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Abstract: This paper presents a theoretical approach based on the systematic
literature review (SLR) method. The objective of the study was identifying the
digital technologies adopted by universities to support entrepreneurial students’
spin-offs. We identified 98 studies in the first round of Scopus database, in the
period from 2004 to 2022, and conclude the analysis with 42 papers, after
others rounds. Data collection was performed through the Boolean technique,
using the keywords ‘digital innovation’ and ‘university’. The results point to
several technologies, in special MOOCs and mobiles application. The study
contributes significantly to future research in the field of entrepreneurial
universities, which encourage the generation of digital businesses, from the
development of spin offs working to the entrepreneurial students.
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1 Introduction

University spin-offs emerge from the transfer of knowledge and technologies from the
university to the new business and the team of managers and founders of the business are
members of the university, namely, students and professors or researchers. Nowadays,
most part of the universities creates infrastructures to support the students in their
entrepreneurship endeavours.

The educational process in the university allows the transfer of knowledge between
the professors and researchers and the students, creating a background for the building of
new businesses (Wright et al., 2006). And the universities have specific infrastructures
that support the students to develop their own ideas and create the conditions to make
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them growth — in terms of physical space and other material resources, knowledge, and
technologies.

Public policies and research funding programmes are the base of the financial
structure of the entrepreneurship endeavours of the students, professors, and researchers.
All types of entrepreneurial business can emerge from the university context (Walter
et al., 2006), but mostly the technological entrepreneurship is a winner, and the university
spin-off can occur based on intellectual property registration as a patent or via technology
licensing (Di Gregorio and Shane, 2003).

The university spin-off is a thematic studied from different fields of research and
educational entrepreneurship has also gained more interest and visibility in the past 10
years, mainly because of the market failure (Berbegal-Mirabent et al., 2015), and as a
response to creation of jobs among students that are finishing their courses and have
difficulties in entering the labour market (McAdam and McAdam, 2008).

In recent years, researchers have been developing studies on the ‘university spin-offs’
applying different research methods like ‘propensity-score matching’ (Son et al., 2022);
‘case study’ (Almeida, 2021); ‘regression model’ (Fernandez-Lopez et al., 2022) and
‘event analysis techniques’ (Rodeiro-Pazos et al., 2022).

Existing work focuses on very specific parts of university spin-offs but suffers from a
lack of overview of the main research attributes regarding technology in the past years, a
gap this study intended to cover.

Some examples of this specific approach were presented by Nikou and Aavakare
(2021) that developed a model to examine the impact of information and digital literacy.
In addition, Selwyn et al. (2011) studied the mainstream adoption of different online
proctoring systems. Moreover, Gonzalez et al. (2022), explore students’ digital
technology approaches to learning. On top of that, Mikheev et al. (2021) analyse the
current trends in the digital transformation of educational institutions. In terms of review
study, Rapanta et al. (2021) worked a literature review considering the papers published
in one year.

The main goal of this research is to identify the digital technologies adopted by
universities to support entrepreneurial students’ spin-offs. To support the study, we
proposed a main question (problem): What are the digital technologies adopted by
universities to support entrepreneurial students’ spin-offs? For this purpose, a systematic
literature review (SLR) was accomplished, making a diagnosis, and giving directions to
students in spin-off university contexts.

2  Background
2.1 University spin-offs

Academic spin-offs are recognised for their effectiveness in transferring scientific
knowledge to industry (Rasmussen and Wright, 2015) and for their importance as a
catalyst of the innovation system in many countries (Sousa-Ginel et al., 2021). Although
the definition of university spin-off is not consensual (Soetanto and Van Geenhuizen,
2015), there is a recognition that founders can be varied: students, recent graduates or
academic staff (Soetanto and Jack, 2016). In this context, Carayannis et al. (1998)
describe a university spin-off as a company created by one such member of the
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university, who either left the university to create that company or who started the
venture while still affiliated with it.

However, this definition does not make explicit the role of the university in the
development of knowledge and research, an essential factor of the concept and one that
meets with broad academic consensus (Clarysse et al., 2014). Thus, more recent research
defines a university spin-off as an independent company aiming to convert knowledge
and research developed at the university into marketable products, processes and services
(Pirnay et al., 2003).

To clearly establish the distinction to other spin-offs, Soetanto and Jack (2016) list the
following characteristics that a spin-off must meet:

1 the founders come from a university

2 the business of the company is associated products, processes, or services generated
in the university context

3 the transfer of knowledge or research to the company must be direct and not
resulting from through hiring university personnel.

