
sustainability

Article

Exploring Factors Affecting Sustainable Innovation
Performance of Food Firms. A Case of Korean
Food Industry

Harry Jeong and Kwangsoo Shin *
Department of Biomedical Convergence, College of Medicine, Chungbuk National University, Cheong-Ju 28644,
Korea; harry@g.cbnu.ac.kr
* Correspondence: sksidea@chungbuk.ac.kr; Tel.: +82-43-261-2858

Received: 10 October 2020; Accepted: 2 December 2020; Published: 4 December 2020
����������
�������

Abstract: This study examines the influence of government support, research and development (R&D)
investment and cooperation networks on sustainable innovation performance of the medium-sized
food firms in South Korea. Climate change, population growth, lifestyle change and consumer
demands for new products allow firms to explore innovation for sustainable growth. In the
food industry, where various stakeholders are involved in the value chain, government support,
R&D investment and cooperation are affecting firms’ sustainable performance. However, there are
few empirical studies that examine the relationship among them, especially regarding medium-sized
food firms. This study aimed to analyze data regarding Korean food firms through a structural
equation model. To overcome data scarcity, this study collected new data for 67 medium-sized food
firms. The data is matched with the firms’ 10-year data on management, innovation performance,
and cooperation networks. This study can contribute to filling the literature gap by exploring what
innovation strategies should be used to improve food SMEs’ innovation performance in the latecomer
countries, which have developed their food industries relatively recently.

Keywords: food industry; latecomer country; government support; alliance with university; alliance
with firm; sustainable innovation performance

1. Introduction

Accelerated technological growth, shortened product life cycles and intensifying global
competition are rapidly changing the environment surrounding modern firms. Furthermore,
agricultural production fluctuates irregularly due to climate change [1] and demand for food is
increasing on account of population growth. Increases in income level and changes in lifestyle lead to
a new type of food. This is an era in which consumers simply break away from end-users and actively
tell producers what they want to eat [2]. In an age of short change cycles, food firms obsessed with past
strategies have struggled to survive in the market. Food firms rush to introduce innovation strategies
for sustainable growth.

Only a few food firms can meet the increased demands of consumers on their own, whereas the
majority need external resources [3]. Firms that do not utilize external knowledge cannot compete in
the market in an effective way [4]. Hewitt-Dundas [5] argued that externally sourced knowledge might
take the form of partnerships with other organizations, such as suppliers, customers, private research
laboratories and government research agencies. Firms make cooperative networks to quickly access
new technologies or new markets, to benefit from economies of scale, to share the risks of additional
activities [6]. It is found that innovation cooperation is becoming increasingly important for small and
medium-sized enterprises (SMEs) to improve their innovation, especially in emerging economies and
developing countries [7,8].
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SMEs greatly contribute to the economic growth of countries [9]. The innovation performance
of SMEs has various ripple effects as well as contributing to firms’ growth. SMEs’ R&D investment,
new product development, and innovation outcomes lead to job creation and the emergence of new
industries in the long run [10,11]. Nevertheless, SMEs lack capital, research manpower, and technical
capabilities compared to large firms. Accordingly, the government has supported SMEs’ innovation
through policy support. Despite long periods of government support, SMEs still face limitations in
their capabilities, and innovation performance falls short of expectations. Therefore, it is necessary to
study the sustainable innovation of SMEs.

As such, it was agreed that the formation of partnerships and cooperation in the food industry are
necessary to achieve sustainable competitive advantages of firms. Nevertheless, most of the existing
studies have been conducted in advanced countries [12], and empirical studies that have examined
increasing innovation performance in the food industry are lacking [13]. Previous studies did not
properly consider the characteristics of latecomers [14] that arrived in the food industry and begun
anew. In addition, the studies were mainly conducted on large firms. In the studies, the differences
in characteristics according to the size of the firm were not sufficiently considered. An empirical
study related to the sustainable innovation performance of medium-sized firms in latecomer countries
is needed.

The studies on medium-sized firms’ innovation in latecomer countries need to be approached
from the perspective of industrial value chains, as it is difficult to meet the needs of stakeholders alone
in terms of food supply [15,16]. Therefore, this study conducted an empirical study on medium-sized
food firms in Korea, from the perspective of the industrial value chain. This study was conducted
with 67 food firms with dedicated domestic research institutes. We performed a regression analysis of
how government support, R&D investment or cooperation networks affect each firm’s sustainable
innovation performance.

