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A B S T R A C T

This study analyzes the effects of innovation and innovation characteristics on the survival of Small and
Medium-sized Enterprises (SMEs) in the service industry. After analyzing around 22,300 innovative SMEs in
Korea’s service industry using Kaplan-Meier analysis, it is confirmed that the better the overall technological
prowess (T-grade), the longer the survival period until delinquency (overdue payments for more than three
months) and default. The technological innovation characteristics that significantly affect the survival period
are derived using a time-dependent Cox model. Owner capability, productization capability, and profit pros-
pects are found to positively affect the survival period of excellent SMEs, while R&D capability, technology
superiority, and market status are found to have a negative effect. From an optimization perspective, if R&D
capability is above an appropriate level, it can hinder the survival period of SMEs. Thus, it is interpreted that
the more positive the market status, the more negative the survival period, because it accelerates the inflow
of new competitors. Considering that owner capability, productization capability, and profit prospects are
appraisal items based on business feasibility along with the technological prowess of SMEs, it is concluded
that technology with business feasibility has a significantly positive effect on the survival period of innova-
tive SMEs in the service industry.
© 2023 The Author. Published by Elsevier España, S.L.U. on behalf of Journal of Innovation & Knowledge. This

is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

SMEs play an important role in the national economy because of
the economic benefits they bring (Radas & Bo�zi�c, 2009). From a
microeconomic perspective, SMEs have the advantage of immedi-
ately responding to environmental changes through a flexible struc-
ture and achieving an appropriate productivity level (Raymond,
2005). From a macroeconomic perspective, SMEs significantly con-
tribute to job creation and have the advantage of minimizing distri-
bution distortion (Ayyagari et al., 2007). In Korea, from 2015 to 2018,
SMEs accounted for 83.17% of total employees and 48.80% of total
sales. If this is limited to the service industry, the employees account
for 90.37% and sales account for 56.93% of their respective totals;
therefore, the proportion and role of SMEs in the service industry is
significantly large in the national economy (Ministry of SMEs and
Startups, 2021).

SMEs comprise a large proportion of the national economy, but
obtaining loans through commercial banks is not easy because of
information asymmetry (Niskanen & Niskanen, 2010), which threat-
ens the survival of SMEs (Carter & Auken, 2006). To solve this
aña, S.L.U. on behalf of Journal of In
problem, the Financial Services Commission of Korea introduced and
implemented innovative SME loans that applied technology apprais-
als to SMEs borrowing from commercial and development banks. An
innovative SME loan is a system that adds a T-grade, which appraises
the overall technological prowess of SMEs, to the existing credit
bureau (CB) grade used for loans. Moreover, it allows commercial
banks to lend even if financial information is insufficient or the CB
grade is not high but the technology is excellent (Lee & Yun, 2017).
The T-grade, which appraises the overall technological prowess of
SMEs, is assigned ten grades from T1 to T10. Companies from grades
T1 to T4 are defined as technology-outstanding firms, while compa-
nies from T5 to T6 are defined as innovative SME loan-adequate firms
(Lee & Kim, 2017). The Financial Services Commission of Korea
encourages technology-outstanding firms to benefit from interest
rates, limits, and maturity when borrowing from commercial banks
(Financial Services Commission of Korea, 2015). These innovative
SME loans enhance SMEs’ access to financing and form a system that
reflects mid-to-long-term perspectives based on a technological
prowess. This system is called the T-grade of SMEs and is a credit rat-
ing model that predicts a company’s insolvency in the next year
based on past financial information (Kim, 2023) (See Fig. 1).

In this study, the survival period of SMEs is compared and ana-
lyzed according to the level of innovation in the era of Industry 4.0. It
novation & Knowledge. This is an open access article under the CC BY-NC-ND license
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Fig. 1. Process of the innovative SME loan.Source: (Lee, 2021a)
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is particularly meaningful because the analysis is based on the service
industry and uses empirical data. Furthermore, by deriving the inno-
vation characteristics that affect the survival period of SMEs in the
service industry, it is meaningful to define innovations that are
important in the service industry.

Literature review

Studies on the performance and survival of SMEs have used vari-
ous methods and appear to have three main directions. The first is
the estimation and comparison of the survival period of SMEs and
the second is studying the impact of innovation on SME performance.
The third research direction concerns the impact of innovation on
SME survival.

Estimation and comparison of survival period of SMEs

Research on the estimation of SMEs survival period primarily
compares the survival periods of SME types. Many studies have esti-
mated the survival periods of start-up SMEs (Dunne et al., 1988;
Mata & Portugal, 1994; Westhead & Birley, 1994) existing enterprises.
They have also compared the survival periods of countries (Bartels-
man et al., 2005; Zhang et al., 2018). The estimated survival period of
start-up SMEs was found to be 13 years on average; three years after
the start-up evaluations has been considered an important period for
determining the survival of the company (Baldwin & Gorecki, 1991;
Geroski, 1995). Research on the survival period of SMEs is based on
the type of company, and success and failure factors are derived by
analyzing the survival period of start-up SMEs.

