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Big data technology has been widely used in entrepreneurial research in recent years. To explore the development trend
and fundamental characteristics of big data in entrepreneurship (BDIE) research, we conduct a comprehensive bibliometric
analysis of BDIE based on 541 publications between 1993 and 2020 from Web of Science. On the one hand, this paper
focuses on some essential characteristics of the BDIE publications, such as categories, citation, H-index, and the most cited
publications. On the other hand, visual scientific maps are presented by bibliometric tools, i.e., Bibliometrix, VOS viewer,
and CorTexT Manager, showing relationships between publications and knowledge structure in BDIE research. Finally,
hot topics in current studies, knowledge, and limitations are discussed, guiding scholars to explore new research directions.
This paper provides a relatively broad perspective for applying BDIE research, which contributes to understanding the
evolution of BDIE research and inspires scholars in related fields.
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Introduction

Big data analytics is a cutting-edge technology that is
transforming the world we live in. By powering the
development of information technologies and shaping the
way people think and behave, it's impact and applications
are undeniable and far-reaching. With the ability to provide
crucial new insights into innovation development and
sustainable entrepreneurship, big data analytics has become
an essential tool for businesses looking to stay ahead of their
competitors. As a result, many firms are investing heavily
in big data to uncover innovative ways to differentiate
themselves and gain a competitive edge in the market
(Corte-Real et al., 2017). The consensus among experts is
that big data is set to become a crucial driver of innovation,
competition, and productivity in the near future,
representing the next major frontier in technology (Manyika
etal.,2011; MaryAnne et al., 2015). Big data, characterized
by variety, velocity, and volume of data (Artz, 2013), can
change the innovation landscape by increasing the fit
between consumer preferences and product features (Chen
et al., 2021; Lei et al., 2019; Pogrebna, 2015). The distinct
characteristics of big data, including its volume, variety, and
velocity, have a profound impact on a business's innovation
performance, shaping customer perspectives, financial
returns, and operational excellence. Therefore, the capacity
to effectively harness big data is critical for businesses
seeking to achieve success and gain a competitive advantage
(Calic & Ghasemaghaei, 2020). By examining the
development of big data research technology, businesses
and government organizations can enhance their technology

management, streamline operations, and uncover fresh
prospects for research and development. This analysis offers
valuable insights into the growth of big data and its
applications, enabling organizations to stay ahead of the
curve and leverage new opportunities for innovation
(Ciampi et al., 2020; Park, 2021). Big data is an
indispensable catalyst for the growth of emerging
technologies and is intimately connected to various
technological innovations in data processing and storage.
(Manogaran et al., 2016; Zhou et al., 2014). The rise of big
data analytics has created opportunities for entrepreneurs to
gain valuable insights and make data-driven decisions using
hardware and software techniques to analyze large, complex
datasets (Manogaran ef al., 2016).

Entrepreneurship in a given country can have a targeted
impact on specific areas, including economic growth,
productivity, technology innovation, new product
development, market disruption, foreign trade, optimal use
of domestic resources, inter-firm collaboration, and
equitable distribution of wealth within society (Akpor-
Robaro et al., 2012). Entrepreneurship is seen as an
endogenous stimulus for business development in many
developed economies (Zeng, 2018). To some extent,
innovation and initiative are particularly important for
business operation in an entrepreneurial orientation (Lipych
et al.,2021). On the other hand, with the rapid development
of the big data internet system, the development and
application of big data in entrepreneurship are of great
interest to scholars. BDIE means big data in
entrepreneurship, which covers the application and
development of big data in innovation and entrepreneurship,
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with the value and role of big data in entrepreneurship being
worth exploring. Big data is widely used in the fields of
finance (Pan, ef al., 2021), education (Hao, et al., 2021; Xie,
2021) and management for entreprencurship. Big data-
supported technologies such as text analytics, machine
learning techniques and digitization facilitate the reduction of
entrepreneurial risk (Zhou & Wang, 2021), prediction of
innovation performance (Zheng et al., 2021), more effective
entrepreneurial models (Ferrati & Muffatto, 2021), and the
generation of entrepreneurial spirit and mindsets (Zurita ez al.,
2021). Specifically, entrepreneurial ventures are dynamic
processes that face interactive and diverse potential risks, and
big data analytics can effectively enable integrated
management of risk factors and reduce entrepreneurial risk
(Zhou & Wang, 2021). For example, big data can be used for
text analysis to predict the success of projects based on
language preferences (Du et al., 2021). Furthermore, machine
learning techniques with data-driven characteristics are also
applied to demonstrate and predict the performance of open
innovation (Zheng et al., 2021), which contribute to
investment decisions and can provide new insights on models
that are more effective in entrepreneurship (Ferrati &
Muffatto, 2021). In addition, big data enabling (BDE) and
human resource management (HRM) can inspire
organizational dynamics and positively impact employee
intrapreneurship. In turn, employee intrapreneurship synergy
between BDE, business performance, and HRM (Wan & Liu,
2021). Digital transformation companies emphasize the use
of big data to facilitate the generation of new mindsets (Zurita
et al., 2021). For example, owners of enterprises must ensure
more robust investment in their social infrastructure through
the development of digitalization and reputational capital
(Urban & Mutendadzamera, 2021). Furthermore, big data is
one of the innovative ways to help companies improve their
supply chain agility (Kittichotsatsawat et al., 2021; Wang &
Ali, 2021).

