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Abstract 

Identifying Typological Variation of 

Innovation Behavior in Manufacturing and 

Service Sectors in Korea  
 

Sunyoung Park 

Department of Industrial Engineering 

The Graduate School 

Seoul National University 

 

Numerous innovation studies at the national, industrial, and corporate levels from 

the various perspectives on diverse innovation taxonomy have fathomed influencing 

factors and in-depth mechanism on innovation due to the crucial role of innovation 

for ensuring growth under a fiercely competitive business environment in globalized 

economy. However, the complex context of innovation has led to controversies on 

innovation and made it difficult to address a comprehensive prescription of 

innovation involving specific research scopes, small pieces of empirical cases, and 

traditional statistical methodologies tied down by natures of proxy measures in 

innovation study data.  

This doctoral thesis aims to broaden and enrich the landscape of innovation 

study by mitigating the shortness of comprehensive knowledge on innovation 

encompassing manufacturing and service industries based on the big data scale of 

16,230 empirical cases from cross-sectional and longitudinal comparative perspective 



 

 

 

ii 

between two industries at the national, sectoral, and regional levels through a single 

statistical framework by employing decision-making tree analysis, beyond the 

weakness of proxy measures in innovation study data regarding type and scale, and 

classical statistical methodologies tied down by the data. 

This thesis develops a systemic framework to identify overall influencing 

factors and typological behaviors by considering all factors together entailing 

contextual and intrinsic factors, which are determined in previous empirical studies 

in different contexts from the diverse microscopic foci, at various level from diverse 

perspectives based on the cross-sectional and longitudinal comparative analysis 

between industries, sectors, and regions on manufacturing and service industries to 

reflect all sectors nationwide over the years in Korea empirically, by using data from 

recent two consecutive Korea Innovation Survey (KIS), which is based on the Oslo 

manual that is standardized theoretically and practically applied worldwide.  

This thesis consists of two themes. Theme#1 aims to verify statistical 

differences in innovation success and failure between manufacturing and service 

industries at the industrial, sectoral, regional, and across sectoral and regional levels 

nationwide, which is preliminary assumed in previous studies that there is significant 

difference between sectors statistically, but not tested. Based on the supported eight 

hypotheses on 28 models by cross-tabulation analysis and chi-square test, this thesis 

explores forward significant influencing factors and typological behavior on 

innovation.  

Theme#2 explores to identify influencing factors and typological behaviors 

on innovation comparatively between manufacturing and service industries 

nationwide based on decision-making tree analysis employing CHAID algorithm and 

10-fold cross-validation, which are stable, rational and predictive. This theme#2 

consists of three modules. The first module identifies influencing factors and 
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typological behaviors on innovation success and failure comparatively between 

manufacturing and service industries at the national and regional level based on 52 

models. The second module identifies influencing factors and typological behaviors 

on firms that succeeded in innovation comparatively between manufacturing and 

service industries at overall innovation activity levels from various perspectives 

based on 30 models. The third module identifies influencing factors and typological 

behaviors on the most innovative domains having highest success rate comparatively 

between manufacturing and service industries at the sectoral, regional, and across 

the industrial and regional levels with higher resolution particularly based on 36 

models of three sub-modules. From these models, this thesis identifies pivotal and 

varying influencing factors across industries over the years, and determines 

typological behavior of firms in manufacturing and service industries. 

Based on comprehensive findings on significant influencing factors and 

typological behaviors on innovation in each result of overall 118 decision-making 

tree analysis models in three modules in theme#2, overall implications on each 

typological variation at the national, regional, industrial, and corporate level are 

drawn.  

At the national level, the role of internal R&D and its capability are crucial 

for innovation success across manufacturing and service industries. In manufacturing 

industry, the larger the firm size and the older the firm, the higher the success will 

be achieved. Firms in low-technology sectors prefer non-R&D innovation activities 

rather than R&D. In service industry, effects of firm size and age with sectoral 

differences are identified. The size effects are prominent under the booming economy 

circumstances. At the regional level, significant influencing factors are consistent 

with the arguments on innovation capacity and sectoral difference on both capital 

and metropolitan area. At the industrial level, the significant role of R&D is 
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witnessed between manufacturing and service industries, such that manufacturers 

concentrate more in R&D activities than non-R&D activities, and that service firms 

generally implemented non-R&D innovation activities than R&D. Regarding 

utilizing information, service firms focus on information from private customer, 

whereas manufacturers emphasis information from competitor in same sector.  

At the firm level on innovation contribution, innovation have contributed 

to the sales on both industries over the years. Comparatively there was a tendency 

that innovation in manufacturing industry contributes more than service industry. 

In manufacturing industry, firms performing R&D related innovation activities earn 

higher contribution to sales from innovation. In service industry, the higher internal 

capability and freedom in utilizing knowledge, the higher financial contribution will 

be achieved. 

Concerning an innovator’s behavior, in manufacturing industry, target 

market characteristics that drive a firm to explore market needs affects innovation 

behavior and the utilization of external knowledge. Firms prefer implementing low-

cost R&D activities across sectors, but firms in low-technology sectors prefer non-

R&D activities. Most firms having R&D institutes focus on performing internal 

R&D with using their own knowledge. Cooperative R&D is conducted for closing 

capability gaps, but absorptive capacity is necessary to complement cooperative 

R&D. In service industry, firms primarily decide on whether to engage in R&D 

based on sectoral differentiations in technology facilitation with internal R&D 

capability. Their behavior is closely related to the knowledge utilization from 

customer or competitor. Firms perfervidly engage in utilizing knowledge from 

customers and external R&D institutes under the booming economy.  

For managerial or political implications in manufacturing industry, it is 

crucial to enhance the national innovation system, such that strengthening a support 
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program to increase the capacity of both in-house R&D and cooperative R&D 

through funding, and to enliven the information environment on technology and 

market. For service industry, it should focus on enhancing the capacity for non-R&D 

innovation activities as well as for the internal R&D rather than promoting 

cooperative networking activities. Also, it should strengthen the national innovation 

system for to facilitate provision of market information according to the sectoral 

differentiation. 

In whole, the findings and implications presented in this thesis contribute 

to the comprehensive knowledge on influencing factors and typological behaviors on 

innovation across manufacturing and service industries nationwide from cross-

sectional and longitudinal comparative analysis by employing DT methodology to 

encompass various types of proxy measures in innovation study data together in a 

single statistical framework on the big-data scale, thereby shedding light on 

landscape of innovation study and resolving controversies involving various empirical 

contexts and diverse proxy measures, which are tied down by the innovation study 

data.  

 

Keywords: Innovation factors, Innovation behavior, Manufacturing industry, 

Service industry, Decision-making tree analysis 

Student Number: 2015-30236  



 

 

 

vi 

 

Contents 
 

Abstract  i 

 

Contents vi 

 

List of Tables x 

 

List of Figures xv 

 

Chapter 1 Introduction 1 

1.1 Background and motivation ······································································ 1 

1.2 Purpose ···································································································· 5 

1.3 Scope and framework ················································································ 7 

1.4 Thesis outline ························································································· 10 

 

Chapter 2 Background 13 

2.1 Theoretical background ··········································································· 13 

2.1.1 Definition and measurement of innovation ······································ 13 

2.1.2 Antecedents of innovation ······························································· 17 

2.1.2.1 Extrinsic determinants of innovation ···································· 17 

2.1.2.2 Intrinsic determinants of innovation ····································· 21 

2.1.3 Innovation studies at the sectoral and regional levels ······················ 27 



 

 

 

vii 

2.2 Methodological background ····································································· 30 

2.2.1 Decision-making tree analysis ·························································· 30 

2.2.2 Validation and accuracy ·································································· 33 

2.3 Data and variables ·················································································· 34 

2.4 Research framework and flow ·································································· 44 

 

Chapter 3 An analysis of industrial and regional differences in the success of 

innovation between manufacturing and service industries 50 

3.1 Structure and hypotheses of difference in innovation success between  

    manufacturing and service industries at the industrial, sectoral, and 

    regional levels ························································································ 50 

3.2 Differences in innovation success between manufacturing and service  

  industries at the industrial, sectoral, and regional levels ························ 54 

3.3 Conclusion ······························································································ 84 

 

Chapter 4 Identifying influencing factors and typological behaviors in innovation 

between manufacturing and service industries by using decision-making tree analysis

 88 

4.1 Identifying contextual factors and typological behavior in innovation success  

and failure between manufacturing and service industries at the national 

and regional levels ·················································································· 89 

4.1.1  Analysis structure on innovation success and failure at the national  

and regional levels ········································································· 89 

 4.1.2 Factors and behaviors in innovation success and failure between  

       manufacturing and service industries at the national and regional     

       levels ····························································································· 92 



 

 

 

viii 

   4.1.2.1 Overall influencing factors and typological behaviors on 

           innovation success and failure at the national level·············· 97 

   4.1.2.2 Overall influencing factors and typological behaviors on     

           innovation success and failure at the regional level ············ 111 

4.2 Identifying intrinsic and contextual factors and typological behaviors in  

    successful innovation firms between manufacturing and service industries   

    at the various activity levels ································································· 116 

4.2.1 Analysis structure on intrinsic and contextual factors and typological      

      behaviors in successful innovation at the various activity levels ····· 116 

4.2.2 Intrinsic and contextual factors and typological behaviors in successful  

innovation at the various activity levels ········································· 119 

4.2.2.1 Industrial difference in successful innovation ······················ 119 

4.2.2.2 Contribution to sales from innovation ································ 124 

4.2.2.3 Overall innovation activities ··············································· 133 

4.2.2.4 Overall R&D activities ······················································· 141 

4.2.2.5 Cooperative activities ························································ 151 

4.2.2.6 Best cooperative partner ···················································· 156 

4.2.2.7 Sources of innovation budget·············································· 161 

4.3 Identifying factors and behaviors in innovative domains between 

manufacturing and service industries at the sectoral, regional, and across 

the industrial and regional levels ························································ 166 

4.3.1 Analysis structure on innovative domains ······································ 166 

4.3.2 Overall influencing factors and behaviors in innovative domains at the 

sectoral, regional, and across the industrial and regional levels ······ 173 

4.3.2.1 Innovative sectors ······························································ 173 

4.3.2.2 Innovative regions ······························································ 182 



 

 

 

ix 

4.3.2.3 Innovative regional sectors ················································· 188 

4.4 Conclusion ···························································································· 194 

 

Chapter 5 Conclusion 205 

5.1 Summary and contribution ··································································· 205 

5.2 Limitation and further research ····························································· 212 

 

Bibliography 214 

 

Appendix 249 

Appendix A. Results of cross-tabulation analysis and chi-square test on models 

of H2_2016, H5_2014S, and H6_2014S ································ 249 

Appendix B. Results of decision-making tree analysis (DT) ························ 253 

 

국문초록 347 

 

 

 

  



 

 

 

x 

 

List of Tables 

 

 

 

Table 2.1  Summary of variables in general information of firms used in the KIS · 

  ········································································································· 38 

Table 2.2  Summary of variables for the successful innovative firm used in the KIS

  ········································································································· 40 

Table 2.3  Description of the Korea Standard Industry Code for the manufacturing 

and service sectors ············································································ 42 

 

Table 3.1 Overall analysis structure for testing hypotheses ······························· 53 

Table 3.2  Frequencies of cases and innovation rate of manufacturing industry ·· 56 

Table 3.3  Frequencies of cases and innovation rate of service industry ·············· 57 

Table 3.4  Frequencies of cases and innovation rate of regions in KIS 2014 ········ 59 

Table 3.5  Frequencies of cases and innovation rate of regions in KIS 2016 ········ 59 

Table 3.6  Innovation success rate across the regions and sectors in KIS 2014···· 60 

Table 3.7  Innovation success rate across the regions and sub-sectors in KIS 2016 

  ········································································································· 62 

Table 3.8  Hypotheses testing results of cross-tabulation analysis ······················ 64 



 

 

 

xi 

Table 3.9  Cross-tabulation on manufacturing industry over the years ··············· 65 

Table 3.10  Cross-tabulation on service industry over the years ··························· 66 

Table 3.11  Cross-tabulation on both the industries in KIS 2014 ························· 67 

Table 3.12  Cross-tabulation on both the industries in KIS 2016 ························· 67 

Table 3.13  Cross-tabulation on capital area of both the industries in KIS 2014 ·· 69 

Table 3.14  Cross-tabulation on capital area of both the industries in KIS 2016 ·· 69 

Table 3.15  Cross-tabulation on sectors of manufacturing industry in KIS 2014 ··· 71 

Table 3.16  Cross-tabulation on sectors of service industry in KIS 2014 ·············· 72 

Table 3.17  Cross-tabulation on sectors of manufacturing industry in KIS 2016 ··· 73 

Table 3.18  Cross-tabulation on sectors of service industry in KIS 2016 ·············· 74 

Table 3.19  Cross-tabulation on between regions and sectors in manufacturing 

industry in KIS 2014 ········································································· 76 

Table 3.20  Cross-tabulation on between regions and sectors in the service industry 

in KIS 2014 ······················································································· 78 

Table 3.21  Cross-tabulation on between regions and sectors in manufacturing 

industry in KIS 2016 ········································································· 80 

Table 3.22  Cross-tabulation on between regions and sectors in service industry in 

KIS 2016 ··························································································· 82 

 

Table 4.1  Analysis structure of the first module ··············································· 91 



 

 

 

xii 

Table 4.2  Case statistics of 52 models in the first module ································· 93 

Table 4.3  Summary of overall results of 52 decision-making tree analysis models · 

  ········································································································· 95 

Table 4.4   Summary on cross-sectional and longitudinal common significant 

influencing factors and typological variations ·································· 109 

Table 4.5  Summary of results of 16 decision-making tree analysis models at the 

regional level ··················································································· 114 

Table 4.6  Summary on cross-sectional and longitudinal common significant 

influencing factors and typological variations on capital and 

metropolitan area ··········································································· 115 

Table 4.7  Analysis structure of the second module ········································· 118 

Table 4.8  Decision-making tree analysis results of industrial difference models ···· 

  ······································································································· 123 

Table 4.9  Summary on longitudinal common significant influencing factors and 

characteristics of typological variation on industrial difference ········ 123 

Table 4.10  Decision-making tree analysis results of contribution models (be vs. not)

  ······································································································· 131 

Table 4.11  Decision-making tree analysis results of contribution models (high vs. 

low) ································································································ 131 

Table 4.12  Summary on cross-sectional and longitudinal common significant 



 

 

 

xiii 

influencing factors and typological variations in contribution ·········· 132 

Table 4.13  Decision-making tree analysis results of innovation activity class models

  ······································································································· 139 

Table 4.14  Summary on cross-sectional and longitudinal common significant 

influencing factors and typological variations in innovation activity 140 

Table 4.15  Decision-making tree analysis results of R&D activity models ········· 149 

Table 4.16  Summary on cross-sectional and longitudinal common significant 

influencing factors and typological variations in R&D activity ········ 150 

Table 4.17  Decision-making tree analysis results of cooperative R&D activity class 

models ···························································································· 154 

Table 4.18  Summary on cross-sectional and longitudinal common significant 

influencing factors and typological variations in cooperative innovation 

activity ··························································································· 155 

Table 4.19  Decision-making tree analysis results of the best cooperative partner 

models ···························································································· 159 

Table 4.20  Summary on cross-sectional and longitudinal common significant 

influencing factors and typological variations in the best cooperative 

partner ··························································································· 160 

Table 4.21  Decision-making tree analysis results of source of budget models ···· 164 

Table 4.22  Summary on cross-sectional and longitudinal common significant 



 

 

 

xiv 

influencing factors and typological variations in the source of budget ··· 

  ······································································································· 165 

Table 4.23  Analysis structure of the first sub-module ······································· 170 

Table 4.24  Analysis structure of the second sub-module ··································· 171 

Table 4.25  Analysis structure of the third sub-module1 ···································· 172 

Table 4.26  Decision-making tree analysis results of the first sub-module ·········· 180 

Table 4.27  Summary on significant common influencing factors and sectoral 

variations in the innovative sectors ················································· 181 

Table 4.28  Decision-making tree analysis results of the second sub-module ······ 186 

Table 4.29  Summary on significant common influencing factors and regional 

variations in the innovative regions ················································· 187 

Table 4.30  Decision-making tree analysis results of the third sub-module ········· 192 

Table 4.31  Summary on significant common influencing factors and the regional 

and sectoral variations in the innovative regional sectors················· 193 

Table 4.32  Summary of significant influencing factors at the national, regional, 

industrial, and corporate level ························································· 203 

  



 

 

 

xv 

  

List of Figures 

 

 

 

Figure 1.1  Scope and framework of this thesis ····················································· 9 

Figure 1.2  Outline of this thesis ········································································· 12 

 

Figure 2.1  Overall research design of this thesis ················································· 46 

Figure 2.2  Research framework of Theme#1 ······················································ 47 

Figure 2.3  Research framework of Theme#2 ······················································ 48 

Figure 2.4  Analysis flow of three modules in Theme#2 ····································· 49 



 

 

 

1 

  

Chapter 1  

 

Introduction 
 

 

1.1 Background and motivation 

 

Given the competitive business environment with increasing vehemence in the 

globalized economy through the years, the success of innovation has been perceived 

indispensable for ensuring continuous growth of firms at the sectoral and national 

levels [1, 2, 3]. Reflecting the crucial roles of innovation, numerous researchers, 

managers, and policymakers have vastly investigated the structure of successful 

innovation regarding inherent influencing factors and their relationships with 

innovation in various aspects of theoretical, managerial, or political landscapes 

across the manufacturing and service industries (see e.g. [4, 5, 6, 7, 8, 9, 10, 11, 12]). 

Additionally, the research foci have gradually shifted to specific subjects to obtain 

knowledge of the in-depth mechanism of innovation behavior (see e.g. [13, 14, 15, 

16, 17, 18, 19, 20]), thereby leading to a close identification of the overall structure.  

Despite these substantial efforts, it needs to have better understanding to 

present the precise prescription of the product and service innovation [21, 22, 23, 

24]. The complex context of innovation makes it difficult to contribute to a 

comprehensive and precise understandings on successful innovation [13, 25, 26, 27]. 

Additionally, the influencing factors determined in diverse empirical studies 
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variables have sometimes led to a conflicting conclusion or have failed to exert a 

significant impact on innovation. The aforementioned shortcomings can be 

attributed to the difficulty faced by empirical studies in maintaining consistency in 

measuring innovation through various proxy measures with differing perspectives 

based on the existing definition of innovation [15, 16, 23, 26]. Furthermore, rapidly 

changing nature of business environment and different context of innovation with 

employing technologies across the manufacturing and service industries over time 

may have also attributed to the gap [17, 18, 26, 28, 29, 30, 31]. 

Over the past two decades, the global economy has gradually shifted from 

manufacturing sector to service sector while the service sector has grown faster on 

average than other sectors [32, 33]. Subsequently, more than 70% of global 

economy’s gross domestic product (GDP) has produced in the service sector by 

enhancing and creating new service through service innovation [34, 35]. Despite the 

increasing importance of the service industry to economic contribution, there are 

less studies on innovation behavior in the service industry than in manufacturing 

industry [34, 36]. Additionally, there are few studies that show the differences in the 

factors and innovation activities between manufacturing and service industries 

regarding their industrial particularities from the perspectives of assimilation and 

demarcation [25, 37, 38]. 

In this respect, it is necessary to mitigate the shortness of comprehensive 

knowledge on the innovation factors and behaviors from an integrated perspective 

by identifying the pivotal principles and variations under changing innovation 

landscape and business environment across the manufacturing and service sectors 

through a single framework encompassing the comparative cross-sectional and 

longitudinal approach. 

To fulfill this gap, it is necessary to use the standardized guidance to 
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maintain consistency and to facilitate comparativeness with various contexts [14, 22, 

39, 40], which can encompass the diverse theoretical arguments on definition of 

innovation and measuring innovation across the manufacturing and service sectors. 

In this line, Organization for Economic Co-operation and Development (OECD) has 

provided guidelines through the Oslo Manual for measuring service innovation and 

related factors in the international perspective reflecting evolving integrated 

perspectives involving the assimilation and demarcation perspectives on product 

and service innovation [39, 41, 42]. On the basis of the Oslo Manual, the Korean 

Innovation Survey has been developed and conducted since 2003, biennially or 

triennially. It has been well-conducted over the past two decades by trained 

facilitators to measure innovation activities with high quality. The KIS in 

manufacturing and service industry have been consistent across the industries over 

time. This allows this thesis to design a longitudinal and comparative research 

framework and to produce consistent results across the manufacturing and service 

industries over time. 

From the methodological perspective, to analyze innovation structure and 

mechanism, previous studies mostly have had to use the traditional statistical 

methodologies, such as regression analysis (including OLS, binomial and logistic 

regression), factor analysis, structured equation model, probit model, and logit 

model involving the secondary innovation data, interviews or questionnaires (see e.g. 

[43, 44, 45, 46, 47, 48, 49, 50, 51]). On the other hand, the advancement of data 

mining methodologies has recently steered growing application into the field of 

innovation study across manufacturing and service sectors (see e.g. [52, 53, 54, 55]). 

The employment of data mining methodology can support a macro-level 

investigation to identify uncovered relationships and patterns in data through 

inductive approaches [56], thereby leading to determine significant influencing 
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factors and to discover behaviors. Decision-making tree analysis (DT) is a predictive 

modeling method commonly used in the data mining field. DT produces a stable 

forecasting model that predicts the value of a target variable from various 

independent variables. Additionally, it deals with both categorial and numerical 

variables. Furthermore, DT greatly performs with large data and presents visualized 

results that can be easily interpretable and comprehensible [57]. In this respect, it 

is appropriate to use DT for innovation study in terms of using diverse proxy 

indicators together, which are mostly measured together in categorical and 

numerical variables. DT also relieves the burden of developing structured analytic 

scenarios under the constraints associated with the innovation data characteristics 

when using statistical methodologies. Accordingly, the usage of DT in innovation 

study can derive comprehensive knowledge on innovation factors and behaviors from 

an easily comprehensible result through a single statistical predictive analysis 

dealing with different types of variables together, regardless of them being 

categorical or numerical variables.  

The growing feasibility of using large-scale innovation data and the 

methodological advancements in the data mining field present increasing possibility 

to facilitate acquiring understandings on innovation factors and behavior 

comprehensively. Given the improved environment of innovation study regarding 

data and methodology, the aforementioned shortcomings can be resolved through 

comparative and longitudinal comprehensive analysis on factors and behaviors on 

innovation between manufacturing and service industries over time by dealing with 

all the innovation-related factors used in KIS on the basis of the Oslo Manual, which 

are determined in previous studies, through employing DT.  

Accordingly, underlying motivation of this thesis aims to contribute towards 

broadening and enriching the landscape of innovation study through the cross-
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sectional and longitudinal comparative analysis representing all sectors and firms 

nationwide between manufacturing industry and service industry over time in the 

integrated perspective encompassing assimilation and demarcation perspectives 

with the big-data scale and employing data mining methodology by considering all 

the factors used in the KIS on the basis of the Oslo Manual with maintaining 

contextual consistency, beyond the weakness of innovation study data characteristics 

and classical statistical approaches tied down by the data, thereby identifying 

pivotal principles and variations between industries over time, resolving 

controversies stemming from diverse empirical context and various proxy measures, 

and drawing comprehensive knowledge on innovation.  

 

1.2 Purpose 

 

The overall purpose of this thesis is to identify the overall typological variation of 

innovation behavior in manufacturing and service industries comparatively over 

time. This thesis mainly places emphasis on comparative analysis between 

manufacturing and service sectors at the national and regional levels on the 

influencing factors and behavior comprehensively from the contextual perspective. 

Secondly, from the intrinsic perspective, this thesis intends to contribute toward 

identifying overall innovation factors and behavior through the perspectives of 

various taxonomy of innovation activities between manufacturing and service sectors 

comparatively.  

This thesis develops a structural framework to entail the cross-sectional and 

longitudinal comparative analysis on both manufacturing and service industries over 
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time and to deal with contextual and intrinsic factors together in a single statistical 

model in accordance with the guidance from the Oslo Manual, which maintains 

international and sectoral principles for measuring innovation across various 

contexts, thereby identifying significant influencing factors and behaviors 

comprehensively at the various levels from the diverse perspectives and deriving 

pivotal principles and variations between industries over time to resolve 

controversies. The detailed purposes are suggested as two folds. 

Theme#1 aims to test statistical difference between manufacturing and 

service industries at the industrial, sectoral, regional, and across sectoral and 

regional levels nationwide in Korea in recent two consecutive periods. A structural 

framework is developed to test hypothesis on difference and to design structure for 

towards identifying overall typological innovation factors and behavior based on 

decision-making tree analysis from three perspectives in the next theme of this thesis. 

Theme#2 comprehensively identifies innovation factors and typological 

behaviors on innovation comparatively between manufacturing and service 

industries nationwide with decision-making tree analysis. This consists of three 

modules as follows. The first module identifies typological innovation factors and 

behavior on innovation success and failure comparatively between manufacturing 

and service industries at the national and regional levels. The second module 

identifies innovation factors and typological behavior on firms that succeeded in 

innovation comparatively between manufacturing and service industries at the 

innovation activity levels on several perspectives. The third module identifies factors 

and behaviors on innovative domains having highest innovation success rate 

comparatively between manufacturing and service industries at the sectoral, regional, 

and across the industrial and regional levels. These case studies in the third module 

examine the domains having highest innovation success rate with higher resolution 



 

 

 

7 

particularly. 

 

1.3 Scope and framework 

 

The success of innovation has been emphasized as a source of growth for a long time 

[14, 58]. Numerous studies have fathomed the in-depth mechanism of innovation 

from diverse perspectives in accordance with the innovation taxonomy at the firm 

level as well as the national, sectoral, and regional levels (see e.g. [4, 5, 6, 7, 8, 9, 

10]). Coalescing findings of previous studies can be aligned into consensus, but its 

coherence cannot be preserved because various innovation behaviors are shrouded 

in its complex context with rapidly changing business environment over time.  

Previous studies on innovation at the national, sectoral, and regional levels, 

have considered mainly contextual factors and investigated their impact and 

relationship with innovation under the specific subjects based on small-sized 

empirical data under their every different circumstance separately across 

manufacturing and service sectors (see e.g. [12, 59, 60, 61, 62, 63, 64]). At the 

sectoral level, they have mainly focused on the manufacturing sectors rather than 

service sectors [34, 36, 49, 50]. Also, studies at the regional studies have been 

conducted from the perspective ecosystem under their every different context (see 

e.g. [65, 66, 67, 68]). However, there is a lack on a comparative study on innovation 

factors and behaviors comprehensively between manufacturing and service sectors 

at the national and regional levels. In addition, methodologically, they have been 

conducted based on the traditional statistical methodologies involving the secondary 

data, interview, and questionnaires (see e.g. [43, 44, 45, 46, 47, 48, 49, 50]).  

In this respect, this thesis constructs a systemic framework for entailing the 
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cross-sectional and longitudinal analysis across the sectors over time with the big-

data scale by using decision-making tree analysis to identify overall influencing 

factors and behavior comprehensively between manufacturing and service sectors 

comparatively at the national, sectoral, and regional levels. 

This thesis firstly test hypothesis on difference of innovation success and 

failure between manufacturing and service industry at the sectoral and regional 

levels, and across sectoral and regional level nationwide. Subsequently, systemic 

framework is constructed to identify influencing innovation factors and typological 

behaviors between manufacturing and service sectors over time through the decision-

making tree analysis. This part consists of three modules. The first module analyzes 

influencing factors and behavior on success and failure comparatively between 

manufacturing and service industries at the national and regional levels. The second 

module identifies influencing innovation factors and behaviors on firms that 

succeeded in innovation comparatively between two industries at the innovation 

activity levels from the several perspectives. The third module investigates factors 

and behavior on several top innovative domains with highest innovation success rate 

between manufacturing and service industries comparatively at the sectoral, regional, 

and across the industrial and regional levels. This thesis consists of two main 

research themes corresponding to the above research questions and the scope and 

framework of this thesis is presented in Figure 1.1  
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Figure 1.1: Scope and framework of this thesis 

Firms in Manufacturing and 
Service Industry

Innovative Activity
Innovation

Success/Failure

Identifying typological variation on Innovation factors and behavior

1. Statistical test
on difference at industrial, sectoral, 
regional, and across sectoral and 
regional level with two consecutive 
periods

2. Identifying typological 
innovation factors and behavior on 
success and failure comparatively 
between manufacturing and service 
industry at national and regional 
level with decision making tree 
analysis

3. Identifying typological 
innovation factors and behavior on 
success firms comparatively 
between manufacturing and service 
industry at activity level with 
decision making tree analysis

4. Identifying innovation factors 
and behavior on domains with 
highest success rate comparatively 
between manufacturing and service 
industry at sectoral, regional, and 
across industrial and regional level 
with decision making tree analysis
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1.4 Thesis outline 

 

This thesis consists of five chapters. The first chapter covers background and 

motivation, research purpose, scope and framework, and outline of this thesis. The 

remainder of this thesis is organized as follows.  

Chapter 2 provides both the theoretical and methodological background, 

and description of data and variables used in this thesis. Theoretical background 

covers the arguments on the definition and measurement of innovation, influencing 

factors encompassing the contextual and intrinsic factors, which have been 

determined in previous studies across the product and service innovation, from the 

perspectives of the capability and ecosystem theory. It, also, deals with the 

representativeness of data used in this thesis as a source for empirical innovation 

study regarding worldwide standardization, operational quality for measuring 

innovation theoretically and practically, and the data scale. Methodological 

background deals with decision-making tree analysis and validation for the 

methodological power regarding a predictive accuracy in the machine learning and 

data mining field, and strength of its application to the innovation study, beyond 

the restriction of traditional statistical methodologies tied down by innovation study 

data involving the secondary data, interview, and questionnaires. Additionally, it 

presents the description of the data and variables used in this thesis. 

Chapter 3 and 4 contain the main body of this thesis as shown in Figure 

1.2. Chapter 3 conducts hypothesis test on the difference between manufacturing 

and service industries at the industrial, sectoral, regional, and across sectoral and 

regional levels nationwide based on the recent two consecutive periods of Korea 

Innovation Survey. And a systemic framework is developed to identify influencing 
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innovation factors and typological behavior by employing decision-making tree 

analysis. Chapter 4 explores to identify factors and typological behavior on 

innovation comparatively between manufacturing and service industries nationwide 

with decision-making tree analysis. This consists of three sub-themes on the success 

and failure of innovation, successful innovation, and innovative domains with the 

highest success rate. Each theme encompasses its own framework, result and 

discussion, and conclusion. Chapter 5 summarizes the conclusion, contribution, and 

limitations of this thesis, and proposes further research. 
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Figure 1.2: Outline of this thesis 

 

 

1)  Hypothesis test : Difference on innovation rate across industry, sector, and region
2)  Selection of domain for case analysis : Domains with highest success rate at level of sectoral, regional, and across 

industrial and regional level
Chapter 3

Identifying typological innovation factors and behavior with decision making tree analysis

1) On success and failure : Comparative analysis between manufacturing and service industry at national and regional level
2) On success firms : Comparative analysis between manufacturing and service industry at activity level
3) On highest success rate domain case : Comparative analysis between manufacturing and service industry at sectoral, 

regional, and across industrial and regional level 

Chapter 4
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Chapter 2 

 

Background 

 

 

2.1 Theoretical background 

 

2.1.1 Definition and measurement of innovation  

 

The famous Scientific Activity Prediction from Patterns with Heuristic Origins 

(SAPPHO) project conducted at the first large-scale national level by the Science 

Policy Research Unit (SPRU) was deliberately designed in the 1970s to test 

generalizations of innovation based on a comparative analysis of paired successful 

and unsuccessful innovations [58, 69, 70]. Since then, innovation studies have mainly 

focused on factors influencing the success and failure of innovations and their 

relationships on successful innovation. Subsequently, the foci of these studies have 

gradually shifted to specific subjects to fathom the in-depth mechanism of 

innovation (see e.g. [13, 14, 15, 16, 17, 18, 21, 22]), thereby leading to a close 

investigation of the overall structure. Based on these vast empirical findings with 

arguments on conformable, distinctive, and harmonious natures between innovations 
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in the manufacturing and service sectors, the economic and industrial lens of 

innovation has coevolved with accumulated theoretical foundation [25, 26], thereby 

resulting in diverse approaches which can be categorized as the assimilation, 

demarcation, and synthesis perspectives involving the product and service 

innovation [25].  