The impact of innovation on the performance of SMEs

Research has also been conducted on the impact of innovation on
SME performance. Research on SME performance has found that
innovation has a positive relationship with financial performance
(Qian & Li, 2003; Calvo, 2006; Soininen et al., 2012; O’Cass & Sok,
2014; Hou et al., 2019). Moreover, innovation also has a positive rela-
tionship with competitiveness (Madrid�Guijarro et al., 2009),
2

employment (Peters et al., 2014), and outperformance (Verhees &
Meulenberg, 2004; Madrid�Guijarro et al., 2013; Yıldız et al., 2014;
Norman et al., 2016; Oura et al., 2016) of SMEs. However, conflicting
research results have showed that innovation does not have a signifi-
cantly positive effect on the performance of SMEs during a recession
(DeDee & Vorhies, 1998; Hansen, 2014), and negatively affects the
SME performance by increasing financial risk (Douglas & Shepherd,
2000; Baldwin & Gu, 2004). Recently, a study (Yu et al., 2021) has
argued that excessive R&D expenditure should be controlled at an
appropriate scale because it causes wastage of efficiency and resour-
ces, thereby undermining corporate competitiveness.

The impact of innovation on the survival of SMEs

Research on the impact of innovation on survival is based on the
view that survival is the ultimate outcome (Kalleberg & Leicht, 1986;
Miner, 1997; Danes et al., 2008), and has a value that takes priority
over financial performance, especially for SMEs (Walker & Brown,
2004). The analysis revelated that innovation has co-existing positive
(Calvo, 2006; Çakar & Ert€urk, 2010; Rosenbusch et al., 2011; Adam &
Alarifi, 2021) and negative effects on survival (Buddelmeyer et al.,
2010; Cader & Leatherman, 2011). Particularly, studies have shown
that if innovation is limited to R&D expenditure, it has a positive
effect on survival (Jung et al., 2018), and that R&D expenditure has an
inverted U-shaped relationship with survival; therefore, an approach
to optimization is needed (Kim & Huh, 2015). Recent research has
shown that innovation positively affects survival when accompanied
by business feasibility and acts as an actual competitive factor, such
as product competitiveness (Markey-Towler, 2016; Agostino et al.,
2021; Rojek, 2021). Additionally, even when innovation is defined as
marketing and strategy (Naidoo, 2010; Ulubeyli et al., 2018), organi-
zation (Dobson et al., 2013), or patents (Ortiz-Villajos, 2014), it has a
positive relationship with the survival of SMEs. Most studies on the
impact of innovation on the survival of SMEs have analyzed innova-
tion from a single perspective. However, this study is meaningful
because it subdivides the characteristics of innovation into technol-
ogy, business feasibility, and marketability perspectives and analyzes
the effect of each innovation characteristic on the survival period.
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This study differs from previous research in the following ways.
First, by limiting the analytical target to SMEs, it focuses on the effects
of technological innovation characteristics on SMEs’ survival periods.
This implies that SMEs need a tailored approach because they have a
business model that is different from that of large enterprises (Cosenz
& Bivona, 2021). Second, among SMEs, only those operating in the
service industry are analyzed to refine the effect of technological
innovation characteristics on the survival period in the service indus-
try. Accordingly, the utilization of technological innovation character-
istics in the service industry and interpretation of policy linkages are
made possible. Third, previous research has defined technological
innovation characteristics as a single variable, such as patents (Ortiz-
Villajos, 2014; Kim & Huh, 2015) and R&D expenditure (Jung et al.,
2018; Agostino et al., 2021), which limits the comprehensive inter-
pretation of the analysis results. This study derives rich interpreta-
tions and insights into the analysis results using the technological
innovation characteristics of innovative SME loans, appraised from
the three perspectives of technology, business feasibility, and mar-
ketability.

Methodology

Data and variables

The database (DB) used in this study is an innovative SME loan DB
from the Korea Credit Information Service. The Korea Credit Informa-
tion Service is Korea’s only public credit registry and each financial
institution is obliged to transmit credit information generated during
financial transactions to the public credit registry. Therefore, the DB
used covers information related to all innovative SME loans in Korea
and is free from selection bias.

The SMEs to be analyzed are defined as companies that satisfy all
of the Korean Standard of Industrial Classification (KSIC) sales stand-
ards, have less than 300 full-time workers, and possess less than 427
USD million in total assets. This follows the conservative definition
under the Small and Medium Business Act (Ministry of SMEs and
Startups, 2018) in Korea. SMEs in the service industry are based on
Table 1
Technology appraisal items and factors.

Major items Mid-items Su

Technology
Business
Capacity

Owner
Capability (OC)

Same field exp
Technological k
Technology ma

Management Capability (MC) Management e
Capital involve

R&D Capability (RC) R&D organizat
HR expertise
R&D awards
Intellectual pro
R&D investmen

Productization Capability (PC) Production cap
Funding capac

Profit prospect (PP) Marketing cap
Sales diversity/
Probability of r

Technology Competitiveness Technology Superiority (TS) Technological d
Imitation diffic
Technology life
Technology co
Technology ind

Market Status (MS) Market size/gr
Market compe

Market Competitiveness (MCP) Recognition
Product superi

Source: (Lee, 2020a)
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KSIC G»S (Korean Standard Statistical Classification, 2017), and the
description of the sub-industry is detailed in Table A.1. Therefore,
among the SMEs operating in the service industry, a T-grade is
granted through innovative SME loans, and corporate business opera-
tors who could check the size, financial information, and number of
employees are used for the analysis.

The survival period of innovative SMEs in the service industry,
which is a dependent variable, is calculated daily from the technology
appraisal to the event occurrence date by defining delinquency and
default as events. However, if an event did not occur, it was treated
with right censoring, and until December 31, 2020, it was used as the
survival period. No other censored cases are included in this study
because they could not be traced. The definitions of delinquency and
default are based on the credit rating information in the General
Credit Information Management Regulations negotiated by Korean
financial institutions, public institutions, and credit bureaus. Delin-
quency is defined as more than three months of overdue payment
based on delinquency information, subrogation repayment, and pay-
ment information. Default is defined as a case in which registration is
subject to transaction suspension. In the analysis, delinquency and
default are distinct from a practical perspective, and the utility of the
results is considered. In Korea, when a case of delinquency lasts for
more than three months, a default is decided depending on whether
the reason for the delinquency is lifted. Therefore, delinquency for
more than three months is meaningful as a pre-signal for default. If
the significant variables for delinquency and default are different,
technological innovation characteristics can be used as information
for early warning of default. However, if the significant variables for
delinquency and default are similar, technological innovation charac-
teristics are considered significant and robust factors in the survival
period of SMEs.

