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Abstract

This paper explores the mechanism for knowledge transfer of academic entrepre-
neurs by using the knowledge spillover theory of entrepreneurship (KSTE) and
identity theory. We classified academic entrepreneurs into two distinct hybrid types,
“hybrid scientists” and “hybrid entrepreneurs,” based on different identity centrali-
ties and conducted an empirical study on the relationship among academic entre-
preneurs’ scientific knowledge, the two dimensions of their firms’ knowledge base
(knowledge depth and knowledge breadth), and their various hybrid roles. This
study involving 176 academic start-ups from National Equities Exchange and Quo-
tations (NEEQ) in China discovered that academic entrepreneurs’ scientific knowl-
edge positively contributes to the emergence of academic start-ups’ knowledge base.
The different dual identities moderately affect the relationship between academic
entrepreneurs’ scientific knowledge and their firms’ knowledge depth and breadth.
The results suggest that academic entrepreneurs who are also “hybrid scientists”
can positively promote the development of the firms’ knowledge breadth, and the
“hybrid entrepreneurs” deepen the knowledge depth of academic start-ups.

Keywords Knowledge transfer - Knowledge breadth - Knowledge depth - Academic
entrepreneurs - Dual identity

Introduction

Based on scientific research, academic start-ups are knowledge-intensive firms. The

potential of turning universities’ scientific knowledge into firms’ market-valued knowl-
edge and technology is vital for them (Los & Verspagen, 2007; Sharker et al., 2007). The
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transformation of scientific knowledge into technological inventions is arduous due to
the varying nature of science and technology (Kuo et al., 2019; Sauermann & Stephan,
2010). Scholars argue that scientific knowledge is more exploratory, whereas techno-
logical knowledge is more exploitative (Meyer, 2002; Fabrizio, 2009; Al-Mubaraki &
Busler, 2017). Universities generate scientific knowledge to better understand the world
rather than produce immediate applications (Cassiman et al., 2008; McMillan et al.,
2000). The companies develop innovative technology to respond to the market demands
and consumer needs (Makri et al., 2010). Therefore, the logic of scientific discovery
and new technology development clash, resulting in a complex, uncertain, and intricate
knowledge transformation process for academic start-ups (Kuo et al., 2019).

According to the knowledge spillover theory of entrepreneurship (hereafter KSTE),
academic entrepreneurs are crucial for knowledge transfer, translation, and dispersion
between academia and industries (Sapir, 2021). It is argued that academic entrepre-
neurs establish start-ups to exploit the non-commercial knowledge from universities
and research institutions to commercialize it into product applications (Minola et al.,
2021; Ghio et al., 2015; Abereu & Grinevich, 2017). They are founders, scientists,
and university faculties who provide the primary knowledge source of academic start-
ups (Francis et al., 2015; Hambrick & Mason, 1984). Several academic entrepreneurs
chose to remain at universities while starting their ventures (Powell & Sandholtz,
2012; Yusof & Jain, 2009). They are defined as hybrids with the duality of a scholar
and entrepreneur (Guo et al., 2019b; Walter et al., 2016). Concurrently embedded
on both sides, the unique hybrid identity of academic entrepreneurs enables them to
straddle different knowledge domains between academia and industries (Fisher &
Atkinson-Grosjean, 2002; Sapir, 2021; Sauermann & Roach, 2012). This positively
facilitates their knowledge transfer to their ventures (Dokko et al., 2014; Currie et al.,
2015; Lam, 2018) and contributes to forming their firms’ knowledge base. The mech-
anism of this formation of the knowledge base of academic start-ups remains unclear.

Based on the knowledge-based view, knowledge depth and breadth are the
two dimensions of the firms’ knowledge base (Judge et al., 2015; Volberda et al.,
2010). Knowledge depth is considered more important to firms in the early tech-
nology stage. It increases the complexity and rigidity of firms’ knowledge struc-
ture (Al-Mubaraki & Busler, 2017; Mannucci & Yong, 2018) and provides the
core competence of firms in a certain technological domain (Prabhu et al., 2005).
Meanwhile, knowledge breadth is considered more beneficial for firms in the long
run as it directly impacts firms’ absorptive ability and innovation (Carlo et al.,
2012). Scholars discovered the close relationship between identity work and
knowledge boundary work (Gieryn, 1983). Different hybrid identities have differ-
ent strategies in their knowledge works (Lam, 2018). The academic entrepreneurs
have diverse self-concepts for their roles as scholars and entrepreneurs. Thus, the
identity centrality of their dual identity differs (Wang et al., 2022). According to
the identity theory, identity centrality is the self-concept of the relative impor-
tance of one’s focal identity (Murnieks et al., 2014). The different identity cen-
tralities make the hybrids behave differently during their entrepreneurial activities
(Fenters et al., 2017). It leads to a different performance of their knowledge trans-
fer. Therefore, understanding different identity centralities of hybrids in knowl-
edge transfer and forming the knowledge base of academic start-ups are essential.
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This study explores the knowledge transfer mechanism of academic entrepreneurs
forming the two dimensions of their firms’ knowledge base and the impacts of their dif-
ferent dual identities on this mechanism. There are two main contributions of this study
to the existing literature. First, we advanced studies of KSTE in the context of academic
entrepreneurship (hereafter AE). We emphasized the crucial role of academic entre-
preneurs in forming firms’ knowledge base, regarding university as the main source of
knowledge spillovers through knowledge transfer. We discovered the moderating effects
of their dual identity on structuring academic start-ups’ knowledge base. Second, this
work focused on the study of founders’ hybrid identities and knowledge boundary work.
The previous studies mainly discussed different identity work of hybrids and their roles
in knowledge disruption (Dokko et al., 2014; Currie et al., 2015; Lam, 2018; Lam,
2020). This paper categorized two distinct dual identities of academic entrepreneurs
based on identity centrality. We extended the research by exploring the consequence
of different hybrids’ knowledge boundary work on firms’ two knowledge dimensions.
The paper is as follows: the “Theory and Hypotheses” section provides the theory and
hypothesis applied in this work. “Research Methodology” describes the sample collec-
tion and research method used. “Analysis of Findings” contains the data analysis and
empirical results. The “Discussion” and “Conclusion” sections address the discussion
and conclusion of this study.