2. Theoretical Background and Hypotheses

2.1. Sustainable Innovation

Tello and Yoon [17] defined sustainable innovation as the development of new products,
processes, services and technologies that contribute to the development and well-being of human
needs and institutions while respecting the world’s natural resources and regenerative capacity.
Sustainable innovation is a critical dimension of sustainable development and a process where
sustainability considerations, such as environmental, social and financial concerns, are integrated into
the generation of new ideas, leading to new R&D and to new commercialization. Bos-Brouwers [18]
presented sustainable innovation in which the renewal or improvement of products, services,
and technological or organizational processes not only delivers an improved economic performance,
but also an enhanced environmental and social performance, which, both in the short and long term,
have the capacity to generate positive social and environmental impacts.

As food production is one of the major contributors to climate change, biodiversity loss,
freshwater use and land system change, attempts to transform it in a sustainable way are emerging
worldwide [19]. More research is being focused on the development of healthy, high-quality and safe
foods suitable for consumer needs and more environmentally friendly processes [20].

2.2. Innovation in Korean Food Industry

According to “Global Data”, which is a UK research and consulting company, the size of the global
food market for manufacturing (food, alcoholic beverages, non-alcoholic beverages, and tobacco) and
trade, excluding food services, is USD 6.49 trillion as of 2018 [21]. It was expected that the global
economic market, which had deteriorated after the 2008 global financial crisis, will gradually recover,
and the situation of the food market will also recover. However, after the COVID-19 pandemic,
the economic situation contracted, and the outlook for the food market became unpredictable.
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The sales volume of the Korean food industry is USD 446 billion and the number of employees
is 2.18 million [22]. According to the OECD [23], the growth rate of production, employment and
exports of the Korean food industry exceeds that of most OECD countries. However, the absolute
size of the food industry is still small and exports are limited. The global market share of Korean food
has increased, but the comparative advantage is still inferior. R&D investment is small compared
to the size of the industry. In the food manufacturing industry, firms with annual average sales of
less than USD 91 million account for 97.0% of the total number of firms, but only 57.9% of sales as of
2018 [21]. The structure of food industry is concentrated on some large firms with sales of more than
USD 91 million.

It is important to identify opportunities for sustainable growth of food firms in the Korean context.
Above all, the Korean food industry has a high proportion of large firms compared to SMEs. In addition,
the competitive advantage of Korean traditional food’s marketability and food safety technology level
is still being verified. The food industry in Korea has developed well through a government-led
system [24]. This industrial context in Korea demonstrates the need to move forward strategically to
identify the sustainable growth opportunities of large companies and SMEs in the food industry [25].
Therefore, the challenge of the “Korean context” based on technology is to adopt innovation strategies
for the sustainable growth of Korean food firms [26].

2.3. Value Chain in Food Industry

Agricultural and fishery products produced by primary producers are delivered to consumers
through the food industry’s value chain [27]. The food industry’s value chain must take into account the
potential for spoilage of food, food safety regulations, seasonality, and regional and cultural impacts [28].
The freshness of food is one of the important factors of food value and is managed through storage
and transportation temperature, shelf life or quality maintenance period. The government ensures
that quality products are delivered to consumers through food safety regulations. Each government is
strengthening regulations on the safety of food, which can be directly connected to the lives of the
people. In particular, foods imported from foreign countries are subject to strict customs procedures.

Recent climate change, with corresponding increases in CO2 levels, is affecting agricultural
production [1]. Socioeconomic changes such as price hikes and hunger problems follow. Each actor in
the value chain needs to promote sustainable growth by increasing productivity and profitability in a
stable financial environment [29].

As the economy developed, the food industry trend has changed from supply-driven to
demand-based [30]. In an era of oversupply, consumers are not satisfied with just filling their
stomach. Consumers are interested in health, well-being, and high-quality food and demand those
from producers [2]. Companies are trying to develop new products through R&D activities using
internal and external knowledge. External technology sources enable products with improved
performance to be brought to market in a short time [31].

As food and services become more complex, potentially useful knowledge is more likely to
be outside the business [32]. Food firms seek to acquire external knowledge through collaboration
with external players to secure competitiveness. They establish complementary partnerships through
alliances, cooperation and joint ventures with partners [33,34]. Previously, food firms preferred to
establish partnerships with entities in similar sectors [35]. However, it also forms a cooperation network
with firms in industries characterized by high levels of innovation. Collaboration with the biotech
industry provides opportunities to increase added value [36]. In the case of nanotechnology, it has
the potential to meet the demands of modern consumers, so it has limited application in the food
industry [37].

