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Abstract

Background: Transfer of knowledge from academia to business is one of the crucial
issues for creating innovation. Creatfion of university spin-offs could significantly
improve this fransfer. Objectives: The main scientific aim is fo examine the
differences between universities in European countries and identify factors affecting
the probability of creating the university spin-off. The paper is also focused on the
differences in the specialization and financial sources of universities.
Methods/Approach: We compare selected indicators for higher education
institutions in European countries and examine potential determinants affecting the
probability of academic spin-off formation. With respect to the main aim, the logit
and probit regression analyses have been used. Results: Our results show that the
creation of spin-offs is typical on the one hand for highly specialized universities or on
the other hand for universities with a wide variety of study programs. They should also
have an optimum number of doctoral students and have mostly less funding from
tuition fees. Conclusions: Several indicators appear to play an important role in the
formation of university spin-off. These indicators are the level of specialization, the
share of tuition fees in the University budget, and the share of Ph.D. and foreign
students.
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Infroduction

Universities are one of the key elements in the creation and accumulation of
knowledge in society. They create a highly skilled labor force for the business and
public sector and generate new knowledge through research activities. These two
functions should be linked together, which could lead to their third function
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comprising especially the effective knowledge fransfer from academia and
research info economic practice. This function is very important especially with
respect to the human capital and securing the technological progress of the
economy. Establishment of academic spin-off companies is one way of getting
knowledge and technologies from a university environment into practice. University
spin-offs can be narrowly defined as the firms that exploit intellectual property or
patented inventions generated from university research” (Di Gregorio and Shane,
2003). However, university spin-offs usually do not use intellectual property officially
owned by the university (Aldridge and Audretsch, 2011). Hence, university spin-offs
are commonly characterized as new enterprises established in order to apply the
academic knowledge, academic infrastructure and results gained by universities,
and further successfully commercialise them (Wright et al., 2007).

Even though university spin-offs seem to be an effective way of transferring
knowledge, their use is still very limited in many European countries, either by
legislation or by lack of experience. Even though a spin-off is usually considered to
be the founding of a new company to commercialize the results of university
research, it could also be an enterprise founded by university employees or
graduates.

The main aim of the paper is to identify the key characteristics of universities
influencing the likelihood of establishing a university spin-off company. In the first part
of the paper, we briefly review the literature sources on the establishment of
academic spin-off companies and problems related to technology fransfer. The
second part explains the data as well as the methodology used in the analytical
part of the paper. Next, we compare selected indicators for university characteristics
in several European countries and examine the potential factors affecting the
establishment of university spin-offs. The results are interpreted and discussed in the
discussion. In the conclusions, we point out the most important results of our paper.

Literature review

Universities are supposed to be one of the driving forces of innovation processes in
the country. As stated by Dunning (2002), innovation is the main driver of global
economic development in general. Innovation consists of knowledge that arises as a
result of scientific activities and, consequently, the ability of workers to apply it into
practice (Hudec et al., 2009). With respect to that, there are several studies that
came to the conclusion that the intensity of science, research, and development
together with the proportion of terfiary educated people are the key factors
supporting innovation performance and thus also economic development
(Sterlacchini, 2008).

Universities and research institutions are parts of the innovation system. Innovation
systems are in general described as networks of institutions in public and private
sectors whose activities and interactions are aimed at supporting, importing and
diffusing new technologies (Freeman, 1987). According to Edquist (2004), the
innovation system has a significant role to play in the evolution, dissemination, and
exploitation of innovation.

The traditional function of universities in innovation systems lies primarily in activities
within the education and research subsystems. Thus, universities provide businesses
with  new knowledge gained in research and development, which is then
transformed into innovation.