Theory and Hypotheses

Based on KSTE, knowledge spillovers and entrepreneurial activities are positively
related. The endogenous entrepreneurial opportunities result from knowledge spillo-
vers identified and exploited by entrepreneurs (Acs et al., 2004, 2013). They create
academic start-ups for academic entrepreneurs, responding to opportunities arising
from non-commercialized knowledge by universities or research institutions (Ghio
et al., 2015). To achieve this, they must transfer and turn their scientific knowledge
into valuable knowledge for their firm (Rorwana & Tengeh, 2015). Thus, forming
academic start-ups’ knowledge base results from the knowledge transfer of academic
entrepreneurs. Therefore, we believe academic entrepreneurs’ scientific knowledge
and their firms’ knowledge base are closely related.

Scholars also identified academic entrepreneurs employed in universities and
their firms as hybrids with a dual identity of a scholar and entrepreneur (Guo et al.,
2019b; Walter et al., 2016). Hybrids have advantages in disrupting boundaries and
transferring knowledge across different domains regarding identity work (Currie
et al., 2015; Dokko et al., 2014). Therefore, we assume academic entrepreneurs’ dual
identity moderates the formation of their firms’ knowledge base through the above
knowledge transfer process and helps develop the following research model (Fig. 1).
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Dual Identity of Academic
Entrepreneurs

Scientific Knowledge of . Knowledge Base of Academic
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Fig. 1 Framework of the research model. Note: Dashed line means moderating effect

Knowledge Transfer Process of Academic Entrepreneurs and Knowledge Base
of Academic Start-ups

It includes leveraging knowledge spillovers from universities, as academic entrepre-
neurs are keen to move scientific knowledge from their research life to their start-ups
(Minola et al., 2021). Academic start-ups can benefit from the knowledge originat-
ing from universities and research labs (Colombelli et al., 2016). The knowledge
in academia and industries is fundamentally different. In academia, abstract/analyti-
cal knowledge is privileged and is expressed in texts (Bhardwaj, 2019; Niedderer &
Reilly, 2010). Academic research is based on science and basic research; the shar-
ing and production of research findings and inventions are based on non-financial
incentives (Sauermann & Stephan, 2010; Stephan, 1996). Industry knowledge is
highly experiential and expressed in non-textual forms (Ewenstein & Whyte, 2007;
Laperche & Liu, 2013). Industrial science is crucial, and the research environment is
more structured and closed (Sauermann & Stephan, 2010; Partha & David, 1994).
The research mission in academia is to conduct basic research and produce efficient
publications because of the distinctiveness of the two domains. However, the indus-
try’s research mission discourages publishing and depends on patenting and secrecy
(Sauermann & Stephan, 2010). The successful transformation of universities’ scien-
tific knowledge to firms’ market-valued knowledge depends on combining the aca-
demic entrepreneurs’ scientific knowledge with managerial skills. It helps explore
and exploit new business opportunities through knowledge transfer (Baniasadi et al.,
2021; Ding, 2011). Knowledge transfer of academic entrepreneurs is their transfor-
mation of scientific knowledge in publications into firms’ patents. The emergence of
firms’ knowledge base results from the knowledge transfer process (Fig. 2).
Regarding the knowledge-based view, the knowledge base of academic start-ups is
structured by two distinct dimensions—knowledge depth and knowledge breadth (Judge
et al., 2015; Volberda et al., 2010). Knowledge depth is the degree of specialization of
knowledge composition (Kassicieh, 2010; Suman & Maria, 2014). The sophistication of
a technology domain leads to a “deeper” knowledge base (Wang & Tunzelmann, 2000;
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Fig.2 Knowledge transfer process of academic entrepreneurs and dimensions of their firms’ knowledge base

