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Abstract: Faced with the pandemic caused by COVID-19, universities worldwide are giving a
powerful response to support their communities. One way to provide support is via the collaboration
between universities and industries, allowing the co-creation of knowledge that leads to innovation.
Historically, universities, as knowledge-intensive organizations (KIOs), have produced knowledge
through research. At present, its important contribution to countries’ economy is widely recognized
through the development of new knowledge and technical know-how. Universities are a source of
innovation for firms, which ultimately translates into social welfare improvements. The objective of
this research is to analyze the university–firm linkage. The methodological strategy is carried out
using Bayesian networks through a model where the main elements of university–industry linking,
which impact competitiveness and innovation, are identified and quantified. The technology transfer
model shows that the most crucial processes are Technology Strategy, Value Proposal, Knowledge
Management, Control and Monitoring, Innovation Management, Needs Detection, Knowledge
Creation, New Products and Services, and Absorption Capacity.

Keywords: knowledge intensive organizations; technology transfer; university–industry;
sustainability; Bayesian networks

1. Introduction

All countries have experienced the effects of the crisis caused by the COVID-19
pandemic to a greater or lesser degree, and organizations have had to deal with the
health crisis as well as a complex situation generated by a series of collateral events
threatening their operation and survival. Companies’ nature is to adapt and evolve;
however, this situation is unprecedented, so companies must look for alternatives to
increase innovativeness and competitiveness. One option is the link with universities and
the wide range of services they have to offer (Boardman and Ponomariov 2009).

Whereas knowledge transfer fosters an understanding of what caused a change,
technology transfer targets the means for change (Gopalakrishnan and Santoro 2004).
Effective knowledge transfer is associated with higher productivity, survivability (Argote
et al. 2000), and competitive advantage (Argote and Ingram 2000; Alzubi 2018); however,
knowledge transfer may fail if participants are reluctant to cooperate and collaborate
(Pasaribu et al. 2017).

Universities, institutes, and public research centers have a strategic role nationally
by generating technological knowledge transferable to the industry, which can transform
it into economic and social value for users and clients, the institution itself, and society
(Godin and Gingras 2000). University work product, as knowledge-intensive organiza-
tions, is key to both economic recovery and social cohesion. Moreover, sustainable knowl-
edge transfer has a positive impact on social growth and development (Bendul et al. 2015).
For such matters, the need to be more efficient in the use of scientific and technological
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resources has generated collaboration between various actors (Skute et al. 2019; Sjöö and
Hellström 2019).

The objective of this collaboration is to develop and/or complete the innovation
process for the production of goods and services competitively. The diversification of gener-
ating sources of scientific and technical knowledge notwithstanding, universities continue
to be the main knowledge generators and transmitters (Cohen et al. 2002; Arocena and Sutz
2005; Torres et al. 2011; Sarabia-Altamirano 2016). This makes it possible to significantly
support other actors’ growth in technological innovation, among them hospitals, industries,
laboratories, and the public sector.

There is a clear correlation between a country’s competitiveness and its degree of
collaboration with universities; it is evident that the most competitive countries have
the highest linkage levels. The stronger the competitive level, the stronger the link
(World Economic Forum 2016; Terán-Bustamante and Colla-De-Robertis 2018). However,
the academia–business link is also a complex problem, since it includes actors with very
different mindsets from academic and business spheres; thus, for the collaboration to
be successful, it is necessary to build bridges and break cultural barriers (Rikap 2012;
Dutrénit and Jover 2017).

In this context, the objective of this research is to analyze the university–industry link
and use it to develop a technology transfer model that would help predict which decisions
should be made to generate competitive advantages and dynamically innovate within such
an environment. Therefore, this research seeks to elucidate the most significant processes,
factors, and generators of value that must be considered by companies deciding to innovate
and link with universities. The methodology used in this research is Bayesian networks,
through which a predictive model for the company can be obtained.

The questions guiding this research are: Which are the key factors in an optimal
university–company link? Which are the key factors for optimal technology transfer be-
tween universities and companies? How can a company, using a sustainable technology
transfer model, make better decisions for new product/service innovation and new pro-
cesses? Which are the best correlations between university–industry technology transfer
processes?

