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Abstract: With the introduction of a wide variety of new technologies during the fourth industrial
revolution, companies in Korea have attempted to enhance their innovation activities, which include
investment in new technology adoption, technical and non-technical innovation factors, and Research
& Development (R&D) activity, to ensure the development and growth of their business performance
and sustainability. In particular, IT and business services, two important industries in Korea, have
been impacted by the development of new technology and have sought to adopt new technologies
as soon as possible to survive in a rapidly changing business environment. The aim of our study
is to empirically explore the effect of innovation activities on the performance of Korean IT and
business service companies. To achieve this aim, we examine the innovation activities and business
performance of 160 companies (80 large companies and 80 small- and medium-sized enterprises
(SMEs)) in the IT and business service industries in Korea from 2009 to 2017. This study empirically
analyzes panel data using fixed effect and random effect models with Hausman tests. According to
our results, an improvement in product innovation has a positive impact on business performance
(i.e., revenue and labor productivity) in both large companies and SMEs, as does R&D investment,
research resources, and company age. However, an improvement in process innovation only has a
positive impact on the business performance of large companies, and R&D cooperation only has a
positive impact on the business performance of SMEs. As a result, both large companies and SMEs
should concentrate on technological innovations to improve their sustainability and thus ensure their
success in the long term.

Keywords: technology innovation; business performance; panel analysis

1. Introduction

Since Schumpter [1] referred to technological innovation as a key factor in corporate performance,
numerous studies have been conducted on this topic. Previous research on technological innovation
can be divided into case studies and statistics-based studies. Case studies typically investigate leading
global companies such as IBM, Intel, and P&G and analyze innovative cases from the perspective
of users [2-5]. Previous studies have also statistically demonstrated the impact of technological
innovation activities on corporate performance [6,7]. Previous research has reported that domestic and
foreign companies use technological innovation activity as a corporate strategy to survive and increase
their competitiveness [8]. It has also been shown that technological innovation activity has a positive
impact on corporate performance [9]. For example, in terms of product innovation, entering a market
with new or re-engineered products is a very important decision-making factor [10]. In addition,
companies both large and small gain their own benefits and sustainable development in all of its
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aspects, social, environmental, and economic, in terms of technological innovation; green technology.
There are a lot of ways technological innovation can play a role in environmental, economic, and
social sustainability to introduce technological advances in health, business, and environment to create
new jobs and opportunities [11]. However, despite a number of studies showing that technological
innovation activity has a positive effect on corporate performance, some statistical research has reported
that this activity may not necessarily have a positive effect, depending on the characteristics of the
company or when they enter the market [12]. One study has reported that it could not find a strong
link between corporate technological innovation and increased sales [13], while other research has
emphasized that innovation is the most important component of corporate growth and that investment
in technological innovation is the most common strategy to increase growth [14]. The reason for
these conflicting results is that the types and characteristics of technological innovation in companies
are fairly complicated, and there have also been differences in the statistical and analytical methods
adopted by researchers [12]. Despite the fact that the importance of innovation has gained considerable
support from a mix of economic theory, empirical research, and practical business experience, there
has been a mixed argument in the results of the empirical analysis. Our research focuses on the effect
of technological innovation activities on corporate performance depending on the size of the company,
although there are various strategies for corporate performance. Our study analyzes how technological
innovation activities affect business performance in the IT and business service industry, which has
played an important role in Korea’s industrial development, and compares the outcomes for large and
small businesses. Based on the research results, this study offers academic and practical contributions
in providing a basis for deciding which technological innovation strategy should be pursued that
best suits the size of the company. The research model and hypotheses are established based on the
theoretical background and previous research on technological innovation and corporate performance.
The technological innovation activity and financial information for 80 large companies and 80 small-
and medium-sized enterprises (SMEs) in the Korean IT service industry from 2009-2017 from the
Science and Technology Policy Institute (STEPI) and the Financial Supervisory Service of Korea were
then analyzed.