Thus, university spin-offs can be distinguished from other counterparts by direct access
to knowledge and research generated in academia, raising their potential for regular
generation of innovation (Nosella and Grimaldi, 2009). Another important distinction
relates to their contribution to the knowledge economy and their ability to generate
disruptive innovation (Rodriguez-Gulias et al., 2016).

This ‘common origin’ of university and spin-off referred to by Soetanto and
Van Geenhuizen (2015) often originates within a relationship that is both informal and
trusting (Johansson et al., 2005). While the advantages are evident, this relationship may
also be one of dependence due, on the one hand, to that same trust relationship, which
may prevent the participation of other players and, on the other hand, to dependence on
the knowledge source (Treibich et al., 2013). Despite this possible limitation, studies
show that university spin-offs generally have a higher innovation capacity when
compared to other non-academic spin-offs (Lejpras, 2014). Indeed, their development in
an academic context has a significant effect regarding knowledge transfer and innovation
generation (Corsi and Prencipe, 2016).

According to Soetanto and Jack (2016), university spin-offs, by integrating highly
specialised researchers in a particular technology, face the barrier of market access. This
problem may be overcome through the regularity of the innovation generated, the
development of products and services and the implementation of innovative business
models (Soetanto and Jack, 2016). Corsi and Prencipe (2016) recognise that there are
several methods that can be used by universities for knowledge transfer and innovation.
The effectiveness of university spin-off processes (Vinig and Van Rijsbergen, 2010) is
related to different combinations of solutions for accessing financial resources, human
capital, and other organisational and technological resources available at the university
(Rodeiro-Pazos et al., 2012; Rasmussen et al., 2015).

One of the models consists of technology transfer offices (TTO) which support
technology diffusion by licensing to industry the industrial or intellectual property
generated in academia (Algieri et al., 2013). Their role is termed complementary (Corsi
and Prencipe, 2016) with particular emphasis on defending research results and
improving innovative activities in university spin-offs (O’shea et al., 2005).
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Another model consists of the university science park (Minguillo et al., 2015). These
parks are identified in the literature as infrastructures that stimulate and control the
transfer of knowledge and technology between universities and the development of
innovation-based university spin-offs (Corsi and Prencipe, 2016). Their comparative
importance to other models results from their potential to stimulate the exchange of
technology and knowledge between companies and spin-offs (Montoro-Sanchez and
Soriano, 2011).

This exchange takes place in the context of the university that promotes it by playing
the role of ‘parent organisation’ (Diez-Vial and Montoro-Sanchez, 2016). The exchange
also results in the development of entrepreneurial clusters that leverage the efforts and
synergies of universities’ research policies (Berbegal-Mirabent et al., 2015).

Incubators in the academic context is another method, and one of the most widely
adopted (Soetanto and Jack, 2016), which, with the support of government and industry,
allow the development of spin-offs to be stimulated and entreprencurship to be fostered
in the academic community (Gilsing et al., 2010). Indeed, academic incubators play an
essential role in the creation of value in university spin-offs (Berbegal-Mirabent et al.,
2015), and the importance of these infrastructures in fostering university entrepreneurship
is recognised, with particular relevance in the early stages of a university spin-off
(Grimaldi and Grandi, 2005).

A university incubator can be defined as advanced professional facilities that provide
human skills, and expertise (Corsi and Prencipe, 2016), which allow the aggregation of
knowledge, technological development, and capital to enhance and accelerate the creation
of new companies and the transfer of knowledge (Bruneel et al., 2012; Grimaldi and
Grandi, 2005).

In particular, university incubators make it possible to overcome the limitations of
highly specialised researchers by providing them not only with technical knowledge, but
above all with managerial and commercial off competence (Vinig and Van Rijsbergen,
2010). Thus, the incubator consists of a university infrastructure that reduces the
‘distance’ between academia and the market, increasing the chances of success and
growth potential of university spin-offs (Etzkowitz, 2002).

2.2  Entrepreneurial development of students’ spin-offs

In the aforementioned context, it is from the university that university spin-offs receive
the start-up incentive and the necessary resources, such as access to research facilities,
temporary accommodation, management skills, legal protection, among others (Stenberg
et al., 2014). When creating a university spin-off, the transfer of knowledge from the
university to the new initiative is broader than the technological context (Soetanto and
Van Geenhuizen, 2015). Indeed, at the university the conditions are in place to develop
the personal contacts and networking from which can result in small or large progress
such as joint research (Van Looy et al.,, 2011). However, within the set of required
resources, management skills seem to be the most problematic (van Geenhuizen and
Soetanto, 2009), noting that although academic spin-offs have privileged access to
knowledge and research, they often lack other sources of income (Soetanto and
Van Geenhuizen, 2015).

