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1. Introduction
Open innovation (OI), as defined by Chesbrough (2003), has become a widespread business strategy
(Dahlander and Gann, 2010, Huizingh, 2011, Gassmann et al., 2010), and many attempts have been
made to understand its features and implications. Yet, it is surprising that, despite the growing
attention given to OI, the understanding of its adoption, particularly in small and medium-sized
enterprises (SMEs), is fragmented (Ahn et al., 2013, Lee et al., 2010, Mortara and Minshall, 2011,
Spithoven et al., 2013, van de Vrande et al., 2009). Whilst various organisational level factors, such as
internal R&D (Huang and Rice, 2009, Spithoven et al., 2011) and environmental factors, such as
market turbulence (Hung and Chou, 2013), have been very much examined, little attention has been
paid to the role of human capital in OI adoption (Chesbrough and Brunswicker, 2013, Schroll and
Mild, 2012, Wynarczyk et al., 2013).
However, chief executive officers (CEOs) can play a critical role in shaping company strategy
(Papadakis and Barwise, 2002). In large firms, the adoption of OI has been highly affected by the
extent of top managements’ support (Chesbrough and Brunswicker, 2013, Mortara et al., 2011), and
this influence can be more important in smaller organisations where CEOs have greater impact on
their employees and firm-level decisions (Lubatkin et al., 2006, Miller and Toulouse, 1986a, Thong
and Yap, 1995, Papadakis and Bourantas, 1998, Papadakis and Barwise, 2002). As a CEO is at the
epicentre of innovation in an SME (Marcati et al., 2008), a firm’s strategic decisions are greatly
affected by his/her interpretations, which reflects his personal experience, values and perception
(Hambrick and Mason, 1984).
This paper attempts to address this research gap by investigating the linkage between the
characteristics of CEOs and OI in SMEs. To be specific, by analysing the survey data from 306
innovation-oriented Korean manufacturing SMEs, this study aims to explore how the CEOs’
demographic and personal characteristics influence OI adoption. Recognising the heterogeneity of
SMEs, the focus of this paper is placed on innovative SMEs. Due to their strong internal R&D, clear
focus on innovation, and limited internal resources, such SMEs can be ideal candidates for the
benefits of an open approach to innovation. Confining the research focus to this type of SMEs may
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enable us to investigate OI adoption determinants more clearly.
This research reported in this paper aims to advance both theory and practice. In terms of
theory, an attempt is made to present a full understanding of OI phenomenon by examining an
integrated framework, which incorporates CEO characteristics, organisational and environmental
factors. As for the practical implications, it is hoped that this work will enable CEOs to realize that
their perceptions of OI and efforts to adopt it play a critical role. The findings of this study will be of
use in developing policies to support OI in SMEs by targeting CEOs.
The remainder of this paper comprises five sections. In the next section, theoretical
foundations are explored and research hypotheses are suggested. The research method and data
collection are described in section 3, and section 4 presents the results of the analysis and hypotheses
tests. Implications and limitations are discussed in the final section of the paper.

2. Theoretical background and hypotheses
2.1. Upper echelon theory (UET) and SMEs
UET underpins our understanding of the relationships between the most powerful actor, the CEO and
his/her firm’s strategic decisions (Hambrick and Mason, 1984). According to this theory, CEOs are
typically unable to fully appreciate all the contextual aspects within which their firms operate. Their
limited awareness makes it more likely that they will perceive a business situation based on their own
characteristics and/or past experience, and then interpret it in their own way (Hambrick and Mason,
1984). Consequently, the CEO’s personal and cognitive characteristics based on so called ‘bounded
rationality’ (Simon, 1957) can affect a company’s strategic choices (Hambrick and Mason, 1984).
Studies employing UET suggest that CEOs can play an important role in strategic decisions (Miller
and Friesen, 1982), which influence the shape of technology policy (Lefebvre et al., 1997) and affect
firm growth (Colombo and Grilli, 2005) and overall performance (Hambrick and Quigley, 2013).
Hambrick (2007) suggested that CEO influence can outweigh other contingent factors in
organisations where a high level of CEO managerial discretion and job demands exist (Hambrick,
2007). Hence, when considering the following general organisational characteristics of SMEs, the
3

impact of two moderators becomes more critical, making UET better fit to SMEs than the competing
perspectives (Escriba-Esteve et al., 2009, Miller and Toulouse, 1986b, Papadakis and Bourantas,
1998).
 A high employee turnover rate (Humphreys et al., 2005): Since high employee mobility
can result in discontinuity of OI projects, important information will be concentrated in
key individuals.
 Simple hierarchy: CEOs can be more frequently involved in everyday business and
respond more quickly (Miller and Toulouse, 1986b, Papadakis and Barwise, 2002, Vossen,
1998) by being involved in both strategic and operational function (Lubatkin et al., 2006).
 Long tenure and weak interference: unclear division between the owner/founder and the
CEO in SMEs, particularly in East Asian countries (Claessens et al., 2000), can lengthen
CEO tenure and weaken BOD influence.
 Scarce resources: As SMEs lack resources and a structured administrative system, they

typically rely more on a good leadership to deal with this weakness (Lubatkin et al., 2006,
Humphreys et al., 2005, Vossen, 1998).