To sum up, big data is applied in a wide range of fields
and plays an important role in entrepreneurship. Some
studies have used a systematic literature review approach to
explore ways in which big data can foster innovation
(Walter, 2021), and the potential of big data for
entrepreneurship (Obschonka, 2017; Zulkefly et al., 2021).
In addition, the impact of digital tools such as online review
platforms (Mariani & Nambisan, 2021) and customer
relationship management systems (Guerola-Navarro et al.,
2022) on entrepreneurship has been widely discussed through
literature review. However, the exciting research lacks a more
objective and visual approach to exploring and discussing the
development, collaborations, research themes, and future
research directions of BDIE research. The number of research
publications in BDIE is so sheer that there is no way to read
each one in detail, as we do with a literature review.
Furthermore, a literature review does not give a complete and
objective picture of knowledge, as the purposeful selection of
a non-random sample will bias the analysis (Linnenluecke et
al., 2020). On the one hand, a literature review is limited by
time and content, and short-term studies cannot present trends
over time. On the other hand, the selection and retelling of
articles are somewhat subjective.

To tackle this problem, scholars require a thorough and
systematic bibliographic analysis to comprehend the current
state and limitations of BDIE research. a bibliometric

analysis of BDIE research provides an informative overview
of the available publications, which is a rapidly developing
field that is making significant progress. Bibliometrics,
quantitative analysis, and statistical evaluation (Meng &
Chan, 2021) are evolving into a vital part of the decision-
making process (Durana et al., 2020) and are widely used in
a variety of fields, such as management, entrepreneurship,
and innovation (Baier-Fuentes et al., 2019; Qin et al., 2021).
In this article, we explore new trends and provide visual and
understandable scientific mapping while dealing with a
large amount of data.

More precisely, the main contributions of this paper are
as follows: (1) Performance analysis. It presents the
development of the BDIE articles over the years and their
future potential. At the same time, a review of highly cited
publications provides insight into what is popular and highly
valued in the BDIE research. (2) The analysis at the
country/region and author level. It reveals highly productive
authors and countries/regions and excavates authors with
potential and energy contributing to the future development
of the BDIE research. Meanwhile, international cooperation
in BDIE research is also presented visually. (3) Keyword
analysis. We delve into the content level of the BDIE
research, showing the various clusters, the relevance of
countries/regions and authors to the themes, and the
thematic evolution. Therefore, the prospects and additional
possibilities in BDIE research are explored in greater depth.
(4) A comprehensive discussion. This paper discusses hot
issues, enlightenment, and limitations based on the above
analysis.

In the following sections, we illustrate the research
framework of the methodology used in this study in Section
2. Furthermore, Section 3 is developed in three ways:
performance analysis, countries/regions, and authors, and
keyword analysis. In Section 4, we elaborate on the
development prospects and limitations of the paper. Finally,
we draw some conclusions to conclude the article.

Methodology

This study aims to provide a comprehensive and
systematic bibliographic analysis of BDIE research. First,
some essential characteristics of these publications are
statistically analyzed to present the distribution over the
years and explore future development trends in BDIE
research. Subsequently, a collaborative analysis of
countries/regions and authors is carried out through
bibliometric  tools, which vividly visualize the
interrelationships in collaborative networks. Last but not
least, keywords analysis suggests the intellectual structure
and future research directions of the BDIE research, which
contributes scholars to exploring new approaches and doing
in-depth research. Figure 1 shows the research framework
of the methodology used in this study.

Data Source and Search Protocol

In this paper, a bibliometric method is used to explore
big data in entrepreneurship. Our data come from the Web
of Sciences (WoS) core collection database owned by
Thomson & Reuters Co. The WoS is one of the most
credible indexes and databases (Farooq et al., 2021) in the
social sciences, especially in the field of business and
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economics (Gonzalez-Torres et al., 2020), because it not
only has authoritative and high-quality publications but also
provides reliable, detailed information of data sets for
analysis (Wang et al., 2021). To maintain data integrity, the
search was carried out on October 13, 2021, and we chose
the timespan from 1900 to 2020 for a more comprehensive
data collection. After eliminating invalid data from the
original dataset, a total of 541 publications from 1993 to

2020 are collected, which will be applied to analyze and
explore new development patterns of BDIE research. The
specific details of the search protocol are summarized as
follows:

Topics = Big data and Entrepreneur*

Timespan = from 1900 to 2020

Database = WoS Core Collection

Bibliometric methods
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Figure 1. The Research Framework of the Methodology used in this Study

Bibliometric Methods

Bibliometric analysis is conducted along two primary
dimensions: performance analysis and science mapping,
which analyzes the research performances of scholars,
national/regional collaborations, the importance of themes,
journals, countries, and so on (Gao ef al., 2021; Moral-
Munoz et al., 2020). On the one hand, performance analysis
focuses on the basic information of the publications to
evaluate the current development state and performance by
observing the growth trend of numbers and citations,
categories, and highly cited literature (Wang et al. 2020; Yu
et al., 2017). On the other hand, science mapping presents
visual knowledge bases through cocitation, cooccurrence,
and keyword analysis to show relationships among
publications and explore the structure and evolution of
themes in the field (Guleria & Kaur, 2021; Wang et al.,
2021).To conduct a more comprehensive and practical
bibliometric analysis, we present visual and understandable
performance analysis and science mapping by combining
the advantages of three bibliometric tools, i.e., Bibliometrix
(Aria & Cucurullo, 2017), VOS viewer (Vaneck & Waltman,
2010), and CorTexT Manager (http://manager.cortext.net/).

