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Abstract: This study has analyzed how the network structure (density, centrality) affects the
performance (convergence, overall) in Small and Medium-Sized Enterprises (SMEs) with the different
business exchange activities. In addition, we conducted a moderating effect of absorptive capacity
(ability, motivation). Based on previous literature about the network and absorptive capacity, research
hypotheses were developed and tested using a sample of 226 SMEs in South Korea. The results
show that network density and centrality have a positive effect on perceived convergence and
overall performance. These results are consistent with previous network studies relating to structural
characteristics. To raise total performances in firms with different business exchange activities, they
need to enhance density and centrality. For example, firms with different business exchange activities
and high levels of density and centrality are able to easily obtain various types of information from
other members of 7000 firms in Korea. Through this, they can improve performance. We also
conducted the moderated regression analysis. The results show that employee ability has a positive
moderating effect on the relationship between centrality and the overall performance while employee
motivation has a negative moderating effect. The implications and directions for future study along
with limitations are presented.
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1. Introduction

The global economy has been stuck in a plateau of a low growth stage for several years [1]
and South Korea’s economy has also had a slowdown in growth [2]. Moreover, industrial trends
are being changed very quickly under globalization [3]. Thus, it is very important for firms to find
the opportunities for growth. Especially, the importance of Small and Medium-Sized Enterprises
(SMEs) growth has become even more prominent, because SMEs not only are considered as the
backbone of the economy but also are expected to play a vital role in helping nations rebuild their
economies after the recession. However, due to the inherent nature of the resource poverty compared
to the large conglomerate, SMEs seek to utilize networks to surmount limitations and secure the
competitive advantages [4,5]. Especially, the network structure can be a crucial factor in the acquisition
of resources [6] and its importance has been discussed [7].

Despite the importance of SMEs and network structure, the majority of the existing network
literature lacks the multidimensional perspective of network structures [8] and mainly focuses on
nascent or newly formed businesses, not the established ones [9]. Thus, this study explores the
relationship between network structure and the performance of South Korean SMEs that joined the
membership of Korea Small & Medium Business Convergence Association (KSCA). That relationship,
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within the context of business convergence network, has neither been discussed nor the concept tested
with robust methodology and data.

Network structure can give the SMEs a variety of useful resources which are what they need to
improve performance, but it does not always guarantee success per se, as all firms cannot fully take
advantage of the external resources that they acquired through the network. In other words, each
firm has different abilities to recognize, understand, exploit, and integrate the acquired resources or
absorptive capacity [10,11]. Absorptive capacity is one of the most important themes emerging in
organizational research and strategy in decades [12–14]. It is widely accepted that absorptive capacity
is the vital factor to enhance business performance [13,15], and many scholars have expressed the need
for further investigation to clarify its role in the different contexts [16]. Accordingly, we assume that the
relationship between network structure and performance becomes stronger when firms possess a high
level of absorptive capacity. Specifically, by examining how each absorptive capacity component can
interact with the network structure, we will be able to understand more regarding how both concepts
enhance and relate to performance.

Thus, this study tries to consider both external and internal variables of the firm such as resources
and capability simultaneously in order to explain SME performance within the context of the business
convergence network. Based on the background above, this study attempts to empirically answer the
two research questions which are as follows:

(i) What effects does network structure have on performance?
(ii) What effects does the absorptive capacity component have on the relationship between network

structure and performance?

In the next section, we review the previous literature and propose hypotheses that link network
structure and performance. We also assume that this relationship will be moderated by the firm’s
absorptive capacity. In the following section, we describe the sample, measurement, and statistical
techniques to test the hypotheses. We then present the results of statistical analysis. Finally, we
address the implications and limitations of our study and provide some suggestions for the next
research direction.

