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The ratio of academic scientists to the labor force in Malaysia has increased. However, the

contribution of academic scientists to commercialize research discoveries remains limited.

Successful research commercialization or university technology transfer requires entrepreneurial

e®ort that may involve skills beyond the traditional roles of academics. The ability to identify
the commercial opportunity of research, i.e. entrepreneurial opportunity recognition, has been

proven to be a critical skill for an academic entrepreneur. Earlier ¯ndings in this area would

have been far more useful if the antecedents of entrepreneurial opportunity recognition were

recognized. Although self-regulated learning has been inferred to as informal entrepreneurship
education for academic entrepreneurs, there has been a lack of evidence on how it in°uences

their academic entrepreneurship performance. This paper examined the characteristics of ac-

ademic entrepreneurs and the key success factors, whether academics' opportunity recognition
ability is in°uenced by their self-regulated learning behavior. A quantitative research design

was employed based on a case study of a technological university in Malaysia involving 115

academic entrepreneurs. Structural equation modeling analysis results revealed that academics'

opportunity recognition and social capital are the most important determinants of their aca-
demic entrepreneurship performance. The e±ciency of the Technology Transfer O±ce and the

ease of securing funding play in°uential roles too, but to a smaller extent. Most importantly,

opportunity recognition is strengthened by self-regulated learning, through frequent deliberate

practices in information and knowledge seeking that enable scientists to be more creative and
innovative in translating research into marketable products and technology.
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research commercialization; technology transfer o±ce; university technology transfer.
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1. Introduction

A competitive environment with a shrinking research budget has led the shift of

higher education institutions from ivory towers to entrepreneurial universities

[Audretsch et al. (2015); Etzkowitz (2016)]. This shift is also driven by the signi¯-

cant contribution of academic research to a nation's gross domestic product

[Guerrero et al. (2015); Iacobucci and Micozzi (2015); Vincett (2010)]. Consequently,

the traditional roles of higher education in teaching and research have now been

extended to include academic entrepreneurship [Barth and Schlegelmilch (2013);

Wood (2011)]. However, the 2014 Global Entrepreneurship Monitor (GEM) report

highlighted a gap in entrepreneurial activity rates between Malaysia and other

countries [Roland et al. (2011); Singer et al. (2015)], even though the total number of

academic scientists in Malaysia increased four-fold over the six-year period since

2006 [MASTIC (2013)]. Recent data also showed that R&D transfer is highly in-

su±cient under Malaysia's current entrepreneurial framework conditions [GEM

(2020)]. These gaps exist partly due to academic scientists' limited contribution

to commercialize research discoveries and their lack of involvement in academic

entrepreneurship.

Academic entrepreneurs are academic scientists who are involved in research

commercialization or university technology transfer activities. Academic scientists

are deemed key factors whose research works lead to discoveries with commercial

potential [Jain et al. (2009); Wood (2011)]. Nonetheless, such entrepreneurial pur-

suit is beyond their scienti¯c expertise and traditional roles [Franklin et al. (2001);

Wright et al. (2007)]. The endeavor to bring innovation from the lab to the market

inherently demands a long gestation period and pits academic scientists against

unknown challenges due to their lack of entrepreneurship skills and knowledge.

Regardless of these pessimistic claims, there have been successful cases of academic

entrepreneurs [Closs et al. (2013); Petkewich (2009); Rahim et al. (2015)].

An investigation of the relationship between scientists' entrepreneurial char-

acteristics and their academic entrepreneurship performance is imperative to unfold

the skills and behaviors that enable them to become more entrepreneurial than their

colleagues. Opportunity recognition, or the ability to identify the commercial op-

portunity of research, has been proven as a critical skill of an academic entrepreneur

[Clarysse et al. (2011)]. However, earlier ¯ndings in this area would have been far

more useful if the antecedents of entrepreneurial opportunity recognition ability had

been recognized. The answers to why and how some individuals are capable to

identify opportunity have always been associated to prior knowledge and thinking

process that contribute to their enhanced alertness to entrepreneurial opportunity

[Hajizadeh and Zali (2016)]. Indeed, numerous studies have been focused on unco-

vering the cognitive functioning that contribute to individual's ability to recognize

opportunity easily and successfully [Kuckertz et al. (2017); Mitchell et al. (2002);

Santos et al. (2015)]. For instance, entrepreneurial learning is a dynamic and self-

regulated process that contribute towards entrepreneurial success [Fust et al.

(2017)]. Although self- regulated learning has been thought to act as an informal

entrepreneurship education to academic entrepreneurs [Feldmann (2014)], there has
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been a lack of evidence on how it in°uences their academic entrepreneurship per-

formance. The main aim of this study is thus to determine the relationship between

academic entrepreneurs' self-regulated learning and their ability to identify the

commercial opportunity of research discoveries.

Research pertaining the determinants of research commercialization success

has been a continuing concern within the ¯eld of academic entrepreneurship. The

literature would have been far more comprehensive if the under-researched e®ects

of scientists' entrepreneurial characteristics and institutional culture [Kirchberger

and Pohl (2016)] had been examined concurrently with institutional support. As

policy implementation should be relevant to the university context [Wright et al.

(2012)], an evaluation of the e®ectiveness of the infrastructure support system is

another bene¯cial purpose of this study.

2. Literature Review

2.1. Entrepreneurial activity in the university

Academic entrepreneurship is a concept that embodies the idea of an entrepre-

neurial university [Barth and Schlegelmilch (2013); Gibb and Hannon (2006);

Wood (2011)] and is often associated with the commercialization of new knowledge

generated from academic research discoveries. Siegel and Wright [2015] de¯ned

academic entrepreneurship as the initiatives undertaken by a university to stim-

ulate commercialization within academia. Similarly, Grimaldi et al. [2011] denoted

it as technological entrepreneurship via a university's e®ort to commercialize ac-

ademic scientists' research ¯ndings or innovations through activities like patent-

ing, licensing, spin-o® creation, and university-industry partnership. In addition,

Wood [2011] described it as the e®orts and activities undertaken by a university

and its industry partners to commercialize discoveries from research. On the other

hand, Yusof et al. [2010] perceive academic entrepreneurship as a value creation

process that involves organizational innovation through patenting, licensing, and

design rights as well as organizational creation through spin-o®s and joint ventures.

They further suggested that this process also involves organizational renewal through

research groups, research centers, and technology transfer schemes. Altogether, this

value creation process leads to the commercialization of research and technology

originating from the university. Accordingly, entrepreneurial activities in university

reinforce the bond between universities and industry that bring signi¯cant impact to

the regional and social development [Pattnaik and Pandey (2016)].

Siegel and Wright [2015], in their work advocating the rethinking of academic

entrepreneurship, claimed that the benchmarking of entrepreneurial activities based

on the metrics of patenting, licensing, and start-up activity (as in the United States

and Canada) may not represent the true outcomes of academic entrepreneurship.