2.2. Open innovation and its modes
As shown in Table 1, OI encompasses various innovation activities. According to the direction of
knowledge flow, OI can be divided into in-bound (or external technology exploration) and out-bound
(or external technology exploitation) (Chesbrough and Crowther, 2006, Dahlander and Gann, 2010,
Hung and Chou, 2013, van de Vrande et al., 2009).
TABLE 1 Open innovation modes
OI mode by
knowledge flow direction
In-sourcing
In
bound
Out
bound

R&D collaboration
Customer
involvement
Licensing-out

Definition
Introducing external knowledge to reduce time-to-market and
find new ideas by purchasing or paying royalties.
Conducting R&D with external partners
Accessing new ideas by involving customers in the R&D or
design process
Licensing or selling unused technologies to maximize profit
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OI mode by
required skills
Technological
OI
Strategic
OI

In-bound OI utilizes external knowledge for the implementation of internal innovation, and
in-sourcing, R&D collaboration and customer involvement fall into this category. This type of OI
process enables firms to cope with their insufficient resources (Chesbrough and Crowther, 2006,
Enkel et al., 2009) by accessing external technologies of suppliers, customers, competitors,
universities and other innovation actors (e.g., intermediary or research institution). However, to
benefit from external knowledge, firms have to first engage in knowledge acquisition process
activities, such as searching, selecting and integrating (Mortara et al., 2012, West and Bogers, 2013).
This means that its adoption can be a time-consuming and adjustment necessary process. Not only do
firms have to spend much time in searching, identifying and selecting exact information they have
been looking for, they also have to overcome the cognitive difference between external and internal
knowledge for its successful integration (Nooteboom, 2006, Vanhaverbeke, 2006). In the case of
external partners, firms have to establish new rules and protocols in order to collaborate with their
partners. Leveraging external partners requires a long building up of trust (Narula, 2004).
Out-bound OI refers to innovation activities attempting to realise profits by commercialising
internal knowledge or underutilized intellectual properties (IPs) outside firms (Chesbrough and
Crowther, 2006). Knowledge spill-over is an important driver and through this OI mode firms can
maximise income, attract potential customers and establish new technology standards (Savitskaya et
al., 2010, West and Gallagher, 2006, Dahlander and Gann, 2010). For SMEs, limited resources,
especially those in IP management are important factors hindering out-bound OI (Bianchi et al., 2011,
Lichtenthaler and Lichtenthaler, 2009). However, when viewed from the perspective of strategic
decision making, the fact that high risks can be involved in disclosing internal ideas may further
hamper the adoption of this OI mode. Even if an innovative SME has achieved a very high level of
internal knowledge enough for knowledge spill over, the SME has to deal with high uncertainty.
Exposing internal knowledge will decrease technology confidentiality (Bianchi et al., 2011, Oakey,
2013). Thus, a strong driver beyond knowledge spill-over is needed for SMEs to overcome the high
uncertainty embedded in out-bound OI.
To date, a number of contingent factors, such as firms’ resources and environmental elements,
5

have been employed to explain OI (Dahlander and Gann, 2010, Spithoven et al., 2013). However, the
knowledge of OI adoption, particularly in SMEs, may be enhanced when the role of a key individual
(i.e., a CEO) is fully understood (Bianchi et al., 2011, Wynarczyk et al., 2013). In OI processes, wellmanaged coordination as well as strong internal support is vital to deal with the challenges involved in
collaborations with external partners with different cultures and innovation clock speeds. Also, to
cope with an organisation’s negative prejudice against the exploitation of external knowledge, a high
level of risk-taking propensity and a pragmatic attitude is necessary (Chesbrough, 2003). Thus, the
role of CEOs who champion OI is critical, particularly in SMEs where their impacts are highly
significant in setting strategic directions (Eisenhardt and Schoonhoven, 1990, Miller and Droge, 1986).
In this context, in order to link OI with the CEO characteristics, we propose an additional
classification to distinguish technological and strategic OI activities (see Table 1). The basic premise
behind this classification is that OI activities demand different sets of skills and experience. In other
words, in its implementation each OI activity involves either greater or lesser weight being put on
strategic or technical values. For instance, technological OI refers to innovation activities focusing on
technological improvement: in-sourcing and R&D collaboration are examples of it. The main purpose
of this type of OI is to solve technological problems by introducing external technology, so skills and
knowledge related to technology can be critical for in this OI. On the other hand, strategic OI refers to
innovation

activities

which

demand

a

high

level

of

strategic

decision

making

and

managerial/relational skills for its implementation, and customer involvement and licensing-out can
be placed within this category. For example, when revealing internal ideas through licensing-out, a
high level of knowledge or experience in IP management and awareness of future company plans are
critical for its implementation.

2.3. Hypotheses
This paper attempts to investigate both demographic and personal characteristics, selecting a set of
variables to link CEO traits with OI adoption in consideration of the following OI characteristics:
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 OI is a multi-level complex process involving interaction with external partners.
 OI can involve risks due to its uncertainty and complexity.
 OI can require a high level of technological/managerial knowledge or experience.
Two demographic variables (CEOs’ education and prior work experience) and three personal
traits (entrepreneurial orientation, perseverance and attitude towards OI adoption) are examined to
investigate CEO influence on OI. These choices are further explained below.

Education
Education has been regarded as a good indicator of an individual’s value, cognitive preference and
perception (Hambrick and Mason, 1984, Hambrick, 2007). The rationale behind this is that a high
level of formal education can enhance a firm’s knowledge resources (Collins, 1971, Hambrick and
Mason, 1984). A high level of CEO education can be viewed as a measure of the initial human capital
invested in the firms (Cooper et al., 1994), and it can significantly affect firms’ strategic decision (Hitt
and Tyler, 1991, Papadakis, 2006). Strong information processing capability enables an individual to
search for and analyse complex knowledge and overcome information overload, and good education
enables this capability, which is necessary for effective decision making (Carpenter and Fredrickson,
2001, Dollinger, 1984). Much emphasis has been placed on the effect of CEO education in the
literature. For instance, Papadakis and Bourantas (1998) found a positive association between formal
education and product and process innovation, and similar results (i.e., its impact on technological and
administrative innovation) were obtained by Bantel and Jackson (1989). Also, Mcmullan and Long
(1987) found a positive linkage between CEOs’ educational level and their business strategy planning
skills. Similarly, with regard to the academic discipline, Kitchell (1997) observed the positive
relationship between education in engineering/technology and technology adoption, and Almus and
Nerlinger (1999) found that it had a positive impact on firms’ growth. Given the complexity of OI
which encompasses various subsets of innovation activities, it is logical to assume that both CEO
education level and background may be able to affect their firms’ external knowledge exploration and
exploitation. Presumably, not only does a high level of education enable CEOs to deal with the
7