The need for market and business knowledge is associated with the lack of
management skills, which play an essential role in overcoming difficulties related to the
uncertainties of the environment and, simultaneously, to the management of the various
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management tasks (Soetanto and Van Geenhuizen, 2015). Thus, the innovation
performance of university spin-offs is related to their knowledge conversion capability,
i.e. their ability to transform research and scientific knowledge into successful products
and goods that can be effectively commercialised in the market (Sousa-Ginel et al.,
2021).

Thus, university incubators play an essential role in the development of university
spin-offs by providing training and mentoring as well as various business support
services aimed at improving entrepreneurial skills and facilitating market access
(Bollingtoft and Ulhei, 2005; Bergek and Norrman, 2008).Universities face several
challenges in the development of university spin-offs. First of all, the very heterogeneity
of the projects and stage of technology development requires different objectives,
players, types of services and resources provided to the initiatives (Bruneel et al., 2012).

Furthermore, different classifications and typologies have been identified in the
literature, which adds more complexity to this issue (Bergek and Norrman, 2008). For
example, following the stage-based models view, Sousa-Ginel et al. (2021) recognises
that university incubator models require different approaches depending on the phase in
which the project is inserted and the idiosyncrasies of each type of company (Purchase
et al., 2017). Stage-based models consider that

1 there are different stages in the growth of a company
2 stages follow a certain sequence

3 each stage is associated with a set of specific events which require different
strategies, decision-making processes, capabilities, and resources (Van de Ven and
Poole, 1995).

In this framework, it is natural that the types of support from universities are diverse.
Soetanto and Jack (2016) establish a typology for the services provided by university
incubators, namely:

1 providing basic entrepreneurial services such as accommodation, facilities and
funding

2 facilitating social relationships with entrepreneurial agents and university contacts
that enable access to market, financing and other research sources

3 providing entreprencurship support such as mentoring, training and entrepreneurial
coaching (Bergek and Norrman, 2008).

These supports are recognised for their role in increasing the resilience of projects and the
growth potential of university spin-offs (Hannon and Chaplin, 2003).

Another important challenge is related to the governance model of academic spin-offs
(Prencipe, 2016), which is dependent on the number of board members, the origin
(external or internal) of the board and CEO-duality. In relation to the number of board
members, it is found that a larger number of members facilitates access to a wider range
of resources and knowledge especially in multifaceted contexts (Linck et al., 2008). A
larger number of board members allow the spin-off to access more financial resources
(Prencipe, 2016) and increase the ability to attract other high value-added researchers
(Adams et al., 2010).

Concerning the origin of directors Prencipe (2016) recognises that external directors
can play an important role by ensuring better control mechanisms and the defense of
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shareholders’ interests (Fama and Jensen, 1983). Outside directors can bring an important
background in the financial or venture capital industry (Adams et al., 2010). Regarding
CEO-duality, Prencipe (2016) suggests it is not a good option and that the positions of
CEO and Chair of the board should be distinct, which increases the board’s ability to
monitor management (Fama and Jensen, 1983).

The issue of access to funding is central to university spin-offs (Wright et al., 2006).
From a strategic point of view, the endowment of resources and capabilities are essential
for the effectiveness of university innovation and spin-offs (Vinig and Van Rijsbergen,
2010), which in turn are dependent on access to funding, as well as to human capital and
other organisational and technological skills available at the university (Rasmussen et al.,
2015).

The university is in a privileged position to facilitate access to public (EU national)
funding, which allows academic spin-offs to develop the technology from an early stage
(Soetanto and Van Geenhuizen, 2015), which is particularly relevant given that other
sources of investment will be unavailable at this stage (Myers, 1984) or will require a
degree of control that may be impeding the future growth of the initiative (Rodeiro-Pazos
et al., 2012). Further, Rertveit et al. (2020) found that university spin-offs in the US are
more likely to access external funding when compared to their European counterparts.

From a financial point of view, university support for spin-offs can take the form of
direct or indirect support (Soetanto and Van Geenhuizen, 2015). The former case refers
to situations in which funding from state or private fund is provided to spin-offs through
the university’s involvement. In the case of indirect support, it results from the
university’s involvement with potential investors or funders by promoting the image of
the academic research developed by the spin-offs (Soetanto and Van Geenhuizen, 2015).

In the latter case, the university’s role is very relevant given that university spin-offs,
due to their novelty and possible disruptive character, do not (yet) benefit from an
acceptance by investors nor from the credibility resulting from the existence of successful
products or services in the market (Moray and Clarysse, 2005). It is in this sense that the
connection to the university (and its reputation) contributes to university spin-offs,
reinforcing their reputation and image with potential investors (Audretsch and Belitski,
2019).