Results
Performance Analysis

(1) Annual indicators of publications

According to the data shown in WoS and the analysis
results given by Bibliometrix, it is accessible to conduct a
performance analysis, which contributes to learning the
status and emerging trends of the BDIE research. BDIE
research has been going on for 28 years, and essential
information is shown in Table 1. It includes 541
independent studies on defined topics, with 1,365 authors
applying 1,793 different keywords to categorize their
research. The status of BDIE research is comprehensively
analyzed from the perspective of the number of publications
and citations, which contributes to observing the
development trend. More publications are presented to
explore which areas are of greater interest to the BDIE
literature. In contrast, highly cited publications are studied
to determine what topics are popular and relevant to
scholars. The following three sections will elaborate on the
parts mentioned above.
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Table 1

Essential Information about BDIE Research
Description Results
Timespan 1993-2020
Sources (Journals, Books, etc.) 416
Documents 541
Average years from publication 4
Average citations per document 10.51
Average citations per year per document (AC) 2.226
References 23,407
Keywords plus 973
Author keywords 1,793
Authors 1,365

In the following, we will analyze the annual indicators
of publications. Figure 2 (a) presents the number of
publications (NP) per year from 1993 to 2020. The
entrepreneurship literature on big data has recently gained
increasing attention from scholars. Based on the trend of NP
in the column graph, we can divide the time into three
periods to more clearly observe the changing trends and
explore the development characteristics of the BDIE
research.
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I: 1993-2004 (start-up period). This phase is the
beginning of the BDIE research. As a result, the number of
publications is less than four per year and shows no sign of
growth.

II: 20052012 (initial development period). At this
period, BDIE research began to show signs of growth, with
details finding that the number of articles posted at this stage
was double that of the previous one, growing to around
seven articles.

OI: 2013-2020 (rapid development period). The
number of articles exploded in 2013 and has continued to
increase rapidly in the following years. It should be noted
that the number of articles increased to more than 50 in 2016
and dramatically again to 122 in 2020.

For one thing, by observing the changing trends of NP
over these three periods, it can be seen that big data research
promotes the application of relevant technologies in
innovation, and the number of BDIE research is expected to
continue to grow. For example, the number of citations (NC)
per year of BDIE research is presented in Figure 2 (b), and
the NC that is less than 200 slowly increases in Period II.
However, NC has been overgrowing in Period III and
reached a peak of 1,340 in 2020, followed by 955 in 2019,
which shows that BDIE research is becoming increasingly
influential and attracting the attention of more scholars.
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Figure 3. The AC and H-Index of Publications
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Furthermore, the h-index shown in Figure 3 gives a
more accurate picture of academic achievement. The higher
the h-index of the year, the more significant the impact of
BDIE research. The average number of citations per year
(AC) fluctuates considerably in Periods I and II and then
plateaus as it steps into Period III. At first glance, it is clear
that the AC is slowly decreasing in Period III, caused by a
significant increase in the number of publications. However,
AC fluctuations decrease with time, indicating that BDIE
research is stabilizing and gaining more attention.

(2) Categories of Publications

Figure 4 shows the top 10 topics of the BDIE research
in WoS. "Business" is the leading research direction among
them, accounting for 18 %. Furthermore, management ranks
second, accounting for 17 %. However, research directions,
such as Computer Science Artificial Intelligence and
Operations Research Management Science, have fewer
publications.

M Management

M Business
Economics Education Educational Research

B Computer Science Information Systems B Engineering Electrical Electronic

B Computer Science Theory Methods M Regional Urban Planning

M Business Finance M others
b) Distribution of categories

Figure 4. The Categories of Documents of the BDIE in WoS
(1993-2020)

(3) Highly cited Publications

The total number of citations for an article (TC) reflects
the authority and influence of this publication in the relevant
field (Merigo et al., 2015). Thus, Figure 5 shows the top 10
highly cited publications ordered by TC. The TCs of almost
all the top 10 documents exceed 100. The article entitled
"The effect of education and experience on self-
employment success " that Robinson and Sexton (1994)
wrote ranked first with 310 citations, which collected a great
deal of data to discuss the role of education in the business
success of entrepreneurs. It is followed by the article
"Building an integrative model of small business growth" by
(Wiklund et al., 2009), which contributes to building a
comprehensive model of small business growth by
processing large amounts of data to analyze four subjective
and objective factors. Finally, it is worth noting that the
third-ranked article "The forthcoming Artificial Intelligence
(Al) revolution: Its impact on society and firms" by
(Makridakis, 2017) was published in 2017 but is highly
cited. This article explained the positive benefits of applying
big data to enterprises. It concluded that those willing to take
entrepreneurial risks and make extensive use of the Internet
have a significant competitive advantage. Unfortunately, the
TC does not give a complete picture of the impact of an
article, which ignores the accumulation of numbers due to
the time factor. Therefore, the number of citations per year
(TC/Y) is introduced to give a more comprehensive picture
to demonstrate the impact and authority of articles.

The top 10 articles ordered TC/Y are presented in Table
2. Multiple coauthors wrote more than 60% of the articles.
Interestingly, almost all of the top 10 highly -cited
publications ordered by TC/Y were published from 2016 to
2018 in Period II (rapid development period) with the
explosive growth of the BDIE literature. However, the
articles published in Period I and Period II in Figure 5 are
not listed in Table 2. Overall, these differences indicate that
although some publications in Periods I and II have high
citations due to time accumulation, they do not perform as
well as some articles in Period III when TC/Y is counted,
meaning that most articles in Period III have more
significant influence and authority in this era.