Furthermore, these traditional indicators often require a long gestation period to

materialize [Reynolds et al. (2004)]. This presents challenges in gauging the progress

of entrepreneurial activity, especially for universities that are novices in academic

entrepreneurship. Therefore, this study examined the academic entrepreneurship
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performance of academic entrepreneurs on a much wider spectrum by including the

progress in developing commercial opportunities (e.g. technological solution ideas

and potential prototypes) in addition to the other academic entrepreneurship per-

formance indicators depicted in Fig. 1. Accordingly, the term \academic entre-

preneurship performance" in this study refers to entrepreneurial activities

undertaken by academic scientists in their quest to commercialize research or

transfer technology-based innovation from academia to external organizations that

utilize and apply the technology for marketable products [Kirchberger and Pohl

(2016); Mom et al. (2012)].

2.2. Opportunity recognition

Opportunity recognition is one of the key foundational concepts in entrepreneurship

research [Chell (2013)] that explains why some individuals become entrepreneurs

and some do not [Shane and Venkataraman (2000)]. Although scholars have long

debated opportunity recognition [George et al. (2014)], this concept has not been

extensively examined from the academic entrepreneurship perspective. The few

notable exceptions have acknowledged academic entrepreneurship as a process

arising from opportunity recognition [d'Este et al. (2012); Prodan and Drnovsek

(2010)]. Opportunity recognition refers to the ability of an academic entrepreneur to

detect opportunities from research that can be converted into commercial market

applications [Clarysse et al. (2011); Fern�andez-P�erez et al. (2015); Rasmussen and

Rice (2011)]. Prior evidence suggests that academic scientists who have a stronger

self-belief in their opportunity recognition ability have a higher entrepreneurial in-

tention to create a start-up company by transferring technology related to research

discoveries [Fern�andez-P�erez et al. (2015)]. Similarly, Clarysse et al. [2011] showed

Fig. 1. Conceptual framework.

N. Abd Rahim et al.

2150016-4

In
t. 

J.
 I

nn
ov

at
io

n 
T

ec
hn

ol
. M

an
ag

em
en

t 2
02

1.
18

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 U
N

IV
E

R
SI

T
I 

T
E

K
N

O
L

O
G

I 
M

A
L

A
Y

SI
A

 (
U

T
M

) 
on

 0
3/

27
/2

2.
 R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



that academic scientists with a higher degree of opportunity recognition capability

are more likely to create ventures themselves. Accordingly, this study proposed the

following hypothesis:

H1: Scientists' ability to identify the commercial opportunity of academic research

relates positively to their academic entrepreneurship performance

A common theme in most studies on the antecedents of opportunity recognition has

been the crucial role of information in preceding this process. Generally, there are

two main reasons why some individuals can recognize opportunity [Casson (2005)].

First, these individuals have better information. Second, they can put that infor-

mation to better use towards value creation. The in°uence of information in the

opportunity recognition process raises the question of how individuals can get better

information. In this regard, connections with diverse people provides access to ex-

ternal knowledge [Ramos-Rodríguez et al. (2010)], whereby the strength of the social

network between entrepreneurs, managers, and entrepreneurial associations in°u-

ences the number of opportunities an individual can develop and exploit [Fuentes

et al. (2010)]. In addition, Fern�andez-P�erez et al. [2015] adopted a broader per-

spective to investigate the indirect in°uence of academic scientists' distinct social

networks (professional forums and business and personal networks) on entrepre-

neurial intention. Their analysis of 630 Spanish scientists provided evidence on the

positive e®ect of perceived informational support from business and personal net-

works on scientists' higher self-belief in opportunity recognition. In the same man-

ner, the presence of entrepreneurial mentors among senior academics may also

bestow scientists with relevant information, which in turn facilitates opportunity

recognition. Evidence in sustainable entrepreneurship revealed that entrepreneurs'

opportunity recognition is in°uenced by their knowledge of natural and communal

environments that provide them with the edge of having additional information

[Hanohov and Baldacchino (2018)]. Hence, this study predicted as follows:

H2: Scientists' social capital relates positively to their ability to identify the

commercial opportunity of academic research

H3: In°uence from mentors to provide informational support relates positively to

scientists' ability to identify the commercial opportunity of academic research

H13: Scientists' social capital indirectly relates to academic entrepreneurship

performance through their ability to identify the commercial opportunity of

academic research

2.3. Self-regulated learning

Theoretically, self-regulated learning is an independent learning approach that

requires an individual to (i) take his/her own initiative in identifying learning needs

to achieve a certain goal and (ii) acquire learning resources with or without the

assistance of others [Brook¯eld (2009)].

The idea of self-regulated learning parallels with the entrepreneurial personality

literature, which suggests that behavioral characteristic of entrepreneurs involves

Impact of Self-Regulated Learning
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autonomous and strategic actions to identify and organize resources for the purpose

of converting opportunities to marketable products [Chell et al. (1991); Cromie

(2000)]. Furthermore, self-regulated learning behavior allows entrepreneurs to take

accountability and to control both self-monitoring and self-management processes in

achieving speci¯c learning goals [Tseng (2013)].

Academic scientists generally lack business-related knowledge and are relatively

un¯t for entrepreneurial tasks [Franklin et al. (2001)]. In the pursuit of research

commercialization and technology transfer, scientists encounter knowledge gaps due

to their unfamiliarity with entrepreneurship, as being an entrepreneur goes beyond

their traditional roles and scienti¯c expertise. In facing the conditions of uncertainty,

scientists must self-regulate their behavior, environment and cognition within the

entrepreneurial context. Even though they may start as novices, their capability can

be developed through self-regulated learning [Winkler et al. (2016)]. This study

argues that scientists who step out of their comfort zones and attempt to accomplish

self-regulated learning to bridge these knowledge gaps will potentially make the

di®erence. Speci¯c environmental features beyond comfort zone enable entrepreneur

to build up diverse skills and network relations conducive to entrepreneurship that

led to opportunities discovery [Schlepphorst et al. (2020)]. Besides, entrepreneurs

also learn to develop opportunity recognition through market interaction and real-

life process formed by prior knowledge, accumulated resources and industrial con-

texts [Sanz-Velasco (2006)]. Accordingly, this study de¯nes scientists' entrepre-

neurial e®ort in self-regulated learning as determined attempts to acquire and

organize resources related to academic entrepreneurship with the explicit goal of

transferring technologies from academic research.