Food firms rely heavily on external sources of information to innovate [38,39]. They form a
partnership with suppliers, universities, research institutes and governments to innovate. The need
for open innovation in the food industry is on account of unique characteristics of the food industry.
Food innovations are often developed by small firms that may lack commercialization know-how [40].
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They will try to compensate for these weaknesses through alliances with large companies. In addition,
innovation in the food sector is incremental rather than radical [41,42], so partnerships with external
organizations are essential. In addition, previous empirical studies have shown that knowledge
useful for food firms comes from several scientific and technological sectors such as pharmaceuticals,
chemicals and agriculture [41,43], machinery, tools and electricity.

2.4. Hypotheses

2.4.1. Government’s Support

Government-supported firms increase their R&D investments to achieve sustainable performance.
Government support to firms’ R&D is in the form of free or low-interest capital assistance, tax breaks,
deregulation, etc.; government-supported firms invest in hiring people or purchasing equipment
for R&D. Previous studies have indicated that German venture firms that are supported by the
government had higher R&D intensity than those that were not [44]. In the case of high-tech
firms in China, government support has increased R&D investment by firms [45]. However,
government subsidies alone cannot cover the cost of entire R&D projects. As such, private firms
selected for government-funded projects have no choice but to increase their own R&D investments.

Government support provides opportunities for R&D organizations, including universities,
to transfer basic scientific knowledge and skills to businesses [46]. Muscio, Quaglione and Vallanti [47]
found that government funding for universities increases university–industry alliances and promotes
knowledge transfer. Governments implement policies and strategies to improve partnerships between
businesses and universities to promote innovation [48]. In countries where private investment
is not active and knowledge bases and markets are lagging behind those of developed countries,
government R&D funds are important drivers of innovation [49]. Firms that drive innovation are
considering cooperation with universities to achieve their goals. Government policies can only be
effective when there is a need to promote cooperation between firms and innovation partners [50].

Other firms in the same industry can be competitors in the market, but they can be the strongest
partners when their interests match. In particular, the reasons why government-supported firms are
pushing for partnerships with other firms are as follows. First, they share the need for innovation.
Second, it is possible to contribute to better performance. Third, they can achieve the performance of
the R&D project within a set period of time. In Europe, an example of expanding R&D projects through
alliances between government-supported firms was studied [51]. Government-supported firms have
already proven their competence in the project selection phase upon evaluation by the government.
Thus, the preference for government-supported firms increases when selecting partners [52]. In addition,
government support may play a role in indirectly strengthening R&D alliances by reinforcing firms’
absorptive capacities [53].

Government support has a positive effect on improving innovation performance. Kang and
Park [49] argued in a study of small and medium-sized biotech firms in Korea that government funding
has a direct and indirect impact on firms’ innovation by promoting internal R&D and cooperation.
Buchmann and Kaiser [54] evaluated the effectiveness of subsidies for individual and joint research
in the German biotechnology industry. They found that subsidies increased the number of patents.
In a study of German startups, the number of patents in government-supported firms [55] increased.
In addition, research on manufacturing firms in China has shown an increase in the number of patent
applications and new product development of government-supported firms [56]. A number of studies
have shown that government support has a positive effect on innovation outcomes, e.g., studies on
Chinese high-tech firms found that government support has a positive effect on short-term innovation
performance, but a negative effect on long run on innovation performance [57].

As discussed above, in most advanced countries, government support had positive impacts on
R&D investment, cooperation networks, and innovation performance. Therefore, this study examined
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the following hypotheses regarding government support in the latecomer countries of the food industry.
These all were based on SME business performance in a ten-year period, 2008–2017.

Hypothesis 1a (H1a). Government’s support increases firms’ R&D investment.

Hypothesis 1b (H1b). Government support increases firms’ cooperation with universities.

Hypothesis 1c (H1c). Government support increases firms’ cooperation with other firms.

Hypothesis 1d (H1d). Government support increases firms’ sustainable innovation performance.

2.4.2. R&D Investment

When a firm considers entering into an R&D partnership, its first choice is a university.
Universities play a leading role in innovation and are important for firms’ growth. In the age
of global competition, industry–academia cooperation is a form of open innovation to develop niche
technologies and commercialize them. Firms rely on universities for the research, expertise, and training
they need. Universities also want to receive financial support from firms for practical research to
realize their academic work. As such, the interests of firms and universities are harmonized, and firms
are likely to increase their alliances with universities.

