citations to these patents (CIT_PATS) were drawn from the database of the
German Patent and Trade Mark Office (DPMA).>? We limit the time frame (“activity
window”) for both publications and patents to the period from 1994 to 1999. As the
effectiveness with which a research unit attracts third-party funding may depend on
the head’s experience or seniority, information on the year in which the professor
received his Ph.D. had been gathered from the German National Library, and his aca-
demic experience was calculated (EXPER). To test for any nonlinear life-cycle effect
(Levin and Stephan 1991), the squared value (EXPER?) is included. For differences in
the size of the different institutions is controlled for by including the (logged) total
number of students (UNI_SIZE). Larger universities may, for instance, be more visible
to funding agencies and to industry and thus attract relatively more third-party fund-
ing. A squared term is included to control for nonlinearity. A dummy is included
accounting for whether the professor had collaborated with his institution’s Technology
Transfer Office (TT0). We account for differences between research fields by utilizing
seven field dummies (see Table 3.5 for key variables by research field). Three institu-
tion-type dummies are added to capture differences in funding patterns between gen-
eral universities, technical universities, and polytechnic colleges. Finally, we include
a gender dummy (FEMALE) for the head of the department. The final sample contains
669 professor-research unit observations from 46 different institutions of which are
56% universities, 23% technical universities, and 21% polytechnics. Table 3.1 shows
descriptive statistics for the main variables of interest.?

Research units in the sample obtained about 96.5 thousand Euros from industry
on average. This makes up for 8.6% of their total budgets in 1999. Grants from pub-
lic sources amounted to about 120 thousand Euros on average or about 22% of their
total budgets. Research units spend on average 42% of their time on basic research.
The share is higher at universities (57%) and considerably lower at polytechnics (4%).

'The sum of INDFUND and GOVFUND is ‘total third-party funding’. Adding this to the ‘core’
institutional funding (COREFUND) yields the units” overall funding: TOTALFUND =INDFUND
+GOVFUND + COREFUND.

2Patent forward citations have been shown to be a suitable measure for the quality, importance, or
significance of a patented invention and have been used in various studies (see, e.g. Henderson
et al. 1998; Hall et al. 2001).

3 Cross-correlations between the main variables are presented in Table 3.4.
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Table 3.1 Descriptive statistics (699 obs)

Variable Description Mean Std. Dev Min Max
Grant-based funding

INDFUND, TE€E 96.43 219.90 0 2,129.53
INDSHARE, % of total budget 8.61 13.48 0 100
GOVFUND, TE€E 118.31 244.44 0 1,844.53
GOVSHARE, % of total budget 21.71 20.22 0 100
Research orientation

BASIC_SHARE %/100 0.42 0.34 0 1
APPLIED_SHARE %/100 0.58 0.34 0 1
Controls

PUBS . Publication count 11.08 20.51 0 243
PUBCITS, Citation count 228.16 571.22 0 5,907
PATS ., Patent count 1.41 3.48 0 32
PATCITS, Citation count 20.25 126.61 0 2,634
UNI_SIZE Student count 17,789.40 11,817.00 1,451 59,599
EXPER Years since Ph.D. 21.64 8.68 1 43

1710 Dummy 0.73 0.44 0 1
FEMALE Dummy 0.03 0.18 0 1

Note: Institution-type dummies and field dummies not presented. Note also that the time period for
the controls for past scientific includes t as articles published in t have usually been written in the
years up to t, thus reflecting research outcomes of the period t-1 or earlier. The same applies to
patents applied for in t.

At technical universities, the average share time spent on applied research is 62%.
The relative focus on applied research naturally differs between fields of research.
Electrical engineering, mechanical engineering and other engineering report high
shares of 79%, 77%, and 74%, respectively. Research units in chemistry and physics
spend about 61% and 69% of their time of basic research, while and mathematicians
and computer scientists and biologists have basic research shares of 56% and 50%,
respectively. Professors in the sample published on average 11 items in the period
1994-1999 and occurred 1.4 times as inventor on a patent application. The numbers
vary by research field and type of institution (see Table 3.5). The size of the institu-
tions differs in student numbers ranging from 1,451 to nearly 60 thousand students.
The share of scientists of a unit’s total staff is 73% on average. The share is slightly
lower at polytechnics (68%) and technical universities (71%). The professors have
an average experience of about 22 years in academe. Seventy three percentage of
them had some form of contact to a TTO, and only 3% of them are female.