ROBINSON PB, 1994, J BUS VENTURING

WIKLUND J, 2009, SMALL BUS ECON

MAKRIDAKIS S, 2017, FUTURES

BHIDE A, 1994, HARVARD BUS REV

Documents

HURST E, 2011, BROOKINGS PAP ECO AC—@
PICCAROZZI M, 2018, SUSTAINAB]LITY-BASEL—@

OBSCHONKA M, 2013, J PERS SOC PSYCHOL—@
LYTRAS MD, 2017, INT J SEMANT WEB ]NF—@

POWELL WW, 2012, STRATEG ENTREP J

MOORE P, 2016, NEW MEDIA SOC

0

100 200 300
Global Citations

Figure 5. The Top 10 Highly cited Documents of the BDIE Ordered by TC
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Table 2
The Top 10 Highly Cited Documents of the BDIE Ordered by TC/Y
Title Year TC TC/Y AN Source
The forthcoming artificial intelligence (Al) revolution: Its impact
on society and firms (Makridakis, 2017) 2017 240 48.00 ! FUTURES
Ipdustry 4.0. in management studies: A systematic review of the 2018 122 3050 3 SUSTAINABILITY
literature (Piccarozzi et al., 2018)
INTERNATIONAL
Big data and data analytics research: From metaphors to value JOURNAL ON
space for collective wisdom in human decision making and smart 2017 111 22.20 3 SEMANTIC WEB AND
machines (Lytras et al., 2017) INFORMATION
SYSTEMS
Building an integrative model of small business growth (Wiklund et 2009 281 21.62 3 SMALL BUSINESS
al., 2009) ’ ECONOMICS
The quantified self: What counts in the neoliberal workplace 2016 97 16.17 ) NEW MEDIA &
(Moore & Robinson, 2015) ’ SOCIETY
Publicising food: big data, precision agriculture, and co- 2017 78 15.60 | SOCIOLOGIA
experimental techniques of addition (Carolan, 2017) ’ RURALIS
An exploration of contemporary organizational artifacts and JOURNAL OF
routines in a sustainable excellence context (Carayannis et al., 2017 75 15.00 5 KNOWLEDGE
2017) MANAGEMENT
e . DIGITAL POLICY
g(l)li: 8I)mpact of Digitalization on Business Models (Bouwman et al., 2018 60 15.00 4 REGULATION AND
GOVERNANCE
Tovyards a critique of _cybernetlc urbanism: the smart city and the 2018 55 13.75 | PLANNING THEORY
society of control (Krivy, 2018)
Integrating psychological approaches to entrepreneurship: the
entrepreneurial personality system (EPS) (Obschonka & Stuetzer, 2017 62 12.40 2 Elédg;éﬁ}éséNESS

2017)

Analysis of Countries/Regions and Authors
(1) At the Countries/Regions Level

With 63 countries/regions involved in the BDIE
research, the performance of the top 20 countries/regions is
presented in Figure 6, which is ordered by NP per
country/region. Immediately, it can be seen that the first
country/region is China with 151 articles, followed by the
US and Italy with 135 and 69 papers. Respectively, when
TC and AC indicators are introduced to measure the
influence and authority of each country/region's articles.
Surprisingly, China ranks first in the NP, but the AC of
China is extremely low at four, even falling out of the top
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20. Consequently, in future studies, China should pay more
attention to improving the quality of articles while
maintaining a high volume of publications.

Moreover, although countries/regions like Sweden and
Canada only hover around the 20th in terms of NP, they are
in the top 5 countries/regions in terms of AC, with 52.56 and
40.50, respectively. Similarly, Slovenia has only published
nine articles but has a whopping 80 citations per article.
Finally, it should be noted that the USA ranks second in NP
and seventh in AC, showing a good performance in the
enthusiasm of articles published and the quality of articles.
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Figure 6. Top-20 Countries/Regions Ordered by NP
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Table 3
Top-20 countries/regions ordered by AC
Ranked Region NP TC AC
1 SLOVENIA 9 240 80.00
2 ESTONIA 4 59 59.00
3 CANADA 16 473 52.56
4 SWEDEN 19 324 40.50
5 SLOVAKIA 12 119 29.75
6 BELGIUM 4 73 2433
7 USA 135 1,200 21.82
8 GERMANY 55 403 21.21
9 ECUADOR 3 40 20.00
10 PERU 2 20 20.00
11 ITALY 69 530 16.06
12 AUSTRALIA 24 155 15.50
13 SERBIA 7 93 15.50
14 FINLAND 20 170 14.17
15 SWITZERLAND 6 14 14.00
16 UK 64 429 13.84
17 NETHERLANDS 42 219 13.69
18 FRANCE 21 129 12.90
19 SINGAPORE, 10 May 2001 4 11 11.00
20 IRAN 10 54 10.80

After a brief analysis of the individual countries/
regions, we need to show the international cooperation
between them to explore the social structure in the BDIE
research. Figure 7 illustrates the social network by showing
the collaboration world map in BDIE research by setting the
minimum edge to two in Bibliometrix. The color depth of
the countries/regions on the map shows the number of
publications, and the darker the color, the more productive
the country/region is. They have a more positive attitude and
investment in BDIE research. Moreover, the red line in the
graph shows the cooperation between countries/regions.
The more comprehensive the line, the more frequent the
partnership of countries/regions. At first glance, China and

Longitude

Latitude

(a) Geographical collaboration network

the United States are prominent in the picture. As the
leading publisher, China has worked with eight
countries/regions, half of which are in Asia, such as
Pakistan, Malaysia, and Singapore. Furthermore, the USA
has cooperated with 14 countries/regions, becoming the
country with the highest frequency of cross-border
cooperation. Figure 7 clearly shows the high frequency of
collaboration with European countries/regions, and the UK
has the highest number of partnerships, ranking first with
159. The partnership between the United States and China
is the strongest, indicating frequent exchanges and close
cooperation in the BDIE research among scholars from the
United States and China.
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(b) Country/region collaboration network

