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Abstract

Supporting the birth and development of innovative small firms, i.e,, start-up incuba-
tion, has emerged as a critical factor in fostering entrepreneurship, innovation, regional
development, and more recently, sustainability. This bibliometric review aims to com-
prehensively understand and visualize different research perspectives on how start-ups
are successfully incubated. A total of 1116 Scopus articles were selected and synthe-
sized using a qualitative approach. The study applies novel visualization techniques
(Citation Network Analysis, Global Citation Score, Burst Detection Analysis and Co-
Occurrence Networks of Keywords) to map the scientific structure of start-up incuba-
tion research, including the clusters of the leading research topics based on citation
networks, the most cited articles, and the keywords with the most substantial citation
bursts as well as their co-occurrence. We evaluate research on start-up incubation
from 1972 to 2023 and show how the topic has advanced by scholars' changing inter-
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ests over time. We identify five clusters that reflect distinct study themes and their most
cited references. The findings contribute to a more comprehensive understanding

of the evolution of start-up incubation research, which developed from a focus on bio-
technology and technology transfer toward the current research trends on accelerators
and (entrepreneurial) ecosystems. This paper also provides insights for policymakers
and start-up incubation managers to make informed decisions.

Keywords: Start-up, Incubation, Bibliometric analysis, Visualization analysis
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Introduction

Start-up incubation is the process of nurturing new businesses. Researchers and policy-
makers alike have recognized the value of start-up incubation in promoting innovation
and economic growth. Start-ups refer to starting a business in an uncertain environment
(Wang, 2022). Through creative destruction, start-up firms play a crucial role in the pro-
gress of the economy and society (Schumpeter, 1934). Start-ups introduce new prod-
ucts and services that generate revenue, employment, and customer value, raise living
standards, and address global challenges (Fini et al., 2018). Start-ups do not develop in
a vacuum but connect closely with their environment by constantly utilizing available
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and scarce resources and exchanging with other firms (Gnyawali & Fogel, 1994; Spigel
& Harrison, 2018). The actors and factors that interact in a system to foster the develop-
ment and successful growth of start-ups are understood as a Start-up Incubation Ecosys-
tem (SUPIE) (Novotny, 2020).

Resources invested in encouraging the creation, growth, and impact of start-ups have
been increasing at both national (Audretsch et al., 2020) and university levels (Eesley
& Lee, 2021). These initiatives include entrepreneurship education (Belitski & Heron,
2017), access to laboratory and office space, as well as technology transfer and business
development services provided through government programs, incubators, and accel-
erators (Breznitz & Feldman, 2012; Soetanto & Jack, 2016). While literature reviews are
abundant on licensing, patenting (Astebro et al., 2012), and companies founded by uni-
versities, i.e., spin-offs (Corsi & Prencipe, 2016; Miller & Acs, 2017), far less knowledge
is available on the successful incubation of a broad range of start-ups and the role of the
incubation context or ecosystem (Novotny, 2020; Wright et al., 2017). Incubation suc-
cess can be measured by incubatee graduation rate, number of jobs created, ecosystem
connections created, and business support utilization rate (Mclver-Harris & Tatum,
2020); while incubatee (start-up) success is typically reflected by various firm growth
and development measures in addition to graduation (Hackett & Dilts, 2004).

There has been some evidence that incubation has a positive impact on start-up per-
formance (Schmutzler & Presse, 2021; Stokan et al., 2015). However, incubators support
start-ups in various ways (Bruneel et al., 2012; Theodorakopoulos et al., 2014; van Rijn-
soever, 2020), and we know little about which form of support best contributes to firm
development (van Rijnsoever & Eveleens, 2021). A major issue is that the field is still
lacking theories to build on (Kraus et al., 2022). Hence, we have scant and inconsistent
knowledge on “what” the key support services in different phases of the start-up process
are, not to speak of “how’, “why’, and “in what context” these factors are interrelated
(Hackett & Dilts, 2004). Studies do not show clearly how the type and quality of services
are associated with the different interpretations of performance. For instance, interme-
diary benefits (e.g., resources, knowledge, learning, and social capital) can improve and
worsen start-up performance, depending on the type of benefit and the performance
measure used (Eveleens et al., 2017). Several researchers classify incubators and their
services (e.g.,Barbero et al., 2014; Leitdo et al., 2022), but it is unknown what services are
most helpful for start-ups in each type of incubator, neither the differences of incubators
and services located in different countries, socio-economic environments or ecosystems
(Zedtwitz & Grimaldi, 2006) Further discovering the impact of different types of incuba-
tors on the different stages of the entrepreneurial process in various contexts would also
help identifying best practices (Pauwels et al., 2016). Comparing samples of incubated
and non-incubated entrepreneurs can lead to a better understanding of the benefits of
incubators to entrepreneurial learning and the most useful strategies (e.g., laissez-faire
versus assertive) for incubating various firms. As incubation is rarely a short process,
longitudinal studies are needed to identify patterns and predictabilities, and to develop
incubator theory further (Vincent & Zakkariya, 2021).

Within the start-up incubation ecosystem, accelerators are receiving growing attention;
however, a taxonomy of innovation and entrepreneurship intermediaries is still lacking,

making it hard to compare across different support programs (Cohen et al., 2019). It also
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needs to be clarified how start-ups with sustainability-oriented innovations succeed and
transform markets toward sustainable development (Horne & Fichter, 2022). Start-ups
often develop technologies with an effect on the economy, society, culture, health, and qual-
ity of life; however, our understanding of start-ups as enablers of a broader societal impact
is limited (Fini et al., 2018; Guckenbiehl et al., 2021). Some incubators are focusing on sup-
porting start-ups to introduce a positive social impact (Sonne, 2012). Still, it needs to be
clarified how social incubators should be defined, and what differences in services there are
between social incubators and other types of incubators (Sansone et al., 2020). Based on the
above considerations, there is a strong need to review the evolution of different research
perspectives to understand how different start-ups are incubated successfully. Two research
questions guide the present research to accomplish this goal, as follows:

RQ1. What factors can contribute to successful start-up incubation ecosystems?

RQ2. What are the main approaches, methodologies, frameworks and tools that should
be considered to integrate sustainability into start-up incubation?