There are studies showing that SMEs rarely interact with universities [58], but companies
cooperated with universities primarily to design new products [7]. Therefore, SMEs with limited
capacity increase R&D expenditure to cooperate with universities, expecting to reduce transaction
costs, correct market failures, and increase productivity [59].

Enkel and Gassman [60] found that the most important external sources of knowledge came
from customers, suppliers and competitors, although public and commercial research institutions
also played a role. Brandenburger and Nalebuff [61] argued that it was better to cooperate with even
competitors in meeting customers’ needs and participate in shared value creation. Knudsen [35]
presented food and beverage firms were better off working with customers, suppliers and competitors
than private/public research institutions or consultants. Therefore, for food firms to achieve better
performances, cooperation with other firms through R&D investment will be required.

R&D investment is positively related to firms’ performance. According to Thornhill’s [62] research
on Canadian manufacturers, industries with high R&D intensity grow faster. Innovative firms are
advantageous because they can grow regardless of the state of their industry. Tsai and Wang [63] also
found that internal R&D investment influenced the continued success of innovation with many types
of partners in a study using Taiwan’s Technological Innovation Survey. Over time, as knowledge is
organized into routine procedures or commercially available equipment, firms’ innovative performances
depend more on traditional R&D investments [64].

The following hypotheses are examined to find out the impact of R&D investment in medium-sized
food firms in the latecomer countries during a ten-year period, 2008–2017.

Hypothesis 2a (H2a). R&D investment increases firms’ cooperation with universities.

Hypothesis 2b (H2b). R&D investment increases firms’ cooperation with other firms.

Hypothesis 2c (H2c). R&D investment increases firms’ sustainable innovation performance.

2.4.3. Cooperation with University

The analytical framework between knowledge and innovation began to be systematized with
the triple helix model created by Etzkowitz and Leydesdorff [65], which focused on the relationship
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among universities, industry and government. Universities, along with industry and government,
have played an important role in the production of knowledge created in the public sector as an axis
of innovation. Recently, there is a trend that the role of universities is becoming more important.
Universities are an important source of knowledge for firms seeking radical innovation and promotion
of innovative revenue growth in the absence of formal R&D cooperation [66]. Universities maintain a
network with firms by commercializing academic research and engaging researchers in consulting
with firms. Firms that network with external organizations rely more on local universities for their
industrial research, expertise and training. The shorter the distance between a firm and a university,
the less cost and barriers to knowledge transfer. However, it was found that while firms affiliated
with universities are highly innovative in terms of R&D spending, their links with universities do
not guarantee better financial performance [67]. Firm–university networks are expanding, but not all
programs contribute to firms’ performance. Accordingly, firms must choose the programs that best
meet their goals. Small firms are less likely to cooperate in research and development with public
research institutions, especially universities [68]. It is not easy to trace the impact of different types of
university–enterprise interaction mechanisms on different types of outcomes [69].

Therefore, the following hypothesis is proposed for the cooperation relationship between
medium-sized food firms and universities during a ten-year period, 2008–2017.

Hypothesis 3 (H3). The increasing of firms’ cooperation with universities increases sustainable innovation
performance.

2.4.4. Cooperation with Other Firm

As technology and innovation become more complex, firms cannot develop all the capabilities
needed for innovation by themselves [70]. Most firms lack the necessary resources, cannot hire
many professionals, and have a small portfolio of innovations [71]. The food sector is focused on
consumer interests, hence to obtain a sustainable competitive advantage, firms place an emphasis
on innovation to meet customer requirements, as well as on innovation to differentiate themselves
from competitors. However, firms with limited internal capabilities have tried to innovate through
networking. The traditional linear model of R&D, the foundation of firm innovation, is also turning
into a model with a variety of sources and networks that complement the firms’ capabilities [70].
Empirical case studies have shown that working with other firms is the most frequent cooperation
model for innovation [7]. Even competitive firms are more effective if they cooperate with their partners
who complement their own resources and have resources related to their pursuit of innovation [72].
In general, there seems to be an agreement that cooperation between firms increases innovation
performance. Nevertheless, there are few studies regarding how the cooperation of medium-sized
firms in the food industry would affect the sustainable innovation performance in latecomer countries.
Therefore, the following hypothesis is proposed. The analyzed result is based on the business
performance of 10 years, 2008–2017.