intrinsic ambiguity and uncertainty of OI through their strong information process capability, but their
deeper technological knowledge may also help them evaluate any neglected technological OI
opportunities which may arise. Similarly, education in management could have a positive impact on
the adoption of strategic OI (e.g., licensing-out), in the sense that this type of OI may require more
sophisticated managerial knowledge and skills for its implementation. Hence:
H1) CEOs’ higher education level will be positively associated with OI adoption.
H2) CEOs’ education in a technology discipline will positively impact technological OI adoption.
H3) CEOs’ education in a management discipline will positively impact strategic OI adoption.

Work experience
Since CEOs may favour a specific business strategy based on their prior career experience (Hambrick
and Mason, 1984), their professional experience, such as the length in the previous occupation and
career track within organisations, would be important (Colombo and Grilli, 2005). The basic premise
of this argument is that CEOs are imbued with the managerial experience they gained during earlier
involvement in specific business function, so they perceive and interpret any situation based on their
functional training (Barker and Mueller, 2002, Hambrick and Mason, 1984). Their perspective,
shaped by work experience in functional areas, could affect the way in which they identify and solve
managerial problems in innovation (Bantel and Jackson, 1989, Hitt and Tyler, 1991). As for
functional track, top executives with work experience in engineering/technology recognised better
technological alliance opportunities than those with other kinds of experience (Tyler and Steensma,
1998). Lefebvre and Lefebvre (1992) found that work experience in engineering/production
contributes to an increase in firm innovativeness. In the Barker and Mueller (2002) study, CEO work
experience in output functions (i.e., R&D/ engineering and marketing/sales) was positively associated
with R&D expenditure, whilst some of the throughout function 1 experience (i.e., legal and
0F

operation/production) were negatively associated with R&D. Similarly, Colombo and Grilli (2005)
found that experience in technological areas can contribute to firms’ growth. For prior experience,
1

Here throughout function concerns the improvement of efficiency of the organisation and refers to accounting/finance,
production, administration and legal (Barker and Muller, 2002)
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empirical findings are less robust. Whether CEOs have prior work experience did not show
statistically significant relationships with failure rate (Bates, 1990), survival (Gimeno et al., 1997) or
growth (Brüderl and Preisendörfer, 2000). However, Chandler and Jansen (1992) did find that prior
work experience is positively correlated with firms’ growth, and Colombo and Grilli (2005)
discovered that prior entrepreneurial experience (i.e., self-employment experience) can highly
influence firms’ growth. Similarly, Siegel et al. (1993) found that long industry experience in an
entrepreneurial team is an important factor distinguishing high growth ventures with low growth.
CEO work experience could hence be an important managerial guideline for OI in SMEs. Long years
spent in industry may enable CEOs to deal with the intrinsic uncertainty of OI through their
accumulated experience in other firms. Also, work experience can affect CEOs’ OI preference. CEOs
with technology based experience may favour more technological OI, in the sense that this function is
significantly linked with new product development (Barker and Mueller, 2002, Hambrick and Mason,
1984). Similarly, work experience in management functions can provide CEOs with decision making
capability necessary for dealing with uncertainty related to strategic OI. Hence:
H4) CEOs’ longer prior work experience will be positively associated with OI adoption.
H5) CEOs’ work experience in a technology function will be positively associated with technological
OI adoption.
H6) CEOs’ work experience in a management function will be positively associated with strategic OI
adoption.

Entrepreneurial orientation
Since knowledge exploration and exploitation can be stimulated by EO in the pursuit of changes and
newness (Cassia et al., 2011), it can be regarded as an ‘antecedent’ of innovation (Hult et al., 2004,
Kitchell, 1995, Moreno and Casillas, 2008, Rhee et al., 2010). EO is an aggregation of three sub-traits,
propensity for innovation, risk-taking and pro-activeness (Covin and Slevin, 1989, Miller, 1983,
Moreno and Casillas, 2008, Naman and Slevin, 1993), and literature have examined the impacts of
EO on innovation, strategy and performance. March and Shapira (1987) observed that CEOs with a
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high level of EO do not like to avoid uncertain situations, and it was also found that this type of CEO
adopts innovative strategies boldly despite internal resistance (Howell and Higgins, 1990, Khandwalla,
1976/1977, Miller and Friesen, 1982, Miller, 1983). In small centralized organisations CEOs with
high EO play a critical role in establishing a more aggressive entrepreneurial posture in a firm (Miller,
1983, Miller and Toulouse, 1986a), and this can significantly affect innovation methods and tool
selection at the firm level (Cassia et al., 2011). In the OI domain, the high uncertainty demands that
individuals would be more entrepreneurially oriented (Di Minin et al., 2010). Thu, given that OI
embraces a variety of risky strategies (Chesbrough et al., 2006), it seems reasonable to presume that
CEOs’ EO is an important factor in encouraging an SME to adopt OI. As key decision makers in
organisations, CEOs’ propensity to innovate, take risks and behave proactively can push forward their
firms to adopt OI boldly despite the risks involved in opening firm boundaries. Hence:
H7) CEOs’ EO will be positively associated with OI adoption.