Jonsson et al., 2015). Knowledge breadth is the scope of knowledge explored by com-
panies with a degree of knowledge diversification (Suman & Maria, 2014). Academic
entrepreneurs are founder and technology leaders who produce the primary source of
their firms’ knowledge (Francis et al., 2015; Hambrick & Mason, 1984). Academic
entrepreneurs are firmly imprinted by their universities because of their long-time work
experience in the laboratory (Bazan et al., 2020; Knockaert et al., 2011; Marozau et al.,
2021). Instead of turning their knowledge into application, they accumulated scien-
tific knowledge to discover more innovative possibilities (Miller et al., 2018; Suman &
Maria, 2014) that enhance their start-ups’ wider range of knowledge scope. Other schol-
ars also argued that academic entrepreneurs have advantages in exploring and search-
ing for knowledge in the technological domain (de Castro Peixoto et al., 2021; Engidaw,
2021; Hahn et al., 2019). This is because academic entrepreneurs are experts in their
research fields. They are sophisticated in advanced technological knowledge and have
better foresight in the technological area (Feola et al., 2021; Guo et al., 2021). They can
benefit their firms by accumulating advanced technological knowledge in that domain.
We believe academic entrepreneurs contribute to their firms’ knowledge depth and
knowledge breadth and make the following hypotheses:

Hla: Academic entrepreneurs’ scientific knowledge positively impacts the knowl-
edge depth of their firms.

H1b: Academic entrepreneurs’ scientific knowledge positively impacts the knowl-
edge breadth of their firms.

Moderating Effects of Academic Entrepreneurs’ Different Dual Identities

Academic entrepreneurs remaining at their universities and founding start-ups (Powell
& Sandholtz, 2012) are hybrids operating in the “overlapping space” between academia
and industries (Lam, 2018). Academic entrepreneurs are dually embedded inside due to
their hybrid identity. This benefits them in facilitating and transforming divergent knowl-
edge from separated knowledge domains (Dokko et al., 2014; Mishra & Tripathi, 2021,
Pancholi et al., 2014). We believe the dual identity of academic entrepreneurs moderates
their knowledge transfer process. Hybrid identity work includes mixing and crossing two
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different identities (Purchase et al., 2018). Academic entrepreneurship is not a dichoto-
mous identity transition from scholar to entrepreneur but an exhibit of dual identities
by the academic entrepreneur (Amofah & Saladrigues, 2022; Brem & Wolfram, 2014;
Shi et al., 2021). The conception of academic entrepreneurs on the importance of their
two identities differs (Rypestgl, 2017; Wang et al., 2022). Identity centrality is the self-
concept on the relative importance of one’s focal identity and is related to an individual’s
behavioral decisions (Murnieks et al., 2014; Ulhgi, 2021). In the context of AE, iden-
tity centrality properly explains the relationship between the entrepreneurial/scientific
domain of academic entrepreneurs’ hybrid role (Arafeh, 2016; Carayannis et al., 2015;
Wang et al., 2022) and their behaviors (Fenters et al., 2017). Hybrid with different iden-
tity centralities has various ways in which knowledge boundary works (Fenters et al.,
2017; Wang et al., 2022). The different degrees of involvement for academic entrepre-
neurs and their time spent in university while working in their start-ups reflect their self-
concept on the importance of their scholar and entrepreneur role. Thus, we classified two
distinct types of hybrid roles of academic entrepreneurs, “hybrid scientists” and “hybrid
entrepreneurs.” Fig. 3 illustrates the theoretical framework of the hybrid category.

The “hybrid scientists” are academic entrepreneurs holding full-time university
positions while working on their start-ups. They are hybrids with a scientific iden-
tity centrality and act like scientists (Wang et al., 2022). “Hybrid scientists” spend
the majority of their time on teaching and research activities to remain full-time
professors and scientists and are firmly imprinted by the academic environment
(Bazan et al., 2020; Knockaert et al., 2011). These entrepreneurial activities help
them explore and exploit opportunities to further their research (Miller et al., 2018).
Based on KSTE, for knowledge spillover of founders’ scientific expertise from their
academic life, “hybrid scientists” cannot transfer their technology to specific appli-
cations but explore knowledge in a broader range (Suman & Maria, 2014; Wright
et al., 2007). They have a scientific perception and prefer to generate knowledge for
their scientific part. It also includes commercializing more general-purpose tech-
nology with broader possibilities for their start-ups and other industrial players
(Colombo et al., 2010; Fini et al., 2018). They realize that specific technology com-
mercialization is inferior (Visintin & Pittino, 2014) and prefer pursuing knowledge

Involvement and Full-time
time-spent in 7 |
univerisity

v

Types of Hybrid Hybrid
Hybrid Scientists Entrepreneurs

Identity
Centrality Scientific Identity Centrality ‘ ‘

Entrepreneurial Identity Centrality

Fig. 3 Theoretical framework of categories of hybrids
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with more possibilities, which results in a broader scope of their firms’ knowledge.
“Hybrid entrepreneurs” are academic entrepreneurs who are fully engaged in their
start-ups and take part-time university positions. They are hybrids with entrepre-
neurial identity centrality and aim to gain financial returns through technology com-
mercialization (Etzkowitz et al., 2000; Wathanakom et al., 2020). “Hybrid entrepre-
neurs” take managerial positions in their start-ups and have proactive involvement in
the business decisions of their firms (Dahl & Reichstein, 2007). They have a greater
“taste for commercialization” (Sauermann & Stephan, 2010) and will probably inno-
vate to serve specific customer needs (Allen, 2022; Chatterji, 2009). They intend to
transfer and turn the knowledge to support specific products or services. They prefer
to realize specific commercial targets by focusing on a narrow technology domain
within their firms instead of pursuing technology development through constant
R&D (Minola et al., 2021; Uhm et al., 2018). This brings about the firms’ knowl-
edge in a particular field. Based on the above, we propose the following hypotheses:

H2a: The hybrid role of “hybrid scientists™ positively moderates the relationship
between academic entrepreneurs’ scientific knowledge and the knowledge breadth of
their firms.

