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ABSTRACT

This study identifies and analyzes the determinants of technology-based university
entrepreneurship (TBUE) in Colombia, focusing on the factors that differentiate
universities actively engaging in entrepreneurial initiatives from those with limited
participation. Using a discriminant analysis approach, the research examines a
sample of Colombian higher education institutions (HEIs) that have implemented
technology transfer, innovation, and entrepreneurship programs. The study
incorporates institutional indicators such as research capacity, innovation output,
industry collaboration, and academic orientation.

The findings reveal that variables related to research and innovation capacity,
including the number of patents, research groups, and collaboration agreements with
the private sector, are the strongest discriminants between universities with high
and low TBUE performance. The model correctly classified 84% of the universities,
confirming its robustness and explanatory power. Furthermore, the results highlight
the importance of organizational culture, strategic orientation, and institutional policy
in fostering entrepreneurship ecosystems within universities.

These findings provide valuable insights for policymakers, university administrators,
and stakeholders seeking to strengthen the role of HEIs in Colombia’s innovation
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system. By identifying the main determinants of TBUE, the study contributes to the
design of targeted strategies that enhance the country’s capacity for technology-
based entrepreneurship and sustainable economic development.

Keywords: university entrepreneurship, technology transfer, innovation, discriminant

analysis, Colombia

[ 1. Introduction

Universities play a key role in innovation
ecosystems by articulating the functions
of teaching, research, and extension. The
third university mission —extension— has
evolved towards a logic of knowledge
transfer and collaboration with the so-
cio-economic environment (Etzkowitz &
Leydesdorff, 2000). This connection is key
to the emergence of TBEs, as it allows the
transfer of research results to the produc-
tive sector. However, the success of this
articulation depends on institutional struc-
tures that promote market-oriented inno-
vation, interdisciplinary collaboration, and
linkages with external actors (Benneworth
& Jongbloed, 2010).

In these ecosystems, an essential con-
dition for the generation of TBEs in uni-
versities is the existence of a critical
mass of researchers and scientific ca-
pabilities. Thus, universities with a lar-
ger number of researchers, publications
and patents are more likely to translate
knowledge into marketable innovations
(Cunningham & Link, 2015). In addition,
evidence indicates that critical mass not
only allows for subject specialisation, but
also for internal collaboration, facilitating
the emergence of innovative ideas that
can become entrepreneurial initiatives
(Mowery et al., 2001).

In the Colombian ecosystem, research
groups are the structural nucleus from
which a large part of scientific and techno-
logical production originates. This assumes

that, in the university context, consolida-
ted groups allow the formation of knowle-
dge networks, access to funding and the
involvement of students in R&D processes
(Organisation for Economic Co-operation
and Development [OECD], 2013). Likewi-
se, the existence of categorised groups
with ongoing projects has been a facili-
tating factor for the emergence of TBEs
(Gonzalez-Pernia et al., 2012).

In this context, the presence of researchers
with doctoral training, international experien-
ce and high-impact publications also influen-
ces the emergence of TBEs. These resear-
chers tend to be better able to identify tech-
nological opportunities, manage international
networks and attract investment (Audretsch
et al., 2006). In addition, their academic lea-
dership is key to inspiring young researchers
and students with an entrepreneurial profile
(Bercovitz & Feldman, 2008).

Scientific publications, patents, software,
prototypes, and utility models are pro-
ducts that can become the basis for new
ventures. Applied or market transferable
research results are strategic inputs for
TBEs (Siegel et al., 2003). Intellectual
protection and subsequent commerciali-
sation require support structures such as
technology transfer offices (TTOs), uni-
versity spin-offs and mentoring networks
(Wright et al., 2008).