The present work is organized into three sections. The Section 2 addresses the theo-
retical framework, specifically the importance of universities as sustainable knowledge-
intensive organizations, as well as the importance of university–industry collaboration
for innovating and building technology transfer models. Section 3 presents the method-
ology for the analysis and construction of the model based on Bayesian Networks (BNs).
Sections 4 and 5 presents the results, discussion, and conclusions.

2. Theoretical Framework
2.1. Sustainable Knowledge

Sustainability has been widely discussed by scholars and practitioners since the
concept was defined in the WCED’s Our Common Future Report (i.e., Brundtland Report)
in the late 1980s. Sustainability was defined as the effort to “meet the needs of the present
generation without compromising the ability of future generations to meet their own
needs” (UN General Assembly 1987). The definition suggests that both game-changing
and quotidian decisions must be weighed to ensure that their consequences will not hinder
future generations from satisfying their needs.

Sustainability encompasses economic, social, and environmental elements (Robins 2006),
and development relates to people’s quality of life (UN General Assembly 1997); thus,
sustainable development is the correlation of all four elements. The UN Secretary-General,
Antonio Guterres, has called governments and businesses across sectors to action to achieve
the sustainable development goals (SDGs) during the decade of action (Guterres 2019).
Now, with the effects of COVID-19, global actions towards sustainable development are
crucial.
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Sustainable organizations are committed to sustainable development (Munguia Vega
2019), SDG achievement, and the 2030 agenda (UN 2020). Impacting sustainable de-
velopment is plausible as organizations’ corporate philosophies are created based on
sustainability principles. Although sustainability tends to be observed through actions
and their effects, it should be part of the conceptualization of ideas rather than results
alone; thus, ensuring that the decisions and, ultimately, the actions’ effects will not obstruct
future generations. For instance, when research is performed sustainably with a sustain-
able objective, sustainable knowledge is developed. As a result, sustainable knowledge
transfer is elemental for the development of effective solutions that will yield positive
effects for current and future generations. As knowledge and technology transfer relate to
the causes and means for change (Gopalakrishnan and Santoro 2004), respectively, they are
indispensable for sustainability and sustainable transfer of both knowledge and technology,
which positively impact development.

2.2. Universities as Sustainable Knowledge-Intensive Organizations

According to Starbuck (1992) and Martínez et al. (2014), Knowledge-Intensive Or-
ganizations (KIOs) assume knowledge as the most important resource, and their key
characteristic is the ability to solve problems through creative and innovative solutions
(Martínez et al. 2014; Robertson and Swan 2003; Kimble et al. 2016). KIOs include, but are
not limited to, universities, research centers, consultancies, high technology, and engineer-
ing companies.

Universities face a great challenge in the current knowledge society; as for Knowledge-
Intensive Organizations (KIOs), it is important to promote university research with an
impact on social development (Sjöö and Hellström 2019; Li et al. 2018; Al-Gasim et al.
2021). Thus, universities are integral to the achievement of sustainability (Ralph and Stubbs
2014), and their impact is internal and external. That is, having sustainable development at
the university level, which refers to the impact on the economy, sustainability of higher
education, research and the environment, and society in general. Following the above, it is
expected that universities’ fundamental contribution to society lies in creating and passing
on useful knowledge and engaging with society for its application. However, universities
are only part of the production process of a successful knowledge economy because of the
participation of other actors, i.e., the government; thus, facilitating this link is necessary
(Sjöö and Hellström 2019).

KIOs have been conceptualized as organizations having a knowledge system with
an input and output (Makani and Marche 2010; Makani and Marche 2012). To analyze
them, they propose a typology and two dimensions: one dimension where they identify
knowledge intensity and the other focused on the worker. Universities belong to the former,
that is, organizations in which knowledge has been considered a critical, strategic resource
and a key core competence (Martínez et al. 2012).

2.3. University–Industry Collaboration: Sustainable Technology Transfer Model

Universities not only deal with the academic training of individuals but also owe their
existence and subsistence to the social environment in which they develop and have an im-
pact. Universities impact society not only by teaching the next generation, through creating
and sharing knowledge, but also by enhancing social awareness (Carl and Menter 2021)
and fostering social change. They do so by promoting ethical values, social change, and sus-
tainable development (Leal Filho et al. 2018), reflected on the comprehensive improvement
of human beings, their quality of life, and on economic, political, social, cultural, and envi-
ronmental wellbeing. The latter supports the notion that the university should incorporate
a third aspect into its mission—namely a commitment to society (Ortega y Gasset 1975).
Hence, the university establishes other relationships with the community and is linked as a
strategic part of its mission, responding to the need to interact with its environs and meet
the different demands, such as knowledge and technology transfer.
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In this context, innovation cannot be understood as the isolated action of one indi-
vidual or company, but rather as a social process, due to the complex characteristics of
knowledge and the relationship interaction it requires. Innovation is achieved through
efforts of cooperation, collaboration, exchange of experiences linking by various actors,
information, infrastructure training, and other resources, e.g., human beings and finances
(Terán-Bustamante and Colla-De-Robertis 2018).