H2b: The hybrid role of “hybrid entrepreneurs” positively moderates the rela-
tionship between academic entrepreneurs’ scientific knowledge and the knowledge
depth of their firms.

Figure 4 illustrates the conceptual model of this study. It summarizes the hypoth-
esis, mainly describing the different dual identities of the academic entrepreneurs,
i.e., hybrid scientists and hybrid entrepreneurs. Based on the knowledge spillover
theory of entrepreneurship, for knowledge spillover of founders’ scientific exper-
tise from their academic life, “hybrid scientists” cannot transfer their technology to
specific applications but explore knowledge in a broader range. Similarly, academic
entrepreneurs who are fully immersed in their start-ups while working part-time at

dual identity of academic entrepreneurs

Hybrid entrepreneurs ‘ ‘ Hybrid Scientist
H2b +
H2a +
Knowledge Depth
Hla + £ P
Scientific Knowledge of
academic entrepreneurs
v Knowledge Breadth
Hib +
Firms’ Knowledge Base

Fig.4 Conceptual model

@ Springer



1830 Journal of the Knowledge Economy (2024) 15:1823-1844

universities are known as “hybrid entrepreneurs.” They are hybrids with a robust
entrepreneurial identity who want to make money through technology commerciali-
zation. Based on this, our research hypothesized (H2a and H2b) that the hybrid role
as “hybrid scientists” positively moderates the relationship between academic entre-
preneurs’ scientific knowledge and the knowledge breadth of their firms. Also, the
hybrid role of “hybrid entrepreneurs” positively moderates the relationship between
academic entrepreneurs’ scientific knowledge and the knowledge depth of their
firms. Therefore, the successful transformation of universities’ scientific knowledge
into firms’ market-valued knowledge necessitates combining academic entrepre-
neurs’ scientific expertise with managerial abilities. In this CM, we investigated the
impact of a firm’s knowledge depth and knowledge breadth on academic entrepre-
neurs’ scientific expertise. As a result, we believe that academic entrepreneurs con-
tribute to the knowledge depth and breadth of their enterprises, and we hypothesized
that entrepreneurs’ scientific expertise has a positive impact on their firms’ knowl-
edge depth and breadth.

Research Methodology
Empirical Setting and Data Collection

This paper collects data from academic start-ups listed on National Equities
Exchange and Quotations (hereafter NEEQ) in China and conducts an empirical
examination to test the theoretical hypothesis. We have several reasons to choose
data from NEEQ. First, China is the world’s second-largest economy. Recently, uni-
versity faculties and scientists are increasingly engaging in technology commerciali-
zation, and academic start-ups are growing dramatically. This provides us with a
proper setting with sufficient data for this study. Second, many academic start-ups
are small- and medium-sized enterprises (SMEs) (Agarwala & Shah, 2014), and
NEEQ is the “over-the-counter” (OTC) after Shanghai Stock Exchange and Shenz-
hen Stock Exchange that fits the research setting.

The research defines academic entrepreneurs as scientist shareholders having
worked in a university lab or research institution where the firms’ technology origi-
nated (Hmielesk & Powell, 2018; Svare, 2016). They are vital members of the board,
top management team, or technology team. We exclude academic entrepreneurs who
are unemployed by universities and start-ups as we think they lack dual identities
to observe the impacts of different hybrid roles. We eliminate firms with academic
entrepreneurs with inadequate information in publications and personal resumes by
searching and reading prospectuses, company website, university website, and data-
bases of CNKI. We also removed start-ups with insufficient data and finally selected
176 academic start-ups from 6898 companies in NEEQ (Table 1 shows the descrip-
tion of samples).

@ Springer



Journal of the Knowledge Economy (2024) 15:1823-1844 1831

Table 1 Description of samples

Categories Frequency
Industries Manufacturing 43
Chemical 10
Oil, metals, and mining 14
Pharmaceutical 48
TMT 55
Others 6
Firm age Under 5 12
5-10 years 58
11-20 years 83
21 and over 23
Positions of academic Full-time 74
entrepreneurs in firms Part-time 102

Measures
Academic Entrepreneur’s Scientific Knowledge: Publications

Academic entrepreneurs are scientists and university faculties who shift from work-
ing in laboratories to being entrepreneurs (Francis et al., 2015). They accumulate
scientific and technical knowledge from their scientific research and academic train-
ing in universities. The acknowledged publications of these scholars are highly val-
ued in the academic world (Sauermann & Stephan, 2010). It indicates academic
achievement and sophistication in a specific research domain. Thus, we used the
number of publications of academic entrepreneurs to measure their stock of scien-
tific knowledge.