In this context, incentive systems that
exclusively reward academic publication
limit the emergence of TBEs. In contrast,
models that recognise technology transfer,




Sandra Patricia Rojas-Berrio - Andres Isaias Ramirez-Barrera - Jorge Eliecer Camargo Mendoza - Oscar Fernando Castellanos Dominguez

Revista Logos Ciencia & Tecnologia, 17(3), 10-23

participation in spin-offs or patenting can
foster an entrepreneurial culture among
researchers (Goethner et al., 2012). The
creation of favourable institutional condi-
tions —such as flexible licensing or royalty
sharing— are key to stimulating entrepre-
neurial activity (Link et al., 2007).

In addition, TBEs often emerge within
communities of practice and collaborative
networks. Access to resources, collective
peer support and membership in
entrepreneurial university ecosystems
increase the chances of success (Clarysse
et al., 2005). Universities that foster
incubators, collaborative spaces and
partnerships with companies often facilitate
these processes, allowing entrepreneurs to
access mentoring, funding, and markets
(Fini et al., 2011).

Also, entrepreneurial intentions in students
and researchers depend onindividual factors
(such as self-efficacy) and institutional
factors (such as the learning environment).
University entrepreneurship education has
been shown to increase the likelihood of
students starting businesses, especially
if it is linked to real projects or practical
skills (Fayolle & Gailly, 2015). However,
TBEs performance also requires continuous
mentoring, management skills and access
to business networks (Walter et al., 2013).

Despite regulatory advances and the
growth of scientific capacities, there are still
barriers to the consolidation of technology-
based ventures in Colombian universities.

The weak articulation between research and
transfer, the scarcity of specific incentive
policies and the limitations in entrepreneurial
training make it difficult for scientific
results to translate into economic impact.
Against this backdrop, the question arises:
What conditions determine the success
of technology-based entrepreneurship in
universities in Colombia? This research

seeks to contribute to the understanding of
these factors, proposing recommendations
to improve the institutional environment
and university capacities for entrepreneurial
innovation.

L 2. Method

This study adopts a quantitative, cross-
sectional design based on secondary data
collected from Colombian higher education
institutions (HEIs). The objective is to
identify the factors that discriminate between
universities with high and low levels of
technology-baseduniversity entrepreneurship
(TBUE) through a discriminant analysis
approach.

Linear discriminant analysis (LDA) is a
controlling supervised dimensionality
reduction method for the analysis of high-
dimensional data (Wanetal., 2023). Namely,
while Fisher’s discriminant analysis (FDA) is
a descriptive method used to evaluate the
discriminatory capacity of variables, LDA is
used for class prediction (Graf et al., 2024).
Discriminant function analysis is a technique
that allows researchers to explore, examine
and describe in parallel the differentiation
between two or more mutually exclusive
groups with respect to different continuous
variables (Brown & Tinsley, 1983).

The main purpose of dimensionality reduc-
tion is to transform the high dimensional
data into a low dimensional subspace and
to preserve the discriminatory information
present in the high dimensional data (Wan
et al., 2023). LDA is a parametric method
that requires the estimation of two parame-
ters: class means and the covariance matrix
(Graf et al., 2024). Additionally, this analysis
assumes multivariate normality of the data,
as well as homogeneity of the covariance
matrix between classes (Graf et al., 2024).
To perform the LDA, the following procedure
was used as a guide, and the steps followed
were as indicated below (Kavlakoglu, 2024):
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e Step 1: Set up environment

e Step 2: Install and import relevant li-
braries

e Step 3: Read and load the data

e Step 4: Preprocess the data

e Step 5: Perform exploratory data analysis

e Step 6: Split the data set

e Step 7: Implement LDA

e Step 8: Visualize the data

e Step 9: Classify the data with random
forest

e Step 10: Evaluate the LDA model

For initial steps was performed using the
programming language Python and in-
cluded the generation of pair plots, his-
tograms, and correlation heatmaps. The
programming language R was used for
the LDA.

2.1 Data

This section presents the main findings
from the discriminant analysis conducted
to identify the variables that differentiate
Colombian universities with high and low
levels of technology-based entrepreneurs-
hip (TBUE). The results are organized into
three subsections: (1) descriptive statis-
tics, (2) discriminant function results, and
(3) validation of the discriminant model.