Perseverance
OI adoption can be not only a challenging but also a time-consuming task. It is a multilevel process
encompassing knowledge searching, screening, transforming and integrating, and interactions with
external partners are inevitable (Spithoven et al., 2011, West and Bogers, 2013). Internal resistance
(e.g., not-invented-here (NIH) syndrome) does matter in OI (Chesbrough, 2003, van de Vrande et al.,
2009), but this interactive multi-process nature of OI can be a heavier burden for SMEs. For them,
finding trustworthy external OI partners is not easy, and even if they do, OI still requires long
adjustments. External knowledge acquisition forces firms to adapt themselves continuously to
different configurations, involving time-consuming changes. Firms want to quickly enjoy the fruit of
innovation, but they usually do not like the changes and delays that come with it (Schein, 1985).
Further, delays can be caused by asymmetric protocols. When two or more different organisations
work together, errors can occur iteratively until a tangible positive result is reached. This might be due
to different ways of dealing with business and information asymmetry between organisations
(Kitchell, 1997, Minshall et al., 2010, Perkmann and Walsh, 2007). For example, when SMEs
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collaborate with universities, errors of miscommunication and misunderstanding with academic
institutions accumulate because of their different interests and ways of doing research. This may
diminish the benefits of collaboration. Whilst delays occur due to the mutual adjustments between
different innovation actors and the time consuming knowledge digestion process (Kitchell, 1997), the
momentum of OI can be lost due to the accumulated fatigue of changes within the organisations. Thus,
a powerful leader, who can break down internal resistance against changes and delays caused by
interactions, is essential (Kitchell, 1997). Hence:
H8) CEOs’ high levels of perseverance will be positively associated with OI adoption.

Attitude towards OI
Innovation is a process of change, so it demands strong proponents who push forward organisational
level changes and disseminate the benefits inside organisations. In SMEs CEO personal traits can
moderate technology policy (Lefebvre et al., 1997), as they champion technological innovation, such
as increases in R&D investment (Barker and Mueller, 2002, Lefebvre and Lefebvre, 1992, Papadakis
and Bourantas, 1998) or the adoption of IT technology (Thong and Yap, 1995). In large firms, it has
been already shown that the support of top management increases the satisfaction with OI
(Chesbrough and Brunswicker, 2013). CEOs with a positive attitude of OI can be strong advocates
who push it as a top priority and overcome internal resistance (Huston and Sakkab, 2006, Kim et al.,
2008). According to the theory of reasoned action, “attitude towards an object is viewed as related to
the person’s intentions to perform a variety of behaviours with respect to that object” (Fishbein and
Ajzen, 1975:14). Thus, CEOs’ attitudes towards OI can be a good proxy, reflecting the extent of their
intention to adopt OI in their firms. A tough question, such as whether to adopt OI or not, will be, in
the end, made by the final gatekeepers in the decision making process, CEOs. Hence:
H9) CEOs’ positive attitudes towards OI will be positively associated with OI adoption.
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These hypotheses are used to construct the research model as shown in Fig 1.

CEO Education
CEO Work experience

CEO
characteristic
s

CEO attitude
CEO Entrepreneurial orientation
CEO Perseverance

Firm
characteristic
s

Internal R&D

Environmental
factors

Market environment

OI adoption

Firm Size

Government support

Figure 1 The research model

3. Research Method
3.1. Data and Samples
Data were collected through a survey using the database of the Korean Small and Medium Business
Administration (SMBA). The SMBA is a government agency giving a government certificate to
innovation-oriented SMEs (so-called ‘Inno-biz’ firms) to promote their contribution to the national
economy. These firms are assessed by the SMBA according to four major criteria 2 , innovation
1F

capacity, commercialization ability, innovation management and innovation performance, and by the
second quarter of 2013 a total of 17,295 SMEs had obtained the inno-biz certification. The inno-biz
database contains basic information, such as total revenue and the number of employees, and provides
contact details for CEOs. For the main survey, 3,000 manufacturing SMEs were randomly selected
from the inno-biz database, and a structured questionnaire was delivered to CEOs of the firms via email. 68 firms were not reached due to errors in contact details. In total 329 responses were collected.
This gives a 11.3% response rate. However, 23 responses were excluded from the final sample as key

2

This evaluation criteria was made based on the OECD Oslo manual.
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information about CEO characteristics was missing. So, 306 responses were finally used for the
analysis. To examine any non-response bias, the extrapolation method, comparing early and late
responding mean values of variables, was used, in the sense that late respondents are likely to have
similar characteristics to non-respondents (Armstrong and Overton, 1977). In terms of the number of
employees, sales and firm age, no significant difference between the two groups was found;
suggesting non-response bias was not a problem.
The sample’s average number of employees per company was 28.80, and the average firm
age was 11.42 years. The sample firms were highly involved in innovation (i.e., average R&D
intensity 11.60). The firm size distribution is shown in Table 2.
TABLE 2 Firm size distribution
[Unit: the number of firm, %]
Employees

1-10

11-20

21-30

31-50

51-100

101-200

200~300

Frequency

80

92

62

37

22

100

3

Percentage

26.1

30.1

20.3

12.1

7.2

3.2

1.0

3.2. Variable measurement
3.2.1. Demographic variables
CEO education
Two education variables, ‘degree’ and ‘discipline’, were employed. The ‘degree’ attempted to
measure the level of education attainment using a seven level ordinal scale, where 1 corresponds to
secondary school graduate to 7 to PhD degree (Lefebvre and Lefebvre, 1992). The ‘discipline’ was
measured using categorical variables, according to whether the education discipline was technology(e.g., engineering or science), management-related or others.

Work experience
The experience of CEOs in industry was measured using two variables: ‘years’ and ‘functional track’.
The former was measured by the length of work experience using a seven level and the later was
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measured using categorical variables, i.e., whether the respondent had prior work experience in R&D,
sales/marketing, production, planning/strategy or other areas.