The technology appraisal items used for innovative SME loans are
used as independent variables. As shown in Table 1, the appraisal
items and composition of innovative SMEs in the service industry
consist of two major items, eight mid-items, and 24 sub-items. Addi-
tionally, the appraisal is reflected in the three perspectives of tech-
nology, business feasibility, and marketability. Each item is appraised
b-items Appraisal Factors

Technology Business Feasibility Marketability

erience � �
nowledge
nagement capability
xpertise � �
ment
ion �

perty
t
acity � �
ity
ability �
stability
eturn on investment
ifference �
ulty
cycle

mpleteness
ependence/usability
owth ability �
tition

� �
ority
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in five steps from A to E; the best A is converted to five points and the
worst E is converted to one point. The following eight research
hypotheses are established using the mid-items of the technology
appraisal model used for innovative SME loans as technological inno-
vation characteristics. The logical basis for the technological innova-
tion characteristics used in each hypothesis can be found in previous
studies on technological investment.

Hypothesis 1. The owner capability positively affects the survival
period of SMEs.

The first technological innovation characteristic, owner capability
(OC), comprises the owner’s field experience, technological knowl-
edge, and technology management capability (See Table 1). Previous
studies have identified OC as an investment decision-making factor
(MacMillan et al., 1987; Zacharakis & Meyer, 1998; Lee & Lee, 2009).

Hypothesis 2. The management capability positively affects the sur-
vival period of SMEs.

The second technological innovation characteristic, management
capability (MC), consists of the management expertise and capital
involvement of board members (See Table 1). In Lee and Lee (2009),
OC and MC have been distinguished OC is the owner’s own capability
MC refers to the capability and participation of board members. Addi-
tionally, in Tyebjee and Bruno (1984) MC has been derived as a major
decision-making factor in investment.

Hypothesis 3. R&D capability positively affects the survival period of
SMEs.

The third technological innovation characteristic, R&D capability
(RC), is composed of R&D organizations, HR expertise, R&D awards,
intellectual property, and R&D investment. It is appraised as an item
in terms of R&D-related infrastructure (See Table 1). MacMillan et al.
(1987) have also selected RC as an important investment decision-
making factor.

Hypothesis 4. The productization capability positively affects the sur-
vival period of SMEs.

The fourth technological innovation characteristic is productiza-
tion capability (PC), which consists of production and funding capaci-
ties (See Table 1). Lee and Lee (2009) have identified the possession
of production facilities for commercialization in the future and the
corresponding funding capacity as investment determinants.

Hypothesis 5. The profit prospect positively affects the survival
period of SMEs.

The fifth technological innovation characteristic, profit prospect
(PP), consists of marketing capability, sales diversity/stability, and
probability of return on investment, which directly and indirectly
affect profits (See Table 1). Tyebjee and Bruno (1984) have derived PP
as a major investment decision-making factor.

Hypothesis 6. Technology superiority positively affects the survival
period of SMEs.

The sixth technological innovation characteristic is technology
superiority (TS), which includes technological differences, imitation
difficulty, technology life cycle, technology completeness, and tech-
nology independence/usability (See Table 1). While RC focuses on
infrastructure, TS concerns the inherent superiority of technology.
Referring to previous studies (MacMillan et al., 1987; Lee & Lee,
2009), this study uses RC and TS separately. Tyebjee and Bruno
(1984) have derived TS as an important investment decision-making
factor.

Hypothesis 7. The market status positively affects the survival period
of SMEs.

The seventh technological innovation characteristic, market status
(MS), is composed of market size/growth ability and market competi-
tion and represents the current external market conditions, expan-
sion potential, and competition intensity (See Table 1). Previous
4

studies (MacMillan et al., 1987; Zacharakis & Meyer, 1998) have clas-
sified the market status in which SMEs are active as an important fac-
tor in investment decision-making.

Hypothesis 8. Market competitiveness positively affects the survival
period of SMEs.

The eighth technological innovation characteristic, market com-
petitiveness (MCP), comprises recognition and product superiority
(See Table 1). While MS focuses on the status of the external market,
MCP focuses on SME competitiveness. This content is based on previ-
ous research (Tyebjee & Bruno, 1984). All technological innovation
characteristics used in this study are consistent with previous studies
on investment decision-making factors, and logical grounds for the
hypotheses can be found.

T-grade, which indicates the overall technological prowess of
SMEs, is derived by the weighted sum of two major items, each of
which is the weighted sum of the mid-items composing the major
items. Each mid-item is derived by the weighted sum of sub-items
and is appraised from A to E. The detailed appraisal contents of the
sub-items of innovative SMEs in the service industry are presented in
Table A.2.