Considering those above, this bibliometric analysis aims to assist start-up incubation
researchers in reviewing the evolution of different research perspectives and considering
a wider area of concepts and theories related to the start-up incubation domain. Develop-
ing theories to nuance findings requires multiple research methods and examining other
research fields. Incubation—incubator researchers may find it beneficial to draw from theo-
ries used to explain new venture formation and development, innovation and new product
development, technology transfer, entrepreneurial ecosystems, sustainability, and business
assistance. By drawing on different fields and adopting a multi-dimensional perspective,
this analysis also calls for using new data and methods to understand better the incubation
process and the broader socio-economic impacts of start-up incubation.

A bibliometric review is an effective tool for synthesizing research trends, identifying
gaps, and providing insights for future research. Together with visualization analyses they
can provide a clear and comprehensive view of the research landscape, a broad map of the
different perspectives taken by researchers coming from various fields to investigate start-
up incubation. We searched and evaluated the most published evidence related to start-up
incubation, including empirical studies, case studies, and review papers. Visualization anal-
ysis can identify patterns, trends, and gaps in the literature and provide a clear and compre-
hensive view of the research field (Iscaro et al., 2021). We used citation network analysis,
co-citation analysis, and keyword analyses to depict dominant research topics, influential
authors, publication timelines, and emerging research themes. By combining bibliometric
review and visualization, this paper highlights the importance of understanding the multi-
faceted nature of start-up incubation and incubators’ role in the start-up ecosystem. It also
gives valuable insights for policymakers and practitioners and provides a research agenda
for entrepreneurship scholars and scholars in other fields interested in contributing to start-
up incubation research.

Materials and methods

We built our analysis on Scopus since it is one of the most used databases for literary
research. Due to its restricting and indexing techniques, the content of Scopus is rec-
ommended for separating publications by writers with identical names (Powell & Peter-
son, 2017). The Scopus database was chosen also because it provides a broader and more
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comprehensive coverage of content (Pranckuté, 2021). Second, Scopus has individual
profiles for authors, institutions, and series sources, which makes it more convenient to
use in practice. Third, the impact indicators used by Scopus perform as well or better
than those provided by, e.g., Web of Science and are less susceptible to manipulation.
In addition, Scopus as a database provides free access to author and source informa-
tion, including metrics. Moreover, Scopus bibliographic database is selected for its size
and variety of publications. Indeed, when compared to its peers, Scopus encompasses
a wider range of journals and offers the possibility for citation analysis especially for
papers published after 1995 (Falagas et al., 2008).

A Systematic Literature Network Analysis (SLNA) was used to choose and evaluate
the literature. Two major components make up this SLNA approach (Fig. 1). The first
phase entails doing a bibliometric review. At this point, transparency, inclusivity, explan-
atory, and heuristic nature are essential areas of diversity from other literature review
methodologies (Tranfield et al., 2003). These characteristics enable a more objective
evaluation of the search results and obviate the possibility of biases (Clark, 2010). Biblio-
graphic Network Analysis and Visualization (BNAV) enable the identification of current
and reliable emerging research topics and themes using, e.g., Citation network analysis
(CNA), Global citation score (GCS), Burst detection analysis (BDA), and Co-occurrence
networks of keywords (CONK).

CNA is an area of bibliometric analysis that employs a multitude of citation analysis
techniques to determine connections between research streams. It is predicated on the
notion that interconnected channels identified as a citation network transform scientific
information or knowledge. This concept is conceivable because scholars from the same
organization frequently cite one another to contextualize their work within a larger body
of knowledge or a prior study (Hummon & Dereian, 1989). Network analysis is often

Step 1. Systematic Literature Review

Question formulation
e Locating studies (using keywords)
(Scopus)
[ Selecting the body of literature (criteria to include/exclude articles) ]
i Step 2. Bibliographic Network Analysis and Visualization ’
Existing themes C_i_tat.ion Glob_al Burst Keyword
and emerging Network Citation Detection of Co-Occurrence
research trends Analysis Score Keywords Network
Software VOSViewer ] [ Scopus Tools ] [ CiteSpace ] [ VOSViewer

Fig. 1 Research methodology of the review
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carried out when extensive research clusters are detected to represent the scope of the
discipline (Fahimnia et al., 2015). The study uses a methodology aligned with respected
review articles in the start-up incubation field.

In addition, it enables a thorough description of qualitative components that ideally
support the bibliometric analysis. The titles, abstracts, and keywords of academic stud-
ies have all been evaluated. According to content analysis, the technique also lessens
study bias while improving the validity and repeatability of the predefined constructs.
VOSviewer (1.6.18) offers unrestricted access to bibliometric mapping data taken from
Scopus that can be used for analysis. The Visualization of Similarities (VOS) algorithm
enables the visualization of relationships between items so that direct and indirect link-
ages affect the closeness of the entities on the map. The proximity of the elements’ loca-
tions implies that they appear together more frequently in certain groups than in others.
In addition, an element occurs in the middle of the map. In that case, it can be assumed
that it belongs to a broader and more varied group of other elements, e.g., the most sub-
stantial cluster color-coded in the properly constructed view (Waaijer et al., 2011). As a
result, VOSviewer was used to create a citation network (CNA) and a co-occurrence of
keywords (KCON). This overview allows us to identify, i.e., key journals, prolific authors,
and influential research clusters providing a comprehensive understanding of the land-
scape and structure of the literature.

Utilizing the global citation score analysis (GCSA), one of the normalized bibliometric
techniques supplied by Scopus was also applied to review the most cited literature on
the concepts of start-ups and incubation. Nevertheless, the CiteSpace tool, trends, and
transitional patterns in the scientific literature are identified and visualized (Chen, 2006).
CiteSpace focuses on identifying pivotal intellectual instances that have influenced the
growth of a specific field or body of knowledge. In addition to offering insights into the
collaboration networks and subject-matter expertise within the start-up incubation
sector, this method can assist in identifying the leading authors in the field and their
affiliations.

A crucial component of bibliometrics that has received much attention recently is the
Burst Detection Analysis of citations. The purpose of this study is to give a description
of a BDA with CiteSpace (6.1.3 version) and its use in evaluating citation trends in start-
up incubation perspectives. The burst detection technique enables the computation out-
put to locate a temporal list of frequently used terms or topics (Chen et al., 2010). By
applying this method to the start-up incubation literature review, for instance, emerging
trends, innovative concepts, and evolving research areas can be uncovered within the
field.