3 Methodology

The SLR is a method used in several studies and different fields including management
research, based on transparency, clarity, equality and accessibility (Thorpe et al., 2006).
It’s a valuable method used to investigate research in emergent fields and future research
and directions (Junior and Godinho Filho, 2010; Govindan, 2013). The SLR process is
applied openly in the same way that empirical research (Pittaway and Cope, 2007).

In the study, the SLR was following method according to Okoli and Schabram (2010)
collecting data at Scopus database during initial period from 2004 to the end period of
2022 (considering from the first publication to the last publication) to support the
problem of the study: What are the digital technologies adopted by universities to
support entrepreneurial students’ spin-offs? In complementary approach (Item 3.1) we
addressed four research questions (RQs).

The search process was conducted in four steps (3.3-3.5) in terms of test filters across
platform and the step (3.6), ‘Publication Bias’ to check the positive and negative results.
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3.1 Problem

What are the digital technologies adopted by universities to support entreprencurial
students’ spin-offs?

3.2 Research questions

RQI1 What has been happening with publications during the period of analysis?
RQ2 What studies were covered in the journals?
RQ3 What is the main keyword used in the studies?

RQ4 Which country has the highest number of publications?

3.3 Search process: step 1

First, we used the Boolean method to select initial studies according to the main topic of
the study, using the keywords ‘digital innovation’ and ‘university’, [TITLE-ABS-KEY
(“digital innovation’) AND TITLE-ABS-KEY (‘university’)]. We identified 98 studies in
all ‘document type’ classification.

3.4 Inclusion process: step 2

In the second round we used the same Boolean method and keywords [TITLE-ABS-KEY
(‘digital innovation’) AND TITLE-ABS-KEY (‘university’)] AND [(LIMIT-TO
(DOCTYPE, ‘ar’)] AND [LIMIT-TO (LANGUAGE, °‘English’)] AND [LIMIT-TO
(SRCTYPE, ‘)], including more classifications as ‘doctype’, only papers, ‘language’,
only English, and ‘type’ only journals. We identify on this round 42 documents results
(papers). The papers eligibility was confirmed reading the titles and abstracts to the initial
analysis.

Table 1 Screening method

Period From 2004 To 2022
Database Scopus Screening Publications
Search keywords ‘Digital innovation’ and ‘university’ 98
Inclusion criteria ‘doctype’, only papers, ‘language’, only 42

English, and ‘type’ only journals
Screening ‘Spin-off’ 01

Source: Authors elaboration

3.5 Exclusion process: step 3

Finally, the same Boolean method and keywords [TITLE-ABS-KEY (‘digital
innovation’) AND TITLE-ABS-KEY (‘university’)] AND TITLE-ABS-KEY
(‘Spin-off’)) [LIMIT-TO (DOCTYPE, ‘ar’)] AND [LIMIT-TO (LANGUAGE,
‘English’)] AND [LIMIT-TO (SRCTYPE, ‘j’)] was applied to check the additional
keyword involved on this search relation, ‘spin-off’. Only 1 paper was identified and
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consider in total result of 42 papers. In Table 1, the total of SLR resulted in 42 indexed
scientific papers.

3.6 Publication Bias: step 4

In terms of ‘bias’ our strategy was to contacting experts on the topic according
(Kitchenham, 2004) and ask if they know any similar or unpublished study like ours.
Another strategy was check additional Boolean method and keywords [TITLE-ABS-
KEY (‘digital innovation’) AND TITLE-ABS-KEY (‘universities’)] AND [LIMIT-TO
(DOCTYPE, ‘ar’)] AND [LIMIT-TO (LANGUAGE, ‘English’)] AND [LIMIT-TO
(SRCTYPE, ¢j°)]. The results were the same.

4 Results, discussion, and implications

In this section, we presented the answers for our RQs and the findings from the SLR
(4.1-4.4), the answer for the main question (4.5), discussion (4.6) and implications (4.7).

4.1 What has been happening with publications during the period of analysis?

The papers were selected according to the existing period, considering the total number
of publications, from 2004 to 2022 (February). The year 2020 presented the largest
number of peer-reviewed papers on the proposed topic. The years 2016, 2018 and 2019
had four publications per year. The year 2015 presented only one publication per year.
Those from 2012, 2005 and 2004 presented one publication per year. However, the years
in the range from 2006 to 2011 had no publications. The same fact occurred in the years
2013 and 2014. Figure 1 presents the peer-reviewed publications throughout the analysed
period.

Figure 1 Peer-reviewed publications

12

Documents

2004 2005 2012 2015 2016 2017 2018 2019 2020 2021 2022

Year
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4.2 What studies were covered in the journals?