Figure 7. The Collaboration Networks of the Author's Country/Region

(2) At the Authors Level

Figure 8 with the timeline can help us analyze the
authors' research in the temporal dimension with the support
of Bibliometrix, which better illustrates the continuity and
productivity of the scholar's research by showing the
productive years of the scholars and the total number of
citations received per year. The size and color depth of the
circle indicates NP and TC/Y, respectively. The darker the
circle, the higher the TC/Y, and the larger the circle, the
higher the NP. Obschonka's research in this area lasted
almost a decade from 2011 to 2020, and the high quality and

quantity of results occurred in 2019. It produced four
articles and received 19 citations per year. Silbereisen, RK,
whose publications span nine years from 2011 to 2019,
ranks second only to Obschonka, M, as one of the BDIE
research pioneers. However, his research has a long gap
with no article output for five years from 2014 to 2018,
indicating poor continuity in the BDIE research. It is worth
noting that some highly productive scholars, whose
publications are concentrated in 2020, have a high potential
and probability of contributing to BDIE research in the
future (Purnomo A and Firdaus M).
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As shown in Figure 9 (a), of 1,379 authors engaged in
scientific research, 500 authors were selected to build the
author collaboration network using the VOS viewer, and
time was overlayed on the author network to present the
final overlay visualization. According to the visualization
principle of the VOS viewer, the node's size is proportional
to the number of articles, and the darker the color, the earlier
the author posts the article. As can be seen, Obschonka, M
is in the center of the picture and ranks first with 13 articles,
followed by Silbereisen, RK, who has far fewer articles than
Obschonka, M, with just four articles. Furthermore, we can
see that a more significant number of authors appeared
between 2018 and 2020, indicating that the application of

OBSCHONKA M
DEL VECCHIO P
NEUBERT M
PASSIANTE G
PURNOMO A
SILBEREISEN RK
ANWAR M
DAHLE ¥

big data in innovative companies has attracted more and
more attention in recent years.

Moreover, some highly productive authors have a stable
coauthorship cluster and are grouped into ten research
communities with different colors to warn us. There are ten
communities of different colors, with scholars Obschonka,
M, Anwar, Passiante, G, as the respective central points.
These significant points are more active and collaborate
more closely with other authors in BDIE research. The most
extensive research community in Figure 9 (b) is purple. Five
representative authors are influential, including Obschonka,
M, Silbereisen, RK, Potter, J, Schmitt-Rodermund, E and
Gosling, SD, and all are in Table 4.
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Figure 9. Visualization Map of the Collaboration Network of Authors Concerning BDIE Research

Sources: Web of Science, powered by VOS viewer and Bibliometrix

Table 4
The H-index Orders the top 10 Authors

Author h-index g-index m-index TC NP
OBSCHONKA M 9 13 0.818 373 13
SILBEREISEN RK 4 4 0.364 157 4
ANWAR M 3 4 None. 49 4
DEL VECCHIO P 3 4 0.600 96 4
GOSLING SD 3 3 0.333 162 3
KHAN SZ 3 3 0.750 48 3
PASSIANTE G 3 3 0.600 94 3
POTTER J 3 3 0.333 162 3
SCHMITT-RODERMUNDE 3 3 0.273 162 3
SHAH SZA 3 3 0.750 48 3

Source: Web of Science, analysis powered by Bibliometrix.
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Keywords Analysis

(1) Co-Occurrence Analysis

Visual analysis of keywords, which are the high
summarization and refinement of the article, shows the full
picture of knowledge and indicates the direction of the current
research (Bayramova et al., 2021). Furthermore, keyword
analysis, such as co-occurrence and contingency matrix
analysis, reflects the research directions and hot topics of
articles in the field of BDIE (Xie et al., 2020). Before
conducting the co-occurrence analysis, we present a treemap

management
35

in Figure 10 to get more basic information about keywords.
In Figure 10, the treemap of keywords shows the top 50 high-
frequency keywords in the BDIE research. Logically, the
words "big data" and "entrepreneurship" appear 54 and 52
times at the top of the list, representing 7 % and 6 %,
respectively, because they are part of our search strategy. In
addition, "innovation", "performance", "management", and

"impact" are other keywords with high frequency. In
general, many scholars do BDIE research in conjunction
with management and business, which plays an increasingly
prominent role in supporting big data applications.

firm performance growth
18 17
2% 2%
retaanalysis try
15
2%

. . W

systerns R‘H‘ﬂmv work
&

1% i 1%

Figure 10. The Tree-Map of the 50 Highest-Frequency Keywords in the BDIE Research

Source: Web of Science, analysis powered by Bibliometrix

Keyword co-occurrence analysis can uncover more key
knowledge and sort out the knowledge structure of BDIE
research (Wang et al., 2020). To analyze the keyword co-
occurrence, Bibliometrix software is employed to visualize
the cooccurrence network of high-frequency keywords in
the BDIE literature. Therefore, 50 high-frequency keywords
form a cooccurrence network, as shown in Figure 11. Each
node represents a keyword, and the node's size is
proportional to the frequency. In addition, the distance
between two nodes reflects their closeness, and the shorter
the distance, the greater the degree of relationship between
the two keywords.