Results

Systematic literature review

Based on the identification of accessible research using specified keywords, we con-
ducted a review of the literature on the interconnectedness of start-up and incubation
research streams. We concentrated on creating a search list when considering publica-
tions pertinent to the preliminary or tentative bibliographic search. Various phrases,
synonyms, and abbreviations associated with the words “start-up” and “incubation” were
included in the research query. The most cited literature review in Scopus was examined
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to determine all the appropriate terminology, synonyms, and abbreviations for the words
above (Table 1). In this condition, search phrases reflecting the keyword “start-up” were
initially employed to prevent article duplication: (startup* OR start-up*) and in academic
research (spinout* OR spin-off*), and “incubation” (incub*). The following query was
developed taking the aforementioned factors into account (Eq. 1):

((startup * OR start — up * OR spinout * OR spin — off) AND incubsx) (1)

At the end of December 2022 (31.12.2022), the search was conducted in Scopus. It
included title, abstract, and keyword searches. Only English-language articles, confer-
ence presentations, book chapters, books, reviews, conference overviews, short surveys,
notes, and editorials (including those printed in the press) were considered for further
analysis. At the time of the search, Scopus included 1184 such articles. The Scopus data-
base search results were chosen for additional SLNA. The purpose was to investigate
how research on incubation and startups are related, i.e., to discover the interconnect-
edness of the two research areas. Studies from a wide range of disciplines were chosen.
The field of science commercialization should be considered distinct from other fields;
scholars interested in science-based start-ups are often rooted in their home disciplines
and do research in other fields as well (Fini et al., 2018). Regarding the subject areas cov-
ered by our Scopus search, e.g., engineering (14.2%), social sciences (11.9%), economics
and econometrics (11.3%), finance, computer science (7.7%), decision sciences (5.0%),
environmental sciences (3.9%), energy ones (2.1%) and others (10.1%), one-third (30.2%)

of the research topics are in business, management, and accounting.

Table 1 Topics for research based on the most significant clusters in the citation network

Cluster Nodes Links Topics Top 3 cited papers* Period Size** (%)
1 21 141 Incubation strategies, policy  Clarysse et al,, (2005) 2005-2021 13
implications of spin-offs, Lockett et al.,, (2005)
commercialization of (Markman et al., 2008)
research and technology
2 14 70 Accelerator as a new genera-  (Neck et al,, 2004) 2004-2020 9
tion of incubation model (Weiblen & Chesbrough,
2015)
(Pauwels et al, 2016)
3 13 52 Business incubators, the (Collinson & Gregson, 2003) ~ 2003-2019 8
economic developmentofa  (Al-Mubaraki & Busler, 2010)
community and/or region (Van Rijnsoever et al., 2017)
4 12 80 Human capital, business (Totterman & Sten, 2005) 2005-2019 7
network and the survival of (Gimmon & Levie, 2010)
ventures (Schwartz, 2013)
5 12 65 Classification and role of (Cooper, 1985) 1985-2019 7
incubators, and service (von Zedtwitz, 2003)
profiles of incubators (Zedtwitz & Grimaldi, 2006)
6 11 43 Tools to identify indicators (Siegel et al., 2008) 2003-2020 7
0 assess start-ups’success (Somsuk & Laosirihongthong,
and business incubators’ 2014)
performance Saura et al., 2019)
7 10 350  Academic entrepreneurship, 2005-2019 6

spin-off, and technology
transfer

Salvador, 2011)

(

(Moray & Clarysse, 2005)

(

(Fernandez-Alles et al., 2014)

" Minimum citations = 34
**N =164 (100%)

Page 6 of 26
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In terms of geographical location, the United States produced the largest number of
studies (215), followed by the United Kingdom, Italy, India, and the Netherlands with
85, 71, 65, and 61 studies, respectively. Overall, 44% of the papers were produced in the
European region, 23% in the Americas, 21% in Asia, 4% in Africa, 3% in Australia and
New Zealand, and 5% in unspecified locations. The distribution of the research across
continents and nations may indicate that the topic under discussion is of global impor-
tance. This can be explained by the fact that several countries are pursuing national plans
to develop start-up incubation, entrepreneurship education, and the commercialization
of public science.

Finally, 1116 relevant papers were chosen after carefully screening the identified mate-
rials. Following the initial period between 1972 and 2001, scholarly interest increased in
start-up incubation: the number of publications rose to 11 articles in 2002, then tripled
in 2010 (33). Although the number of publications somewhat declined in 2011 and 2012
(27), there was significant growth between 2014 and 2022. In 2020, the number of stud-
ies was 125 (Fig. 2).

Bibliographic network analysis and visualization

Citation network analysis (CNA)

CNA is a method in which papers are represented as nodes and citations as linkages
between them. The capacity to trace the citation network made available for a better
insight into how earlier studies influenced subsequent ones and the ability to detect
knowledge flows. As a result, smaller networks (clusters) that comprise papers are iso-
lated, and everyone in the cluster has at least ten references with another. CNA enables
the identification of papers that have received the most citations within the entire author
network (weights) (Hummon & Dereian, 1989).

Figure 3 depicts a document’s Citation Network Map (CNM) (overlay view). CNA is
a methodology for specifying the scope of topic clusters. This approach gives a network
with 164 nodes and 509 linkages. The CNA is thought to produce the best results in
clusters with many nodes since the amount of data obtained is substantially more than
in small clusters (Ejsmont et al., 2020). Based on this assumption, the seven (out of 17)
most significant clusters are formed by VOSviewer, along with the essential information
related to them (Table 1).

The crucial study topics of the clusters and their most cited references, for instance
the three publications with the most significant citations, are examined. Not all works
designated to a cluster must be strongly related to its primary issue, as in the case of
review articles. The CNA claims that most research on integrating start-up incubation
has concentrated on a small number of crucial areas that are all related, mutually benefi-
cial, and complimentary. The research subjects covered include academic entrepreneur-
ship, start-up ecosystems, incubation strategies, accelerators, spin-offs, and commercial
networks. CNA enabled the identification of seven clusters.