From these theoretical perspectives, innovation has been understood and 

conceptualized in different contexts according to the time and changing business 

circumstances [71, 72], thereby leading broad and loosely defined concepts including 

invention, exploitation, implementation, and commercialization [21, 22, 66] from the 

diverse disciplines spanning economics, marketing, organizational science, and 

management perspectives [31, 38, 73]. This has fundamentally affected in identifying 

factors influencing innovation according to diverse definitions and measures [21, 62, 

74, 75]. In the line with the tradition of the conceptual definition rooted in the 

product innovation study, the assimilation perspective regards service innovation 

fundamentally similar to product innovation [25], which has been the most popular 

approaches to recognizing service innovation [71, 76]. The empirical evidence 

supports this perspective, such that differences in innovation between the service 

and manufacturing sectors are smaller than those within the service and 

manufacturing sectors respectively [66]. It, however, has been argued for lack of 

consideration of peculiarities of product and service [77]. On the other hand, the 

demarcation perspective distinguishes service innovation from product innovation 

based on the inherently distinctive peculiarities between them [25] regarding roles 

of R&D in relation with the organization characteristics [78],  customization and 

ways of technological application [79], and overall constructs including service 

activities [80]. This perspective emphasizes the two central inherent characteristics 

of service innovation, such as the intangibility of service and the customization of 
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the service process [25]. Inspired by the debates on the above contrasting arguments, 

the synthesis perspective bridges the product and service innovations [81]. This 

perspective argues that product and service innovation theory should be broad 

enough to encompass the product and service innovations and explicitly provide an 

integrative framework [25, 82]. Although an acknowledgment of distinct specificities 

between product and service innovation has been argued [83], this perspective is 

appropriate for a broader perspective including the product and service innovation 

[25, 76, 77, 84, 85].  

Regarding measuring innovation, on the basis of those conceptualization to 

define innovation and to measure innovation from various perspectives, their 

constructs have been operationally defined with various proxy measures [42, 72, 86, 

87, 88], but mixed and misaligned consensus on definition and measurement of 

innovation across product and service has led greatly diverse controversies [41, 71, 

72] in empirical findings. In this regard, it is argued that the definition and 

measurement of innovation in the literature is highly theoretical [87]. In addition, it 

is claimed that various innovation measures are complex, so they cannot be 

straightforwardly applied to businesses [21, 22, 28, 89, 90]. Furthermore, it is pointed 

out that a common overall innovation measurement framework does not exist [21, 

22, 76].  

In this regard, it is necessary to use standardized guidance for measuring 

innovation to maintain consistency and to facilitate comparativeness with another 

context [14, 22, 39, 40]. In response to this necessity, the Oslo Manual has been 

provided from Organization for Economic Co-operation and Development (OECD) 

to guide measuring innovation and related factors across the product and service 

innovation in the international perspective [39, 41, 42]. Encompassing all the major 

arguments on the innovation perspectives, such as emphasizing the conformability 
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between product and service from the assimilation perspective [25, 66], placing 

distinct specificity of product and service innovation [23, 25, 91], and accentuating 

extensivity encompassing both product and service innovation with integrative 

framework [25, 82], with changing innovation landscape and business, the Oslo 

Manual has been applied to innovation study worldwide. Therefore, it is appropriate 

to adopt definition and measurements of innovation in accordance with the guidance 

of the Oslo Manual.  

 The Korean Innovation Survey (KIS) has been developed on the basis of 

the Oslo Manual. It has been conducted since 2003, biennially or triennially, by the 

Science and Technology Policy Institute (STEPI). The KIS is the national 

authorized statistics approved by “Statistics Korea,” which is a central government 

agency. It has been well-conducted for the past two decades by trained facilitators 

to measure innovation activities with high quality. The survey questionnaires of the 

KIS have been consistent across the manufacturing and service industry over time. 

Accordingly, this thesis develops a comprehensive cross-sectional and longitudinal 

research framework, thereby leading consistent results that can be comparatively 

analyzed. Based on the Oslo Manual, this thesis deals with overall innovation factors 

encompassing the contextual and intrinsic ones. 

Accordingly, innovation is defined in this thesis as “the implementation of 

a new or significantly improved product (good or service), or process, a new 

marketing method, or a new organizational method in business practice, workplace 

organization or external relations” from the third edition of the Oslo Manual in 2005 

[39], (fourth edition was published in 2018 in which the definition of innovation was 

changed). Because this thesis used the raw data of Korean Innovation Survey (KIS) 

conducted in 2014 and 2016, which were developed based on the third edition of the 

Oslo Manual. In this line, innovation activities are defined in this thesis as “including 
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all scientific, technological, organizational, financial and commercial steps which 

actually lead, or are intended lead, to the implementations of innovations,” in 

accordance with the third edition of the Oslo Manual [39]. 

 

2.1.2 Antecedents of innovation  

 

Antecedents of innovation have been identified mainly in the product innovation 

study on the manufacturing industry. While for identifying determinants of service 

innovation, earlier studies of service innovation rooted in the product innovation 

study on the manufacturing industry. To identify influencing factors on innovation 

and to examine their impact and relationships with innovation, various extrinsic 

and intrinsic factors have been empirically examined in diverse perspectives. 

Extrinsic factors have been explored from the innovation ecosystem perspective, and 

the intrinsic ones have been identified from the perspective of capability theory.  

 

2.1.2.1 Extrinsic determinants of innovation 

 

The extrinsic determinants are related to a firm’s business environment. The main 

extrinsic factors comprise the industry to which the firm belongs and the region 

where it is located. The other factors are related to the cooperative networking 

environment involving knowledge or technology flow. Additionally, market-related 

factors were noticeably examined for innovation behavior. While market-related 

factors have been viewed from the innovation ecosystem perspective, they also 

examined from the dynamic capability perspectives to cope with external 
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opportunity and threat by utilizing firm’s internal capacity.  

Concerning sectoral factors, it is widely accepted that industrial 

characteristics are significant to innovation behavior through substantial 

examinations on the product innovation in manufacturing industry that have 

revealed that the sectoral factor has significantly affected innovation in terms of 

technological dynamism, demand growth, and industrial structure. From the 

innovation study in manufacturing industry, it is found that high-tech industries are 

more innovative than traditional ones [66, 92, 93, 94, 95] in terms of technological 

dynamism. From the demand-pull theory, demand growth has a significant positive 

influence on achieving innovation [96, 97, 98]. Regarding industrial structure, there 

are diverse empirical results. Industry concentration is found to have a positive [99, 

100] or negative effect [98, 101, 102] to drive innovation. Additionally, other studies 

witnessed a bell-shaped [103] impact or an insignificant [96, 104, 105, 106] effects on 

innovation.  

In line with the traditional innovation study in manufacturing industry, 

earlies studies of service innovation also focused on sectoral classification [25]. Soete 

and Miozzo [79] suggested the sectoral taxonomy of service industry in comparison 

to the one of manufacturing industry from Pavitt’s study [107]. However, it was 

argued that it was based on sectoral classes of innovating firms within a framework 

of manufacturing innovation rather than on actual innovation activities of service 

firms [25]. Subsequently, the taxonomy of service sectors reflected intrinsic 

peculiarities of service, such as intangibility, customization, and technological 

employment in comparison to the factors affecting innovation in manufacturing 

industry, such as the roles of R&D [78]. From this perspective, innovation studies in 

service industry empirically have fathomed individual service sector rather than 

comprehensively approaching to the service innovation across the service sectors. 
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Additionally, studies on service innovation have controlled sectoral effects to focus 

on the intrinsic factors influencing successful service innovation (see e.g. [12, 108, 

109, 110]). In more details, in the field of service innovation study, sectoral 

differences involving technological dynamism in terms of employing technology to 

the service and service process, such as employment of low- and high-technology to 

the service sectors, are not a major subject. Meanwhile, examining effects of the 

extent of applying information technology to the service innovation in the service 

sectors has been main concern (see e.g.  [73, 111]) regarding leveraging technology 

to advance service [40]. Furthermore, sectoral differences in innovativeness has not 

been witnessed in the service industry (see e.g. [108, 109, 110, 112]) in comparison 

to ones in manufacturing industry.  

Concerning regional factors, innovation studies in the manufacturing 

industry found that it has had a significant impact on innovative capacity [66, 113, 

114, 115, 116, 117, 118], such that locational proximity to partners in innovation 

ecosystem increases cooperation with suppliers or customers and universities, also, 

that it affects positively innovation [95, 117, 119, 120, 121, 122]. In addition, 

proximity facilitates tacit knowledge transfer [123, 124] and reduces communication 

costs [125]. Meanwhile, service innovation studies have more emphasized firm’s 

cooperative networking capability in the service ecosystem from the dynamic 

capability view [126, 127] rather than examining effects of regional factors. Although 

there are some negative or insignificant effects of sectoral and regional characteristics 

on innovation, consensus on their positive effects is deeply established from the 

perspective of promoting innovation [17, 21, 22, 114, 120, 122, 128].  

The market-related factors have been heavily examined in the line between 

innovation ecosystem perspective and capability perspective across manufacturing 

and service industries. In manufacturing industry, market focus of manufacturers 
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plays a crucial role in product success [21, 129, 130, 131] from the capability 

perspective. From the innovation ecosystem perspective, demand and supply 

significantly affect the success of a business [98, 130, 132, 133]. Hence, target market 

characteristics, including customer type and customer feedback, affect 

manufacturer’s innovative behavior for product and business success [21, 128, 134, 

135]. These market-related factors have driven firms’ innovative behavior, such as 

detecting customer needs [15, 136, 137, 138, 139], advertising [102, 140], and 

elaborating marketing strategies [128, 141].  

In the other hand, factors related to the market characteristics have been 

prominently centered in the focus of service innovation [126, 142, 143, 144, 145]. 

These factors have been more deeply understood as intrinsic factors in terms of 

service firm’s dynamic capability in the service ecosystem [31, 126, 146], compared 

to innovation study on the manufacturing sectors that have regarded them as 

extrinsic factors affecting firm’s innovation behavior. It is argued that innovation in 

the service sector is more challenging than ones in the manufacturing sector due to 

its complexity in the service and service process for the market success [126] 

involving various partners, such as customers and partners in service ecosystem, and 

employing technologies [73, 88, 112]. In addition, an issue has argued regarding the 

“service paradox” or “the dilemma of service productivity”, which investments in 

service do not lead to the performances, then firms struggle to increase productivity 

on their services [147, 148, 149]. Therefore, the market-related factors affecting 

service innovation have been heavily and deeply explored, thereby their significant 

roles for pursuing service innovation have been widely accepted [26, 38, 40], which 

are market orientation [26, 36, 49, 150, 151, 152] embracing detecting customer needs 

[31, 112, 136], customer involvement [126, 153, 154, 155], and elaborating marketing 

strategies [112, 156].  
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Concerning factors on cooperative networking, they also have been explored 

from the perspective between innovation ecosystem perspective and capability 

perspective across manufacturing and service industries. In the manufacturing 

industry, cooperative networking has been considered in relation to the business 

environment rather than understood as a corporate capability [87, 121, 133, 139, 

157]. While, in the service industry, it has been viewed from the dynamic capability 

perspective. Several innovation studies across product and service innovation 

presented that the capability for cooperative networking [157, 158, 159] including 

joint or cooperative production [108, 160] has positive effects on the service 

innovation. It has been widely accepted that cooperative networking helps a service 

firm to bridge gaps in its information, knowledge, resources, and competencies in 

highly cooperative and competitive ecosystems [126, 161]. 

 

2.1.2.2 Intrinsic determinants of innovation 

 

Intrinsic factors of innovation of a firm have been studied in the view of capability 

theory, including view of dynamic capability, by organizational theorists [120, 162, 

163], and these could be categorized into (1) innovative capability, (2) innovative 

activities, and (3) general characteristics of a firm.  

Concerning a firm’s innovative capability across manufacturing and service 

sectors, R&D capability for new product development (NPD) or new service 

development (NSD) has been mainly examined [36, 85, 164, 165, 166, 167, 168]. 

R&D capability is related to the firm’s financial and organizational capacity [104]. 

In this respect, it refers to employees, including R&D personnel, and investment 

resources, which have a relationship with budget and cost. 
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Even there is an issue of “the dilemma of service productivity” in service 

sector, which investments in service do not lead to the performances, then firms 

struggle to increase productivity on their services [147, 148, 149], the role of R&D 

is accepted to be the most important determinant of innovation [21, 22, 87, 116, 

120, 121, 130, 133, 139, 169, 170, 171, 172, 173, 174, 175, 176, 177] from 

manufacturing industry. In this regard, the R&D personnel ratio and R&D 

investment (e.g., intensity) have a positive effect on innovation [178, 179, 180]. Also, 

R&D budget is identified as a factor influencing innovation [87, 171, 172, 181]. 

However, given that R&D investment is limited and secured, it is argued that these 

factors do not sufficiently explain innovation [149, 182], and that not all innovations 

stem from R&D [22]. Although investment in innovation drives to innovation 

performance [116] and R&D-related factors are good representatives of 

organizational capacity [120], these cannot contribute toward a firm’s overall 

innovative capability [21], especially to ones in a service firm. 

In this respect, firm’s diverse innovative activities including R&D activities 

and non-R&D activities have been examined across product and service innovation. 

Concerning R&D activities, way of performing R&D activities can be categorized 

into in-house R&D, cooperative R&D, and external R&D based on the classification 

of the Oslo Manual [39]. In-house R&D constitutes the major channel for performing 

R&D activities, and its essential role in NPD or NSD is widely accepted [21, 87, 116, 

139, 173]. Basically, in-house R&D supports a firm to develop new service or 

processes [116, 133]. It also provides the capability to absorb external knowledge 

and technologies and to cooperate with diverse partners in business environment [5, 

114, 121, 122, 126, 133, 139, 142, 161, 173, 174, 183, 184, 185].  

By engaging in cooperative R&D, firms gain access to complementary 

technologies or knowledge [108, 159, 186, 187, 188], thereby can improve the 
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probability of success of an innovation project [189, 190, 191, 192]. However, the 

instability and unpredictable risks associated with R&D cooperation cannot lead to 

successful innovation [126, 193, 194, 195, 196, 197, 198]. Under limited resources and 

capacity for internal R&D, firms consider external R&D [63, 199, 200, 201], thereby 

increasing the possibility to develop new services and products with commercial 

success [202, 203, 204]. However, it is argued that absorption capacity is essential 

for complementing external R&D [108, 205, 206]. There still remains inconclusive 

regarding the role of external R&D for innovation by itself and its complementarity 

with internal R&D [199, 207]. While the effects of cooperative and external R&D 

do not provide conclusive precise description for the pursuing innovation, their 

significant roles for innovation has been widely accepted.  

Meanwhile, service innovation including product innovation is not only 

driven by R&D, and R&D activities, which are some parts of various behavior of a 

firm, cannot reflect the firm’s every innovative capability [12, 21, 154]. However, 

literatures focusing non-R&D activities are very scare [208, 209], and these are not 

main concerns. In terms of business management, the Oslo Manual [39] divided non-

R&D activities of a firm into the following six categories: (1) acquiring of machine, 

tool, software, and building for operational management; (2) procuring external 

knowledge to develop new service or to improve process; (3) providing job training 

for educated, qualified, and experienced personnel; (4) undertaking market 

launching activities for new service penetration; (5) undertaking design activities for 

new service development; and (6) Performing other activities. In the field of service 

innovation study, some of these factors, such as market launching activities and 

procuring external knowledge, are considered as integrating notions into the 

concepts of marketing and utilizing knowledge rather than a form of individual 

measure (see e.g. [108, 112, 162, 210]). 
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Concerning general characteristics of a firm, such as firm size, age, and 

ownership, they have been determined, but these have not provided an 

understanding for the precise prescription of innovation. Even literatures on service 

innovation have controlled effects of firm size and age, thereby focusing intrinsic 

factors affecting successful service innovation and determining their roles, mainly in 

relation to the market (see e.g. [12, 108, 109, 110]). Regarding the firm size effects 

on innovation, there have been conflicting results. The main arguments are as follows. 

On the one hand, large firms have more resources, thereby driving successful 

innovation than small ones [211, 212, 213, 214, 215, 216]. On the other hand, small 

firms have an advantage in the managing overall innovation activities [217]. 

Meanwhile, two different relationships were witnessed, such as U-shaped and hump-

shaped in the case of German, France, and Belgium firms in the 1980s [218]. The 

controversies are still being explored in various context since the propositions of the 

Schumpeter Mark I and II hypotheses [219, 220]. There are also arguments on the 

impact of firm age on innovation. Firms accumulate the capacity and capability by 

experience to innovate with age [221, 222, 223], whereas older firms retain 

conservative behavior rather than pursuing innovation by establishing a stable 

barrier [224, 225]. Meanwhile, it is argued that firm’s networking capabilities differ 

in size and age involving sectors [226, 227] to manage relationships with diverse 

partners [109]: networking with homogeneous partners are less effective to access 

new technology and identify opportunities, but efficient to manage relationships 

with partners; networking with heterogeneous partners are more effective, but 

difficult to manage them. However, it is witnessed that service firm’s networking 

capabilities regarding size are insignificant to influence service firm’s innovation 

performance [108, 109, 110, 112]. Also, it is found that service firm’s age are 

insignificant to influence service firm’s innovation performance [108]. Although those 
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controversies have been explored a lot, but a generalization cannot further our 

understanding with complex context of innovation. Concerning ownership, findings 

were also inconclusive. It is found that foreign ownership positively affected 

innovation [97, 105], whereas it was revealed that foreign ownership had a rather 

negative [105, 228, 229], or insignificant [230, 231] impact on innovation. These 

controversies have arisen from the different perspectives: focusing on a lack of 

advanced management capability in a foreign-owned firm; focusing on a 

compensation from the advanced knowledge of the foreign parent [21]. 

In consequence, although importance of the roles of influencing factors on 

innovation regarding their microscopic mechanism is widely accepted through 

substantial investigations [34, 36, 49, 50], many of them have still been in vague and 

inconclusive, thereby limiting to explain innovation precisely and comprehensively. 

Because they have focused on the relationship between various factors and 

innovation in a linear perspective under the specific focused-scopes in different 

contexts. Also, previous studies have not encompassed both intrinsic factors 

involving innovative capability, innovative activities, and general characteristics of 

firms, and extrinsic ones comprehensively across manufacturing and service 

industries at the firm level. Additionally, they have focused entirely on the 

innovation itself to identify influencing factors and their effects on innovation, 

especially focused on factors that influence successful innovation or its performance, 

thereby leading controversies. This innovation success or performance is mostly 

measured by patents [87, 232, 233, 234, 235], R&D intensity [171, 233], and number 

of innovations (e.g., new product development or commercialization) [18, 62, 134, 

236, 237, 238, 239, 240] in the manufacturing industry. Also, in the service industry, 

this innovation success or performance is mostly measured by qualitative factors, 

such as level of market orientation, customer involvement or commitment, and 
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number of service innovation (e.g., new service development or commercialization) 

through interviews and questionnaires. Furthermore, the study to draw 

generalization of innovation regarding behavior of firms based on a comparative 

analysis between success and failure of innovation on a large-scale is still lacking. In 

addition, studies on firm’s behavior on successful innovation at the sectoral level are 

insufficient.  

On the one hand, given the importance of innovation in business 

management, it is essential to look at the relationship between the firm’s financial 

performance and innovation [38, 40, 49, 55, 110, 241]. Financial performance is 

defined as the earnings of a business through the sale of innovative service in the 

market [110]. For financial performance measurement, proxy measures such as 

return on investment from innovation, and new-to-market and new-to business sales 

are used [55, 110, 242]. However, those studies examined the impact of innovation 

on financial performance only from a linear perspective. The study that examines 

the differences regarding innovative behaviors between firms with good financial 

performance and those with poor financial performance, among successful 

innovative service firms, is still lacking. On another hand, neither the studies are 

still in gap, which examine behavioral differences among successful innovative firms 

in the perspectives of innovation activities and R&D activities, by comparing to the 

innovation between manufacturing and service industries, especially considering 

overall activities of service firms.  

Therefore, given the shortcomings of innovation studies on influencing 

factors, this thesis identifies influencing factors and typological behaviors regarding 

the success and failure of innovation by considering all the innovation related-factors 

used in the KIS between manufacturing and service sectors comparatively 

nationwide in the cross-sectional and longitudinal perspectives. Also, this thesis 
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identifies influencing factors and typological behaviors among successful innovative 

firms between manufacturing and service sectors comparatively nationwide in the 

cross-sectional and longitudinal perspectives by taken focal firms’ overall innovation 

characteristics encompassing extrinsic and intrinsic factors according to the research 

purposes, such as sectoral difference, financial performance, overall innovation 

activities, and overall R&D activities, cooperation activities, cooperation partners, 

and innovation budgets. 

 

2.1.3 Innovation studies at the sectoral and regional levels  

 

Science Policy Research Unit (SPRU) conducted the famous SAPPHO (Scientific 

Activity Prediction from Patterns with Heuristic Origins) project which is 

deliberately designed to test generalizations about innovation based on a 

comparative analysis between paired successful and unsuccessful innovation on a 

large scale during the 1970s [58, 69, 70]. From SAPPHO project, five kinds of factors 

that related to the innovator’s understanding of user needs, the efficiency of 

development, characteristics of managers, the efficiency of communications, and 

marketing and sales efforts are discovered between successful and unsuccessful 

innovation at the sectoral level [13]. 

Since the 1990s, the Community Innovation Survey (CIS) of the European 

Union have conducted at the national level on European countries to discover 

influencing factors and behaviors in innovation. Based on the CIS data, empirical 

studies have identified the factors, behaviors, and trends from various perspectives 

of strategy, organization, and cooperation at the national level [72, 236, 243, 244, 

245]. Based on the Oslo Manual, the KIS data has used to test hypotheses on 
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innovation activities under Korean innovation landscape empirically like CIS [192, 

246, 247, 248, 249]. They have focused on the innovation factors on firm performance, 

small and medium-sized firm’s cooperation, knowledge source for service innovation, 

and the productivity at the national level. The other studies that were not based on 

the CIS or KIS but based on their own data at the national level, have focused on 

comparative national innovation system, comparative innovation performance on 

the specific subjects, such as firm size, international cooperation, cooperative 

networking, strategy, and regions. But their methodological applications have tied 

down by the characteristics of innovation study data (see e.g. [72, 192, 236, 243, 244, 

245, 246, 247, 248, 249]), such that they employed two-stage data envelopment 

analysis, generalized method of moments-system, fuzzy set qualitative comparative 

analysis, negative binomial regression, binary logistic regression, nonparametric 

regression analysis, binary choice analysis, multinomial logit analysis, and so on. 

Concerning sectoral innovation studies, manufacturing sectors have been 

centered rather than service sectors. Their scopes are much wide through 

encompassing sectoral dynamics of innovation and trajectories of technological 

development (see e.g. [61, 230, 250, 251]). Regarding service sector that has been 

lately received attention, but recently has gone into the focus of innovation study 

according to the industrial change, their research scopes also have been evolved from 

defining and measuring service innovation to in-depth influencing factors for driving 

successful service innovation in various perspectives (see e.g. [34, 36, 49, 50, 86, 116]). 

Concerning regional innovation studies, they have conducted in the field of 

relationships and the role of constituents, performance, and measurement in the 

viewpoint of proximity and ecosystem with differing contexts (see e.g. [67, 252, 253, 

254, 255, 256, 257, 258, 259, 260]. These regional studies mainly focused on 

differences between the metropolitan area and others or between the capital area 
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and others (see e.g. [67, 253, 254, 255, 256]).  

According to previous studies at the national, sectoral, and regional levels, 

contextual factors are mainly considered, subsequently their landscapes are 

empirically examined under their differing innovation environment separately. Also, 

they have controlled firm size to examine the relationships with innovation 

performance. Regarding regional study, the metropolitan area has been targeted to 

compare impacts of proximity and agglomeration effect. However, there is a lack of 

comparative study on innovation factors and behaviors between manufacturing and 

service sectors at the national and regional levels comprehensively in accordance 

with the size and regional proximities. In this respect, this thesis uses contextual 

factors to identify significant influencing factors and behaviors between 

manufacturing and service sectors comparatively in the cross-sectional and 

longitudinal perspectives. Also influencing factors and typological behaviors on the 

success and failure of innovation will be investigated between the metropolitan area 

and others, and between capital area and others in both manufacturing and the 

sectors in recent business environments by employing KIS 2014 and 2016. 

In this respect, general information used in the KIS used as independent 

variables for employing contextual factors to identify significant influencing factors 

and behaviors between innovation success and failure, which serves as dependent 

variable in the first and the third module of theme#2 in this thesis at the sectoral 

and regional levels. The first module of theme#2 investigates significant innovation 

factors and behaviors at the national and regional levels on both manufacturing and 

service industries. The third module of theme#3 mainly places emphasis on 

innovative domains having top highest innovation success rate at sectoral, regional, 

and across the regional and sectoral levels with those contextual and intrinsic factors, 

which used in the KIS based on the Oslo Manual. 
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2.2 Methodological background 

 

2.2.1 Decision-making tree analysis 

 

The controversies on the factors influencing innovation and their relationship with 

innovation emerge from various contexts of empirical studies and their diverse proxy 

measures, which have been changed over time. Additionally, regarding limited 

research scopes exploring their in-depth roles in innovation, the use of operationally 

defined proxy measures in different contexts of empirical studies can be attributed 

to the innovation data and statistical methodologies.  

Innovation data have been measured together by various variables in types 

of ratio, interval, ordinal, and nominal scale. It is usually measured by categorical 

variable on a nominal scale. Additionally, they are frequently measured on a 

binomial scale, such as innovation success and failure, whether innovation activities 

are involved or conducted, and whether R&D is performed or not. These 

characteristics of innovation data regarding type and scale have restricted 

methodological application. To solve this problem, involving different types of 

variables, requires well-structured analytical models. However, it is hardly achieved. 

Since previous results cannot be put in a single frame while retaining the same 

statistical significance, a comprehensive structural research model based on a single 

statistical framework would be necessary to ensure producing consistent and 

comprehensive result. 
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In this respect, this thesis aims to resolve the shortcomings by employing 

decision-making tree analysis (DT) to consider the overall factors measured in 

various types. This DT methodology is compatible with various proxy measures 

encompassing categorical and numerical variables in a single frame statistically. 

Classification tree analysis and regression analysis are the two main types 

of DT. The classification and regression tree (CART), chi-squared automatic 

interaction detection (CHAID), quick, unbiased, efficient statistical tree (QUEST), 

C5.0, and C4.5 are mostly employed algorithm in DT. Unlike CART and QUEST, 

the CHAID algorithm allows both continuous and categorical predictive variables 

to be addressed according to the target variables. Therefore, the CHAID algorithm 

develops decision trees for both the classification type and the regression type 

prediction problems, regardless of whether the dependent variable is a continuous 

numerical or a nominal variable. Additionally, the CHAID algorithm is a 

nonparametric procedure that requires no assumption of the underlying data. In 

this respect, it does not require the data to be normally distributed [53, 54, 57, 261, 

262, 263]. 

The CHAID algorithm entails a multi-way splitting strategy, not a binary 

tree algorithm. Thus, it can generate more than two nodes at any branches that 

differs from other decision tree algorithms, such as CART and QUEST. Thereby, it 

develops more comprehensible models than the CART and QUEST algorithm [53, 

261]. In the beginning, a root node that includes all cases, then the branches are 

subdivided into multiple nodes. The criterion for splitting is chosen after examining 

all possible values of all candidate predictive variables at the statistical significance 

level with employing a Bonferroni-adjusted p-value. In the CHAID algorithm, the 

F test is used if the target variable is continuous, and the chi-square test is used if 

it is categorical. In the final nodes, a grouping of cases is obtained, such that the 
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cases are as homogeneous as possible within the node and between the final nodes 

according with the value of the dependent variable [53, 261].  

Based on the advantage of the CHAID algorithm regarding employment 

and comprehension, this thesis used the CHAID algorithm by employing IBM SPSS 

22. The settings in this thesis are as follows: (1) The value of the maximum tree 

depth is set autonomously; (2) both the splitting significant value and the merging 

significant value are set to 0.05; (3) the maximum number of recursive calculation 

is set to 100; (4) the misclassification cost is set to the same value for all categories; 

(5) the missing value is treated as not valid but missing; and (6) the minimum size 

of the parent and child nodes are set to be 100 and 50 cases, respectively.  

In the case of modeling on the activities of successful innovation regarding 

cooperative partner in the second module of theme#2, the total case is not over 400 

cases and the average case of each case is 30.78, resulting in the minimum size of 

the parent node and child node are set to be 20 cases and 10 cases, respectively. 

Also, in the case of modeling on the activities of successful innovation regarding 

R&D activities in the second module of theme#2, the minimum size of parent node 

and child node are set to be 50 cases and 25 cases, respectively, due to the small 

total case size in the model of service sectors in 2014. 

In the third module of theme#2 at the chapter 4, the general settings of 

CHAID algorithm of decision-making tree on the minimum size of the parent node 

and child node are set to be 10 cases and 5 cases respectively for developing 

predictive analysis model and increasing accuracies, and other settings are same as 

the settings in the first and second module. Because the total case sizes and each 

class sizes in the model are relatively low as total average cases is 159.8 and average 

case size of smaller class is 67.3. 

Data mining methodology builds the model through learning from data. 
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When the number of samples corresponding to a particular class is significantly 

higher than the number of samples belonging to another class, there is more learning 

for the class with a large number of samples than for the class that does not, 

resulting in a biased predictive model that predicts only a specific class well. 

Therefore, before building a predictive model, it is necessary to balance the data by 

matching the proportion of classes within the target variable [264]. 

 The ratio of successful service innovation cases in 2014 KIS is 8.40% (349 

successful firms among total 4,155 firms), significantly lower than the ratio of failure 

cases of 91.60%. Thus, data balancing through oversampling of success cases is 

necessary. However, in order to avoid the problem of overfitting, the ratio of 

duplicated occurrences is limited to below 30%, resulting in an increase from 8.40% 

to 26.84% (1,396 successful firms among total 5,202 firms) of the total. This 

oversampled data set in 2014 KIS is used as the final data set and other cases used 

original data without data balancing. Also, for the third sub-module of the third 

module, data sets are balanced by oversampling all classes by tripled for the 

developing predictive model and increasing accuracies. Because the total case size 

and each class size in the module are much low as total average cases is 19.8 and 

average case size of the smaller class is 4.5. 

 

2.2.2 Validation and accuracy 

 

Regarding validation of results, generally, a cross-validation is employed to estimate 

the unbiased accuracy of a predictive model’s performance in practice [53, 54, 57]. 

The 10-fold cross-validation is widely used in the data mining field since empirical 
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studies have demonstrated that 10 constitutes an ‘optimal’ number of folds [265]. It 

creates a fine balance between the sampling bias regarding diversification of training 

and testing subsamples and the demonstrating time taken to build the model and 

test activities. In the 10-fold cross-validation, the dataset is randomly separated into 

10 mutually exclusive subsets of approximately equal sizes. The models are built 

and trained first and then tested, and its process is repeated 10 times. At each 

iteration, the model is trained on nine folds, combining training data that includes 

90% of the total dataset. Additionally, it is tested on the remaining one-fold, which 

is 10% of the total dataset. The estimate of the cross-validation of the overall 

accuracy of the model is calculated by averaging the 10 individual accuracy measures 

that stem from each fold.  

For the performance measure of prediction models, a coincidence matrix is 

used. It contains the actual and predicted classifications created by the model [266]. 

The overall accuracy is defined as the percentage of cases that are correctly 

predicted by the model. In this thesis, the 10-fold cross-validation method is 

employed to estimate the performance and overall accuracy of the models in the 

three modules in theme#2 at chapter 4. Additionally, the ratio of the number of 

true positive, which means the ratio of the correctly predicted cases, is provided for 

each model. 

 

2.3 Data and variables 

 

This thesis aims to identify the pivotal principles and variations on 

influencing factors and typological behaviors under changing innovation landscape 



 

 

 

35 

and business circumstances across manufacturing and service industries from the 

evidences of Korean business environment. In this respect, this thesis uses raw data 

from Korean Innovation Survey (KIS) developed on the basis of the Oslo Manual. 

The KIS in manufacturing and service industry have been consistent across the 

industries over time, thereby allowing this thesis to design a cross-sectional and 

longitudinal comparative research framework. To acquire knowledge on 

contemporary business circumstances, this thesis uses two recent consecutive KIS 

on manufacturing and service industries in 2014 and 2016. The ‘2014 KIS’ and ‘2016 

KIS’ contain firm-level data across on the innovation-related activities all 

manufacturing and service sectors and all firms from 2011 to 2013 and from 2014 to 

2015, respectively. 