As control variables, those related to the size of SMEs and the CB
grade are used with reference to previous studies (Lee, 2020b,
2021b). Variables related to the size of SMEs, work years, number of
employees, and size of capital and liabilities are used. First, the work
year is calculated on a yearly basis from the establishment date of the
target company to the appraisal date. Second, for the number of
employees, the 12-month average value of monthly employees corre-
sponding to the technology appraisal year, is used, as provided by the
National Pension Service. Third, the size of capital and liabilities is
based on the financial statements corresponding to the year of tech-
nology appraisal, which are provided by credit bureaus. Capital and
liabilities are based on USD millions and used in the analysis after log
conversion. Fourth, the eighteen grade system (AAA » D) of the Korea
Financial Supervisory Service is used to obtain the CB grades of SMEs.
When the CB grade is used as a continuous variable, there is a prob-
lem because the variable affecting the survival period of SMEs
becomes too dependent on the CB grade. Therefore, to adjust the
influence of the CB grade according to the level of the control vari-
able, the high-CB SMEs cluster (AAA» BBB0) and low-CB SMEs cluster
(BBB� »D) are used based on BBB0, which divides investment and
speculation. The reference category forms the high-CB SMEs cluster.

Prior to the survival analysis, we examine whether any bias
induced from data imbalance exists by setting the technology
appraisal date as the start date of the survival period. To confirm this,
we examine whether there are concentrations of specific industries
and T-grades, advantages/disadvantages in the delinquency, and
default rates depending on the appraisal year. As shown in Fig. 2, the
distribution of the appraised industries shows a similar distribution
even when the appraisal year is changed. In the case of the T-grade,
with the exception of 2017, technology-outstanding and innovative
SME loan-adequate firms constituted a stable portion. The delin-
quency and default rates tend to decrease as the appraisal year is
delayed, confirming that there is no distortion in the survival period
caused by the concentration of technology-outstanding firms in the
early appraisal year (See Table 2). The analysis target used in this
study is the 22,312 companies that have been granted a T-grade
through innovative SME loans as corporate business operators
belonging to the service industry, which falls under the standard for
SMEs.
Methodology

This study is divided into two stages (Fig. 3). In the first stage, the
survival period of technology-outstanding firms and innovative SME
loan-adequate firms is estimated according to the T-grade cluster.



Fig. 2. Share of appraised sub-industries in the service industry.
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The significance of the difference between the estimated survival peri-
ods in the clusters is examined. Accordingly, the relationship between
innovative SMEs’ overall technological prowess in the service industry
and their estimated survival periods is also examined. In the second
stage, the effect of the eight mid-items comprising the T-grade on the
survival period of innovative SMEs in the service industrywas examined
when the size of the company and CB grade were controlled. Accord-
ingly, the direction of the relationships among the mid-items, survival
period, and significant technological innovation characteristics was
selected, and policy implications were derived.
5

Kaplan-Meier analysis, a non-parametric method, was used to
estimate the survival period. Kaplan-Meier analysis is a method for
estimating the survival period for categorical independent variables.
It estimates the probability of survival after a certain point using the
time until delinquency and default. The method has the advantage of
not requiring population assumptions (Kaplan & Meier, 1958). In this
study, after estimating the survival period of T-grade clusters, tech-
nology-outstanding firms, and innovative SME loan-adequate firms,
the significance of the differences between clusters was confirmed
through a log-rank test using the same weights.



Table 2
T-grade cluster, delinquency and default rate by year.

Appraised Year T1»T4 (%) T5»T6 (%) Sum Delinquency (Delinquency Rate) Default (Default Rate)

2016 1,296 (16.52%) 6,547 (83.48%) 7,843 515 (6.57%) 468 (5.97%)
2017 155 (4.91%) 3,004 (95.09%) 3,159 164 (5.19%) 134 (4.24%)
2018 620 (12.58%) 4,308 (87.42%) 4,928 125 (2.54%) 95 (1.93%)
2019 1,906 (29.87%) 4,476 (70.13%) 6,382 36 (0.56%) 28 (0.44%)
Total 3,977 (17.82%) 18,335 (82.18%) 22,312 840 (3.76%) 725 (3.25%)

Fig. 3. Research methodology.
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Cox regression, a semiparametric method, is applied to derive
technological innovation characteristics that have a significant effect
on the survival period. Cox regression was applied by dividing it into
proportional hazard and non-proportional hazard models in accor-
dance with the relationship between time and variables. If the hazard
proportional assumption shows that the hazard ratio of a variable is
constant over time is satisfied, the proportional hazard model is
used; otherwise, the non-proportional hazard model is applied. Cox
regression does not require assumptions regarding population, and
continuous variables can be used as independent variables (Cox,
1972). In this study, the hazard proportional assumption for the inde-
pendent variable was not satisfied; therefore, a time-dependent vari-
able was created for the variable, and the Cox non-proportional
hazard model was applied. This survival analysis is advantageous
because it shows similar performances to the logit analysis in the
case of model discriminant power and provides additional informa-
tion on the process up to the occurrence of delinquency and default
of SMEs (Gepp & Kumar, 2008).
Results

Descriptive statistics

Finally, 22,312 innovative service industry SMEs were included in
the analysis. As shown in Table 3, the average work experience of the
analyzed SMEs was 9.32 years, average CB grade was BB� to Bþ, and
Table 3
Descriptive statistics and VIF.