Cluster 1 illustrates incubation strategies, spin-off policy implications, and research
and technology commercialization. The various incubation models have highly diverse
resource implications for managing the process, such as differences in money, organi-
zation, human resources, technology, network, and infrastructure (Clarysse et al,
2005). The management and policy implications of the emergence of spin-offs at Public
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Research Institutions (PRIs) are founded on a firm’s knowledge-based view (Lockett
et al.,, 2005). A taxonomy of commercialization development approaches considers inter-
nal strategies (such as incubators), university research parks, regional clusters, academic
spin-offs and start-ups, licensing, corporate venture capital, and open science and inno-
vation (Markman et al., 2008). The effectiveness of university-based business incubators
and technology parks is frequently decided by how technology is moved from labs to
start-up enterprises. Universities should consider regional differences to establish suc-
cessful spin-off support policies (Fini et al., 2011). Mascarenhas et al. (2017) showed
that universities are increasingly dedicated to the commercialization of knowledge. As
a result, entrepreneurial universities that concentrate on shifting the paradigm of higher
education have emerged, and academic entrepreneurship is the commercialization of
knowledge. Spin-off creation is a key component in the development of technology-
based businesses. Other research describes entrepreneurial universities as giving tools
for selecting a commercialization approach, financing a start-up, promoting a product,
and preparing an exit (Yetisen et al., 2015).

Cluster 2 depicts the accelerator as a new generation of incubation model (Pauwels
et al., 2016). Managers must systematically and thoroughly evaluate the concept, pro-
cess, people, and place design elements to leverage start-up innovation and make corpo-
rate accelerators a viable part of the overall innovation strategy (Kohler, 2016). Del Sarto
et al. (2020) conclude that factors affecting the survival of accelerated enterprises dif-
fer from incubated firms. Corporate accelerators meet the following criteria for success:
transparent and aligned goals, an independent staff of start-up advocates, a substantial
and dedicated external network, top-management support, long-term ambitions, and
performance indicators (Kupp et al., 2017). The findings show that incubation groups,
spin-offs, in-formal and formal networks, physical infrastructure, and regional culture
are all uniquely related and interact to establish a system conducive to dense entrepre-
neurial activity (Neck et al., 2004). Weiblen and Chesbrough (2015) propose a typol-
ogy of corporate engagement mechanisms with start-ups that balance speed and agility
against control and strategic direction.

Cluster 3 focuses on business incubators and economic development. The various
conceptual approaches around regional knowledge networks underpin distributed inno-
vation (Collinson & Gregson, 2003). Business incubators can improve young firms to
survive and grow during their start-up years and can play a crucial role in the economic
development of a community or region (Al-Mubaraki & Busler, 2010). The association
between incubation and the investments raised by early-stage start-ups is a performance
metric. Hovig et al. (2017) demonstrate that many incubators, tacitly or explicitly, recruit
startups using a causal approach, picking candidates with a thorough and planned busi-
ness plan. However, Lukosiute et al. (2019) found some adverse outcomes entrepreneurs
can experience when engaging with incubators or accelerators.

Cluster 4 is concerned with human capital, business networks, and venture survival.
Based on human capital and signaling theory, the influence of founder traits on attract-
ing external investment and boosting the survival of new high-technology experiences
is investigated by Gimmon & and Levie (2010). It is still being determined whether
start-up enterprises improved by publicly funded incubator efforts have higher survival
rates than comparable start-up firms that did not receive such support (Schwartz, 2013).
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Empirical research shows that entrepreneurs who have obtained significant support for
establishing businesses or support networks are satisfied with business incubator assis-
tance than those who have not (Tétterman & Sten, 2005). Vanderstraeten et al. (2016)
investigate the relationship between an incubator’s industry segmentation efforts and its
customization strategy, along with the impact on incubated survival and growth.

Cluster 5 focuses on the classification and role of incubators, along with the service
characteristics of incubators. The types of functions of incubators have been of inter-
est to researchers for more than three decades. As most high-tech entrepreneurs do not
relocate and are tied closely to their incubator organization, geographical location lim-
its start-up possibilities (Cooper, 1985). Von Zedtwitz (2003) defines five categories of
incubators: university incubators, independent commercial incubators, regional busi-
ness incubators, and company-internal and virtual incubators. Conflicts between com-
petitive scope (industry, region, and segment (focus) and strategic purposes (profit) have
an impact on the nature, quality, and implementation of incubation services, as well as
how they are managed (Zedtwitz & Grimaldi, 2006). Thierstein and Wilhelm (2001) out-
line the theoretical and methodological underpinnings of a survey of Incubation, Tech-
nology, and Innovation (ITI) centers. Based on the literature and essential theoretical
components, a conceptual framework of start-up formation and graduation includes
pre-incubation, incubation, and post-incubation stages (Mungila Hillemane et al., 2019).

Cluster 6 outlines the techniques for identifying metrics to analyze start-ups’ success
and business incubators’ operation. Saura et al. (2019) apply text mining and analyze
comments made on social networks such as Twitter to assist the understanding of start-
up ecosystems and the success factors for start-up development of University Transfer
Technology Offices (UTTOs) play a crucial role in the diffusion of innovation and the
development of new technology infrastructure (Siegel et al., 2008). Somsuk and Lao-
sirthongthong (2014) aim to identify the enabling variables influencing the success of
university business incubators (UBIs) in terms of specific internal resources while also
investigating the priority of these aspects.

Academic entrepreneurship, spin-off, and technology transfer are all part of Cluster
7. Fernandez-Alles et al. (2014) seek to identify the resources and skills necessary for
Academic Spin-off (ASO) development should be identified theoretically and empiri-
cally, along with the market and educational players who provide them at two stages of
development (early development and consolidation). Creating an incubator structure
for spin-offs appear to be a learning process in which slight decision-making power can
be wielded over senior management’s social network in the financial and business com-
munity to provide science-based entrepreneurial businesses with the necessary human,
financial, and technological resources (Moray & Clarysse, 2005). The context of univer-
sity spin-off firms is investigated, focusing on the interaction with science park incuba-
tors and their significance as brand identities (Salvador, 2011). Robust connectivity and
effective filtration characterize thriving university entrepreneurial ecosystems with a
solid local and interregional character (Prokop, 2021).

Global citation score analysis
The GCS analysis can be used to identify groundbreaking papers. The GCS represents
the total number of citations a publication receives across the whole database, regardless
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of whether it is part of a network of connected nodes (Knoke & Yang, 2011). Thus, the
normalized GCS classifies works based on the ratio of their average yearly citations to
their total yearly existence in Scopus (through 2022). This normalized GCS analysis
identifies the top ten papers currently of interest to the scientific community. Further-
more, since its initial appearance, promising new articles in that field can be identified
(Strozzi et al., 2017).