Since the KIS is acclaimed for its focus and reliability on innovation survey, 

it has been mostly used in the field of empirical innovation studies in Korea [192, 

246, 247, 248, 249]. Concerning the representativeness of the national innovation 

activities of the KIS sample data, the sample frame comes from the recent 

Nationwide Business Survey (NBS) by the National Statistical Office. It was 

stratified by the multistage-stratified-systematic-sampling based on the Korea 

Standard Industry Code (KSIC) and the number of employees of the firm. The 

Neyman allocation method was employed for sample allocation.  

The 2014 KIS on manufacturing industry covers 4,075 manufacturers taken 

from 46,101 sample frame, and the 2014 KIS on service industry covers 4,155 service 

firms from 56,271 sample frame based on the “NBS: 2012.” The 2016 KIS on 

manufacturing industry covers 4,000 manufacturers from 49,704 sample frame, and 

the 2014 KIS on service industry covers 4,000 service firms taken from 65,649 sample 

frame based on the “NBS: 2014.” Manufacturers are categorized in 23 industrial sub-

sectors in the ninth version of KSIC 10 to 33 except KSIC 12 (manufacture of 
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tobacco products), and service firms categorized into 33 industrial sub-sectors in the 

same version of KSIC 45 to 96 except KSIC 84 (public administration and defense, 

compulsory social security) at the sectoral level. All firms are defined in 17 regions 

that consist of seven metropolitan cities including the capital city, one special self-

governing city, eight province, and one special self-governing province at the regional 

level. 

In the KIS, all the firms were questioned to indicate their status related to 

innovation and innovation activities. Basically, they were asked about the success 

or failure of the innovation of products or services and their processes. In this thesis, 

innovation success is defined as “an implementation of a new or significantly 

improved product (goods or services) or process.” Regardless of whether firms 

succeeded in innovation, they were commonly inquired about the following items in 

each category. In the category of the firm’s general information in terms of corporate 

capabilities for innovation, the following items were asked: (1) Form of the firm 

(legal unit); (2) statuary types (by the size of the employees from the sample frame); 

(3) designation status (in the Korean context); (4) listed status (in the Korean stock 

market); (5) size (sales, exports, and employees); and (6) age. In addition, data on 

the sector to which the firm belonged, in terms of the KSIC at the two-digit-code 

level, was taken from a sample frame. The firms were also asked about their regional 

location. Regarding the general R&D status, data regarding the “ratio of R&D 

personnel” and “main way of R&D activities” were collected. Concerning external 

factors that affect innovation, data on the “main target market” and “main customer 

types” were collected. The descriptions on these variables including measurement 

and types are shown in Table 2.1. These variables are used in the first and the third 

modules of theme#2. 

To earn the data of overall innovation activities of firms that succeeded in 
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the innovation, following items were asked to the focal firms across the 

manufacturing and service industries: (1) Whether or not eight types of innovation 

activities were performed, (2) cost of each service innovation activity, and (3) budget 

source of each innovation activity. While the following items were questioned 

regarding knowledge flow and their relationships: (1) Information sources used for 

innovation, (2) whether or not cooperative activity was performed, (3) cooperative 

partner if the cooperative activity was performed, and (4) the best cooperative 

partner if the firm had a cooperative partner. Concerning innovation outcomes, the 

focal firm was questioned about its “contribution of innovation to sales.” These 

variables are used in the second module of theme#2 with variables used in the first 

and the third module as shown in table 2.1, the descriptions on these variables 

including measurement and types are shown in Table 2.2. Subsequently, the 

description of sector variable as KSIC in the service sector is presented in Table 2.3.
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Table 2.1 Summary of variables in general information of firms used in the KIS 

Category Variable 
Variable code 

Measurement value Response Type 
KIS 2014 KIS 2016 

General 

status 

Form of company Q1_1 

Independent company 

Affiliates of a domestic company 

Affiliates of a foreign company 

1 

2 

3 

Nominal 

Statuary types  

(by the size of employees 

from sample selection) 

Q1_2 

Large-sized company 

Medium-sized company 

Small-sized company 

1 

2 

3 

Nominal 

Designation status  

(in Korean context) 

Q1_3_1 

Q1_3_2 

Q1_3_3 

Venture company 

InnoBiz (certificated as innovative small and medium-sized firm) 

n/a 

1 

2 

3 

Nominal 

Listed status 

(in Korean stock market) 
Q1_4 

KOSPI 

KOSDAQ 

n/a 

1 

2 

3 

Nominal 

Size status 

Size of sales 

Q2_1_1 

Q2_1_2 

Q2_1_3 

Level of actual sales in three years ago 

Level of actual sales in two years ago 

Level of actual sales in one year ago 

0. None 

1. ~1 B₩ 

2. 1 B₩~5 B₩ 

3. 5 B₩~10 B₩ 

4. 10 B₩~50 B₩ 

5. 50 B₩~100 B₩ 

6. 100 B₩~ 

d.k. unknown 

Ordinal 

Size of exports 

Q2_2_1 

Q2_2_2 

Q2_2_3 

Level of actual exports in three years ago 

Level of actual exports in two years ago 

Level of actual exports in one year ago 

Size of employee 

Q3_1_1 

Q3_1_2 

Q3_1_3 

Q3_1 

Q3_2 

Q3_3 

Level of actual employee in three years ago 

Level of actual employee in two years ago 

Level of actual employee in one year ago 

1. ~49 

2. 50~99 

3. 100~299 

4. 300~499 

5. 500~ 

Ordinal 

R&D status 

Ratio of R&D personnel Q3_1_6 Q3_4_3 Level of the percentage of R&D personnel in the last year 

1. none 

2. ~5% 

3. 5%~10% 

4. 10%~20% 

5. 20%~30% 

6. 30%~50% 

7. 50%~ 

Ordinal 

Main way of performing 

R&D activities 
Q6 

Performing through R&D institute 

Performing through a dedicated department 

Irregular performing if necessary 

Not performed 

1 

2 

3 

4 

Nominal 
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Market status 

Main target market 

in the world 

(multiple response) 

Q5_1 

Q5_2 

Q5_3 

Q5_4 

Q5_5 

Domestic 

Asia 

Europe 

North America 

Others  

If yes, 1; else, blank 

If yes, 2; else, blank 

If yes, 3; else, blank 

If yes, 4; else, blank 

If yes, 5; else, blank 

Nominal 

Main customer types Q8_1 Q7 

Private company 

Government and public sector 

Individual customer 

Overseas market 

Others  

1 

2 

3 

4 

5 

Nominal 

Other 

statuses 

Sector Ind_mid 
23 industrial codes (KSIC) in the manufacturing industry 

33 industrial codes (KSIC) in the service industry 
Code number Nominal 

Region Region (17 areas) 

Seoul, busan, daejeon, daegu, incheon, gwangju, sejong, ulsan, 

Gyeonggi, Chungcheongbuk, ChungCheongnam, Ganwon, 

Gyeongbuk, Gyeonnam, Jeollabuk, Jeollnam, Jeju 

Region name Nominal 

Age Age Age Number Interval 
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Table 2.2 Summary of variables for the successful innovative firm used in the KIS 

Variable 

Variable code 

Measurement value  Response Type 
KIS 2014 KIS 2016 

Innovation Q_inno Success or failure of innovation If yes, 1; else, 2 Nominal 

Contribution to the sales Q12 % of contribution from innovation to the sales of the last year Actual % Ratio 

Innovation 

activities 

R&D activities 

(whether or 

not) 

Q18_1 

Q18_2 

Q18_3 

Performing in-house R&D 

Performing cooperative R&D 

Performing external R&D 

If yes, 1; else, 2 

Nominal 

Non-R&D 

activities 

(whether or 

not) 

Q18_4 

Q18_5 

Q18_6 

Q18_7 

Q18_8 

Q18_9 

Acquisition of machine, tool, software, and building 

Buying external knowledge 

Performing job training 

Performing market launching activities 

Performing design activities 

Performing others 

Nominal 

Innovation 

Cost 

Level of total 

innovation cost 
Q19t Q19 

Level of the total cost for innovation activities performed in the last 

year 

0. None 

1. ~0.1 B₩ 

2. 0.1 B₩~0.5 B₩  

3. 0.5 B₩~1 B₩ 

4. 1 B₩~5 B₩ 

5. 5 B₩~10 B₩  

6. 10 B₩~50 B₩ 

7. 50 B₩~100 B₩ 

8. 100 B₩~ 

d.k. unknown 

Ordinal 

Level of the % 

of cost on each 

innovation 

activities 

Q19_1 

Q19_2 

Q19_3 

Q19_4 

Q19_5 

% level of cost on In-house R&D 

% level of cost on External R&D 

% level of cost on Acquisition of machine, tool, software, and building 

% level of cost on Buying external knowledge 

% level of cost on Others 

0. 0% 

1. ~25% 

2. 26%~50% 

3. 51%~75% 

4. 76%~100% 

d.k. unknown 

Ordinal 

Source of budget Q20 

Owned capital 

Affiliate fund 

Government fund 

Loan 

Stock Issuance 

Corporate Bond fund 

No expenditure 

Others 

1 

2 

3 

4 

5 

6 

7 

8 

Nominal 
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Information source for 

innovation 

Q21a1 

Q21a2 

Q21a3 

Q21a4 

Q21a5 

Q21a6 

Q21a7 

Q21a8 

Q21a9 

Q21a10 

Q21a11 

Q21_1 

Q21_2 

Q21_3 

Q21_4 

Q21_5 

Q21_6 

Q21_7 

Q21_8 

Q21_9 

Q21_10 

Q21_11 

In-house or within the affiliate 

Supplier 

Private customer 

Public customer 

Competitors in the same sector 

Private service firms 

Higher educational institutes 

Institutes of government, public, and private sector 

Conference, exhibition, and fair 

Professional journal and publications 

Industrial association 

In 2014, use or not  

If yes, 1; else, 2  

 

In 2016,  

Use and importance 

0. No use 

1. Use and low importance 

2. Use and middle importance 

3. Use and high importance 

Nominal 

Cooperative 

activities 

Implementation Q22 Implemented or not If yes, 1; else, 2 Nominal 

Cooperative 

partner 

Q23_1 

Q23_2 

Q23_3 

Q23_4 

Q23_5 

Q23_6 

Q23_7 

Q23_8 

Affiliates 

Supplier 

Private customer 

Public customer 

Competitors in the same sector 

Private service firms 

Higher educational institutes 

Institutes of government, public, and private sector 

If yes, 1; else, 0 Nominal 

Best 

cooperative 

partner 

Q24 

Affiliates 

Supplier 

Private customer 

Public customer 

Competitors in the same sector 

Private service firms 

Higher educational institutes 

Institutes of government, public, and private sector 

1 

2 

3 

4 

5 

6 

7 

8 

Nominal 
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Table 2.3 Description of the Korea Standard Industry Code for the manufacturing and service sectors 

Manufacturing Industry Service Industry 

Code Description Code Description 

10 Manufacture of food products 45 Sale of motor vehicles and parts 

11 Manufacture of beverages 46 Wholesale trade on own account or on a fee or contract basis 

13 Manufacture of textiles, except apparel 47 Retail trade, except motor vehicles and motorcycles 

14 Manufacture of wearing apparel, clothing accessories and fur articles 49 Transportation and storage 

15 Manufacture of leather, luggage and footwear 50 Water transport 

16 Manufacture of wood and of products of wood and cork; except furniture 51 Air transport 

17 Manufacture of pulp, paper and paper products 52 Warehousing and support activities for transportation 

18 Printing and reproduction of recorded media 55 Accommodation and food service activities 

19 Manufacture of coke, briquettes and refined petroleum products 56 Food and beverage service activities 

20 Manufacture of chemicals and chemical products; except pharmaceuticals  

and medicinal chemicals 

58 Publishing activities 

21 Manufacture of pharmaceuticals, medicinal chemical and botanical products 59 Motion picture, video and television program production, sound recording 

and music publishing activities 

22 Manufacture of rubber and plastics products 60 Broadcasting activities 

23 Manufacture of other non-metallic mineral products 61 Postal activities and telecommunications 

24 Manufacture of basic metals 62 Computer programming, consultancy and related activities 

25 Manufacture of fabricated metal products, except machinery and furniture 63 Information service activities 

26 Manufacture of electronic components, computer, visual, sounding and  

communication equipment 

64 Financial service activities, except insurance and pension funding 

27 Manufacture of medical, precision and optical instruments, watches and clocks 65 Insurance and pension funding 

28 Manufacture of electrical equipment 66 Activities auxiliary to financial service and insurance activities 

29 Manufacture of other machinery and equipment 68 Real estate activities 
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30 Manufacture of motor vehicles, trailers and semitrailers 69 Rental and leasing activities; except real estate 

31 Manufacture of other transport equipment 70 Research and development 

32 Manufacture of furniture 71 Professional services 

33 Other manufacturing 72 Architectural, engineering and other scientific technical services 

  
73 Other professional, scientific and technical services 

  
74 Business facilities management and landscape services 

  
75 Business support services 

  
85 Education 

  
86 Human health activities 

  
87 Social work activities 

  
90 Creative, arts and recreation related services 

  
 

91 Sports activities and amusement activities 

  
 

95 Maintenance and Repair Services 

  
 

96 Other Personal Services Activities 
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2.4 Research framework and flow 

 

Based on the theoretical and methodological background with data and variables 

stated in the previous section, overall research framework is consisted as shown in 

Figure 2.1 for achieving the purpose of this thesis. From the perspective on the 

process where firms in manufacturing and service industries achieve the innovation 

success or not through performing diverse innovation activities as stated in Chapter 

1 of introduction in this thesis, Theme#1 deals with testing statistical difference 

between manufacturing and service industries at the industrial, sectoral, regional, 

and across sectoral and regional levels nationwide based on the recent two 

consecutive periods in Korea through a systemic framework developed to test 

hypothesis on differences in this thesis as shown in Figure 2.2.  

Theme#2 explores to identify overall influencing factors and typological 

behavior on innovation comparatively between manufacturing and service industries 

nationwide with decision-making tree analysis (DT) based on a systemic framework 

for these purposes as shown in Figure 2.3. This consists of three modules in aspects 

of the analysis flow as shown in Figure 2.4. The first module identifies influencing 

factors and typological behavior regarding innovation success and failure 

comparatively between manufacturing and service industries at the national, 

industrial, regional levels by employing DT. The second module identifies influencing 

factors and typological behavior on the firms that succeeded in innovation 

comparatively between manufacturing and service industries regarding innovation 

activities on diverse perspectives by employing DT. The third module identifies 

influencing factors and typological behavior on innovative domains having the 

highest innovation success rate comparatively between manufacturing and service 
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industries at the sectoral, the regional, and across the industrial and regional levels 

by using DT at higher resolution particularly. 

Deriving from theoretical background, this thesis mainly place emphasis on 

overall influencing factors and typological behaviors between innovation success and 

failure with contextual factors. In this respect, target variable is set to innovation 

success and failure, and contextual factors are used as explanatory variables in DT 

model in the first module. By the same token in the third module on innovative 

domains having highest innovation success rate at higher resolution particularly, 

target variable is set to innovation success and failure, and contextual factors are 

used as explanatory variables in DT model as shown in Figure 2.3 and Figure 2.4. 

While another main emphasis of this thesis is laid on innovation activities of 

successful innovative firms in the second module to identify influencing factors and 

typological behaviors. For setting the target variables from the perspectives on 

innovation activities of successful innovative firms, the followings are constructed: 

(1) industrial difference; (2) level of contribution of innovation to sales of firm, (3) 

overall innovation activities, (4) overall R&D activities, (5) overall cooperative 

activities and partners, and (6) overall sources of budget for innovation. All the 

contextual and intrinsic factors used in the KIS are served as explanatory variables 

in DT model as presented in Figure 2.3 and Figure 2.4. 
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Figure 2.1: Overall research design of this thesis 
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Figure 2.2: Research framework of Theme#1 
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Figure 2.3: Research framework of Theme#2 

 

  



 

 

 

49 

 

 

 

Figure 2.4: Analysis flow of three modules in Theme#2 
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Chapter 3 

 

An analysis of industrial and regional differences in the 

success of innovation between manufacturing and service 

industries 

 

 

3.1 Structure and hypotheses of difference in innovation success 

between manufacturing and service industries at the industrial, 

sectoral, and regional levels 

 

According to the background of this thesis in Section 2.1.3, these sectoral 

and regional factors were investigated in relation to their characteristics on the 

impact of innovation. However, there are some negative or insignificant effects of 

sectoral and regional characteristics on innovation. In addition, these factors are 

mainly considered under their specific relationship with innovation, such as 

industrial structure and regional proximities. Concerning a sectoral factor, in more 

detail, sectoral innovation studies have mostly examined the sectoral landscape and 

its particular characteristics in specific sectors of each country by qualitative and 
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descriptive analysis [61, 250, 251]. Concerning regional innovation study, the 

relationship and networks of institutes, and their roles in the regional innovation 

ecosystem under differing contexts have been mainly fathomed through qualitative 

and descriptive analysis [67, 252, 253, 254, 255, 260]. Especially, in those studies, it 

is preliminarily assumed that there is a significant difference between sectors or 

regions statistically, but it was not tested.  

In this respect, this thesis aims to identify the differences of the distribution 

of innovation success and failure regarding the regional and sectoral difference of 

innovation between manufacturing and service industries comparatively in the cross-

sectional and longitudinal approach comprehensively. For this purpose, first, 

hypotheses on the innovation success at the industrial, sectoral, regional and across 

sectoral and regional levels are constructed and tested in this chapter. Subsequently, 

factors and typological innovation behaviors between manufacturing and service 

sectors will be explored in the next chapter with decision-making tree analysis 

comprehensively on the success and failure of innovation, on the success firms 

regarding overall innovation activities and on domains having highest innovation 

success rate at the sectoral, the regional, and across the industrial and regional levels. 

In this regard, the following hypotheses are constructed for the difference 

on innovation success between manufacturing and service sectors at the industrial, 

sectoral, regional and across sectoral and regional levels. 

 

Hypothesis 1 (H1). There is difference on innovation success and failure 

over the years at both manufacturing industry and service industry.  

 

Hypothesis 2 (H2). There is difference on innovation success and failure 

between manufacturing industry and service industry at each period. 
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Hypothesis 3 (H3). There is difference on innovation success and failure by 

firm size (statuary type) in both manufacturing industry and service industry at 

each period.  

 

Hypothesis 4 (H4). There is difference on innovation success and failure 

between the capital area and other area in both manufacturing industry and service 

industry at each period.  

 

Hypothesis 5 (H5). There is difference on innovation success and failure 

between the metropolitan area and other area in both manufacturing industry and 

service industry at each period.  

 

Hypothesis 6 (H6). There is difference on innovation success and failure 

between the regions in both manufacturing industry and service industry at each 

period.  

 

Hypothesis 7 (H7). There is difference on innovation success and failure 

between the sectors in both manufacturing industry and service industry at each 

period.  

 

Hypothesis 8 (H8). There is difference on innovation success between the 

sectors and regions in both manufacturing industry and service industry at each 

period.  

 

Although binomial logistic regression analysis as more advanced analysis on 
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the success and failure of innovation, as a dependent variable, could be employed to 

clarify the relationships contained in contingency table, but the analysis model 

cannot be built because of different independent variable types and scales used in 

the KIS. In this respect, the cross-tabulation analysis and chi-square (χ2) test used 

in this thesis to verify the hypotheses because both the dependent and independent 

variable are categorical variables measured in the nominal scale: Success or failure 

of innovation is served as a dependent variable; region, sector, industry, and period 

serves as independent variables, respectively. Cross-tabulation analysis is used to 

aggregate and jointly display the distribution of two or more variables through 

tabulating their results, such as one against the other in a two-dimensional grid. It 

creates a contingency table based on the multivariate frequency distribution of 

variables, and presented in a matrix format. Regarding assumptions for usingχ2 

test in this thesis, data is satisfied with independent observation, not biased sample, 

mutually exclusive on observations in all categories. An overall analysis structure to 

verify hypotheses with cross-tabulation and χ2 test is presented in Table 3.1. 

Table 3.1 Overall analysis structure for testing hypotheses 

Hypotheses Level Focus year Category Model 

H1 Industrial 
Difference between period 

(2014 vs. 2016) 

n/a Mfg. Ind. H1_M1 

n/a Svc. Ind. H1_S1 

H2 Industrial 

Difference between 

industries 

(Mfg. Ind. vs. Svc. Ind.) 

2014 n/a H2_2014 

2016 n/a H2_2016 

H3 Corporate  

Difference between firm 

size  

(statuary type) 

2014 Mfg. Ind. H3_2014M 

2014 Svc. Ind. H3_2014S 

2016 Mfg. Ind. H3_2016M 

2016 Svc. Ind. H3_2016S 

H4 Regional 
Difference between 

regions 

2014 Mfg. Ind. H4_2014M 

2014 Svc. Ind. H4_2014S 
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(Capital vs. others) 2016 Mfg. Ind. H4_2016M 

2016 Svc. Ind. H4_2016S 

H5 Regional 

Difference between 

regions 

(Metropolitan vs. others) 

2014 Mfg. Ind. H5_2014M 

2014 Svc. Ind. H5_2014S 

2016 Mfg. Ind. H5_2016M 

2016 Svc. Ind. H5_2016S 

H6 Regional 

Difference between 

regions 

(all region units) 

2014 Mfg. Ind. H6_2014M 

2014 Svc. Ind. H6_2014S 

2016 Mfg. Ind. H6_2016M 

2016 Svc. Ind. H6_2016S 

H7 Sectoral 

Difference between 

sectors 

(all sub-industrial units) 

2014 Mfg. Ind. H7_2014M 

2014 Svc. Ind. H7_2014S 

2016 Mfg. Ind. H7_2016M 

2016 Svc. Ind. H7_2016S 

H8 

Regional 

and 

Sectoral 

Difference between 

regions and sectors 

(all regions and sub-

industrial units) 

2014 Mfg. Ind. H8_2014M 

2014 Svc. Ind. H8_2014S 

2016 Mfg. Ind. H8_2016M 

2016 Svc. Ind. H8_2016S 

 

3.2 Differences in innovation success between manufacturing and 

service industries at the industrial, sectoral, and regional levels 

 

Table 3.2 presents the frequencies of overall cases, innovation cases, innovation rate, 

and rank of industrial sub-sectors in manufacturing sectors of KIS 2014 and KIS 

2016, respectively. Overall average successful innovation rate of industrial sub-

sectors in KIS 2014 and KIS 2016 are 23.73% and 40.40%, respectively. Over the 

years, industrial sub-sectors of manufacture of pharmaceuticals, medicinal chemical 
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and botanical products (KSIC 21), manufacture of electronic components, computer, 

visual, sounding and communication equipment (KSIC 26), manufacture of food 

products (KSIC 10), manufacture of medical, precision and optical instruments, 

watches and clocks (KSIC 27), and manufacture of electrical equipment (KSIC 28) 

showed the highest innovation success rate. Table 3.3 shows the frequencies of overall 

cases, innovation cases, innovation rate, and rank of industrial sub-sectors in service 

sectors of KIS 2014 and KIS 2016, respectively. Overall average successful innovation 

rate of industrial sub-sectors in KIS 2014 and KIS 2016 are 8.40% and 38.28%, 

respectively. Over the years, industrial sub-sectors of research and development 

(KSIC 70), financial service activities, except insurance and pension funding (KSIC 

64), computer programming, consultancy and related activities (KSIC 62), and 

publishing activities (KSIC 58) showed the highest innovation success rate. These 

top sub-sectors with the highest innovation success rate through the years on both 

two industries are chosen to explore significant influencing innovation factors and 

typological behaviors at the sectoral level in module 3 of theme#2 at chapter 4 as 

a case study in a longitudinal perspective. 
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Table 3.2 Frequencies of cases and innovation rate of manufacturing industry  

Description of sector Code 

Manufacturing industry 
2014 2016 

Overall 
case 

Innovatio
n case 

Innovatio
n rate 

Ran
k 

Overall 
case 

Innovatio
n case 

Innovatio
n rate 

Ran
k 

Manufacture of food products 10 240 82 34.17% 6 209 111 53.11% 4 
Manufacture of beverages 11 18 6 33.33% 7 20 6 30.00% 14 
Manufacture of textiles, except 
apparel 

13 168 23 13.69% 18 125 16 12.80% 23 

Manufacture of wearing apparel, 
clothing accessories and fur 
articles 

14 110 13 11.82% 21 115 37 32.17% 13 

Manufacture of leather, luggage 
and footwear 

15 36 9 25.00% 8 27 11 40.74% 9 

Manufacture of wood and of 
products of wood and cork; 
except furniture 

16 40 7 17.50% 14 33 17 51.52% 5 

Manufacture of pulp, paper and 
paper products 

17 93 12 12.90% 19 92 36 39.13% 11 

Printing and reproduction of 
recorded media 

18 63 8 12.70% 20 42 8 19.05% 19 

Manufacture of coke, briquettes 
and refined petroleum products 

19 17 1 5.88% 23 19 3 15.79% 21 

Manufacture of chemicals and 
chemical products; except 
pharmaceuticals and medicinal 
chemicals 

20 173 64 36.99% 4 164 65 39.63% 10 

Manufacture of pharmaceuticals, 
medicinal chemical and 
botanical products 

21 55 30 54.55% 1 29 23 79.31% 1 

Manufacture of rubber and 
plastics products 

22 300 63 21.00% 12 365 139 38.08% 12 

Manufacture of other non-
metallic mineral products 

23 165 29 17.58% 13 132 36 27.27% 15 

Manufacture of basic metals 24 180 26 14.44% 17 207 49 23.67% 17 
Manufacture of fabricated metal 
products, except machinery and 
furniture 

25 507 83 16.37% 16 404 90 22.28% 18 

Manufacture of electronic 
components, computer, visual, 
sounding and communication 
equipment 

26 333 115 34.53% 5 360 206 57.22% 2 

Manufacture of medical, 
precision and optical 
instruments, watches and clocks 

27 143 57 39.86% 2 167 73 43.71% 8 

Manufacture of electrical 
equipment 

28 262 97 37.02% 3 286 134 46.85% 7 

Manufacture of other machinery 
and equipment 

29 571 135 23.64% 10 571 313 54.82% 3 

Manufacture of motor vehicles, 
trailers and semitrailers 

30 321 72 22.43% 11 400 200 50.00% 6 

Manufacture of other transport 
equipment 

31 154 10 6.49% 22 129 21 16.28% 20 

Manufacture of furniture 32 59 14 23.73% 9 68 17 25.00% 16 
Other manufacturing 33 67 11 16.42% 15 36 5 13.89% 22 

Total  4,075 967 23.73%  4,000 1,616 40.40%  
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Table 3.3 Frequencies of cases and innovation rate of service industry  

Description of sector Code 

Service industry 
2014 2016 

Overall 
case 

Innovatio
n case 

Innovatio
n rate 

Ran
k 

Overall 
case 

Innovatio
n case 

Innovation 
rate 

Ran
k 

Sale of motor vehicles and parts 45 47 6 12.77% 8 44 7 15.91% 32 
Wholesale trade on own account 
or on a fee or contract basis 

46 570 70 12.28% 11 637 284 44.58% 11 

Retail trade, except motor 
vehicles and motorcycles 

47 144 18 12.50% 10 141 42 29.79% 18 

Transportation and storage 49 528 35 6.63% 19 281 64 22.78% 25 
Water transport 50 42 3 7.14% 17 22 6 27.27% 20 
Air transport 51 10 0 0.00% 31 16 5 31.25% 16 
Warehousing and support 
activities for transportation 

52 165 13 7.88% 15 107 29 27.10% 21 

Accommodation and food service 
activities 

55 63 2 3.17% 24 53 22 41.51% 13 

Food and beverage service 
activities 

56 91 21 23.08% 1 74 13 17.57% 30 

Publishing activities 58 224 39 17.41% 3 205 99 48.29% 9 
Motion picture, video and 
television program production, 
sound recording and music 
publishing activities 

59 31 2 6.45% 20 17 6 35.29% 15 

Broadcasting activities 60 22 3 13.64% 6 26 11 42.31% 12 
Postal activities and 
telecommunications 

61 16 0 0.00% 31 28 14 50.00% 7 

Computer programming, 
consultancy and related activities 

62 86 11 12.79% 7 90 55 61.11% 5 

Information service activities 63 34 4 11.76% 12 31 15 48.39% 8 
Financial service activities, 
except insurance and pension 
funding 

64 44 6 13.64% 6 56 35 62.50% 3 

Insurance and pension funding 65 15 1 6.67% 18 39 24 61.54% 4 
Activities auxiliary to financial 
service and insurance activities 

66 48 3 6.25% 21 70 40 57.14% 6 

Real estate activities 68 104 2 1.92% 28 120 23 19.17% 28 
Rental and leasing activities; 
except real estate 

69 30 0 0.00% 31 20 4 20.00% 27 

Research and development 70 46 9 19.57% 2 41 29 70.73% 1 
Professional services 71 135 13 9.63% 13 418 291 69.62% 2 
Architectural, engineering and 
other scientific technical services 

72 237 30 12.66% 9 213 52 24.41% 23 

Other professional, scientific and 
technical services 

73 32 5 15.63% 4 23 7 30.43% 17 

Business facilities management 
and landscape services 

74 222 7 3.15% 25 195 47 24.10% 24 

Business support services 75 444 22 4.95% 22 508 139 27.36% 19 
Education 85 95 7 7.37% 16 83 40 48.19% 10 
Human health activities 86 286 9 3.15% 26 214 84 39.25% 14 
Social work activities 87 108 0 0.00% 31 51 9 17.65% 29 
Creative, arts and recreation 
related services 

90 22 1 4.55% 23 17 2 11.76% 33 

Sports activities and amusement 
activities 

91 50 0 0.00% 31 35 9 25.71% 22 

Maintenance and Repair Services 95 104 2 1.92% 27 84 17 20.24% 26 
Other Personal Services 
Activities 

96 60 5 8.33% 14 41 7 17.07% 31 

Total  4,155 349 8.40%  4,000 1,531 38.28%  
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Table 3.4 and Table 3.5 present the frequencies of overall cases, innovation 

cases, innovation rate, and rank of regions on both manufacturing and service 

industries in KIS 2014 and KIS 2016, respectively. Top regions having the highest 

innovation success rate across the industries are Seoul, Incheon, and 

Chungcheongbuk-do in 2014, and Seoul, Busan, and Daegu in 2016. These top 

regions are chosen to explore significant influencing innovation factors and 

typological behaviors at the regional level between manufacturing and service 

industries in module 3 of theme#2 at chapter 4 as a case study in a cross-sectional 

perspective. 

Table 3.6 and Table 3.7 present the innovation success rate across the region 

and sub-sectors on both manufacturing and service industries in KIS 2014 and KIS 

2016, respectively. Top regional sub-sectors having the highest innovation success 

rate under sufficient sample size, that are over 50% innovation success rate with 

total cases over 10 cases and over 5 cases in successful innovation, are manufacture 

of electrical equipment (KSIC 28) in Incheon, manufacture of pharmaceuticals, 

medicinal chemical and botanical products (KSIC 21) in Seoul, and manufacture of 

medical, precision and optical instruments, watches and clocks (KSIC 27) in Daejeon 

in KIS 2014, and manufacture of electronic components, computer, visual, sounding 

and communication equipment (KSIC 26) in Seoul, manufacture of food products 

(KSIC 10) in ChungCheongnam-do, and research and development (KSIC 70) in 

Seoul. These top regional sub-sectors are chosen to explore significant influencing 

factors and typological behaviors at the regional and sectoral levels in module 3 of 

theme#2 at chapter 4 as a case study for as top regional sub-sectors in Korea. 