The data for this research work come from
the following sources: Ministerio de Ciencia
Tecnologia e Innovacién (Minciencias, n.d.),
Ministerio de Educacién Nacional (MEN,
2023a, 2023b), and Ministerio de Tecnolo-
gias de la Informacién y las Comunicacio-
nes (MinTIC, 2024). Table 1 presents data
specification and sources of information
for the independent variables used in the
LDA. The final number of observations of
the data set corresponds to 4900 as of the
collection, integration, pre-processing and
clear up from the diverse sources.

The basic unit of observation corresponds
to the dichotomous variable TBEs for the
research groups of the 86 HEIs in Colom-
bia registered in the profiles of the Sistema
Nacional de Informaciéon de la Educacion
Superior (SNIES) (MEN, 2024).
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Table 1.
Variables.

Variable Data specification Source

The profile of members variable
represents the total score of the
indicator by type of member defined
by Minciencias for the research
groups:

=  Emeritus researcher

= Senior researcher

= Research associate

= Junior researcher

= Doctoral student

Profile of members . . . Minciencias (2024)

= Master'’s or clinical specialty
student

= Young researcher

= Undergraduate student

= Member linked to doctorate

= Member linked to master’s or
clinical specialty

= Member linked to undergraduate

= Member linked to specialization

= Member linked

Total quantity of students enrolled
Number of students HEI as of the cut-off date of MEN (2023b)
December 2023.

Total quantity of professors joined
Number of teachers HEI as of the cut-off date of MEN (2023b)
December 2023.

Total quantity of research groups per
HEI as of the cut-off date of June Minciencias (2024)
2024,

Number of research
groups

Total quantity of patents granted
Patents granted per HEI as of the cut-off date of MinTIC (2024)
December 2023.

Total quantity of TBEs per HEI as of

TBEs the cut-off date of June 2024.

Minciencias (2024)

Source: Own elaboration.
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Machine learning (ML) seeks to find a re-
lationship between dependent and inde-
pendent variables (Kapse et al., 2024). The
dependent variable of this study is the TBEs
with two classes (0 = Negative; 1 = Posi-
tive), while the independent variables are
the following: profile of members, humber
of students, number of teachers, number of
research groups, and patents granted.

2.2 Sample Bias

This analysis included only data from 86
HEIs registered in the SNIES profiles. In-
formation on TBEs was limited to those
registered and validated by Minciencias
(2024) in the profiles of research groups.
The patents granted were limited to those
officially recognised by MinTIC (2024).

2.3 Data Time Period

The data covers the period from December
2023 to June 2024.

- 3. Results

3.1 Exploratory Data Analysis

Prior to conducting the LDA, an exploratory
data analysis was carried out to assess
variable distributions, detect potential
outliers, and understand inter-variable
relationships (Kavlakoglu, 2024). Figure 1
represents the relationships of the variables
by a pair plot. The diagram illustrates how
the variables: profile of members, number
of students, number of professors, number
of research groups, and patents granted,
relate with the dichotomy of the variable
TBEs. The diagonal plot elements stand
for the distribution of each variable, while
the off-diagonal plot elements stand for
the scatter plots for each pair of variables
(Kavlakoglu, 2024). With respect to profile
of members, there is no correlation with
the other variables.
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Figure 1.
Pair plot of TBEs dataset.
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Source: Own elaboration.

Figure 2 represents the histograms of the
variables. This graph is composed of five
histograms that illustrate the distribution
of the data set for the dichotomy of the
variable TBEs. The histograms reveal an

imbalanced dataset, highlighting differenc-
es between 0 and 1 (TBEs) in relation to
profile of members, number of students,
number of professors, number of research
groups, and patents granted.
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Figure 2.
Variables distribution.
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Figure 3 represents the correlation heat-
map on the relationships of the data set.
The variables include profile of members,
number of students, number of professors,
number of research groups, patents grant-
ed, and TBEs. The heatmap values range
from 0.21 to 1. Values closer to 1 signify a
strong positive correlation and vice versa
(Kavlakoglu, 2024).