2. Literature Review and Hypotheses

2.1. Network Structure and Performance

Social capital definition is “the sum of the actual and potential resources embedded within,
available through, and derived from the network of relationships possessed by an individual or social
unit” [17]. According to the social capital theory, a firm’s external networks can contribute significantly
to firm performance [18]. Networks are vital to a firm, especially SMEs, which inherently have a
shortage of internal resources. Due to their finite resources, they use a variety of sources and are
connected to different networks to acquire the information to develop the business strategy [19].
Networks provide its actors with access to network resources such as information, management skills,
equipment, technology, etc. [20]. This form of cooperation can allow SMEs to facilitate the achievement
of economies of scale [9]. In addition, they can make it possible to discover opportunities, test new
ideas [21,22], and attain their strategic goals. Therefore, utilizing networks can considerably impact a
firm’s ability to sustain and improve their competitive advantages within the context of SMEs [23], as
well as potentially lower risk of failure and increase its chances of success [9]. The network structure,
in particular, is considered a crucial factor in the acquisition of information, knowledge, resources, or
competitive advantage [6,24].

In this study, the network structure consists of density and centrality. Network density refers to
the degree of interconnection among actors in the network [20]. High level of density means that the
exchange of information and resources among them will increase [25,26]. It can reduce the amount
of time required to gather information for high quality and verify the accuracy of information across
multiple sources [27].
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Network centrality refers to an individual actor’s position in the network [20]. It denotes the extent
to which an actor occupies the central position of a network [24,28]. By occupying a high position, a
firm can have a high degree of access to the control of valuable resources [24,29]. Furthermore, the firm
can acquire nonredundant, diverse, and new information more quickly than less central actors [23].
This kind of information and resources can be transformed into fuel to discover the opportunities
to develop and generate new ideas. Thus, it leads to an increase in the performance of the related
organization and convergence.

Empirical evidence supports that network density and centrality can significantly influence the
performance of the firm, including innovation [7,23,26,27,30,31]. Wang et al. [24], especially, reveal
that network centrality positively influences both organizational innovation and performance using
meta-analysis based on 40 samples. Hence, we propose the following hypotheses:

Hypothesis 1. Network density has a significant positive effect on convergence performance.

Hypothesis 2. Network centrality has a significant positive effect on convergence performance.

Hypothesis 3. Network density has a significant positive effect on overall performance.

Hypothesis 4. Network centrality has a significant positive effect on overall performance.

2.2. Moderating Effects of Absorptive Capacity

According to Cohen and Levinthal [10], the absorptive capacity definition is “the ability of a firm
to recognize the value of new, external information, assimilate it, and apply it to commercial ends”
(p. 128). Based on Cohen and Levinthal’s definition [10], Zahra and George [32] extended the notion
and suggested four dimensions: acquisition, assimilation, transformation, and exploitation, which are
distinct but interrelated. Moreover, Minbaeva, Pedersen, Björkman, Fey, and Park [33] suggested and
identified that the firm’s absorptive capacity consists of employees’ ability and motivation, which are
key aspects. These two elements are in line with not only Kim’s [34] emphasis on prior knowledge
and intensity of effort, but also Zahra and George’s [32] potential (acquisition and assimilation) and
realized (transformation and exploitation) absorptive capacity. It is an organizational level construct
that is embedded in employees [33].

Some researchers reconceptualized the concept or developed the measurement items [13,35,36].
For example, Lane and Lubatkin [35] proposed that absorptive capacity is as a dyad-level
construct—the relative absorptive capacity—which is more suitable for interorganizational learning.

To summarize, there are some arguments of absorptive capacity. However, the dominant
theoretical viewpoint is that absorptive capacity is an organizational capability [13]. It depends on prior
related knowledge [15] and also is considered to be crucial for firm success and long-term survival.

Although network density and centrality have positive effects on performance, their impact
may depend on the absorptive capacity that firm has. In other words, firms differ in their ability
to acquire, assimilate, transform, and exploit new knowledge gained from networks. Firms with
high-level absorptive capacity are likely to identify new knowledge from the network and better
understand it to help or enhance their performance. Moreover, these firms are able to exploit prior and
new knowledge simultaneously for their products or processes to create more profits and sustainable
competitive advantage.

By contrast, without such a sufficient capacity, firms would have fewer chances to recognize new
knowledge from the network and could not transform and exploit it for their routines or processes for
performance. In turn, this leads to lower network density and centrality effectiveness.