2. Literature Review and Research Framework

2.1. Technlogical Innovation

Technological innovation refers to the introduction of new technologies related to products,
services, and processes to reduce production costs by creating a new combination of inputs, thus
leading to improvements in existing products or new products or services [15]. These technological
innovations increase the value-added for a company, and applying new technological changes to
products and manufacturing processes typically results in considerable organizational change [16].
Technological innovation is the process of creating and commercializing new ideas, which means
the production process for products and services that are the core of organizational technology [17].
In addition, in the process of actively responding to the market and developing new technologies,
technological innovation will succeed in terms of the sustainable management of organizations [18].
Technological innovation is therefore a major driving force for improving the competitiveness of an
organization and the productivity of the industry as a whole, leading to the economic development
of the entire country and a more innovative society [19]. Therefore, it is necessary to have the
capability to systematically manage this process to ensure successful innovation [19]. Technological
innovation was originally defined as a series of phenomena that lead to the production and sale of new
products or services through a novel combination of the production process, the market, materials, and
organization [12]. Since then, the meaning and interpretation of innovation have changed incrementally.
Product innovation is the ability to regularly deliver new products to the market and to add new
features to existing products, involving a combination of technologies to satisfy consumers or the
market. In contrast, process innovation reduces production costs by developing new technologies to
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dramatically improve the productivity and/or innovation of process technology that operates between
the input and output [12].

Product innovation and process innovation are not independent of each other. After a product
is standardized following product innovation, process innovation occurs, and the company can
respond strategically to a rapidly changing environment by repeating this process. In particular, this
continuous cycle of innovation activity represents the evolutionary process of successful companies [10].
Technological innovation has also been defined as the flow of information used to develop and
implement ideas and the activities within the business process as a whole, from the technology of
the products and processes to the management systems [11]. Research on innovation and corporate
performance has revealed that product innovation provides a competitive advantage to companies
through technological superiority and improved product performance, while process innovation
provides a competitive advantage in terms of greater productivity and efficiency [12].

The technological innovation of a company is recognized as a key factor in securing its
competitiveness and improving its performance [20]. On the other hand, there are structural differences
in the process and results of innovation depending on the research and development (R&D) activities
that are conducted and on the unique innovation strengths, weaknesses, opportunities, and threats that
exist according to the size of the company. Because the size of the knowledge base and the learning
opportunities differ by industry and company size, there may also be a difference in the process of
developing innovation strategies [21].

2.2. Technological Innovation and Business Performance

In the early days of the Industrial Revolution, serious social conflict arose in the short term when
workers were replaced by technological innovations. However, because technological innovation
generated more demand and consequently increased production, it created more employment and
added value to the economy. As a result, the dominant academic and policy view is that technological
innovation can present marginalized workers with new employment opportunities as a form of
compensation within the market [20]. Therefore, analyzing the results of innovation in terms of both
financial and social performance will not only emphasize the importance of innovation but also provide
an important foundation for the structural theory that technological innovation contributes to corporate
growth and competitiveness [22]. In the turbulent business world, technological innovation has become
a main focus of top management levels in various companies [10]. It is argued that those firms can
succeed by implementing modern technology to their products and services [23]. From a strategic
management perspective, particularly from a resource-based view, a firm with unique capabilities and
resources can attain a sustainable competitive stand in a turbulent business market and outperform its
industry competitors [21]. Technological innovation can help companies to develop a variety of new
products and services that are important factors for high performance and profits [24]. In a turbulent
market, those firms which have high technological capabilities become leaders of the market and gain
high profitability [25]. Particularly, in emerging markets, a firm’s goal for high profit and survival can
be achieved through technological innovation [26]. Technological innovation is not only practicable in
a specific industry [27] but various industrial sectors, such as manufacturing and services, improve
their performance by adopting technological innovation [28]. Technological innovation is regarded as
an important driver factor that significantly contributes to business performance [29]. The importance
of a firm’s technological innovation capability, which can be beneficial to the company and leads to
improved competitiveness, has been confirmed by many studies [10]. It was proven that Industry
4.0 is key to the improvement of sustainable business performance for SMEs. Elements of Industry
4.0 have a positive effect on promoting information technology (IT) implementation, which helps the
sustainable business performance of the firms because it will not only lead to changes in the service
production on SMEs but big reforms can also be seen in other areas, such as business models and labor
markets [30,31]. It was also found that there is a relationship between Industry 4.0 and the size of the
firm. Large firms are better prepared for Industry 4.0 than small and medium firms, as they have
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many more resources to utilize to implement Industry 4.0, technological innovation [32]. The essential
reason for adapting Industry 4.0 into real business practice is to strength business competitiveness [33].
Industry 4.0 is no longer an agenda to be discussed by large enterprises only. On the other hand, it is
necessary for SMEs to fulfil the factors of Industry 4.0 to be able to produce their products and services
more efficiently [32,33].