Hypothesis 4 (H4). Increasing of firms’ cooperation with other firms increases sustainable innovation
performance.

Based on the relationship between investment and cooperation and performance, the research
framework is illustrated in Figure 1.
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Figure 1. Structural equation model.

3. Methodology

3.1. Data

This study was conducted with 67 medium-sized firms in the food or beverage manufacturing
sectors operating a research division in South Korea. In terms of SMEs, the food and beverage
manufacturing industries have average annual sales of less than USD 85 million and USD 68 million,
respectively. The subject of this study is a medium-sized firm registered with the Korea Industrial
Technology Association (KOITA) [73] that manages the establishment and notification of changes
in firms’ R&D organization. Animal feed-manufacturing was excluded from the study. The target
period is 10 years, 2008–2017. In the “New normal 2.0” era after the 2008 global financial crisis,
this study using data from 2008 to 2017 could be proactively applied to the COVID-19 pandemic
situation [29]. The analysis data includes information on the number of employees, firm history,
business area, number of registered patents, cooperation object, cooperation type, purpose of
cooperation, etc. The basic information of the firm is based on the contents disclosed in the firms’
electronic disclosures [74]. The number of patents registered in the Korea Intellectual Property Rights
Information Service (KIPRIS) [75], provided by the Korean Intellectual Property Office (KIPO), was used
for patent information.

Table 1 shows the status of food SMEs with firm-affiliated research divisions.

Table 1. Descriptive information on the medium-sized food firms.

Characteristics Number Percentage

Size (Number of employees)
≤100 21 31.3

101~300 40 59.7
>300 6 9

Age (years since foundation)
Young (≤20) 22 32.8

Established (>20) 45 67.2

Business sectors
Food 52 77.6

Food additives 9 16.9
Functional food 6 9
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Previously, no data had been established regarding cooperation in Korean value networks within
the food industry. Therefore, in this study, a database on cooperation of Korean food firms was built by
directly collecting data on cooperation among firms, especially medium-sized food firms. The analysis
period is 10 years, 2008–2017. The data is sourced from a search term in 13 daily newspapers in
Korea, wherein articles using the terms “cooperation, M&A (mergers and acquisitions), joint venture,
joint research, or MOU (memorandum of understanding)” were looked into. The total number of
cooperation networks among firms found in 67 firms over 10 years is 114, giving an average of 0.17 per
firm per year.

3.2. Variables

There are five explanatory and three control variables used in this study. Explanatory variables
include (1) government support, (2) R&D investment, (3) alliances with universities, (4) alliances with
other firms, and (5) innovation performance.

First, government support is extended in various ways by selecting R&D fields or projects that
contribute to the public interest that are difficult for businesses to handle on their own. Representative
forms of support include direct increases in R&D costs, such as subsidies or tax assistance, and manpower
support, such as infrastructure or technical assistance, or support for the use of specialized research
personnel or advanced research personnel. In addition, there is a form of support that helps firms
obtain certifications or demand for their products. This study used technical support through
firms’ partnership with government-funded research institutes or local governments as a variable for
government support.

Second, R&D investment is essential for firms to develop new products and new technologies.
It is one of the most important mechanisms for determining the level of innovation of a firm [76]. It is
usually measured by R&D expenditure standardized by firm size [77]. Therefore, this study divided
the current developments or research expenses of firms’ financial indicators by the corresponding
annual sales and used it as a variable for R&D investments.

Third, alliances with universities can improve sustainable innovation capacity by providing
expertise and skills to firms [78]. As firms can receive the expertise and skills they desire from
universities vis-à-vis other institutions more easily, they seek to achieve their goals through MOUs,
joint research, and joint ventures with universities. In a relationship with a cooperation agreement,
the following factors can be considered to assess the impact of cooperation on sustainable innovation
performance; meeting productivity, products’ productivity, overall productivity, research productivity,
quality of research, and time burden [79]. However, this study studied whether an increase in
cooperation increases innovation performance in quantitative terms. Therefore, the alliances with the
university in the above-mentioned forms were measured; MOUs, joint research and joint venture.

Fourth, competing firms in the same industry can cooperate to achieve similar goals. MOUs or
joint research can be used for conducting short and long-term research. In rare cases, a joint venture
may be established. M&As allow large firms to take over small firms or some business units to form
small businesses as well as new ones. This study measured cooperation through alliances with other
firms in the above-mentioned forms; joint venture, MOU, joint research and M&A. In terms of the
impact of cooperation with other firms on innovation performance, this study studied the increase
or decrease relationship in quantitative terms as well as the relationship between cooperation with
university and innovation performance.