Variables N Minimum

1. Work Year 22,312 0.10
2. CB Grade 22,312 2.00
3. T-grade 22,312 2.00
4. # of Employee 22,312 3.00
5. Capital(USD Million) 22,312 0.00
6. Liabilities(USD Million) 22,312 0.00
7. OC 22,312 1.00
8. MC 22,312 1.00
9. RC 22,312 1.00
10. PC 22,312 1.00
11. PP 22,312 1.00
12. TS 22,312 1.00
13. MS 22,312 1.00
14. MCP 22,312 1.00

6

average T-grade was T5. The average number of employees, related
to the size of the company, was 19.86, and average capital and liabili-
ties were 2.28 (USD million) and 3.05 (USD million), respectively.
Prior to the analysis, the Pearson correlation coefficient and Variance
Inflation Factor (VIF) values were checked to confirm multicollinear-
ity between variables. The correlation coefficient did not exceed 0.7
(See Table 4), and the VIF value was less than two (See Table 3), con-
firming that there is no multicollinearity problem between variables
from a conservative point of view (Salmer�on et al., 2018).
Estimation and comparison of survival period according to T-grade
cluster

First, the significance of the difference in the survival periods
based on the T-grade cluster of innovative SMEs in the service indus-
try was confirmed using the Kaplan-Meier analysis. The T-grade clus-
ter was used as a criterion for technology-outstanding firms (T1−T4)
and innovative SME loan-adequate firms (T5−T6), as defined by the
Financial Services Commission of Korea. The technology-outstanding
firms benefit from innovative SME loans in terms of interest rates,
limits, and maturity. The delinquency analysis revealed that the aver-
age survival period of technology-outstanding firms was
1,795.85 days, and standard deviation of the average survival period
was 3.47 days. In the case of innovative loan-adequate SMEs, the
average delinquency survival period was estimated to be
1,772.16 days and standard deviation of the average survival period
Maximum Mean Std. Deviation VIF

68.00 9.32 7.51 1.32
17.00 11.74 1.78 1.51
6.00 5.09 0.73 1.61
299.00 19.86 30.60 1.37
269.30 2.28 7.08 1.85
349.57 3.05 9.12 1.68
5.00 3.92 0.91 1.16
5.00 2.74 1.18 1.16
5.00 2.32 0.92 1.31
5.00 3.00 0.67 1.35
5.00 3.38 0.59 1.23
5.00 3.36 0.52 1.30
5.00 3.20 0.51 1.05
5.00 2.93 0.55 1.44



Table 4
Correlation analysis

Variables 1 2 3 4 5 6 7 8 9 10 11 12 13 14

1 1.00
2 �0.40** 1.00
3 �0.24** 0.26** 1.00
4 0.38** �0.40** �0.35** 1.00
5 0.37** �0.42** �0.30** 0.61** 1.00
6 0.34** �0.25** �0.27** 0.64** 0.68** 1.00
7 0.25** �0.17** �0.29** 0.14** 0.12** 0.12** 1.00
8 0.17** �0.18** �0.35** 0.20** 0.16** 0.16** 0.07** 1.00
9 0.25** �0.24** �0.53** 0.35** 0.25** 0.25** 0.10** 0.21** 1.00
10 0.22** �0.32** �0.44** 0.30** 0.23** 0.23** 0.06** 0.15** 0.31** 1.00
11 0.16** �0.26** �0.35** 0.15** 0.15** 0.12** 0.01* 0.11** 0.20** 0.27** 1.00
12 0.01 �0.11** �0.33** 0.10** 0.08** 0.08** �0.05** 0.05** 0.34** 0.25** 0.25** 1.00
13 0.01 �0.08** �0.19** 0.12** 0.07** 0.09** �0.02** 0.03** 0.11** 0.12** 0.11** 0.16** 1.00
14 0.20** �0.31** �0.46** 0.31** 0.26** 0.26** 0.00 0.17** 0.33** 0.40** 0.35** 0.46** 0.14** 1.00

Note: *p < 0.05, **p<0.01.

Table 5
Estimation of survival period based on T-grade cluster and comparison of differences.

Division T-Grade Total N N of Events Censored Survival days Mean Log Rank
(Mantel-Cox)

N % Estimate Std.Error x2

Delinquency T1»T4 3,977 81 3,896 98.0 1,795.85 3.47 21.68**
T5»T6 18,335 759 17,576 95.9 1,772.16 1.91
Total 22,312 840 21,472 96.2 1,775.63 1.71

Default T1»T4 3,977 73 3,904 98.2 1,798.43 3.34 16.42**
T5»T6 18,335 652 17,683 96.4 1,778.93 1.81
Total 22,312 725 21,587 96.8 1,781.83 1.62

Note: *p < 0.05, **p<0.01.
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was 1.91 days. The log-rank (Mantel-Cox) analysis of the differences
between clusters confirmed that the estimated survival period of
technology-outstanding firms was significantly longer (See Table 5
and Fig. 4). As a result of default analysis, the average survival period
of technology outstanding firms was estimated to be 1,798.43 days,
and standard deviation of the average survival period was 3.34 days.
For innovative loan-adequate SMEs, the average survival period for
default was estimated to be 1,778.93 days, and standard deviation of
the average survival period was 1.81 days. The log-rank (Mantel-Cox)
analysis of the differences between the clusters confirmed that the
estimated survival period of technology-outstanding firms was sig-
nificantly longer, similar to that in the case of delinquency (See
Table 5 and Fig. 4). By estimating and comparing the survival period
in the T-grade cluster, it was confirmed that the longer the survival
period, the higher the overall technological prowess. Thus, the overall
technological prowess has a significant effect on the survival period
of innovative SMEs, even in the service industry. This result supports
the claim from prior studies that overall technological prowess and
survival have a positive relationship (Lee, 2021c, 2021d).

The effect of technological innovation characteristics on the survival
period

The Kaplan-Meier analysis of the T-grade cluster confirmed that
the estimated survival period of technology-outstanding firms was
significantly longer than that of innovative SME loan-adequate firms.
Cox regression was used to analyze which mid-items among the
technological innovation characteristics constituting T-grades had a
significant effect on the estimated survival period. Prior to the analy-
sis, the log-minus-log function (LML) graph was checked to confirm
whether the proportional hazards were satisfied. If overlapping
occurs in the LML graph, this means that the proportional hazards
7

are violated, and there is no overlap in Fig. 5; thus, the proportional
hazards are satisfied.