Another potential way how the role of universities in the innovation system could
be described is through the friple helix model, which captures the potential
relationships between universities, government, and industry. The quality of
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connections between these three subjects is a very important factor for developing
innovation and further technological development of the economy as stated for
example by Etzkowitz and Leydesdorff (2000). Of course, there are also other
theoretical concepts, seeing universities as parts of the external environment
affecting the innovation processes in business. Hence, in general, universities could
be either seen as an important part of the innovation process or as external sources
of information for innovation process (Chesbrough, 2006). However, new knowledge,
which is often developed at universities, is still often not fransferred into the business
to a substantial extent. There is always a certain information barrier between
research organizations or universities and business. In order to support this transfer,
nafional and regional institutions need to intensify the inferaction between
academia and business.

Universities have a predominantly beneficial effect on the local economy in the
region where they operate (Rehak et al., 2015). The most important local influences
of universities can be further divided into two basic categories (Strauf and Scherer,
2008), quantitative and qualitative. The quantitative impact is the financial impact
on the region in the form of a flow of goods and money between public authorities,
businesses and public institutions. The qualitative aspect looks more at the benefits
for the economy in terms of ecological, political and socio-cultural effects.

University spin-offs can be seen as one of the ways how the university could
tfransform new knowledge into innovation and commercialize it. Hence, university
spin-off companies are enterprises founded by university staff (or graduates)
assigned to the surrounding or catchment area of that university (Strauf and Scherer,
2008). The issue of the spin-off is quite extensive and involves a wide range of
elements, while a university spin-off is one of the specific types of spin-off companies
(Salvador, 2011).

Cusmano et al. (2014) reported that spin-offs are one of the key elements
supporting regional growth. Similarly, Strauf and Scherer (2008) consider it essential
for a region's development strategy to include knowledge transfer and innovation
through project collaboration. This type of business is important, in particular, to
make a connection between students and businesses (e.g., to solve specific
practical problems in their thesis).

The actual process of university spin-off creation is illustrated in more detail in
Figure 1. The basic prerequisite for further steps is the identification of key
competencies at the institutional level. Another essential element is research
funding, which can be from the university itself or through external funding, whether
public or private. The result of the research could be an invention or innovation. The
innovation could then be patented by the university under certain conditions. The
next phase is already in the competence of the technology transfer center at the
university, if such a center is created there. In this stage, it is decided whether the
technology will be leased to business or a new university spin-off will be created. The
outcome of the whole process should generate future economic and social value
for the university, business, as well as for the entire society.

The process of spin-off creation is relatively challenging for the university.
Successful transformation of knowledge into innovation of usable products or
services requires the acquisition of a number of new competencies. However,
universities traditionally operate primarily in the non-commercial sphere (Vohora et
al., 2004). To support the university's entrepreneurial competencies, it is usually crucial
to create a completely new routine and leave the original educational and
research-based routine (Rasmussen and Borch, 2010). The acquisition of
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entrepreneurial skills may sometimes conflict with the university's traditional
education and research policies (Bercovitz and Feldman, 2008).

Van Burg et al. (2008) argue that in order to create backgrounds for future
academic spin-off activities, academic institutions should improve their
enfrepreneurship awareness and support the creation of new entrepreneurial ideas.
Moreover, learning and practice of the entrepreneurial skills and knowledge are also
very necessary. This comes hand in hand with creating collaborative networks and
setting up clear rules.

Figure 1
A multi-stage model of university spin-off creation
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According to Bigliardi et al. (2013), the success of newly created projects and
spin-offs depends on several factors linked to the characteristics of each university.
Such factors influencing the future success of academic spin-off companies in
selected studies (Bigliardi et al., 2013) can be summarized in the following four key
points: (i) characteristics of the university; (i) characteristics of the founders of the
spin-off company; (iiij characteristics of the surrounding environment; and (iv)
characteristics of the technology or the final product itself. In order to successfully
establish the spin-off, the support for these 3 critfical types of competencies is
needed at the university (Rasmussen and Wright, 2015): (i) develop viable business
opportunities; (i) involve individuals in the business process and their subsequent
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active and passive support; and (i) provide the resources needed to set up and
develop an enterprise.

Thus, we can say that the characteristics of the university seem to have a
significant impact on the efficiency and success of academic spin-offs (Epure et al.,
2014). Furthermore, results of previous studies show that accumulated human capital
and direct financial support from university strongly support the likelihood of
establishing a spin-off company as well as its future success (Mustar and Wright,
2010). The legislative environment and some specific characteristics of the
education system in each country could play a very important role.