Empirical studies support this notion. For example, Tsai [31] identified that there was a
strong positive relationship between network centrality and performance among business units
with high-level absorptive capacity. Liu, Wang, and Ji [14] also supported this result. They found
that absorptive capacity has a positive moderating effect on relationship between network scale,
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centrality, and innovation performance. Similarly, studies related to absorptive capacity emphasized
and identified the importance of the role of moderation effects [4,37,38]. Hence, we propose the
following hypotheses:

Hypothesis 5. Employees’ ability positively moderates the relationship between density and convergence
performance.

Hypothesis 6. Employees’ motivation positively moderates the relationship between density and convergence
performance.

Hypothesis 7. Employees’ ability positively moderates the relationship between centrality and convergence
performance.

Hypothesis 8. Employees’ motivation positively moderates the relationship between centrality and convergence
performance.

Hypothesis 9. Employees’ ability positively moderates the relationship between density and overall performance.

Hypothesis 10. Employees’ motivation positively moderates the relationship between density and overall
performance.

Hypothesis 11. Employees’ ability positively moderates the relationship between centrality and overall
performance.

Hypothesis 12. Employees’ motivation positively moderates the relationship between centrality and overall
performance.

Based on the prior studies above, this research proposes the research model shown in Figure 1,
which includes the control variables (firm age, firm size).
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3. Methodology

3.1. Sample and Data Collection

The South Korean SMEs have played an important role in the economy and employment.
According to a recent KBIZ annual report, the total number of domestic SMEs was 3,542,350 (99.9%),
and the number of employees was 14,027,638, which corresponds to 87.9% of employment in 2014.
Especially, small and medium-sized manufacturing companies contributed significantly to overall
output (50.6%) and value added (53.6%) for the last five years (2009–2014). These figures exceeded
those of conglomerates (49.4%, 46.4%, respectively).
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The population of this study was SMEs that joined the membership of Korea Small & Medium
Business Convergence Association (KSCA) because the majority business exchange or convergence
activities have been organized by KSCA members. As of December 2013, KSCA had 6996 SME
members and 13 local branch offices. The data was collected from memberships belonging to 4 local
branches (Daegu/Gyeongbuk, Seoul, Busan, Gyeonggi) which had relatively much more memberships
and activity than others. We distributed a total of 940 questionnaires by hand to CEOs who participated
in a formal gathering and regular meetings that were organized by KSCA local branches. We received
245 questionnaires (a response rate of 26%). Among the 245 responses, we excluded 19 as some data
were missing or centralizing. Finally, 226 samples were used in the analysis. Table 1 shows a summary
of the key characteristics of the sample.

Table 1. Sample Characteristics (n = 226).

Characteristic Frequency %

Year of establishment
Under 5 25 11.1

5—under 10 33 14.6
10—under 15 77 34.1
15—under 20 36 15.9

20 and/or over 55 24.3
Number of employees

Under 10 82 36.3
10—under 20 57 25.2
20—under 30 39 17.3
30—under 50 31 13.7

50 and/or over 17 7.5

3.2. Measures

The questionnaire we exploited in this study, except for convergence performance, was adopted
from scales that were developed based on an English-language context. Thus, we first translated items
into the Korean language and then we gave a bilingual pundit two versions of questionnaires (English,
Korean) to assess the appropriateness and the semantic equivalence of the translation. Second, to
secure the content validity of the measures, the review process was repeated several times until the
bilingual pundit discovered no further inaccuracies in translation [39]. All of the indicators were
measured using a five-point Likert-type scale (from 1 = totally disagree to 5 = totally agree). The
related items are attached in Appendix A.

3.2.1. Network Structure

The network density and centrality were measured using Antia and Frazier’s study [40] that we
modified to our setting. Network density is concerned with the average strength of relationship in a
network (5 items) and centrality refers to the strength of the firm’s position in a network (4 items).