To ensure the robustness of the analysis, the Schoenfeld residual
test was conducted to confirm whether the hazard ratio of the vari-
able was constant over time. The test results confirmed that the MCP
variable among technological innovation characteristics violated the
hazard proportional assumption in both delinquency and default,
and the other variables satisfied the hazard proportional assumption
(See Table 6). Therefore, after converting the MCP variable into a
time-dependent variable, an analysis was performed using the Cox
non-proportional model. Policy implications are derived by applying
the forward likelihood ratio (LR) method to classify significant and
insignificant variables through the entry and exit of technological
innovation characteristics that are significant in the survival period.

The delinquency analysis helped identify a total of eleven varia-
bles as technological innovation characteristics that had a significant
effect on the survival period (See Table 7). The x2 of the model was
385.94, which was confirmed as a significant model under the signifi-
cance level of 0.01. Work year, number of employees, capital, liabili-
ties, and CB clusters, used as control variables, were identified as
significant variables. The work year, number of employees, capital,
and survival period of innovative SMEs in the service industry
showed a positive relationship, while the liabilities and survival
period showed a negative one. In the CB cluster, the reference cate-
gory, high-CB SMEs cluster (AAA»BBB0), had a higher survival prob-
ability than the low-CB SMEs cluster (BBB� »D).

Among technological innovation characteristics, there exist the
following six middle items: OC, RC, PC, PP, TS, and MS, all of which
were derived as significant variables. OC, PC, PP, and survival period
showed a positive relationship, while RC, TS, MS, and survival period
showed a negative relationship. This indicates that the survival prob-
ability increases with OC, PC, and PP of innovative SMEs in the service



Fig. 4. Log Survival Function graph for delinquency and default.
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industry. However, the higher the score for RC, TS, and MS, the lower
the survival probability.

As a result of the default, it was found that a total of 11 variables
had a significant effect on the survival period (See Table 8). The x2 of
the model was also 369.53, confirming it as a significant model under
the significance level of 0.01. As with the analysis results for delin-
quency, the work year, number of employees, capital, liabilities,
and CB cluster, used as control variables, were also confirmed as
8

significant variables in the default model. Similarly, innovative
SMEs in the service industry showed a positive relationship
for work year, number of employees, capital, and survival
period, and a negative relationship between liabilities and
survival period. The CB cluster also showed that the high-CB
SMEs cluster (AAA»BBB0), which was the reference category, had
a higher survival probability than the low-CB SMEs cluster
(BBB� »D).



Fig. 5. Log-minus-log function (LML) for delinquency and default.
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Among the technological innovation characteristics, the following
six items were identified as significant variables: OC, RC, PC, PP, TS,
and MS. This variable was identified as a significant technological
innovation characteristic in the delinquency model. The relationship
between the variables and survival period also showed a positive
trend between OC, PC, PP, and survival period, and showed negative
trend between RC, TS, MS, and survival period. Therefore, even in the
case of default, the survival probability increases as OC, PC, and PP
scores of innovative SMEs in the service industry increase. However,
RC, TS, and MS reconfirm that the higher the score, the lower the sur-
vival probability.
9

Discussion and conclusion

Discussion

The following conclusions are drawn from the analysis of the sur-
vival period of innovative SMEs in Korea’s service industry. First, it
was proven that the better the overall technological process (T-
grade), the longer the survival period of innovative SMEs in the ser-
vice industry. Second, by deriving technological innovation charac-
teristics that significantly affect the survival period, we confirm that
the six technological innovation characteristics are robust for both



Table 6
Schoenfeld residuals test for delinquency and default.

Variables Delinquency Default

rho x2 df Prob>x2 rho x2 df Prob>x2

Work Year 0.00 0.00 1 0.96 -0.03 0.83 1 0.36
CB Cluster �0.03 0.63 1 0.43 0.00 0.01 1 0.93
# of Employee 0.06 3.67 1 0.06 0.00 0.01 1 0.93
Log_Capital �0.03 0.42 1 0.51 �0.02 0.29 1 0.59
Log_Liabilities 0.01 0.02 1 0.90 0.03 0.35 1 0.55
OC �0.05 2.12 1 0.15 0.02 0.37 1 0.55
MC 0.02 0.27 1 0.61 �0.02 0.32 1 0.57
RC 0.03 0.83 1 0.36 0.07 3.37 1 0.07
PC 0.02 0.23 1 0.63 0.03 0.58 1 0.45
PP 0.01 0.04 1 0.84 0.02 0.32 1 0.57
TS �0.03 0.98 1 0.32 �0.03 0.90 1 0.34
MS �0.03 0.58 1 0.45 �0.02 0.29 1 0.59
MCP 0.08 4.98 1 0.03* 0.08 5.15 1 0.02*
Global Test 20.08 13 0.09 15.61 13 0.27

Note: *p < 0.05, **p < 0.01.

Table 7
Cox Non-proportional hazard model results for delinquency.