However, different researchers argued different capabilities as major determinants of firm'’s
innovation performance. Teece pinpointed that innovation is an interactive process between
technologically-related sub-systems [34]. Evangelista et al. considered R&D activities as the
most important intangible expenditure for innovation [35]. Danneels suggested the importance of
customer competence and technological competence on product innovation [36]. Galende and Fuente
emphasized the impact of organizational resources, commercial resources, and internationalization on
innovation [37]. An extensive and comprehensive study on the relationship between the determinants
of innovation and a firm’s innovation performance still requires further study. This makes it difficult
for companies to perform actions in improving their technological innovation competitiveness and the
business performance [12].

3. Research Framework and Hypothesis

3.1. Product Innovation and Performance

Technological innovation increases competitiveness by improving product quality and
manufacturing capacity. Consumer satisfaction then increases as the quality level of the product meets
user expectations, and sales rise due to increased demand. Thus, this process can be the driving force
for improvement in business performance [38]. In other words, companies can gain a competitive
edge in their industry and raise profits, the ultimate goal of most companies, through technological
innovation activities. This competitive advantage can help to expand their market share, improve sales,
and ultimately contribute to improving corporate performance [39]. As a result, product innovation
has a positive effect on the performance of an organization, with R&D for new products, the innovative
improvement of the quality of products, and the intention to continuously release innovative products
on the market allow it to gain a competitive advantage [40]. In other words, the ability to continuously
develop valuable products is difficult for competitors to replicate and cannot be easily replaced, which
can lead to a competitive advantage over time. This competitive advantage allows the market and
customers to recognize the technical advantages of the products, thereby increasing the market share
and increasing profitability for the company [41]. Therefore, it can be assumed that product innovation
can have a positive effect on an organization’s performance by creating new systems related to product
development and an improvement in quality and innovation.

Hypothesis 1. Technological innovation activities for product innovation in SMEs will improve the performance
of the company.

(1)  Technological innovation activities for product innovation in small and medium companies will
improve the revenue performance of the company;

(2) Technological innovation activities for product innovation in small and medium companies will
improve the labor productivity performance of the company;

(3) Technological innovation activities for product innovation in large companies will improve the
revenue performance of the company;

(4) Technological innovation activities for product innovation in large companies will improve the
labor productivity performance of the company.



Sustainability 2019, 11, 5246 50f 15

3.2. Process Innovation and Performance

In the fluid phase of a new market, where there are no set specifications or designs for products,
product innovation is more active than process innovation, and a dominant design can emerge from
a number of design options [42]. Until the emergence of a dominant design, product innovation
activities that aim to reflect market and customer requirements are prevalent [43]. However, no matter
how good a design is, it will not be able to fully meet the needs of the market and its customers if
it does not overcome the limitations of existing process technologies. Therefore, companies switch
their focus to process innovation during this transition stage. This improves the manufacturing
capability by overcoming existing technical limitations [40], after which companies are able to improve
production efficiency, such as by reducing production costs, and improve the technical specifications of
their products [44]. As a result, corporate performance will rise due to the improvement in market
competitiveness and the availability of higher-quality products, which users want [45].

Hypothesis 2. Technological innovation activities for process innovation will improve the performance of
the company.

(1)  Technological innovation activities for process innovation in small and medium companies will
improve the revenue performance of the company;

(2) Technological innovation activities for process innovation in small and medium companies will
improve the labor productivity performance of the company;

(3) Technological innovation activities for process innovation in large companies will improve the
revenue performance of the company;

(4) Technological innovation activities for process innovation in large companies will improve the
labor productivity performance of the company.

3.3. R&D Cooperation and Performance

Previous research has shown that cooperation is an effective way to improve corporate technological
innovation [46]. Therefore, cooperation with external organizations has been recognized as an
important strategy in replenishing an organization’s internal innovation capabilities [47]. Companies
are increasingly pursuing cooperative relationships with a range of external partners, such as academic
research institutes and other companies, to create sustainable growth [48]. However, it is difficult to
firmly conclude that external R&D cooperation is always beneficial to corporate innovation performance
because the strategies of large companies and SMEs may differ [49]. For example, large companies
are likely to be wary of R&D cooperation with outside companies because of the “free-ride effect”,
which can be used as an advantage for large companies and SMEs. In addition, research related to
new product development shows that if a company lacks absorption ability, cooperation with outside
organizations can act as a hindrance to innovation [50]. Unlike large companies, however, SMEs
are expected to benefit from cooperating with external organizations for the purpose of knowledge
acquisition through technical alliances, the development of leading companies, and the imitation of
fair-use technology [51]. Therefore, SMEs are expected to conduct more active R&D activities with
outside companies, while large companies will be more careful in pursuing cooperative R&D activities
if their internal technology has a leading position in the market [51]. Research model was defined from
the hypotheses (Figure 1).