Knowledge Base of Academic Start-ups: Knowledge Depth and Knowledge Breadth

According to the knowledge-based view, knowledge depth and knowledge breadth
are two dimensions of firms’ knowledge base (Judge et al., 2015; Volberda et al.,
2010). In the business world, companies emphasize producing patents with finan-
cial returns. Thus, the research model adopts the method of Ozman (2007), Katilar
and Ahuja (2002), and Suman and Maria (2014) to calculate the knowledge depth
and knowledge breadth by patents. We quantized patents by calculating the Inter-
national Patent Classification (IPC) code. Before proceeding with knowledge depth
and knowledge breadth, we must mention the structure of the IPC system. In the IPC
system, eight sections are revealed by the code’s first character (expressed by the
letters A—H). The first three characters, divided into subclasses, display the classes.
The groups are revealed by the first six characters, for example, GO6C7/02. Here, G
is the section for physics. GO6 implies the class (computing, calculating, and count-
ing), and GO6C represents the subclass (digital computers, where computation is
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conducted mechanically). GO6C7 is the group level, and GO6C7/02 is the subgroup
level that corresponds to keyboards.

We employed the measure of knowledge depth and knowledge breadth based on
the number of IPC codes of patents from an academic start-up. We precisely meas-
ured the knowledge depth by the usage of technology (classification of IPC code) in
patents. The formula for measuring knowledge depth is as follows:

2 Repeated;pc

Depth = ( !
nTech”  Totalpe

Repeated;p. refers to the number of IPC codes (group level) that have appeared
several times in a company’s patents. Totaljp refers to the total number of patents
produced by the company. nTech refers to the number of technology domains (group
level) included by the total patents. The scope of new technologies measures the
knowledge breadth (classification of IPC codes) included in firms’ patent. The for-

mula for calculating the knowledge breadth is as follows:

2Unsed
Breadth = (L) —_IPC
nTech” Totalpc

Unsedpc refers to the numbers of IPC codes that have appeared once by the
company. Totalp refers to the total number of patents produced by the company.
nTech refers to the number of technology domains (group level) included by the
total patents.

Hybrid Identities of Academic Entrepreneurs

We used dummy variables to represent the two distinct hybrid identities of aca-
demic entrepreneurs. We categorized academic entrepreneurs as “hybrid scientists”
and “hybrid entrepreneurs” based on their duration at their universities after found-
ing academic start-ups. The majority of academic entrepreneurs choose to remain
at their full-time positions in their universities (Powell & Sandholtz, 2012). We
call them “hybrid scientists” with a scientific identity centrality, and they behave
in a “scholarly” way. We assigned 1 to the academic entrepreneurs of this group.
“Hybrid entrepreneurs” are also academic founders with an entrepreneurial identity
centrality. They actively engage in business and only take full-time jobs in universi-
ties. In this research, they serve as “entrepreneurs” and are assigned to 0.

Control Variables

Although academic entrepreneurs are crucial for the knowledge formation of start-
ups, other factors may influence this mechanism. We consider several control vari-
ables for factors that may affect the hypotheses. Based on the study of Suman and
Maria (2014), we take firm size, firm age, and R&D intensity as the control vari-
ables as they cause an increase in patents and innovative capacity. Considering the
financial effect on firms’ innovative activities, we also control the debt ratio in this
research. Table 2 proposes a specific method of calculating these control variables.
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Table 2 Control variables and measurements

Control variable Measurement method
Firm size (FS) The enterprise size is the natural logarithm of the total asset
Firm age (FA) The age of the enterprise is based on the year of the com-
pany’s establishment
R&D intensity (R&D) R & D intensity = —~-Dexpenditure
Prime operating revenue
Debt ratio (DR) Deb tratio = Lotaldebts

Total assets

Analysis of Findings

Table 3 shows the mean, standard deviation, minimal number, and the maximal
number of each variable. The sample includes 176 academic start-ups in NEEQ with
13,376 valid patents in total. We take the logarithm of the number of publications
and firm age, considering the differences in magnitude among different variables.
Based on the results, the mean of knowledge depth is 0.464, while the mean of
knowledge breadth is 0.488. It indicates that most academic start-ups have a wider
scope of knowledge in different domains, resulting in a broader knowledge base.
The mean of dual identity is 0.580, which suggests that the majority of academic
entrepreneurs choose to retain full-time positions at their universities while working
in their start-ups. This finding remains consistent with the discovery in the previous
work of Powell and Sandholtz (2012).