Only four of the ten publications with the highest normalized GCS are related to the
first two most significant clusters revealed by evaluating the CNA, according to Table 2.
It indicates that relevant research can be included in primary citation coexistence net-
works. However, there are articles with higher normalized GCS values with higher GCS
(Pauwels et al., 2016), and vice versa with lower normalized GCS values with lower GCS
(Chan & Lau, 2005).

Pauwels et al. (2016) stand out because, although published in 2016, they have received
a substantial number of citations. In the years right after their publication, papers fre-
quently get more citations. This scenario could imply that these articles are innovative
studies outlining future study directions. While any program providing mentorship, net-
working opportunities, and funding access to start-ups is an accelerator, the challenge is
understanding their distinct characteristics and profiles geared to assist start-ups.

Business Innovation Centers (BICs), University Business Incubators (UBIs), inde-
pendent private incubators (IPIs), and corporate and private incubators (CPIs) are the
four categories into which Grimaldi and Grandi (2005) map business incubators. How-
ever, they argue that the diversity of incubation organizations is driven by how business
requirements and expectations vary over time, motivating incubators to differentiate
the range of services they provide. Chan and Lau (2005) designed an assessment frame-
work for technology incubators in the science park. Benefits include resource sharing,
advisory services, improved public perception, networking, cluster effects, geographical
proximity, cost subsidies, and funding support.

Burst detection analysis

Finding the research areas and advancement patterns of a field over time using burst
detection analysis is a beneficial tool for revealing the dynamics of academic articles
(Zhou et al., 2019). Burst detection, which expands the keyword network, aims at under-
standing the variables that lead to the accumulation of citations by shedding light on
the developments and frontiers in each research field (Yan & Zhang, 2022). A BDA of
citations is a valuable tool for indicating the impact of publications and determining
research topics and development trends over time (Amjad et al., 2022).

As a result, future research directions can be easily identified. Figure 4 displays the
top 20 outcomes of Kleinberg’s Burst Detection algorithm that the Citespace application
utilized (Kleinberg, 2003). As part of the normalization process, we converted all word
marks to lowercase, excluded end words, removed the plural, periods, and hyphens from
abbreviations and initials.

BDA detected the keywords characterized by bursts of activity from 1972 to 2023.
The burst of biotechnology in 1989 and its strength confirm the particular interest of
research in, e.g., technology transfer, education, industry, societies, and institutions. It is
crucial to highlight that between 2014 and 2018, specific keywords, such as “university
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Table 2 Top 10 most cited articles ranked by normalized GCS

Rank Title

Authors

Publication
Year

Journal

Appearance
in CNA

GCS

Normalized
GCS*

Understanding a
new genera-
tion incubation
model: The
accelerator

Engaging with
start-ups to
enhance corpo-
rate innovation

Business incuba-
tors and new
venture creation:
An assessment
of incubating
models

Complements or
substitutes? the
role of universi-
ties and local
context in sup-
porting the crea-
tion of academic
spin-offs
High-tech start-
ups in University
Science Park
incubators: The
relationship
between the
start-up’s lifecycle
progression and
use of the incu-
bator’s resources

An Entrepreneur-
jal System View
of New Venture
Creation
Spinning out
new ventures: A
typology of incu-
bation strategies
from European
research institu-
tions

Research and
technology com-
mercialization

Incubators: Tool
for entrepreneur-
ship?

Assessing tech-
nology incubator
programs in the
science park: The
good, the bad
and the ugly

Pauwels et al.,
(2016)

(Weiblen & Ches-
brough, 2015)

(Grimaldi &
Grandi, 2005)

(Fini etal, 2011)

(McAdam &
McAdam, 2008)

(Neck et al., 2004)

(Clarysse et al,,
2005)

(Markman et al.,
2008)

(Aernoudt, 2004)

(Chan & Lau,
2005)

2016

2015

2005

2011

2008

2004

2005

2008

2004

2005

Technovation

California Man-
agement Review

Technovation

Research Policy

Technovation

Journal of Small
Business Man-
agement

Journal of Busi-
ness Venturing

Journal of
Management
Studies

Small Business
Economics

Technovation

Yes

Yes

No

No

Yes

Yes

Yes

No

238

179

186

112

108

142

126

106

112

95

11.29

6.88

267

242

1.95

167

1.60

" Citation in 2022/years since the adoption

Page 12 of 26
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spin-off” and “commercialization” in start-up incubation views, were prevalent. Accel-
erator (strength: 5.7) and entrepreneurial ecosystem (4.08) are tied to the main bursts
in recent years (2020-2023). The claimed rise in interest is consistent with the citation
network (Cluster 1 and 2) and GCS findings of emerging topics.

Co-occurrence network of keywords

Finding study trends to improve the CNA and BDA results can be accomplished with
the support of CONK. The primary drawback of CNA is that it excludes essential works
that must be referenced, especially for new studies.

The keyword network analysis is necessary with the BDA data to support CNA
analysis.

A co-occurrence (or co-word) network was used to analyze the selected terms. The
links show how frequently the words appear together across various publications, while
the nodes in this network represent the authors’ chosen keywords (Callon et al., 1991). It
may be relevant to the research topic and show patterns and trends in that discipline if a
word or phrase is used frequently (Ding et al., 2001).

Performing a co-occurrence analysis in VOSviewer is possible by following the pro-
cedures listed below. VOSviewer employs three methods to produce a map showing the
keyword network. Following the screening of abstracts in the Scopus database, 1116
publications were picked, and their keywords were extracted within title, abstract, and
authors’ keywords. The data were then “cleaned” by combining synonyms, abbreviations,
and whole phrases and was then used as a batch file. A keyword to be examined and
added to the network must appear in at least 5 papers (Khitous et al., 2020).

Forty-one nodes were produced by VOSviewer, and organized into 5 clusters (Fig. 5).