Fifth, many patents are considered in measuring innovation performance, but they do not give
a measure of the economic value of new technological creation [80]. However, citations and the
number of new products along with patent registration are important indicators of technological
innovation performance [81]. In the biotechnology industry, the number of patents registered by firms is
considered a major R&D performance indicator [49]. To measure sustainable innovation, some studies
use the number of patents. Petruzelli, Dangelico, Rotolo and Albino [82] measured the value of green
innovation by the number of patents. Markatou [83] used the number of patents to measure sustainable
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innovation in Greece. Aguilera-Caracuel and Ortiz-de-Mandojana [84] measured the strength of green
innovation using the number of patents. Berrone, Fosfuri, Gelabert, and Gomez-Mejia [85] analyzed
environment-related patents of publicly traded firms from polluting industries in the United States to
measure environmental innovation. Therefore, in this study, the number of registered patents was
used as the variable indicating the innovation performance.

Control variables include firm history, firm size, and business diversification. The size of the
firm was measured by the number of employees. The history of a firm is the difference between
2017, the base year for the survey, and the year the firm was established. As a firm grows older,
it can reduce its responsiveness to changes in the business environment. Moreover, the larger the
size of firms, the better they become at securing and utilizing their resources and capacities [86].
Business diversification is a factor that determines the scope of the technology development process
and the project. The business areas of food firms can be classified as (1) food (excluding animal feed;
this study considers the industrial value chain system of the food industry), (2) food additives and
(3) health functional foods. Therefore, this study used the number of business areas along with the
firm’s sales results as dummy variables for business diversification. The definitions of the variables are
summarized in Table 2.

Table 2. Operational definitions of variables.

Variables Means Operational Definitions

gov_sup Government support.
Amount of government support (MOUs or joint

research between government and firms, and
policy funding).

rnd_int R&D intensity. Ratio of R&D expenses to sales.

univ_ally Alliances with universities. Number of alliances with universities, including
MOUs, joint research, and joint venture.

other_ally Alliances with other firms. Number of alliances with other firms, including
MOUs, joint research, and joint venture.

patent Patent of registration. Number of patents registered by the firms in that
year (including joint patents).

size Firm’s size. Number of employees.

age Firm’s age. Number of years since founding.

div_dum Dummy variable for business
diversification.

Number of sectors in which a firm operates for
measuring the diversity of business operations

within a business.

3.3. Analytic Model

This study used the generalized structural equation model (GSEM) to verify the above hypotheses.
GSEM is a method of verifying the causal relationship between variables, and their significance. It is an
approach for simultaneously validating different types of models [87]. In particular, GSEM can support
models with generalized response variables and deal with hierarchical structural models too [88].
This technique is suitable for verifying the effects of various explanatory variables that affect the
dependent variables. This study focuses on demonstrating the impact of investment and cooperation
on innovation performance. It also helps to determine whether the explanatory variable affects the
dependent variable through various control variables (history, scale, and business diversification).
The structural model presented in Figure 1 is illustrated by Equations (1)–(4). GSEM analysis was
conducted using the statistical package STATA (version 13.0, Stata Corp, College Station, TX, USA)
(ε is the error term for each indicator)

rnd_int = β0 + β1gov_supi + β3sizei + β4agei + β5div_dumi + εi (1)

univ_ally = β0 + β1 gov_supi + β2rnd_inti + β3sizei + β4agei + β5div_dumi + εi (2)
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other_ally = β0 + β1 gov_supi + β2rnd_inti + β3sizei + β4agei + β5div_dumi + εi (3)

patent = β0 + β1univ_allyi+ β2other_allyi + β3rnd_inti + β4sizei + β5agei + β6div_dumi + εi (4)

4. Results

Table 3 shows the means, standard deviations (SD) and correlations between variables. Table 4
shows analytic results by the GSEM.

Table 3. Descriptive statistics and correlation coefficients between variables.