Consequently, the industry needs to link and collaborate with KIOs. Among these
collaborations toward innovation, the link between university and industry stands out: it
consists of concentrated action by both organizations, with the state playing an important
role, participating as an integrator of the linking process and as a public-policy maker to
promote those collaborations (Mascarenhas et al. 2018). Thus, the mission of universities
is no longer limited to research and training, but rather incorporates a third mission:
contributing to the economic growth of the regions in which they are located (Arocena
and Sutz 2005; Terán-Bustamante and Colla-De-Robertis 2018; Branscomb et al. 1999; Bell
1999; Etzkowitz and Leydesdorff 2000; Gulbrandsen and Slipersaeter 2007; Barro 2015;
Rasmussen and Wright 2015) and societal welfare.

In this context, one of the knowledge services offered by universities is technology
transfer. Technology transfer (TT) is conceptualized as passing on a technique or knowl-
edge (Lundquist 2003), which has been developed in an organization, such as universities,
to another organization/business, where it is adopted, used, and meets appropriate per-
formance indicators in the recipient’s environment. Thus, TT is considered a continuous,
frequent, and strategic process based on close collaboration between the parties involved
(Lönnqvist and Laihonen 2017).

As for university relations with the production sector, i.e., companies and universities,
in addition to producing research and development (R&D) projects, they can provide
a range of technological services that include conducting tests and analyses requiring
certification in keeping with international quality standards. To efficiently fulfill this role,
the university needs to provide these services with the highest level of effectiveness and
efficiency, to ensure the companies’ capacity to innovate and enhance their competitiveness
and sustainability.

The ability to innovate technologically constitutes a key element for companies’
achievement of competitive advantage, which can be generated by this link. The main
problem of the university–company link derives from the heterogeneous language spoken
by each actor since it would seem that both pursue different purposes (Saavedra 2009;
Solleiro et al. 2014). Therefore, the importance of elucidating the research action in this rela-
tionship is highlighted (Solleiro et al. 2014; Terán-Bustamante and Colla-De-Robertis 2018),
whereby researchers are active participants in the process of change, with the presence of a
facilitator of this meeting between the production sector and the university, the state, to
generate innovation-allowing capabilities.

Moreover, it is also relevant to consider the motivations of each actor. A company is
motivated to join mainly to benefit from universities’ infrastructure and human resources,
and make use of innovative activities that they do not carry out (Sarabia-Altamirano 2016;
Dutrénit and Jover 2017; Azra and López 2011). By linking universities with companies,
they seek the opportunity for accessing specialized instruments, practical experience,
financial support, job opportunities for graduates, industry-specific education, merging
theory with business practice, a source of innovation for business, and a source of economic
development for policymakers (Sarabia-Altamirano 2016; Dutrénit and Jover 2017; Lai and
Tsai 2009; Muscio 2010).

In addition, it is important to consider that innovation is not neutral; that is, the
participating actors and the results it produces affect and impact human beings either with
new products/services, processes, or the systems they build or destroy. In this sense, the
actors involved have explicit or implicit responsibility. That is, there are complementary and
synergistic conditions between innovation and social responsibility (Jasso Villazul 2012).
Thus, innovation’s social dimension is a co-evolutionary process where the development
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of knowledge and innovation is linked with networks and institutional performance
(Jasso Villazul et al. 2013); therefore, the person must be the center of all collaborations,
which should seek social well-being.

