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the future. Mapping and tracking the evolution of entrepreneurship research is central to
our understanding of the institutionalization of entrepreneurship, assess its legitimacy, and
identify alternate histories and future opportunities. The collective success of the science of
entrepreneurship is vital, as it helps entrepreneurs, policy makers and global institutions
understand the drivers, obstacles and rules that affect value creation, economic growth,
resource allocation and policy agenda that shape societal well-being. A number of scholars
have attempted to examine the domain of entrepreneurship field, map its intellectual structure,
and assess its evolution (see [9, 10, 11, 12, 13, 14]). Unfortunately, the studies depict conflicting
findings with some scholars concluding a maturing [10] and converging pattern [13] while
others suggest lack of maturity and diverging patterns in the entrepreneurship research [11,
12, 15]. Although these studies made a significant contribution to what we know about entre-
preneurship as a field, they tend to be based on older bibliographic materials (i.e., up to 2009),
and used a single analytical approach, i.e., primarily co-citation relations analysis. Therefore,
these do not represent well the more recent development in entrepreneurship research. More-
over, co-citation analysis is only one of the techniques used in scientometrics; it can be
enhanced by newer techniques in scientometrics including topic mapping and overlay visuali-
zation analyses to deepen our understanding of the field.

Scientometrics, or also known as ‘science mapping’ [16, 17, 18], is often used in conjunction
with information visualization [19, 20] and text mining [21, 22] to study a large body of biblio-
graphic materials, as well as measuring various kinds of scientific activities, including invest-
ments in research and personnel. Scientometricians have combined various techniques from
scientometrics, information visualization and text mining to study the evolution of various
fields of sciences, from biology [21], chemistry/nanotechnology [23], informetrics and sciento-
metrics [16, 24], to cognitive science [25]. For instance, Oldham and colleagues [21] used
scientometrics to visually map synthetic organisms, cells and genomes that inform global pol-
icy debates on the governance of synthetic biology, and that help promote independent and
transparent monitoring of developments in synthetic biology. Leydesdorff and Goldstone [25]
used scientometrics to map the emergence, branching and merging of the field of cognitive sci-
ence as an interdisciplinary field among psychology, linguistics, computer science, philosophy
and the neurosciences, and demonstrated how it differs with the progression of artificial intel-
ligence. However, these novel techniques and approaches have largely been confined to their
own fields, with little or no interaction with entrepreneurship research. To address the knowl-
edge gap, this article adopts the best practices from the recent advances in scientometrics to
answer two questions: first, ��� ��� ��� �	�
��
�	��
��� �� � ���� �� 
����
�� ���	��� ���

���?, and second, ���� �
� ��� ������ �
�	�� 	 ��
�� �� 	�� �	� ����� ���� ����� 	 ��� ����?

By applying three analytical tools in scientometrics––topic mapping, co-citation, and over-
lay visualization analyses––on bibliometric data from Web of Science and focusing on micro
(i.e., word), meso (i.e., article) and macro (i.e., journal) levels of analysis, I identify 46 topics in
the history of entrepreneurship (1990–2013), and demonstrate how they appear, disappear,
reappear and stabilize over time. I also identify five topics that are persistent across the 24-year
study period, that I labeled here as The Pentagon of Entrepreneurship: 	������	�� 		�����	
�	� ����	������ ����� �	� ���������	�� �	�
��
�	��
�� �
����� and ����
��	��� and 	�� ��	�
��
��. This study complements previous bibliometric studies of entrepreneurship research by
revealing that the literature in the field has ��	��
��� and ���
��� as demonstrated by the sta-
bilization of certain topics and identification of communities of scholars; and the ���
��� of
topics, ����������	 and 	��
�����	�
� engagement. To my knowledge, this is the �
�� paper
that offers topic mapping and overlay visualization analyses to map the evolution of entre-
preneurship research in a single study. In the next section, I describe the methodology and
data, and discuss what the findings mean and their implications.
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Methods and materials

Analytical approach
Scientometrics is a body of tools and techniques to integrate knowledge in a given field or
body of literature using quantitative analysis and statistics to describe patterns of publication.
It allows researchers to conduct ‘science mapping’ [26] to synthesize research findings, evalu-
ate the research and publication performance of individuals and institutions, and to reveal the
(intellectual, network, conceptual) structure and dynamics of scientific fields. Recent advances
in scientometrics include information visualization and text mining techniques [17, 25, 27]
that help researchers dig deeper into the bibliographic materials and visualizing them to
enhance analysis. In this article, I used three complementary scientometrics techniques to
examine the evaluation of entrepreneurship as a field of research. This approach follows scien-
tometricians’ call for the use of multi-methods in scientometrics analysis––or so-called
method triangulation. For instance, Wen and colleagues [28] applied three scientometrics
techniques in their scientometrics research and argued that the use of triangulation “produces
a more comprehensive picture than each method applied individually. The outcomes from the
three different approaches can be associated with each other and systematically interpreted to
provide insights into the complex multidisciplinary structure of a field” (p.724). Other scholars
such as Lundberg and colleagues [29] argued that “triangulation of data sources and methods
can strengthen the validity in a study by enabling comparisons of different descriptions and
explanations of the phenomenon” (p. 586). Some scholars applied triangulation by combining
different scientometrics techniques and software, such as Vantage Point versus NetDraw ver-
sus VOSviewer [30] or citation relations versus shared author keywords versus title word-cited
reference co-occurrence [28]; using different types of data, such as funding information and
co-authorship data [29]; as well as using one analysis as a baseline to show contrast with other
analysis or ‘overlay mapping’ [31] under study.