 

 



 

 

 

59 

Table 3.4 Frequencies of cases and innovation rate of regions in KIS 2014 

Regions 

KIS 2014 

Manufacturing industry Service industry 

Overall 
case 

Innovation 
case 

Innovation 
rate 

Rank 
Overall 

case 
Innovation 

case 
Innovation 

rate 
Rank 

Busan 379 76 20.05% 11 351 22 6.27% 12 
Chungcheongbuk 177 44 24.86% 7 70 6 8.57% 5 
ChungCheongnam 209 47 22.49% 10 78 3 3.85% 15 

Daegu 190 44 23.16% 9 186 14 7.53% 9 
Daejeon 102 33 32.35% 3 111 8 7.21% 10 
Ganwon 56 13 23.21% 8 81 7 8.64% 4 

Gwangju 95 18 18.95% 12 119 4 3.36% 16 
Gyeongbuk 279 47 16.85% 15 86 7 8.14% 6 
Gyeonggi 1,180 306 25.93% 6 651 51 7.83% 7 

Gyeonnam 347 64 18.44% 13 110 6 5.45% 13 
Incheon 196 57 29.08% 4 150 13 8.67% 3 
Jeju 7 4 57.14% 1 44 2 4.55% 14 

Jeollabuk 126 16 12.70% 16 87 9 10.34% 1 
Jeollnam 104 18 17.31% 14 88 6 6.82% 11 
Sejong 7 2 28.57% 5 6 0 0.00% 17 

Seoul 477 162 33.96% 2 1,873 186 9.93% 2 
Ulsan 144 16 11.11% 17 64 5 7.81% 8 

Total 4,075 967 23.73%  4,155 349 8.40%  

 

Table 3.5 Frequencies of cases and innovation rate of regions in KIS 2016 

Regions 

KIS 2014 

Manufacturing industry Service industry 

Overall 

case 

Innovation 

case 

Innovation 

rate 

Ran

k 

Overall 

case 

Innovation 

case 

Innovation 

rate 

Ran

k 

Busan 248 120 48.39% 9 212 58 27.36% 4 

Chungcheongbuk 173 86 49.71% 7 64 10 15.63% 13 
ChungCheongnam 224 110 49.11% 8 67 11 16.42% 12 
Daegu 198 111 56.06% 3 102 25 24.51% 5 

Daejeon 78 45 57.69% 2 97 17 17.53% 10 
Ganwon 55 16 29.09% 17 60 8 13.33% 15 
Gwangju 90 35 38.89% 10 74 13 17.57% 9 

Gyeongbuk 315 118 37.46% 11 84 17 20.24% 7 
Gyeonggi 1,293 406 31.40% 16 589 176 29.88% 3 
Gyeonnam 408 136 33.33% 12 89 19 21.35% 6 

Incheon 325 176 54.15% 5 135 24 17.78% 8 
Jeju 4 2 50.00% 6 35 1 2.86% 16 
Jeollabuk 89 29 32.58% 13 52 18 34.62% 2 

Jeollnam 91 29 31.87% 14 60 10 16.67% 11 
Sejong 21 14 66.67% 1 7 - 0.00% 17 
Seoul 256 141 55.08% 4 2219 1,116 50.29% 1 

Ulsan 132 42 31.82% 15 54 8 14.81% 14 

Total 4,000 1,616 40.40%  4,000 1,531 38.28%  
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Table 3.6 Innovation success rate across the regions and sectors in KIS 2014 

Sectoral 

code 

Busan Chung 

Cheong 

buk 

Chung 

Cheong 

nam 

Daegu Daejeon Ganwon Gwang 

ju 

Gyeong 

buk 

Gyeong 

gi 

Gyeon 

nam 

Incheon Jeju Jeolla 

buk 

Jeoll 

nam 

Sejong Seoul Ulsan Nation 

wide 

10 11.11% 44.44% 35.00% 7.69% 0.00% 22.22% 20.00% 50.00% 21.82% 58.33% 44.44% 100.00% 35.71% 66.67% 50.00% 53.57%  34.17% 

11 0.00%   0.00% 100.00% 0.00%  50.00%  0.00%   0.00% 100.00%  50.00%  33.33% 

13 23.53% 0.00% 0.00% 17.39% 100.00%  0.00% 4.00% 6.38% 25.00% 0.00%  20.00% 0.00%  26.92% 0.00% 13.69% 

14 18.18%  0.00% 20.00% 0.00% 0.00%  0.00% 30.00% 0.00% 0.00%  14.29%   9.38% 0.00% 11.82% 

15 23.08%  0.00%      33.33% 75.00%      8.33%  25.00% 

16 16.67% 0.00%  0.00%   0.00% 50.00% 25.00% 0.00% 18.18%  0.00% 0.00%   50.00% 17.50% 

17 0.00% 0.00% 33.33% 14.29%  0.00%  11.11% 16.67% 0.00% 0.00%  0.00% 0.00%  11.76% 0.00% 12.90% 

18 0.00% 0.00%  50.00%   0.00% 0.00% 15.38% 0.00% 50.00%     4.55%  12.70% 

19 0.00% 0.00%  0.00% 0.00%    0.00% 0.00% 0.00%     25.00%  5.88% 

20 71.43% 58.33% 21.43% 0.00% 66.67% 50.00% 0.00% 33.33% 39.53% 45.45% 31.58% 100.00% 11.11% 40.00%  38.10% 20.00% 36.99% 

21 0.00% 60.00% 0.00%  50.00% 100.00%  0.00% 55.56%  0.00%  0.00% 0.00%  76.92% 0.00% 54.55% 

22 9.09% 22.22% 22.73% 16.67%  40.00% 0.00% 20.69% 21.15% 29.63% 33.33%  20.00% 12.50%  20.00% 100.00% 21.00% 

23 0.00% 12.50% 18.18% 33.33% 100.00% 14.29% 0.00% 22.73% 20.93% 14.29% 25.00% 0.00% 0.00% 11.11% 0.00% 50.00% 0.00% 17.58% 

24 3.57% 25.00% 33.33% 0.00% 0.00% 0.00% 0.00% 7.14% 20.00% 13.79% 10.00%  25.00% 40.00%  17.65% 33.33% 14.44% 

25 18.06% 15.79% 11.76% 35.00% 6.67% 0.00% 7.14% 5.71% 17.69% 11.76% 28.57%  0.00% 16.67%  37.84% 5.26% 16.37% 

26 25.00% 33.33% 50.00% 0.00% 41.18%  66.67% 23.81% 33.96% 25.00% 38.46%  25.00% 0.00% 0.00% 34.92% 66.67% 34.53% 

27 28.57% 0.00% 33.33% 30.00% 75.00% 100.00% 50.00% 0.00% 35.59% 0.00% 60.00%  0.00% 0.00%  48.00% 0.00% 39.86% 

28 42.11% 0.00% 10.00% 55.56% 50.00% 0.00% 60.00% 0.00% 38.74% 15.38% 76.92%  33.33% 33.33%  64.29% 20.00% 37.02% 

29 29.23% 20.00% 27.27% 27.59% 25.00% 20.00% 14.29% 13.79% 24.53% 20.34% 21.74%  20.00% 15.38%  38.46% 4.55% 23.64% 

30 18.18% 37.50% 12.20% 23.33% 0.00% 33.33% 12.50% 23.08% 35.29% 20.00% 18.18%  0.00% 33.33% 50.00% 50.00% 15.79% 22.43% 

31 14.29%  33.33% 0.00%    0.00% 14.29% 5.88%   0.00% 0.00%  100.00% 4.44% 6.49% 

32 33.33% 0.00%    0.00% 100.00% 100.00% 23.33% 0.00% 10.00%  33.33%   0.00%  23.73% 

33 14.29%    33.33% 0.00% 0.00% 0.00% 3.85%  33.33%  0.00% 0.00%  33.33%  16.42% 

45 0.00%   0.00% 66.67% 0.00% 0.00%  11.11% 0.00% 0.00%  0.00%   14.29%  12.77% 

46 6.58% 25.00% 33.33% 0.00% 0.00% 33.33% 0.00% 0.00% 9.65% 0.00% 15.38% 0.00% 0.00% 0.00% 0.00% 16.33% 11.11% 12.28% 

47 22.22% 0.00% 0.00% 0.00% 0.00% 33.33% 20.00% 0.00% 5.26% 0.00% 0.00% 0.00% 50.00% 0.00%  14.86% 0.00% 12.50% 

49 3.57% 20.00% 0.00% 6.52% 13.33% 0.00% 3.45% 21.05% 7.25% 5.00% 14.29% 20.00% 18.18% 5.88% 0.00% 1.52% 0.00% 6.63% 

50 0.00%     0.00%  0.00% 0.00% 0.00% 0.00% 0.00%  25.00%  8.70% 0.00% 7.14% 

51 0.00%               0.00%  0.00% 

52 13.04% 0.00% 0.00%  0.00% 0.00% 0.00% 0.00% 16.67% 28.57% 20.00%  0.00% 0.00%  2.82% 0.00% 7.88% 
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Sectoral 

code 

Busan Chung 

Cheong 

buk 

Chung 

Cheong 

nam 

Daegu Daejeon Ganwon Gwang 

ju 

Gyeong 

buk 

Gyeong 

gi 

Gyeon 

nam 

Incheon Jeju Jeolla 

buk 

Jeoll 

nam 

Sejong Seoul Ulsan Nation 

wide 

55 33.33% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  3.45% 0.00% 3.17% 

56 22.22%  0.00%  0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 50.00% 33.33% 0.00% 0.00%  31.91% 66.67% 23.08% 

58 25.00%   0.00% 14.29% 66.67%  0.00% 10.53%    25.00%   17.68% 0.00% 17.41% 

59 0.00%   0.00% 0.00% 0.00% 0.00%  0.00%    0.00%   9.52%  6.45% 

60  0.00%  33.33% 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%   100.00% 0.00%  0.00%  13.64% 

61 0.00%  0.00%  0.00%  0.00% 0.00% 0.00%       0.00%  0.00% 

62 0.00%   0.00% 0.00%   0.00% 8.33% 0.00%      16.39% 0.00% 12.79% 

63    100.00%     0.00%    0.00% 0.00%  11.54%  11.76% 

64 25.00%   75.00%   0.00% 0.00% 0.00% 0.00% 0.00%     6.67%  13.64% 

65         0.00%       7.14%  6.67% 

66 0.00%   0.00%    0.00%        6.67%  6.25% 

68 0.00% 0.00%  0.00% 0.00%  0.00% 0.00% 6.25% 0.00% 0.00% 0.00% 0.00%   1.67%  1.92% 

69  0.00% 0.00% 0.00% 0.00%  0.00%  0.00% 0.00%  0.00%    0.00%  0.00% 

70  0.00%   0.00%   0.00% 28.57%  50.00%     16.00% 0.00% 19.57% 

71 40.00%   100.00% 0.00%  0.00% 0.00% 12.50% 0.00% 0.00% 0.00%  0.00% 0.00% 4.04% 100.00% 9.63% 

72 4.17%  0.00% 25.00% 25.00% 33.33% 0.00% 10.00% 6.38% 0.00% 25.00%  0.00% 0.00%  18.58% 0.00% 12.66% 

73 0.00%  0.00% 0.00%     50.00%       14.81%  15.63% 

74 5.26% 0.00% 0.00% 11.11% 0.00% 0.00% 0.00% 0.00% 11.54% 0.00% 0.00%  14.29% 0.00% 0.00% 0.99% 0.00% 3.15% 

75 0.00% 0.00% 14.29% 4.55% 0.00% 14.29% 7.14% 7.14% 10.00% 11.76% 0.00% 0.00% 0.00% 13.33%  3.53% 0.00% 4.95% 

85 0.00% 0.00% 0.00% 0.00% 25.00%  0.00%  0.00% 0.00% 0.00% 0.00%  0.00%  18.18% 0.00% 7.37% 

86 0.00% 12.50% 0.00% 0.00% 10.00% 0.00% 0.00% 33.33% 7.58% 0.00% 0.00% 0.00% 0.00% 10.00%  0.00% 0.00% 3.15% 

87 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  0.00% 0.00% 0.00% 

90 0.00%        16.67% 0.00%  0.00%   0.00% 0.00%  4.55% 

91 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  0.00%  0.00% 

95 12.50% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 5.26% 0.00% 1.92% 

96 0.00% 0.00%  0.00% 0.00% 20.00% 50.00% 0.00% 10.00% 0.00% 0.00%  0.00% 50.00%  5.26% 0.00% 8.33% 

Total 13.42% 20.24% 17.42% 15.43% 19.25% 14.60% 10.28% 14.79% 19.50% 15.32% 20.23% 11.76% 11.74% 12.50% 15.38% 14.81% 10.10% 8.40% 
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Table 3.7 Innovation success rate across the regions and sub-sectors in KIS 2016  

Sectoral 

code 

Busan Chung 

Cheong 

buk 

Chung 

Cheong 

nam 

Daegu Daejeon Ganwon Gwang 

ju 

Gyeong

buk 

Gyeong 

gi 

Gyeon 

nam 

Incheon Jeju Jeolla 

buk 

Jeoll 

nam 

Sejong Seoul Ulsan Nation 

wide 

10 61.11% 61.11% 87.50% 100.00% 100.00% 14.29% 66.67% 44.44% 30.16% 70.00% 63.64% 50.00% 72.73% 55.56% 0.00% 100.00% 50.00% 53.11% 

11 50.00% 100.00% 100.00%   33.33%  25.00% 0.00% 0.00%   0.00%   0.00% 0.00% 30.00% 

13 11.11% 50.00% 0.00% 8.00% 0.00% 0.00%  22.73% 8.33% 0.00% 33.33%  0.00% 0.00%  18.18% 0.00% 12.80% 

14 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 10.00% 0.00% 0.00%  0.00% 0.00%  50.70%  32.17% 

15 42.86% 50.00%       10.00%  0.00%     100.00% 0.00% 40.74% 

16 66.67% 0.00% 0.00% 100.00% 0.00%   50.00% 22.22% 0.00% 100.00%   50.00%  100.00%  51.52% 

17 100.00% 18.18% 40.00% 66.67% 100.00% 0.00% 100.00% 50.00% 31.91% 0.00% 0.00%  33.33% 0.00% 100.00% 100.00%  39.13% 

18 0.00%  0.00% 100.00%   0.00%  11.11% 0.00% 0.00%  0.00%   21.43%  19.05% 

19 33.33%  0.00% 0.00% 0.00% 0.00%   0.00% 20.00%   0.00%  0.00%  100.00% 15.79% 

20 85.71% 53.85% 45.45% 100.00% 100.00% 33.33% 0.00% 18.75% 34.48% 28.57% 42.86%  0.00% 42.86% 50.00% 71.43% 16.67% 39.63% 

21 100.00% 60.00% 66.67%  100.00% 100.00% 100.00% 0.00% 77.78%  100.00%   100.00% 100.00% 100.00%  79.31% 

22 61.90% 48.28% 45.00% 53.33% 60.00% 40.00% 22.22% 34.48% 24.29% 38.24% 60.61% 0.00% 14.29% 40.00% 0.00% 66.67% 100.00% 38.08% 

23 16.67% 28.57% 25.00% 0.00% 100.00% 12.50% 0.00% 8.00% 44.83% 11.11% 50.00% 100.00% 0.00% 0.00% 100.00% 66.67% 50.00% 27.27% 

24 31.82% 20.00% 7.69% 16.67% 60.00% 0.00% 33.33% 23.08% 23.08% 4.00% 36.84%  0.00% 20.00% 0.00% 33.33% 60.00% 23.67% 

25 24.14% 22.22% 13.04% 53.13% 25.00% 0.00% 15.38% 23.08% 14.29% 17.78% 30.56%  12.50% 16.67%  50.00% 23.08% 22.28% 

26 100.00% 81.82% 85.71% 86.67% 57.14%  50.00% 42.31% 42.33% 54.55% 61.54%  50.00% 100.00% 100.00% 89.19% 100.00% 57.22% 

27 20.00% 50.00% 62.50% 87.50% 83.33% 100.00% 66.67% 57.14% 34.33% 40.00% 25.00%  0.00% 0.00% 100.00% 27.27% 66.67% 43.71% 

28 61.90% 87.50% 50.00% 36.36% 100.00% 75.00% 20.00% 35.00% 44.14% 33.33% 60.00%  40.00% 60.00% 66.67% 55.56% 14.29% 46.85% 

29 65.22% 73.33% 80.00% 80.00% 45.45% 50.00% 50.00% 78.13% 38.71% 51.47% 71.43%  83.33% 71.43%  52.17% 35.71% 54.82% 

30 52.63% 43.75% 56.41% 66.67% 50.00% 25.00% 55.00% 67.57% 30.86% 45.83% 58.62%  53.33% 100.00% 100.00% 100.00% 48.15% 50.00% 

31 42.86%       0.00% 50.00% 16.36% 0.00%  100.00% 11.76%   7.69% 16.28% 

32 50.00% 50.00% 0.00% 50.00%  0.00%  42.86% 15.63% 0.00% 40.00%  0.00% 50.00%  0.00%  25.00% 

33 0.00%  0.00%  0.00%  50.00% 0.00% 21.43%  0.00%  0.00%   11.11%  13.89% 

45 0.00% 0.00% 0.00%  0.00% 0.00% 0.00%  0.00% 0.00% 0.00%  0.00%   35.00%  15.91% 

46 30.43% 12.50% 9.09% 33.33% 25.00% 33.33% 12.50% 18.75% 34.48% 50.00% 13.33% 25.00% 0.00% 33.33% 0.00% 55.13% 12.50% 44.58% 

47 0.00% 0.00%  0.00% 0.00% 0.00% 0.00% 40.00% 9.52% 0.00% 0.00% 0.00% 0.00% 0.00%  48.72%  29.79% 

49 29.63% 0.00% 11.11% 33.33% 42.86% 25.00% 50.00% 0.00% 26.00% 0.00% 26.32% 0.00% 22.22% 0.00%  26.37% 14.29% 22.78% 

50 0.00%       0.00% 0.00% 0.00% 0.00% 0.00%  0.00%  60.00% 0.00% 27.27% 

51   0.00%  0.00%    0.00% 0.00% 0.00%     45.45%  31.25% 

52 7.14% 0.00% 33.33% 0.00% 0.00% 0.00% 0.00% 0.00% 10.00% 0.00% 11.11%  0.00% 0.00%  55.56%  27.10% 
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55 42.86% 0.00% 0.00% 33.33% 0.00% 16.67% 0.00% 0.00% 0.00% 0.00%  0.00% 0.00%   80.95%  41.51% 

56 16.67% 0.00%  0.00% 0.00%   25.00% 7.69% 0.00% 100.00% 0.00% 100.00%   21.05% 0.00% 17.57% 

58 50.00% 100.00% 0.00% 75.00% 66.67%  66.67% 100.00% 68.18% 66.67%   100.00%   42.59% 100.00% 48.29% 

59    0.00%     20.00%  0.00%     50.00%  35.29% 

60  0.00%  100.00% 0.00% 50.00%  0.00% 0.00%  0.00% 0.00%    64.29% 0.00% 42.31% 

61 0.00%   0.00% 0.00%    25.00% 0.00% 0.00%     68.42%  50.00% 

62    0.00% 0.00%    43.75% 100.00%    0.00%  69.12% 0.00% 61.11% 

63    0.00%  0.00%   0.00%       62.50%  48.39% 

64 0.00%   0.00%   0.00%         67.31%  62.50% 

65         100.00%       60.53%  61.54% 

66 0.00%      0.00%  33.33%  0.00%     61.90%  57.14% 

68 0.00% 0.00%  33.33% 25.00%  0.00% 0.00% 0.00% 0.00% 0.00%  25.00%   26.67% 0.00% 19.17% 

69  0.00%      0.00% 0.00%  0.00%   0.00%  40.00% 0.00% 20.00% 

70   0.00%  60.00% 0.00%  100.00% 73.33%  0.00%   100.00%  86.67%  70.73% 

71 54.55% 0.00% 50.00% 25.00% 60.00% 0.00% 100.00% 100.00% 70.45% 50.00% 50.00%   0.00% 0.00% 72.16% 50.00% 69.62% 

72 14.29% 0.00% 0.00% 0.00% 0.00% 0.00% 50.00% 0.00% 18.00% 25.00% 12.50% 0.00%  0.00%  38.54% 33.33% 24.41% 

73 100.00%   0.00%     0.00%       29.41% 0.00% 30.43% 

74 0.00% 0.00% 40.00% 0.00% 0.00% 50.00% 0.00% 25.00% 40.00% 33.33% 10.00% 0.00% 33.33% 50.00% 0.00% 24.00% 50.00% 24.10% 

75 23.53% 33.33% 12.50% 6.67% 0.00% 0.00% 0.00% 14.29% 18.75% 31.25% 5.26% 0.00% 25.00% 0.00% 0.00% 37.68% 0.00% 27.36% 

85 40.00% 100.00% 66.67% 0.00% 50.00%  0.00% 0.00% 60.00%  0.00%  80.00% 0.00%  52.78% 100.00% 48.19% 

86 45.45% 28.57% 40.00% 42.86% 28.57% 0.00% 26.67% 62.50% 30.56% 44.44% 31.25%  62.50% 41.67%  50.00% 0.00% 39.25% 

87 100.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%  0.00% 0.00% 0.00%   60.00% 0.00% 17.65% 

90 0.00%        0.00% 0.00%  0.00%   0.00% 25.00%  11.76% 

91 50.00%  0.00% 100.00%  66.67% 0.00%  33.33% 0.00%  0.00%  0.00%  33.33%  25.71% 

95 42.86% 33.33% 0.00% 50.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 80.00% 0.00% 0.00% 0.00%  50.00% 0.00% 20.24% 

96 0.00%  0.00% 50.00% 0.00% 0.00% 0.00%  0.00%  0.00% 0.00%  0.00%  42.86%  17.07% 

Total 38.70% 40.51% 41.58% 45.33% 35.43% 20.87% 29.27% 33.83% 30.92% 31.19% 43.48% 7.69% 33.33% 25.83% 50.00% 50.79% 26.88% 38.28% 
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Based on cross-tabulation analysis and χ2 test, hypotheses testing results 

of difference on success of innovation between manufacturing and service industries 

at the industrial, sectoral, and regional levels are presented in Table 3.8 with 

statistics of p-value. 

 

Table 3.8 Hypotheses testing results of cross-tabulation analysis 

Hypotheses Level Focus Year Category Model 
Total 
valid 
cases 

Pearson 
Chi-Square 

Asymptotic 
significance 

Result 

H1 Industrial 
Period 

(2014 vs. 
2016) 

n/a Mfg. Ind. H1_M1 8,075 257.836* 0.000 Accepted 

n/a Svc. Ind. H1_S1 8,155 1025.447* 0.000 Accepted 

H2 Industrial 
Industries 
(Mfg. Ind. 

vs. Svc. Ind.) 

2014 n/a H2_2014 8,230 359.938* 0.000 Accepted 

2016 n/a H2_2016 8,000 3.785 0.052 Rejected 

H3 Corporate 
Firm size 
(statuary 

type) 

2014 Mfg. Ind. H3_2014M 4,075 271.802* 0.000 Accepted 

2014 Svc. Ind. H3_2014S 4,155 39.853* 0.000 Accepted 

2016 Mfg. Ind. H3_2016M 4,000 430.410* 0.000 Accepted 

2016 Svc. Ind. H3_2016S 4,000 436.794* 0.000 Accepted 

H4 Regional 
Regions 

(Capital vs. 
others) 

2014 Mfg. Ind. H4_2014M 4,075 31.435* 0.000 Accepted 

2014 Svc. Ind. H4_2014S 4,155 8.196* 0.004 Accepted 

2016 Mfg. Ind. H4_2016M 4,000 27.167* 0.000 Accepted 

2016 Svc. Ind. H4_2016S 4,000 238.716* 0.000 Accepted 

H5 Regional 
Regions 

(Metropolitan 
vs. others) 

2014 Mfg. Ind. H5_2014M 4,075 5.258* 0.022 Accepted 

2014 Svc. Ind. H5_2014S 4,155 2.192 0.139 Rejected 

2016 Mfg. Ind. H5_2016M 4,000 83.960* 0.000 Accepted 

2016 Svc. Ind. H5_2016S 4,000 124.899* 0.000 Accepted 

H6 Regional 
Regions 

(all region 
units) 

2014 Mfg. Ind. H6_2014M 4,075 83.008* 0.000 Accepted 

2014 Svc. Ind. H6_2014S 4,155 17.880 0.331 Rejected 

2016 Mfg. Ind. H6_2016M 4,000 169.460* 0.000 Accepted 

2016 Svc. Ind. H6_2016S 4,000 340.474* 0.000 Accepted 

H7 Sectoral 

Sectors 
(all sub-
industrial 

units) 

2014 Mfg. Ind. H7_2014M 4,075 216.766* 0.000 Accepted 

2014 Svc. Ind. H7_2014S 4,155 146.671* 0.000 Accepted 

2016 Mfg. Ind. H7_2016M 4,000 340.875* 0.000 Accepted 

2016 Svc. Ind. H7_2016S 4,000 451.938* 0.000 Accepted 

H8 
Regional 

and 
Sectoral 

Regions and 
sectors 

(all regions 
and sub-
industrial 

units) 

2014 Mfg. Ind. H8_2014M 967 616.200* 0.000 Accepted 

2014 Svc. Ind. H8_2014S 349 541.902* 0.000 Accepted 

2016 Mfg. Ind. H8_2016M 1,616 1123.935* 0.000 Accepted 

2016 Svc. Ind. H8_2016S 1,531 876.014* 0.000 Accepted 

* p-value < 0.05 
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Among all the 28 models for testing hypotheses from H1 to H8, 3 models 

reject hypotheses, and the 25 models support hypotheses. Overall, hypotheses of H1, 

H3, H4, H7, and H8 are accepted, and H2, H5 and H6 are rejected according to the 

sub-models as seen in Table 3.8. 

Regarding hypotheses accepted from cross-tabulation analysis and chi-

square test, details and inferences are as follows. H1 at the industrial level for testing 

difference on innovation success and failure over the years at both manufacturing 

industry and service industries is accepted with model of H1_M1 and H1_S1 at p-

value of 0.000. On manufacturing industry, successful innovation rates were 12.0% 

in KIS 2014 and 20.0% in KIS 2016 among the total 8,075 cases as seen in Table 

3.9. And successful innovation rates were 4.3% in KIS 2014 and 18.8% in KIS 2016 

under the total 8,155 cases on service industry as seen in Table 3.10. These rates 

are certainly different on the innovation success. 

 

Table 3.9 Cross-tabulation on manufacturing industry over the years 

  
Year 

Total 
2014 2016 

Innovation 

Failure 

Count 3108 2384 5492 

Expected Count 2771.5 2720.5 5492.0 

% within innovation 56.6% 43.4% 100.0% 

% within year 76.3% 59.6% 68.0% 

% of Total 38.5% 29.5% 68.0% 

Success 

Count 967 1616 2583 

Expected Count 1303.5 1279.5 2583.0 

% within innovation 37.4% 62.6% 100.0% 

% within year 23.7% 40.4% 32.0% 

% of Total 12.0% 20.0% 32.0% 

Total 

Count 4075 4000 8075 

Expected Count 4075.0 4000.0 8075.0 

% within innovation 50.5% 49.5% 100.0% 

% within year 100.0% 100.0% 100.0% 

% of Total 50.5% 49.5% 100.0% 
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Table 3.10 Cross-tabulation on service industry over the years 

  
Year 

Total 
2014 2016 

Innovation 

Failure 

Count 3806 2469 6275 

Expected Count 3197.1 3077.9 6275.0 

% within innovation 60.7% 39.3% 100.0% 

% within year 91.6% 61.7% 76.9% 

% of Total 46.7% 30.3% 76.9% 

Success 

Count 349 1531 1880 

Expected Count 957.9 922.1 1880.0 

% within innovation 18.6% 81.4% 100.0% 

% within year 8.4% 38.3% 23.1% 

% of Total 4.3% 18.8% 23.1% 

Total 

Count 4155 4000 8155 

Expected Count 4155.0 4000.0 8155.0 

% within innovation 51.0% 49.0% 100.0% 

% within year 100.0% 100.0% 100.0% 

% of Total 51.0% 49.0% 100.0% 

 

H3 is accepted at the corporate level for testing difference on innovation 

success and failure by firm size (statuary type) in both manufacturing and service 

industries at each period based on the results of models of H3_2014M, H3_2014S, 

H3_2016M, and H3_2016S at significance level of 0.001. In KIS 2014, successful 

innovation rates of large-sized firm, medium-sized firm, and small-sized firm were 

3.5%, 9.7%, and 10.6%, respectively, among the total 4,075 cases in manufacturing 

industry, and successful innovation rates of large-sized firm, medium-sized firm, and 

small-sized firm were 0.9%, 3.9%, and 3.6%, respectively, among the total 4,155 

cases in service industry as seen in Table 3.11. These rates are surely different on 

the innovation success by firm size on both industries in 2014. Also, in KIS 2016, 

successful innovation rates of large-sized firm, medium-sized firm, and small-sized 

firm were 3.7%, 19.8%, and 17.6%, respectively, among the total 4,000 cases 

respectively in manufacturing industry, and successful innovation rates of large-sized 

firm, medium-sized firm, and small-sized firm were 7.8%, 18.0%, and 12.5%, 
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respectively, among the total 4,000 cases in service industry as seen in Table 3.12. 

These rates are surely different on the innovation success by firm size on both 

industries in 2016. 

Table 3.11 Cross-tabulation on both the industries in KIS 2014  

 Manufacturing industry Service industry 

 

Statuary Type 

Total 

Statuary Type 

Total 
Large 
sized 

firm 

Medium 
sized 

firm 

Small 
sized 

firm 

Large 
sized 

firm 

Medium 
sized 

firm 

Small 
sized 

firm 

Innovation 

Failure 

Count 88 920 2100 3108 181 1469 2156 3806 

Expected Count 174.7 1002.2 1931.2 3108.0 200.6 1494.9 2110.5 3806.0 

% within innovation 2.8% 29.6% 67.6% 100.0% 4.8% 38.6% 56.6% 100.0% 

% within year 38.4% 70.0% 82.9% 76.3% 82.6% 90.0% 93.6% 91.6% 

% of Total 2.2% 22.6% 51.5% 76.3% 4.4% 35.4% 51.9% 91.6% 

Success 

Count 141 394 432 967 38 163 148 349 

Expected Count 54.3 311.8 600.8 967.0 18.4 137.1 193.5 349.0 

% within innovation 14.6% 40.7% 44.7% 100.0% 10.9% 46.7% 42.4% 100.0% 

% within year 61.6% 30.0% 17.1% 23.7% 17.4% 10.0% 6.4% 8.4% 

% of Total 3.5% 9.7% 10.6% 23.7% .9% 3.9% 3.6% 8.4% 

Total 

Count 229 1314 2532 4075 219 1632 2304 4155 

Expected Count 229.0 1314.0 2532.0 4075.0 219.0 1632.0 2304.0 4155.0 
% within innovation 5.6% 32.2% 62.1% 100.0% 5.3% 39.3% 55.5% 100.0% 
% within year 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 5.6% 32.2% 62.1% 100.0% 5.3% 39.3% 55.5% 100.0% 

 

Table 3.12 Cross-tabulation on both the industries in KIS 2016 

 Manufacturing industry Service industry 

 

Statuary Type 

Total 

Statuary Type 

Total 
Large 
sized 

firm 

Medium 
sized 

firm 

Small 
sized 

firm 

Large 
sized 

firm 

Medium 
sized 

firm 

Small 
sized 

firm 

Innovation 

Failure 

Count 40 594 1750 2384 114 808 1547 2469 

Expected Count 110.9 826.1 1447.1 2384.0 262.9 942.5 1263.5 2469.0 

% within innovation 1.7% 24.9% 73.4% 100.0% 4.6% 32.7% 62.7% 100.0% 

% within year 21.5% 42.9% 72.1% 59.6% 26.8% 52.9% 75.6% 61.7% 

% of Total 1.0% 14.9% 43.8% 59.6% 2.9% 20.2% 38.7% 61.7% 

Success 

Count 146 792 678 1616 312 719 500 1531 

Expected Count 75.1 559.9 980.9 1616.0 163.1 584.5 783.5 1531.0 

% within innovation 9.0% 49.0% 42.0% 100.0% 20.4% 47.0% 32.7% 100.0% 

% within year 78.5% 57.1% 27.9% 40.4% 73.2% 47.1% 24.4% 38.3% 

% of Total 3.7% 19.8% 17.0% 40.4% 7.8% 18.0% 12.5% 38.3% 

Total 

Count 186 1386 2428 4000 426 1527 2047 4000 

Expected Count 186.0 1386.0 2428.0 4000.0 426.0 1527.0 2047.0 4000.0 
% within innovation 4.7% 34.7% 60.7% 100.0% 10.7% 38.2% 51.2% 100.0% 
% within year 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 4.7% 34.7% 60.7% 100.0% 10.7% 38.2% 51.2% 100.0% 
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H4 at the regional level for examining difference on innovation success and 

failure between the capital and the other areas in both manufacturing and service 

industries at each period is accepted based on the result of four models of 

H4_2014M, H4_2014S, H4_2016M, and H4_2016S at significance level of 0.05. 

In KIS 2014, successful innovation rates of capital and another area were 

11.5% and 12.2%, respectively, and failure rates were 29.2% and 47.1%, respectively, 

among the total 4,075 cases in manufacturing industry. And successful innovation 

rates of capital and the other areas were 5.7% and 2.7%, respectively, and failure 

rates were 55.0% and 36.6%, respectively among the total 4,155 cases in service 

industry as seen in Table 3.13. These rates are surely different on the innovation 

success by regional location regarding whether firm locates capital area or not on 

both industries in 2014.  