3. Materials and Methods

This research is mixed: qualitative (descriptive) and quantitative via questionnaires
and interviews, administered before the COVID-19 pandemic emerged, and a focus group
held once the pandemic began. A total of 25 semi-structured interviews were conducted
with a company as a case study, the university, and the company’s consultants. The ques-
tionnaire was administered to some of the firm’s collaborators who could not carry out the
interview. Of these, eighteen interviews were conducted with managers and key personnel
performing essential activities and processes, such as innovation management, technology,
and knowledge, research, production, and administration. In addition, three interviews
were conducted with the company’s consultants and four researchers from the university.
All interviewees handle strategic information for the generation of knowledge and tech-
nology transfer, either within the company or in the sector under study, and are experts
and/or are related to innovation.

A model was built to identify the main processes needed in university–industry collab-
oration. The model is developed through Bayesian networks. Bayesian networks constitute
an alternative to decision trees because they allow the representation of more complex
models of diagnosis or prognosis. These are based on the foundations of probability the-
ory and allow combining the expert’s judgment with available data sources, and making
inferences between any subset of variables, as is the case presented. That is, the network
is designed to represent a problem explained by the probabilistic dependence among the
model’s variables.

Unlike other techniques, such as neural networks or complex systems, the advantage
of Bayesian networks (BNs) is providing a straightforward mathematical language to
express the relations among variables clearly. It can incorporate several variables, and
all nodes and probability tables can be interpreted concerning the uncertainty domain.
It also provides an explanatory environment that facilitates decision-making. Additionally,
BNs have complete knowledge of the state of the system, can make observations (obtain
evidence), and update the probabilities of the rest of the system. They produce good results
with databases with small instances and consider experts’ knowledge (Terán-Bustamante
et al. 2021).

The design of the model is based on Bayesian Networks (BNs), which allow the
inclusion of expert opinions and available statistics. Bayesian networks model problems
using a set of variables and the dependent relationships among them. After the problem is
modeled, the subsequent probability of unknown variables can be estimated based on the
probabilities of the known variables. Expert knowledge, such as university researchers,
research centers, and company managers, is a key facilitator for the development of
the Technology Transfer Sustainability Model. They contribute their experience toward
better technology transfer processes in different companies and universities. Detailed
knowledge of the variables intervening in the collaboration and their causality is necessary
for constructing the interaction model (Figure 1 and Table 1).
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Figure 1. University–enterprise linkage as a sustainable technology transfer model. Figure 1. University–enterprise linkage as a sustainable technology transfer model.
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Table 1. Definition of the variables and nodes.

# Variable Concept Dimension

1 Company
Companies mainly link/collaborate to benefit from the
infrastructure of universities and human resources to make use of
innovative activities that they do not carry out.

Yes/No

2 University

Institutions are dedicated to the training of human resources.
Universities conduct basic and applied research, which is carried
out on a laboratory scale. They are considered knowledge-intensive
organizations.

Yes/No

3 Sustainability

Development that satisfies the needs of the present generation
without compromising the ability of future generations to satisfy
their own needs (Brundtland 1987). Ability to achieve sustained
economic prosperity while protecting the planet’s natural systems
and providing a high quality of life for people.

Optimum Regular
Deficient

4 Strategic and
Technological Planning

It is the plan that presents the technological strategy, defined for the
organization, as the guiding thread. It allows us to identify
products/services that a company can offer to satisfy market needs.

Yes/No

5
Competitive and
technological
intelligence

Activities that are carried out to monitor the technological
environment of an organization.

Optimum Regular
Deficient

6
Organizational and
Technological
Architecture

It explains how an organization functions and coordinates its work
processes, people management, assignment of authority, the
technologies to be developed and used, and decision-making. That
is, how the firm develops its competencies.

Optimum Deficient

7 Human Capital

It is a set of (tacit and explicit) knowledge. A set of knowledge,
attitudes, abilities, motivations, and values that people possess.
Technology managers or facilitators with facilitating characteristics
that promote innovation. They are participants in the process of
change and the action of the subject-object of investigation.

Qualified
Not Qualified

8 Knowledge Flows

It is a virtuous circle that involves participants, information, and
communication. Knowledge flows faster if it removes barriers.
A culture of trust must be developed to facilitate the flow of
knowledge.

Optimum Regular
Deficient

9 Services/Knowledge
Offer

The link between the university and the production sector includes
different education, research, and university extension services.

Optimum Regular
Deficient

10 Needs Detection Analysis of customer needs. Optimum Regular
Deficient

11 Linkage/collaboration The aim of university–company linkage is the transfer of
knowledge and technology.

Yes
No

12 R+D*I Research, Development, and Innovation. Optimum Regular
Deficient

13 Technological
Diagnosis

A tool that reveals the degree of development for innovation
capabilities. It allows the generation of initiatives and is an
instrument to generate knowledge.