This paper focuses on comparing and examining the characteristic features of
universities in European countries based on available secondary data. In the next
step, the focus will be on the examination of factors at the institutional level which
could impact the probability of creating an academic spin-off. Hence, the paper
aims to compare and examine characteristic features of higher education
institutions in Europe and based on regression analysis identify factors affecting the
probability of creating an academic spin-off company. We want also to mention
that this paper is partially based on the results presented at Entrenova conference
2018 previously published in Hunady et al. (2018).

Methodology

In line with the main scientific aim of the paper, we analyzed available secondary
data. The European Tertiary Education Register (2017) was the basic data source.
This database contains data for more than 2400 institutions from 36 European
countries. The data are available for 2011 (academic year 2011/2012), 2012
(academic year 2012/2013), 2013 (academic year 2013/2014) and 2014 (academic
year 2014/2015). We compare the average values of selected indicators in
European countries and identify the key differences. With respect to the main aim of
the paper, we also focused on the factors potentially influencing the probability of
university spin-off creation. Based on this scientific aim we also stated four research
hypotheses as follows.

Hypothesis HOI: Universities which are specialized in a few research areas are
more likely to create their own spin-off company. We assume that the narrow focus
of universities on selected research areas and topics allows them to improve in
applied research and develop commercially useful innovations.

Hypothesis HO2: Universities with a higher share of Ph.D. students are more likely to
create a university spin-off. The share of Ph.D. students can be seen as the proxy for
the intensity of research activities in the university. More Ph.D. students could also
mean more human resources engaged in science and that can be beneficial for
activities related to the spin-off.

Hypothesis HO3: Universities with a higher share of foreign students are more likely
fo create their own academic spin-off. Universities with a higher share of foreign
students are usually more open to knowledge and practices from abroad. We
assume that the exchange of knowledge and experiences from abroad as well as
the international focus of the institution can be beneficial for the creation of
university spin-off companies.

Hypothesis HO4: Universities with a lower share of tuition fees from students of
overall revenues are more likely to create their own academic spin-off. This
assumption is mostly related to the focus of the university either on education or on
research. Universities with a higher share of revenues from student payments can be
more focused on the education function and therefore less interested in creating a
university spin-off.
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In the European Tertiary Education Register survey higher education institutions are
supposed to indicate whether an event affecting the institution occurred in the year
before orin the year following the year under review. One of these possible events is
the establisnment of a spin-off (or spin-out). The spin-off has to be separated from
the monitored institution in selected years. Spin-out in this case means any
detachment of part of a higher education institution (most often a research center
or department) and the creatfion of a new independent intellectual property
institution or technology originating from the original institution. Based on these data
we further used probit regression analysis and binary logistic regression, in order to
identify potential factors affecting the establishment of the spin-off.

The variables used in regression models are further specified in Table 1.

Table 1
Description of variables used in regression models
Name of variables Description of variables
Creation of university spin-  Did the university spin-off occur in the reference period 2: yes
off (coded as 1), no (coded as 0)

Herfindahl index of The index reflects the institution's degree of specialization
concentration ranging from 1 (all students studying in the same area) to 0
/specialisation (even distribution of students across all fields of study).

The intensity of Ph.D. study Ph.D. students (their share on the total number of students)
The share of tuition fees The share of revenues from tuition fees on the total revenue

Number of Erasmus Number of students leaving for a foreign study stay through the

students Erasmus program

The share of foreign The share of foreign students on the total number of students at

students a higher education institution

Source: Authors’ work according to data from the European Tertiary Education Register
(2017).