Also, in KIS 2016, successful innovation rates of capital and the other areas 

were 13.7% and 26.7%, respectively, and failure rates were 25.1% and 34.6%, 

respectively, among the total 4,000 cases in manufacturing industry. And successful 

innovation rates of capital and the other areas were 32.3% and 6.0%, respectively, 

and failure rates were 37.9% and 23.8%, respectively, among the total 4,000 cases 

in service industry as seen in Table 3.14. These rates are certainly different on the 

innovation success by regional location regarding whether firm locates capital area 

or not on both the industries in 2016. 
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Table 3.13 Cross-tabulation on capital area of both the industries in KIS 2014  

  

Manufacturing industry Service industry 

Capital 

Area 

Out of 

Capital 

Area 

Total 
Capital 

Area 

Out of 

Capital 

Area 

Total 

Innovation 

Failure 

Count 1189 1919 3108 2287 1519 3806 

Expected Count 1263.8 1844.2 3108.0 2312.0 1494.0 3806.0 

% within Innovation 38.3% 61.7% 100.0% 60.1% 39.9% 100.0% 

% within region of capital 71.8% 79.4% 76.3% 90.6% 93.1% 91.6% 

% of Total 29.2% 47.1% 76.3% 55.0% 36.6% 91.6% 

Success 

Count 468 499 967 237 112 349 

Expected Count 393.2 573.8 967.0 212.0 137.0 349.0 

% within Innovation 48.4% 51.6% 100.0% 67.9% 32.1% 100.0% 

% within region of capital 28.2% 20.6% 23.7% 9.4% 6.9% 8.4% 

% of Total 11.5% 12.2% 23.7% 5.7% 2.7% 8.4% 

Total 

Count 1657 2418 4075 2524 1631 4155 

Expected Count 1657.0 2418.0 4075.0 2524.0 1631.0 4155.0 

% within Innovation 40.7% 59.3% 100.0% 60.7% 39.3% 100.0% 

% within region of capital 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 40.7% 59.3% 100.0% 60.7% 39.3% 100.0% 

 

Table 3.14 Cross-tabulation on capital area of both the industries in KIS 2016 

 

Manufacturing industry Service industry 

Capital 

Area 

Out of 

Capital 

Area 

Total 
Capital 

Area 

Out of 

Capital 

Area 

Total 

Innovation 

Failure 

Count 1002 1382 2384 1516 953 2469 

Expected Count 923.2 1460.8 2384.0 1733.2 735.8 2469.0 

% within Innovation 42.0% 58.0% 100.0% 61.4% 38.6% 100.0% 

% within region of capital 64.7% 56.4% 59.6% 54.0% 79.9% 61.7% 

% of Total 25.1% 34.6% 59.6% 37.9% 23.8% 61.7% 

Success 

Count 547 1069 1616 1292 239 1531 

Expected Count 625.8 990.2 1616.0 1074.8 456.2 1531.0 

% within Innovation 33.8% 66.2% 100.0% 84.4% 15.6% 100.0% 

% within region of capital 35.3% 43.6% 40.4% 46.0% 20.1% 38.3% 

% of Total 13.7% 26.7% 40.4% 32.3% 6.0% 38.3% 

Total 

Count 1549 2451 4000 2808 1192 4000 

Expected Count 1549.0 2451.0 4000.0 2808.0 1192.0 4000.0 

% within Innovation 38.7% 61.3% 100.0% 70.2% 29.8% 100.0% 

% within region of capital 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 38.7% 61.3% 100.0% 70.2% 29.8% 100.0% 
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H7 at the sectoral level for testing difference on innovation success and 

failure between the sectors in both manufacturing and service industries at each 

period is accepted based on the results of models of H7_2014M, H7_2014S, 

H7_2016M, and H7_2016S at significance level of 0.001.  

In KIS 2014, successful innovation rates of each 23 sector were from 5.9% 

to 54.5% with average of 23.1%, and failure rates were from 45.5% to 94.1% with 

average of 76.9% among the total 4,075 cases in manufacturing industry as seen in 

Table 3.15. And successful innovation rates of each 33 sector were from 0.0% to 23.1% 

with average of 8.1%, and failure rates were from 76.9% to 100.0% with average of 

91.9% among the total 4,155 cases in service industry as seen in Table 3.16. These 

rates are quite different on the innovation success between sectors of both 

manufacturing and service industries in 2014.  

In KIS 2016, successful innovation rates of each 23 sector were from 12.8% 

to 79.3% with average of 36.2%, and failure rates were from 20.7% to 87.2% with 

average of 63.8% among the total 4,000 cases in manufacturing industry as seen in 

Table 3.17. And successful innovation rates of each 33 sector were from 11.8% to 

70.7% with average of 36.1%, and failure rates were from 29.3% to 88.2% with 

average of 63.9% among the total 4,000 cases in service industry as seen in Table 

3.18. These rates are reasonably different on the innovation success by sectors of 

both manufacturing and service industries in 2016.  
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Table 3.15 Cross-tabulation on sectors of manufacturing industry in KIS 2014 

Sectors 

Innovation 
Total 

Failure Success 
Count Expected 

Count 
% within 

Innovation 
% within 

sector 
% of 

Total 
Count Expected 

Count 
% within 

Innovation 
% within 

sector 
% of 

Total 
Count Expected 

Count 
% within 

Innovation 
% within 

sector 
% of  

Total 
10 158 183.0 5.1% 65.8% 3.9% 82 57.0 8.5% 34.2% 2.0% 240 240.0 5.9% 100.0% 5.9% 

11 12 13.7 .4% 66.7% .3% 6 4.3 .6% 33.3% .1% 18 18.0 .4% 100.0% .4% 

13 145 128.1 4.7% 86.3% 3.6% 23 39.9 2.4% 13.7% .6% 168 168.0 4.1% 100.0% 4.1% 

14 97 83.9 3.1% 88.2% 2.4% 13 26.1 1.3% 11.8% .3% 110 110.0 2.7% 100.0% 2.7% 

15 27 27.5 .9% 75.0% .7% 9 8.5 .9% 25.0% .2% 36 36.0 .9% 100.0% .9% 

16 33 30.5 1.1% 82.5% .8% 7 9.5 .7% 17.5% .2% 40 40.0 1.0% 100.0% 1.0% 

17 81 70.9 2.6% 87.1% 2.0% 12 22.1 1.2% 12.9% .3% 93 93.0 2.3% 100.0% 2.3% 

18 55 48.1 1.8% 87.3% 1.3% 8 14.9 .8% 12.7% .2% 63 63.0 1.5% 100.0% 1.5% 

19 16 13.0 .5% 94.1% .4% 1 4.0 .1% 5.9% .0% 17 17.0 .4% 100.0% .4% 

20 109 131.9 3.5% 63.0% 2.7% 64 41.1 6.6% 37.0% 1.6% 173 173.0 4.2% 100.0% 4.2% 

21 25 41.9 .8% 45.5% .6% 30 13.1 3.1% 54.5% .7% 55 55.0 1.3% 100.0% 1.3% 

22 237 228.8 7.6% 79.0% 5.8% 63 71.2 6.5% 21.0% 1.5% 300 300.0 7.4% 100.0% 7.4% 

23 136 125.8 4.4% 82.4% 3.3% 29 39.2 3.0% 17.6% .7% 165 165.0 4.0% 100.0% 4.0% 

24 154 137.3 5.0% 85.6% 3.8% 26 42.7 2.7% 14.4% .6% 180 180.0 4.4% 100.0% 4.4% 

25 424 386.7 13.6% 83.6% 10.4% 83 120.3 8.6% 16.4% 2.0% 507 507.0 12.4% 100.0% 12.4% 

26 218 254.0 7.0% 65.5% 5.3% 115 79.0 11.9% 34.5% 2.8% 333 333.0 8.2% 100.0% 8.2% 

27 86 109.1 2.8% 60.1% 2.1% 57 33.9 5.9% 39.9% 1.4% 143 143.0 3.5% 100.0% 3.5% 

28 165 199.8 5.3% 63.0% 4.0% 97 62.2 10.0% 37.0% 2.4% 262 262.0 6.4% 100.0% 6.4% 

29 436 435.5 14.0% 76.4% 10.7% 135 135.5 14.0% 23.6% 3.3% 571 571.0 14.0% 100.0% 14.0% 

30 249 244.8 8.0% 77.6% 6.1% 72 76.2 7.4% 22.4% 1.8% 321 321.0 7.9% 100.0% 7.9% 

31 144 117.5 4.6% 93.5% 3.5% 10 36.5 1.0% 6.5% .2% 154 154.0 3.8% 100.0% 3.8% 

32 45 45.0 1.4% 76.3% 1.1% 14 14.0 1.4% 23.7% .3% 59 59.0 1.4% 100.0% 1.4% 

33 56 51.1 1.8% 83.6% 1.4% 11 15.9 1.1% 16.4% .3% 67 67.0 1.6% 100.0% 1.6% 

Total 3,108 3,108.0 100.0% 76.3% 76.3% 967 967.0 100.0% 23.7% 23.7% 4,075 4075.0 100.0% 100.0% 100.0% 

Min    45.5%     5.9%       

Max    94.1%     54.5%       

Average    76.9%     23.1%       
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Table 3.16 Cross-tabulation on sectors of service industry in KIS 2014 

Sectors 

Innovation Total Failure Success 
Count Expected 

Count 
% within 

Innovation 
% within 

sector 
% of 

Total 
Count Expected 

Count 
% within 

Innovation 
% within 

sector 
% of 

Total 
Count Expected 

Count 
% within 

Innovation 
% within 

sector 
% of Total 

45 41 43.1 1.1% 87.2% 1.0% 6 3.9 1.7% 12.8% .1% 47 47.0 1.1% 100.0% 1.1% 
46 500 522.1 13.1% 87.7% 12.0% 70 47.9 20.1% 12.3% 1.7% 570 570.0 13.7% 100.0% 13.7% 
47 126 131.9 3.3% 87.5% 3.0% 18 12.1 5.2% 12.5% .4% 144 144.0 3.5% 100.0% 3.5% 
49 493 483.7 13.0% 93.4% 11.9% 35 44.3 10.0% 6.6% .8% 528 528.0 12.7% 100.0% 12.7% 
50 39 38.5 1.0% 92.9% .9% 3 3.5 .9% 7.1% .1% 42 42.0 1.0% 100.0% 1.0% 
51 10 9.2 .3% 100.0% .2% 0 .8 0.0% 0.0% 0.0% 10 10.0 .2% 100.0% .2% 
53 152 151.1 4.0% 92.1% 3.7% 13 13.9 3.7% 7.9% .3% 165 165.0 4.0% 100.0% 4.0% 
55 61 57.7 1.6% 96.8% 1.5% 2 5.3 .6% 3.2% .0% 63 63.0 1.5% 100.0% 1.5% 
56 70 83.4 1.8% 76.9% 1.7% 21 7.6 6.0% 23.1% .5% 91 91.0 2.2% 100.0% 2.2% 
58 185 205.2 4.9% 82.6% 4.5% 39 18.8 11.2% 17.4% .9% 224 224.0 5.4% 100.0% 5.4% 
59 29 28.4 .8% 93.5% .7% 2 2.6 .6% 6.5% .0% 31 31.0 .7% 100.0% .7% 
60 19 20.2 .5% 86.4% .5% 3 1.8 .9% 13.6% .1% 22 22.0 .5% 100.0% .5% 
61 16 14.7 .4% 100.0% .4% 0 1.3 0.0% 0.0% 0.0% 16 16.0 .4% 100.0% .4% 
62 75 78.8 2.0% 87.2% 1.8% 11 7.2 3.2% 12.8% .3% 86 86.0 2.1% 100.0% 2.1% 
63 30 31.1 .8% 88.2% .7% 4 2.9 1.1% 11.8% .1% 34 34.0 .8% 100.0% .8% 
64 38 40.3 1.0% 86.4% .9% 6 3.7 1.7% 13.6% .1% 44 44.0 1.1% 100.0% 1.1% 
65 14 13.7 .4% 93.3% .3% 1 1.3 .3% 6.7% .0% 15 15.0 .4% 100.0% .4% 
66 45 44.0 1.2% 93.8% 1.1% 3 4.0 .9% 6.3% .1% 48 48.0 1.2% 100.0% 1.2% 
68 102 95.3 2.7% 98.1% 2.5% 2 8.7 .6% 1.9% .0% 104 104.0 2.5% 100.0% 2.5% 
69 30 27.5 .8% 100.0% .7% 0 2.5 0.0% 0.0% 0.0% 30 30.0 .7% 100.0% .7% 
70 37 42.1 1.0% 80.4% .9% 9 3.9 2.6% 19.6% .2% 46 46.0 1.1% 100.0% 1.1% 
71 122 123.7 3.2% 90.4% 2.9% 13 11.3 3.7% 9.6% .3% 135 135.0 3.2% 100.0% 3.2% 
72 207 217.1 5.4% 87.3% 5.0% 30 19.9 8.6% 12.7% .7% 237 237.0 5.7% 100.0% 5.7% 
73 27 29.3 .7% 84.4% .6% 5 2.7 1.4% 15.6% .1% 32 32.0 .8% 100.0% .8% 
74 215 203.4 5.6% 96.8% 5.2% 7 18.6 2.0% 3.2% .2% 222 222.0 5.3% 100.0% 5.3% 
75 422 406.7 11.1% 95.0% 10.2% 22 37.3 6.3% 5.0% .5% 444 444.0 10.7% 100.0% 10.7% 
85 88 87.0 2.3% 92.6% 2.1% 7 8.0 2.0% 7.4% .2% 95 95.0 2.3% 100.0% 2.3% 
86 277 262.0 7.3% 96.9% 6.7% 9 24.0 2.6% 3.1% .2% 286 286.0 6.9% 100.0% 6.9% 
87 108 98.9 2.8% 100.0% 2.6% 0 9.1 0.0% 0.0% 0.0% 108 108.0 2.6% 100.0% 2.6% 
90 21 20.2 .6% 95.5% .5% 1 1.8 .3% 4.5% .0% 22 22.0 .5% 100.0% .5% 
91 50 45.8 1.3% 100.0% 1.2% 0 4.2 0.0% 0.0% 0.0% 50 50.0 1.2% 100.0% 1.2% 
95 102 95.3 2.7% 98.1% 2.5% 2 8.7 .6% 1.9% .0% 104 104.0 2.5% 100.0% 2.5% 
96 55 55.0 1.4% 91.7% 1.3% 5 5.0 1.4% 8.3% .1% 60 60.0 1.4% 100.0% 1.4% 

Total 3,806 3,806.0 100.0% 91.6% 91.6% 349 349.0 100.0% 8.4% 8.4% 4,155 4,155.0 100.0% 100.0% 100.0% 
Min    76.9%     0.0%       
Max    100.0%     23.1%       

Average    91.9%     8.1%       
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Table 3.17 Cross-tabulation on sectors of manufacturing industry in KIS 2016 

Sectors 

Innovation 
Total 

Failure Success 
Count Expected 

Count 
% within 

Innovation 
% within 

sector 
% of 

Total 
Count Expected 

Count 
% within 

Innovation 
% within 

sector 
% of 

Total 
Count Expected 

Count 
% within 

Innovation 
% within 

sector 
% of  

Total 
10 98 124.6 4.1% 46.9% 2.5% 111 84.4 6.9% 53.1% 2.8% 209 209.0 5.2% 100.0% 5.2% 

11 14 11.9 .6% 70.0% .4% 6 8.1 .4% 30.0% .2% 20 20.0 .5% 100.0% .5% 

13 109 74.5 4.6% 87.2% 2.7% 16 50.5 1.0% 12.8% .4% 125 125.0 3.1% 100.0% 3.1% 

14 78 68.5 3.3% 67.8% 2.0% 37 46.5 2.3% 32.2% .9% 115 115.0 2.9% 100.0% 2.9% 

15 16 16.1 .7% 59.3% .4% 11 10.9 .7% 40.7% .3% 27 27.0 .7% 100.0% .7% 

16 16 19.7 .7% 48.5% .4% 17 13.3 1.1% 51.5% .4% 33 33.0 .8% 100.0% .8% 

17 56 54.8 2.3% 60.9% 1.4% 36 37.2 2.2% 39.1% .9% 92 92.0 2.3% 100.0% 2.3% 

18 34 25.0 1.4% 81.0% .9% 8 17.0 .5% 19.0% .2% 42 42.0 1.1% 100.0% 1.1% 

19 16 11.3 .7% 84.2% .4% 3 7.7 .2% 15.8% .1% 19 19.0 .5% 100.0% .5% 

20 99 97.7 4.2% 60.4% 2.5% 65 66.3 4.0% 39.6% 1.6% 164 164.0 4.1% 100.0% 4.1% 

21 6 17.3 .3% 20.7% .2% 23 11.7 1.4% 79.3% .6% 29 29.0 .7% 100.0% .7% 

22 226 217.5 9.5% 61.9% 5.7% 139 147.5 8.6% 38.1% 3.5% 365 365.0 9.1% 100.0% 9.1% 

23 96 78.7 4.0% 72.7% 2.4% 36 53.3 2.2% 27.3% .9% 132 132.0 3.3% 100.0% 3.3% 

24 158 123.4 6.6% 76.3% 4.0% 49 83.6 3.0% 23.7% 1.2% 207 207.0 5.2% 100.0% 5.2% 

25 314 240.8 13.2% 77.7% 7.9% 90 163.2 5.6% 22.3% 2.3% 404 404.0 10.1% 100.0% 10.1% 

26 154 214.6 6.5% 42.8% 3.9% 206 145.4 12.7% 57.2% 5.2% 360 360.0 9.0% 100.0% 9.0% 

27 94 99.5 3.9% 56.3% 2.4% 73 67.5 4.5% 43.7% 1.8% 167 167.0 4.2% 100.0% 4.2% 

28 152 170.5 6.4% 53.1% 3.8% 134 115.5 8.3% 46.9% 3.4% 286 286.0 7.2% 100.0% 7.2% 

29 258 340.3 10.8% 45.2% 6.5% 313 230.7 19.4% 54.8% 7.8% 571 571.0 14.3% 100.0% 14.3% 

30 200 238.4 8.4% 50.0% 5.0% 200 161.6 12.4% 50.0% 5.0% 400 400.0 10.0% 100.0% 10.0% 

31 108 76.9 4.5% 83.7% 2.7% 21 52.1 1.3% 16.3% .5% 129 129.0 3.2% 100.0% 3.2% 

32 51 40.5 2.1% 75.0% 1.3% 17 27.5 1.1% 25.0% .4% 68 68.0 1.7% 100.0% 1.7% 

33 31 21.5 1.3% 86.1% .8% 5 14.5 .3% 13.9% .1% 36 36.0 .9% 100.0% .9% 

Total 2,384 2,384.0 100.0% 59.6% 59.6% 1,616 1,616.0 100.0% 40.4% 40.4% 4,000 4,000.0 100.0% 100.0% 100.0% 

Min    20.7%     12.8%       

Max    87.2%     79.3%       

Average    63.8%     36.2%       
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Table 3.18 Cross-tabulation on sectors of service industry in KIS 2016 

Sectors 

Innovation Total Failure Success 
Count Expected 

Count 
% within 

Innovation 
% within 

sector 
% of 

Total 
Count Expected 

Count 
% within 

Innovation 
% within 

sector 
% of 

Total 
Count Expected 

Count 
% within 

Innovation 
% within 

sector 
% of Total 

45 37 27.2 1.5% 84.1% .9% 7 16.8 .5% 15.9% .2% 44 44.0 1.1% 100.0% 1.1% 
46 353 393.2 14.3% 55.4% 8.8% 284 243.8 18.5% 44.6% 7.1% 637 637.0 15.9% 100.0% 15.9% 
47 99 87.0 4.0% 70.2% 2.5% 42 54.0 2.7% 29.8% 1.1% 141 141.0 3.5% 100.0% 3.5% 
49 217 173.4 8.8% 77.2% 5.4% 64 107.6 4.2% 22.8% 1.6% 281 281.0 7.0% 100.0% 7.0% 
50 16 13.6 .6% 72.7% .4% 6 8.4 .4% 27.3% .2% 22 22.0 .6% 100.0% .6% 
51 11 9.9 .4% 68.8% .3% 5 6.1 .3% 31.3% .1% 16 16.0 .4% 100.0% .4% 
53 78 66.0 3.2% 72.9% 2.0% 29 41.0 1.9% 27.1% .7% 107 107.0 2.7% 100.0% 2.7% 
55 31 32.7 1.3% 58.5% .8% 22 20.3 1.4% 41.5% .6% 53 53.0 1.3% 100.0% 1.3% 
56 61 45.7 2.5% 82.4% 1.5% 13 28.3 .8% 17.6% .3% 74 74.0 1.9% 100.0% 1.9% 
58 106 126.5 4.3% 51.7% 2.7% 99 78.5 6.5% 48.3% 2.5% 205 205.0 5.1% 100.0% 5.1% 
59 11 10.5 .4% 64.7% .3% 6 6.5 .4% 35.3% .2% 17 17.0 .4% 100.0% .4% 
60 15 16.0 .6% 57.7% .4% 11 10.0 .7% 42.3% .3% 26 26.0 .7% 100.0% .7% 
61 14 17.3 .6% 50.0% .4% 14 10.7 .9% 50.0% .4% 28 28.0 .7% 100.0% .7% 
62 35 55.6 1.4% 38.9% .9% 55 34.4 3.6% 61.1% 1.4% 90 90.0 2.3% 100.0% 2.3% 
63 16 19.1 .6% 51.6% .4% 15 11.9 1.0% 48.4% .4% 31 31.0 .8% 100.0% .8% 
64 21 34.6 .9% 37.5% .5% 35 21.4 2.3% 62.5% .9% 56 56.0 1.4% 100.0% 1.4% 
65 15 24.1 .6% 38.5% .4% 24 14.9 1.6% 61.5% .6% 39 39.0 1.0% 100.0% 1.0% 
66 30 43.2 1.2% 42.9% .8% 40 26.8 2.6% 57.1% 1.0% 70 70.0 1.8% 100.0% 1.8% 
68 97 74.1 3.9% 80.8% 2.4% 23 45.9 1.5% 19.2% .6% 120 120.0 3.0% 100.0% 3.0% 
69 16 12.3 .6% 80.0% .4% 4 7.7 .3% 20.0% .1% 20 20.0 .5% 100.0% .5% 
70 12 25.3 .5% 29.3% .3% 29 15.7 1.9% 70.7% .7% 41 41.0 1.0% 100.0% 1.0% 
71 127 258.0 5.1% 30.4% 3.2% 291 160.0 19.0% 69.6% 7.3% 418 418.0 10.5% 100.0% 10.5% 
72 161 131.5 6.5% 75.6% 4.0% 52 81.5 3.4% 24.4% 1.3% 213 213.0 5.3% 100.0% 5.3% 
73 16 14.2 .6% 69.6% .4% 7 8.8 .5% 30.4% .2% 23 23.0 .6% 100.0% .6% 
74 148 120.4 6.0% 75.9% 3.7% 47 74.6 3.1% 24.1% 1.2% 195 195.0 4.9% 100.0% 4.9% 
75 369 313.6 14.9% 72.6% 9.2% 139 194.4 9.1% 27.4% 3.5% 508 508.0 12.7% 100.0% 12.7% 
85 43 51.2 1.7% 51.8% 1.1% 40 31.8 2.6% 48.2% 1.0% 83 83.0 2.1% 100.0% 2.1% 
86 130 132.1 5.3% 60.7% 3.3% 84 81.9 5.5% 39.3% 2.1% 214 214.0 5.4% 100.0% 5.4% 
87 42 31.5 1.7% 82.4% 1.1% 9 19.5 .6% 17.6% .2% 51 51.0 1.3% 100.0% 1.3% 
90 15 10.5 .6% 88.2% .4% 2 6.5 .1% 11.8% .1% 17 17.0 .4% 100.0% .4% 
91 26 21.6 1.1% 74.3% .7% 9 13.4 .6% 25.7% .2% 35 35.0 .9% 100.0% .9% 
95 67 51.8 2.7% 79.8% 1.7% 17 32.2 1.1% 20.2% .4% 84 84.0 2.1% 100.0% 2.1% 
96 34 25.3 1.4% 82.9% .9% 7 15.7 .5% 17.1% .2% 41 41.0 1.0% 100.0% 1.0% 

Total 2,469 2,469.0 100.0% 61.7% 61.7% 1,531 1,531.0 100.0% 38.3% 38.3% 4,000 4,000.0 100.0% 100.0% 100.0% 
Min    29.3%     11.8%       
Max    88.2%     70.7%       

Average    63.9%     36.1%       
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H8 at the regional and sectoral differences on innovation success between 

the sectors and regions in both manufacturing and service industries at each period 

is accepted based on the results of models of H8_2014M, H8_2014S, H8_2016M, 

and H8_2016S with p-value of 0.000. 

In KIS 2014, successful innovation rates of each 17 regions on 23 sectors 

were from 0.0% to 100.0% with average of 22.6% among the total successful 

innovation 967 cases in manufacturing industry as seen in Table 3.19. And successful 

innovation rates of each 17 regions on 33 sectors were from 0.0% to 100.0% with 

average of 6.91% among the total 349 successful innovation cases in service industry 

as seen in Table 3.20. These rates are reasonably different on the innovation success 

between regions and sectors on both manufacturing and service industries in 2014.  

In KIS 2016, successful innovation rates of each 17 regions on 23 sectors 

were from 0.0% to 100.0% with average of 40.13% among the total 1,616 successful 

innovation cases in manufacturing industry as seen in Table 3.21. And successful 

innovation rates of each 17 regions on 33 sectors were from 0.0% to 100.0% with 

average of 21.14% among the total 1,531 successful innovation cases in service 

industry as seen in Table 3.22. These rates are quite different on the innovation 

success between regions and sectors on both manufacturing and service industries 

in 2016.  
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Table 3.19 Cross-tabulation on between regions and sectors in manufacturing industry in KIS 2014 

  
 Sector 

Total 
  

 10 11 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

R
egion

 

B
u
san

 

Count 2 0 4 2 3 1 0 0 0 5 0 3 0 1 13 2 2 8 19 6 2 2 1 76 

Expected Count 6.4 .5 1.8 1.0 .7 .6 .9 .6 .1 5.0 2.4 5.0 2.3 2.0 6.5 9.0 4.5 7.6 10.6 5.7 .8 1.1 .9 76.0 

% within region 2.6% 0.0% 5.3% 2.6% 3.9% 1.3% 0.0% 0.0% 0.0% 6.6% 0.0% 3.9% 0.0% 1.3% 17.1% 2.6% 2.6% 10.5% 25.0% 7.9% 2.6% 2.6% 1.3% 100.0% 

% within sector 2.4% 0.0% 17.4% 15.4% 33.3% 14.3% 0.0% 0.0% 0.0% 7.8% 0.0% 4.8% 0.0% 3.8% 15.7% 1.7% 3.5% 8.2% 14.1% 8.3% 20.0% 14.3% 9.1% 7.9% 

% of Total .2% 0.0% .4% .2% .3% .1% 0.0% 0.0% 0.0% .5% 0.0% .3% 0.0% .1% 1.3% .2% .2% .8% 2.0% .6% .2% .2% .1% 7.9% 

C
h
u
n
gch

eo

n
gb

u
k
 

Count 12 0 0 0 0 0 0 0 0 7 3 4 2 1 3 5 0 0 4 3 0 0 0 44 

Expected Count 3.7 .3 1.0 .6 .4 .3 .5 .4 .0 2.9 1.4 2.9 1.3 1.2 3.8 5.2 2.6 4.4 6.1 3.3 .5 .6 .5 44.0 

% within region 27.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 15.9% 6.8% 9.1% 4.5% 2.3% 6.8% 11.4% 0.0% 0.0% 9.1% 6.8% 0.0% 0.0% 0.0% 100.0% 

% within sector 14.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 10.9% 10.0% 6.3% 6.9% 3.8% 3.6% 4.3% 0.0% 0.0% 3.0% 4.2% 0.0% 0.0% 0.0% 4.6% 

% of Total 1.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .7% .3% .4% .2% .1% .3% .5% 0.0% 0.0% .4% .3% 0.0% 0.0% 0.0% 4.6% 

C
h
u
n
gC

h
e

on
gn

am
 

Count 7 0 0 0 0 0 1 0 0 3 0 5 2 3 2 7 1 1 9 5 1 0 0 47 

Expected Count 4.0 .3 1.1 .6 .4 .3 .6 .4 .0 3.1 1.5 3.1 1.4 1.3 4.0 5.6 2.8 4.7 6.6 3.5 .5 .7 .5 47.0 

% within region 14.9% 0.0% 0.0% 0.0% 0.0% 0.0% 2.1% 0.0% 0.0% 6.4% 0.0% 10.6% 4.3% 6.4% 4.3% 14.9% 2.1% 2.1% 19.1% 10.6% 2.1% 0.0% 0.0% 100.0% 

% within sector 8.5% 0.0% 0.0% 0.0% 0.0% 0.0% 8.3% 0.0% 0.0% 4.7% 0.0% 7.9% 6.9% 11.5% 2.4% 6.1% 1.8% 1.0% 6.7% 6.9% 10.0% 0.0% 0.0% 4.9% 

% of Total .7% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% .3% 0.0% .5% .2% .3% .2% .7% .1% .1% .9% .5% .1% 0.0% 0.0% 4.9% 

D
aegu

 

Count 1 0 4 1 0 0 1 2 0 0 0 3 2 0 7 0 3 5 8 7 0 0 0 44 

Expected Count 3.7 .3 1.0 .6 .4 .3 .5 .4 .0 2.9 1.4 2.9 1.3 1.2 3.8 5.2 2.6 4.4 6.1 3.3 .5 .6 .5 44.0 

% within region 2.3% 0.0% 9.1% 2.3% 0.0% 0.0% 2.3% 4.5% 0.0% 0.0% 0.0% 6.8% 4.5% 0.0% 15.9% 0.0% 6.8% 11.4% 18.2% 15.9% 0.0% 0.0% 0.0% 100.0% 

% within sector 1.2% 0.0% 17.4% 7.7% 0.0% 0.0% 8.3% 25.0% 0.0% 0.0% 0.0% 4.8% 6.9% 0.0% 8.4% 0.0% 5.3% 5.2% 5.9% 9.7% 0.0% 0.0% 0.0% 4.6% 

% of Total .1% 0.0% .4% .1% 0.0% 0.0% .1% .2% 0.0% 0.0% 0.0% .3% .2% 0.0% .7% 0.0% .3% .5% .8% .7% 0.0% 0.0% 0.0% 4.6% 

D
aejeon

 

Count 0 2 1 0 0 0 0 0 0 2 1 0 1 0 1 7 9 1 7 0 0 0 1 33 

Expected Count 2.8 .2 .8 .4 .3 .2 .4 .3 .0 2.2 1.0 2.1 1.0 .9 2.8 3.9 1.9 3.3 4.6 2.5 .3 .5 .4 33.0 

% within region 0.0% 6.1% 3.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 6.1% 3.0% 0.0% 3.0% 0.0% 3.0% 21.2% 27.3% 3.0% 21.2% 0.0% 0.0% 0.0% 3.0% 100.0% 

% within sector 0.0% 33.3% 4.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.1% 3.3% 0.0% 3.4% 0.0% 1.2% 6.1% 15.8% 1.0% 5.2% 0.0% 0.0% 0.0% 9.1% 3.4% 

% of Total 0.0% .2% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .2% .1% 0.0% .1% 0.0% .1% .7% .9% .1% .7% 0.0% 0.0% 0.0% .1% 3.4% 

G
an

w
on

 

Count 2 0 0 0 0 0 0 0 0 1 1 2 2 0 0 0 3 0 1 1 0 0 0 13 

Expected Count 1.1 .1 .3 .2 .1 .1 .2 .1 .0 .9 .4 .8 .4 .3 1.1 1.5 .8 1.3 1.8 1.0 .1 .2 .1 13.0 

% within region 15.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 7.7% 7.7% 15.4% 15.4% 0.0% 0.0% 0.0% 23.1% 0.0% 7.7% 7.7% 0.0% 0.0% 0.0% 100.0% 

% within sector 2.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.6% 3.3% 3.2% 6.9% 0.0% 0.0% 0.0% 5.3% 0.0% .7% 1.4% 0.0% 0.0% 0.0% 1.3% 

% of Total .2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% .1% .2% .2% 0.0% 0.0% 0.0% .3% 0.0% .1% .1% 0.0% 0.0% 0.0% 1.3% 

G
w

an
gju

 

Count 1 0 0 0 0 0 0 0 0 0 0 0 0 0 2 4 3 3 2 1 0 2 0 18 

Expected Count 1.5 .1 .4 .2 .2 .1 .2 .1 .0 1.2 .6 1.2 .5 .5 1.5 2.1 1.1 1.8 2.5 1.3 .2 .3 .2 18.0 