Adequate/Inadequate

14 Technological Strategy

It is the vehicle that allows all areas of technological innovation
management to be integrated into a coherent whole. It includes
making decisions about the capacities on which innovation and
knowledge acquisition efforts should focus.

Optimum Regular
Deficient

15 Commercialization
capacity/MKT

Understand and satisfy customer needs. The process by which
companies create value for customers and build strong
relationships with them to capture their value in return. Search,
promote, serve, and adapt markets.

Optimum Regular
Deficient
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Table 1. Cont.

# Variable Concept Dimension

16 Financial resources The money the company owns. Yes
No

17 Value proposition
Customers The value propositions. What are we offering to whom? Optimum Regular

Deficient

18 Technology Selection
Process of identifying, selecting, and obtaining, outside the
organization, the necessary technology for current and future
operation.

Optimum Regular
Deficient

19 Regulatory compliance
Definition of technological objectives under specifications outlined
in the norms and standards of quality and good manufacturing
practices.

Yes
No

20
Management of
Technological
Innovation

It is the organization and management of resources, both human
and economic, to increase the creation of new knowledge;
generation of technical ideas toward making new products,
processes, and services or improving existing ones; development of
these ideas into working prototypes, and the transfer of those same
ideas to the manufacturing, distribution, and use phases.

Optimum Regular
Deficient

21 Knowledge
Management

A systematic process of generation, documentation, dissemination,
exchange, use, and enhancement of individual and organizational
knowledge.

Optimum Regular
Deficient

22 Negotiation and
contracts

Technology transfer negotiations aim is to generate agreements
between a party that requires certain technological inputs and
another that has them (Solleiro and Castañón 2008; Solleiro and
Castañón 2016).

Optimum Regular
Deficient

23 Knowledge creation
It refers to the organization’s ability to develop new and useful
ideas and solutions, from products to technological processes to
managerial practices.

Optimum Regular
Deficient

24 Technological
Development It is the process for adequate technological development. Optimum Regular

Deficient

25 Intellectual property
Recognize technological elements they have developed, which
represent business possibilities to decide how to best protect them
legally. Safeguard the technological heritage of the organization.

Yes
No

26 Technological
Acquisition

Acquisition of necessary technology for current and future
operation of the organization or new product or services.
The process of identifying, selecting, and obtaining technology
necessary for current and future operations.

Optimum Regular
Deficient

27 Technological
innovation

It is based on the results of new technological developments, new
combinations of existing technologies or the use of other acquired
knowledge.

Yes No

28
Development and
Creation of Laboratory
Prototype

Defining the physical form of a product so that it is suitable to the
client’s needs.

Optimum Regular
Deficient

29 Enable
Procurement, within and outside the organization, of technologies
and resources necessary for the execution of portfolio projects. The
enable function has to do with technology transfer.

Optimum Regular
Deficient

30 Escalation of the process

Completed the development of the new product and/or process to
be transferred, an evaluation is conducted in the laboratory where
the development was carried out to test it before moving the
process to the client’s facilities.

Optimum Regular
Deficient

31 Assimilation of
Technology

The process allows an organization to adopt the technology it
acquires and gain the capability to use it appropriately.

Optimum Regular
Deficient
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Table 1. Cont.

# Variable Concept Dimension

32 Absorption Capacity
The ability of the company to recognize the value of external
knowledge and assimilate and apply it to commercial and/or social
purposes (Cohen and Levinthal 1989).

Optimum Regular
Deficient

33 New products/services
A new or significantly improved good or service with respect to its
basic characteristics, technical specifications, embedded software,
and other intangible components, desired purposes, or benefits.

Competitive
Non-Competitive

34 Control and follow-up
Analysis of information generated by the project, for the early
identification of risks and deviations, to fulfill the planned
objective.

Optimum Regular
Deficient

35 Technology Transfer
It is the process by which the transmission of know-how, scientific,
and/or technological knowledge, and technology is carried out
from one organization to another.

Optimum Regular
Deficient

Innovation is increasingly important, particularly when facing an economic crisis
such as the one we are currently experiencing, due to the COVID-19 pandemic, and even
more so in the process towards social welfare. However, innovation is a complex and
dynamic phenomenon requiring perseverance to be considered strategic as well as a task
with long-term results (Terán-Bustamante and Colla-De-Robertis 2018). Therefore, the case
presented is current as well as the result of many years of collaboration among various
actors in which trial and error have been elemental to innovate.