The Herfindahl index of concentration (also known as Herfindahl-Hirschman Index)
has been used in order to capture the specialization of higher education institutions
with respect to different fields of study. We take into account bachelor and master
study programs, but the emphasis was especially on doctoral study programs.
Hence, based on this indicator we can determine the degree of specialization in
research. This index captures the absolute measure of specialization and it is
calculated as follows:

HI; = 37 (g8)", (1)

Xy _Xij

o oS

(2)

Hli - Herfindahl index of concentration or specialization,

i - institution; j- branch (study field), X -the number of students an the institution |,
Xij- the number of students in study field j in the institution i,

g%i— the share of study filed j in the f institution i

Results

As the first step, we compared selected indicators for European countries. These
indicators are country averages for all higher education institutions included in the
sample (European Tertiary Education Register) from each country. However, where
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an indicator was missing for some country, this country was excluded from the
comparison in this indicator. We compare average Herfindahl index for Ph.D.
graduates (Figure 2) in selected European countries.

Figure 2
Herfindahl index for Ph.D. graduates
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Source: Authors’ work based on data from the European Tertiary Education Register (2017).

Figure 3 shows the average Herfindahl index for all ISCED students at universities in
selected European countries.

Figure 3
Herfindahl index for all ISCED students at universities
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Source: Authors based on data from the European Tertiary Education Register (2017).
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The highest degree of specialization of Ph.D. study can be seen in Lichtenstein
and Denmark. However, in the cases of these countries, only a small number of
institutions have been included in the sample. On the other hand, Ph.D. graduates
form Malta, Macedonia and Switzerland are distributed more evenly across different
fields of study. Furthermore, the highest values of the Herfindahl index for all students
are found in Demark, France, and Estonia, which again suggest that students are
more concentrated in certain fields of study in these countries.

In the next part of the analysis, we look at different types of financial sources.
Figure 4 compares the average share of third-party funding on the overall budget in
different countries. This financial source seems to be the most common in
Lichtenstein, Sweden, and Ireland. The higher values of this indicator could to some
extent reflect the successful cooperation of universities with businesses.

Figure 4
The average share of third-party funding on the overall budget of universities
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Source: Authors based on data from the European Tertiary Education Register (2017).

The shares of the other two financial sources for each higher education institution
in the sample is shown in Figure 5. As shown, a higher share of student fees often
means a lower share of total core budget (revenues without fees and third-party
funding). On the other hand, fewer revenues from student fees are mostly
compensated by a bigger core budget of the university.

Next, the focus is on the indicators related to employees of the university. The
average share of academic staff on the total staff of universities is shown in Figure 6.
The highest proportion of academic staff is reported in the cases of universities from
Belgium, Italy, and Switzerland. On the other hand, universities from Belgium seem to
have a significantly lower share of full professors on academic staff (Figure 7). The
opposite is true for Russian universities which have the highest share of full professors.
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Figure 5
The share of student fees funding and the share of total core budget on current
revenues for each observation (higher education institution)
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Figure 6
The average share of the academic staff of total university staff
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Figure 7
The average share of full professors of the academic staff of universities
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Source: Authors based on data from the European Tertiary Education Register (2017).

The potential effect of the selected variables is examined using binary logistic
regression, and probif regression explained in the methodology section.

The first column shows the results of the probit regression. The results of logit

regression can be seen in the second column. Another two results are based on
probit regression as well. However, in this case, there are different independent
variables used in each model. In the third model, we used all variables. On the
confrary, in the last regression, we are focused only on Herfindahl index for Ph.D.
study without taking into account the effect of other variables. This allows us to use
the full sample size. The number of total observations was not restricted by data
unavailability for other variables. This restriction of observations is, on the other hand,
the case of the first three regression models.
Both probit and logit regression techniques were used to compare and validate the
results. The Herfindahl concentration index for Ph.D. students have been used in all
regressions, while in one model we also used the Herfindahl index for bachelor and
master degree studies. The Herfindahl index was calculated as mentioned in the
methodological section.

Moreover, three models also contain the variable capturing Ph.D. intensity.

Both mentioned variables have also been used in their squared forms. Squared
values have been applied in order to capture the potential non-linear causalities. It is
likely that the actual effects of specialization also depend on its initial levels. A similar
sifuation can also be expected in the case of Ph.D. study and its intensity. In this
case, we can expect that increasing the number of Ph.D. students over a certain
threshold could not lead to further increase in establishing of new spin-off
companies. Hence, the squared values allows us to determine potential threshold
values.