% within region 5.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 11.1% 22.2% 16.7% 16.7% 11.1% 5.6% 0.0% 11.1% 0.0% 100.0% 

% within sector 1.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 3.5% 5.3% 3.1% 1.5% 1.4% 0.0% 14.3% 0.0% 1.9% 

% of Total .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .2% .4% .3% .3% .2% .1% 0.0% .2% 0.0% 1.9% 

G
y
eon

g 

b
u
k 

Count 6 1 1 0 0 1 1 0 0 4 0 6 5 1 2 5 0 0 4 9 0 1 0 47 

Expected Count 4.0 .3 1.1 .6 .4 .3 .6 .4 .0 3.1 1.5 3.1 1.4 1.3 4.0 5.6 2.8 4.7 6.6 3.5 .5 .7 .5 47.0 

% within region 12.8% 2.1% 2.1% 0.0% 0.0% 2.1% 2.1% 0.0% 0.0% 8.5% 0.0% 12.8% 10.6% 2.1% 4.3% 10.6% 0.0% 0.0% 8.5% 19.1% 0.0% 2.1% 0.0% 100.0% 

% within sector 7.3% 16.7% 4.3% 0.0% 0.0% 14.3% 8.3% 0.0% 0.0% 6.3% 0.0% 9.5% 17.2% 3.8% 2.4% 4.3% 0.0% 0.0% 3.0% 12.5% 0.0% 7.1% 0.0% 4.9% 

% of Total .6% .1% .1% 0.0% 0.0% .1% .1% 0.0% 0.0% .4% 0.0% .6% .5% .1% .2% .5% 0.0% 0.0% .4% .9% 0.0% .1% 0.0% 4.9% 

Gyeonggi 

Count 12 0 3 3 2 2 7 4 0 17 5 22 9 7 23 54 21 43 39 24 1 7 1 306 

Expected Count 25.9 1.9 7.3 4.1 2.8 2.2 3.8 2.5 .3 20.3 9.5 19.9 9.2 8.2 26.3 36.4 18.0 30.7 42.7 22.8 3.2 4.4 3.5 306.0 
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% within region 3.9% 0.0% 1.0% 1.0% .7% .7% 2.3% 1.3% 0.0% 5.6% 1.6% 7.2% 2.9% 2.3% 7.5% 17.6% 6.9% 14.1% 12.7% 7.8% .3% 2.3% .3% 100.0% 

% within sector 14.6% 0.0% 13.0% 23.1% 22.2% 28.6% 58.3% 50.0% 0.0% 26.6% 16.7% 34.9% 31.0% 26.9% 27.7% 47.0% 36.8% 44.3% 28.9% 33.3% 10.0% 50.0% 9.1% 31.6% 

% of Total 1.2% 0.0% .3% .3% .2% .2% .7% .4% 0.0% 1.8% .5% 2.3% .9% .7% 2.4% 5.6% 2.2% 4.4% 4.0% 2.5% .1% .7% .1% 31.6% 

G
y
eon

n
am

 

Count 7 0 2 0 3 0 0 0 0 5 0 8 1 4 8 1 0 4 12 6 3 0 0 64 

Expected Count 5.4 .4 1.5 .9 .6 .5 .8 .5 .1 4.2 2.0 4.2 1.9 1.7 5.5 7.6 3.8 6.4 8.9 4.8 .7 .9 .7 64.0 

% within region 10.9% 0.0% 3.1% 0.0% 4.7% 0.0% 0.0% 0.0% 0.0% 7.8% 0.0% 12.5% 1.6% 6.3% 12.5% 1.6% 0.0% 6.3% 18.8% 9.4% 4.7% 0.0% 0.0% 100.0% 

% within sector 8.5% 0.0% 8.7% 0.0% 33.3% 0.0% 0.0% 0.0% 0.0% 7.8% 0.0% 12.7% 3.4% 15.4% 9.6% .9% 0.0% 4.1% 8.9% 8.3% 30.0% 0.0% 0.0% 6.6% 

% of Total .7% 0.0% .2% 0.0% .3% 0.0% 0.0% 0.0% 0.0% .5% 0.0% .8% .1% .4% .8% .1% 0.0% .4% 1.2% .6% .3% 0.0% 0.0% 6.6% 

In
ch

eon
 

Count 4 0 0 0 0 2 0 1 0 6 0 4 1 1 4 5 3 10 10 2 0 1 3 57 

Expected Count 4.8 .4 1.4 .8 .5 .4 .7 .5 .1 3.8 1.8 3.7 1.7 1.5 4.9 6.8 3.4 5.7 8.0 4.2 .6 .8 .6 57.0 

% within region 7.0% 0.0% 0.0% 0.0% 0.0% 3.5% 0.0% 1.8% 0.0% 10.5% 0.0% 7.0% 1.8% 1.8% 7.0% 8.8% 5.3% 17.5% 17.5% 3.5% 0.0% 1.8% 5.3% 100.0% 

% within sector 4.9% 0.0% 0.0% 0.0% 0.0% 28.6% 0.0% 12.5% 0.0% 9.4% 0.0% 6.3% 3.4% 3.8% 4.8% 4.3% 5.3% 10.3% 7.4% 2.8% 0.0% 7.1% 27.3% 5.9% 

% of Total .4% 0.0% 0.0% 0.0% 0.0% .2% 0.0% .1% 0.0% .6% 0.0% .4% .1% .1% .4% .5% .3% 1.0% 1.0% .2% 0.0% .1% .3% 5.9% 

J
eju

 

Count 3 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 4 

Expected Count .3 .0 .1 .1 .0 .0 .0 .0 .0 .3 .1 .3 .1 .1 .3 .5 .2 .4 .6 .3 .0 .1 .0 4.0 

% within region 75.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 25.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 

% within sector 3.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .4% 

% of Total .3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .4% 

J
eollab

u
k
 

Count 5 0 1 1 0 0 0 0 0 1 0 1 0 1 0 1 0 2 2 0 0 1 0 16 

Expected Count 1.4 .1 .4 .2 .1 .1 .2 .1 .0 1.1 .5 1.0 .5 .4 1.4 1.9 .9 1.6 2.2 1.2 .2 .2 .2 16.0 

% within region 31.3% 0.0% 6.3% 6.3% 0.0% 0.0% 0.0% 0.0% 0.0% 6.3% 0.0% 6.3% 0.0% 6.3% 0.0% 6.3% 0.0% 12.5% 12.5% 0.0% 0.0% 6.3% 0.0% 100.0% 

% within sector 6.1% 0.0% 4.3% 7.7% 0.0% 0.0% 0.0% 0.0% 0.0% 1.6% 0.0% 1.6% 0.0% 3.8% 0.0% .9% 0.0% 2.1% 1.5% 0.0% 0.0% 7.1% 0.0% 1.7% 

% of Total .5% 0.0% .1% .1% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% .1% 0.0% .1% 0.0% .1% 0.0% .2% .2% 0.0% 0.0% .1% 0.0% 1.7% 

J
eolln

am
 

Count 4 1 0 0 0 0 0 0 0 2 0 1 1 2 3 0 0 1 2 1 0 0 0 18 

Expected Count 1.5 .1 .4 .2 .2 .1 .2 .1 .0 1.2 .6 1.2 .5 .5 1.5 2.1 1.1 1.8 2.5 1.3 .2 .3 .2 18.0 

% within region 22.2% 5.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 11.1% 0.0% 5.6% 5.6% 11.1% 16.7% 0.0% 0.0% 5.6% 11.1% 5.6% 0.0% 0.0% 0.0% 100.0% 

% within sector 4.9% 16.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.1% 0.0% 1.6% 3.4% 7.7% 3.6% 0.0% 0.0% 1.0% 1.5% 1.4% 0.0% 0.0% 0.0% 1.9% 

% of Total .4% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .2% 0.0% .1% .1% .2% .3% 0.0% 0.0% .1% .2% .1% 0.0% 0.0% 0.0% 1.9% 

S
ejon

g 

Count 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 2 

Expected Count .2 .0 .0 .0 .0 .0 .0 .0 .0 .1 .1 .1 .1 .1 .2 .2 .1 .2 .3 .1 .0 .0 .0 2.0 

% within region 50.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 50.0% 0.0% 0.0% 0.0% 100.0% 

% within sector 1.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.4% 0.0% 0.0% 0.0% .2% 

% of Total .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% .2% 

S
eou

l 

Count 15 2 7 6 1 0 2 1 1 8 20 3 3 3 14 22 12 18 15 3 1 0 5 162 

Expected Count 13.7 1.0 3.9 2.2 1.5 1.2 2.0 1.3 .2 10.7 5.0 10.6 4.9 4.4 13.9 19.3 9.5 16.3 22.6 12.1 1.7 2.3 1.8 162.0 

% within region 9.3% 1.2% 4.3% 3.7% .6% 0.0% 1.2% .6% .6% 4.9% 12.3% 1.9% 1.9% 1.9% 8.6% 13.6% 7.4% 11.1% 9.3% 1.9% .6% 0.0% 3.1% 100.0% 

% within sector 18.3% 33.3% 30.4% 46.2% 11.1% 0.0% 16.7% 12.5% 100.0% 12.5% 66.7% 4.8% 10.3% 11.5% 16.9% 19.1% 21.1% 18.6% 11.1% 4.2% 10.0% 0.0% 45.5% 16.8% 

% of Total 1.6% .2% .7% .6% .1% 0.0% .2% .1% .1% .8% 2.1% .3% .3% .3% 1.4% 2.3% 1.2% 1.9% 1.6% .3% .1% 0.0% .5% 16.8% 

U
lsan

 

Count 0 0 0 0 0 1 0 0 0 2 0 1 0 2 1 2 0 1 1 3 2 0 0 16 

Expected Count 1.4 .1 .4 .2 .1 .1 .2 .1 .0 1.1 .5 1.0 .5 .4 1.4 1.9 .9 1.6 2.2 1.2 .2 .2 .2 16.0 

% within region 0.0% 0.0% 0.0% 0.0% 0.0% 6.3% 0.0% 0.0% 0.0% 12.5% 0.0% 6.3% 0.0% 12.5% 6.3% 12.5% 0.0% 6.3% 6.3% 18.8% 12.5% 0.0% 0.0% 100.0% 

% within sector 0.0% 0.0% 0.0% 0.0% 0.0% 14.3% 0.0% 0.0% 0.0% 3.1% 0.0% 1.6% 0.0% 7.7% 1.2% 1.7% 0.0% 1.0% .7% 4.2% 20.0% 0.0% 0.0% 1.7% 

% of Total 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% .2% 0.0% .1% 0.0% .2% .1% .2% 0.0% .1% .1% .3% .2% 0.0% 0.0% 1.7% 

 
 T

otal 

Count 82 6 23 13 9 7 12 8 1 64 30 63 29 26 83 115 57 97 135 72 10 14 11 967 

 Expected Count 82.0 6.0 23.0 13.0 9.0 7.0 12.0 8.0 1.0 64.0 30.0 63.0 29.0 26.0 83.0 115.0 57.0 97.0 135.0 72.0 10.0 14.0 11.0 967.0 

 % within region 8.5% .6% 2.4% 1.3% .9% .7% 1.2% .8% .1% 6.6% 3.1% 6.5% 3.0% 2.7% 8.6% 11.9% 5.9% 10.0% 14.0% 7.4% 1.0% 1.4% 1.1% 100.0% 

 % within sector 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 % of Total 8.5% .6% 2.4% 1.3% .9% .7% 1.2% .8% .1% 6.6% 3.1% 6.5% 3.0% 2.7% 8.6% 11.9% 5.9% 10.0% 14.0% 7.4% 1.0% 1.4% 1.1% 100.0% 
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Table 3.20 Cross-tabulation on between regions and sectors in the service industry in KIS 2014 

    Sectors 
Total 

    45 46 47 49 50 52 55 56 58 59 60 62 63 64 65 66 68 70 71 72 73 74 75 85 86 90 95 96 

R
egio

n
 

B
u
san

 

Count 0 5 2 2 0 3 1 2 1 0 0 0 0 1 0 0 0 0 2 1 0 1 0 0 0 0 1 0 22 

Expected Count .4 4.4 1.1 2.2 .2 .8 .1 1.3 2.5 .1 .2 .7 .3 .4 .1 .2 .1 .6 .8 1.9 .3 .4 1.4 .4 .6 .1 .1 .3 22.0 

% within region 0.0% 22.7% 9.1% 9.1% 0.0% 13.6% 4.5% 9.1% 4.5% 0.0% 0.0% 0.0% 0.0% 4.5% 0.0% 0.0% 0.0% 0.0% 9.1% 4.5% 0.0% 4.5% 0.0% 0.0% 0.0% 0.0% 4.5% 0.0% 100.0% 

% within sector 0.0% 7.1% 11.1% 5.7% 0.0% 23.1% 50.0% 9.5% 2.6% 0.0% 0.0% 0.0% 0.0% 16.7% 0.0% 0.0% 0.0% 0.0% 15.4% 3.3% 0.0% 14.3% 0.0% 0.0% 0.0% 0.0% 50.0% 0.0% 6.3% 

% of Total 0.0% 1.4% .6% .6% 0.0% .9% .3% .6% .3% 0.0% 0.0% 0.0% 0.0% .3% 0.0% 0.0% 0.0% 0.0% .6% .3% 0.0% .3% 0.0% 0.0% 0.0% 0.0% .3% 0.0% 6.3% 

C
h
u
n
gch

eon
gb

u
k
 

Count 0 1 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 6 

Expected Count .1 1.2 .3 .6 .1 .2 .0 .4 .7 .0 .1 .2 .1 .1 .0 .1 .0 .2 .2 .5 .1 .1 .4 .1 .2 .0 .0 .1 6.0 

% within region 0.0% 16.7% 0.0% 66.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 16.7% 0.0% 0.0% 0.0% 100.0% 

% within sector 0.0% 1.4% 0.0% 11.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 11.1% 0.0% 0.0% 0.0% 1.7% 

% of Total 0.0% .3% 0.0% 1.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .3% 0.0% 0.0% 0.0% 1.7% 

C
h
u
n
gC

h
eon

gn
am

 

Count 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 3 

Expected Count .1 .6 .2 .3 .0 .1 .0 .2 .3 .0 .0 .1 .0 .1 .0 .0 .0 .1 .1 .3 .0 .1 .2 .1 .1 .0 .0 .0 3.0 

% within region 0.0% 33.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 66.7% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 

% within sector 0.0% 1.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 9.1% 0.0% 0.0% 0.0% 0.0% 0.0% .9% 

% of Total 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .6% 0.0% 0.0% 0.0% 0.0% 0.0% .9% 

D
aegu

 

Count 0 0 0 3 0 0 0 0 0 0 1 0 1 3 0 0 0 0 3 1 0 1 1 0 0 0 0 0 14 

Expected Count .2 2.8 .7 1.4 .1 .5 .1 .8 1.6 .1 .1 .4 .2 .2 .0 .1 .1 .4 .5 1.2 .2 .3 .9 .3 .4 .0 .1 .2 14.0 

% within region 0.0% 0.0% 0.0% 21.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 7.1% 0.0% 7.1% 21.4% 0.0% 0.0% 0.0% 0.0% 21.4% 7.1% 0.0% 7.1% 7.1% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 

% within sector 0.0% 0.0% 0.0% 8.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 33.3% 0.0% 25.0% 50.0% 0.0% 0.0% 0.0% 0.0% 23.1% 3.3% 0.0% 14.3% 4.5% 0.0% 0.0% 0.0% 0.0% 0.0% 4.0% 

% of Total 0.0% 0.0% 0.0% .9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .3% 0.0% .3% .9% 0.0% 0.0% 0.0% 0.0% .9% .3% 0.0% .3% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 4.0% 

D
aejeon

 

Count 2 0 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 1 0 0 0 8 

Expected Count .1 1.6 .4 .8 .1 .3 .0 .5 .9 .0 .1 .3 .1 .1 .0 .1 .0 .2 .3 .7 .1 .2 .5 .2 .2 .0 .0 .1 8.0 

% within region 25.0% 0.0% 0.0% 25.0% 0.0% 0.0% 0.0% 0.0% 12.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 12.5% 0.0% 0.0% 0.0% 12.5% 12.5% 0.0% 0.0% 0.0% 100.0% 

% within sector 33.3% 0.0% 0.0% 5.7% 0.0% 0.0% 0.0% 0.0% 2.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.3% 0.0% 0.0% 0.0% 14.3% 11.1% 0.0% 0.0% 0.0% 2.3% 

% of Total .6% 0.0% 0.0% .6% 0.0% 0.0% 0.0% 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .3% 0.0% 0.0% 0.0% .3% .3% 0.0% 0.0% 0.0% 2.3% 

G
a
n
w

o
n
 

Count 0 1 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 1 7 

Expected Count .1 1.4 .4 .7 .1 .3 .0 .4 .8 .0 .1 .2 .1 .1 .0 .1 .0 .2 .3 .6 .1 .1 .4 .1 .2 .0 .0 .1 7.0 

% within region 0.0% 14.3% 14.3% 0.0% 0.0% 0.0% 0.0% 0.0% 28.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 14.3% 0.0% 0.0% 14.3% 0.0% 0.0% 0.0% 0.0% 14.3% 100.0% 

% within sector 0.0% 1.4% 5.6% 0.0% 0.0% 0.0% 0.0% 0.0% 5.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.3% 0.0% 0.0% 4.5% 0.0% 0.0% 0.0% 0.0% 20.0% 2.0% 

% of Total 0.0% .3% .3% 0.0% 0.0% 0.0% 0.0% 0.0% .6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .3% 0.0% 0.0% .3% 0.0% 0.0% 0.0% 0.0% .3% 2.0% 

G
w

an
gju

 

Count 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 4 

Expected Count .1 .8 .2 .4 .0 .1 .0 .2 .4 .0 .0 .1 .0 .1 .0 .0 .0 .1 .1 .3 .1 .1 .3 .1 .1 .0 .0 .1 4.0 

% within region 0.0% 0.0% 25.0% 25.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 25.0% 0.0% 0.0% 0.0% 0.0% 25.0% 100.0% 

% within sector 0.0% 0.0% 5.6% 2.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 4.5% 0.0% 0.0% 0.0% 0.0% 20.0% 1.1% 

% of Total 0.0% 0.0% .3% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .3% 0.0% 0.0% 0.0% 0.0% .3% 1.1% 

G
y
eon

gb
u
k
 

Count 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 0 0 0 7 

Expected Count .1 1.4 .4 .7 .1 .3 .0 .4 .8 .0 .1 .2 .1 .1 .0 .1 .0 .2 .3 .6 .1 .1 .4 .1 .2 .0 .0 .1 7.0 

% within region 0.0% 0.0% 0.0% 57.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 14.3% 0.0% 0.0% 14.3% 0.0% 14.3% 0.0% 0.0% 0.0% 100.0% 

% within sector 0.0% 0.0% 0.0% 11.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.3% 0.0% 0.0% 4.5% 0.0% 11.1% 0.0% 0.0% 0.0% 2.0% 

% of Total 0.0% 0.0% 0.0% 1.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .3% 0.0% 0.0% .3% 0.0% .3% 0.0% 0.0% 0.0% 2.0% 

Gyeongg
i 

Count 1 11 1 5 0 3 0 0 2 0 0 1 0 0 0 0 1 4 2 3 1 3 6 0 5 1 0 1 51 

Expected Count .9 10.2 2.6 5.1 .4 1.9 .3 3.1 5.7 .3 .4 1.6 .6 .9 .1 .4 .3 1.3 1.9 4.4 .7 1.0 3.2 1.0 1.3 .1 .3 .7 51.0 
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% within region 2.0% 21.6% 2.0% 9.8% 0.0% 5.9% 0.0% 0.0% 3.9% 0.0% 0.0% 2.0% 0.0% 0.0% 0.0% 0.0% 2.0% 7.8% 3.9% 5.9% 2.0% 5.9% 11.8% 0.0% 9.8% 2.0% 0.0% 2.0% 100.0% 

% within sector 16.7% 15.7% 5.6% 14.3% 0.0% 23.1% 0.0% 0.0% 5.1% 0.0% 0.0% 9.1% 0.0% 0.0% 0.0% 0.0% 50.0% 44.4% 15.4% 10.0% 20.0% 42.9% 27.3% 0.0% 55.6% 100.0% 0.0% 20.0% 14.6% 

% of Total .3% 3.2% .3% 1.4% 0.0% .9% 0.0% 0.0% .6% 0.0% 0.0% .3% 0.0% 0.0% 0.0% 0.0% .3% 1.1% .6% .9% .3% .9% 1.7% 0.0% 1.4% .3% 0.0% .3% 14.6% 

G
y
eon

n
am

 

Count 0 0 0 1 0 2 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 6 

Expected Count .1 1.2 .3 .6 .1 .2 .0 .4 .7 .0 .1 .2 .1 .1 .0 .1 .0 .2 .2 .5 .1 .1 .4 .1 .2 .0 .0 .1 6.0 

% within region 0.0% 0.0% 0.0% 16.7% 0.0% 33.3% 0.0% 0.0% 0.0% 0.0% 16.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 33.3% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 

% within sector 0.0% 0.0% 0.0% 2.9% 0.0% 15.4% 0.0% 0.0% 0.0% 0.0% 33.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 9.1% 0.0% 0.0% 0.0% 0.0% 0.0% 1.7% 

% of Total 0.0% 0.0% 0.0% .3% 0.0% .6% 0.0% 0.0% 0.0% 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .6% 0.0% 0.0% 0.0% 0.0% 0.0% 1.7% 

In
ch

eon
 

Count 0 2 0 5 0 3 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 13 

Expected Count .2 2.6 .7 1.3 .1 .5 .1 .8 1.5 .1 .1 .4 .1 .2 .0 .1 .1 .3 .5 1.1 .2 .3 .8 .3 .3 .0 .1 .2 13.0 

% within region 0.0% 15.4% 0.0% 38.5% 0.0% 23.1% 0.0% 7.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 7.7% 0.0% 7.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 

% within sector 0.0% 2.9% 0.0% 14.3% 0.0% 23.1% 0.0% 4.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 11.1% 0.0% 3.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.7% 

% of Total 0.0% .6% 0.0% 1.4% 0.0% .9% 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .3% 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.7% 

Jeju
 

Count 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 

Expected Count .0 .4 .1 .2 .0 .1 .0 .1 .2 .0 .0 .1 .0 .0 .0 .0 .0 .1 .1 .2 .0 .0 .1 .0 .1 .0 .0 .0 2.0 

% within region 0.0% 0.0% 0.0% 50.0% 0.0% 0.0% 0.0% 50.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 

% within sector 0.0% 0.0% 0.0% 2.9% 0.0% 0.0% 0.0% 4.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .6% 

% of Total 0.0% 0.0% 0.0% .3% 0.0% 0.0% 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .6% 

Jeollab
u
k
 

Count 0 0 2 4 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 9 

Expected Count .2 1.8 .5 .9 .1 .3 .1 .5 1.0 .1 .1 .3 .1 .2 .0 .1 .1 .2 .3 .8 .1 .2 .6 .2 .2 .0 .1 .1 9.0 

% within region 0.0% 0.0% 22.2% 44.4% 0.0% 0.0% 0.0% 0.0% 11.1% 0.0% 11.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 11.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 

% within sector 0.0% 0.0% 11.1% 11.4% 0.0% 0.0% 0.0% 0.0% 2.6% 0.0% 33.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 14.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.6% 

% of Total 0.0% 0.0% .6% 1.1% 0.0% 0.0% 0.0% 0.0% .3% 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.6% 

Jeolln
a
m

 

Count 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 0 0 1 6 

Expected Count .1 1.2 .3 .6 .1 .2 .0 .4 .7 .0 .1 .2 .1 .1 .0 .1 .0 .2 .2 .5 .1 .1 .4 .1 .2 .0 .0 .1 6.0 

% within region 0.0% 0.0% 0.0% 16.7% 16.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 33.3% 0.0% 16.7% 0.0% 0.0% 16.7% 100.0% 

% within sector 0.0% 0.0% 0.0% 2.9% 33.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 9.1% 0.0% 11.1% 0.0% 0.0% 20.0% 1.7% 

% of Total 0.0% 0.0% 0.0% .3% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .6% 0.0% .3% 0.0% 0.0% .3% 1.7% 

S
eou

l 

Count 3 48 11 2 2 2 1 15 32 2 0 10 3 2 1 3 1 4 4 21 4 1 6 6 0 0 1 1 186 

Expected Count 3.2 37.3 9.6 18.7 1.6 6.9 1.1 11.2 20.8 1.1 1.6 5.9 2.1 3.2 .5 1.6 1.1 4.8 6.9 16.0 2.7 3.7 11.7 3.7 4.8 .5 1.1 2.7 186.0 

% within region 1.6% 25.8% 5.9% 1.1% 1.1% 1.1% .5% 8.1% 17.2% 1.1% 0.0% 5.4% 1.6% 1.1% .5% 1.6% .5% 2.2% 2.2% 11.3% 2.2% .5% 3.2% 3.2% 0.0% 0.0% .5% .5% 100.0% 

% within sector 50.0% 68.6% 61.1% 5.7% 66.7% 15.4% 50.0% 71.4% 82.1% 100.0% 0.0% 90.9% 75.0% 33.3% 100.0% 100.0% 50.0% 44.4% 30.8% 70.0% 80.0% 14.3% 27.3% 85.7% 0.0% 0.0% 50.0% 20.0% 53.3% 

% of Total .9% 13.8% 3.2% .6% .6% .6% .3% 4.3% 9.2% .6% 0.0% 2.9% .9% .6% .3% .9% .3% 1.1% 1.1% 6.0% 1.1% .3% 1.7% 1.7% 0.0% 0.0% .3% .3% 53.3% 

U
lsan

 

Count 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 5 

Expected Count .1 1.0 .3 .5 .0 .2 .0 .3 .6 .0 .0 .2 .1 .1 .0 .0 .0 .1 .2 .4 .1 .1 .3 .1 .1 .0 .0 .1 5.0 

% within region 0.0% 20.0% 0.0% 0.0% 0.0% 0.0% 0.0% 40.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 40.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 

% within sector 0.0% 1.4% 0.0% 0.0% 0.0% 0.0% 0.0% 9.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 15.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.4% 

% of Total 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% .6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.4% 

T
o
tal 

Count 6 70 18 35 3 13 2 21 39 2 3 11 4 6 1 3 2 9 13 30 5 7 22 7 9 1 2 5 349 

Expected Count 6.0 70.0 18.0 35.0 3.0 13.0 2.0 21.0 39.0 2.0 3.0 11.0 4.0 6.0 1.0 3.0 2.0 9.0 13.0 30.0 5.0 7.0 22.0 7.0 9.0 1.0 2.0 5.0 349.0 

% within region 1.7% 20.1% 5.2% 10.0% .9% 3.7% .6% 6.0% 11.2% .6% .9% 3.2% 1.1% 1.7% .3% .9% .6% 2.6% 3.7% 8.6% 1.4% 2.0% 6.3% 2.0% 2.6% .3% .6% 1.4% 100.0% 

% within sector 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 1.7% 20.1% 5.2% 10.0% .9% 3.7% .6% 6.0% 11.2% .6% .9% 3.2% 1.1% 1.7% .3% .9% .6% 2.6% 3.7% 8.6% 1.4% 2.0% 6.3% 2.0% 2.6% .3% .6% 1.4% 100.0% 
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Table 3.21 Cross-tabulation on between regions and sectors in manufacturing industry in KIS 2016 

 Sectors Total 

10 11 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 

 

R
egio

n
 

B
u
san

 

Count 11 1 1 0 3 2 2 0 1 6 1 13 1 7 7 5 1 13 30 10 3 2 0 120 

Expected Count 8.2 .4 1.2 2.7 .8 1.3 2.7 .6 .2 4.8 1.7 10.3 2.7 3.6 6.7 15.3 5.4 10.0 23.2 14.9 1.6 1.3 .4 120.0 

% within region 9.2% .8% .8% 0.0% 2.5% 1.7% 1.7% 0.0% .8% 5.0% .8% 10.8% .8% 5.8% 5.8% 4.2% .8% 10.8% 25.0% 8.3% 2.5% 1.7% 0.0% 100.0% 

% within sector 9.9% 16.7% 6.3% 0.0% 27.3% 11.8% 5.6% 0.0% 33.3% 9.2% 4.3% 9.4% 2.8% 14.3% 7.8% 2.4% 1.4% 9.7% 9.6% 5.0% 14.3% 11.8% 0.0% 7.4% 

% of Total .7% .1% .1% 0.0% .2% .1% .1% 0.0% .1% .4% .1% .8% .1% .4% .4% .3% .1% .8% 1.9% .6% .2% .1% 0.0% 7.4% 

C
h
u
n
gch

eon
gb

u
k
 

Count 11 1 2 0 1 0 2 0 0 7 3 14 2 1 4 9 3 7 11 7 0 1 0 86 

Expected Count 5.9 .3 .9 2.0 .6 .9 1.9 .4 .2 3.5 1.2 7.4 1.9 2.6 4.8 11.0 3.9 7.1 16.7 10.6 1.1 .9 .3 86.0 

% within region 12.8% 1.2% 2.3% 0.0% 1.2% 0.0% 2.3% 0.0% 0.0% 8.1% 3.5% 16.3% 2.3% 1.2% 4.7% 10.5% 3.5% 8.1% 12.8% 8.1% 0.0% 1.2% 0.0% 100.0% 

% within sector 9.9% 16.7% 12.5% 0.0% 9.1% 0.0% 5.6% 0.0% 0.0% 10.8% 13.0% 10.1% 5.6% 2.0% 4.4% 4.4% 4.1% 5.2% 3.5% 3.5% 0.0% 5.9% 0.0% 5.3% 

% of Total .7% .1% .1% 0.0% .1% 0.0% .1% 0.0% 0.0% .4% .2% .9% .1% .1% .2% .6% .2% .4% .7% .4% 0.0% .1% 0.0% 5.3% 

C
h
u
n
gC

h
eon

gn
am

 

Count 14 2 0 0 0 0 2 0 0 5 2 9 3 1 3 12 5 6 24 22 0 0 0 110 

Expected Count 7.6 .4 1.1 2.5 .7 1.2 2.5 .5 .2 4.4 1.6 9.5 2.5 3.3 6.1 14.0 5.0 9.1 21.3 13.6 1.4 1.2 .3 110.0 

% within region 12.7% 1.8% 0.0% 0.0% 0.0% 0.0% 1.8% 0.0% 0.0% 4.5% 1.8% 8.2% 2.7% .9% 2.7% 10.9% 4.5% 5.5% 21.8% 20.0% 0.0% 0.0% 0.0% 100.0% 

% within sector 12.6% 33.3% 0.0% 0.0% 0.0% 0.0% 5.6% 0.0% 0.0% 7.7% 8.7% 6.5% 8.3% 2.0% 3.3% 5.8% 6.8% 4.5% 7.7% 11.0% 0.0% 0.0% 0.0% 6.8% 

% of Total .9% .1% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% .3% .1% .6% .2% .1% .2% .7% .3% .4% 1.5% 1.4% 0.0% 0.0% 0.0% 6.8% 

D
aegu

 

Count 4 0 2 0 0 1 2 3 0 2 0 8 0 1 17 13 7 4 24 22 0 1 0 111 

Expected Count 7.6 .4 1.1 2.5 .8 1.2 2.5 .5 .2 4.5 1.6 9.5 2.5 3.4 6.2 14.1 5.0 9.2 21.5 13.7 1.4 1.2 .3 111.0 

% within region 3.6% 0.0% 1.8% 0.0% 0.0% .9% 1.8% 2.7% 0.0% 1.8% 0.0% 7.2% 0.0% .9% 15.3% 11.7% 6.3% 3.6% 21.6% 19.8% 0.0% .9% 0.0% 100.0% 

% within sector 3.6% 0.0% 12.5% 0.0% 0.0% 5.9% 5.6% 37.5% 0.0% 3.1% 0.0% 5.8% 0.0% 2.0% 18.9% 6.3% 9.6% 3.0% 7.7% 11.0% 0.0% 5.9% 0.0% 6.9% 

% of Total .2% 0.0% .1% 0.0% 0.0% .1% .1% .2% 0.0% .1% 0.0% .5% 0.0% .1% 1.1% .8% .4% .2% 1.5% 1.4% 0.0% .1% 0.0% 6.9% 

D
aejeon

 

Count 2 0 0 0 0 0 1 0 0 3 2 3 2 3 2 8 10 2 5 2 0 0 0 45 

Expected Count 3.1 .2 .4 1.0 .3 .5 1.0 .2 .1 1.8 .6 3.9 1.0 1.4 2.5 5.7 2.0 3.7 8.7 5.6 .6 .5 .1 45.0 