Table 4 shows the correlations between knowledge depth and knowledge breadth.
We also calculate the variance inflation factor (VIF) to exclude the effect of multicol-
linearity on the regression results. According to the study’s results, the VIFs range
from 2.710 to 1.027. The acceptable value of 5 shows no multicollinearity effects in
this research. Table 3 also reveals a positive correlation between knowledge depth

Table 3 Descriptive statistics

Variables Numbers Min Max Mean Standard
deviations
KD 176 0.084 1 0.464 0.260
KB 176 0.046* 0.922%* (.488 0.194
Pub 176 1.540 3.980 3.273 0.335
DI 176 0 1 0.580 0.495
FA 176 1.099 3.178 2.527 0.496
DR 176 0.049* 1.150  0.603 0.344
FS 176 3.823 9.152 6.520 1.537
R&D 176 0.001#**  3.091 1.544 0.840

KD knowledge depth, KB knowledge breadth, DI dual identity, FA
firm age, DR debt ratio, FS firm size, R&D intensity, N=176

*P<0.05; #*P<0.01; ***P <0.005
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Table 4 Correlations between knowledge depth and knowledge breadth

Variables KD KB DI Pub FA DR FS R&D
KD 1

KB 0.101 1

DI 0.033* -0.019 1

Pub 0.716%*%*  0.527***  0.054 1

FA 0.265%**  (.232%%* —-0.046  0.261%*%F 1

DR —0.042 0.083 0.063 0.015 0.054+ 1

FS 0.122 0.205%* 0.093 0.202%%* 0.008 0.117 1

R&D 0.094 0.109 -0.064 0.116 -0.018 0010 —0.000 1

KD knowledge depth, KB knowledge breadth, DI dual identity, FA firm age, DR debt ratio, FS firm size,
R&D intensity, N=176

*P<0.05; **P<0.01; ***P<0.005; *P<0.1

and academic entrepreneurs’ number of publications, as the correlation coefficient
is 0.716 (P <0.005). Knowledge breadth also has a positive correlation with aca-
demic entrepreneurs’ number of publications, and the correlation coefficient is 0.527
(P <0.005).

We performed hierarchical OLS regression using Matlab 2018 version to test the
hypotheses. Tables 5 and 6 represent the results of the knowledge depth (KD)
and knowledge breadth (KB) as dependent variables. For each table, we present
three models.

In Model 1 and Model 4, we include the control variables, which are firm age
(FA), debt ratio (DB), firm size (FS), and R&D intensity (R&D). In Model 2 and
Model 5, we introduced the publications of academic entrepreneurs (Pub) to test
Hla and H1b. In Model 3 and Model 6, we introduced the dual identity of academic

Table 5 Regression results for

knowledge depth Variables Model 1 Model 2 Model 3
FA 0.141 %% 0.045 0.049*
DR —0.055 —0.042 -0.051
FS 0.022* —0.002 —0.001
R&D 0.031 0.005 0.000
Pub 0.5407%* 0.690%**
DI 0.357*
Pub*DI —0.502%
R? 0.010 0.522 0.535
Adjusted R? 0.078 0.508 0.516
F value 4.711%% 37.148%% 27.659%%

KD knowledge depth, KB knowledge breadth, DI dual identity, FA
firm age, DR debt ratio, FS firm size, R&D intensity, N = 176

#P<0.05; **P<0.01; ***P<0.005; *P<0.1
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Table6 Regressionresultsfor v, poppeg Model 4 Model 5 Model 6

knowledge breadth
FA 0.090%* 0.042 0.038
DR 0.026 0.032 0.041
FS 0.025%* 0.013 0.012
R&D 0.026 0.013 0.016
Pub 0.273 %5 0.150%
DI ~0.314%
Pub*DI 0.418%
R? 0.110 0.305 0.324
Adjusted R? 0.089 0.284 0.295
F value 5,080 14.892%%% 11.483%%%

KD knowledge depth, KB knowledge breadth, DI dual identity, FA
firm age, DR debt ratio, FS firm size, R&D intensity, N=176

*P<0.05; #*P<0.01; ***P <0.005

entrepreneurs (DI) to examine the moderating effect of dual identity on publications
and knowledge dimensions (knowledge depth and knowledge breadth), thus testing
H2a and H2b.

Tables 5 and 6 show that when we introduced the publications in Model 2 and
Model 5, the adjusted R? significantly increased for all dependent variables (Table 5
from 0.078 to 0.508; Table 6 from 0.089 to 0.284). This suggests that the explana-
tory power of Model 2 and Model 5 improves by adding the variable of publica-
tions. The results show that the coefficient of publications is positive and significant
(c=0.540 in Table 5, ¢c=0.273 in Table 6, P <0.005). It confirms that publications
of academic entrepreneurs positively influence the emergence of their firms’ knowl-
edge depth and breadth. This supports Hla and H1b. Based on this understanding,
we conclude that the scientific knowledge of academic entrepreneurs, as discussed
in the literature, is positively related to academic start-ups’ knowledge base. These
findings confirm the arguments in previous literature (Francis et al., 2015; Minola
et al., 2021; Abereu & Grinevich, 2017) that academic entrepreneurs contribute to
the primary source of academic start-ups’ knowledge base. The findings suggest
that academic entrepreneurs’ scientific knowledge positively relates to the emer-
gence of knowledge depth and knowledge breadth. This may be because academic
entrepreneurs are experts in their research field; they are specialized in accumu-
lating advanced knowledge in a certain technological domain (Hahn et al., 2019),
thus helping their firms’ knowledge depth. In addition, academic entrepreneurs are
firmly imprinted by academia; they prefer exploring and exploiting knowledge with
a broader knowledge scope to discover more innovative opportunities and broaden
their firms’ knowledge breadth (Miller et al., 2018; Suman & Maria, 2014).