In their attempts to realize successful research commercialization, scientists may

independently learn about research ideas and opportunities by attending conferences

and university-run product exhibitions. The source of scientists' self-regulated learning

may also come from discussions with industrial contacts about problems that can

potentially be resolved through research [Thursby and Thursby (2001)]. Furthermore,

Smilor [1997, p. 344] asserted that \e®ective entrepreneurs are exceptional learners

who learn by doing and learn from everything including customers, suppliers, and

competitors". Therefore, scientists' self-regulated learning may also be accomplished

through their active seeking of information from potential customers, suppliers,

competitors, investors, business partners, as well as other organizations. These au-

tonomous e®orts in entrepreneurial learning allow scientists to gather external infor-

mation that exposes them to more ideas and opportunities, which may in°uence their

opportunity recognition ability. Hence, this study conjectured as follows:

H4: Scientists' self-regulated learning relates positively to their ability to identify

the commercial opportunity of academic research

H5: Scientists' self-regulated learning relates positively to their academic entre-

preneurship performance

H6: Scientists' self-regulated learning indirectly relates to academic entre-

preneurship performance through their ability to identify the commercial op-

portunity of academic research
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2.4. Risk-taking

It has long been argued that entrepreneurs have a risk-taking trait [Brockhaus

(1980); Nielsen (2015)], which is a measure of the degree to which individuals are

willing to make huge and risky resource commitments to seize opportunities with

high chances of costly failure [Kirkman (2013)]. Fear of failure in°uences one's de-

cision to engage in entrepreneurial activity, given that venturing into a new business

poses the risk of ¯nancial losses that may a®ect one's future and emotional state

[Xavier et al. (2012)]. Scientists often encounter uncertainty regarding the usefulness

of technology as well as its commercial application and replication in the industry

since technology is usually transferred at the infancy stage [Jensen and Thursby

(2003)]. Therefore, academic entrepreneurs are those who bold enough to embrace

these risks [Fern�andez-P�erez et al. (2015); Guerrero et al. (2008)]. Accordingly, this

study predicted the following hypothesis:

H7: The risk-taking propensity of scientists positively relates to their academic

entrepreneurship performance

2.5. Social capital

Social capital is described as \resources individuals obtain from knowing others,

being part of a social network with them, or merely from being known to them" [Baron

and Markman (2000, p. 10)]. In the academic context, these social networks involve

personal, professional, and business linkages between scientists and other indivi-

duals. A large body of literature has focused on the contribution of social capital to

academic entrepreneurship, speci¯cally to the formation of entrepreneurial intention

[Aldridge and Audretsch (2011); Fern�andez-P�erez et al. (2015); Karlsson and

Wigren (2012); Landry et al. (2006); Prodan and Drnovsek (2010); Sequeira et al.

(2007)] to opportunity recognition and start-up survival [Pugalia et al. (2020)].

Scientists bene¯t from their social network in terms of both the tangible and in-

tangible resources needed for technology transfer. For instance, apart from en-

hancing informational access to business markets, new opportunities [Prodan and

Drnovsek (2010)] and consumer needs [Fern�andez-P�erez et al. (2015)], social capital

also provides scientists with technical support [Karlsson and Wigren (2012); Ozgen

and Baron (2007)], emotional support [Fern�andez-P�erez et al. (2015)], and ¯nancial

resources [Baron and Markman (2000)]. In accordance with these considerations,

this study hypothesized:

H8: Scientists' social capital positively relates to their academic entrepreneurship

performance

2.6. Institutional support

2.6.1. Technology transfer o±ce

The establishment of a Technology Transfer O±ce (TTO) is a major area of interest

within the ¯eld of academic entrepreneurship [Grimaldi et al. (2011); Siegel and

Impact of Self-Regulated Learning
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Wright (2015)] as universities continue to play crucial role to develop and enhance

their capabilities to support the growth of technology-based new ventures [Rao and

Mulloth (2017)]. The term TTO in this study refers to assistance and support

measures provided by a university entity to facilitate academic entrepreneurs in

research commercialization and technology transfer. Some scholars attested that the

establishment of TTO has impacted the performance of academic entrepreneurship

[Clarysse et al. (2011); Muscio et al. (2016); Nosella and Grimaldi (2009); Phan et al.

(2005); Rizzo and Ramaciotti (2014)]. However, there have been contradictory ev-

idence to this [Clarysse et al. (2011)]. For instance, Nosella and Grimaldi [2009]

revealed no direct linkage between a TTO's establishment and the number of start-

ups. This inconsistent observation could be due to inhomogeneity of TTO across

di®erent universities [Markman et al. (2005)] that impact universities in a dissimilar

manner [Aldridge and Audretsch (2011)].

Recent studies have instead attempted to explain the in°uences of a TTO's size

[Aldridge and Audretsch (2011); Muscio et al. (2016)], resources [Osiri et al. (2013)]

and e±ciency [Aldridge and Audretsch (2011); Clarysse et al. (2011)] on the de-

velopment of academic entrepreneurship. Institutional support from a TTO to ac-

ademic entrepreneurs through its collective services is critical [Rasmussen and

Wright (2015)], especially in the early stages of technology transfer [Rasmussen and

Rice (2011); Wood (2011)]. However, the speci¯c types of TTO services that are

conducive to scientists' academic entrepreneurship performance remain unclear. For

instance, an examination of 128 universities' TTOs showed that their mission

statements prioritize licensing for royalties and intellectual property (IP) protection

more than facilitating scientists in the disclosure process [Markman et al. (2005)].

This study argues that if a TTO is e®ective, its presence should have a positive

impact on scientists' involvement in entrepreneurial activity and their consequent

academic entrepreneurship performance. Accordingly, this study predicted the

following:

H9: The e±ciency of a Technology Transfer O±ce positively relates to scientists'

academic entrepreneurship performance

2.6.2. Funding

A growing body of literature recognizes the importance of ¯nancial assistance in the

early stages of a technology transfer pursuit [Kochenkova et al. (2015); Rasmussen

and Sørheim (2012)]. Through the provision of proof-of-concept funds, translational

funds, or pre-seeds funds, the ¯nancial gap between research and commercialization

is bridged, freeing scientists from having to redistribute research and development

(R&D) funds. Moreover, proper funding of research discoveries with commercial

potential allows scientists to proceed with proofs-of- concept, enter the market, and

seize opportunities at the right time without postponing a technology's potential

[Gubitta et al. (2016)]. While there is evidence on the positive e®ect of funding

amount on the entrepreneurial activity rate [Aldridge and Audretsch (2011); O'shea

et al. (2005); Rasmussen et al. (2006); Rizzo and Ramaciotti (2014)], some studies

N. Abd Rahim et al.
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have observed contrary ¯ndings [Di Gregorio and Shane (2003)]. For instance,

Stanford University, with a sponsored research expenditure of USD 391 million,

managed to generate 25 start-ups while Duke University, with a sponsored research

expenditure of USD 361 million, did not generate any [Di Gregorio and Shane

(2003)]. The inconsistency of these ¯ndings raises the question of whether it is the

complexity of funding procedures that matters rather than the amount of funding.

Therefore, this study hypothesized as follows:

H10: The ease of getting ¯nancial assistance positively relates to scientists' aca-

demic entrepreneurship performance

2.7. Organizational culture

2.7.1. Mentor support

Variations in entrepreneurial activity rates [Di Gregorio and Shane (2003)] may be

attributed to di®erences in entrepreneurial cultures at organizational and faculty

levels [Osiri et al. (2013); Tartari et al. (2014)]. Social norms in°uence scientists'

entrepreneurial behavior [Ajzen (1991)] when most faculty members embrace atti-

tudes, values, goals, and practices favoring entrepreneurship [Osiri et al. (2013)].