Variables Mean SD Gov_Sup Rnd_Int Univ_Ally Other_Ally Patent Size Age Div_Dum

gov_sup 0.051 0.239 1.000
rnd_int −5.008 1.555 0.028 1.000

univ_ally 0.052 0.277 0.141 *** 0.073 * 1.000
other_ally 0.066 0.260 −0.006 0.045 0.056 1.000

patent 0.352 0.944 0.087 ** 0.139 *** 0.314 *** 0.315 *** 1.000
size 4.826 0.634 0.038 −0.220 *** 0.083 ** 0.033 0.058 1.000

age 3.050 0.630 −0.018 0.112 ** 0.007 0.019 0.039 0.220
*** 1.000

div_dum 1.221 0.575 0.179 *** 0.239 *** 0.209 *** 0.063 0.149 *** 0.171
*** 0.075 * 1.000

Notes: N = 670, SD = Standard deviations; the statistical result is the Pearson correlation coefficient; *** p < 0.001,
** p < 0.01, * p < 0.05.

Table 4. Analytic results

Explanatory
Variables

Dependent Variables

Rnd_Int Univ_Ally Other_Ally Patent

gov_sup 1.176 0.917 *** −1.131 0.593 **
rnd_int 0.270 * 0.088 0.335 ***

univ_ally 2.311 ***
other_ally 1.611 ***

size 0.317 *** 0.689 *** 0.112 0.235
age −0.029 ** −0.387 0.119 −0.227

div_dum 0.514 *** 0.470 *** 0.339 0.117 ***

Note: N = 670, *** p < 0.001, ** p < 0.01, * p < 0.05.

The effects on the firms’ size, history, and business diversification, which were used as control
variables, are as follows. First, firms’ size has a positive effect on increasing alliances with universities
and innovation performance. Universities might promote stable businesses by selecting large firms as
partners. Second, firms’ history does not have any effect on investment, cooperation, and innovation
performance. Third, business diversification had an effect on increasing alliances with universities
and firms. Firms that diversify their businesses aim to develop new business materials through
alliances with universities and other firms. Avermaete et al. [38] found that the firms’ size, history and
performance of local economies have some influence on innovation. However, this study found that a
medium-sized firm’s history does not affect sustainable innovation, and that a firm’s size as well as
business diversification do affect sustainable innovation.

As shown in Table 4, the results of hypotheses testing shown that government support for
medium-sized food firms had a positive effect on alliances with universities and sustainable innovation
performance, respectively, but did not have an effect on R&D investment and alliances with other firms.
In addition, R&D investment had a positive effect on alliances with universities and sustainable
innovation performance, but did not have an effect on alliances with other firms. Moreover,
alliances with universities and alliances with other firms had a positive effect on sustainable innovation
performance, respectively.

As a result of the analysis, this study does not support hypothesis H1a and H1c, but does support
H1b and H1d. It is noteworthy that government support did not affect R&D investment, even though
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Korea is a latecomer country where venture capital is not active. Government support might be focused
on large firms rather than medium-sized firms, or it was conducted in other areas such as marketing and
production, not R&D for medium-sized firms. This is consistent with previous studies [46,47,49,51,52]
showing that government support has a positive impact on sustainable innovation performance either
directly or indirectly through alliance with universities. As firms and universities share the same
interests, they form alliances with each other with the government’s support. Thus, medium-sized firms,
lacking in-house research capabilities, are working with universities to obtain government support.

This study supports hypothesis H2a and H2c, but not H2b. R&D investment had a positive
effect on alliance with universities and sustainable innovation performance, but not alliance with
other firms. Firms’ R&D is involved in the creation and application of new knowledge. As Liefner,
Hennemann and Xin [7] and Pekkarinen and Harmaakorpi [59] argued, firms could conduct a radical
innovation, reduce transaction costs, correct market failures, and increase productivity. Firms support
R&D organizations by investing in the expansion of facilities and equipment, and by recruiting and
training related personnel. In this way, firms improve their innovation performance through these
investment activities [89]. In an environment where R&D investment is small, medium-sized firms
would tend to gain a competitive advantage by having their own technology and expertise rather than
sharing R&D results with other firms.

This study supports hypothesis H3. Alliances with universities have a positive effect on creating
innovative performance. In open innovation, cooperation between firms and universities has been
widely recognized as a major tool for strengthening organizational capacity. Open innovation has helped
firms to not only enhance innovation, but also develop knowledge and complement existing internal
R&D [90]. Firms are collaborating with universities for economic reasons and effectiveness resulting
from lower costs associated with innovation [67]. A joint study of universities and industries can
improve corporate sales, R&D productivity, and patent activities. Collaboration between universities
and firms contributes towards fostering technology-based firms, especially SMEs, for business growth.