Since there were no overlaps between the groupings of nodes, a given keyword could

Top 20 Keywords with the Strongest Citation Bursts

Keywords  Year Strength Begin End 19722023
ey 1989 SO08 1989 2008
1995 9552002 2013
2003 $.96 2003 2010
2003 4592001 2006
003 412000 2017
2005 10392008 2014
2008 $792008 2014
1988 401 2008 2006
start up 2007 862010 2013 P—
P e 2010 42010 2015 ——
yournal
biogas 011 45620m 2017
commerce 2008 4732014 2017 e
4052014 2016 P
52015 2018 —
4242007 2018 s
753 2018 2023
4172018 2020

14052019 2023

accclerator 2014 5.72020 2023

entrepecncunal

2017 4082021 2023

ccosystem

Fig. 4 Results of keyword burst detection from 1972 to 2023
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only belong to one cluster. 478 linkages comprised the co-occurrence network, which
had a 1521 total link strength. The greater the number, the more essential the keyword is
to the network, and the more frequently it appears in combinations with other phrases.
A keyword appears more frequently in the studied set, the larger and more transparent a
node is (Ejsmont et al., 2020). The more yellow the nodes and linkages are, the more they
indicate their timeliness and relevance to the ecosystem, accelerator, and entrepreneur
ecosystem.

Table 3 contains a detailed information on keywords and clusters. The clusters reflect
five distinct study themes. The co-occurrence of the keywords in the dataset then deter-
mines the order of the study themes.

Cluster 1 focuses on business incubator support services, technological transfer, and
creating sustainable development. Grimaldi and Grandi (2005) distinguish four types
of incubators (i.e., business, university, independent and corporate) and two incubation
models. Markman et al. (2005) investigated the relationships between the structure and
methods of UTTOs and the business of new ventures and incubation. Knowledge gaps
can exist at several levels of aggregation, including PRIs, spin-offs, teams, individuals,
incubators, and at various stages of spin-off development (Lockett et al., 2005). Tech-
nology Business Incubators (TBIs) elements are discussed, emphasizing their growing
importance in the geographical context. They serve as the foundation and engine of local
entrepreneurial ecosystems (Lamine et al., 2018). Surana et al. (2020) proposed that
Science, Technology, and Innovation (STI) achieve long-term development goals. Van
Rijnsoever et al. (2017) analyzed how entrepreneurial support organizations might inte-
grate limited sustainable development start-ups (SDSs) into entrepreneurial ecosystems.
Meanwhile, business incubators support services are generally related to entrepreneurs’
long-term impacts (Karahan et al., 2022). Almansour (2022) examined how utilizing
technical advancements like digital marketing and aligning with pertinent SDGs may

improve.

entrepreneurship education

spiggoff
entrepreneurial ecosystem

accelerator

academic entrepreneurship

P knowledgegnanagement
o commerce incybator startup

engineeringgeducation entreprgneurship

technologftransfer stafpup
eduggtion econgmics
businessificubators
incubation reactogstartup
iversity spin'off
res@rch "\l\wj[i()l\ biogas
P
societies anigifstitutions prioriogournal
iy
inagstry
strategigptanning
WIS industrial ganag investients
techgology

biotedgnology
economic anghsocial effects

vértuggcapital

&, vosviewer

Fig. 5 Co-occurrence of Keywords Network Map
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Cluster Keywords Total link Occurrences* Main research topics
strength
1 Business incubators 155 98 Incubator services and technology transfer
Technology transfer 188 94
Students 99 41
Technology 75 37
Engineering education 98 35
Societies and institutions 73 28
Sustainable development 66 25
Education 76 24
Industrial management 56 23
Engineering research 54 22
Research 56 19
Strategic planning 25 13
University spin-off 12 5
2 Incubator 131 57 Start-up incubation/development
Start-up 69 47
Biotechnology 40 18
Priority journal 28 17
Accelerator 47 16
Biogas 5 14
Reactor start-up 34 12
Ecosystem 16 8
3 Entrepreneurship 279 172 Entrepreneurship and innovation
Innovation 233 131
Entrepreneur 95 42
Economics 102 39
Incubation 55 34
Business development 45 26
Economic development 45 21
Economic and social effects 55 20
Sustainability 20 14
4 Entrepreneurship education 38 23 The role of Universities in entrepreneurship
Knowledge management 45 22
Academic entrepreneurship 51 20
Entrepreneurial university 36 18
Spin-off 39 16
5 Investments 161 161 The role of investments and finance
Commerce 83 83
Venture capital 81 81
Industry 92 92

"Ranking order, min=5

Corporate sustainability (CS) aims to accomplish the “triple bottom line” (Kuckertz

& Wagner, 2010) by balancing economic achievement, social fairness, and environmen-

tal resilience and transforming sustainability orientation into a substantive enterprise.

The economy, environment, and society gains must be achieved through sustainable

entrepreneurship while preserving businesses, local communities, and incubator eco-

systems (Johnson & Schaltegger, 2019). Though the link between CS and start-ups has
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been investigated (Bojnec & Tomsic¢, 2020), there is still a significant research gap when
considering the driving forces and barriers between start-ups’ business performance and
incubators’ association with sustainable development.

Cluster 2 depicts the primary topic of start-up development and the involvement of
the entrepreneurial ecosystem. Chan and Lau (2005) present the effectiveness of incuba-
tors from the standpoint of the venture creation and development process. Elfring and
Hulsink (2007) explored the network progress of founding entrepreneurs. Brito (2018)
sought to explore how universities might serve as leaders and integrators of innovation
ecosystems. Meanwhile, Tripathi and Oivo (2020) discussed the concerns of incubators,
accelerators, co-working spaces, mentors, and events in the firm development process.
Furthermore, the factors influencing start-up creation and the entrepreneurial ecosys-
tem (Zaidi et al., 2023) and the enhancement of the innovation ecosystem are high-
lighted by Felizola et al. (2019).

Cluster 3 is concerned with incubation models, network incubators, and the concept
of sustainability-profiled business incubators. Grimaldi and Grandi (2005) completed
a classification of business incubators and an evaluation of incubation models. A net-
worked incubator is a fundamentally new and long-lasting organizational paradigm that
is ideally adapted to the growth of firms in the Internet economy (Hansen et al., 2000).
Weiblen and Chesbrough (2015) suggested a typology of corporate processes to eluci-
date how businesses might bridge the gap between themselves and the start-up environ-
ment. Furthermore, by focusing more on social media, business incubators can assist
entrepreneurs in creating networks to benefit their own companies (T6tterman & Sten,
2005).