3.2.2. Absorptive Capacity

The firm’s absorptive capacity was measured with R&D spending, the number of employees
who work in R&D departments, etc., as a proxy [41]. However, it partially reflects the richness of the
construct [32,33]. Especially, R&D spending explains only 4% of the variance in interorganizational
learning compared to knowledge similarity variables [33,35]. Thus, in consideration of these
circumstances, we adopted the Minbaeva et al. [33] concept of absorptive capacity and measured the
absorptive capacity using 12 items taken from Liao, Fei, and Chen’s study [42] which is related to
overall employees’ ability (5 items) and motivation (7 items), not on an individual level. Moreover, this
measurement follows the Zahra and George [32] concept but is not the absolute absorptive capacity
(e.g., R&D spending).
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3.2.3. Performance

Performance can be measured in two ways: subjective or objective. Most of Korea SMEs
respondents are reluctant to open the data or information related to financial and accounting. Moreover,
some cases of secondary data are somewhat inaccurate. Given these circumstances, the subjective
performance measure is more suitable and reliable. In addition, it has a high correlation with objective
performance measures such as ROA or ROI [43–45]. Thus, in this study, performance is perceived
performance by the respondents. We used Yang and Park’s research report’s [46] performance which
consists of two dimensions (convergence, overall). The convergence performance is that discovery
and development are related to convergence ideas, technology, and product development (3 items).
It reflects the degree of its completion or process. The overall performance is related to sales (2 items),
R&D efficiency (3 items), and cost reduction (3 items), which reflects the degree of increasing sales and
market share or cost declining of R&D, production, and so on.

3.2.4. Control Variables

We controlled the firm age and size, variables which can influence firm performance as a
confounding variable [9].

3.2.5. Common Method Bias

Collecting data from the same source based on a questionnaire may generate common method
bias. To address this potential problem, we adopted Harman’s one-factor test [47]. The unrotated
factor analysis extracted 6 factors (with eigenvalue great than 1) which account for 72.19% of the
total variance and the first factor explained 35.25% of the variance. In the unrotated factor structure,
no single factor emerged, nor did general factor account for the majority of the variance. We also
conducted a single-factor measurement model using AMOS 23. The results indicated that the model
fit was very poor (χ2 = 2650.522 (df = 324, p = 0.000), χ2/df = 8.181, RMR = 0.104, GFI = 0.399,
AGFI = 0.299, TLI = 0.383, CFI = 0.430, RMSEA = 0.179). Consequently, there was no evidence of threat
regarding common method variance in our data.

4. Analysis and Results

4.1. Validity and Reliability

In order to investigate the validity and reliability of measurement, we used the confirmatory factor
analysis (CFA). The result showed an acceptable fit (χ2 = 546.340 (df = 309, p = 0.000), χ2/df = 1.768,
RMR = 0.032, GFI = 0.854, AGFI = 0.821, NFI = 0.877, TLI = 0.934, CFI = 0.942, RMSEA = 0.058).
To assess convergent validity, we evaluated the standardized factor loading and composite reliability
(CR), which should be greater than 0.5 [48] and 0.7 [49], respectively. Table 2 shows that all standardized
factor loading and constructs of CR exceeded the threshold. To assess discriminant validity, we used
the Fornell and Larcker [50] criterion, which calls for square root of AVE for each construct greater
than the correlation coefficients with any construct. Table 3 diagonal values are square roots of AVE
with values greater than the correlation coefficients between two constructs. Reliability was assessed
by Cronbach’s alpha using SPSS 23. The value ranged from 0.848 to 0.915 (see Table 2) which was
above the suggested threshold level of 0.7 [51]. Hence, our measurement model secured the validity
and reliability.
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Table 2. Measurement Model Results (n = 226).

Variable Abbr. Standardized
Factor Loading SE t-Value CR Cronbach’s

α

Density

D1 0.799 - -

0.937 0.891
D2 0.810 0.081 13.221
D3 0.755 0.089 12.106
D4 0.778 0.083 12.573
D5 0.813 0.093 13.278

Centrality

C1 0.883 - -

0.928 0.892
C2 0.904 0.058 18.602
C3 0.816 0.059 15.711
C4 0.684 0.059 11.870

Ability

A1 0.782 - -

0.945 0.898
A2 0.840 0.078 13.537
A3 0.783 0.075 12.441
A4 0.824 0.077 13.231
A5 0.764 0.075 12.084

Motivation

M1 0.650 - -

0.943 0.900

M2 0.627 0.097 8.419
M3 0.695 0.116 9.185
M4 0.766 0.120 9.952
M5 0.804 0.117 10.340
M6 0.819 0.120 10.494
M7 0.889 0.124 11.153