This study supports hypothesis H4. Alliance with other firms is not affected by government
support or R&D investment, but once cooperation with other firms is established, it has a positive
impact on sustainable innovation performance. In line with Liefner, Hennemann and Xin [7] and Nieto
and Santamaría [72], this study found that firms’ alliances with other firms have a positive effect on
creating innovative performance. Cooperation between firms, including competitors, can stimulate
socio-economic progress by strengthening the development and use of knowledge, increasing the
quantity and quality of goods and services, and expanding markets [91]. Medium-sized food firms
cooperate with other firms for their own needs. Once they cooperate with other firms, they have an
environment appropriate for innovation. Thus, a cooperative network among firms is likely the best
strategy for sustainable innovation.

In sum, the results are shown in Figure 2.

Figure 2. Structural model results; Notes: *** p < 0.001, ** p < 0.01, * p < 0.05.



Sustainability 2020, 12, 10157 12 of 16

Moreover, Table 5 presents the results of the analysis of the total effect to find out each path that
influences innovation performance based on the structural equation model.

Table 5. Direct effect, indirect effect and total effect on innovation performance.

Variables

Innovation Performance

Direct Effect
Coefficient

Indirect Effect
Coefficient

Total Effect
Coefficient

Government support 0.593 2.119 2.712
R&D investment 0.335 0.630 0.962

Alliances with
universities 2.311 0 2.311

Alliances with other
firms 1.611 0 1.611

Total 4.850 2.749 7.599

5. Conclusions

This study examined the impact of government support, firms’ R&D investment and cooperation
networks on medium-sized food firms’ performance in the case of South Korea.

The implications for firm managers and government policy formulators can be drawn from the
results. It was found that government support did not affect R&D investment. The failure of the
government’s support for food SMEs to improve innovation performance is likely due to firms’ use
of the resources provided by the government to replace the resources that firms should invest in.
In order to eliminate this crowding-out effect on SMEs, the government needs to select firms with
clear innovation goals and monitor their innovation process. Food SMEs, of course, should invest,
but in the end, it is necessary to pay attention to system improvement, which inevitably leads to
innovative performance. Food SMEs could consider investing in hygiene systems such as HACCP
(Hazard Analysis Critical Control Point) and GMP (Good Manufacturing Practice) in order to improve
food safety, consumer safety, or traceability.

Firms that receive government support or invest in R&D increase innovation performance through
cooperation with universities. This is consistent with previous studies such as Liefner et al. [7],
and Pekkarinen and Harmaakorpi [59]. Firms wishing to select a partner institution need to consider
the university as their partner first. Since universities play a sufficient role in supplementing the lack
of research capabilities in SMEs, various innovation projects can be considered.

On the other hand, government support or R&D investment failed to promote alliance with
other companies. Because the food industry is characterized by low technology, low entry barriers,
and difficulty in differentiation, they have a closed relationship with a few cooperations between
homogenous firms. To solve these problems, managers need to drive innovation with open innovation.
Open innovation could help SMEs enhance innovation and complement internal R&D [90].

This study filled the literature gap by exploring which innovation strategies should be used
to improve the food SMEs’ innovation performance in the latecomer countries to the food industry.
Previously, very few empirical studies had been done on this subject. This study directly collected data
on medium-sized food firms in South Korea and analyzed it with a structural equation model.

Despite this contribution, it has the following limitations. First, the number of support initiatives
may not be sufficient to assess government support. Even considering the situation where the support
is mainly for large firms or the government support for food SMEs is little, it may seem that the
observed government support initiative is insufficient. Second, this study is only for medium-sized
firms. Thus, it is insufficient to identify the performance of large firms leading the food industry in
latecomer countries. In Korea, as less than 3% of large firms account for more than 55% of the total
food and beverage industry’s sales, studies on medium-sized firms are limited. Third, in terms of
innovation, only the patent results were considered, and not the results of new product development.
Unlike other high-tech industries, in the food sector, patents do not guarantee a monopoly on the
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market. Fourth, the relationship between innovation and financial performance has not been identified.
It is not known how the innovation performance will affect the profitability of a firm. To overcome these
limitations, additional research with more panel data should be undertaken to ensure that there are
enough support initiatives to assess government support. In addition, future studies need to include
large firms in the scope of study, measure new product development performance as innovation
performance, and identify the relationship between innovation and financial performance.
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