Indeed, organizational culture is the closest environmental factor that a®ects sci-

entists' engagement in entrepreneurial activity [Bercovitz and Feldman (2008);

Huyghe et al. (2015); Prodan and Drnovsek (2010); Tartari et al. (2014)].

Leadership direction [Bercovitz and Feldman (2008)] and interaction with other

faculty members [Osiri et al. (2013)] are two elements that establish culture, which

subsequently impels the attitude of a scientist towards academic entrepreneurship.

Senior management support and culture that encourage cooperation across organi-

zational boundaries have also been found to contribute towards a successful com-

mercialization and technology transfer in the public-private cooperation [Geisler and

Turchetti (2015)]. Furthermore, the presence of a mentor to confer knowledge and

support relating to academic entrepreneurship may persuade scientists on the fea-

sibility of an entrepreneurial pursuit. Indeed, a study on the learning development of

novice entrepreneurs indicated positive learning outcomes from mentorship pro-

grams [St-Jean and Audet (2012)]. This is because formal mentoring program can

e®ectively strengthen mentee's entrepreneurial self-e±cacy through support from

mentors [St-Jean et al. (2018)].

Accordingly, this study predicted the following:

H11 Support from mentor positively relates to scientists' academic entrepreneur-

ship performance

2.8. Entrepreneurial peers

The entrepreneurial peer e®ect re°ects scientists' interaction with other faculty

members who have prior experience in technology transfer. This e®ect inspires sci-

entists to become academic entrepreneurs [Tartari et al. (2014)], especially if they

have low exposure to entrepreneurship [Nanda and Sørensen (2010)]. Similar to
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Prodan and Drnovsek [2010], Huyghe et al. [2015] provided evidence that the

presence of colleagues who have been involved in spin-o® creation, patenting,

licensing, contract research, or consulting positively a®ects scientists' propensity to

engage in technology transfer activities. This is partly because entrepreneurial peers

deliver the message that their dual roles as academics and entrepreneurs are socially

accepted, which in turn enhances scientists' perceived desirability towards research

commercialization and technology transfer pursuits [Ajzen (1991)]. Indeed, a recent

study on the power of peers reveals that encouragement from peers strengthen the

relationship between creativity and entrepreneurial intention [Bello et al. (2018)].

Besides, risk-averse scientists may be relieved of the stigma of failure after learning

from their entrepreneurial peers' experiences [Nanda and Sørensen (2010)]. There-

fore, this study predicted the following:

H12: The presence of entrepreneurial peers among colleagues positively relates to

scientists' academic entrepreneurship performance

Figure 1 summarizes this study's conceptual framework, indicating the expected

relationships between scientists' entrepreneurial characteristics (opportunity rec-

ognition, self-regulated learning, risk-taking, social capital), institutional support

(TTO e±ciency, ease of getting funding), organizational culture (mentors, en-

trepreneurial peers), and academic entrepreneurship performance.

3. Methodology

The study sample consisted of academic scientists from a public research university

in Malaysia, i.e. Universiti Teknologi Malaysia (UTM). Statistics show that local

commercial products and technologies originating from academic research are mostly

contributed by the engineering sciences [MASTIC (2013b)], implying that academic

entrepreneurs are more common among scientists from the engineering ¯eld

[Reguera (2016); Philpott et al. (2011); Zhang et al. (2014)]. Therefore, the selection

of UTM as a case study was justi¯ed given that its primary focus is the teaching

and research of engineering [UTM Organisational Management Division (2016)].

However, despite its core establishment for engineering teaching and research, UTM

lags behind Universiti Sains Malaysia (USM) and Universiti Malaya (UM) in its

contribution to commercialize local products and technologies [MASTIC (2013b)].

The number of active scientists in UTM is almost comparable to USM and is higher

than UM [MASTIC (2015b)], suggesting that UTM's low performance is due to the

limited contribution of its engineering scientists to the commercialization of research

discoveries. Based on these considerations, the population of engineering scientists

investigated in this study was derived from UTM.

Pertaining to research relating to the determinants of scientists' opportunity

recognition capacity and engagement in technology transfer, there has been a sig-

ni¯cant body of literature, known variables and existing theories to support the work

undertaken in this area of interest. Hence, the positivism research paradigm was

adopted as it focuses on the quantitative descriptors [Creswell (2003); Dawson

N. Abd Rahim et al.
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(2002)] for this study sought to con¯rm, support or challenge the ¯ndings of other

scholars in a di®erent research context. A cross-sectional survey study was employed

in this study to develop generalizations to provide better prediction, explanation and

understanding of the phenomena under study.

The size of the target population was 1453. A power analysis [Cohen (1988); Hair

et al. (2014)] using the G*power software [Faul et al. (2009)] computed the minimum

sample size to be 109, with the maximum number of predictors set at eight, the e®ect

size set at medium (0.15), and the power level set at 0.80 [Gefen et al. (2011)].

A survey instrument was developed comprising measurement items for all the

variables in this study (see Appendix A). A total of 115 valid responses were re-

ceived. The demographic pro¯le of the respondents is shown in Table 1. These

respondents were a mixture of Professors, Associate Professors and Senior

Lecturers. Most of them were from engineering faculties and had more than 10 years

of experience.

4. Data Analysis and Results

Hair et al. [2014] guided the data analysis in selecting between partial least square

(PLS-SEM) and a covariance-based approach (CB-SEM). CB-SEM is not suitable as

the goal of this study is neither towards theory testing nor towards comparison of

alternative theories. PLS-SEM is considered as the primary approach in this study

since the hypothesized model incorporate both formative and re°ective constructs.

The research model was analyzed using PLS-SEM approach via the SmartPLS 3.0

software [Ringle et al. (2015)]. Following the recommended two-stage analytical

procedure (Anderson and Gerbing, 1988), the measurement model (validity and

reliability of the measures) was tested ¯rst, followed by the structural model which

Table 1. Pro¯le of respondents.

Frequency Percentage

Gender

Male 83 72.2

Female 32 27.8

Research Experience
Below 10 years 19 16.5

10 to 20 years 31 27

20 to 30 years 39 33.9

More than 30 years 26 22.6
Faculty

Chemical Engineering 13 11.3

Civil Engineering 24 20.9

Electrical & Electronic Engineering 22 19.1
Mechanical Engineering 32 27.8

Biosciences & Medical Engineering 5 4.4

Chemistry 4 3.5
Computer Science 3 2.6

Physics 1 0.9

Geo-Information & Real Estate 9 7.8

Others 2 1.7
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examined the hypothesized relationships. The bootstrapping method was used to

test the signi¯cance of the path coe±cients and loadings [Hair et al. (2014)].