Variables B SE Wald df Sig. Exp(B) 95.0% CI for Exp(B)

Lower Upper

Work Year �0.05 0.02 42.87 1 0.00** 0.95 0.94 0.97
CB Cluster 1.98 0.71 7.72 1 0.02** 7.22 1.79 29.13
# of Employee �0.02 0.00 15.70 1 0.00** 0.99 0.99 1.00
Log_Capital �0.62 0.08 55.40 1 0.00** 0.54 0.46 0.64
Log_Liabilities 1.02 0.09 135.46 1 0.00** 2.74 2.31 3.24
OC �0.26 0.04 48.90 1 0.00** 0.77 0.73 0.83
RC 0.12 0.04 6.89 1 0.02** 1.11 1.04 1.21
PC �0.14 0.06 6.29 1 0.01* 0.87 0.78 0.97
PP �0.25 0.06 16.49 1 0.00** 0.78 0.69 0.88
TS 0.20 0.07 7.45 1 0.02** 1.22 1.06 1.42
MS 0.20 0.07 8.84 1 0.00** 1.22 1.07 1.40
-2 Log-likelihood=15,034.13, x2=385.94**

Note: *p < 0.05, **p < 0.01.

Table 8
Cox Non-proportional hazard model results for default.

Variables B SE Wald df Sig. Exp(B) 95.0% CI for Exp(B)

Lower Upper

Work Year �0.05 0.01 34.82 1 0.00** 0.95 0.94 0.97
CB Cluster 2.55 1.00 6.45 1 0.01* 12.80 1.79 91.54
# of Employee �0.01 0.00 8.18 1 0.00** 1.00 0.99 1.00
Log_Capital �0.61 0.09 45.85 1 0.00** 0.55 0.46 0.65
Log_Liabilities 0.97 0.09 105.66 1 0.00** 2.64 2.19 3.17
OC �0.33 0.04 71.76 1 0.00** 0.72 0.66 0.77
RC 0.18 0.04 17.21 1 0.00** 1.20 1.10 1.31
PC �0.17 0.06 8.21 1 0.00** 0.84 0.75 0.95
PP �0.25 0.07 13.36 1 0.00** 0.78 0.68 0.89
TS 0.17 0.08 4.30 1 0.04* 1.18 1.01 1.38
MS 0.22 0.07 9.52 1 0.00** 1.25 1.09 1.44
�2 Log-likelihood=13,034.95, x2=369.53**

Note: *p < 0.05, **p < 0.01.
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delinquency and default. Third, among these technological innova-
tion characteristics, OC, PC, and PP have significantly positive rela-
tionships with the survival period, whereas RC, TS, and MS have
significantly negative relationships with the survival period (See
Table 9). Therefore, Hypotheses 1, 4, and 5 are supported. However,
Hypotheses 3, 6, and 7 are statistically significant but rejected
because they were confirmed to be in the opposite direction to the
survival period. In the case of OC, leadership is inseparably related to
the survival of SMEs, and this result supports prior research that
shows its positive relationship with the survival period (Colombo &
10
Grilli, 2005; Ganotakis, 2012; Boyer & Blazy, 2014). Considering that
PC and PP are appraisal mid-items based on business feasibility, this
supports prior research findings that when innovation improves
actual competitiveness and productivity, there is a significantly posi-
tive effect on the survival period of a company (Çakar & Ert€urk, 2010;
Naidoo, 2010; Agostino et al., 2021; Lee, 2021a). The finding that RC
and TS have a significantly negative relationship with the survival
period of SMEs supports the idea that the R&D of a company has an
inverted U-shape; therefore, it should be approached from an optimi-
zation perspective (Kim & Huh, 2015; Agostino et al., 2021; Lee,



Table 9
Results of technology-related innovation characteristics affecting delinquency and default.

Mid-items Appraisal Factors Event

Technology Business Feasibility Marketability Delinquency Default

OC � � +** +**
MC � � Insignificant Insignificant
RC � �** �**
PC � � +* +**
PP � +** +**
TS � �** �*
MS � �** �**
MCP � � Insignificant Insignificant

Note: *p < 0.05, **p < 0.01
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2021a). This also supports the finding that a company’s innova-
tiveness threatens its survival (DeDee & Vorhies, 1998; Douglas &
Shepherd, 2000; Baldwin & Gu, 2004; Buddelmeyer et al., 2010;
Cader & Leatherman, 2011; Hansen, 2014). MS was found to have a
significantly negative relationship with the survival period of SMEs,
which supports the research finding that current market status accel-
erates the entry of new competitors and impedes the survival of
existing companies (Mata et al., 1995; Honjo, 2000). Fourth, MC and
MCP were confirmed as technological innovation characteristics that
were not significantly related to delinquency and default (See
Table 9). Therefore, Hypotheses 2 and 8 were rejected because they
were not statistically significant. This appears to reflect the reality
that it is difficult to secure competitive advantage through business
model differentiation because of the nature of the service industry
and the small number of human resources utilized by SMEs in the
service industry.
Conclusion

The social implications of the results are as follows. First, innova-
tion was confirmed to have significantly affect the survival of SMEs in
the service industry. Therefore, it is necessary to institutionalize and
activate support for SMEs through technology appraisals in the ser-
vice industry. Second, unique and simple technological prowess (RC
and TS) is not a sufficient condition for the survival of SMEs, and tech-
nological prowess accompanied by business feasibility (OC, PC, and
PP) has a significantly positive effect on the survival period. This sup-
ports previous research (Markey-Towler, 2016; Rojek, 2021) that has
a positive effect on a company’s survival period when it acquires a
relative advantage through product competitiveness based on busi-
ness feasibility. Third, technological innovation characteristics are
meaningful as additional information that differs from credit infor-
mation, which predicts the survival of SMEs within one year. For
example, in the case of a current good MS, from a mid-to long-term
perspective, an increase in the inflow of new competitors may have a
negative effect on the survival period of existing companies. This pro-
vides different insights from credit information, which can be practi-
cally used in the financial sector. Fourth, in terms of policy utilization,
it is necessary to approach the technology-productization linkage
project aimed at commercialization and pure technology-based
research support project from a different perspective. Most techno-
logical appraisals are based on technological prowess, and inherent
technological superiority and differentiation are classified as impor-
tant appraisal items. However, in the application of these standards,
it is necessary to consider both technology and business feasibility in
policies to support and foster the commercialization of SMEs.
Through these social implications, it is expected that new implica-
tions will be reflected in SMEs policies and applied to a more detailed
policy design.
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Research limitation and future research direction