3 Econometric Analysis and Results

The research unit’s amount of industry funding (/NDFUND, and the share of this
funding as % of the total budget INDSHARE) and the amount and share of public
grants (GOVFUND, GOVSHARE) serve as dependent variables. However, not all
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professors in the sample attracted third-party funds. Tobit models are being estimated
to account for this censoring bias. The models to be estimated can be written as

Y'=XB+e, 3.1

where the unobserved latent variable Y is equal to INDSHARE and GOVSHARE in the
first set of models and to the logarithm of INDFUND and GOVFUND (+1), respec-
tively, in the second set of specifications. The observed dependent variable is equal to

Y if X'B4+e>0
=1 . 3.2)
otherwise
X represents the matrix of regressors, 3 the parameters to be estimated and € the
random error term.> The main hypothesis concerns the effects of a unit’s research
orientation on third-party funding. To test for complementarity between the two, an
interaction term BASIC*APPLIED is added to the model. As BASIC_SHARE and
APPLIED_SHARE add up to 1, it is necessary to multiply the individual shares with
the number of scientific staff (mean=13, median=9, and the maximum number is
130).* After the core specification, we add the research track record of units’ heads
(PUBS and PATY) and the gender dummy (FEMALE). Due to the skewed distribu-
tions of patents and publications, the logs of these variables are included. For those
with zero patents or publications, i.e., if the log is not defined, a dummy variable is
included to capture the “quasi-missing” values (NO_PUB_DUM, NO_PAT_DUM).
Table 3.2 presents the regression results. They show that basic research is associ-
ated with a lower share of funding from industry, whereas applied research has a
significantly positive effect in all three specifications. The latter confirms findings by
Gulbrandsen and Smeby (2005) who study differences in research orientation between
university professors with industry funding and professors with other types of funding
or no external research funding. They find support in their Norwegian data for the
hypothesis that professors with industrial funding indeed describe their research more
often as applied than professors without funding from the private sector.
The inclusion of the interaction term reveals that research units which do both
basic as well as applied research have a larger share of industry grants compared to

4This transformation results in a shift in interpretation of the variable from ‘share of effort devoted
to basic or applied research’ to ‘staff working on basic or applied research’. Thus, it ought to be
kept in mind for the interpretation of the results that these variables (BASIC and APPLIED) also
measure lab size.

3> The standard Tobit model requires the assumption of homoscedasticity; otherwise, the estimates
are inconsistent (cf. Greene 2000). Tests on heteroscedasticity (Wald tests and LR tests) using a
heteroscedastic specification of the Tobit model in which the homoscedastic standard error o was
replaced with oi= o exp(Z’ @) in the likelihood function find indeed evidence of heteroscedasticity.
Consequently, regional dummies, one for each of the 16 German states, and field and institution-
type dummies were used to model group-wise multiplicative heteroscedasticity. The presented
estimation results are thus obtained from heteroscedastic-consistent estimations.
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more specialized units. On the contrary, the models on GOVSHARE show a negative
sign for the interaction term which indicates a substitutive relationship between
basic and applied research for the attraction of public grants. As expected, contact
to a TTO increases industry funding, but has no effect on public grants. The share
of industry grants is higher at larger institutions up to a size of about 14,000 students
but is decreasing with the number of students at larger institutions. Moreover, hav-
ing no past “patenting experience” reduces the share of industry grants. The
coefficient of the variable capturing past publications has the expected positive sign
for public grants pointing to the importance of scientific achievements for raising
such funds. Past patent applications are not significant for the share or amount of
public grants.