4.1. Measurement model evaluation

The validity and reliability of re°ective measures were evaluated in terms of con-

vergent validity, internal consistency, and discriminant validity. Factor loadings,

composite reliability (CR), and average variance extracted (AVE) were used to

assess convergent validity. The loadings for all re°ective items were higher than the

acceptable value of 0.5 (see Table 2). The composite reliabilities and AVE values

were all higher than 0.7 and 0.5 respectively, exceeding their threshold values. This

demonstrated the satisfactory internal consistency reliability and convergent va-

lidity of the re°ective measurement items.

The discriminant validity of the measures was examined through Fornell and

Larcker's [1981] criterion of inter-correlation matrix. As shown in Table 3, the

constructs' square root of the AVE (bold values in the diagonals) were higher than

the correlations between constructs (values in corresponding rows and columns),

indicating adequate discriminant validity. In sum, both convergent and discriminant

validity of the re°ective measures in this study were established.

The validity of formative measures was evaluated in terms of construct validity,

indicator collinearity, and outer weights. For formative measures, a modi¯ed mul-

titrait–multimethod (MTMM) matrix analysis [Loch et al. (2003)] was employed to

assess construct validity [Andreev et al. (2009); Lowry and Gaskin (2014)]. Both

formative measures established su±cient discriminant validity. The measurement of

discriminant validity for these formative measures is discussed in Rahim et al. [2019].

The variance in°ation factors (VIF) for formative measures were below 3.3 (see

Table 2), indicating the absence of multicollinearity. The three indicators with in-

signi¯cant outer weights were TTO4, SC3, and SC5. Indicator TTO4 was retained

as deletion is deemed necessary only if its outer loading is neither signi¯cant nor

below 0.5 [Hair et al. (2014)]. Indicators SC3 and SC5 were also retained as their

corresponding outer loadings were above 0.5 and signi¯cant. As per the guidelines of

Cenfetelli and Bassellier [2009], signi¯cant indicators with positive weights were

compared based on their magnitudes whereas signi¯cant indicators with negative

weights (TTO5: e±ciency of TTO sta®, SC1: professional forums) were interpreted

as having negative e®ects when the e®ects of other indicators within the same

construct were controlled. The results showed the relative e®ect of all indicators

towards the TTO construct was the strongest from TTO2 (commercialization ser-

vices), followed by TTO1 (awareness programs) and TTO3 (¯nancial planning

services). For the social capital construct, the indicator with the strongest e®ect was

SC2 (personal network) followed by SC4 (new partners and potential investors).

4.2. Structural model evaluation

The structural model was assessed by evaluating the coe±cients of determination

(R2Þ, standardized regression weights (�Þ, and corresponding t-values (see Table 4).

The SmartPLS bootstrapping function with 500 resamples was applied to 115 cases.
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The R2 values were both above 0.35 indicating a substantial model [Cohen (1988)]. Six

hypotheses (H1, H2, H4, H8, H9, and H10) were signi¯cant with � values ranging from

0.166 to 0.52 in expected directions. The six signi¯cant relationships also showed

Table 2. Convergent validity of measurement model.

Type of measures Construct Item Loadings AVEa/Weightsb CR VIF

Re°ective measures Opportunity recognition (OR) OR1 0.914 0.855 0.959

OR2 0.941

OR3 0.912
OR4 0.932

Academic entrepreneurship

performance (AEP)

AEP1 0.843 0.551 0.878

AEP2 0.521

AEP3 0.86
AEP4 0.794

AEP5 0.712

AEP6 0.67
Risk taking RT1 0.881 0.751 0.9

RT2 0.918

RT3 0.796

Mentor support SM1 0.893 0.776 0.954
SM2 0.883

SM3 0.834

SM4 0.93

SM5 0.931
SM6 0.808

Self-regulated learning SD2 0.744 0.734 0.951

SD3 0.799

SD4 0.863
SD5 0.912

SD6 0.908

SD7 0.906
SD8 0.854

Entrepreneurial peers EP1 0.95 0.888 0.96

EP2 0.949

EP3 0.929
Funding FG1 0.824 0.692 0.9

FG2 0.83

FG3 0.856

FG4 0.817
F TTO e±ciency TTO1 0.723�� 0.449�� 1.38

TTO2 0.863�� 0.730�� 2.05

TTO3 0.480�� 0.292� 1.27
TTO4 0.481�� 0.056 1.81

TTO5 0.358�� �0.337� 1.87

Social capital SC1 0.263�� �0.216� 1.30

SC2 0.960�� 0.897�� 2.09
SC3 0.625�� 0.016 1.96

SC4 0.731�� 0.261� 1.92

SC5 0.580�� �0.009 1.79

aRows indicate AVE for re°ective measures.
bRows indicate weights for formative measures. Items SD1, EP4 and EP5 were deleted due to indi-

cator's loading below the threshold values based on a consideration that the deletion led to an increase

in composite reliability and average variance extracted [Hair et al. (2014)].
Notes: �p < 0:05 (t > 1:645), ��p < 0:01 (t > 2:33).

Impact of Self-Regulated Learning

2150016-13

In
t. 

J.
 I

nn
ov

at
io

n 
T

ec
hn

ol
. M

an
ag

em
en

t 2
02

1.
18

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.w

or
ld

sc
ie

nt
if

ic
.c

om
by

 U
N

IV
E

R
SI

T
I 

T
E

K
N

O
L

O
G

I 
M

A
L

A
Y

SI
A

 (
U

T
M

) 
on

 0
3/

27
/2

2.
 R

e-
us

e 
an

d 
di

st
ri

bu
tio

n 
is

 s
tr

ic
tly

 n
ot

 p
er

m
itt

ed
, e

xc
ep

t f
or

 O
pe

n 
A

cc
es

s 
ar

tic
le

s.



substantive e®ects with medium e®ect sizes (f 2Þ. The predictive relevance (Q2Þ of the
model was estimated using the SmartPLS blindfolding function (omission distance

setting, D ¼ 6). The results showed that the Q2 value was more than zero, suggesting

that the exogenous constructs had a large predictive relevance for the endogenous

constructs under consideration [Fornell and Cha (1994); Hair et al. (2014)].

The indirect hypothesized relationships were tested using the \boostrapping the

indirect e®ect" method [Preacher and Hayes (2004, 2008)]. The results in Table 4

show that two indirect e®ects (H6 and H13) were signi¯cant. Their 95% boot-

strapping con¯dence intervals, [LL ¼ 0:052, UL ¼ 0:226] and [LL ¼ 0:014,

UL ¼ 0:134], did not straddle a \0", thus verifying that there was mediation. These

results con¯rmed that scientists' self-regulated learning and social capital indirectly

relate to academic entrepreneurship performance through their ability to identify the

commercial opportunity of academic research.

Table 4. Results of structural model assessment.