3.2.2. Personal traits
Entrepreneurial orientation
Miller (1983) used three factors of entrepreneurship of dimensions (willingness to innovate, proactiveness and the degree of risk-taking). Based on Miller (1983) and Coven and Slevin (1989), this
study adopted seven sub-indicators - two on the degree of innovativeness, two on the degree of proactiveness and three on risk-taking propensity – using the 7-point Likert scale for each (i.e., 1:
strongly disagree to 7: strongly agree)

Perseverance
The scale suggested by Kitchell (1997) was used. Four factors are employed to ask how reluctant in
general a CEO is to give up and how much s/he makes a persistent effort to achieve goals using the 7point Likert scale (i.e., 1: strongly disagree to 7: strongly agree).

Attitude
Three attitude factors (voluntariness, relative advantage, ease of use) which are originally suggested
by Moore and Benbasat (1991) were used. Firstly, the ‘voluntariness’ which is defined as ‘the degree
to which the use of innovation is perceived as being voluntary, or of free will’ (Moore and Benbasat,
1991) attempts to identify whether a CEO is an initiator of OI by asking whether OI is adopted and
implemented in a top-down approach (Mortara and Minshall, forthcoming). The ‘relative advantage’
is defined as ‘the degree to which an innovation is perceived as being better than its precursor’
(Rogers, 1983). In this case, we asked whether a CEO was well aware of OI’s advantages. Lastly, the
‘ease of use’ is defined as ‘the degree to which an innovation is perceived as being difficult to use’
(Moore and Benbasat, 1991, Rogers, 1983) and we asked how difficult a CEO felt about adopting OI.
All factors were measured using the 7-point Likert scale (i.e., 1: strongly disagree to 7: strongly agree),
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3.2.3. Control and dependent variable
Control variables
Some firm-level (R&D intensity and firm size) and environmental variables (market environment and
government support) are controlled due to their significant impacts on innovation. In the literature,
intensive R&D is an essential prerequisite of strong absorptive capacity (Cohen and Levinthal, 1990);
firm size is significantly associated with OI adoption (van de Vrande et al., 2009); the impact of
government support (Kang and Park, 2012) and market turbulence (Hung and Chou, 2013) have been
regarded as important external factors affecting innovation. In this study, ‘R&D intensity’ was
measured as the ratio of R&D expenditure to total sales, and ‘firm size’ was assessed via the natural
logarithm of the total employee numbers. ‘Government support’ and ‘market environment’ were
measured using the 7-point Likert scale, to establish how often the firm received government support 3
2F

and to what extent CEOs felt that the market environment was competitive.

Dependent variables
The OI modes shown in Table 1 were measured using binary variables (where 0 corresponds to ‘not
adopted’ and 1 to ‘adopted in the past three years’).

3.3. Latent variable assessment
The reliability of the measurement was assessed by Cronbach’s alpha, and all constructed latent
variables satisfied the recommended level of 0.7 or over (Field, 2009). As shown in the Table 3, the
Cronbach’s alpha for EO, perseverance and attitude were 0.875, 0.833 and 0.928, respectively. The
validity was assessed according to three types of validity, convergent, discriminant and nomological,
using confirmatory factor analysis (CFA). The convergent validity was assessed by whether factor
loadings of indicators are statistically significant and are higher than 0.5 (Bagozzi and Yi, 1988). All

3

Encompassing all kinds of government support, such as subsidies, tax deductions, loans, and research grants.
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standardized factor loadings were over 0.5 and significant at the 0.001 level. All composite reliability
suggested by Fornell and Laker (1981) were also over 0.6, verifying the convergent validity. It can be
said that the discriminant validity is guaranteed if “the correlation coefficients between latent variable
± 2 ×standard errors does not include one” (Anderson and Gerbing, 1988), and all the correlation
coefficients in our data satisfied this condition. Nomological validity refers to the correlation
directions on the basis of theory, and no violation was found in the significance of estimates and their
direction when compared with the research model.
TABLE 3 Latent variable assessment
Factor loadings
Innovativeness 1
Innovativeness 2
Pro-activeness 1
Pro-activeness 2
Risk-taking 1
Risk-taking 2
Risk-taking 3
Perseverance 1
Perseverance 2
Perseverance 3
Perseverance 4
Voluntariness 1
Voluntariness 2
Relative advantage 1
Relative advantage 2
Relative advantage 3
Ease of use

EO
EO
EO
EO
EO
EO
EO
PER
PER
PER
PER
ATTI
ATTI
ATTI
ATTI
ATTI
ATTI

Standardized
estimate

Critical Ratio
(C.R)

0.723
0.727
0.757
0.745
0.589
0.712
0.748
0.866
0.886
0.762
0.512
0.832
0.865
0.877
0.836
0.844
0.720

12.366***
12.425***
12.750***
9.928***
12.168***
12.819***
15.137***
15.312***
8.637***
19.069***
20.482***
19.228***
19.561***
14.940***

Cronach’s

Composite
validity

0.875

0.762

0.833

0.745

0.928

0.854

*p<0.05, **p<0.01, *** p < 0.001
EO = Entrepreneurial Orientation, PER = Perseverance, ATTI = Attitude towards OI adoption

4. Results and Discussion
A hierarchical binary logistic regression was used to estimate the effects of each CEO factor. At first
(i.e., model 1), only control variables were employed, while CEO variables were added in models 2, 3
and 4. Model 2 included three CEO personal traits (EO, attitude and perseverance), and in model 3
work experience variables (i.e., years and functional track) were added. Finally, the education
variables (degree and discipline) were included in model 4. Three indices, ‘Hosmer&Lemeshow’,
‘Cox&Snell’ and ‘Nagelkerke R2’ were used to assess model fit. However, if the added variables did
not produce significant changes in terms of chi-square statistics, the newly added variables were not
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included at the next model even if an increase in R2 was observed. Before the regression,
multicollinearity was checked. Myers (1990) suggested that a variance inflation factor (VIF) larger
than 10 can cause a serious collinearity problem. For all variables, VIF values were between 1.055
and 3.588. Thus, it can be said that there was no serious collinearity problem in the sample.