Furthermore, when related keywords are grouped, a
cluster is formed. From this perspective, 50 items are
divided into three clusters, that is, Cluster 1 with 24
keywords (red bubbles), Cluster 2 with 16 keywords (blue
bubbles), and Cluster 3 with ten keywords (green bubbles).
There are three different colored clusters with "Big data",
"Performance", and "Impact" as the respective central point.
They are more active and strongly associated with other
keywords in the BDIE research. In detail, Cluster 1, being
the most robust, mainly focuses on the innovation of big
data technologies in enterprise management. Cluster 2
emphasizes how companies improve their performance by
applying business models. Lastly, Cluster 3 explores
corporate entrepreneurship and performance growth
strategies.

Figure 11. Co-Occurrence Network of Keywords

Source: Web of Science, analysis powered by Bibliometrix

(2) Contingency Matrix

The contingency matrix is presented to visualize the
joint distribution of two fields, showing the relevance
between any pair of terms A; and B; in the sets A and B
(Marvuglia et al., 2020). Furthermore, the contingency matrix
is indicated by three colors: red, blue, and white, which
represent different levels of relevance between the
terms A; and B;. When many documents mention A; also
mention Bj, the cell is red, which means the most correlated.
On the contrary, blue means anticorrelated when the few
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documents mention A; also mention B;, while white cells do
not feature any correlation, suggesting that joint mentions
between A; and B; are neither more nor less than average.
The right-hand side of the image has color-corresponding
values. For example, a cell with a value of three means that
the two fields are jointly mentioned 300 % more often than
expected and vice versa.

The contingency matrix of keywords and
countries/regions is shown in Figure 12, in which the number
of terms is limited to 10. Our results show that highly relevant
pairings include keywords "personality" and Germany, "big
data analysis" and UK, and "entrepreneurship" and Russia.
For example, when focusing on the keywords "big data" and
"big data analysis" related to search strategy, we find that
Germany pays the slightest attention to the research on big
data. At the same time, Italy, China and the UK are very
interested in that. Interestingly, although both keywords "big
data" and "entrepreneurship" are included in the search
strategy, the Italian, China, and the UK mentioned above also
are anti-correlated in terms of entrepreneurship, indicating
that the three countries seriously neglect the combination of
entrepreneurship and big data. However, it is worth noting
that the US performs better among the ten countries/regions,
which strikes a balance between big data and entrepreneurial
research.

In the same way, we show the contingency matrix of
keywords and authors in Figure 13. Again, discernible
highly positive relevance is observed between "SME's" and
Anwar, M, "personality traits" and Anwar, M, "big data
analysis" and Neubert, M, and "big data" and Del Vecchio,
P. It is commendable that some experts have not only
studied a particular subject in-depth but have focused on a
variety of topics, such as Silbereisen, RK, and Obschonka,
M. They focus on four topics "big five", "personality",
"entrepreneurship”" and "social media", becoming authors
who covered the most research topics.

chi2 score: 118.1 (sign. with p-value 8.03e-04)
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Figure 12. Contingency Matrix of Keywords and
Countries/Regions

Source: Web of Science analysis powered by CorTexT Manager
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Figure 13. Contingency Matrix of Keywords and Authors

Source: Web of Science, analysis powered by CorTexT Manager

(3) Thematic Analysis and Evolution

As aresearch field developed over time, a thematic map
composed of several specific themes is formed for scholars
to distinguish and study. Therefore, Bibliometrix can
provide a thematic map of the BDIE research (1993-2020)
to identify themes based on cooccurrence analysis for
keywords plus, which uses centrality as the horizontal
coordinate (X-axis) and density as the vertical coordinate
(Y-axis). Centrality measures the degree of interaction
among clusters, while density measures the level of
cohesion within clusters (Forliano et al., 2021). The
thematic map is segregated into four quadrants that are
mother themes, niche themes, emerging and declining
themes, and primary themes to showcase the unique traits of
every theme. In this setting, the motor themes (the quadrant
1) have high centrality and density, indicating a bright future
for development and a significant position in the BDIE
research. Niche themes (the quadrant 2) have a good
development, but they are easily underappreciated themes
in BDIE research, which have high density and low
centrality. In complete contrast to the motor themes in the
first quadrant, disappearing or emerging themes are
clustered in the quadrant 3, with not only low centrality but
also low density. In reality, emerging and declining themes
also represent slow development and low importance.
Lastly, basic themes (the quadrant 4) with high centrality
and low-density values represent some basic and long-
established themes. What can be seen here is that each
theme group is made up of several high-frequency
keywords. Furthermore, the higher the frequency of
keywords per topic, the correspondingly larger the size of
the circle will be.

In this context, the following five topics in the BDIE
research are divided into different regions. The theme with
keywords "performance", "big", and "business" is located in
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the first quadrant, suggesting that it has an important leading
position and profound research significance. Moreover, the
keywords "field", "big muddy", and "promise" form the
niche themes that are located in the second quadrant,
indicating that it is significant but isolated, therefore,
sufficient interaction between groups is required to break

this isolation. Finally, in the fourth quadrant, it is expected
that the keywords "big data", "entrepreneurship”, and
"innovation" compose basic themes, suggesting that the
application of big data in entrepreneurship and innovation is
an ongoing topic of discussion.

performance
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business
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Figure 14. Thematic Map of BDIE Research (1993—-2020)

Thematic evolution analysis studies the changing rules,
evolutionary relations, and evolutionary process of topics,
which plays a vital role in revealing, grasping, and
predicting the development trend of a domain (Xie et al.,
2020). Although a static thematic map through the data set
from 1900-2020 is instructive and meaningful, more
information is available when we consider the temporal
dimension and analyze the evolution of the themes from a
dynamic perspective (Qin ef al., 2022). Next, based on the
number of publications, we set the cutting points as 2016,
2019, and 2020 for the dataset, dividing the data into four
subperiods, and they are 1993-2016, 2017-2018, 2019—
2020, and 2021-2021, respectively. As a result, Figure 15
presents different thematic maps for four time periods.
Furthermore, the Sankey diagram, which visualizes the
thematic evolution over time, contributes to analyzing the
flow of different themes of the BDIE research, quantifying
information such as thematic flow, thematic flow direction,
and the transformation relationship (Soundararajan et al.,
2014). As a result, combining the analysis of Figures 15 and
18, we obtain the following significant findings.