In a section step, models on the total amount of grants (GOVFUND) instead of
the share of total budget are estimated in order to be able to calculate more meaning-
ful marginal effects. The key insights are confirmed (Table 3.3). Here, the estimated
coefficients describe the marginal effects of the regressors on Y, such that

OE[Y] x|
ox, B (3.3)

(see, e.g., Greene 2000: 908-910). Since the dependent variable in this model is
specified as logarithm, a unit change in our main variables of interest, i.e., BASIC
and APPLIED, can be interpreted as a percentage change in funding. If one addi-
tional person works on applied research, industry funding (in terms of the latent
index Y”) increases by 8.1% and public grants by 10.8% (Table 3.3, specification
3.3). If an additional basic researcher is hired, government grants (column 6)
increase by about 10%, all else constant.

As a robustness check, all models have been estimated accounting for quality-
weighted measures of past research performance. The results confirm previous
findings. The total number of citations to past publications (in the pre-sample period
1994-1999) is positive and significant in the GOVFUND equation but insignificant
for INDFUND. The same applies for citations per publication. It is noteworthy that
the marginal effects are larger for the quality-weighted measures for scientific out-
put. Thus, the quality of scientific output seems not only to be important but also to
be more important for public grants than for industry grants.

4 Conclusions

Given the increasing share of competitive grants—from public as well as private-
sector sources—supplementing universities core funding, the objective of this chap-
ter was to provide an analysis of the role of direction of faculty research in terms of
basic versus applied research for attracting such grants. Although we see that applied
research indeed increases the share of industry funding of the research units’ total
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budgets as well as the amount, the complementarity between basic and applied
research for success in raising industry grants suggests that researchers who provide
basic scientific input as well as competencies on the applicability of such are most
attractive targets for funding from the business sector. Thus, firms appear to seek
access to basic science that is not feasible or not profitable to build up in-house but
also rely on the scientists’ ability to translate it into applicable technology. This
points to a trade-off faced by the sponsoring firm between the advantage of sourcing
basic science from universities and the costs of building absorptive capacities to
effectively use this knowledge. Collaborating with university research labs that are
able to conduct both basic as well as applied research may reduce these costs and,
hence, alleviate the trade-off.

With respect to public grants, the results suggest that public funding-authorities
prize specialization. Research units with either a strong focus on either basic or on
applied research raise significantly more grants than others. This is in line with
previous findings. Application-oriented research, for instance, has been shown to
benefit from supranational funding programs such as the EU-wide “Framework
Programme for Research and Development”. In Germany, direct project funding
by the federal government has been to an increasing extent directed at promoting
industry-science consortia that aim explicitly at promoting applied research. Grant
programs by the German Research Foundation (DFG), on the other hand, may
support rather basic research agendas as they attract applicants with particular
high scientific excellence if measured in publications and citations (Grimpe 2010).
Moreover, the result that private-sector and public grants are subject to different
criteria with respect to research orientation suggests that industry grants offer an
additional source of competitive funding for research units that may not be will-
ing or not be able to raise other types of grants. What is more, worries about a “fund-
ing split” in the sense that industry only provides grants for applied research and
government only promotes basic research may be exaggerated - at least in the
short run.

However, the results ought to be interpreted with the study’s limitations in mind.
Given the available data, it was not possible to account for the dynamics between ex
ante research orientation that shapes the attractiveness for receiving industry fund-
ing and the incentives to adopt a certain orientation to become more attractive for
funding in the future. Panel data on a set of professors and their research unit would
be desirable for such an exercise. Further analysis would, moreover, not only benefit
from distinguishing between types of public grants but also from studying the pro-
viders of industry grants in greater detail. As results for the USA by Cohen et al.
(2002) suggest, it is very likely that the observed effects differ substantially between
industries, firms of different sizes and different stages of maturity. Further research
should also take into account the impact of “outside factors” such as government-
subsidized cost sharing in public-private partnerships and their effects of industry-
funded university research that may also cross-impact the researchers’ attention to
other public funding schemes.
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