Hypothesis 3. R&D cooperation with outside companies will improve the performance of companies.

(1) R&D cooperation with outside companies in small and medium companies will improve the
revenue performance of the company;

(2) R&D cooperation with outside companies in small and medium companies will improve the
labor productivity performance of the company;
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(3) R&D cooperation with outside companies in large companies will improve the revenue
performance of the company;

(4) R&D cooperation with outside companies in large companies will improve the labor productivity
performance of the company.

Technology Capability

Product Innovation Business Performance

[> ‘ Indicator for Growth ’

Process Innovation

—
—

(Revenue)
R&D Cooperation
[> ‘ Indicator for Productivity ’
Labor Productivit
[ R&D Investment ] (Labor Productivity)
[ Research Resource }

[ Company's Age ]

Figure 1. Research model.

4. Methods

4.1. Data Collection

The main objective of this study was to determine, based on panel regression analysis, whether
technological innovation activities (including product innovation, process innovation, and R&D
cooperation) significantly influence the business performance of SMEs and large companies.

This study utilized technological innovation and performance data for Korean companies
published by STEPI and financial statistical data from the Financial Supervisory Service; these
data were analyzed using the statistical programs R and Stata 14.2. The sample consisted of 80 large
companies with more than 1000 employees or subsidiaries of a large group and 80 SMEs with fewer
than 250 employees from the Korean IT and business service industry. The study period was 2009-2017
and the description of companies and the survey used in our research are described in Tables 1 and 2,
and the variables used in our research are presented in Tables 3-5 provide the descriptive statistics of
the variables and the correlations between them. It can be observed that there were no multi-collinearity
problems among the independent variables.

Table 1. Description of companies (small- and medium-sized enterprises (SMEs) and large companies).

Category SMEs Large Companies Total (Average)
Observation (No.) 80 80 160
Telecommunication 9 (11%) 12 (15%) 21 (13%)
3 o) O, o)
vy e g S G o
Technology 17 (21%) 19 (24%) 36 (23%)
Area C;}())irtlzilg:eiiaoln 61 (76%) 75 (95%) 146 (85%)
RegioFr)l 19 (24%) 5 (5%) 24 (15%)
Company Age (years) 19 31 (25)
Revenue (US $) 24M 734M (379)

Source: Science and Technology Policy Institute, Korea Information Technology Service Industry Association.
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Table 2. Information for survey.

Category Description

General firm characteristics Firm basics, R&D, management, comparisons

Innovation (activity) rates, R&D activity rates, ongoing and abandoned
innovation, comparison

Innovation rates

Service product innovation, process innovation, organization innovation

Innovation outcomes L .
marketing innovation

Actors and level of innovation Actors of innovation, level of innovation

Innovation activities and costs Innovation activities, innovation activities by type, innovation costs

Information sources and

. Information sources, innovation cooperation, user innovation
cooperation

Objectives and impacts of

. . Objectives of innovation, impacts of innovation
innovation

Appropriability of innovation Utilization of methods of protection, importance of methods of

protection
. . Relevancies of obstacles of innovation, importance of obstacles of
Obstacles of innovation . .
innovation
Government support, patents, Utilization of government support, importance of government support
procurements patents, public procurements

Source: Science and Technology Policy Institute (The Korean Innovation Survey: Service, Manufacturing).

Table 3. Variables investigated in the present research.

Variables Definition

Dependent Variable: Business Performance

Indicator for growth (GR) Growth rate of sales
Indicator for productivity (PR) Profit growth rate divided by number of employees
Independent Variable: Technological Innovation
Product innovation (PDC) Number of new products or re-engineered products
Process innovation (PCC) Number of new processes or re-engineered processes
R&D cooperation (RDC) Number of external en’tllécg:]sD engaged in cooperative

Control Variables:

R&D investment (RI) Investment for R&D
Research resource (RR) Number of dedicated resources for research
Company age (CA) Current year (2019) versus year of establishment

Data Set: 2009-2017. Source: Science and Technology Policy Institute, Data were collected through surveys on 1:1
interview by paying visits to companies in Korea in order to understand and evaluate the technological innovation
status of the companies, Korea Information Technology Service Industry Association, Financial data (Financial
Supervisory Service of Korea).