The keyword "performance" dominated the motor
themes (the quadrant 1) in the early studies from 1993 to

technology PonanEs
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Development degree

2016 and was one of the most frequent and rapidly
developing themes. However, from 2017 to 2018, it started
to develop slower and moved towards the basic themes (the
quadrant 4), nevertheless, it remained a key theme in the
BDIE field. Furthermore, between 2019 and 2020, the size
of the circle decreased significantly, suggesting that the
frequency of the keyword "performance" decreased,
indicating a decrease in the popularity of the theme over
time. Furthermore, the keyword "entrepreneur" occupied
the quadrants 1 and 3 in 1993-2016, and as time passes, it
gradually deteriorated and eventually never appeared again
in 2019-2021 in Figures 15 (c) and (d). Although
surprisingly, we found the reason for this in Figure 16,
thematic evolution shows that "entrepreneur" evolved into
three themes: innovation, model and market in 2017-2018,
and "innovation" has become the basic theme, replacing
"entrepreneur” as the main focus of scholars and the
cornerstone of recent research. Finally, it is worth
mentioning that the keyword "big data" did not appear in
1993-2018, but with the development of technology, it
dominated the primary themes with the highest frequency in
2019-2020.
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Figure 15. Thematic Map of the BDIE Research for Four Subperiods

Figure 16 shows the thematic evolution of BDIE
research; As can be seen, scholars have maintained a high
level of interest in some research topics from the beginning.
For example, popular themes, such as "technology" and
"entrepreneurship”, are groundbreaking topics from the
beginning, and they underwent thematic differentiation and
branching in the next period (2017-2018). Similarly, we can
see that innovation, which is based on four themes, has
become the topic of the most attention in 2017-2018, and
the three themes are "technology", "entrepreneurship" and
"knowledge". Furthermore, the terms '"capabilities" and
"market" have evolved into "innovation" in a similar flow.
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During this period, research themes have shifted from
technology to market models and performance evaluation
and had a greater focus on the use of innovative knowledge.
In 2019-2020, with the development of technology and the
emphasis on data technology, "big data" became the most
popular theme, widely used in the area of decision-making
in business activities. Furthermore, the emerging themes of
"challenges" and "decision making" are attracting more and
more attention, second only to "big data". Based on the
theme "big data" flow trend, it is clear that big data will be
used in more areas and evolve into more new themes in the
future.
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Figure 16. Thematic Evolution of BDIE Research (1993—-2021)

Discussion
Popular Issues in the Current Study

BDIE research has evolved over the past 28 years since
1993 and has developed a complex framework. However,
research is interdisciplinary and covers a wide range of
research areas. Thus, we need to explore the primary
research hotspots and provide scholars with new
inspirational and innovative ideas. Thematic evolution and
thematic maps vividly present the evolutionary process of
topics and important research topics recently, demonstrating
the breadth and popularity of the study over time. Therefore,
we have summarized two topical issues in the current
research of BDIE research based on the combined analysis
of thematic evolution and thematic maps.

Big Data and Digital Entrepreneurship. Digital
entrepreneurs should focus on strategy, leadership,
management, and social media platforms (Wilk et al., 2021).
Specifically, big data on social media platforms can be
widely used by social entrepreneurs to assess the social
impact of their businesses and promote the sustainability of
social entrepreneurship globally (Zulkefly ef al., 2021). In
turn, entrepreneurship, which can drive the development of
digital markets and digitalization, will have a significant
impact on digital entrepreneurship (Purnomo et al., 2020).
At the corporate level, intra-organizational entrepreneurship
initiatives can help to promote the digital transformation of
companies and the innovative development of organizational
competencies (Ambos & Tatarinov, 2021). Therefore, digital
disruptions can pose high risks for innovation management
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and will affect steadily growing companies in the industry
(Utoyo et al., 2020).

With the explosive growth of data and the increase in
business applications, big data analysis has attracted a lot of
attention from startups (Bahrami et al, 2021). When
applying big data analysis capabilities (BDAC), BDAC is a
key tool to improve business competitiveness in a highly
dynamic market (Ciampi et al., 2021). However, the
application of big data analysis techniques has been
significantly influenced by factors such as the support of top
management and the company's data-driven culture (Alsadi
et al., 2021) Some computer algorithms are used in the
management of university startups, and the use of big data
technology can also be effective in improving their
efficiency (Wang et al, 2020). At the level of
entrepreneurial talent training, universities and enterprises
focus on the cultivation of soft skills such as data collection
and analysis and massive data manipulation (Luo, 2021).
More companies focus on the potential demand for big data
talents and build a model to train innovative entrepreneurial
skills based on data mining technology to further optimize
the innovative development of startups. (Deng & Wu, 2021;
Yu & Zhang, 2021).