No. Relationship � Std. t-value R2 f 2 Q2 Hypothesis

H1 OR !AEP 0.293 0.088 3.338�� 0.105 Supported

H2 SC ! OR 0.219 0.096 2.289� 0.048 Supported
H3 SM ! OR 0.064 0.053 1.197 0.008 Not supported

H4 SD !OR 0.52 0.097 5.363�� 0.5 0.273 0.420 Supported

H5 SD ! AEP 0.123 0.083 1.49 0.017 Not supported
H7 RT ! AEP �0:064 0.059 1.082 0.005 Not supported

H8 SC ! AEP 0.308 0.077 3.993�� 0.130 Supported

H9 TTO ! AEP 0.202 0.084 2.397�� 0.674 0.065 0.345 Supported

H10 FG ! AEP 0.166 0.078 2.113� 0.048 Supported
H11 SM ! AEP �0:103 0.086 1.2 0.024 Not supported

H12 EP !AEP 0.071 0.065 1.091 0.009 Not supported

H6 aSD!OR!AEP 0.153 0.052 2.944* Supported

H13 bSC!OR!AEP 0.064 0.038 1.699* Supported

a;bindirect relationships.

Note: �p < 0:05 (t > 1:645), ��p < 0:01 (t > 2:33).

SD: Self-regulated learning, EP: Entrepreneurial peers, SC: Social capital, FG: Funding, TTO:
Technology Transfer O±ce, ORC: Opportunity recognition, RT: Risk taking, SM: Mentor support,

AEP: Academic entrepreneurship performance.

Table 3. Discriminant validity of re°ective measures.

Construct SD EP FG OR RT SM AEP

SD 0.857

EP 0.408 0.943

FG 0.379 0.489 0.832

OR 0.685 0.355 0.445 0.925
RT 0.58 0.459 0.521 0.659 0.866

SM 0.173 0.462 0.216 0.2 0.207 0.881

AEP 0.668 0.453 0.568 0.671 0.58 0.174 0.742

Notes: SD: Self-regulated learning, EP: Entrepreneurial peers, FG: Funding,

OR: Opportunity recognition, RT: Risk taking, SM: Mentor support, AEP:

Academic entrepreneurship performance.
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Demographic characteristics such as gender [Koellinger (2008); Ramos-Rodriguez

(2010); Tartari et al. (2014)] and academic post status [Kalar and Antoncic (2015);

Tartari et al. (2014)] were tested as control variables. In SmartPLS, these control

variables were treated as independent variables together with the other eight latent

variables [Jabbour et al. (2015)]. The regression weights and their signi¯cances were

then examined to test the e®ect of the control variables on the hypothesized rela-

tionships that were statistically signi¯cant before the post-hoc analysis (TTO!AEP,

FG ! AEP, SC ! AEP, ORC ! AEP). The results of the post-hoc analysis showed

that these relationships remained statistically signi¯cant despite the inclusion of the

control variables. Therefore, the e®ects of the control variables were ruled out.

5. Discussion

This study's main ¯ndings reveal that scientists' opportunity recognition

(� ¼ 0:293) and social capital (� ¼ 0:308) are the strongest contributing factors to

their academic entrepreneurship performance. TTO e±ciency (� ¼ 0:202) and

ease of getting funding (� ¼ 0:166) also play in°uential roles, albeit to a lesser

extent. Contrary to expectations, this study did not ¯nd organisational culture to sig-

ni¯cantly improve scientists' engagement in academic entrepreneurship. Interestingly,

the ¯ndings provide new evidence that scientists' self-regulated learning indirectly

in°uences academic entrepreneurship performance by developing their opportunity

recognition.

Consistent with Clarysse et al. [2011] and Ramos-Rodríguez et al. [2010], this

study corroborates that scientists' academic entrepreneurship performance is

strongly impacted by their opportunity recognition ability. Scientists with this

ability can assume the role of academic entrepreneurs because they are good at

perceiving unmet customer needs and unique value propositions o®ered by their

research discoveries to the market [Chesbrough and Rosenbloom (2002)]. The

measures of opportunity recognition in this study (see Appendix A) further suggest

that a trait of academic entrepreneurs that di®erentiates them from their non

entrepreneurial colleagues is the ability to identify the disruptive or sustaining

technological potentials of their academic research. Scientists' higher opportunity

recognition is re°ected by their increased ability to identify research ideas and design

new products or services that bene¯t other organizations, solve consumer problems,

or improve existing products. The sustaining or disruptive characteristics of these

technological discoveries [Kassicieh et al. (2002); Walsh et al. (2002)] raise the

commercial value of academic research [Markman et al. (2008); Rasmussen et al.

(2011)]. This study found weak support for the hypothesized positive relationship

between scientists' self-regulated learning and their academic entrepreneurship

performance, similar to Keith et al. [2016]. Nevertheless, this study empirically

proves that scientists' self-regulated learning indirectly in°uences their academic

entrepreneurship performance by developing their opportunity recognition. This

¯nding is in line with the psychological perspective that asserts the in°uence of

deliberate practice on reinforcing skills in a particular domain [Ericsson et al. (1993)].

Scientists' self-regulated learning is shown by their frequent deliberate activities in
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developing a commercialization plan; in attending seminars or conferences to gain

more knowledge on other research ideas; in attending exhibitions to learn about

commercialized products; in discussing problems that can potentially be resolved

through research with contacts from the industry; in gathering market information

about potential customers, suppliers, and competitors; in seeking potential investors;

in sourcing business or industrial partners; and in consulting external agencies to

re¯ne and enhance their business plan. Through these self-regulated learning e®orts,

scientists are exposed to information and knowledge that allow them to become more

creative and innovative in exploring opportunities to translate their research into

marketable products or technology. Indeed, learning behavior plays a crucial role in

developing entrepreneurial creativity [Rigolizzo and Amabile (2015)] and proactive

learning e®orts [Kickul and Walters (2002)] align well with Kuckertz et al. [2017]

who found that entrepreneurs have higher chance to recognize opportunity as a

result their active involvement in searching, being alert, gathering information,

communicating, addressing customer needs and evaluating. These ¯ndings are

consistent with those of Kaish and Gilad [1991], who attested that a characteristic of

entrepreneurs is their frequent involvement in information seeking, through which

entrepreneurial opportunities are discovered in a systematic search process. This is

because scientists' frequent involvement in information seeking reinforces their

cognitive resources, as conjectured in cognitive psychology and social cognition

theory [Mitchell et al. (2002)], that enable them to assess, judge and decide the

emerging opportunities [Neill et al. (2017)]. Scientist's self-regulated learning be-

havior introduced in this study could also be perceived as a form practical entre-

preneurship education that has been proven to contribute to the academic

entrepreneurship performance [Sansone et al. (2019)].