The model based on the Bayesian Network development was built from two parent
nodes called Company and University. Each of these nodes is followed by child nodes. The
value measuring the relative importance of each variable varies from 0 to 1, as defined by ex-
perts (Figure 2). Uncertainty is natural in the reasoning process where rules are established
to infer a certain proposition. Bayesian models simulate different uncertainty conditions.
These assign the probability of belief to a hypothesis so that inference is a process of
readjustment of belief measures when new axioms are known (Rivera Lozano 2011).

In this research, the nodes’ probabilities for a technology transfer model are inferred.
The metrics used to measure the performance of the model are (1) global confusion ma-
trix (GCM) calculated for the selected target node and all chosen evidence; (2) marginal
improvement (MI), which is the probability of correct classification obtained by adding the
node, presented in the row, to the rest of the nodes; (3) individual probability of correct
classification (IPCC), which is the probability of correct classification calculated from the
model considering only the evidence presented in the row; and (4) marginal cost (MC) of
each variable that indicates the total cost per variable included in the model.
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4. Results and Discussion

The case study refers to a technology-based company in the biopharmaceutical sector
founded in 1990. It manufactures antivenoms for bites of poisonous animals such as
scorpions, snakes, and spiders. It is a medium-sized, family company with 85 collaborators
and is a subsidiary of a large pharmaceutical group. The firm develops and promotes its
own products and brands. It is located in Mexico City and is the only Mexican company to
have received, in 2015, the orphan drug designation from the USA’s FDA (Food and Drugs
Administration), for its products against poisoning by scorpion stings and snake bites.

At this point, the objective was to evaluate the proposed model’s performance to
understand how much is gained from the nodes’ interaction. The model built has two
main nodes: Company and University. The target node is Technology Transfer, where
the other variables are evidence nodes. According to the proposed model, the variable
Technology Transfer reached a 90% probability of being fulfilled (Figure 2). Since the
proposed model was based on the abovementioned experts’ knowledge, structural learning
of Bayes networks was used to obtain inferences that allowed the model to be evaluated.
To achieve this, a supervised classification was developed, where supervised classification
learning was a subset of the field of machine learning. In supervised classification learning,
the induction algorithm receives a set of examples, called a training set, in which each
instance consists of the present variables’ list of values and a discrete label assigned to
the target variable. In this work, the motivation to use supervised learning is to obtain
knowledge based on the data generated from the proposed Bayesian network.

A Bayesian network model is a representation of the joint probability distribution over
its variables. For this reason, it is possible to use that structure to simulate new data that
demonstrate realistic patterns of the underlying causal system. In this work, records were
generated that are representative of the proposed network because they come from a joint
probability distribution modeled by it. To achieve this, the open-access software UnBBayes
version 4.22.18 was used to generate a thousand instances (records) containing randomly
created node values from the joint distribution modeled by the network.

The algorithm’s task is to learn models that correctly classify unlabeled instances.
The term supervised suggests that the training set’s instances have been tagged through
a prior procedure. This makes it possible to measure the influence of the considered
variables, as well as the influence they exert on the correct prediction of the target variable.
The number of records generated was optimal to achieve the highest probability for the
correct classification. This was concluded after doing several experiments with larger
and smaller amounts of data. The confusion matrix details the results obtained from one
thousand samples, where the optimum state reaches the highest probability for the correct
classification 86.03% (Table 2). The confusion matrix indicates the percentage of correct
answers obtained when classifying using the Naive Bayes Algorithm; these values are
indicated in bold on the diagonal of the matrix.

Table 2. Global confusion matrix.

