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Productivity improvement is one of the important goals which firms’ technology developments aim at. Firms’ improved pro-
ductivity from technology development means that their inputs can produce more outputs through technology development, which
makes firms’ productivity improvement from technology development more and more important in the age of technology advance
and convergence like today. This research empirically analyzes the influence of the external technology collaboration network
diversity on the productivity improvement of the small and medium-sized enterprises (SMEs) from technology development and
the moderating effect of the chief technology officer (CTO)-driven technology development on this influence. This study constructs
the research model reflecting the moderating impact of the CTO-driven technology development and tests it with the ordinary
least squares regression through the IBM SPSS version 23 by using the 2,000 data about South Korean SMEs. This research
empirically reveals two points. One is that SMEs’ external technology collaboration network diversity has a positive influence
on their productivity improvement from technology development. The other is that the positive effect of SMEs’ external technology
collaboration network diversity on their productivity improvement from technology development is moderated by the CTO-driven
technology development. The two points revealed in this study present two meaningful implications in not only the practical
but also academic point of view. The practical implication is that it is effective for SMEs to use CTOs in increasing their productivity
improvement from technology development. The academic implication is that making technology collaboration with more diverse
external partners can increase SMEs’ productivity improvement from technology development.
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1. Introduction

Productivity improvement is one of the important targets
which firms’ technology developments aim at [8, 16, 17].
Productivity indicates the ratio of the inputs which a company
provides to the outputs which the company generates [8].
Other things being equal, firms’ improved productivity from
technology development means that their inputs can produce
more outputs through technology development [8, 13, 15,
16, 17], which makes firms’ productivity improvement from
technology development more and more important in the age
of technology advance and convergence like today [8, 14, 17].

This study pay special attention to the influence of the
external technology collaboration network diversity on the
productivity improvement of the small and medium-sized
enterprises (SMEs) from technology development and the m-
oderating effect of the chief technology officer (CTO)-driven
technology development on this influence, which extant studies
on SMEs’ management of technology pay little attention to.
Therefore, this study has the purpose of illuminating the roles
of the external technology collaboration network diversity and
chief technology officer-driven technology development with
regard to SMEs’ productivity improvement, which makes this
research focus on the two research questions as follows;

(i) What is the impact of the external technology collabo-
ration network diversity on SMEs’ productivity improve-
ment from technology development?

(if) What is the effect of the CTO-driven technology develop-
ment on the impact of the external technology collabo-
ration network diversity on SMEs’ productivity improve-
ment from technology development?

2. Theory and Research Model

This study constructs the research model treating the CTO-
driven technology development as the moderator in line with
the two research questions as the <Figure 1> shows.

The hypothesis 1 deals with the main effect of SMEs’
external technology collaboration network diversity on their
productivity improvement from technology development.
Productivity improvement requires successful technology de-
velopments which enable firms to operate their systems with
less inputs but generate more outputs [8, 17]. According to
Chesbrough [5, 6, 7], it is a very effective strategic action
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<Figure 1> Research Model

to extend the internal knowledge landscape of firms which
are scanty of internal technology R&D resources and capa-
bilities by using the external technology collaboration in or-
der to make more successful technology development. Hau
[12] has empirically revealed the positive and significant ef-
fect of SMEs’ external technology collaboration network di-
versity on their technology development capability. Deeds
and Rothaermel [10] and Hagedoorn [11] empirically support
the important role of R&D partnerships with various external
technology partners in increasing firms’ internal R&D cap-
ability. Therefore, this study makes the hypothesis 1 related
to the positive effect of SMEs’ external technology collabo-
ration network diversity on their productivity improvement
from technology development as follows;

H1 : SMEs’ external technology collaboration network diver-
sity has a positive influence on their productivity im-
provement from technology development.