In Table 2, we present the name of the journals including the number of papers published.
There are a total of 36 journals with one paper, one journal with one paper and one
journal with four papers, for a total of 42 peer-reviewed papers. The principal journal
with a greater number of papers published is Sustainability (Switzerland).

Table 2 Papers published per journal

Number of papers
published

Sustainability (Switzerland) 4

Source title

Journal of E Learning and Knowledge Society
ABB Review

Ahuri Final Report

Australasian Journal of Educational Technology
Case Studies in the Environment

BMC Medical Education

BMJ Open

Cities

—_ = e e e = N

Digital Library Perspectives
Education And Information Technologies

Electronic Journal Of Knowledge Management

—_— =

Electronics and Communications in Japan, Part II: Electronics (English
translation of Denshi Tsushin Gakkai Ronbunshi)

Herald Of The Russian Academy Of Sciences

Human Behavior And Emerging Technologies

IEEE Technology And Society Magazine

Information Japan

International Journal for Educational Integrity

International Journal of Disaster Risk Reduction

International Journal of Educational Research

International Journal of Engineering Research and Technology
International Journal of Management Education

JAMIA Open

JCO Clinical Cancer Informatics

Journal of African Media Studies

Journal of Information Communication and Ethics in Society
Journal of Microscopy and Ultrastructure

Journal of the Association for Information Science and Technology
Law and Economics Yearly Review

Mondo Digitale

Open Learning

— e e b e e b e e e e e et e b e e e
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Table 2 Papers published per journal (continued)

. Number of papers
Source title published
Oral History Review 1

Organization Science

Plos One

Prometheus United Kingdom

Studies In Higher Education

Technology Analysis And Strategic Management

—_ = = = =

Turkish Online Journal of Educational Technology

In terms of publications, they were classified according to source title. Sustainability
Switzerland with four publications [hydrogen economy development opportunities by
inter-organisational digital knowledge networks; Medical electronic prescription for
home respiratory care services (Pem-crd) at a Portuguese university tertiary care centre
(2014-2018): A case study; Blockchain technology: Redefining trust for digital
certificates and Twitter social network in university teaching. Digital Innovation Strategy
for social responsibility]; Journal of E-Learning and Knowledge Society with two
publications (Mooc design and heritage education. Developing soft and work-based skills
in higher education students and Heritage education and initial teacher training: An
international experience); others journals with one publication as follow: ABB Review
(Digital innovation driven by university collaboration); Ahuri Final Report (Urban
productivity and affordable rental housing supply in Australian cities and regions);
Australasian Journal of Educational Technology (Blending for student engagement:
Lessons learned for MOOCs and beyond); BMC Medical Education (Assessing the
preparedness and feasibility of an e-learning pilot project for university level health
trainees in Ghana: a cross-sectional descriptive survey); BMJ Open (Hearing Norton
Sound: A community randomised trial protocol to address childhood hearing loss in rural
Alaska); Case Studies In The Environment (Collaborative creation and implementation of
a Michigan sustainability case on urban farming in Detroit); Cities (Living labs and
vacancy in the neoliberal city); Digital Library Perspectives (Digital information literacy
skills of Pakistani librarians: exploring supply-demand mismatches, adoption strategies
and acquisition barriers); Education And Information Technologies (Higher education in
a material world: Constraints to digital innovation in Portuguese universities and
polytechnic institutes); FElectronic Journal Of Knowledge Management (Teaching
innovation to strengthen knowledge creation in a digital world); Electronics and
Communications in Japan, Part II: Electronics (English translation of Denshi Tsushin
Gakkai Ronbunshi) (A novel distance learning system for the TIDE project); Herald Of
The Russian Academy of Sciences (The Impact of the COVID Crisis on the Innovative
Potential of China’s Internet Platforms); Human Behavior And Emerging Technologies
(The current state and impact of Covid-19 on digital higher education in Germany); [EEE
Technology And Society Magazine (The Life and Contributions of Countess Ada
Lovelace: Unintended Consequences of Exclusion, Prejudice, and Stereotyping);
Information Japan (The structural relationship of influence factors of personal
information security awareness); International Journal For Educational Integrity
(Networked participatory online learning design and challenges for academic integrity in
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higher education); International Journal of Disaster Risk Reduction (Digital innovation
for the post-earthquake ‘second emergency phase’ (SEP). Research experience in Central
Italy); International Journal Of Educational Research (Higher education, graduate talent
and the prospects for social mobility in China’s innovation nation); International Journal
Of Engineering Research And Technology (Implementation of Digital Educational
Technologies in the Field of Automotive Electronics in Higher Education Institution);
International Journal of Management Education (Data science in the business
environment: Insight management for an Executive MBA); JAMIA Open (Establishing a
multidisciplinary initiative for interoperable electronic health record innovations at an
academic medical center); JCO Clinical Cancer Informatics (Contrast of Digital and
Health Literacy Between IT and Health Care Specialists Highlights the Importance of
Multidisciplinary Teams for Digital Health-A Pilot Study); Journal Of African Media
Studies (‘Hustler lives’ and digital dilemmas in Kenya: Young men negotiating work
opportunities, life aspirations and mobile phone use); Journal Of Information
Communication and Ethics In Society (The future of the printed book in the era of
technological advancement: an imperative for digital innovation and engagement);
Journal Of Microscopy and Ultrastructure (Evaluation of curricular adaptations using
digital transformation in a medical school in Arabian gulf during the COVID-19
pandemic); Journal Of The Association For Information Science and Technology (Digital
innovations in poetry: Practices of creative writing faculty in online literary publishing);
Law And Economics Yearly Review (Reimagining and re-designing the post-COVID-19
higher education organisations to address new challenges and responses for safe and
effective teaching activities); Mondo Digitale (Innovation and entrepreneurship |
[Innovazione e imprenditorialita]); Open Learning (The cathedral’s ivory tower and the
open education bazaar-catalysing innovation in the higher education sector); Oral History
Review (Migration and Inclusive Transnational Heritage: Digital Innovation and the New
Roots Latino Oral History Initiative); Organization Science (Reconfiguring boundary
relations: Robotic innovations in pharmacy work); Plos One (Development and testing of
an explorative BPM acceptance model: Insights from the COVID-19 pandemic);
Prometheus United Kingdom (Commercialisation of knowledge in universities: The case
of the creative industries); Studies In Higher Education (Higher education in troubled
times: on the impact of Covid-19 in Italy); Technology Analysis and Strategic
Management (Startups and the innovation ecosystem in Industry 4.0) and Turkish Online
Journal of Educational Technology (A studio experience on parametric modelling
approaches).