Optimum Regular Deficient

Optimum 86.03% 37.75% 32.47%
Regular 7.54% 55.83% 6.48%
Deficient 6.43% 6.43% 61.01%

The calculation of Marginal Improvement (MI) was used to evaluate the most influ-
ential variables to reach the optimal value of the objective variable. MI represents the
probability of correct classification gained by adding the variable presented to the rest of
the variables. As such, it was observed that the variables with the greatest influence are
Technological Strategy, Value Proposition, Knowledge Management, Control and Monitor-
ing, Innovation Management, Needs Detection, Knowledge Creation, New Products and
Services, and Absorption Capacity.
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The Individual Probability for Correct Classification (IPCC) is the probability of the
correct classification considering only the evidence presented in the node. The variable that
most contributes individually is Knowledge Creation (35.89%), followed by Technology
Strategy (35.54%), Absorption Capacity (33.96%), and Control and Monitoring (33.83%).
The Marginal Cost (MC) of each variable specifies the total cost resulting from including
the variable in the model. The way the system works is depicted in Table 3, along with
the set of variables that work best together by comparing individual performance and
marginal improvements.

Table 3. Marginal improvement variables.

Node MI IPCC MC

Technology Strategy 8.85% 35.54% 2.81
Value Proposal 8.13% 33.40% 2.99

Knowledge Management 7.59% 33.60% 2.97
Control and Monitoring 6.72% 33.83% 2.95
Innovation Management 5.88% 33.41% 2.99

Needs Detection 5.58% 33.77% 2.96
Knowledge Creation 4.89% 35.89% 2.78

New Products and Services 3.15% 33.42% 2.99
Absorption Capacity 2.96% 33.96% 2.94

The results presented in this table indicate that the variables that require more attention
are those found to be the most influential. It is important to note that other variables
should be improved to increase the value obtained for the target variable (Technology
Transfer). Additionally, results were compared by classifying the dataset generated by
six classification algorithms: AdaBoost, Logistic Regression, Support Vector Machine, K-
Nearest Neighborhood, Random Forest, and Naive Bayes. This was done through the
Classification Accuracy (CA) metric—CA is a metric that summarizes the performance of
a classification model as the number of correct predictions divided by the total number
of predictions (Table 4). The values obtained for CA indicate the algorithms used to find
similar results when classifying the applied dataset; this allows validating the model
proposed in this work.

Table 4. Model comparison by classification accuracy.

Model Classification Accuracy

Logistic Regression 0.8
Naive Bayes 0.8

kNN 0.7
Random Forest 0.7

SVM 0.7
AdaBoost 0.7

The company’s competitive strategy is based on the technological innovation of its
products and processes, the continuous improvement of its manufacturing practices, com-
prehensive compliance with regulations, development, and use of advanced technologies,
development of niches internationally, and under-exploited markets such as rare diseases.
The company has created a strong collaboration link with several national and international
universities and research centers, mainly with the Universidad Nacional Autónoma de
México (UNAM), since 1996; specifically with the Institute of Biotechnology for the research
and development of new products.

The UNAM’s Institute of Biotechnology (IB) is a pioneer in the collaboration with
the production sector. One of the first links was with the Bioclon Institute (BI), the case
study that is analyzed, which currently has several working groups collaborating. The
IB has focused on the development of new vaccines against COVID-19 with excellent
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ideas; however, there is no place to manufacture them, and, above all, there is no place to
develop them with the necessary quality for human testing. As a result of this situation
and its collaboration experience with the production sector, the IB began construction
of a National Laboratory for the Production and Analysis of Biotechnological Molecules
and Medicines and a Bioprocess Scaling Plant in the State of Hidalgo, Mexico, with the
support of the government. The objective is to promote scientific research on the subject
to provide technical services for the pharmaceutical industry, reflected in technology
transfer and capacity building at the local level; this will generate benefits for people’s
health and the improvement in economic areas and human capital for the entity and
the country (Dirección General de Comunicación Social (DGCS) and UNAM (2021)). This
project seeks to build the path of basic research carried out in universities and national
research centers, to bring laboratory developments to patients and improve their health.

A fundamental element in technology management processes is human capital, both
within and without the company through interaction with the outside world. The company
has created both formal and informal links; it has numerous networks and collaboration
agreements. As for academia, it has developed an important, critical mass of knowledge
to solve the complexity of production processes, create new products and keep with new
knowledge. This has been possible because the company has developed an ability to create
codes, languages, and specific relationship behaviors, which have allowed exchanges
between the company and researchers—production sector/academia. In this interaction,
two types of resources have been contributed to the company: (i) qualified human talent
and (ii) knowledge. The first is evident given the researchers who have collaborated or
joined the company over the years, and the second is apparent in the transfer of technology,
as an acquirer: from the university to the company.