Sustainability-profiled business incubators are specialized incubators that develop and
promote start-ups and organizations with a strong focus on sustainability and environ-
mental responsibility. These incubators provide resources, mentorship, and a support-
ive ecosystem to enterprises committed to sustainable practices, eco-friendly products,
and reducing environmental impact (Bank & Kanda, 2016). Saura et al. (2019) identi-
fied crucial factors in User Generated Content (UGC) on the Twitter social network for
the creation of successful start-ups, and factors for sustainable start-ups and business
models, tenant recruitment, and processes to support sustainability-profiled incubators.
Seven factors were proposed for the framework of sustainability-profiled incubators,
e.g., green building and facilities, green screening process, environmental education and
awareness, energy and water management, promotion of green management and green
proactive tenants (Fonseca & Chiappetta Jabbour, 2012). Bank et al. (2017) show that
regional and interregional cooperation and a well-designed, structured pre-incubation
process are necessary to attract tenants to sustainable incubators.

Cluster 4 raises the issue of universities’ role in fostering the formation of academic
spin-offs. Existing literature reveals two opposing trends in beginning entrepreneurs’
networks (Elfring & Hulsink, 2007). One evolves from an identity-based network with a
high concentration of strong ties to a network with weak ties. The second scenario is the
inverse, with weak relationships predominating during the emergence phase and some
evolving into solid ties, as is typical of the early growth phase. Fini et al. (2011) discussed
the role of universities and the local context in fostering academic spin-offs. The dis-
cussion focused on firms’ technological investments during the incubation stage of an
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industry between a technological breakthrough and the first instance of its commerciali-
zation (Moeen & Agarwal, 2017). Lamine et al. (2018) emphasized the rising importance
that technology business incubators (TBIs) play in the spatial context, where they act as
the foundation and engine of local entrepreneurial ecosystems and covered a variety of
TBIs’ features.

Cluster 5 investigates the relationship between incubation and the number of invest-
ments raised by early-stage start-ups as a performance indicator. Grimaldi and Grandi
(2005) defined human capital and signaling theory. The effect of founder characteristics
on attracting external investment and enhancing the survival of new high-technology
ventures is investigated (Gimmon & Levie, 2010). Cumming et al. (2019) presented two
opposing arguments to steer entrepreneurial start-ups away from liquidation and toward
acquisition outcomes. On the one hand, acquisitions can be made through the control
route and with the help of outside financiers such as (VCs). VCs exert control over start-
ups through board seats and other contractual rights, causing the necessary changes to
attract a strategic acquirer (Morgan, 2014).

Discussion and implications

The main objective of this study was to examine the success of small enterprises on the
innovation processes, to shed light on novel research perspectives on business incuba-
tion. A bibliometric analysis was used to analyze societal impacts of start-ups while also
considering sustainability. The article offers a comprehensive overview of the various
perspectives and trends of start-up incubation research, since the 1980s. The systematic
review methodology used in this study ensured that all relevant literature were identi-
fied and synthesized. The primary novelty of the paper is the complexity of the research
methods, in addition to identifying and comprehensively understand and visualize dif-
ferent research perspectives on how start-ups are incubated. At the same time, the visu-
alization analysis provided a unique perspective on the interconnectedness and trends of
ideas in the field.

The study implied that several key factors contribute to the success of start-up incu-
bation programs, including mentorship, networking opportunities, access to funding,
and a supportive community. The visualization analysis revealed many interconnections
between these factors, all essential components of a successful incubation program. The
advantage of the Network Analysis and Visualization used in this bibliometric review
is that it provides a systematic and integrated overview of the research field of business
incubators. By conducting a bibliometric analysis, the study organizes and integrates the
scholarly knowledge base relating to incubators, allowing for a more objective under-
standing of business incubation. By conducting performance analyses and science map-
pings, the study reveals the most productive and impactful articles, authors, journals,
disciplines, and countries in the field. The research identifies previous predominant
research themes and provides a framework for future research opportunities. In contrast
to previous approaches (Deyanova et al., 2022), the research identifies past dominant
research themes, tendencies and provides a framework for future research opportunities
in business incubations. The results can guide policymakers in planning and providing
incubation initiatives for innovation improvement or regional development.
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Theoretically, this research will build on prior findings from at least two research
streams. The first is the role of the entrepreneurial ecosystem (Autio et al., 2014) and
sustainability development (Isenberg, 2016). Regarding the latter, the extant litera-
ture needs to provide more knowledge on what context, what kind, and how much
support is likely to result in creating new start-ups with a positive impact on social,
economic, and environmental progress. However, the incubation needs of different
start-ups may be very distinct (Rasmussen et al., 2014), and spin-offs typically have
many liabilities and require more support, e.g., financial resources, networking and
business/entrepreneurial competencies, and probably longer incubation times before
they gain sustainable returns.

An important theoretical contribution of our approach is nuancing the understand-
ing of highlighting the role of the environment (local context or ecosystem) in the
creation of start-ups. Incubation has mainly been studied in relation to incubators
(Mian et al., 2016). However, incubators are only one of the several organizations
within an ecosystem that contribute to the process of incubating start-ups. Start-ups
can obtain support from several ecosystem actors, including universities, technology
transfer offices, accelerators, investors, government agencies, and large firms (Novo-
tny et al., 2020).

The findings of this study have several implications for practitioners and researchers
in the field of start-up incubation. For example, the study highlights the importance of
mentorship in supporting the development of new ventures and suggests that incuba-
tors should focus on providing high-quality mentorship programs for their members. In
addition, the study suggests that incubators should prioritize building strong networks of
support and services for their members, as this can facilitate access to funding and other
critical resources. First, the review identifies the key factors contributing to the success
of start-up incubators. This information can be valuable for entrepreneurs considering
joining an incubator or policymakers looking to establish new ones. For instance, the
analysis reveals that effective incubators frequently feature seasoned mentors and offer
networking possibilities, which can influence the design of upcoming incubator pro-
grams (Leitdo et al.,, 2022). Second, the visualization analysis helps to identify gaps in the
existing literature and highlight areas for future research. For example, the analysis may
demonstrate that certain subjects, such as the role of government policies in incuba-
tion programs, still need to be thoroughly researched (Pattanasak et al., 2022). Third, the
success of start-up incubation programs can depend on the characteristics of the local
ecosystem, including human (labor/knowledge), financial (money) and informational
(technical, legal, financial, and procedural advice) resources, and the degree of interac-
tions among these diverse elements (Sardeshmukh et al., 2019). Policymakers should
consider the unique needs of their region when designing and implementing incubation
programs. For example, incubators with a robust entrepreneurial culture may require
different types of assistance than those without such a culture (Barbulescu et al., 2021).
Fourth, the review highlights the importance of evaluating the outcomes of incubation
programs. This information can be used to improve future programs and inform policy
decisions. For example, one study discovered that the ability of start-ups in incubation
programs to attract follow-on funding could be used to measure their success (Don-
besuur et al., 2020).
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Overall, the bibliometric review and visualization analysis provide valuable insights
for entrepreneurs, policymakers, and researchers interested in start-up incubation. By
identifying critical success factors, highlighting gaps in the literature, emphasizing the
importance of the local ecosystem, and promoting program evaluation, this research
can help to improve the effectiveness of start-up incubation programs and support the
growth of new businesses.