Convergence
performance

D&D1 0.820 - -
0.936 0.915D&D2 0.937 0.068 17.474

D&D3 0.905 0.069 16.819

Overall
performance

PER 0.729 - -
0.922 0.855R&D 0.860 0.101 12.261

COST 0.868 0.097 12.345

Model fit: χ2 = 546.340 (df = 309, p = 0.000), χ2/df = 1.768, RMR = 0.032, GFI = 0.854, AGFI = 0.821, NFI = 0.877,
TLI = 0.934, CFI = 0.942, RMSEA = 0.058.

Table 3 shows the means, standard deviations, and correlation matrix of the independent variables
and AVE. Overall, the correlation among the independent variables was relatively modest, ranging
from 0.188 to 0.696. This showed that multicollinearity was not a serious issue.

Table 3. Correlations (n = 226).

Variable Mean S.D. (1) (2) (3) (4) (5) (6)

Density 3.844 0.627 0.865
Centrality 3.403 0.721 0.625 * 0.875

Ability 3.477 0.602 0.263 * 0.189 ** 0.881
Motivation 3.464 0.595 0.320 ** 0.188 * 0.668 * 0.840

Convergence 2.835 0.813 0.330 ** 0.338 * 0.292 ** 0.273 * 0.911
Overall 3.087 0.641 0.427 ** 0.397 ** 0.480 * 0.463 * 0.696 ** 0.893

Note: Diagonal values are square root of AVE, Significant at * p < 0.05, ** p < 0.01.

4.2. Hypotheses Testing

To test the hypotheses, linear regression analysis was applied. Following Aiken and West [50], we
mean-centered the predictor variables before generating interaction terms. A variance inflation factors
(VIF) test found that the highest VIF value was 1.838, far below the critical value of 10.

As shown in Table 4, M 1 and M 4 relate to H1–H4. Density and centrality have positive and
significant effects on convergence and overall performance, respectively. These are supported for H1
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(β = 0.195, p < 0.05), H2 (β = 0.200, p < 0.05), H3 (β = 0.275, p < 0.01), H4 (β = 0.245, p < 0.01). M 3 and
M 6 relate to the moderating effects of H5–H12: the interaction between density and ACAP (ability,
motivation) as well as that between centrality and ACAP (ability, motivation). The results show that
the relationship between centrality and overall performance was moderated by ability and motivation,
but the interaction between centrality and motivation was negative and significant. Therefore, H11
(β = 0.17, p < 0.1) is supported, whereas H12 (β = −0.166, p < 0.1) is not supported.

Table 4. Results of Regression (n = 226).

Variable Convergence Performance Overall Performance

M 1 M 2 M 3 M 4 M 5 M 6
Age 0.062 0.089 0.101 −0.013 0.034 0.048
Size −0.033 −0.062 −0.060 −0.052 −0.090 −0.101 †

Density 0.195 * 0.136 † 0.134 † 0.275 ** 0.176 * 0.180 *
Centrality 0.200 * 0.194 * 0.167 * 0.245 ** 0.235 ** 0.206 **

Ability 0.189 * 0.198 * 0.247 ** 0.259 **
Motivation 0.066 0.070 0.162 * 0.163 *

D * A 0.002 0.002
D * M 0.014 0.013
C * A 0.181 0.176 †

C * M −0.089 −0.166 †

R2 0.129 0.179 0.198 0.209 0.333 0.349
∆R2 - 0.051 0.018 - 0.125 0.016

Adj R2 0.113 0.157 0.160 0.194 0.315 0.319
F-value 8.152 ** 7.963 ** 5.292 ** 14.572 ** 18.258 ** 11.541 **

Note: Standardized coefficients are reported, Significant at † p < 0.1, * p < 0.05, ** p < 0.01 (two-tailed tests).