The results from the formative measurement model imply that scientists' personal

network, consisting of their close family and friends, is the most important social

resource for their academic entrepreneurship performance. The second most im-

portant social resource is their business partners and potential investors. These

observations are consistent with earlier reports [Sequeira et al. (2007)] that a sup-

portive and strong relationship with one's personal network engenders a stronger

e®ect on entrepreneurial intention than non-a®ective contacts like business net-

works. A signi¯cant inverse relationship was found between scientists' professional

network and their academic entrepreneurship performance, which is in accordance

with Fern�andez-P�erez et al. [2015] but in contrast with Aldridge and Audretsch

[2011]. Academic scientists are likely to gain many professional contacts through

their attendance at conferences, workshops and seminars; however, these knowledge-

sharing platforms often revolve around scienti¯c knowledge rather than academic

entrepreneurship.

Consistent with earlier studies [Fern�andez-P�erez et al. (2015); Ramos-Rodríguez
et al. (2010)], the results support the indirect relationship between scientists' social

capital and academic entrepreneurship performance by way of their opportunity

recognition. Furthermore, this study discovers that the in°uence of scientists' self-

regulated learning behavior in enhancing their opportunity recognition ability is far

greater than the in°uence of social capital. Since scientists' social capital is mostly
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built on a personal network that provides emotional support, the role of scientists'

self-regulated learning behavior exceeds that of social capital by enabling scientists

to gain more access to external knowledge that helps them better recognize en-

trepreneurial opportunity.

In line with Clarysse et al. [2011], institutional support through TTO plays a

weaker role than personal factors in improving scientists' academic entrepreneurship

performance. The results from the formative measurement model, which are partly

discussed in Rahim et al. [2019], grant new insights into TTO services by

highlighting that facilitating patent application and technology licensing is its most

important role. The second most important role of a TTO is to organize programs to

increase scientists' understanding of the technology transfer process. In accordance

with Slavtchev and G€oktepe-Hult�en [2015], the ¯ndings also suggest that the TTO's

third most vital role is to aid scientists' ¯nancial planning. However, contrary to

Aldridge and Audretsch (2011), it is intriguing to discover a signi¯cant inverse

relationship between the e±ciency of TTO employees and scientists' technology

transfer pursuit. This observation is partly due to the relatively new establishment of

the TTO in UTM (TTO age < 10 years) compared to the average age of those in

developed countries (United States: 18.5 years; United Kingdom: 17.5 years; Spain:

18 years; Denmark: 13 years) [Rizzo and Ramaciotti (2014)].

The ease of getting funding shows the weakest in°uence on scientists' academic

entrepreneurship performance. The Malaysian government steadily increased the

amount of funding between the year 2000 and the year 2012 [MASTIC (2016)].

However, several qualitative studies suggest that the low entrepreneurial activity

rate among Malaysian scientists is caused by a lack of ¯nancial support [Khademi

et al. (2015)]. This study provides evidence from a new perspective, indicating that

instead of the funding amount, the di±culty scientists face in the process of applying

for and obtaining funds deters them from participating in technology transfer and

research commercialization activities.

Unexpectedly, neither mentor support nor the presence of entrepreneurial peers

among colleagues were found to signi¯cantly improve academic entrepreneurship

performance. Contradictory to previous studies [Fern�andez-P�erez et al. (2015);

St-Jean and Audet (2012); Tartari et al. (2014)], the reason for this insigni¯cant

result is because entrepreneurial culture in a university is a rather intangible element

[Bradley et al. (2013)]. The hypothesized relationships, therefore, may only hold in a

certain population of scientists under a particular context. The cultural revolution

towards an entrepreneurial society in the United States took root in the early 1960s,

when the entrepreneurial mindset to create new values, new products, and new

industries was instilled and passed down through generations [Audretsch (2007)]. In

contrast, the sample in this study was drawn from a population of scientists from

UTM who relative novices in academic entrepreneurship.

Regarding scientists' risk-taking propensity, though the regression coe±cient

showed a negative value, there was insu±cient evidence to verify the signi¯cance of

its impact on scientists' academic entrepreneurship performance. The potential

reason behind this ¯nding's refutation of earlier studies [Fern�andez-P�erez et al.

(2015); Guerrero et al. (2008); Kirkman (2013)] could be the cultural di®erence
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across countries. For instance, the relative lack of entrepreneurial activity in Japan

[Fukao and Kwon (2011)] has been attributed to Japanese culture that accentuates

conventionality and consistency in a way that discourages risk-taking behavior,

which is the opposite of American culture [Kagami (2015)]. Accordingly, this study

implies a mindset in UTM that ascribes a mixed level of appreciation towards ac-

ademic entrepreneurship, which explains the insigni¯cant in°uence of culture on

scientists' academic entrepreneurship performance.

6. Implications, Limitations, and Future Research

Research on the antecedents of opportunity recognition has paid less attention to

intentional systematic search or the discovery of an opportunity by deliberately

searching for it [Fiet et al. (2005); George et al. (2014)]. This study expands the

literature by building upon the concept of deliberate practice [Ericsson et al. (1993)]

and the operationalization of this construct in the academic entrepreneurship con-

text [Keith et al. (2016)]. Eight indicators were developed in this study to measure

scientists' self-regulated entrepreneurial learning. The results augment the limited

evidence on how autonomous deliberate e®ort in entrepreneurial learning positively

in°uences opportunity recognition, which further explains improved academic en-

trepreneurship performance. The results provide a basis for aspiring academic

entrepreneurs among scientists on how they could self-develop their entrepreneurial

ability. Scientists should position themselves strategically in their environment and

manage their knowledge acquisition through deliberate practice. This ¯nding

emphasizes the importance of entrepreneur's self-regulatory capability and the un-

derlying mechanism that make some scientists increasingly better at recognizing

opportunity while others unable to develop such capability.

The outcomes of this research provide practical implications for the authorities to

spur academic entrepreneurship among scientists. Universities should inculcate sci-

ence and engineering students with an entrepreneurial mindset and entrepreneurial

abilities as they are the closest candidates to potentially be groomed into academic

entrepreneurs [Morales-Alonso et al. (2016); Philpott et al. (2011); Reguera (2016);

Zhang et al. (2014)]. Integrating an entrepreneurship training module that

encourages students to assess unique value propositions of technology start-ups

would expose them to how entrepreneurs align important problems with feasible

technological solutions and viable businesses, which in turn would develop students'

opportunity recognition. Moreover, the indicators of academic entrepreneurs' self-

regulated learning e®orts are useful to universities' engineering faculty to promote

deliberate practices among scientists to advance their opportunity recognition. As

seminars about intellectual property and patenting procedures are already widely

held, universities' engineering faculty should focus more on raising awareness about

opportunity creation and recognition from academic research. The ¯ndings of weak

relationship between risk taking propensity and academic entrepreneurship perfor-

mance imply that university should focus on developing a positive attitude and

strengthen entrepreneurial skills among scientists to rethink about commercial

challenge and be less risk averse. Entrepreneurial proactive behavior among
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scientists to gather external information that exposes them to more ideas and

opportunities should be encouraged that will further enhance academic entre-

preneurship performance.