% within region 4.4% 0.0% 0.0% 0.0% 0.0% 0.0% 2.2% 0.0% 0.0% 6.7% 4.4% 6.7% 4.4% 6.7% 4.4% 17.8% 22.2% 4.4% 11.1% 4.4% 0.0% 0.0% 0.0% 100.0% 

% within sector 1.8% 0.0% 0.0% 0.0% 0.0% 0.0% 2.8% 0.0% 0.0% 4.6% 8.7% 2.2% 5.6% 6.1% 2.2% 3.9% 13.7% 1.5% 1.6% 1.0% 0.0% 0.0% 0.0% 2.8% 

% of Total .1% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% .2% .1% .2% .1% .2% .1% .5% .6% .1% .3% .1% 0.0% 0.0% 0.0% 2.8% 

G
a
n
w

on
 

Count 2 1 0 0 0 0 0 0 0 1 1 2 1 0 0 0 3 3 1 1 0 0 0 16 

Expected Count 1.1 .1 .2 .4 .1 .2 .4 .1 .0 .6 .2 1.4 .4 .5 .9 2.0 .7 1.3 3.1 2.0 .2 .2 .0 16.0 

% within region 12.5% 6.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 6.3% 6.3% 12.5% 6.3% 0.0% 0.0% 0.0% 18.8% 18.8% 6.3% 6.3% 0.0% 0.0% 0.0% 100.0% 

% within sector 1.8% 16.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.5% 4.3% 1.4% 2.8% 0.0% 0.0% 0.0% 4.1% 2.2% .3% .5% 0.0% 0.0% 0.0% 1.0% 

% of Total .1% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% .1% .1% .1% 0.0% 0.0% 0.0% .2% .2% .1% .1% 0.0% 0.0% 0.0% 1.0% 

G
w

an
gju

 

Count 2 0 0 0 0 0 1 0 0 0 1 2 0 1 2 3 2 2 7 11 0 0 1 35 

Expected Count 2.4 .1 .3 .8 .2 .4 .8 .2 .1 1.4 .5 3.0 .8 1.1 1.9 4.5 1.6 2.9 6.8 4.3 .5 .4 .1 35.0 

% within region 5.7% 0.0% 0.0% 0.0% 0.0% 0.0% 2.9% 0.0% 0.0% 0.0% 2.9% 5.7% 0.0% 2.9% 5.7% 8.6% 5.7% 5.7% 20.0% 31.4% 0.0% 0.0% 2.9% 100.0% 

% within sector 1.8% 0.0% 0.0% 0.0% 0.0% 0.0% 2.8% 0.0% 0.0% 0.0% 4.3% 1.4% 0.0% 2.0% 2.2% 1.5% 2.7% 1.5% 2.2% 5.5% 0.0% 0.0% 20.0% 2.2% 

% of Total .1% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% .1% .1% 0.0% .1% .1% .2% .1% .1% .4% .7% 0.0% 0.0% .1% 2.2% 

G
y
eon

g 
b
u
k 

Count 4 1 5 0 0 1 2 0 0 3 0 10 2 6 9 11 4 7 25 25 0 3 0 118 

Expected Count 8.1 .4 1.2 2.7 .8 1.2 2.6 .6 .2 4.7 1.7 10.1 2.6 3.6 6.6 15.0 5.3 9.8 22.9 14.6 1.5 1.2 .4 118.0 

% within region 3.4% .8% 4.2% 0.0% 0.0% .8% 1.7% 0.0% 0.0% 2.5% 0.0% 8.5% 1.7% 5.1% 7.6% 9.3% 3.4% 5.9% 21.2% 21.2% 0.0% 2.5% 0.0% 100.0% 

% within sector 3.6% 16.7% 31.3% 0.0% 0.0% 5.9% 5.6% 0.0% 0.0% 4.6% 0.0% 7.2% 5.6% 12.2% 10.0% 5.3% 5.5% 5.2% 8.0% 12.5% 0.0% 17.6% 0.0% 7.3% 

% of Total .2% .1% .3% 0.0% 0.0% .1% .1% 0.0% 0.0% .2% 0.0% .6% .1% .4% .6% .7% .2% .4% 1.5% 1.5% 0.0% .2% 0.0% 7.3% 

G
y
eo

n
ggi 

Count 19 0 3 1 1 2 15 2 0 20 7 34 13 12 17 69 23 49 84 25 2 5 3 406 

Expected Count 27.9 1.5 4.0 9.3 2.8 4.3 9.0 2.0 .8 16.3 5.8 34.9 9.0 12.3 22.6 51.8 18.3 33.7 78.6 50.2 5.3 4.3 1.3 406.0 

% within region 4.7% 0.0% .7% .2% .2% .5% 3.7% .5% 0.0% 4.9% 1.7% 8.4% 3.2% 3.0% 4.2% 17.0% 5.7% 12.1% 20.7% 6.2% .5% 1.2% .7% 100.0% 
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% within sector 17.1% 0.0% 18.8% 2.7% 9.1% 11.8% 41.7% 25.0% 0.0% 30.8% 30.4% 24.5% 36.1% 24.5% 18.9% 33.5% 31.5% 36.6% 26.8% 12.5% 9.5% 29.4% 60.0% 25.1% 

% of Total 1.2% 0.0% .2% .1% .1% .1% .9% .1% 0.0% 1.2% .4% 2.1% .8% .7% 1.1% 4.3% 1.4% 3.0% 5.2% 1.5% .1% .3% .2% 25.1% 

G
y
eon

n
am

 

Count 14 0 0 0 0 0 0 0 1 2 0 13 2 1 8 6 4 8 35 33 9 0 0 136 

Expected Count 9.3 .5 1.3 3.1 .9 1.4 3.0 .7 .3 5.5 1.9 11.7 3.0 4.1 7.6 17.3 6.1 11.3 26.3 16.8 1.8 1.4 .4 136.0 

% within region 10.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .7% 1.5% 0.0% 9.6% 1.5% .7% 5.9% 4.4% 2.9% 5.9% 25.7% 24.3% 6.6% 0.0% 0.0% 100.0% 

% within sector 12.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 33.3% 3.1% 0.0% 9.4% 5.6% 2.0% 8.9% 2.9% 5.5% 6.0% 11.2% 16.5% 42.9% 0.0% 0.0% 8.4% 

% of Total .9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% .1% 0.0% .8% .1% .1% .5% .4% .2% .5% 2.2% 2.0% .6% 0.0% 0.0% 8.4% 

In
ch

eon
 

Count 7 0 1 0 0 9 0 0 0 6 2 20 3 7 11 32 2 15 40 17 0 4 0 176 

Expected Count 12.1 .7 1.7 4.0 1.2 1.9 3.9 .9 .3 7.1 2.5 15.1 3.9 5.3 9.8 22.4 8.0 14.6 34.1 21.8 2.3 1.9 .5 176.0 

% within region 4.0% 0.0% .6% 0.0% 0.0% 5.1% 0.0% 0.0% 0.0% 3.4% 1.1% 11.4% 1.7% 4.0% 6.3% 18.2% 1.1% 8.5% 22.7% 9.7% 0.0% 2.3% 0.0% 100.0% 

% within sector 6.3% 0.0% 6.3% 0.0% 0.0% 52.9% 0.0% 0.0% 0.0% 9.2% 8.7% 14.4% 8.3% 14.3% 12.2% 15.5% 2.7% 11.2% 12.8% 8.5% 0.0% 23.5% 0.0% 10.9% 

% of Total .4% 0.0% .1% 0.0% 0.0% .6% 0.0% 0.0% 0.0% .4% .1% 1.2% .2% .4% .7% 2.0% .1% .9% 2.5% 1.1% 0.0% .2% 0.0% 10.9% 

Jeju
 

Count 1 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 

Expected Count .1 .0 .0 .0 .0 .0 .0 .0 .0 .1 .0 .2 .0 .1 .1 .3 .1 .2 .4 .2 .0 .0 .0 2.0 

% within region 50.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 50.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100.0% 

% within sector .9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 

% of Total .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 

Jeollab
u
k
 

Count 8 0 0 0 0 0 1 0 0 0 0 1 0 0 1 1 0 2 5 8 2 0 0 29 

Expected Count 2.0 .1 .3 .7 .2 .3 .6 .1 .1 1.2 .4 2.5 .6 .9 1.6 3.7 1.3 2.4 5.6 3.6 .4 .3 .1 29.0 

% within region 27.6% 0.0% 0.0% 0.0% 0.0% 0.0% 3.4% 0.0% 0.0% 0.0% 0.0% 3.4% 0.0% 0.0% 3.4% 3.4% 0.0% 6.9% 17.2% 27.6% 6.9% 0.0% 0.0% 100.0% 

% within sector 7.2% 0.0% 0.0% 0.0% 0.0% 0.0% 2.8% 0.0% 0.0% 0.0% 0.0% .7% 0.0% 0.0% 1.1% .5% 0.0% 1.5% 1.6% 4.0% 9.5% 0.0% 0.0% 1.8% 

% of Total .5% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% .1% .1% 0.0% .1% .3% .5% .1% 0.0% 0.0% 1.8% 

Jeolln
a
m

 

Count 5 0 0 0 0 1 0 0 0 3 1 2 0 2 2 1 0 3 5 1 2 1 0 29 

Expected Count 2.0 .1 .3 .7 .2 .3 .6 .1 .1 1.2 .4 2.5 .6 .9 1.6 3.7 1.3 2.4 5.6 3.6 .4 .3 .1 29.0 

% within region 17.2% 0.0% 0.0% 0.0% 0.0% 3.4% 0.0% 0.0% 0.0% 10.3% 3.4% 6.9% 0.0% 6.9% 6.9% 3.4% 0.0% 10.3% 17.2% 3.4% 6.9% 3.4% 0.0% 100.0% 

% within sector 4.5% 0.0% 0.0% 0.0% 0.0% 5.9% 0.0% 0.0% 0.0% 4.6% 4.3% 1.4% 0.0% 4.1% 2.2% .5% 0.0% 2.2% 1.6% .5% 9.5% 5.9% 0.0% 1.8% 

% of Total .3% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% .2% .1% .1% 0.0% .1% .1% .1% 0.0% .2% .3% .1% .1% .1% 0.0% 1.8% 

S
ejo

n
g 

Count 0 0 0 0 0 0 2 0 0 1 1 0 3 0 0 2 1 2 0 2 0 0 0 14 

Expected Count 1.0 .1 .1 .3 .1 .1 .3 .1 .0 .6 .2 1.2 .3 .4 .8 1.8 .6 1.2 2.7 1.7 .2 .1 .0 14.0 

% within region 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 14.3% 0.0% 0.0% 7.1% 7.1% 0.0% 21.4% 0.0% 0.0% 14.3% 7.1% 14.3% 0.0% 14.3% 0.0% 0.0% 0.0% 100.0% 

% within sector 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5.6% 0.0% 0.0% 1.5% 4.3% 0.0% 8.3% 0.0% 0.0% 1.0% 1.4% 1.5% 0.0% 1.0% 0.0% 0.0% 0.0% .9% 

% of Total 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% .1% .1% 0.0% .2% 0.0% 0.0% .1% .1% .1% 0.0% .1% 0.0% 0.0% 0.0% .9% 

S
eo

u
l 

Count 6 0 2 36 6 1 6 3 0 5 2 4 2 1 4 33 6 10 12 1 0 0 1 141 

Expected Count 9.7 .5 1.4 3.2 1.0 1.5 3.1 .7 .3 5.7 2.0 12.1 3.1 4.3 7.9 18.0 6.4 11.7 27.3 17.5 1.8 1.5 .4 141.0 

% within region 4.3% 0.0% 1.4% 25.5% 4.3% .7% 4.3% 2.1% 0.0% 3.5% 1.4% 2.8% 1.4% .7% 2.8% 23.4% 4.3% 7.1% 8.5% .7% 0.0% 0.0% .7% 100.0% 

% within sector 5.4% 0.0% 12.5% 97.3% 54.5% 5.9% 16.7% 37.5% 0.0% 7.7% 8.7% 2.9% 5.6% 2.0% 4.4% 16.0% 8.2% 7.5% 3.8% .5% 0.0% 0.0% 20.0% 8.7% 

% of Total .4% 0.0% .1% 2.2% .4% .1% .4% .2% 0.0% .3% .1% .2% .1% .1% .2% 2.0% .4% .6% .7% .1% 0.0% 0.0% .1% 8.7% 

U
lsan

 

Count 1 0 0 0 0 0 0 0 1 1 0 4 1 6 3 1 2 1 5 13 3 0 0 42 

Expected Count 2.9 .2 .4 1.0 .3 .4 .9 .2 .1 1.7 .6 3.6 .9 1.3 2.3 5.4 1.9 3.5 8.1 5.2 .5 .4 .1 42.0 

% within region 2.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.4% 2.4% 0.0% 9.5% 2.4% 14.3% 7.1% 2.4% 4.8% 2.4% 11.9% 31.0% 7.1% 0.0% 0.0% 100.0% 

% within sector .9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 33.3% 1.5% 0.0% 2.9% 2.8% 12.2% 3.3% .5% 2.7% .7% 1.6% 6.5% 14.3% 0.0% 0.0% 2.6% 

% of Total .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% .1% 0.0% .2% .1% .4% .2% .1% .1% .1% .3% .8% .2% 0.0% 0.0% 2.6% 

 
 

T
otal 

Count 111 6 16 37 11 17 36 8 3 65 23 139 36 49 90 206 73 134 313 200 21 17 5 1616 

 Expected Count 111.0 6.0 16.0 37.0 11.0 17.0 36.0 8.0 3.0 65.0 23.0 139.0 36.0 49.0 90.0 206.0 73.0 134.0 313.0 200.0 21.0 17.0 5.0 1616.0 

 % within region 6.9% .4% 1.0% 2.3% .7% 1.1% 2.2% .5% .2% 4.0% 1.4% 8.6% 2.2% 3.0% 5.6% 12.7% 4.5% 8.3% 19.4% 12.4% 1.3% 1.1% .3% 100.0% 

 % within sector 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

 % of Total 6.9% .4% 1.0% 2.3% .7% 1.1% 2.2% .5% .2% 4.0% 1.4% 8.6% 2.2% 3.0% 5.6% 12.7% 4.5% 8.3% 19.4% 12.4% 1.3% 1.1% .3% 100.0% 
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Table 3.22 Cross-tabulation on between regions and sectors in service industry in KIS 2016 

  Sectors 
Total 

45 46 47 49 50 51 52 55 56 58 59 60 61 62 63 64 65 66 68 69 70 71 72 73 74 75 85 86 87 90 91 95 96 

R
egio

n
 

B
u
san

 

Count 0 7 0 8 0 0 1 3 1 1 0 0 0 0 0 0 0 0 0 0 0 6 2 2 0 8 2 10 3 0 1 3 0 58 

Expected Count .3 10.8 1.6 2.4 .2 .2 1.1 .8 .5 3.8 .2 .4 .5 2.1 .6 1.3 .9 1.5 .9 .2 1.1 11.0 2.0 .3 1.8 5.3 1.5 3.2 .3 .1 .3 .6 .3 58.0 

% within region 0.0% 12.1% 0.0% 13.8% 0.0% 0.0% 1.7% 5.2% 1.7% 1.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 10.3% 3.4% 3.4% 0.0% 13.8% 3.4% 17.2% 5.2% 0.0% 1.7% 5.2% 0.0% 100% 

% within sector 0.0% 2.5% 0.0% 12.5% 0.0% 0.0% 3.4% 13.6% 7.7% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.1% 3.8% 28.6% 0.0% 5.8% 5.0% 11.9% 33.3% 0.0% 11.1% 17.6% 0.0% 3.8% 

% of Total 0.0% .5% 0.0% .5% 0.0% 0.0% .1% .2% .1% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .4% .1% .1% 0.0% .5% .1% .7% .2% 0.0% .1% .2% 0.0% 3.8% 

C
h
u
n
gch

eon
gb

u
k
 

Count 0 1 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 2 2 0 0 0 1 0 10 

Expected Count .0 1.9 .3 .4 .0 .0 .2 .1 .1 .6 .0 .1 .1 .4 .1 .2 .2 .3 .2 .0 .2 1.9 .3 .0 .3 .9 .3 .5 .1 .0 .1 .1 .0 10.0 

% within region 0.0% 10.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 10.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 30.0% 20.0% 20.0% 0.0% 0.0% 0.0% 10.0% 0.0% 100% 

% within sector 0.0% .4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.2% 5.0% 2.4% 0.0% 0.0% 0.0% 5.9% 0.0% .7% 

% of Total 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .2% .1% .1% 0.0% 0.0% 0.0% .1% 0.0% .7% 

C
h
u
n
gC

h
eon

gn
am

 

Count 0 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 1 2 2 0 0 0 0 0 11 

Expected Count .1 2.0 .3 .5 .0 .0 .2 .2 .1 .7 .0 .1 .1 .4 .1 .3 .2 .3 .2 .0 .2 2.1 .4 .1 .3 1.0 .3 .6 .1 .0 .1 .1 .1 11.0 

% within region 0.0% 9.1% 0.0% 9.1% 0.0% 0.0% 9.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 9.1% 0.0% 0.0% 18.2% 9.1% 18.2% 18.2% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 

% within sector 0.0% .4% 0.0% 1.6% 0.0% 0.0% 3.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .3% 0.0% 0.0% 4.3% .7% 5.0% 2.4% 0.0% 0.0% 0.0% 0.0% 0.0% .7% 

% of Total 0.0% .1% 0.0% .1% 0.0% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% .1% .1% .1% .1% 0.0% 0.0% 0.0% 0.0% 0.0% .7% 

D
aegu

 

Count 0 4 0 3 0 0 0 1 0 3 0 1 0 0 0 0 0 0 1 0 0 1 0 0 0 1 0 6 0 0 1 2 1 25 

Expected Count .1 4.6 .7 1.0 .1 .1 .5 .4 .2 1.6 .1 .2 .2 .9 .2 .6 .4 .7 .4 .1 .5 4.8 .8 .1 .8 2.3 .7 1.4 .1 .0 .1 .3 .1 25.0 

% within region 0.0% 16.0% 0.0% 12.0% 0.0% 0.0% 0.0% 4.0% 0.0% 12.0% 0.0% 4.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 4.0% 0.0% 0.0% 4.0% 0.0% 0.0% 0.0% 4.0% 0.0% 24.0% 0.0% 0.0% 4.0% 8.0% 4.0% 100% 

% within sector 0.0% 1.4% 0.0% 4.7% 0.0% 0.0% 0.0% 4.5% 0.0% 3.0% 0.0% 9.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 4.3% 0.0% 0.0% .3% 0.0% 0.0% 0.0% .7% 0.0% 7.1% 0.0% 0.0% 11.1% 11.8% 14.3% 1.6% 

% of Total 0.0% .3% 0.0% .2% 0.0% 0.0% 0.0% .1% 0.0% .2% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% .1% 0.0% 0.0% 0.0% .1% 0.0% .4% 0.0% 0.0% .1% .1% .1% 1.6% 

D
aejeon

 

Count 0 2 0 3 0 0 0 0 0 2 0 0 0 0 0 0 0 0 1 0 3 3 0 0 0 0 1 2 0 0 0 0 0 17 

Expected Count .1 3.2 .5 .7 .1 .1 .3 .2 .1 1.1 .1 .1 .2 .6 .2 .4 .3 .4 .3 .0 .3 3.2 .6 .1 .5 1.5 .4 .9 .1 .0 .1 .2 .1 17.0 

% within region 0.0% 11.8% 0.0% 17.6% 0.0% 0.0% 0.0% 0.0% 0.0% 11.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5.9% 0.0% 17.6% 17.6% 0.0% 0.0% 0.0% 0.0% 5.9% 11.8% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 

% within sector 0.0% .7% 0.0% 4.7% 0.0% 0.0% 0.0% 0.0% 0.0% 2.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 4.3% 0.0% 10.3% 1.0% 0.0% 0.0% 0.0% 0.0% 2.5% 2.4% 0.0% 0.0% 0.0% 0.0% 0.0% 1.1% 

% of Total 0.0% .1% 0.0% .2% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% .2% .2% 0.0% 0.0% 0.0% 0.0% .1% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 1.1% 

G
a
n
w

on
 

Count 0 1 0 1 0 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2 0 0 8 

Expected Count .0 1.5 .2 .3 .0 .0 .2 .1 .1 .5 .0 .1 .1 .3 .1 .2 .1 .2 .1 .0 .2 1.5 .3 .0 .2 .7 .2 .4 .0 .0 .0 .1 .0 8.0 

% within region 0.0% 12.5% 0.0% 12.5% 0.0% 0.0% 0.0% 12.5% 0.0% 0.0% 0.0% 12.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 25.0% 0.0% 0.0% 0.0% 0.0% 0.0% 25.0% 0.0% 0.0% 100% 

% within sector 0.0% .4% 0.0% 1.6% 0.0% 0.0% 0.0% 4.5% 0.0% 0.0% 0.0% 9.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 4.3% 0.0% 0.0% 0.0% 0.0% 0.0% 22.2% 0.0% 0.0% .5% 

% of Total 0.0% .1% 0.0% .1% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% .5% 

G
w

an
gju

 

Count 0 1 0 3 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 2 1 0 0 0 0 4 0 0 0 0 0 13 

Expected Count .1 2.4 .4 .5 .1 .0 .2 .2 .1 .8 .1 .1 .1 .5 .1 .3 .2 .3 .2 .0 .2 2.5 .4 .1 .4 1.2 .3 .7 .1 .0 .1 .1 .1 13.0 

% within region 0.0% 7.7% 0.0% 23.1% 0.0% 0.0% 0.0% 0.0% 0.0% 15.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 15.4% 7.7% 0.0% 0.0% 0.0% 0.0% 30.8% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 

% within sector 0.0% .4% 0.0% 4.7% 0.0% 0.0% 0.0% 0.0% 0.0% 2.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .7% 1.9% 0.0% 0.0% 0.0% 0.0% 4.8% 0.0% 0.0% 0.0% 0.0% 0.0% .8% 

% of Total 0.0% .1% 0.0% .2% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% .1% 0.0% 0.0% 0.0% 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% .8% 

G
y
eon

gb
u
k
 

Count 0 3 2 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 2 0 5 0 0 0 0 0 17 

Expected Count .1 3.2 .5 .7 .1 .1 .3 .2 .1 1.1 .1 .1 .2 .6 .2 .4 .3 .4 .3 .0 .3 3.2 .6 .1 .5 1.5 .4 .9 .1 .0 .1 .2 .1 17.0 

% within region 0.0% 17.6% 11.8% 0.0% 0.0% 0.0% 0.0% 0.0% 5.9% 5.9% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5.9% 5.9% 0.0% 0.0% 5.9% 11.8% 0.0% 29.4% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 

% within sector 0.0% 1.1% 4.8% 0.0% 0.0% 0.0% 0.0% 0.0% 7.7% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.4% .3% 0.0% 0.0% 2.1% 1.4% 0.0% 6.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.1% 

% of Total 0.0% .2% .1% 0.0% 0.0% 0.0% 0.0% 0.0% .1% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% .1% 0.0% 0.0% .1% .1% 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 1.1% 

G
y
eo

n
ggi 

Count 0 40 2 13 0 0 1 0 1 15 1 0 1 7 0 0 1 1 0 0 11 31 9 0 10 9 9 11 0 0 3 0 0 176 

Expected Count .8 32.6 4.8 7.4 .7 .6 3.3 2.5 1.5 11.4 .7 1.3 1.6 6.3 1.7 4.0 2.8 4.6 2.6 .5 3.3 33.5 6.0 .8 5.4 16.0 4.6 9.7 1.0 .2 1.0 2.0 .8 176.0 

% within region 0.0% 22.7% 1.1% 7.4% 0.0% 0.0% .6% 0.0% .6% 8.5% .6% 0.0% .6% 4.0% 0.0% 0.0% .6% .6% 0.0% 0.0% 6.3% 17.6% 5.1% 0.0% 5.7% 5.1% 5.1% 6.3% 0.0% 0.0% 1.7% 0.0% 0.0% 100% 
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% within sector 0.0% 14.1% 4.8% 20.3% 0.0% 0.0% 3.4% 0.0% 7.7% 15.2% 16.7% 0.0% 7.1% 12.7% 0.0% 0.0% 4.2% 2.5% 0.0% 0.0% 37.9% 10.7% 17.3% 0.0% 21.3% 6.5% 22.5% 13.1% 0.0% 0.0% 33.3% 0.0% 0.0% 11.5% 

% of Total 0.0% 2.6% .1% .8% 0.0% 0.0% .1% 0.0% .1% 1.0% .1% 0.0% .1% .5% 0.0% 0.0% .1% .1% 0.0% 0.0% .7% 2.0% .6% 0.0% .7% .6% .6% .7% 0.0% 0.0% .2% 0.0% 0.0% 11.5% 

G
y
eon

n
am

 

Count 0 4 0 0 0 0 0 0 0 2 0 0 0 1 0 0 0 0 0 0 0 1 1 0 1 5 0 4 0 0 0 0 0 19 

Expected Count .1 3.5 .5 .8 .1 .1 .4 .3 .2 1.2 .1 .1 .2 .7 .2 .4 .3 .5 .3 .0 .4 3.6 .6 .1 .6 1.7 .5 1.0 .1 .0 .1 .2 .1 19.0 

% within region 0.0% 21.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 10.5% 0.0% 0.0% 0.0% 5.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5.3% 5.3% 0.0% 5.3% 26.3% 0.0% 21.1% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 

% within sector 0.0% 1.4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 2.0% 0.0% 0.0% 0.0% 1.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .3% 1.9% 0.0% 2.1% 3.6% 0.0% 4.8% 0.0% 0.0% 0.0% 0.0% 0.0% 1.2% 

% of Total 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% .1% 0.0% .1% .3% 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 1.2% 

In
ch

eon
 

Count 0 2 0 5 0 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 3 1 0 1 1 0 5 0 0 0 4 0 24 

Expected Count .1 4.5 .7 1.0 .1 .1 .5 .3 .2 1.6 .1 .2 .2 .9 .2 .5 .4 .6 .4 .1 .5 4.6 .8 .1 .7 2.2 .6 1.3 .1 .0 .1 .3 .1 24.0 

% within region 0.0% 8.3% 0.0% 20.8% 0.0% 0.0% 4.2% 0.0% 4.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 12.5% 4.2% 0.0% 4.2% 4.2% 0.0% 20.8% 0.0% 0.0% 0.0% 16.7% 0.0% 100% 

% within sector 0.0% .7% 0.0% 7.8% 0.0% 0.0% 3.4% 0.0% 7.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 1.9% 0.0% 2.1% .7% 0.0% 6.0% 0.0% 0.0% 0.0% 23.5% 0.0% 1.6% 

% of Total 0.0% .1% 0.0% .3% 0.0% 0.0% .1% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .2% .1% 0.0% .1% .1% 0.0% .3% 0.0% 0.0% 0.0% .3% 0.0% 1.6% 

Jeju
 

Count 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Expected Count .0 .2 .0 .0 .0 .0 .0 .0 .0 .1 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .2 .0 .0 .0 .1 .0 .1 .0 .0 .0 .0 .0 1.0 

% within region 0.0% 100% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 

% within sector 0.0% .4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 

% of Total 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 

Jeollab
u
k
 

Count 0 0 0 2 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 2 2 4 5 0 0 0 0 0 18 

Expected Count .1 3.3 .5 .8 .1 .1 .3 .3 .2 1.2 .1 .1 .2 .6 .2 .4 .3 .5 .3 .0 .3 3.4 .6 .1 .6 1.6 .5 1.0 .1 .0 .1 .2 .1 18.0 

% within region 0.0% 0.0% 0.0% 11.1% 0.0% 0.0% 0.0% 0.0% 5.6% 5.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5.6% 0.0% 0.0% 0.0% 0.0% 0.0% 11.1% 11.1% 22.2% 27.8% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 

% within sector 0.0% 0.0% 0.0% 3.1% 0.0% 0.0% 0.0% 0.0% 7.7% 1.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 4.3% 0.0% 0.0% 0.0% 0.0% 0.0% 4.3% 1.4% 10.0% 6.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.2% 

% of Total 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% 0.0% .1% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% .1% .1% .3% .3% 0.0% 0.0% 0.0% 0.0% 0.0% 1.2% 

Jeolln
a
m

 

Count 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 3 0 0 5 0 0 0 0 0 10 

Expected Count .0 1.9 .3 .4 .0 .0 .2 .1 .1 .6 .0 .1 .1 .4 .1 .2 .2 .3 .2 .0 .2 1.9 .3 .0 .3 .9 .3 .5 .1 .0 .1 .1 .0 10.0 

% within region 0.0% 10.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 10.0% 0.0% 0.0% 0.0% 30.0% 0.0% 0.0% 50.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 

% within sector 0.0% .4% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 3.4% 0.0% 0.0% 0.0% 6.4% 0.0% 0.0% 6.0% 0.0% 0.0% 0.0% 0.0% 0.0% .7% 

% of Total 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% .2% 0.0% 0.0% .3% 0.0% 0.0% 0.0% 0.0% 0.0% .7% 

S
eo

u
l 

Count 7 215 38 24 6 5 25 17 8 69 5 9 13 47 15 35 23 39 20 4 13 241 37 5 24 107 19 23 6 2 2 7 6 1116 

Expected Count 5.1 207.0 30.6 46.7 4.4 3.6 21.1 16.0 9.5 72.2 4.4 8.0 10.2 40.1 10.9 25.5 17.5 29.2 16.8 2.9 21.1 212.1 37.9 5.1 34.3 101.3 29.2 61.2 6.6 1.5 6.6 12.4 5.1 1116.0 

% within region .6% 19.3% 3.4% 2.2% .5% .4% 2.2% 1.5% .7% 6.2% .4% .8% 1.2% 4.2% 1.3% 3.1% 2.1% 3.5% 1.8% .4% 1.2% 21.6% 3.3% .4% 2.2% 9.6% 1.7% 2.1% .5% .2% .2% .6% .5% 100% 

% within sector 100% 75.7% 90.5% 37.5% 100% 100% 86.2% 77.3% 61.5% 69.7% 83.3% 81.8% 92.9% 85.5% 100% 100% 95.8% 97.5% 87.0% 100% 44.8% 82.8% 71.2% 71.4% 51.1% 77.0% 47.5% 27.4% 66.7% 100% 22.2% 41.2% 85.7% 72.9% 

% of Total .5% 14.0% 2.5% 1.6% .4% .3% 1.6% 1.1% .5% 4.5% .3% .6% .8% 3.1% 1.0% 2.3% 1.5% 2.5% 1.3% .3% .8% 15.7% 2.4% .3% 1.6% 7.0% 1.2% 1.5% .4% .1% .1% .5% .4% 72.9% 

U
lsan

 

Count 0 1 0 1 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 0 0 8 

Expected Count .0 1.5 .2 .3 .0 .0 .2 .1 .1 .5 .0 .1 .1 .3 .1 .2 .1 .2 .1 .0 .2 1.5 .3 .0 .2 .7 .2 .4 .0 .0 .0 .1 .0 8.0 

% within region 0.0% 12.5% 0.0% 12.5% 0.0% 0.0% 0.0% 0.0% 0.0% 25.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 12.5% 12.5% 0.0% 12.5% 0.0% 12.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 100% 

% within sector 0.0% .4% 0.0% 1.6% 0.0% 0.0% 0.0% 0.0% 0.0% 2.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .3% 1.9% 0.0% 2.1% 0.0% 2.5% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .5% 

% of Total 0.0% .1% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .1% .1% 0.0% .1% 0.0% .1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% .5% 

 

T
o
tal 

Count 7 284 42 64 6 5 29 22 13 99 6 11 14 55 15 35 24 40 23 4 29 291 52 7 47 139 40 84 9 2 9 17 7 1531 

Expected Count 7.0 284.0 42.0 64.0 6.0 5.0 29.0 22.0 13.0 99.0 6.0 11.0 14.0 55.0 15.0 35.0 24.0 40.0 23.0 4.0 29.0 291.0 52.0 7.0 47.0 139.0 40.0 84.0 9.0 2.0 9.0 17.0 7.0 1531.0 

% within region .5% 18.5% 2.7% 4.2% .4% .3% 1.9% 1.4% .8% 6.5% .4% .7% .9% 3.6% 1.0% 2.3% 1.6% 2.6% 1.5% .3% 1.9% 19.0% 3.4% .5% 3.1% 9.1% 2.6% 5.5% .6% .1% .6% 1.1% .5% 100% 

% within sector 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

% of Total .5% 18.5% 2.7% 4.2% .4% .3% 1.9% 1.4% .8% 6.5% .4% .7% .9% 3.6% 1.0% 2.3% 1.6% 2.6% 1.5% .3% 1.9% 19.0% 3.4% .5% 3.1% 9.1% 2.6% 5.5% .6% .1% .6% 1.1% .5% 100% 
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Regarding hypotheses rejected based on the results from cross-tabulation 

analysis and chi-square test, details and inferences are as follows. H2 for KIS 2016 

on difference between industries are rejected at p-value of 0.052 (>0.05). It can be 

attributed that firms in manufacturing and service industries succeeded on 

innovation with large rate of 40.40% and 38.28%, respectively. H5 for KIS 2014 in 

service industry on difference between metropolitan and other areas are rejected at 

p-value of 0.139 (>0.05) at the regional level. It can be attributed that most firms 

in service industry failed on successful innovation with low successful rate of 8.40% 

nationwide, and firms in the metropolitan area succeeded on innovation with 

successful rate of 8.8% and the others are as successful rate of 7.5%. H6 for KIS 

2014 in service industry on difference between all regions are rejected at p-value of 

0.331 (>0.05) at the regional level. It can be attributed that most firms in service 

industry failed on successful innovation with relatively low rate of 8.40% nationwide 

as same as cases for H5. Firms in service industry nationwide mostly failed on 

successful innovation with failure rate of 91.6%. Details of case summary, chi-square 

tests, directional measures, and symmetric measures of these three models of 

H2_2016, H5_2014S, and H6_2014S that reject hypotheses are presented in 

Appendix A. 