To better understand the interaction effect, we drew the interaction graph in Figure 2 following
the recommendation of Aiken and West [52]. Figure 2 presents that a firm occupying central position
can experience higher overall performance when its employee ability is high. However, if it is low,
overall performance is not enhanced, even though the firm is occupying the central position. Thus,
employee ability plays the moderating role in affecting the relationship between the network centrality
and overall performance. Figure 3 shows the supported hypothesis results and H12 result.
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5. Conclusions

5.1. Summary and Implications

In this study, we incorporated both external and internal variables of the firm in order to explain
SMEs performance. We considered network structure, which comprises network density and network
centrality as the antecedent external variables. Also, we investigated the role of absorptive capacity
as an internal variable of the firm by analyzing moderating effects. Based on the literature on the
network and absorptive capacity, we developed hypotheses and tested using a sample of 226 SMEs in
South Korea.

The result shows that network structure has a positive impact on SMEs convergence and overall
performance, which means network density and centrality appear to be significantly positively
associated with firm growth and survival. The finding is in line with previous studies in South
Korea which show the positive relationship between network structure and performance, including
innovation, corporate reputation, and loyalty at the firm level [53–57], as well as team-level
performance [58–60]. This finding confirms the importance of social capital in providing SMEs with
resources critical to the success of their firms. Some recent studies, however, reveal network negative
and inverted U-shaped effects [27,61–65], because the network activities entail the costs related to
time-consuming activities like establishing and maintaining relationship network members [27,66]. In
consideration of current network study results, network structure can be viewed as a double-edged
sword that enables either the improvement or worsening of a firm’s performance [7,65]. Thus, SMEs
with a low level of network structure have to keep pursuing network activities until the network
density and centrality approach moderate levels.

According to the results, absorptive capacity has a moderating effect on the relationship between
network centrality and overall performance only. But each absorptive capacity component has different
moderating effects. Ability moderated positively the relationship between network centrality and
overall performance, which indicates that the employees’ ability can make the firm achieve better
overall performance. Thus, firms need to invest in an employee’s ability to improve the absorptive
capacity. For instance, firms can enhance employees’ competence through job-related training,
workshops, programs, or a variety of other educational activities. This result is complementary
with existing literature on absorptive capacity which mainly emphasizes that absorptive capacity
has a direct effect on the firm performance. Also, this result supports Tsai’s [31] study results and
the suggestion that the impact of both network position and absorptive capacity should be studied
simultaneously. On the other hand, motivation moderated negatively the relationship between network
centrality and overall performance, which means that the employees’ high motivation can make the



Sustainability 2018, 10, 3174 10 of 14

firm decrease the overall performance. This negative moderating effect is very interesting, as this result
differed from previous studies which emphasize the absorptive capacity positive side. We see the type
of motivation as one of the main reasons that this result occurred. According to another motivation,
the self-determination theory, there are two types of motivation: autonomous and controlled [67,68].
Especially, when an individual has controlled motivation, it usually leads to putting in only the
minimum required effort, focusing on short-term gains, and taking the easiest way to obtain the
externally defined end [67,68]. Thus, controlled motivation might have acted in this study and we
assume that the self-determination theory might be more suitable rather than the expectancy–valence
theory of work motivation. The firm therefore needs to carefully approach when increasing their
employee motivation.

In conclusion, this study result implies that firms, especially SMEs, should occupy the network
centrality as well as improve employee abilities simultaneously. By doing so, the firm can enhance
performance and create sustainable competitive advantages.

5.2. Limitations and Future Research Directions

This study has several limitations. First, we only focused on the network structure traits—density
and centrality as independent variables. Hence, future studies need to investigate including the
network relational traits such as trust, relational norm, strength, stability, or other antecedent variables.
Few studies suggested personality traits, value, interpersonal citizenship behavior, championing
behavior as an antecedent to centrality at the individual level [69–71]. Thus, based on these studies,
future studies need to develop the antecedent variables at the organization level and investigate their
effects. A comparative study is also needed either between the same and different industry or domestic
and global marketplace networks in the model to obtain more precise results regarding networks
traits effects.