The ¯ndings of this study are limited to the case study population of UTM; thus,

they are not generalizable to other contexts. Future studies should extend the pro-

posed research model to broader geographical scopes and populations. This study

suggests two avenues for future research. First, future studies may explore the extent

to which academic entrepreneurs discover opportunity by chance during R&D or by

strategic plans to create opportunity from the onset of academic research. New ¯ndings

that distinguish between opportunity discovery and opportunity creation would be

valuable for theoretical advancement in the academic entrepreneurship literature. For

instance, researchers may consider a longitudinal setting to investigate how tacit

knowledge developed from experience and prior education allows academic scientists to

discover or create entrepreneurial opportunities from academic research. Longitudinal

research is also recommended to eliminate the possibility of reverse causality since this

study is based on cross-sectional data. Second, future studies can build upon the

operationalization of academic entrepreneurs' self- regulated learning behavior in this

study to explore the possible moderating e®ect of entrepreneurial alertness [George

et al. (2014); Kirzner (1979)] in strengthening opportunity recognition.

Appendix A

Table A.1. Survey instrument comprising measurement items for all the variables

Variable Item Source

Academic entre-

preneurship per-

formance (AEP)

AEP1���Applied patent (patent ¯ling) for my research

¯ndings.

AEP2���Registered patent (patent granted) for my re-
search ¯ndings.

AEP3���Licensed to other organization my research ¯nd-

ings for them to develop and sell product.

AEP4���Developed potential prototype, technology and
process which can be commercialized to the industry.

AEP5���Developed *solutions that can enhance the prod-

uct of other industry. *technology or know-how(ideas)
that could stand alone/used with other technologies

AEP6���Created spin-o® companies to commercialize

research products

Adapted from

Prodan and

Drnovsek [2010],
D'Este et al.

[2012]

Self-regulated learn-
ing (SD)

SD1���Develop commercialization plan for my research
¯ndings.

SD2���Attended seminar and onferences to gain more

knowledge on other research ideas

SD3���Attended exhibition to gain more knowledge on
products that has been commercialized

SD4���Discuss with contacts from the industry on their

problems that potentially being resolved through re-
search.

SD5���Gather market information about potential cus-

tomer, supplier or competitor

Adapted from
Macnamara et al.

[2014], Keith

et al. [2016]
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Table A.1. (Continued )

Variable Item Source

SD6���Seek potential investor who is interested to fund the
commercialization of my research ¯ndings.

SD7���Seek business or industrial partner who is interested

to commercialize my research ¯ndings.
SD8���Consult external support such as TTO or external

agencies to re¯ne and enhance business plan.

Opportunity recog-

nition (OR)

OR1���Identify research ideas that can be converted into

new product or services (even though I may not pursue
them).

OR2���Identify research ideas that can improve existing

product or services (even though I may not pursue

them)
OR3���Identify research ideas that can bene¯t other orga-

nizations (even though I may not pursue them)

OR4���Design product or services to improve consumer
problems (even though I may not pursue them)

Adapted from

Clarysse et al.
[2011]

Risk taking (RT) RT1���I am capable to work productively under pressure

and stressful condition.

RT2���I am persistent in achieving my mission even though
facing with adversity.

RT3���If I identi¯ed commercial application of my re-

search, I would seriously consider putting more e®ort to

commercialize the opportunity.

Adapted from

Fern�andez-P�erez

et al. [2015]

Technology Transfer

O±ce (TTO)

TTO1���I think that programs organized by TTO increase

my understanding about the process of commercializing

research ¯ndings.
TTO2���I think that the *commercialization services pro-

vided by TTO has assisted me to commercialize research

¯ndings. (*prototype development, patent application,

technology licensing/assignment)
TTO3���I think that the services provided by TTO has

assisted me to develop *¯nancial planning to commer-

cialize research ¯ndings. (*business plan, market vali-

dation)
TTO4���I think that the *services provided by TTO has

assisted me to secure partners to commercialize research

¯ndings. (* marketing, promotion, exhibition)

TTO5���I think that the TTO personnel are e±cient in
assisting me to commercialize research ¯ndings.

Social capital (SC) SC1���My contacts from professional forums* have been

facilitating me with information and support that en-
courage me to commercialize my research ¯ndings.

*professional forums: Conferences/Workshop/Seminars

SC2���My contacts from personal network have been

facilitating me with information and support that
encourage me to commercialize my research ¯ndings.

*personal network: Friends/Close Family/Colleagues

SC3���My contacts or discussion with potential customers

or potential suppliers has been facilitating me with in-
formation and support that encourage me to commer-

cialize my research ¯ndings.

SC4���My contacts or discussion with new partners or po-
tential investors has been facilitating me with

Adapted from

Fern�andez-P�erez
et al. [2015]
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Table A.1. (Continued )

Variable Item Source

information and support that encourage me to com-
mercialize my research ¯ndings.

SC5���My contacts or discussion with potential competi-

tors has been facilitating me with information and
support that encourage me to commercialize my re-

search ¯ndings.

Funding (FG) FG1���I think that the grant o®ered for *research and de-

velopment activities is easily obtainable. (*Value anal-
ysis, concept idea, basic R&D, applied R&D)

FG2���I think that the grant o®ered for *pre-commerciali-

zation activities is easily obtainable. (* Experimental

Research Prototype, Incubation)
FG3���I think that the grant o®ered for *commercialization

activities is easily obtainable. (* Pilot production, Early

Growth, Mature Production, Value Realization)
FG4���Various grants that are easily obtained encourage

me to pursue e®ort to commercialize research ¯ndings

(*grants for R&D, pre-commercialization and commer-

cialization)
Entrepreneurial

peers

(EP)

EP1���A colleague who has been involved in *transfer of

knowledge activities inspires me to get involved in the

same activity too. (* book writing/consultation/con-

tract research)
EP2���A colleague who has been involved in *transfer of

technology activities inspires me to get involved in the

same activity too. (* licensing/patenting)
EP3���A colleague who has been involved in *transfer of

product activities inspires me to get involved in the

same activity too. (* creation of spin-o®s)

EP4���A colleague who has been involved in *pre-com-
mercialization activities inspires me to get involved in

the same activity too. (* Experimental Research Pro-

totype/Incubation)

EP5���A colleague who has been involved in *commer-
cialization activities inspires me to get involved in the

same activity too. (* Pilot production/Early Growth,

Mature Production/Value Realization)

Adapted from

Huyghe and

Knockaert [2015]

Mentor support
(SM)

SM1���I have a mentor who has been facilitating me to
identify ideas on how my research can be exploited for

commercialization.

Adapted from
Fern�andez-P�erez

et al. [2015]

SM2���I have a mentor who has been facilitating me with
information and support to undertake *pre-commer-

cialization activities. (*Experimental Research Proto-

type/Incubation)

SM3���I have a mentor a mentor who has been facilitating
me with information and support to undertake *com-

mercialization activities. (*Pilot production/Early

Growth/Mature Production/Value Realization)

SM4���I have a mentor who has been facilitating me with
information and support to get involved in book writing

or consultation or contract research activities.
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