The positive signs of regression coefficients by the Herfindahl index and the
negative ones in the case of squared values indicate the existence of non-linear U
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shape relationship. The opposite situation can be seen in the case of variable
capturing the intensity of Ph.D. study, where is likely an inverse U-shape relationship.
There are also positive signs of regression coefficients by several other variables - the
share of foreign students and the share of university students on Erasmus. This means
that these variables have a positive effect on the probability of creating an
academic spin-off. On the other hand, the variable capturing the student share of
tuition fees seems to have a negative effect on this probability. The effect of all
mentioned variables is statistically significant at least at 5% level of significance, and
most variables are significant even at 1% level.

Table 2
Results of logit and probit regression
(1) probit (2) logit (3) probit (4) probit
Herfindahl Index (PhD Study) -6.40%** -10.78*** -7 T T7*** -8.51%**
(-5.28) (-4.51) (-6.59) (-22.68)
Herfindahl Index2(PhD Study) 3.53%** 5.29** 5.89%** 6.09***
(3.35) (2.44) (5.57) (15.65)
Herfindahl index 65.81%**
(Bachelor and Master studies) (3.11)
Herfindahl index2 -2301.3***
(Bachelor and Master studies) (-4.24)
The intensity of Ph.D. study 86.76*** 151.63*** 65.81***
(3.35) (3.19) (3.11)
The intensity of Ph.D. study? -5357.7%** -2301.3***
(-4.24) (-4.24)
The share of tuition fees -4.617%** -10.87*** -3.60***
(-4.20) (-2.78) (-3.33)
Number of students on Erasmus 0.001** 0.002*** 0.001**
(2.31) (2.81) (2.28)
Share of foreign students 3.07*** 6.07*** 3.62%**
(3.51) (3.53) (3.71)
Akaike crit. 0.189 0.185 0.223 0.238
Log likelihood -110.72 -108.45 -109.99 -258.12
Number of observations 1247 1247 1045 2185

Note: symbol (.) denotes z-statistics and */**/*** denotes statistically significant at the 10/5/1
percent levels. Standard errors have been corrected for heteroscedasticity.
Source: Authors’ work.

The findings regarding the proposed hypotheses can be summarized as follows:

o Hypothesis HO1: “Universities which are more specialized in a few research
areas are more likely to create a university spin-off.” We cannot reject this
hypothesis. Our results support this hypothesis, but there seems to be a non-
linear relationship. This means that not only specialized institutions are more
likely to create a spin-off, but also universities are lying on the other side of the
specialization spectrum.

o Hypothesis HO2: “Universities with a higher share of Ph.D. students are more
likely to create a university spin-off”. This assumption appears to be valid only
partially. There is an inverted U-shape relationship between both variables.
Doctoral students are necessary, but a higher share of these students does
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not necessarily mean more spin-offs. There is some optimum number of
students in the middle of the spectrum.

o Hypothesis HO3: “Universities with a higher share of foreign students are more
likely to create a university spin-off.” The results strongly suggest that a higher
share of foreign students has a positive effect on the creation of university
spin-offs.

o Hypothesis HO4: “Universities with a lower share of tuition fees from students of
overall revenues are more likely to create a university spin-off.” There is also
evidence that a higher share of tuition fees of total revenues can decrease
the probability of creating a university spin-off.

Hence, based on the results, we can conclude that universities with very high or
very low specialization are more active in creatfing spin-offs. Moreover, there
appears to be a significant effect of other factors, in particular, Ph.D. study, the
number of foreign and Erasmus students and share of tuition fees.

Discussion

The results of this study are in line with previous findings of Epure et al. (2014), who
argue that university characteristics are a very important factor affecting the
probability of creation of academic spin-off companies. Moreover, several other
studies conclude that the characteristics of the university could play a significant role
in the process of spin-off creation and determine its further success (Bigliardi et al.,
2013).