This study drew meaningful results by analyzing the impact of
technological innovation characteristics on the survival period of
SMEs in the service industry. However, there are limitations to the
application and interpretation of these results. First, this study ana-
lyzed approximately 22,300 innovative SMEs from Korea’s service
industry that were granted T-grades through innovative SME loans.
As shown in Fig. 2, the sub-industries by year show a stable composi-
tion, but there are some differences from the composition of the ser-
vice industry based on the 2015 economic census (Statistics Korea,
2015). In other words, because this study analyzed innovative SMEs
that received loans in the service industry, bias inevitably occurs
because of the selection of SMEs that are highly related to innovation.
Therefore, because of the nature of the data in this study, the target
was SMEs in the service industry based on a certain level of innova-
tion and caution is needed in interpretation because there is a gap
with the SMEs in the entire service industry. Second, this study uses
technology appraisal information for innovative SME loans based on
the resource-based view. Therefore, it is necessary to consider the
interaction between internal resources and the external environment
through the strategic selection of SMEs; accordingly, more diverse
interpretations and implications can be drawn. Third, this study anal-
yses the effect of technological innovation characteristics on the sur-
vival period of innovative SMEs in the service industry. Many studies
have found that SME innovation has a significantly positive effect on
financial performance. Therefore, by setting the dependent variable,
and the survival period of SMEs, it is possible to determine whether a
gazelle company is achieved or listed as a target variable. If we ana-
lyze the impact of technological innovation characteristics on SME
performance, we can interpret and provide insights into the future-
oriented perspective of technological prowess.
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Table A.1
Industry ID and Sub-Industry.

ID Industry ID Industry

G 45 Sale of motor vehicles and parts L 68 Real estate activities
46 Wholesale trade on own account or on a fee or contract basis M 70 Research and development
47 Retail trade, except motor vehicles and motorcycles 71 Professional services

H 49 Land transport and transport via pipelines 72 Architectural, engineering and other scientific technical services
50 Water transport 73 Other professional, scientific and technical services
51 Air transport N 74 Business facilities management and landscape services
52 Warehousing and support activities for transportation 75 Business support services

I 55 Accommodation 76 Rental and leasing activities; except real estate
56 Food and beverage service activities O 84 Public administration and defence; compulsory social security

J 58 Publishing activities P 85 Education
59 Motion picture, video and television programme production, sound recording

and music publishing activities
Q 86 Human health activities

60 Broadcasting activities 87 Social work activities
61 Postal activities and telecommunications R 90 Creative, arts and recreation related services
62 Computer programming, consultancy and related activities 91 Sports activities and amusement activities
63 Information service activities S 94 Membership organizations

K 64 Financial service activities, except insurance and pension funding 95 Maintenance and repair services of personal and household goods
66 Insurance and pension funding 96 Other personal services activities

Source: (Korean Standard Statistical Classification, 2017)

Table A.2
The detailed appraisal contents of sub-items.

Sub-items All items are rated from A to E, 5 points for A and 1 point for E
Appraisal Contents

Same field experience The longer the owner has been in the same industry, the higher the score
Technological knowledge The owner’s academic background and qualifications related to the field of work
Technology management capability The owner’s management ability for technical manpower and technology development necessary for commercialization
Management expertise The academic background, qualifications, and working period related to the field of work of executives excluding owner
Capital involvement The capital participation and equity ratio of executives, excluding the owner, and the higher the executives’ participation, the higher the

score
R&D organization The possession of a research organization and research department for R&D
HR expertise The academic background, qualifications, and working period of R&D personnel
R&D awards The achievements of technology development, commercialization, certification and awards over the past 3 years
Intellectual property The status of intellectual property rights held at the time of appraisal
R&D investment R&D intensity for the last 3 years, the higher the better
Production capacity The availability and quality of sales facilities and manpower, and the ease and stability of material supply and demand
Funding capacity Funding capacity for future commercialization by identifying borrowing and investment capabilities of companies
Marketing capability Marketing organization, marketing cost and manpower, and PR strategy
Sales diversity/stability The possession of various vendors, the possibility of maintaining a continuous business relationship, and the proportion of cash

transactions
Probability of return on investment The recoverability of the investment and the expected payback period
Technological difference Differentiation and innovation compared to existing technologies, contents and services
Imitation difficulty The time, equipment, cost, professional manpower and intellectual property rights required for imitation of technology, content and

service
Technology life cycle The median technology cycle time (TCT) value by international patent classification (IPC) and its position in the technology life cycle
Technology completeness Appraisal of basic research, experiment, prototype, commercialization, and mass production of services stages
Technology independence/usability Identify whether external technology is helping in production of services, and higher score without the need for external technology
Market size/growth ability The larger the market and the higher the market growth potential, the higher the score
Market competition High score when the degree of competition is low, there are few competitors, and the threat of substitutes is low
Recognition Recognition and loyalty to services and brands, consistent demand against price fluctuations
Product superiority Comparative advantage through price and quality compared to competing services

Source: (Lee, 2021a)
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