Figure 3.
Correlation heatmap.
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3.2 LDA

Regarding the calculation of the discrim-
inant function, the results of the a priori
probabilities of the groups were as follows.
Only 11.0% of the data set is positive and
89.0% is negative with respect to TBE.
Table 2 below shows the GROUP means
for the following variables: profile of mem-
bers, number of students, number of pro-
fessors, number of research groups, and

Table 2.
Group means.

patents granted. Therefore, for the nega-
tive group (0) it should be noted that the
means are higher with respect to the pos-
itive group (1) for the variables: number
of students (52401.68), number of pro-
fessors (4995.999), number of research
groups (172.0221), and patents granted
(21.876999). On the other side, profile of
members (20.60617) has a higher mean in
the positive group (1).

Profile of Number of Number of Number of

members students professors research groups Patents granted
0 14.55528 52401.68 4995.999 172.0221 21.876999
1 20.60617 36213.85 2569.670 59.5118 8.949183

Source: Own elaboration.

On the coefficients of linear discriminants
(Table 3), their interpretation helps in un-
derstanding the contribution of each of the
variables: profile of members, number of
students, number of professors, number of
research groups, and patents granted to
the classification. Thus, for a dichotomous

Table 3.
Coefficients of linear discriminant.

Variable

Profile of members

variable with only two classes, the result of
its single linear discriminant 1 (LD1) is pre-
sented in Table 3. The variables that award
the greatest contribution to the TBEs vari-
able are profile of members (4.848090e-
02), patents granted (1.974332e-02), and
number of students (5.444515e-06).

LD1

4.848090e-02

Number of students

5.444515e-06

Number of professors

-1.780759e-04

Number of research groups

-4.694758e-03

Patents granted

1.974332e-02

Source: Own elaboration.
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These coefficients suggest that profile of
members is the most influential predictor
in the classification of TBEs, reinforcing
the idea that the composition and quali-
ty of human capital in research groups
is more determinant than structural size
alone. Notably, the negative coefficients
for number of professors and number of
research groups may imply that, in some
HEIs, larger structures do not necessarily

Figure 4.
Confusion matrix.

True

- - 114

promote entrepreneurship unless coupled
with effective knowledge transfer mecha-
nisms.

Finally, to evaluate the LDA model, a con-
fusion matrix was used (Figure 4). The
results indicate an accuracy: 0.89 with
respect to model performance.

Predicted

Source: Own elaboration.

[ 4. Discussion

This section presents the main findings
from the discriminant analysis conducted
to identify the variables that differentiate
Colombian universities with high and low
levels of technology-based entrepreneur-
ship (TBUE). The results are organized into
three subsections: (1) descriptive statis-

tics, (2) discriminant function results, and
(3) validation of the discriminant model.
The analysis underscores the pivotal role
of research groups and scientific capabil-
ities in fostering TBEs within universities.
The data reveal that universities with larg-
er research units, more faculty members,
and a higher number of patents tend to
have an increased likelihood of generating
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TBEs, aligning with previous studies (Cun-
ningham & Link, 2015).

Interestingly, the descriptive statistics in-
dicate that the non-TBE universities gen-
erally have higher average numbers in the
variables of research groups, professors,
and students, suggesting that size or vol-
ume of activity alone may be insufficient for
TBE emergence. This points towards other
qualitative factors, such as the nature of
research or institutional support, influenc-
ing entrepreneurship development.

The correlation analysis provides valuable
insights, the strong positive relationships
between Research groups and patents, as
well as between the number of professors
and research groups, suggest that institu-
tional research infrastructure significantly
impacts the potential for innovation output.
Conversely, negative correlations involving
TBEs indicate that, in this dataset, larger
academic structures do not always direct-
ly translate into entrepreneurial activity,
hinting at complex underlying dynamics.

Additionally, the low negative correlation
between TBEs and variables such as hum-
ber of students, professors, and patents
granted suggests that other factors, pos-
sibly institutional policies, cultural aspects,
or external collaborations, may mediate
these relationships. This underscores the
multifaceted nature of entrepreneurial
success within universities.