4.1. In-sourcing
As seen in Table 4, the regression analysis shows that the attitude towards OI and some contingent
variables can affect the adoption of in-sourcing.
TABLE 4 In-sourcing adoption
In-sourcing

Model 1a

Independent variables
EO
ATTI
PER

Model 2a

Model 3a

Model 4a

-0.138 (0.145)
0.614** (0.193)
0.223 (0.173)

-0.088 (0.153)
0.599* (0.201)
0.197 (0.178)

-0.081 (0.166)
0.608* (0.207)
0.170 (0.182)

Degree
Tech-Edua
Manage-Edua

0.018 (0.094)
0.241 (0.554)
0.213 (0.578)

Working years
Sales/marketingb
R&D workb
Plan/strategyb
Productionb
Control variables
Environment
Government
Firm size
R&D intensity
Model fit
Hosmer&Lemeshow R2
Cox&Snell R2
Nagelkerke R2
2

change

-0.102 (1.019)
0.414***(0.109)
0.371* (0.154)
0.022+ (0.013)

0.070
0.085
0.120

-0.076
0.264*
0.382*
0.025+

(0.115)
(0.117)
(0.161)
(0.014)

0.156
0.177
0.249
32.005***

0.033
0.888
0.331
0.608
0.575

(0.098)
(0.598)
(0.594)
(0.728)
(0.623)

-0.091
0.312*
0.465*
0.040*

(0.120)
(0.123)
(0.179)
(0.017)

0.166
0.195
0.274
3.833

-0.071
0.306*
0.472*
0.039*

(0.122)
(0.126)
(0.180)
(0.016)

0.194
0.225
0.308
9.192

Notes: regression coefficient shown are beta coefficient and standard errors are in parentheses; statistical significance
+
p<0.1, *p<0.05, **p<0.01, ***p<0.001; a base variable is ‘other academic discipline’; b base variable is ‘other functions’.

In the models, government support, firm size and R&D intensity are significantly associated
with in-sourcing. This suggests that funding from the public sector can encourage external knowledge
exploration and medium-sized firms with more abundant resources rather than smaller firms can
afford to purchase external ideas. It also suggests that strong internal R&D can help firms to
understand and assimilate external knowledge (Cohen and Levinthal, 1990, Spithoven et al., 2011).
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As for CEO traits, however, only ‘attitude’ is significantly associated with in-sourcing. In
model 3a, not only do ‘work experience’ variables not show significant effects, but chi-square
changes are also statistically insignificant. Model 4a tested ‘education’ variables excluding ‘work’
variables, but it does not show a model-fit improvement in terms of chi-square statistics. Thus, it can
be said that buying external ideas can be further encouraged by the positive awareness of a CEO, but
is not affected by the other CEO traits.

4.2. R&D collaboration
Table 5 shows the analysis on R&D collaboration. Model 1b shows that, unlike in the case of insourcing, among control variables ‘government support’ is positively associated with R&D
collaboration. This suggests that public funding encouraging networking among innovation actors can
positively affect R&D collaboration and cooperation between actors can be enhanced in a benign
market environment.
As for CEO traits, model 2b shows the significant impact of ‘attitude’ and ‘perseverance’, and
model 4b indicates CEO education in technology discipline can affect R&D collaboration. However,
since model 3b does not generate significant chi-square changes, we conclude that there is no
significant influence from ‘work experience’.
Findings suggest that CEOs’ perseverance as well as their positive awareness of OI is critical
factors influencing the adoption of R&D collaboration. Unlike in the case of in-sourcing, R&D
collaborations are interactive activities requiring skilled relationship management. When two (or more)
companies with different cultural backgrounds, goals and ways of doing research collaborate, they
will inevitably face the challenges of progressive adaptation to come closer to each other. In this
respect, whether CEOs can wait until there are tangible outcomes can be critical in R&D
collaborations (Kitchell, 1997). Further, technology education can also affect the adoption of R&D
collaborations. As, in innovation-oriented SMEs, CEOs are often effectively de-facto R&D managers,
their education can contribute to knowledge building in their organisations. Extensive knowledge is
vital for technological innovation (Dewar and Dutton, 1986), so whether CEOs can provide firms with
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the necessary technological resources, can be critical in the adoption of R&D collaboration.
TABLE 5 R&D collaboration adoption
R&D collaboration

Model 1b

Independent variables
EO
ATTI
PER

Model 2b

Model 3b

Model 4b

-0.351 (0.295)
0.623* (0.193)
0.900***(0.193)

-0.255 (0.171)
0.565* (0.218)
0.889***(0.198)

-0.337 (0.278)
0.450* (0.225)
0.896***(0.202)

Degree
Tech-Edua
Manage-Edua

0.124 (0.109)
2.356** (0.682)
1.763 (1.112)

Working years
Sales/marketingb
R&D workb
Plan/strategyb
Productionb
Control variables
Environment
Government
Firm size
R&D intensity
Model fit
Hosmer&Lemeshow R2
Cox&Snell R2
Nagelkerke R2
2

-0.051
-1.029
-0.962
-0.559
-0.842

-0.187 (0.114)
0.944***(0.133)
0.116 (0.160)
-0.013 (0.014)

0.176
0.216
0.288

change

-0.169 (0.140)
0.876***(0.156)
0.097 (0.188)
-0.024 (0.018)

0.380
0.408
0.546
85.130 ***

(0.111)
(0.634)
(0.632)
(0.789)
(0.661)

-0.144 (0.144)
0.898***(0.162)
0.024 (0.204)
-0.017 (0.021)

0.379
0.407
0.544
-8.748

-0.256+ (0.150)
0.833***(0.162)
0.057 (0.202)
-0.023 (0.019)

0.420
0.439
0.588
12.754**

Notes: regression coefficient shown are beta coefficient and standard errors are in parentheses; statistical significance
+
p<0.1, *p<0.05, **p<0.01, ***p<0.001; a base variable is ‘other academic discipline’; b base variable is ‘other functions’.