Conclusions

The incubator model dates to the late 1950s with the foundation of the first incubators in
the start-up ecosystem. This bibliometric review and visualization analysis aimed to shed
light on the progress and current state of start-up incubation research. Through a search
and analysis of relevant literature, we have identified five key themes and trends of start-
up incubation research, such as incubator services and technology transfer, start-up
incubation and development, entrepreneurship and innovation, the role of universities
in entrepreneurship, and the role of investors and finance. In addition, the visualization
analysis provided a unique perspective on the relationships between different concepts
in the literature and highlighted areas for further research. The field initially focused on
biotechnology with a particular interest in technology transfer. Later, the relationship
of education, research, and industry, as well as university spin-offs were prevalent. In
recent years, accelerators and (entrepreneurial) ecosystems have been the main research
interest. Start-up incubation has received attention from all continents but has been
dominated by scholars from only a few countries, such as the United States, the United
Kingdom, and Italy. Accordingly, there is a strong need for more research, especially in
emerging economies to enhance our understanding of the role of the institutional con-
text in start-up incubation.

Start-up incubation literature connects several subfields, including management, busi-
ness, engineering, energy, and medicine, rather than concentrating on one subdiscipline.
Based on the bibliometric and visualization analyses of start-up incubation perspec-
tives, it is advisable to take a more careful approach to supporting start-ups and start-
up development organizations. This approach should consider broader societal impacts
of start-up firms and their products, including social, cultural, environmental, and eco-
nomic returns in addition to sales and profit, both the economic and social dimensions
of sustainability as well as the specific needs and challenges different start-ups face (Fini
et al,, 2018).

Some incubators (social incubators) focus on start-ups that pursue both economic and
social objectives, hence indicators measuring technological, economic, and social per-
formance should be developed according to the type of incubator (Sansone et al., 2020).
The diversity of start-ups is also reflected by their specific liabilities, such as newness,
smallness, and outsiders (Guercini & Milanesi, 2016). Not every start-up develops in the
same way and speed or needs the same type and amount of external support to establish
itself on the market, e.g., academic spin-offs typically have many liabilities and require
more support and longer incubation times than scalable software start-ups (Novotny
et al.,, 2020).

We identified several key factors that contribute to the success of start-up incuba-
tion programs, including access to funding, mentorship and coaching, networking
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opportunities, and infrastructure and human capital. In addition, it was found that
including sustainability practices and principles can enhance the success and impact of
start-ups and contribute to broader social goals. However, there are also challenges and
limitations associated with start-up incubation programs, including the need for ongo-
ing support beyond the initial incubation period, the risk of dependence on incubators,
and the potential for negative impacts on social and environmental sustainability.

Based on the proposed framework, multiple research agendas and recommendations
occurred. The first allows for establishing legislation, administrative processes, and
intellectual property frameworks that encourage the development of start-up organiza-
tions. Second, implement extensive mentoring, business advisory services, networking
opportunities, and workshops for start-up incubators. These programs should include
access to networks and industry-specific knowledge. Third, investigate how ecosystem
elements, such as the local start-up culture, institutions, and resource accessibility affect
the incubation of start-ups. Fourth, develop tactics to overcome obstacles and encourage
sustainability, inclusion, equity, and diversity inside incubator ecosystems.

The findings also emphasize the importance of a collaborative and integrated approach
to start-up incubation, which includes the active participation and engagement of
a diverse range of stakeholders such as the government, industry, academia, start-
up development organizations, and civil society. Such an approach can help start-ups
address complex challenges while also contributing to achieving larger sustainability
or broader societal goals. However, further research is needed to fully understand how
different actors and factors collaborate to foster start-up success and to identify addi-
tional strategies and technologies to improve incubation outcomes in various start-up
ecosystems.

Machine learning can provide start-ups with valuable insights and tools to help them
grow and succeed in a competitive market (Zhang et al., 2022). In addition, there is a
need for more research into the specific needs and challenges faced by start-ups in dif-
ferent industries, networks and stages of big data-driven development (Nagy et al., 2023).
Artificial intelligence-based decision-making algorithms can analyze large amounts of
data to identify patterns and predict future outcomes. Start-ups can use this technology
to predict customer behavior, market trends, and other business factors, e.g., fraudulent
activity. For instance, examine the effects of various ecosystem attributes on incubators’
operational effectiveness by automating repetitive tasks, and sustainability by reduc-
ing waste, conserving resources, and reducing the environmental impact of operations
(Lazaroiu et al., 2022).

The study has a few limitations. First, the research is based solely on Scopus imports
of bibliographic data. The findings of bibliometric analysis may be impacted using a par-
ticular database (Mongeon & Paul-Hus, 2016). As a result, depending on the database
chosen, the results may differ. Second, the restricted access to the documents left out

certain crucial writings. It may be considered by future researchers studying the subject.

Abbreviations

SUPIE Start-up incubation ecosystem

SLNA Systematic Literature Network Analysis

BNAV Bibliographic Network Analysis and Visualization
CAN Citation network analysis

GCS Global citation score
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BDA Burst detection analysis

CONK  Co-occurrence networks of keywords
VOS Visualization of similarities

GCSA  Global citation score analysis

CNM Citation Network Map

PRIs Public Research Institutions

UTTOs  University Transfer Technology Offices
ASO Academic spin-off

BICs Business Innovation Centers

UBIs University Business Incubators

IPls Independent private incubators
CPIs Corporate and private incubators
TBls Technology business incubators

ST Science, technology, and innovation
cs Corporate sustainability

UGC User generated content
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