It is possible to conclude that has an interest on the ‘digital innovation’ topic in
universities to support start-ups and spin offs. It reinforces the objective of this study and
the relevance of the topic for future research.

4.3 What is the main keyword used in the studies?

In Figure 2, the frequency of keywords is presented considering the total number of
published journals. Highlight for the keyword ‘digital’ with the number of 14 citations,
corresponding to 6.45% of the total of 217 citations.
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Figure 2 Keyword citation
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4.4  Which country has the highest number of publications?

In Figure 3, the analysis identified the countries/territories with the highest number of
publications with emphasis on Italy and USA with seven publications each. The UK
featured a total of five publications. Italy, Russian Federation and Japan presented two
publications, while the other countries as Austria, Bahrain, Belgium, Brazil, China,
Egypt, Ghana, Hungary, India, Ireland, Israel, Kenya, Netherlands, Pakistan, Poland
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Singapore, South Africa, South Korea, Spain, Switzerland, Turkey and Ukraine each
presented only one publication.

The total of publications between countries with a frequency greater than five is
equivalent to 19. The total of publications between countries with a frequency of more
than two and less than three is equivalent to 15 publications and the total of publications
between countries with a frequency equal to one, is equivalent to 22 publications. This
demonstrates that most publications are present in a minority of countries.

4.5 What are the digital technologies adopted by universities to support
entrepreneurial students’ spin-offs?

To answer the main goal of the study, we reviewed all 42 papers to identifying the digital
technologies adopted by universities to support entrepreneurial students’ spin-offs. In
Table 3, we presented the results of practices (digital technologies) adopted by
universities. In terms of research method applied in the studies by authors, we have 37
quantitative, one qualitative-quantitative and four qualitative, Figure 4. In addition,
considering the digital technologies/practices adopted by universities, we have three
mobiles’ technologies and two MOOCs studies using the same technology. The other
studies worked with different technologies, having just one frequency for each study,
Figure 5.

Table 3 Practices adopted by authors in universities studies
Research . . Digital
N Author method University/context technologies/practices
1 Lu et al. (2020) Qualitative ~ University of Winchester Data Science and
Business School Analytics
Ahmad and Looy Quantitative N/ Digital Skills Set
Csedd et al. Qualitative— N/1 P2X Technologies
Quantitative
4 Kawamoto et al. Quantitative University of Utah Fast Healthcare
Health Interoperability
Resources (FHIR)
5 Ruggiero et al. Quantitative ~ University of Camerino Mobile
(2021) and the Japanese Keio
University
6 Pfob et al. (2021) Quantitative German Universities Data Literacy
7 Gurran et al. (2022)  Quantitative N/ Smart City
8 Brown (2013) Quantitative China Universities Social Mobility
9 Agasisti and Soncin  Quantitative Politecnico di Milano Redesign of Digital
(2021) Services
10 Zawacki-Richter Quantitative German Universities Remote Teaching
(2009)
11 Alves et al. (2020) Quantitative Portugal — Home Medical Electronic