First, I extracted the latent topics embedded in the bibliographic materials of interest and
their evolution, using topic mapping technique. ���� ����	� �	����� applies statistical pro-
cedures to turn latent (or hidden, invisible) topics in large bibliographic materials into explicit
visuals that show the clusters of topics and the connections among them. Topic mapping
(or topic community clustering) analysis is an emerging technique used in text mining and
scientometrics [32, 33]. Topic modeling relies on the dissimilarities between two probability
distributions: that is, the distribution of a semantic unit over the set of all topics, and the distri-
bution of all semantic units together over the set of all topics [34]. When the two distributions
are very dissimilar, it means that a semantic unit is likely to represent a domain-specific con-
cept; but if the distributions are very similar, it means that a semantic unit does not represent a
specific concept. The relationship among terms is counted by the number of times they co-
occur across all articles. Thus, the larger the number of articles in which two terms co-occur,
the stronger is the relationship between the two terms. Based on the relationships of terms,
terms are grouped together into clusters and a map is constructed. This concept is called ����
������	 �� ����
��� or VOS [18, 34] and is a variant of the �����	�� �������	 algorithms
developed by Clauset and colleagues [35] and Newman and Girvan’s [36] modularity measures
of community structures.

To perform topic mapping, I started by using natural language processing (NLP) tech-
niques to parse the titles and abstracts of the 3693 articles included in this study (see the Data
Preparation section). This process yielded a list of all the nouns and sequences of nouns and
adjectives that occurred in the articles. Following van Eck and colleagues’ [34, 37] Java-based
VOSviewer procedures, only noun phrases that occurred in at least 10 articles were considered
in the analysis. I developed a thesaurus to filter out “noise” information, such as ��	�
�� 	��	
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words (e.g., “study”, “implications”, “introduction”) and �
����� (e.g., “the”, “a”, “an”), �����
words (e.g., “can”, “will”, “should”), �
�	��	� (e.g., “I”, “we”, “they”), and publishing-related
words (e.g., “Elsevier”, “Palgrave”, “copyright”). I also converted all plural nouns into singular
nouns. From here, I created co-occurrence networks, and selected the most relevant terms or
words (i.e. noun phrases) (see Fig 1 for the research design) and generated the topics from the
based on their similarities.

I subsequently validated the topic mapping results using co-citation analyses at the author
and journal levels and using overlay visualization analyses. ��������	 �	����� is a statistical
technique that can transform latent relationships among authors and or journals into explicit
visual outputs in the form of co-citation clusters, to ease data interpretation. Co-citation analy-
sis is one of the most popular techniques used in the bibliometric study in various business dis-
ciplines, from strategic management [38], business ethics [39] to international business [40].
The idea behind co-citation analysis is that the articles of scholars who are frequently co-cited
are likely to represent similar or related concepts [38, 41]. I used co-citation analysis [41, 42] to
provide further insights and validate the topic mapping results above. To do this, I created a
co-citation matrix and used Van Eck’s [43, 44] clustering technique (see Fig 1) to identify the
clusters of closely related publications as “topics”. Using Van Eck’s Java-based VOSviewer [18,
43, 45] techniques, I conducted co-citation relations of articles with a minimum of 20 citations.
The purpose of using the “20-citations threshold” was to reduce clutter in the data visualization
and this was found to provide cleaner and less cluttered visuals compared to using lower cita-
tion threshold (e.g., at 5, 10 or 15 citations). The co-citation analysis was conducted at the
�����
 and ���
	�� levels. The former calculates co-citation based on the relations of authors’
of articles, while the latter on journal sources’ relations. The author- and journal-based co-cita-
tion relations served to offer richer insights into the intellectual structure of entrepreneurship.

���
��� ���������	 �	����� detects the latest topics (“new topics”) and the topics that
appeared in highly cited journals (“hot topics”), which enables researchers to portray the tra-
jectory of a research field. Overlay visualization is one of the most cutting-edge techniques
used in scientometrics and information visualization [37, 46] to display publication trends. It
provides a “visual history” of a field of research. Based on a thorough review of the literature,
this technique has not been used in prior bibliometric study in entrepreneurship. Using Van
Eck’s Java-based VOSviewer techniques [37, 45], I plotted a base map based on the relation-
ships between a type of element (e.g., terms relations that form clusters of topics), and then
���
��� each data point with additional numerical information that adds value for interpreta-
tion (e.g., age of publication, citation impact, etc.). In this study, I used two types of overlay
visualization to depict publication trends: ��� and �����	.

Although triangulation of methods is critical to achieve rigor and consistency in a sciento-
metric study, the three-pronged approach used in this article (i.e., topic mapping, co-citation
and overlay visualization) has not been used in the previous scientometric research on entre-
preneurship. The three scientometrics techniques used in this article was driven by their com-
plementarity where additional insights and validity are gained by comparing different
techniques [28,29]. Specifically, topic mapping provides a synthesis of the themes using words
used in the published articles, co-citation analysis offers insights on the relationships among
authors and journals as a proxy to identify research themes and networks, while overlay visual-
ization analysis generates the newest and hot topics–thus the combination of the three analyti-
cal techniques provides a more well-rounded view of the findings at the word, co-citation, year
and citation rate levels and allows the verification of findings generated by each technique
(than using a single analytical technique). More details of how each of the analytical techniques
was used will be discussed in more details in the Findings section.
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