The hypothesis 2 deals with the moderating effect of the
CTO-driven technology development on the positive impact
of SMEs’ external technology collaboration network diver-
sity on their productivity improvement from technology deve-
lopment. CTO indicates a senior manager who specializes in
the management of technology [1]. The management of tech-
nology for firms requires various knowledge from the fields
of science, engineering, economics, psychology, and mana-
gement [4, 9, 14, 17]. Furthermore, the domains of the mana-
gement of technology are very wide, including new techno-
logy planning, technology demand forecasting, technology
R&D, and technology commercialization [2, 3, 9, 14, 17].
Therefore, it will be more effective for such experts in the
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management of technology as CTOs to drive SMEs’ techno-
logy development in making their external technology colla-
boration result in more productivity improvement, which

leads to the hypothesis 2 as follows;

H2 : The positive effect of the external technology collabo-
ration network diversity on SMEs’ productivity im-
provement from technology development is stronger
when their technology development is driven by CTOs.

This research uses the three control variables in the research
model : (i) the types of firms (venture vs. non-venture), (ii)
technology sector (IT vs. non-IT), (iii) The levels of techno-
logical capability (high vs. medium & low).

3. Research Methodology
3.1 Data, Measurement and Analysis Tool

This study examined the main and moderating effect in
the two hypotheses in the research model by analyzing the
2,000 data about the SMEs in the Republic of Korea in the
2013 SMEs’ Technology Statistics (2013 SMETS). The 2013
SMETS was the survey about SMEs’ technology development
and performance from 2011 to 2012, being run by the Small
& Medium Business Administration and the Korea Federation
of Small and Medium Business (KBIZ) in 2013.

In order to measure the causal variable in the research
model, this research used the measurement adapted from Tsai
[18] for the external technology collaboration network heter-
ogeneity of the SMEs in the Republic of Korea on which
this study focused. In other words, through the adapted Tsai
[18]’s measurement, this study gauged how many different
types of external partners each SME collaborated with to
develop technology from 2011 to 2012 among such six types
of the external technology collaboration partners as (1) con-
glomerates, (2) other SMEs, (3) foreign organizations and
enterprises, (4) private research institutes, (5) universities,
and (6) national research institutes.

In measuring the outcome variable in the research model,
this study used the five point scale which gauged the de-
gree of the productivity improvement that each SME made
through its technology development from 2011 to 2012. The
number one in the five point scale stood for “very low includ-
ing no degree” and the number five in it indicated “very

high degree.”

This study used three dummy variables with the value of
either one meaning “yes” or zero meaning “no” for the mode-
rating variable and three control variables in the research
model. In other words, this study checked whether each
SME’s CTO played the most important role in developing
technology, whether each SME was a venture company,
whether its technology sector belonged to IT, and whether
its level of technological capability was high or not. The
IBM SPSS version 23 was used as the analysis tool to test
the research model. The <Table 1> reports the descriptive
statistics of the 2,000 data in terms of the causal variable
and the relative frequency and portion of the moderating vari-

able and control variables.

<Table 1> The Profile of the Data Analyzed

Variable Option Value | Portion(%)
CTO-Driven Technology Yes 67 3.4
Development No 1,933 96.6
) Venture 547 274
The Types of Firms
Non-Venture 1,453 72.6
Technology IT 310 15.5
Sector Non-IT 1,690 84.5
The Levels of High 393 19.7
Technological Capability| Medium & Low | 1,607 80.3
Mean 0.52
The External
Technology Standard Deviation 0.87
Collaboration Network Maximum 6
Diversity —
Minimum 0
o Mean 1.95
Productivity
Improvement from | Standard Deviation 131
Technology Maximum 5
Development —
Minimum 1

3.2 Analysis Model

This research empirically tested the significances of the
hypothesis 1 and 2 by running the ordinary least squares
(OLS) regression based on the following analysis model;

Y= 0y + 51X, + B,X, + 8:.X; + B,.X, +e

In this analysis model for this research, ¥ stands for SMEs’
productivity improvement from technology development, g3,

for the constant term in the regression, X; for SMEs’ external
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technology collaboration network diversity, 3, for the re-
gression coefficient of the X;, X, for the types of firms
(venture vs. non-venture), G, for the regression coefficient
of the X,, X; for the technology sector (IT vs. non-IT), 8,
for the regression coefficient of the X;, X, for the levels
of the technological capability (high vs. medium & low),
3, for the regression coefficient of the X,, and e for error
term in the regression.