Table 4. Data set summary for small and medium-sized companies.

Characteristic GR PR PDC PCC RDC RI RR CA
Min. Value 5.2 1.23 7.28 6.34 0.00 0.21 0.00 2.00
Max. Value 62.3 3.80 17.38 15.66 7.00 2.56 15.00 32.00

Average 23.9 1.82 11.32 10.26 4.32 1.22 8.23 19.00
Standard Deviation 8.7 0.78 2.23 2.15 1.21 0.77 0.99 0.22
Skewness 0.66 2.12 0.22 1.24 0.67 1.23 1.07 1.66
Kurtosis -0.81 2.52 0.54 0.88 -1.35 0.33 -0.20 1.91

Observation 800 800 800 800 800 800 800 800
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Characteristic GR PR PDC PCC RDC RI RR CA
GR 1
PR 0.328 ** 1
PDC 0.149 ***  0.232 ** 1
PCC 0.204 ** 0.378 * 0.241 ** 1
RDC 0.246 *** 0.254 * 0.427 ***  0.410 ** 1
RI 0.534 ** 0.409 ** 0.373 ** 0.578 **  0.179 ** 1
RR 0.444 * 0.338 * 0.412* 0.362 * 0.154*  0.465** 1
CA 0.496 ** 0.214 ** 0.124 ** 0.391 **  0.302* 0.338*  0.323 ** 1

Note: GR: Indicator for growth, PR: Indicator for productivity, PDC: Product competitive, PCC: Process competitive,
RDC: R&D cooperation, RI: R&D investment, RR: Research resource, CA: Company age. ***, **, * represent the
significance at the level of 1%, 5%, 10%, respectively.

Table 5. Data set summary for large companies.

Characteristic GR PR PDC PCC RDC RI RR CA
Min. Value 314.28 6.11 28.32 12.34 0.00 13.22 48.00 11.00
Max. Value 1046.2 18.56 52.38 49.66 52.00 65.34 250.00 65.00

Average 742.52 11.33 38.64 31.65 21.32 39.22 178.23 31.00
Standard Deviation 95.66 2.56 3.23 4.15 3.21 6.32 10.22 5.21
Skewness 0.25 0.13 0.73 2.13 1.67 0.12 1.33 1.57
Kurtosis 1.15 1.24 -1.46 2.55 0.81 -1.99 0.21 0.48
Observation 800 800 800 800 800 800 800 800
Characteristic GR PR PDC PCC RDC RI RR CA
GR 1
PR 0.113 ** 1
PDC 0.203 ***  0.269 ** 1
PCC 0.395 *** 0.218* 0.181 ** 1
RDC 0.354 ** 0.346 ** 0.292 0.179 * 1
RI 0.561 ** 0.229 0.268 ** 0.117*  0.492 ** 1
RR 0.173 ** 0.176 * 0.133 * 0.083*  0.402*  0.256 ** 1
CA 0.232* 0.209 ** 0.429 * 0.137 0.459 * 0.325*  0.160 ** 1

Note: GR: Indicator for growth, PR: Indicator for productivity, PDC: Product competitive, PCC: Process competitive,

RDC: R&D cooperation, RI: R&D investment, RR: Research resource, CA: Company age.

significance at the level of 1%, 5%, 10% respectively.

4.2. Econometric Methodology

LR
7

represent the

Using panel regression analysis, our study investigated the influence of technological innovation

activity on business performance. In this context, the following two models were estimated:

k
Large companies: Y1 = a+ Y, Brir Xk + i, (ir = i+ Eit);

k=1

k
SMEs: Yit12 = 06+k21 Brit Xk + uir, (it = pi + €ip);
Model 1: Revenue as a dependent variable;
lnGRj,t+2 = ﬁllnPDCj,t + ﬁzll/lPCCj,t + ﬁ3ll/lRDCj,t + ﬁ4lnRIj,t + ﬁ5lnRRj,t + ﬁdl’lCAjrt +éin

Model 2: Labor productivity as a dependent variable;

lnPRj’t+2 = ‘Blli’lPDC]',t + ﬁzlﬂPCC]’,t + ﬁ3lﬂRDC]’,t + ,B4lnRIj,t + ‘35l1/lRR]',t + ﬁ6l1’lCAjlt +&jt