Respiratory Care (HRC)

Prescription for Home
Respiratory Care tool
(PEM-CRD)
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Table 3 Practices adopted by authors in universities studies (continued)
Research . . Digital
N Author method University/context technologies/practices
12 Alhassan (2020) Quantitative Ghana’s Public e-Learning
Universities
13 Danilin (2020) Quantitative China Uninersity Cloud Solutions
14  Capeceetal. (2020)  Quantitative  The University of Rome Blockcerts
‘Tor Vergata’
15  Vicente et al. (2020)  Quantitative  Portuguese Universities  Digital Infrastructure
and Polytechnic
Institutes
16  Kumar et al. (2020) Qualitative Medical School in Modular Object-
Arabian Gulf Oriented Dynamic
Learning Environment
17 Khan (2020) Quantitative Pakistani Librarians Digital Information
Literacy (DIL)
18  TorresBarzabal etal.  Quantitative N/T Social Networks
(2022)
19 Rabin et al. (2018) Quantitative N/T Predict Analyse
20 Nyambane (2021) Quantitative ~ Technical University of E-Book
Kenya
21 Pellegrini et al. Quantitative European and USA Blended Learning
(2018) Universities
22 Samedov et al. Quantitative N/1 Digital Educational
(2020) Resources
23 Rochaetal. (2021) Quantitive C2i, International Industry 4.0
Innovation Center
(Startups)
24 Gill et al. (2020) Quantitative University of North Internet-Based Digital
Carolina at Chapel Hill  Information System and
Bilingual Website
25 Van den Berg and Quantitative University in South Framework for Digital
Raubenheimer Africa Innovation Skills.
(2015)
26 Emmett (2002) Quantitative Duke University Hearing Screen and
New Mobile Health
(mHealth)
27  Booneetal (2018)  Quantitative  University of Michigan  Experiential Learning
School for Environment
and Sustainability
(SEAS)
28 Cardullo et al. (2018)  Quantitative N/ Crowdsourcing, and
Tech-Led Regeneration
Initiatives.
29 Stief et al. (2018) Quantitative  Imperial College London Data-Driven
30 Poce et al. (2020) Quantitative Roma Tre University Mobile

Museum Education
Centre
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Table 3 Practices adopted by authors in universities studies (continued)
Research . . Digital
N Author method University/context technologies/practices
31  Tufte and Chapman  Quantitative N/ Mobile
(1967)
32 Kimand Hur (2017)  Quantitative N/ Information Security
33 Poce et al. (2020) Quantitative University Roma TRE MOOCs
34 Coe and Ferworn Qualitative N/T Thinking Machine (AI)
(2016)
35 O’Connell Quantitative Charles Sturt Game-Based Learning
University’s Master of
Education
36  Ducaand Cristinelli ~ Quantitative N/1 Deep Learning
(2011)
37 Fleming-May and Qualitative Faculty from North Communities of
Green (2016) American Institutions Practice
38 Iyican et al. (1980) Quantitative Karabiik University BIM (Building
Information Modeling)
and CAD (Computer
Aided Design)
39 Montgomery et al. Quantitative N/I MOOCs
(2015)
40 Barrett and Whyte Quantitative University of Chicago Digital Inscriptions
(1982) Press (Robot)
41 Yagi et al. (2016) Quantitative Kyoto University and Distance Learning
UCLA System (DLS)
42 Hearn et al. (2004) Qualitativo N/T Intellectual Property
Protection
Figure 4 Research method
“@ 37
35
30
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1
& | e |
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Figure 5 Digital technologies/practices adopted
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4.6 Discussion

A ‘digital technology’ could be considered as the main resource to transform students in
entrepreneurs to develop spin-offs. It depends on the university, the technology and the
skills adopted and combined into an economic development. For Kawamoto et al. (2021)
technology is not the most important element on this process to support students, but
some practices adopted before implement the technology with success. Its mean that,
people behaviour (skills) are more important than technology developing.

In terms of technologies, universities adopted several based on learning process,
giving the autonomy for the students, e.g., MOOCs, e-Learning, Mobile, Data Analytics,
and others, Figure 5. All these technologies were adopted for hight universities around
the world, e.g., University of Winchester Business School, Polytechnic di Milano,
Medical School in Arabian Gulf, University of North Carolina at Chapel Hill, Duke
University, University of Michigan School for Environment and Sustainability (SEAS),
Imperial College London, University of Chicago Press, Kyoto University, UCLA, and
others, Table 3.