In order to check the significance of the moderating impact
of the CTO-driven technology development, this research ex-
amined the significance of 3, at the significant level of 0.05
by running the OLS regression in the analysis model depend-
ing on whether the CTO played the most important role in
technology development or not.

4. Empirical Analysis Results

The OLS regression results have empirically proved that
all of the hypotheses in the research model are supported.
They have revealed that the external technology collaboration
network diversity has a significant and positive impact on
SMEs’ productivity improvement from technology develop-
ment(3; = 0.06, t-value = 2.05), supporting the hypothesis
1. They have shown that the effect of the external technology
collaboration network diversity on SMEs’ productivity im-
provement from technology development is significant and
positive (8, = 0.43, t-value = 2.44) when CTOs play the
most important role in technology development but the effect
is not significant (5, = 0.05, t-value = 1.55) when CTOs
do not play the most important role in technology develop-
ment, supporting the hypothesis 2. The <Table 2> summa-

rizes the empirical analysis results.

<Table 2> The Empirical Analysis Results

Fc{%%rfﬁi?é%? Model | Model Il Model Il
B 0.06" 043" 0.05
By 024" -0.21 0249
2 035" -0.53 035"
B 0.01 -0.07 0.01

2P < 0.05; "p < 0.01; " < 0.001; Model I is for the
total group (n = 2,000); Model II is for the CTO-driven
technology development group (n = 67), Model III is for
the CTO-not driven technology development group (n =
1,933).

Note

5. Conclusion
5.1 Summary of Findings

This research has empirically revealed two points. One
is that SMEs’ external technology collaboration network di-
versity has a positive effect on their productivity improve-
The other is that the
positive impact of SMEs’ external technology collaboration

ment from technology development.

network diversity on their productivity improvement from
technology development is moderated by the CTO-driven
technology development.

5.2 Implications

The two points revealed by this study present meaningful
implications in not only the practical but also academic point
of view. The practical implication is that it is effective for
SMEs to use CTOs in increasing their productivity improve-
ment from technology development. CTOs are referred to
as senior technology managers and experts in the manage-
ment of technology development [1]. This study has empiri-
cally proved that CTOs play a significant role in increasing
the positive impact of SMEs’ external technology collabo-
ration network diversity on their productivity improvement
from technology development, which widens and deepens
Alder and Ferdows [1]’s research on CTOs. More specifi-
cally, according to the analysis results based on the 2,000
data in this study, the positive impact of the external technol-
ogy collaboration network diversity on SMEs’ productivity
improvement is significant only in the SMEs whose technol-
ogy development is driven by their CTOs. This means that
SMEs’ using CTOs for the management of their technology
is an effective way of increasing the positive impact of SMEs’
external technology collaboration network diversity on their
productivity improvement from technology development.

The academic implication is that making technology col-
laboration with more diverse external partners can increase
SMEs’ productivity improvement from technology develop-
ment. This finding is in accordance with the essential logic
of the open innovation perspective that making use of more
external knowledge can increase firms’ innovation perform-
ance [5, 7, 17]. But, based on the 2,000 data from South
Korean SMEs, this study deepens the research stream in the
open innovation perspective by empirically revealing that it
is useful to increasing such an important SMEs’ performance
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as the productivity improvement from technology develop-
ment for SMEs to make use of the external knowledge
through technology collaboration with more various external
partners. In other words, the more various partners SMEs
make external technology collaboration with, the more pro-
ductivity improvement from technology development they
can make, which sheds a new light on the positive effect
of SMEs’ open innovation through external technology col-
laboration on their productivity improvement from technol-

ogy development.

5.3 Limitations

There are limitations in this study to be overcome for better
future research. The research subject of this study is limited
to South Korean SMEs. So, it will be better to consider more
various foreign SMEs in the research subjects of future
studies. The role of CTOs in the management of technology
is so various that it will produce more insightful implications
for future research to empirically analyze the role of CTOs
in a variety of performances from their management of
technology. The analyses on not only the impact of the density
of SMEs’ external technology collaboration network but also
the ways of their participation in external technology collabo-
ration on their productivity improvement from technology
development will be able to enrich future studies’ implications
for the field of SMEs’ management of technology.
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