"Technology and business". The application of
computer technology has made significant contributions to
business and entreprencurial research (Vitari & Raguseo,
2020). For example, Celbis (2021) has studied the use of
five machine-learning techniques to explore factors related
to the success and failure of potential entrepreneurs.
Furthermore, analysis of accumulated data using
programming programs contributes to exploring potential
factors that influence the investment behavior of female
entrepreneurs and their attitudes towards investing (Baig et
al., 2021). On the one hand, datafication and Al-based
machine labor have significantly impacted the labor market
and are even considered new production factors (Wagner,
2020). On the other hand, human labor and Al need to find
the right proportion and direction of application among
companies (Popkova & Sergi, 2020).

On the other hand, however, technology promotes
management skills. Mobile technology provides a way to
develop digital skills, which allows people to actively
participate in the digital economy and encourages the
development of entrepreneurial skills (Venter & Daniels,
2020). However, Prufer and Prufer (2020) argued that
entrepreneurial skills are of absolute importance, even more
than digital skills for managers.

In summary, we provide a brief classification of the
topical issues in the BDIE research, focusing on the following
aspects. For example, what are the commercial applications
of big data technology for startup enterprises, the relationship
between datafication and HR within an organization, how big
data technology can contribute to the development of
entrepreneurial skills, and so on. However, related research is
not limited to these aspects, and a growing number of scholars
have explored and learned extensively in a wide range of
fields and disciplines of BDIE research.

Enlightenment and Limitations

In the era of big data, the huge amount of information
has a profound impact on the decision-making and
development strategies of companies. Some big data analysis

techniques, such as machine learning, data mining, and
pattern recognition, have been widely used and developed in
SMEs (Yismaw et al., 2021). Therefore, the application of big
data in SMEs' entrepreneurship is a hot topic that has been
widely discussed and has recently been a concern. At present,
big data has powerful potential and promise for development,
which is used in a wide range of disciplines including
Business, Economics, Computer Science, Information,
Education, Educational Research, etc. However, big data is
still in its infancy and yet to be exploited, so it is vital to train
business managers, technicians, and university students in the
capabilities of big data analysis, which is conducive to
stimulating entrepreneurship and developing new directions
in business.

Digital companies are committed to developing business
and commercial strategies based on big data and enhancing
their technological competitiveness by providing customized
services. However, the rapid development of digitization has
led to massive amounts of data being mined and analyzed,
which has also raised concerns about customer privacy and
the security of company information leaks; in turn, it has
influenced and contributed to the study of cyber security
(Zhang et al., 2017). The development of the big data industry
in the entrepreneurial sector faces enormous challenges,
requiring good infrastructure, human and material resources,
education to develop technical skills and entrepreneurial
knowledge, and financial support to implement
entrepreneurial strategies (Kim et al., 2016).

This paper employs bibliometric analysis to examine
BDIE research through performance analysis and science
mapping. While this approach is extensive and offers
visualization and statistical analysis, it has limitations
concerning data source, dataset, and search strategy. We
collected data from the WoS database only, which could
result in missing important literature. Also, the WoS does not
include recent publications, leading to incomplete search
results. Thus, future research should incorporate additional
data sources like Google Scholar and Scopus. In terms of
search strategy, we should adopt more precise keywords and
constraints, which will increase the rigour of the study.
Despite these limitations, this paper combines multiple
dimensions and perspectives for an in-depth analysis of BDIE
research and delves into the content of publications, which
explores the evolutionary process of themes and relevance
between terms through keyword analysis. To some extent, it
compensates for the inability of bibliometric research to
investigate content studies.

Conclusions

The rapid development of data-supported technologies
has a significant impact on innovation and entrepreneurship.
To gain a comprehensive understanding of the development
of BDIE and to explore new research directions, we show the
performance of BDIE publications, collaborative networks,
and the evolution of themes, which help explore valuable
research directions and evolutionary pathways of BDIE. We
find that "digital entrepreneurship", "education of innovation
and entrepreneurship" and "information technology in
business" are future research directions and hot spots.
Entrepreneurship drives the development of digital markets
and digitalization, and there is a synergy between

- 187 -



Anran Xiao,Yong Qin, Zeshui Xu, Marinko Skare. A Comprehensive Bibliometric Analysis of Big Data...

entrepreneurship and the digital economy. However, to
realize the big data industry in the field of entrepreneurship,
it is extremely urgent to build an effective platform for
entrepreneurial knowledge education. In addition, a digital
entrepreneur faces the challenge of directing the coordinated
activities of human resources, technology, and information
more efficiently to achieve customer satisfaction. This paper
provides scholars with new inspirational and innovative ideas
and helps scholars understand the current state and limitations
of BDIE research. This paper applies three bibliometric tools,
i.e. Bibliometrix, VOS viewer, and CorTexT Manager, to
perform a bibliometric analysis of BDIE research. The paper
mainly comes from three aspects: performance analysis,
analysis of countries/regions, authors, and keywords analysis,
which focus on essential information and performance of
publications, collaborative relationships, and exploration of
themes, respectively. Finally, further discussions are made
based on two directions: popular issues, enlightenment, and
limitations. The main conclusions are summarized below.
(1) BDIE research shows a gradual increase in the
number of publications and can be divided into three phases:
1993-2004 (startup period), 2005-2012 (initial development
period), and 2013-2020 (rapid development period). Period
III is the most prominent with an explosive increase in the
number of articles; the same phenomenon is also found in the
citation-year distribution. "Business" is the leading research
direction, with 18 % among the ten subject categories of the
BDIE research in WoS. Almost all of the top 10 highly cited
publications ordered by AC were published in 2016-2018 in
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