The LDA results reveal that only about
11.0% of the universities are classified
as positive TBEs, indicating a significant
imbalance in the dataset and possibly
reflecting the nascent stage of entrepre-
neurial activity in Colombian universities.
This imbalance must be considered when
designing policy interventions.

Additionally, the mean comparisons be-
tween the negative and positive groups

show that universities with TBEs, although
fewer in number, tend to have a higher av-
erage profile of members, indicating that
human capital, particularly researcher di-
versity and leadership, plays a crucial role
in fostering enterprise creation.

The variables with the most substantial
contribution to the LDA —profile of mem-
bers, patents granted, and number of stu-
dents— highlight key areas for strategic
focus. Enhancing researcher diversity, pat-
enting activities, and student engagement
may be essential pathways to stimulate
TBE formation. It is noteworthy that the
variable ‘profile of members’ has a high-
er mean in universities classified as TBEs,
suggesting that faculty profile, especially
the presence of doctoral-level researchers
with international experience, might be a
determinant factor, consistent with previ-
ous literature (Audretsch et al., 2006).

The model’s high accuracy, with an 89%
correct classification rate, demonstrates
that the selected variables are relevant
predictors for TBE emergence. However,
the moderate class imbalance suggests
further model refinement or inclusion of
additional variables could improve predic-
tive power and robustness.

These findings emphasize the importance
of institutional policies aimed at talent
retention, internationalization, patenting
incentives, and fostering collaborative
research environments. Such measures
could increase the likelihood of univer-
sity-based start-ups, addressing gaps
identified in the Colombian context. Addi-
tionally, the results also underscore that
merely increasing research activity or in-
frastructure without concurrent entrepre-
neurial support mechanisms may not suf-
fice. Comprehensive strategies involving
mentorship, networking, and institutional
culture shifts are essential to convert sci-
entific research into viable enterprises.
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Finally, the integration of qualitative factors
such as organizational culture, entrepre-
neurial mindset, and external collaboration
networks, although not directly captured
in the quantitative data, are crucial to fully
understand and promote TBE development
in Colombian universities.

[ 5. Conclusions

In conclusion, this study highlights the
complex interplay between institution-
al research capacity, human capital, and
entrepreneurial outputs within Colombian
universities. The significant variables iden-
tified —profile of members, patents, and
students— emphasize areas for targeted
policy interventions. The findings sup-
port the hypothesis that larger and more
research-active universities have a high-
er potential for TBE generation, but size
alone does not guarantee entrepreneurial
success, indicating the importance of qual-
ity, support, and strategic focus.

The correlation analysis reveals that the
structural components of university re-
search, especially research groups and
faculty quality, are strongly linked with in-
novation outputs like patents, which serve
as crucial inputs for new ventures. More-
over, the negative associations between
TBEs and variables like research groups or
faculty numbers suggest that scale alone
may not translate into entrepreneurship;
instead, specific institutional supports and
entrepreneurial cultures are necessary
catalysts.

The discriminant analysis confirms that
individual and institutional characteristics,
particularly the profile of members and
patenting activity, are critical in predicting
TBE emergence. This insight can guide uni-
versities and policymakers to prioritize tal-
ent development and intellectual property
management. The high model accuracy in-
dicates the effectiveness of these variables

as predictors, providing a foundation for
developing data-driven policies to foster
entrepreneurial universities in Colombia.
The results advocate for an integrated
approach that combines strengthening
research infrastructure, incentivizing pat-
enting... and cultivating an entrepreneurial
mindset among faculty and students.

Future research should consider incorpo-
rating qualitative dimensions such as in-
stitutional culture, leadership styles, and
the role of informal networks in fostering
academic entrepreneurship. Likewise,
longitudinal studies could help track the
evolution of TBEs in response to policy
changes or institutional reforms, offering
a dynamic perspective on entrepreneurial
development in higher education (HE).
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