Based on our results, spin-offs mostly arise from institutions that are either very
narrow in their specialization or, on the other hand, broad-based and provide
education in many areas. The creation of a spin-off company is not a common
event for those higher education institutions which are situated somewhere between
these two extremes. This is the same for the Herfindahl index of concentration at
Ph.D. level as well as bachelor and master level. Thus, it is possible that higher
education institutions, which are neither specialized nor big enough, have problems
with creating a spin-off. This could be due to less financial power and less human
capital specialised in a certain research area. Based on the comparison with the
previous studies we can say that our results are complementary with findings of
Mustar and Wright (2010).

On the other hand, the higher the intensity of the PhD. study the higher the
probability of spin-off creation, but this is valid only to a certain threshold level. This
means that the probability of establishing spin-offs gradually grows along with the
increasing share of Ph.D. students up to a certain limit. Hence, the results suggest
that too much, as well as too little focus on doctoral study programs is a problem
with respect to the creation of spin-off companies.

Moreover, we can say that the number of students going abroad using the Erasmus
program and the share of foreign students is both positively correlated with the
higher probability of establishing a spin-off.

On the other hand, higher tuition fees share of revenue is a negative factor for
spin-offs. This could mean that universities which are mostly oriented on education
are not as active in creating spin-offs.

There are also several limitations to our research. The available secondary data
allowed only the application of cross-sectional regression. Using potential panel data
could improve the results especially with respect to capturing the changes over
time. Furthermore, the creation of university spin-offs is a unique event. Thus, only a
few universities created a spin-off directly in the selected years, but there could be
more spin-offs created in the past. Our data only capture the creations of spin-offs in
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the 2011-2014 period, and we are not able to detect their actual existence. Finally,
all regression models could be improved by adding more confrol variables.
However, this is significantly limited by the availability of data.

Conclusion

Universities are seen as crucial institutions with respect to innovation development
and regional economic growth. There are significant differences in their
characteristics among different European countries. This is true especially for their
specialization, differences in financial resources as well as the staff structure.
Selected factors potentially affecting the emergence of university spin-offs have
been examined on the basis of data from 2465 higher education institutions from 36
European countries.

With respect to financing, we found that the share of third-party funding has the
highest share in Lichtenstein, Denmark, and Iceland. The results also suggest the fact
there is a certain negative correlation between the share of tuition fees and other
sources of funding. Hence, universities mostly substitute these fees with other funding
sources.

The results of our regression models suggest that spin-offs are typical on the one
hand for highly specialized universities, or on another hand for universities with a wide
range of study programs in different study fields. Universities, which are in the middle
with respect to their specialization, are usually less involved in founding a spin-off.
Furthermore, a sufficient share of doctoral students is also important according to the
results. However, there seems to be again a non-linear dependence between the
share of Ph.D. student students and the probability of creating a spin-off company.
Our results suggest that there is an optimal number of Ph.D. students required to
conduct research activities and consequently maximize the probability of starting a
new spin-off. At the same time, our findings confirmed that universities with a higher
proportion of foreign students are more active in setting up a spin-off. This indicator
may to a certain extent reflect the scope of international cooperation and
networking with foreign universities in general. Interestingly, universities that usually set
up spin-offs have often a relatively low share of tuition revenues from students.
Despite some methodological constraints resulting from the data used, it is possible
to formulate potential implications. However, it is also necessary to state that under
the assumption that the establishnment of spin-offs directly by universities is desirable,
this should also be in line with a legislative regulation that should allow and simplify
the commercialization of university research outputs. It is likely that a certain degree
of support from the national or local government should also be provided for those
universities willing to establish a spin-off. On the other hand, it is also necessary to
recognize that spin-off companies are largely limited to the field of technology or
natural sciences. The university should also have some optimal number of doctoral
candidates secured. At the same time, however, it must be said that the maximum
possible number of doctoral candidates usually does not maximize the probability of
establishing a spin-off. From the funding point of view, it is sfill crucial not to rely
primarily on student fee funding, as this reduces the probability of establishing an
own spin-off.
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