The following analysis of Models 3 and 6 tests the moderating effect of academic
entrepreneurs’ dual identity on the relationship between publication and firms’
knowledge dimensions. We see that the adjusted R? increases in both tables show
the strong explanatory power of Tables 5 and 6. Table 5 shows that the interactive
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variable (Pub*DI) is negative and significant (c= —0.502, P<0.01). This result
demonstrates that academic entrepreneurs with entrepreneurial identity centrality
will probably transfer and form deeper knowledge of their start-ups. Thus, the role
of “hybrid entrepreneurs” positively moderates the relationship between publica-
tions and knowledge depth, thus supporting H2a. Table 6 shows that the interac-
tive variable (Pub*DI) is positive and significant (c=0.418, P <0.01), which means
academic entrepreneurs with scientific identity centrality will probably explore and
transfer knowledge breadth. The role of “hybrid scientists” positively moderates
the relationship between publications and knowledge breadth, supporting H2b. The
findings illustrate that academic entrepreneurs’ dual identity has significant effects
on shaping their firms’ knowledge dimensions. Because of their different identity
centralities, academic entrepreneurs have various preferences on exploiting knowl-
edge depth and knowledge breadth during their knowledge transfer to their start-ups,
resulting in different structures of their firms’ knowledge base.

Discussion

In this paper, the discussion mainly revolves around the knowledge base of academic
start-ups as well as the dual identity of academic entrepreneurs and their knowledge
transfer process. The different degrees of involvement for academic entrepreneurs
and their time spent in university while working in their start-ups reflect their self-
concept on the importance of their scholar and entrepreneur role. Thus, we classi-
fied two distinct types of hybrid roles of academic entrepreneurs, “hybrid scientists”
and “hybrid entrepreneurs.” Combining academic entrepreneurs’ scientific expertise
with managerial skills is necessary for the successful transformation of universities’
scientific knowledge into enterprises’ market-valued knowledge. Knowledge trans-
mission aids in the exploration and utilization of new business prospects. We spe-
cifically investigated the impact of knowledge depth of firms on the scientific knowl-
edge of academic entrepreneurs in this report. As a result, academic entrepreneurs
are experts in their research fields, and they are sophisticated in advanced technolog-
ical knowledge and have better foresight in the technological field. To summarize,
we believe that academic entrepreneurs contribute to their firms’ knowledge depth
and knowledge breadth; thus, we hypothesized that entrepreneurs’ scientific knowl-
edge positively impacts the knowledge depth/breadth of their firms.

It is critical to consider knowledge spillovers created by external sources when
developing national policies to support entrepreneurial activity. Policymakers are
continually faced with a series of options concerning new ways to encourage inno-
vation and entrepreneurship. Given the significant link between long-term economic
development and entrepreneurship, various factors influence how fiscal and other
forms of support are provided. In light of our findings, there are several important
policy considerations to consider. Based on KSTE, for knowledge spillover of found-
ers’ scientific expertise from their academic life, “hybrid scientists” cannot transfer
their technology to specific applications but explore knowledge in a broader range.
Additionally, academic entrepreneurs who are fully immersed in their start-ups
while working part-time at universities are known as “hybrid entrepreneurs.” They
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are hybrids with a robust entrepreneurial identity who want to make money through
technology commercialization. Based on this, it is hypothesized in our research that
the hybrid role as “hybrid scientists” positively moderates the relationship between
academic entrepreneurs’ scientific knowledge and the knowledge breadth of their
firms. Also, the hybrid role of “hybrid entrepreneurs” positively moderates the rela-
tionship between academic entrepreneurs’ scientific knowledge and the knowledge
depth of their firms.

Therefore, technical change leads to innovation improvements, which necessitates
internal knowledge investment and the discovery of new ideas and information from
other sources, which can be made public or private. New information, on the other
hand, is the result of other companies’ and universities’ research and development
efforts, which can range from basic research (such as the discovery of new scientific
laws) to the development of innovation activities and increased productivity (such
as the incorporation of new ideas into products or innovative techniques). Because
the incentives of basic research at universities and federal laboratories cannot be
fully realized by those who pursue it, it is now widely accepted that start-ups will
profit more if the government grants events and collaboration projects and can either
maintain them directly or contract them to research universities or institutions that
have this relevant data and necessitate start-up skills and market knowledge to mon-
etize it.