Our study first developed a panel linear regression model with a two-year lag between the
dependent and independent variables using cross-sectional panel data for the 160 target companies and
data from 2009 to 2017. A lag of two years was selected because this is the average time between the
application of technological innovation and the generation of profit [52]. It should be noted, however,
that the time it takes for the benefits of technological innovation to be realized will depend on the
size, characteristics, and timing of the innovation, as well as the country, industry, and technology
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field [53]. Our study comprehensively analyzed the factors affecting sales and labor productivity by
distinguishing between large companies and SMEs. First, the existence of cross-sectional dependence
among the cross-sectional units was examined using Pesaran et al.’s (L] _(adj.) test [54], followed by
panel regression analysis using Chow (F) and BP (x"2) tests for random and fixed effects estimation [55].
In particular, because the factors impacting corporate technological innovation capabilities are very
diverse, it is almost impossible to analyze every such element individually. Therefore, it is necessary to
accept that there are likely to be important variables that are not observed in the model, no matter how
many explanatory variables are added to the analysis model [56]. Accordingly, it was determined that
it would be possible to conceptually understand important underlying mechanisms by investigating a
selection of important variables and accounting for the unobserved variables. Therefore, the panel data
analysis used in our study provided optimal model results by appropriately handling these unobserved
missing variables [54,55]. In addition, various analysis techniques can be employed on panel data,
which is useful for deriving policy implications [56]. Using this approach, we were able to investigate
technological innovation factors that significantly affect the performance of large companies and SMEs.

5. Results

Panel analysis should take into account the characteristics of the object fixed with the error term a,
so the test of whether the error term a is significant should precede the analysis [52]. Accordingly, our
study analyzed the suitability of panel analysis through the Lagrangian Multiplier test of Breusch-Pagan
(1980) and modified Wald bivariance test before empirical analysis [52]. The Lagrangian Multiplier
test of Breusch—Pagan (1980) and modified Wald bivariance test is an analysis to determine whether
panel analysis is more valid than the pooled ordinary least squares (OLS). If the null hypothesis
Hy : 02 = 02 =0,Hy : var(ny) = o?
the endogenesis problem. Therefore, the results of the pooled OLS are unreliable, and in this case
panel analysis was more appropriate. Table 6 shows the results of the Lagrangian Multiplier test of
Breusch-Pagan (1980) and modified Wald bivariance test, and it was confirmed that all of them were
significant at the 1% level, so panel analysis was more valid than pooled OLS.

is rejected, the residual means to have a binary that can cause

Table 6. Breusch-Pagan Lagrange Multiplier (LM) test result.

11 i L
Variable Small and Medium arge

GR PR GR PR
Breusch-Pagan LM test 318.22 *** 278.14 *** 189.88 *** 269.44 ***

Modified Wald test for heteroskedasticity =~ 4.4e + 52 ***  7.8e +32** 24e +18**  32e+ 17**

*** represent the significance at the level of 1%.

Our study was conducted using the most widely used fixed effect model and random effect model
in panel analysis. The fixed effect model considers the error term «_i as a parameter to be estimated,
not a random variable, and assumes that it is fixed while being different from each other by panel
object. That is, 8 which is a tilt parameter, is the same as each other for all panel objects, but «_i is
different for each panel object [56]. On the other hand, the random effect model assumes an error term
o_i as a random variable. The fixed effect model and the random effect model for panel analysis vary
depending on which model you select. If cov (xj, @;) = 0, the estimates of the fixed effect and the
random effect are both consistent estimators, so they have similar results. However, if cov (xit, @) #0,
there is a systematic difference in the estimation result when the estimator of the random effect model
does not become a match estimator. The Hausman test can test the selection of a fixed effect model and
a random effect model based on this assumption [56].

The fixed-effects model was used to analyze the effects of product innovation, process innovation,
and R&D cooperation on the performance of the companies (Table 7). For Model 1, in which revenue was
a dependent variable, the results for SMEs revealed that process innovation did not have a significant
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effect on revenue. However, product innovation and R&D cooperation were found to positively affect
revenue, as did the control variables, R&D investment, research resources, and company age. Also,
in Model 2, in which labor productivity was a dependent variable, process innovation did not have
a significant effect on productivity, while product innovation and R&D cooperation were found to
positively affect productivity, as did R&D investment, research resources, and company age. For large
companies, Model 1 revealed that R&D cooperation did not have a significant effect on revenue, but
both forms of innovation and the three control variables did. The productivity results from Model 2 for
large companies were the same as for Model 1, except company age as the control variable did not
have a significant effect on productivity.