Second, most of the hypotheses related to moderation of absorptive capacity were rejected. This is
inconsistent with previous studies [14,31]. We assume that these results may relate to concept and
measurement. In this our study, we adopted Minbaeva et al.’s [33] absorptive capacity concept which
emphasizes prior knowledge (employee’s ability) and intensity of effort (employee’s motivation).
They suggest that to accomplish outstanding performance at any level, not only ability but also
motivation are needed coincidentally. Thus, future studies may re-examine using a three-way
interaction. Also, intensity of effort can be reconceptualized as an autonomously motivated concept
by adopting the self-determination theory. Thus, future studies may re-examine the motivation
moderating effect using an autonomously motivated concept.

Third, our study focused only on the role of the moderating effect of absorptive capacity.
A majority of previous studies have suggested that absorptive capacity contributes to the innovation
and performance directly and indirectly [13,15,16,72]. Thus, examining the mediating role of absorptive
capacity might help to better understand the process of the external network–performance relationship.
In addition, future studies could examine potentially moderating variables that might play an
important role in the relationship between network traits and performance (e.g., organizational culture,
strategic orientation, environmental factors, leadership styles, bilateral contracts, or agreements
between SMEs).

Fourth, it is difficult to extend the generalizability without any further studies. Accordingly, it is
encouraged to conduct comparative studies, including in other countries, and longitudinal studies.

Lastly, some studies suggested and approached the dark side of network, or constraints, the
potential liability [27,61–65]. For example, Lee’s [27] study identified the network inverted U-shaped
effects. She was emphasizing the network cost and suggested that network costs may exceed
derived benefits from network resources and transform social capital into social liability. These
negative results lead to cautions on the relationship between the external network and organizational
performance [24,73] and are calling for revisiting research regarding network effect.
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In spite of several limitations, this study provides a significant contribution towards increasing the
understanding of the relationship between network structure and performance as well as absorptive
capacity moderating effects.
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Appendix A

Variables Items

Network

Density

Relations among KSCA members are very close.

KSCA members frequently communicate with each other.

KSCA members frequently discuss common problems.

There is very much interaction among KSCA members through the various gatherings.

KSCA members have extremely close ties.

Centrality

Our company is a crucial cog in the KSCA network.

Our company is very central to the KSCA network.

Our company is very active in the KSCA network.

Our company has closed relationship with KSCA members.

Absorptive
Capacity

Ability

Our company employee is equipped with excellent professional knowledge.

Our company employee can acquire quickly and thoroughly new knowledge required by the work.

Our company employee has better working skills than the employee of competitors.

Our company employee has higher educational qualifications than the employee of competitors.

Our company employee has the ability to use and organize the acquired knowledge.

Motivation

Our company employee makes an effort to obtain working skills and task licenses to get pay rise,
promotions, and job offers.

The knowledge acquisition behavior of our company employee has positive effect on the job efficiency.

Our company determines pay rise, promotions, and job offer on the basis of the working skills and
license possessed by our employee.

Our company allocates further learning or training opportunities to the employee base on their
possession of working skills and license.

The rewards given by our company effectively encourage the employee to obtain working skills and
licenses.

Our company employee obtains fair rewards for their progress in learning compared with the
employee of competitors.

Our company reward system, which encourages the employee to obtain working skills and task
licenses, is better than that of the competitors.

Convergence Performance
(Discovery and Development)

The convergence ideas and projects were discovered successfully by the business exchange or
convergence activities.

The technology development was completed or is processing regarding the convergence projects.

The convergence product development was completed or is processing.

Overall
Performance

Sales
Our company’s sales have an upward trend through the business exchange or convergence activities.

Our company market share is increasing through the business exchange or convergence activities.

R&D
efficiency

Our company’s R&D cost is declining through the business exchange or convergence activities.

Our company’s R&D period is declining through the business exchange or convergence activities.

Our company’s success rate of R&D is increasing through the business exchange or convergence
activities.

Cost
reduction

Our company’s transaction cost is declining through the business exchange or convergence activities.

Our company’s cost of purchasing is declining through the business exchange or convergence activities.

Our company’s cost of production is declining through the business exchange or convergence activities.
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