4.3. Customer involvement
As seen in Table 6, the regression results show that both contingent factors and CEO traits can
influence the adoption of customer involvement. A hostile market environment is positively
associated with this OI mode across all the models at the 0.1 level, but internal R&D is negatively
associated with it in models 2c and 3c.
As for CEO traits, the psychological characteristics and functional track affect the OI
adoption positively. However, in model 4c the educational traits do not show any significance in
terms of regression estimates and chi-square statistics changes. In models 2c and 3c, EO and CEO
attitude are positively associated at the 0.001 and 0.1 level respectively. Also, although the length of
working experience shows no impact, the work experience in sales/marketing and planning/strategy
function are positively and significantly associated with customer involvement.
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The results suggest that in a market where competition is fierce CEOs with a high level of EO
and positive awareness towards interaction with customers are likely to adopt this type of OI in order
to identify fast-changing market needs and deal with their weak internal R&D capacity. Also,
experience in sales/marketing or planning can provide helpful background knowledge in managing
customer involvement. Innovative and pro-active CEOs may use customers’ knowledge in order to
obtain fresh ideas and to respond quickly to market changes. In this process their experience in
marketing or strategy-building can help them to adopt and effectively implement customer
involvement.
TABLE 6 Customer involvement adoption
Customer involvement

Model 1c

Independent variables
EO
ATTI
PER

Model 2c

Model 3c

Model 4c

0.647*** (0.147)
0.321+ (0.190)
0.156 (0.174)

0.612*** (0.155)
0.332+ (0.193)
0.119 (0.179)

0.648*** (0.170)
0.296+ (0.175)
0.095 (0.184)

Degree
Tech-Edua
Manage-Edua

0.006 (0.093)
0.316 (0.579)
0.058 (0.602)

Working years
Sales/marketingb
R&D workb
Plan/strategyb
Productionb
Control variables
Environment
Government
Firm size
R&D intensity
Model fit
Hosmer&Lemeshow R2
Cox&Snell R2
Nagelkerke R2
2

change

0.024 (0.101)
1.023+ (0.568)
0.960 (0.634)
1.662* (0.759)
0.746 (0.665)
0.121+
0.179+
0.000
-0.018

(0.067)
(0.099)
(0.145)
(0.014)

0.016
0.020
0.028

0.197+
-0.009
-0.097
-0.043*

(0.116)
(0.117)
(0.161)
(0.017)

0.200
0.229
0.315
72.417 ***

0.174+
-0.009
-0.062
-0.040*

(0.097)
(0.122)
(0.178)
(0.019)

0.208
0.235
0.324
16.321**

0.027 (0.102)
1.076+ (0.597)
0.970 (0.636)
1.686* (0.758)
0.761 (0.676)
0.170+
-0.018
-0.056
-0.038+

(0.093)
(0.124)
(0.178)
(0.020)

0.206
0.235
0.323
1.251

Notes: regression coefficient shown are beta coefficient and standard errors are in parentheses; statistical significance
+
p<0.1, *p<0.05, **p<0.01, ***p<0.001; a base variable is ‘other academic discipline’; b base variable is ‘other functions’.

4.4. Licensing-out
Table 7 shows the analysis results for licensing-out. The fact that internal R&D is positively
associated with this OI mode in all the models suggests, as does the literature (e.g., West and
Gallagher, 2006), the importance of knowledge spill-over as a key driver. With regard to CEO traits,
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the psychological and functional track show significant effects in models 2d and 3d. Educational traits
do not appear significant in terms of estimate coefficient and chi-square changes.
TABLE 7 Licensing-out adoption
Licensing-out

Model 1d

Independent variables
EO
ATTI
PER

Model 2d

Model 3d

Model 4d

1.262*** (0.260)
0.562+ (0.291)
-0.843** (0.259)

1.385*** (0.287)
0.492+ (0.290)
-0.891** (0.275)

1.379*** (0.305)
0.516+ (0.268)
-0.886** (0.278)

Degree
Tech-Edua
Manage-Edua

0.134 (0.143)
0.777 (1.174)
0.819 (1.187)

Working years
Sales/marketingb
R&D workb
Plan/strategyb
Productionb
Control variables
Environment
Government
Firm size
R&D intensity
Model fit
Hosmer&Lemeshow R2
Cox&Snell R2
Nagelkerke R2
2

change

-0.035
0.205
-0.335
0.994+
-0.411

-0.053
-0.113
0.225
0.035 *

(0.145)
(0.147)
(0.202)
(0.014)

0.026
0.020
0.037

-0.066
-0.155
0.098
0.030 *

(0.163)
(0.163)
(0.228)
(0.013)

0.291
0.229
0.315
62.607 ***

-0.075
-0.191
-0.019
0.052 *

(0.148)
(0.888)
(0.877)
(0.590)
(0.992)

(0.174)
(0.169)
(0.249)
(0.021)

0.328
0.232
0.420
11.254*

-0.013 (0.148)
0.219 (0.894)
-0.325 (0.883)
0.964+ (0.510)
-0.268 (1.007)

-0.099
-0.261
-0.042
0.049 *

(0.177)
(0.183)
(0.253)
(0.022)

0.332
0.235
0.425
1.393

Notes: regression coefficient shown are beta coefficient and standard errors are in parentheses; statistical significance
+
p<0.1, *p<0.05, **p<0.01, ***p<0.001; a base variable is ‘other academic discipline’; b base variable is ‘other functions’.