Part of the technological capabilities developed by the company as a result of this link
is the development evolution of new anti-poisons from the first to the fourth generation.
It has allowed the registration of patents, trademarks, as well as a foray into the interna-
tional market. Their processes have also been improved to reduce product development
time and complete mastery of production processes.

For the company, the object of this case study, establishing a Technology Strategy
that allows innovation has meant having achieved synergy between corporate strategic
administration and strategic innovation and technology management, all part of the same
business plan. Simultaneously, the firm has welcomed new ideas, technologies, and skills
from collaboration networks, as evidenced by 58 agreements, nationally and internationally,
with different universities, research centers, and technological networks that include
scientists, researchers, physicians, consultants, and expert networks (Terán-Bustamante
and Torres 2020).

Medicine is an area in constant evolution; the BI seeks to expand the field of knowledge
and propose new alternatives for the treatment and prevention of diseases through research.
Currently, one factor which has led the company to be more competitive in this area is
the investment of approximately 10% of its income in research and development. This
investment has also benefited the collaboration between the company and the university.
This is reflected in mutual benefits, since the university has the resources to do research
and the company generates innovation in products and processes. The IB does not have a
laboratory, and thus, all research is carried out in the university facilities; however, they
have innovated without problems with technology transfer.

Regarding its value proposal, it is very much in synergy with the client’s Needs
Detection—through competitive and technological intelligence—and the development of
new products. According to this, the company does not invest in R&D if the product lacks
commercialization potential. On the other hand, the company has much tacit knowledge;
however, for it to have adequate Knowledge Management, it needs to code it and make it
explicit.

The collaboration has enhanced absorption of learning and knowledge, allowing
the company to accumulate entrepreneurial organizational capacities—technological and
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management—which in turn have increased innovation. However, the company has
a wealth of tacit knowledge that should be coded (Terán-Bustamante and Torres 2020).
As can be seen, this company has developed a strong focus on linking with universities and
research centers, which has allowed it to innovate products, processes, marketing, sales,
and, as an organization, also created a culture of patenting experts (Terán-Bustamante and
Torres 2020).

5. Conclusions

The university is the main axis of society, as it is a generator of knowledge, and
contributes to its development; for this reason, linking with the industrial sector should
be supported and promoted. This collaboration should be considered a relationship of
exchange and cooperation with the following objectives: for higher education institutions,
to advance in scientific and academic development, and for the productive sector, to
enhance technological development and solve specific problems.

Over the past couple of decades, a vast amount of information and data on the issues
that permeate society and the environment has been made available. During this period,
we have been working on developing and executing corrective actions to reverse the
global damage. However, armed with that knowledge, one of the greatest benefits of
university–industry collaborations is that we are currently in the position to create and
transfer knowledge conceived sustainably rather than merely counteracting the effects of
questionable practices.

It is possible to identify the main processes to carry them out successfully and sus-
tainably through the technology transfer model developed with a sustainable approach
between university and industry, whereby there is not only the creation of knowledge but
also the capture of value created through this knowledge. All these processes chosen by
experts in the Bayesian network model are important; however, the most relevant processes
are human capital trained in the transfer model and facilitators of this link, Technology
Strategy, Value Proposal, Knowledge Management, Control and Monitoring, Innovation
Management, Needs Detection, Knowledge Creation, New Products and Services, and
Absorption Capacity.

The presented model allows any company to make better decisions to link with uni-
versities and research centers considering its business model and resources. Although
knowledge cannot be generalized, the case studied may be a good example for companies
that want to link up with universities. Because of the contribution of experts on factors
relevant for the sustainable transfer model, the data obtained means properly identifying
the processes’ factors that should not be overlooked for an adequate link between universi-
ties and the industry. In addition, the company has managed, through its human talent, to
speak the same language as researchers, and they speak the language of the company; this
has generated patents and win-win negotiations for both organizations.

The results obtained in this research can be improved if additional variables are
considered in the proposed model, which will depend on its area of application; this will
be addressed in later work.

Based on the information obtained from the CI, MI, and IPCC, it is evident that
the combination of the variables can improve the precision obtained when evaluating the
model. In future works, it would be convenient to carry out tests taking into account several
combinations of the same variables to improve the performance achieved. Regarding the
study’s limitations, it is worth considering that the model is specific to companies and uni-
versities specializing in pharmaceuticals and, therefore, findings may not be generalizable;
however, the methodology used could be useful for research in other industries.
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