Table 7. Panel regression results for revenue (model 1) and productivity (model 2).

SMEs Large Companies
N -
Characteristic Model 1(GR)  Model 2 (PR)  Model 1(GR)  Model 2 (PR)
. . 0.505 *** 0.320 *** 0.136 ** 0.167 ***
Product innovation (PDC) (0.155) (0.113) (0.042) (0.045)
. . 0.170 0.493 0.091 *** 0.176 ***
Process innovation (PCC) (0.246) (0.082) (0.046) (0.051)
. 0.204 ** 0.439 ** 0.284 0.260
R&D tion (RD:
&D cooperation (RDC) (0.091) (0.082) (0.135) (0.037)
. 0.229 ** 0.351 ** 0.304 *** 0.140 ***
R&D investment (RI) (0.013) 0.172) (0.032) (0.036)
1210 % 0.341 ** 0.336 *** 0.140 ***
Research resources (RR) (0. 562) (0.102) (0.045) (0.036)
0.046 *** 0.028 *** 0.013 ** 0.008
C CA
ompany age (CA) (0.004) (0.002) (0.008) (0.008)
Constant 6.282 *** 2.551 9.95 *++ 5.62 %+
Within 0.247 0.228 0.383 0.362
R2 Between 0.127 0.180 0.254 0.222
Overall 0.181 0.161 0.283 0.245
f-value (Wald Chi2) 48.70 43.96 18.84 7.61
Hausman test 0.000 0.000 0.000 0.000
Companies 80 80 80 80

Note: Standard errors are reported in brackets. GR = growth in revenue, PR = productivity rate. ***, **, represent
the significance at the level of 1%, 5% respectively.

6. Discussion

The results of our study discovered that technological innovation significantly contributes to
increasing sustainable business performance. Technological innovation factors, product innovation,
process innovation, and R&D cooperation have an important effect on sustainable business performance
in both SMEs and large companies of Korea. These results are consistent with the literature. All these
factors have a significant interrelation with products and services, and these enhance the performance
of the companies [12]. It has been proven by various previous studies that technological innovation
has a positive effect on revenue growth and product performance, which improves the business
performance [10,30]. As described by the literature, technological innovation implementation and
business performance have a significant relationship with each other [36,41,45]. It was mentioned that
advancements in technological innovation can greatly change organizational performance, such as
increase sales performance, transform the business model, and stimulate innovation in other areas [12].
Technological innovation plays an important role in various areas of sustainable development: social,
environmental, and economic [11]. So, better enhancement of technological innovation in the firms has
a significant role in improving sustainable business performance in all aspects.
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The hypotheses verified by the analysis of the effects of corporate technological innovation
activity on corporate performance are presented in Table 8. Product innovation, which companies
develop to maintain their existing market and expand into new markets, was found to improve
sales performance and productivity in both SMEs and large companies. It was also found that
process innovation via the improvement of current processes and the introduction of new processes
contributed to significantly higher sales performance and labor productivity in large companies, but
SMEs experienced no significant effect. When implementing process innovation, large companies with
relatively high market accessibility and recognition can take advantage of internal and external systems
that SMEs do not have access to. In addition to that, large companies have the advantage of large-scale
investment and infrastructure for new product creation and the improvement of existing products; they
can implement technological innovations that are highly effective in reducing internal production costs
and proving productivity, while SMEs, with less infrastructure, do not experience the same benefits.
The positive influence of external R&D cooperation on business performance was demonstrated to
be statistically significant for SMEs but not for large companies. From a strategic perspective, SMEs
are likely to engage in various R&D cooperation activities to acquire knowledge, such as technical
alliances, the imitation of fair-use technology [44]. On the other hand, large companies will be more
reluctant to engage in cooperation with outside organizations to prevent the leakage of technology.
In addition, successful large companies typically already have sufficient internal R&D capabilities [46].
Thus, large companies typically employ more researchers for their own R&D activity than SMEs.
However, cooperative R&D has a positive effect on both the revenue and labor productivity of SMEs.
A number of studies explained that the external R&D cooperation can slow the internal process when
the internal process is complex. The reasons for this are that it is difficult to integrate the external
knowledge of other organizations and to adapt to different standards and language codes and that
implicit or complex technologies act as an obstacle to innovation during the process of technology
transfer through technical cooperation [11]. Therefore, large companies tend to have relatively complex
internal processes, and they will therfore prefer to avoid R&D cooperation with outside organizations.