In additional, universities identified in research focus studies in the areas of
sustainability, health, technology, and learning, with a greater emphasis on the
quantitative method approach, Figure 4.

Regarding the highest number of publications per country, we identify Italy and USA
with seven publications each, Figure 3. These seven technologies adopted in the studies
for USA was focused on

a  ‘electronic health’
b  ‘teaching activities’
¢ ‘information system’

d ‘school hearing screening’
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e ‘experiential learning’

f  ‘publishing in online’

g ‘robotic innovations’.
Consequently, the Italy universities adopted in terms of technologies topics,
a  ‘mobile’

b  ‘redesign of services’

c ‘certificates’

d ‘learning experiences’

e ‘webapp’

f ‘MOOCs’

g  ‘deep technical knowledge’.

According to Ahmad et al. (2021) emerging technologies is the main way to get the
transformation of universities. For instance, Csed6 et al. (2021) applied the emergence
technology named power-to-X (P2X) considering crucial to the economic development.
But this technology adopted was not implemented in large scale.

All these technologies were based on the ‘digital’ and ‘study’ conceptions and
represented in Figure 2 as main key-word analysis. It provides the relevance of the
themes ‘digital innovation’ and ‘university’ according to our methodology, Section 3.
Finally, o long part of the studies in Europe were funding by Erasmus+ projects.

4.7 Implications

The main implications of this research regarding theory are focused on the understanding
of the main concepts under study, namely, entrepreneurship and university spin-offs, and
a systematisation of the models of innovation to be applied in university spin-off context.
In synthesis, this study makes theoretical contributions because it analyses the concepts
underlined before and builds a framework for university spin-offs.

The practical implications of this research are mostly to understand the trends of this
type of entrepreneurship in universities, and it also can give practical understanding for
the students and also for the entrepreneurship infrastructures that the universities create to
potentiate new business emerged in those infrastructures, but developed outside of the
university boundaries, sometimes creating new value, and assuming high level positions
in the markets.

Moreover, from the SLR emerged the main research attributes being studied in the
past years regarding technologies and practices in university spin-offs, which can give a
vision about the possible topic for future research, but mainly the technologies and
practices to be adopted for the new potential spin-offs.

In respect to the type of emergent and trendy business identified there are topics
related to data science and analytics, smart cities, redesign of digital services; remote
teaching, social networks; predict analyse; industry 4.0; crowdsourcing, and information
security.
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The skills identified in the research can give directions for further development of
digital skills, data literacy, digital information literacy, digital innovation skills and
knowledge bout intellectual property protection.

5 Conclusions and limitations

5.1 Conclusions

These research gives indications about the main technologies used in university spin-off
context, namely, P2X Technologies, healthcare interoperability resources, mobile
technologies, cloud solutions, modular object-oriented internet-based digital information
system, mobile health (mHealth); artificial intelligence, building information modelling,
computer aided design, robots, and distance learning system.

Entrepreneurship is part of the priority agenda for public policies in addressing social
and economic challenges. In this regard this research has made a systematisation of the
main technologies used by students in their university entreprencurship endeavours,
leading to the spin-off of the business to reach the real market competition.

The main recommendation for policy is the need to focus on more the student’s
education and help to fund projects to create awareness regarding the role of
entrepreneurs in creating employment and increasing the quality of life of the citizens and
the development of local communities.

The lessons learnt based on the entrepreneurship policy can give awareness to the
universities to use the tools and the funding that drives from Public Policies to University
to create entrepreneurship infrastructures for their students. The economic return of
investment done universities on entrepreneurship infrastructures to help the students to
develop their entrepreneurial capabilities and capacities is high and can be achieved in
the short and medium-term, and potentiated when they translate their business to the real
market.

The public policies can help social entrepreneurship to gain more visibility and
recognition in universities and their work with students, developing early links with the
market and supporting the spin-off process with gains to all the involved in the process.
Public policies can also support and promote new avenues for university entrepreneurship
spin-offs.

5.2 Limitations

This study has some limitations, namely, the analysis is limited to the databases used in
the research of the articles, which could skew the results, and could prevent us from
identifying possible technologies that, some for reason, are not present in the studies
analysed. The analysis does not validate if the conceptual framework is specific to
university spin-offs regarding based-technologies business or if it is also applied to other
type of entrepreneurship areas.

The SLR is conditioned by the search criteria, and it does not explicit the transition
process of the university spin-off for a better understanding of the use of the technologies
in the entrepreneurship and university spin-off process, and not only regarding the
specificities of the business created by the students. As this is an important step of the
university spin-off process it should be studied in the future.
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