Conclusion

Transforming scientific knowledge into firms’ market—value knowledge is chal-
lenging. Academic entrepreneurs are crucial in this knowledge transformation to be
hybrid founders (Guo et al., 2019a, b). Concurrently embedded in two domains, the
unique dual identity of academic entrepreneurs benefits knowledge transfer across
academia and industry (Lam, 2018, 2020). This study explores the various impacts
of academic entrepreneurs’ dual identities on their firms’ knowledge base. Based
on their different identity centralities, we classify academic entrepreneurs into two
distinct types of hybrids, “hybrid scientists” and “hybrid entrepreneurs.” We empiri-
cally examine their effects on the formation of knowledge depth and knowledge
breadth of academic start-ups through knowledge transfer. The results show the
moderating effects of academic founders’ dual identities on the relationship between
their scientific knowledge and firms’ two knowledge dimensions. The findings sug-
gest academic entrepreneurs with different identity centrality can lead to various
structures of their firms’ knowledge base. The “hybrid scientists” contribute more
regarding the knowledge breadth of their firms. Similar to the findings of Wang
et al. (2022) and Agarwala and Shah (2014), this study finds that “hybrid scientists”
have a scientific identity centrality and treat their start-ups to form their technol-
ogy (Agarwala & Shah, 2014). They prefer exploring knowledge with more pos-
sibilities (Minola et al., 2021) and transferring a broader knowledge scope to their
firms (Minola et al., 2021). The results reveal that “hybrid entrepreneurs” with an
entrepreneurial identity centrality transfer and form knowledge depth of their start-
ups more effectively. This is because they are eager to pursue financial returns
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through technology commercialization (Sauermann & Roach, 2012). They intend to
transform their knowledge into specific applications, thus leading to a deeper knowl-
edge base for their firms.

Theoretical Implications

This research contributes to the literature in several ways by linking KSTE and identity
work in the context of AE. Firstly, prior studies of KSTE at the individual level discuss
the relationship between academics’ entrepreneurial intention and knowledge filters on
the knowledge transfer process (Guerrero & Urbano, 2014). Insight on the direct impact
of academic founders’ knowledge transfer behavior on their firms is rare. This paper ful-
fills this research gap by exploring the influence of knowledge transfer of academic entre-
preneurs on forming their firms’ knowledge structures. Secondly, the research highlights
the academic entrepreneurs’ hybridity. Prior studies on the hybrid identity of academic
founders focused on discussing the resolution of their conflict roles and their impact on
entrepreneurial performances (Guo et al., 2019b; Riad Shams & Belyaeva, 2019; Shi
et al., 2021). We extended the research on identity work and knowledge boundary work
by focusing on exploring the impacts of academic entrepreneurs’ dual identity on firms’
knowledge base and emphasized AE as an essential mechanism of knowledge transfer
from university to industry (Mathisen & Rasmussen, 2019; Meng et al., 2019). Based
on different identity centralities, this research distinguished two hybrid roles of academic
entrepreneurs and identified their different behaviors. We found the moderating role of
their dual identity in shaping firms’ knowledge structure through knowledge transfer.

Managerial Implications

The paper also provides several practical implications for academic start-ups. The
knowledge base provides the foundation of firms’ innovation for knowledge-intensive
firms (Choudhury & Haas, 2018). Heterogeneous knowledge bases would lead to dif-
ferent performances of companies (Grant, 1996). Academic start-ups rely highly on
scientific research from universities; most are in the early stages of technology. Thus,
they need a long time to incubate and successfully commercialize practical applications
(Agarwal & Ohyama, 2010). Knowledge depth is critical in firms’ early technology stage
because it increases the complexity and rigidity of knowledge structure (Mannucci &
Yong, 2018). Concentrating on one technological domain can help firms gain competi-
tive advantages in their product field and gain core competence in innovation (Farinha
et al., 2016; Prabhu et al., 2005). Thus, “hybrid entrepreneurs” benefit academic start-
ups more in their early and growth stages. Academic entrepreneurs need to invest more
time and engage actively in their firms, and their main task is to focus on accelerating
technology transformation in a specific application field. Knowledge breadth is more
important in the long run as it directly impacts the absorptive ability of companies and
innovation (Carlo et al., 2012; Dell’Anno & Del Giudice, 2015). When the business
grows, academic entrepreneurs must gradually reduce their devotion to companies and
shift to a more “scholarly” role. They should focus on knowledge exploration and exploi-
tation through R&D and help their firms gain a broader knowledge scope.
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Limitations and Ideas for Future Research

The limitations of this study provide ideas for future research. First, acknowledging
the importance of academic start-ups’ knowledge base, this work explores academic
entrepreneurs in forming their firms’ knowledge base. It is also crucial for these
firms to utilize this knowledge to create profitable innovation. Thus, future work
could add insight to this question. Given the significant variations in KSTE between
start-ups and incumbents, alternative forms of knowledge collaboration with exter-
nal partners, such as cooperation designed for knowledge producer and knowledge
recipient, should be studied, including unpredictability. Further research will com-
bine the open innovation and knowledge transfer literature to describe the breadth
and depth of knowledge spillover and the number of knowledge partners and knowl-
edge bases that might be leveraged by entrepreneurs to build fresh-to-market prod-
ucts. Second, this work mainly examines the individual impacts of firms’ knowledge
formation. Scholars specified that different industries might have varying knowledge
orientations in innovation. The science and technology industries have different
demands on knowledge features (Davids & Frenken, 2018) that may consequently
influence the knowledge structure of firms (Moorthy & Polley, 2010). Therefore,
future studies could consider the effects of different industries on developing the
firm’s knowledge dimensions.
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