Table 8. Results for hypothesis testing.

Hypothesis

Hi1.
Technological innovation activities for product innovation will improve the Accepted
performance of the company.

(1) Technological innovation activities for product innovation in small and medium

. 1 s Accepted
companies will improve the revenue performance of the company. ceepte
(2) Technological innovation activities for product innovation in small and medium Accepted
companies will improve the labor productivity performance of the company. P
(3) Technological innovation activities for product innovation in large companies Accepted
will improve the revenue performance of the company. P
(4) Technological innovation activities for product innovation in large companies Accented
will improve the labor productivity performance of the company. P
H2.
Technological innovation activities for process innovation will improve the Partially Accepted
performance of the company.
(1) Technological innovation activities for process innovation in small and medium Not Accepted
companies will improve the revenue performance of the company. p
(2) Technological innovation activities for process innovation in small and medium NotAccented
companies will improve the labor productivity performance of the company. p
(3) Technological innovation activities for process innovation in large companies Accepted

will improve the revenue performance of the company.
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Table 8. Cont.

Hypothesis
(4) Technological innovation activities for process innovation in large companies
. . Accepted
will improve the labor productivity performance of the company.
Ha3.
R&D cooperation with outside companies will improve the performance of Partially Accepted
companies.
(1) R&D cooperation with outside companies in small and medium companies will
: Accepted
improve the revenue performance of the company.
(2) R&D cooperation with outside companies in small and medium companies will
. L Accepted
improve the labor productivity performance of the company.
(3) R&D cooperation with outside companies in large companies will improve the Not Accepted
revenue performance of the company.
(4) R&D cooperation with outside companies in large companies will improve the Not Accepted

labor productivity performance of the company.

7. Conclusions

Recently, companies have needed to demonstrate an active response to external changes, such as
the emergence of the fourth industrial revolution, low economic growth, and sustainable development.
To achieve this, companies are required to devise strategies to secure a sustainable competitive
advantage through innovative internalization and to improve their corporate capabilities and their
sustainable development in all of its aspects: social, environmental, and economic. In this process,
the role of companies as participants in innovation and their willingness to create, spread, and
engage in innovation activity have been emphasized in the technological innovation field. Indeed, the
technological innovation strategies, structural competitiveness, and expanded internal capabilities
of companies can be the foundation for the competitiveness of a nation as a whole and sustainable
development. Our study looked at innovation activity as a new growth engine for companies and
focused on the effects of this activity on corporate performance in terms of growth and productivity.

Our research established a systematic empirical analysis model and analyzed the differential
impact of corporate innovation on large companies and SMEs according to the innovation type
(i-e., product and process innovation and R&D cooperation). The analysis found that there were some
similarities in the results of the empirical analysis for large companies and SMEs, but there were also
considerable differences. The technology level and accumulated knowledge capacity of companies are
very important in pursuing innovation, with large companies generally more effective in improving
revenue and productivity through technological innovation. Similarly, a limited innovation capacity
and a lack of knowledge-creating mechanisms have a negative effect on innovation performance.
The results for the independent variables can be summarized as follows. First, product and process
innovation had significant effects on business performance for large companies, while R&D cooperation
did not affect the business performance of large companies. Second, product innovation and R&D
cooperation had a statistically significant positive effect on both revenue and productivity for SMEs,
while process innovation did not affect the business performance of SMEs. Based on these results,
it is necessary to establish governmental policies that consider the innovation type and its impact on
outcomes for SMEs in particular, rather than issuing uniform policy prescriptions.

Indeed, the government’s active and strategic support of technological innovation in SMEs can
have a significant impact on long-term technological performance and productivity. In addition, in
order to strengthen corporate innovation capacity, an innovative and friendly policy environment
that can promote competition and innovation and increase government-led R&D investment should
simultaneously be established.

Despite the contributions of the present study, it has the following limitations. Corporate
innovation performance was analyzed based on revenue and productivity only, but there are
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many variables can reflect corporate sustainability and innovation performance. To analyze the
unique influence of each technological innovation, there is much to implement to more thoroughly
conceptualize, and as a result, empirically explore this aspect. Similarly, our study used only two
dimensions to measure a firm’s performance. Other areas (non-financial performance, customer
performance) should be considered in future research to explain the results in a better way. Therefore,
further research is needed to develop multi-dimensional measurement indicators that can accommodate
a wide range of technological innovation measures.
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