All personal characteristics are significantly associated with licensing-out, but, interestingly,
the directions of association are different. Results show a high level of EO and positive awareness can
contribute to licensing-out adoption, but perseverance is negatively associated with it at the 0.01 level.
This can be interpreted by understanding the characteristics of this outbound OI. As revealing internal
knowledge entails risks, a key decision maker should recognise that disclosing internal ideas is worth
doing. If s/he overestimates potential risks and questions the current benefits of revealing ideas, s/he
will probably be reluctant to release them in a desire to preserve unused IPs for a future use. Thus,
whilst EO can positively affect licensing-out, perseverance can negatively influence it.
As for the functional track, only work experience in planning/strategy shows a positive
association with licensing-out at the 0.1 level. This suggests the possibility that the CEOs’ work
experience in planning/strategy function can help them to realize the advantage of this OI mode. As
21

firms have to spend financial resources to maintain unused IPs, CEOs with strategy building
experience may attempt to realize profits quickly by selling or receiving royalties from dormant
patents. CEOs with this type of experience may be better at diversifying innovation routes and
strategically optimizing firm resources by releasing internal ideas.

4.5. Findings
The following findings emerged from the results. Firstly, the CEO characteristics are significantly
associated with OI, suggesting that our knowledge of OI can be enhanced by including CEO
characteristics. The hierarchical regressions show fit indices and the explanation power can be
increased by adding CEO factors to the model.
Secondly, however, the impact of CEO factors can vary with the OI mode. This reflects the
breadth of OI, which encompasses various subsets of innovation (Dahlander and Gann, 2010). For
example, CEO perseverance positively affects R&D collaboration (i.e., in-bound OI), but it is
negatively associated with out-bound mode, such as licensing-out. CEO perseverance can be an
important factor in resolving differences in different organisations, but CEOs trust more in internal
potential may hesitate to release internal ideas and keep trying to achieve innovation internally.
Thirdly, the impact of psychological characteristics is higher in out-bound than in in-bound
OI. In fact, knowledge exploration and exploitation are driven by different capabilities (Floyd and
Lane, 2000), and they demand different managerial behaviours (Lubatkin et al., 2006). Since the
adoption of out-bound OI requires CEOs to perceive innovation routes in a different way so as to
make profits outside their firms, it might necessitate a bold strategic posture. This high dependency on
key decision makers’ personal traits may be one reason why out-bound OI is difficult to investigate.
The nature of out-bound OI will only be adequately understood when both contingent and top
management variables are investigated.
Lastly, technological and strategic OI demand different CEO skills and knowledge. As shown
in the empirical results, CEO education in a technology discipline can positively impact R&D
collaboration (technological OI). Similarly, it is shown that career experience in management function
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can help the adoption of strategic OI, such as customer involvement and licensing-out. A key decision
maker’s expertise is likely to be critical under conditions of high uncertainty (Li et al., 2006). Since
CEOs often have to be involved in both strategic and operation activities (Lubatkin et al., 2006), their
knowledge and experience can be a useful in dealing with risks and deciding innovation routes.

5. Conclusions
5.1. Implications
This paper attempts to advance both theory and practice. As for theory, we investigated one of the
under-researched themes in OI, the role of the key individual (Schroll and Mild, 2012, Wynarczyk et
al., 2013), particularly the CEO. The focus of previous studies has been placed on firm-level or
environmental factors based on new institutional theory or environment determinism. However, we
attempted to expand the boundaries of OI discussion to include the role of human capital by proposing
an integrated research model encompassing both contingent and CEO characteristics. The fact that our
results show the significant impact of both contingent variables (e.g., internal R&D in in-sourcing,
market hostility in customer involvement) and CEO traits supports the validity of the proposed model.
Further this research helps building more useful constructs for OI. In addition to knowledge
flow direction (i.e., in-bound and out-bound OI), we proposed to categorize OI in a different way
according to the nature/skills/expertise required for the various individual OI activities. This was
confirmed by the empirical analysis. As CEO education in technology discipline affects the adoption
of R&D collaboration (technological OI) and education in management influences M&A/alliancing 4
3F

(strategic OI). Also, the fact that managerial experience is positively associated with some strategic
OI (customer involvement and licensing-out) supports this proposition.
The results of this study also provide policy and managerial implications, recognising the role
of top management in OI. Our findings suggest that human capital, particularly CEOs, can play an
important trigger role in promoting OI in innovation-oriented SMEs. Whether CEOs perceive the
4

In fact, we also examined M&A/strategic alliancing and spin-off (both are strategic OI). These results were
omitted here due to the word limit, but our full-results show that management education can affect the adoption
of M&A/alliancing and high academic degree can positively influence the adoption of spin-off. However, the
working years did not affect the adoption of any OI mode.
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advantages of OI can considerably affect OI adoption in an SME. When they recognise sufficiently
the importance of OI, their positive attitude will encourage their firms to adopt it (Rogers, 1983). Thus,
direct financial support, such as R&D grants, can be helpful in promoting OI, but policy makers
should realise that enhancing CEO awareness of OI could also be good policy intervention. For
example, specialised education programmes, which help CEOs to perceive the advantages of OI or
enhance their entrepreneurship, could well be considered as effective means to increase the
competitiveness of SMEs.

5.2. Limitations and future research directions
Our study has a few limitations. Since this paper firstly attempts to link different domains of the
literature, OI and UET, tested CEO characteristics are mainly borrowed from the UET literature.
Future research is needed to take into consideration other CEO factors, which may significantly affect
OI adoption. Theoretical research attempting to analyse the mechanism of OI adoption or in-depth
case-studies which solely focus on the impact of human capital can be helpful in developing new
CEO variables missing in the UET literature.
The generalizability of our results can be another limitation as only innovation-oriented
Korean SMEs were analysed. As noted by Edwards et al. (2005), a higher level of understanding of
SMEs can be achieved by acknowledging the complex connection between an SME and its sociocultural context. In fact, the impact of CEOs can be different under different national system
(Crossland and Hambrick, 2011). In this regard, future research can enhance generalizability by
carrying out a comparative study of two or more countries.
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