 

3.3 Conclusion 

 

In previous studies that mostly conducted by qualitative and descriptive analysis on 

innovation at the sectoral and regional levels based on small cases under different 

contexts separately, it is preliminary assumed that there is difference between sectors 
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statistically but not tested. 

In this thesis, hypotheses are constructed and verified on difference at the 

innovation success between manufacturing and service industries at the industrial, 

sectoral, regional and across sectoral and regional levels. Among all the 28 models 

systemically constructed for testing hypotheses from H1 to H8, three models reject 

hypotheses and 25 models support hypotheses. It is resulted that hypotheses of H1, 

H3, H4, H7, and H8 are accepted, and H2, H5 and H6 are rejected as shown in 

Table 3.8.  

Concerning difference on innovation success and failure over the years at 

both manufacturing industry and service industry, H1 is accepted at the industrial 

level. H2 for KIS 2014 on difference between two industries are significantly accepted 

at p-value of 0.000. However, for KIS 2016 on difference between two industries are 

rejected at p-value of 0.052 (>0.05). Firms in service industry raised its innovation 

success rate of 38.28% in KIS 2016 from 8.40% of KIS 2014, resulted in similar 

innovation success rate of 38.28% with innovation success rate of 40.40% of the 

manufacturer in KIS 2016. These can be attributed that overall firms in service 

industry succeeded on innovation at large rates as well as firms in manufacturing 

industry at the same period. H3 is accepted at the corporate level on difference at 

innovation success and failure by firm size (statuary type) in both manufacturing 

and service industries in each period at significance level of 0.001. H4 at the regional 

level on difference at innovation success and failure between the capital and the 

other areas in both manufacturing and service industries at each period is accepted 

significantly. H5 at the regional level on KIS 2014 in manufacturing industry and on 

KIS 2016 in the both industries are accepted, but KIS 2014 in service industry is 

rejected on difference between metropolitan and the other areas are rejected at 

significance level of 0.05. There were service firms with low successful rate of 8.40% 
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nationwide in 2014, and firms between in the metropolitan and the other areas did 

not show significantly difference on innovation success with rate of 8.8% and 7.5%, 

respectively. H6 on KIS 2014 in manufacturing industry and KIS 2016 in the both 

industries are accepted, but KIS 2014 in service industry is rejected on difference 

between all regions at the regional level. It can be attributed that firms in service 

industry failed on successful innovation mostly with low rate of 8.40% nationwide 

as same as cases for H5. H7 at the sectoral level on difference at innovation success 

and failure between the sectors in both manufacturing and service industries at each 

period is accepted at significance level of 0.001. H8 at the regional and sectoral level 

on difference at innovation success between the sectors and regions in both 

manufacturing and service industries at each period is accepted.  

Concerning the sectoral innovation study, previous studies have focused on 

how sectoral differences influence innovation. Subsequently, they have expanded the 

foci on how sectoral differences shape its sectoral pattern in terms of technological 

dynamism involving the technology regime and trajectories, and knowledge flow 

based on sectoral taxonomy, such as Pavitt’s taxonomy [107, 267, 268]. Findings of 

this thesis statistically draw a rigid evidence of sectoral difference to establish 

innovation policies, which should take diverse approaches to design an institutional 

system to promote innovation according to the mechanisms, patterns, and 

characteristics of players on innovation from the sectoral innovation system 

perspective [269]. Furthermore, findings on sectoral and regional connectivity 

suggest that the differentiation of innovation success is more magnified. In linkage 

to regional diversity, the sectoral regime is prominent compared to the regional 

characteristics in the sectoral innovation system [270]. In this respect, finding in this 

thesis is more consistent with the perspective of the regional innovation system, 

which has focused on network and cooperative learning within the regional 
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ecosystem in the specific sectors, such as the innovation clusters or milieu of 

innovation [271, 272, 273, 274]. It can be attributed to a well-established local 

business environment regarding cooperative networking between innovation actors 

with government supporting programs for specific regional sectors [116, 119, 120, 

121]. Overall, 25 models of all 28 models supported hypotheses without 3 models. 

Thus, based on the identification of sectoral and regional differences on innovation 

success and failure across all sectors and regions statistically, it is firmly argued that 

industrial, sectoral, and regional differences significantly affect innovation success 

and failure. This gives comprehensive solid ground on difference at the innovation 

success between manufacturing and service industries at the industrial, sectoral, 

regional, and across sectoral and regional levels. Based on this ground, this thesis 

goes further to explore factors and typological behaviors on innovation between 

manufacturing and service industries by using decision-making tree analysis in cross-

sectional and longitudinal perspectives contemporarily at the national, regional, and 

sectoral level. 
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Chapter 4  

 

Identifying influencing factors and typological behaviors in 

innovation between manufacturing and service industries 

by using decision-making tree analysis 

 

 

The previous theme #1 in chapter 3 confirmed that existing difference on success 

of innovation between manufacturing and service industries at the industrial, 

sectoral, and regional levels based on the cross-tabulation analysis and chi-square 

test on the eight hypotheses in this thesis. Based on this ground, this chapter further 

explores to identify significant influencing factors and typological behaviors on 

innovation comparatively between manufacturing and service industries by using 

decision-making tree analysis (DT) in the cross-sectional and longitudinal 

perspectives contemporarily at the national, regional, and sectoral levels. 

This chapter consists of three sub-modules involving theme#2 in this thesis. 

The first module identifies influencing factors and typological behavior on success 

and failure of innovation comparatively between two industries at the national and 

regional levels. The second module identifies influencing innovation factors and 

typological behavior on success firms comparatively between two industries from 

several activity perspectives. The third module identifies influencing innovation 

factors and typological behavior on domains having highest success rate 

comparatively between manufacturing and service industries at the sectoral, regional, 
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and across the sectoral and regional levels with higher resolution particularly. 

 

4.1 Identifying contextual factors and typological behavior in 

innovation success and failure between manufacturing and service 

industries at the national and regional levels 

 

4.1.1 Analysis structure on innovation success and failure at the 

national and regional levels 

 

The first module of theme#2 consists of 52 decision-making tree analysis (DT) 

models to compare manufacturing industry with service industry regarding overall, 

statuary types, and size of sales at the national level as well as regarding capital 

and metropolitan region at the regional level based on the two consecutive KIS 2014 

and KIS 2016 as presented in Table 4.1. For the target variable, innovation success 

and failure is served in the models of the first module. Explanatory variables are 

comprised of several categories as general information, size, target market, R&D 

activities, and other factors of region, sector, and age that are discussed in chapter 

2.1.2 in detail.  

In the models for identifying differences by statuary types, statuary type 

variable is excluded. To control size effects, the variable of the level of sales size is 

excluded. In the regional level models, regional variables are kept out. In use of 
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industrial comparison, sub-sector at two-digit code level of KSIC is used for 

distinguishing manufacturing and service industries.  

The general settings of CHAID algorithm of DT in the first module as 

stated in chapter 2.2.1 in this thesis are as follows: (1) The value of maximum tree 

depth is set autonomously; (2) both the splitting and merging significant values are 

equally set to 0.05; (3) the maximum number of recursive calculation is set for 100; 

(4) The misclassification costs are set to the same value for all the categories; (5) 

the missing value treated as not valid but a missing value; (6) the minimum size of 

the parent node and child node are set to be 100 cases and 50 cases, respectively. 

In the model for service sector in KIS 2014, data balancing through 

oversampling on success case is applied as discussed in chapter 2.2.1. In order to 

avoid the problem of overfitting, the ratio of duplicate occurrences is limited to 

below 30% so that this oversampled dataset of service sectors in 2014 KIS is served 

as the final dataset. Other cases are used in original data without data balancing. 

In terms of validation on the models, a 10-fold cross-validation method is 

used to estimate the performance and overall accuracy, and the ratio of the number 

of true positive, which means the ratio of the correctly predicted case, is provided 

at each model. 
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Table 4.1 Analysis structure of the first module 

Level Category Year 
Sub 

categories 

Model 
Target  

variable 

Explanatory 

variable 1 

Manufacturing 

industry 

Service  

industry 
  

National 

level 

Overall 
2014 Overall M1_1O_2014 S1_1O_2014 b 

Innovation 

success  

and 

failure 

1. General  

Information 

 1-1. Form of firm 

 1-2. Statuary type 

 1-3. designation  

status 

 1-4. listed status 

 

2. Size 

2-1. level of sales  

size 

2-2. level of exports  

size 

2-3. level of  

employee  

size 

 

3. Target market 

3-1. Main regional  

target market 

3-2. Main customer  

type 

 

4. R&D activity 

 4-1. Ratio of R&D  

personnel 

 4-2. Manner of R&D 

activities 

 

5. Etc. 

5-1. Region 

 5-2. Sector 

 5-3. Age 

2016 Overall M1_1O_2016 S1_1O_2016 

Statuary  

types 2 

2014 

Large-sized 

firms 
M1_2L_2014 S1_2L_2014 b 

Medium-sized 

firms 
M1_2M_2014 S1_2M_2014 b 

Small-sized 

firms 
M1_2S_2014 S1_2S_2014 b 

2016 

Large-sized 

firms 
M1_2L_2016 S1_2L_2016 

Medium-sized 

firms 
M1_2M_2016 S1_2M_2016 

Small-sized 

firms 
M1_2S_2016 S1_2S_2016 

Size of  

Sales 3 

2014 

~1B₩ M1_3S_1_2014 S1_3S_1_2014 b 

1 B₩~5B₩ M1_3S_2_2014 S1_3S_2_2014 b 

5B₩~10B₩ M1_3S_3_2014 S1_3S_3_2014 b 

10B₩~50B₩ M1_3S_4_2014 S1_3S_4_2014 b 

50B₩~ M1_3S_5_2014 S1_3S_5_2014 b 

2016 

~1 B₩ M1_3S_1_2016 S1_3S_1_2016 

1B₩~5B₩ M1_3S_2_2016 S1_3S_2_2016 

5B₩~10B₩ M1_3S_3_2016 S1_3S_3_2016 

10B₩~50B₩ M1_3S_4_2016 S1_3S_4_2016 

50B₩~ M1_3S_5_2016 S1_3S_5_2016 

Regional 

level 

Capital 

region 4 

2014 
Capital area M1_4CC_2014 S1_4CC_2014 b 

Other area M1_4CO_2014 S1_4CO_2014 b 

2016 
Capital area M1_4CC_2016 S1_4CC_2016 

Other area M1_4CO_2016 S1_4CO_2016 

Metropolita

n region 4 

2014 

Metropolitan 

area 
M1_4MR_2014 S1_4MR_2014 b 

Other area M1_4MO_2014 S1_4MO_2014 b 

2016 

Metropolitan 

area 
M1_4MR_2016 S1_4MR_2016 

Other area M1_4MO_2016 S1_4MO_2016 

1 Variable description is in Table 2.1; 2 Independent variable 1-2 is excluded; 3 Independent variable 2-

1 is excluded; 4 Independent variable 5-1 is excluded; b Data balanced 
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4.1.2 Factors and behaviors in innovation success and failure 

between manufacturing and service industries at the national and 

regional levels 

 

Table 4.2 summarizes case statistics including missing cases of all 52 models in the 

module. Models on firm size, there were missing cases due to the firms had no sales 

or no responds. These missing cases are relatively low as under 5% in KIS 2014 and 

under 6% in KIS 2016 on manufacturing industry, relatively. In the service industry, 

they are under 11% in KIS 2016, and there were no missing cases in KIS 2014. 

A summary of overall results of 52 models in the first module is presented 

in Table 4.3 for the comparing manufacturing and service industries based on the 

two consecutive KIS 2014 and KIS 2016 regarding the overall, statuary types, and 

size of sales perspectives at the national level, and from the regional perspectives on 

the capital and metropolitan regions. Models of M1_3S_1_2016 and 

S1_3S_1_2016 for investigating cases under 1B₩ of sales size did not developed 

because of no cases in manufacturing industry in KIS 2016 and few cases in service 

industry in KIS 2016 where total cases were 169. Table 4.3 presents determined 

factors influencing innovation at the significance level of 0.05 in order of significance. 

It also provides the overall accuracy, the predicted accuracies of the success and 

failure classes through 10 cross-validation. Details of description, measurement, 

value, and scale of variables in results are presented in Table 2.1 in Chapter 2.
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Table 4.2 Case statistics of 52 models in the first module 

Level Category Year Subcategories 

Valid case Missing case 

Mfg. Ind. Svc. Ind. Mfg. Ind. Svc. Ind. 

Total Success Failure Total Success Failure Success Failure Success Failure 

National 

level 

Overall 
2014 Overall 4,075 967 3108 5,202b 1,396b 3,806 0 0 0 0 

2016 Overall 4,000 1,616 2,384 4,000 1,531 2,469 0 0 0 0 

Statuary types 

2014 

Large sized firms 229 141 88 333b 152b 181b 

0 0 0 0 Medium sized firms 1,314 394 920 2,121b 652b 1,469b 

Small sized firms 2,532 432 2,100 2,748b 592b 2,156b 

2016 

Large sized firms 186 146 40 426 312 114 

0 0 0 0 Medium sized firms 1,386 792 594 1,527 719 808 

Small sized firms 2,428 678 1,750 2,047 500 1,547 

Size of Sales 2014 

~1B₩ 385 35 350 1,008b 148 b 860b 

199 193 0 0 

1 B₩~5B₩ 1,451 233 1,218 1,724b 396 b 1,328 b 

5B₩~10B₩ 739 151 588 824b 224 b 600 b 

10B₩~50B₩ 836 255 581 1,073b 372 b 701 b 

50B₩~ 272 94 178 573 b 256 b 317 b 
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2016 

~1 B₩ 0 0 0 169 28 141 

232 430 198 419 

1B₩~5B₩ 1,261 308 953 929 199 730 

5B₩~10B₩ 650 230 420 531 177 354 

10B₩~50B₩ 1,062 584 478 1,034 436 598 

50B₩~ 365 262 103 720 493 227 

Regional 

level 

Capital region 

2014 
Capital area 1,657 468 1,189 3,235b 948 b 2,287 b 

0 0 0 0 
Other area 2,418 499 1,919 1,967b 448 b 1,519 b 

2016 
Capital area 1,549 547 1,002 2,808 1,292 1,516 

0 0 0 0 
Other area 2,451 1,069 1,382 1,192 239 953 

Metropolitan  

region 

2014 
Metropolitan area 1,590 408 1,182 3,616b 1,008b 2,608 b 

0 0 0 0 
Other area 2,485 559 1,926 1,586b 388 b 1,198 b 

2016 
Metropolitan area 1,348 684 664 2,900 1,261 1,639 

0 0 0 0 
Other area 2,652 932 1,720 1,100 270 830 

b Data balanced 
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Table 4.3 Summary of overall results of 52 decision-making tree analysis models  

Level Category Year Sub-categories 

Manufacturing Industry Service Industry 

Results 1 
Accuracy 2 

Results 1 
Accuracy 2 

O 3 S 4 F 5 O 3 S 4 F 5 

National 

level 

Overall 

2014 Overall Q3_1_6, Q6, Q2_2_3, Q1_2 79.4 40.2 91.6 
Q3_1_6, sector, region, Q6,  

Q8_1, Q2_1_1, Q1_2, age b 
81.1 62.2 88.1 

2016 Overall 
Q6, Q3_3, sector, age, 

Q2_1_2, Q3_1, region, Q1_4 
79.4 71.2 85.0 

Q6, Q2_1_2, Q3_3, Q3_2, 

Q3_1, sector, Q2_1_3, Q3_4_3 
80.8 66.5 89.6 

Statuary 

types 

2014 

Large sized 

firms 
Q3_1_6 65.9 60.3 75.0 Q3_1_6, Q1_1 b 81.7 78.9 84.0 

Medium sized 

firms 

Q3_1_6, Q2_2_2, region, 

Q2_2_1, Q2_1_2, Q2_2_3 
73.7 18.3 97.4 

Q6, Q8_1, age, region,  

Q1_4, Q3_1_6 b 
78.1 64.4 84.1 

Small sized 

firms 
Q3_1_6, Q6, Q2_2_3, Q8_1 85.7 27.3 97.8 

Q3_1_6, sector, Q3_1_2,  

region, Q3_1_1, Q6 b 
85.5 55.4 93.7 

2016 

Large sized 

firms 
Q6 78.5 80.1 72.5 Q6, sector 83.3 97.8 43.9 

Medium sized 

firms 

Q6, Q3_3, region, sector,  

Q1_4 
77.7 91.9 58.8 Q6, Q2_1_2, Q7, sector 78.1 66.1 88.7 

Small sized 

firms 
Q6, sector, Q2_1_1, region 82.6 59.6 91.5 Q6, Q2_1_3, sector, Q3_3, Q3_2 80.5 33.0 95.8 

Size 

of 

Sales 

2014 

~1B₩ Q6 90.9 0.0 100.0 Q6, sector, region b 89.4 40.5 97.8 

1 B₩~5B₩ Q3_1_6, Q6, Q2_2_3 85.7 59.7 90.7 
Q3_1_6, Q8_1, region, sector,  

age b 
83.8 64.6 89.5 

5B₩~10B₩ Q3_1_6, Q1_2, Q2_2_3 79.6 0.0 100.0 Q3_1_6, region, sector, Q1_2 b 80.0 62.5 86.5 

10B₩~50B₩ Q3_1_6, Q1_2, Q2_2_3 73.7 18.8 97.8 Q3_1_6, region, Q1_1, Q8_1, Q6 b 77.6 68.8 82.3 

50B₩~ Q1_3_3 65.4 0.0 100.0 Q6, Q3_1_6, Q1_1, Q3_1_3 b 76.1 71.9 79.5 
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2016 

~1 B₩ n/a n/a n/a n/a n/a n/a n/a n/a 

1B₩~5B₩ Q6, sector, region 79.7 24.4 97.6 Q6, Q3_3, Q7, sector 81.1 22.6 97.0 

5B₩~10B₩ Q6, sector, region 80.3 82.6 79.0 Q6, sector, region 72.1 48.6 83.9 

10B₩~50B₩ Q6, Q3_1, Q1_2 75.2 93.3 53.1 Q6, Q3_2, sector 77.4 78.2 76.8 

50B₩~ Q6, Q1_4, region 81.1 95.8 43.7 Q6, sector 85.4 81.4 72.7 

Regional 

level 

Capital 

region 

2014 

Capital area 
Q3_1_6, Q8_1, age, Q1_2, 

Q2_2_2, sector 
77.3 79.1 76.6 

Q3_1_6, Q1_1, sector, Q2_1_2, 

Q8_1, Q3_1_2 b 
80.4 87.2 64.1 

Other area 
Q3_1_6, Q6, Q1_2, Q8_1, 

Q2_2_3 
81.3 40.3 92.0 Q3_1_6, Q6, age, Q2_1_3 b 83.4 53.6 92.2 

2016 

Capital area Q6, Q1_2, Q1_4 75.0 71.8 76.6 
Q6, Q2_1_2, Q3_1,  

sector, Q2_1_3, Q3_4_3 
79.8 69.1 89.0 

Other area 
Q6, Q3_3, sector, age,  

Q1_2, Q3_1 
82.8 79.0 85.7 Q6, Q3_2, sector, Q1_2 84.1 44.8 93.9 

Metro-

politan 

region 

2014 

Metropolitan 

area 
Q6, Q1_2, sector 81.9 65.4 87.6 

Q3_1_6, sector, Q3_1_1, Q1_1, 

Q2_1_2, age, Q2_2_1, Q1_2 b 
81.3 69.4 85.9 

Other area Q6, Q8_1, Q1_2 79.1 22.5 95.5 
Q3_1_6, Q8_1, Q6,  

Q2_1_3, sector, Q2_1_2 b 
81.1 47.4 85.9 

2016 

Metropolitan 

area 

Q6, Q3_1, Q1_4, Q3_2,  

sector, Q3_3 
83.2 90.6 75.6 

Q6, Q2_1_2, Q7, Q3_1, age,  

Q2_1_3, Q3_4_3, Q3_3 
78.9 67.7 87.6 

Other area 
Q6, Q2_1_2, Q2_1_1, Q1_2,  

Q3_3, Q1_4 
77.9 62.1 86.5 Q6, Q3_2, sector, Q3_3 82.7 53.0 92.4 

b Data balanced by oversampling; 1 significant influencing factors in order of significance and its description is given in appendix A; 2 Accuracy as a percentage; 
3 O denotes overall accuracy as overall predicted percent correct; 4 S denotes predicted percent correct of success case; 5 F denotes predicted percent correct of 

failure case  
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4.1.2.1 Overall influencing factors and typological behaviors on 

innovation success and failure at the national level 

 

At the national level, significant factors affecting the successful innovation 

and failure in manufacturing industry in 2014 were found as follows in order of 

significance: ratio of R&D personnel (Q3_1_6); main way of performing R&D 

activities (Q6); size of exports (level in one year ago, Q2_2_3); statuary types 

(Q1_2). In manufacturing industry in 2016, main way of performing R&D 

activities(Q6), size of employee (level in one year ago, Q3_3), sector, firm age, size 

of sales (level in two years ago, Q2_1_2), size of employee (level in three years ago, 

Q3_1), region, listed status (Q1_4) were identified to be significant influencing 

factors. Meanwhile, in service industry, ratio of R&D personnel (Q3_1_6), sector, 

region, main way of performing R&D activities (Q6), main customer type (Q8_1), 

size of sales (level in three years ago, Q2_1_1), statuary types (Q1_2), and firm 

age were found to be significant influencing factors in 2014. In 2016, main way of 

performing R&D activities (Q6), size of sales (level in two years ago, Q2_1_2), size 

of employee (level in one, two, and three years ago, Q3_3, Q3_2, Q3_1), sector, 

size of sales (level in three years ago, Q2_1_3), and ratio of R&D personnel 

(Q3_4_3) were identified to be significant affecting factors. For the comparison 

between manufacturing and service industries in the same period at the national 

level, factors of ratio of R&D personnel, main way of performing R&D activities, 

and statuary types had an influence significantly on the innovation success and 

failure both industries in KIS 2014, and factors of main way of performing R&D 
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activities, sector, level of actual sales in two years ago, and level of actual employee 

in three years ago significantly affected between success and failure of innovation on 

both industries in KIS 2016.  

The success rate of firms in innovation nationwide across the manufacturing 

and service industry in Korea in 2014 and 2016 are 15.99% and 39.34%, respectively. 

Comparing to the previous nationwide success rate of firms, the success rate in 2014 

is relatively moderate level, whereas the one in 2016 shows extremely high level. 

This variation may attribute to the global economic crisis occurred in 2008. Since 

then, economy had slowly recovered. In this respect, the success rate of 2014 KIS 

represents an ordinary business circumstance, whereas the result of 2016 KIS 

represents as booming business circumstance.  

From a longitudinal perspective, main way of performing R&D activities 

was identified to be significant influencing factor to the successful innovation in 

manufacturing industry throughout KIS 2014 and KIS 2016. In service industry, 

over the years, main way of performing R&D activities, ratio of R&D personnel, 

and sector were discovered to be significant influencing factors. By cross-sectional 

and longitudinal comparison between manufacturing and service industries during 

the recent two consecutive KIS, main way of performing R&D activities is 

determined to be the most significant influencing factor to the innovation success 

and failure. In this respect, determined factors influencing innovation success are 

pivotal through the turbulence of business circumstance over the time. Especially, 

in the booming economic circumstances, the size effects are more prominently 

identified comparing to the ordinary circumstances in 2014. 

Table 4.3 presents the accuracies of the models. Based on 10 cross-validation, 

overall forecasting accuracies of the model M1_1O_2014, S1_1O_2014, 

M1_1O_2016, and S1_1O_2016 are 79.4%, 81.1%, 79.4%, and 80.8%, respectively. 
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These accuracy levels are relatively high level that reached close to 80%. Accuracies 

of the success class are 40.2%, 62.2%, 71.2%, and 66.5%, respectively. While, 

accuracies of the failure class are 91.6%, 88.1%, 85%, and 89.6%, respectively. 

Generally, based on the general information, it is very complicated to grasp 

forecasting successful innovation. Despite this difficulty, the accuracy levels of 

classifications between success and failure of innovation in this thesis demonstrate 

the quality of these models. Additionally, all the accuracy levels appear stable over 

time, coming from cross-validation and big data scale. Thus, these results allow us 

to conclude that these DTs are rational and transcendent. This indicates that the 

general information of firms used in KIS based on the Oslo Manual, which are 

related to the general resources of capability for innovation, can distinguish success 

of innovation from failure. Especially, these significant influencing factors obtained 

from DT can effectively filter out firms that are more likely to fail in innovation. 

Overall, these results are based on well-designed sample selection using the Neyman 

method from a sample frame of Nationwide Business Survey, thereby showing 

representativeness of all nationwide firms across all manufacturing and service 

sectors in Korea.  

Figure B.1, Figure B.2, Figure B.3, and Figure B.4 in Appendix B present 

DT results of the models of M1_1O_2014, S1_1O_2014, M1_1O_2016, and 

S1_1O_2016, respectively.  

First, concerning the result of model M1_1O_2014 in Figure B.1 in 

manufacturing industry in 2014, DT starts with the first parent node of the ratio of 

R&D personnel. In the case wherein the value of the ratio of the R&D personnel is 

zero, which means an absence of R&D personnel, 98.8% of firms had failed in 

innovation. In the case wherein no R&D activity was carried out under the above 

condition (the absence of R&D personnel), entire firms failed in innovation. However, 
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16.1% of the cases of firms irregularly operating R&D if necessary, succeeded in 

innovation in the above group. In other cases, wherein the value of ratio of R&D 

personnel was not zero, factors of statuary types and exports level mostly explained 

the success and failure of innovation. Especially, the factors of the ratio of R&D 

personnel and statuary types (in terms of size) are presented in the third layer. 

These results indicate that these factors mostly explain the behavior of innovation 

success and failure, given that firms have R&D personnel. Comprehensively, the 

higher the ratio of R&D personnel and the bigger the firm size, the greater the 

success realized by firms will be. It reaffirms the arguments that R&D personnel 

affects positively [169, 170] and that large firms have an advantage [211, 212, 213, 

214, 215, 216].  

Second, examining the result of model S1_1O_2016 in Figure B.2 for 

service industry in 2014, DT starts with the first parent node of the ratio of R&D 

personnel. In the case wherein the value of the ratio of R&D personnel is zero, which 

means the absence of R&D personnel and majority of service firms (71.9%) are 

situated in this case, 87.3% of firms had failed in service innovation. Under this 

condition, 73.9% of service firms belonging to the specific service sector, such as 

KSIC 47 (Retail trade, except motor vehicles and motorcycles), 55 (Accommodation 

and food service activities), 75 (Business support services), and 96 (Other personal 

service activities), failed in service innovation. Even if the firms belong to the above 

service sector, 41.8% of service firms succeeded in service innovation if their main 

customers belonged to the government and public sector. Meanwhile, under the 

same conditions, 90.8% of service firms whose main customers are individual 

customers, private companies, and overseas markets failed in service innovation. It 

can be inferred that several sectors, such as KSIC 47, 55, 75, and 96, do not be 

pressured to innovate service under the relatively low level of competitive business 
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environment, and do not necessarily require efforts to innovate with R&D personnel, 

whereas service firms whose customer is in the public sector, which are limited in 

market size, in the above sectors innovated their services to have competitive 

advantage, thereby delivering innovated service for the customer in the public sector. 

This result is inconsistent with the general consensus that the business sector is 

more competitive than the public sector, thereby leading to a greater innovation 

[42]. Thus, it provides evidence for that service firms do not endeavor to foster 

innovation in a non-competitive business environment regardless of whether their 

target market belongs to the business or public sector. Additionally, of the service 

firms having no R&D personnel, 40.6% of service firms belonged to KSIC 58 

(Publishing activities) and 60 (Broadcasting activities) succeeded in service 

innovation. Additionally, the size of sales affected to the success rate of service 

innovation in these sectors at node 9 and 10. In other cases, wherein the value of 

the ratio of R&D personnel was not 0%, and up to 50%, 61.4% of service firms 

succeeded in service innovation. Under the above condition, large-sized service firms 

(77.3%) more successfully innovated service or service process than small and 

medium-sized service firms (59.5%). Subsequently, the child nodes of small and 

medium-sized service firms showed the continuous W-shaped pattern of the success 

ratio along the firm’s age: 62% under 7 years; 48.2% between 7 and 9 years; 70.6% 

between 9 and 11 years; 51.7% between 11 to 13 years; 68.5% between 13 and 15 

years; 50.5% between 15 and 23 years; and 62.5% over 23 years. Thus, findings in 

this thesis support that the sectoral difference and significant effects of the size and 

age in terms of general characteristics of service firms in service innovation in line 

with previous studies [226, 227], comparing to the previous findings argued for its 

insignificant effect [108, 109, 110, 112]. 

Third, exploring the result of model of M1_1O_2016 in Figure B.3 in 
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manufacturing industry on KIS 2016, DT starts with the first parent node of the 

manner of R&D activities. Of the 31% of firms with R&D institutes, 73.5% 

succeeded in innovation. In the case in which no R&D activity was carried out, only 

7% of firms succeeded in innovation. This result reaffirms the argument that the 

role of the R&D organization is very important for the success of innovation, and 

this role should coincide with the capacity of the firm to perform R&D [21, 22, 87, 

116, 120, 121, 130, 133, 139, 169, 170, 171, 172, 173, 174, 175, 176, 177]. In the case 

of firms having R&D institutes to carry out R&D, the larger the employee size, the 

higher the success rate will be. The success rate is 57.6%, 73.1%, and 85.0% in the 

case of firms with less than 50 employees, 50 and 99 employees, and 99 employees, 

respectively. In the case of firms having R&D institutes with less than 100 employees, 

regional differences are identified between innovation success and failure. While in 

firms having R&D institutes with more than 99 employees, the success rate varies 

depending on the listed status in the Korean stock market. In these respects, the 

findings of this study support the observations that firm size positively affects 

innovation [211, 212, 213, 214, 215, 216], innovation is influenced by regional 

differences [95, 117, 119, 120, 121, 123, 124, 125], and R&D is crucial for innovation 

[21, 22, 87, 116, 120, 121, 130, 133, 139, 169, 170, 171, 172, 173, 174, 175, 176, 177]. 

Concerning the cases in which R&D activity is not carried out, 18% of firms with 

100 to 499 employees were successful. Under the above condition (no R&D activities 

with 100 to 499 employees), 28.4% of firms over 17 years of age and 10.6% of those 

under 17 years of age were successful. It indicates that, even though there is no 

R&D activity, the larger the firm size and the older the firm age, the greater the 

success of the firms will be. It supports the arguments that large firms have an 

advantage [211, 212, 213, 214, 215, 216] and that older firms have an advantage [221, 

222] with successful innovation. Meanwhile, under the same condition that no R&D 
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activity was carried out, 5.6% of firms with relatively low employees (less than 100) 

were successful. Among them, 13.6% of the firms belonging to the low-technology 

industry, such as the food processing (KSIC 10), printing and reproduction of 

recorded media (KSIC 18), and furniture manufacturing (KSIC 32) industries, were 

successful. Their success rate was relatively higher than the other industries. Based 

on this, for the low-technology industry, it can be interpreted that innovation is 

achieved in a different way from R&D. This behavior is also found in other branches 

wherein irregular R&D is carried out, if necessary, in the first layer. Under the above 

condition, firms belonging to middle- and low-technology industries, such as the 

food processing industry (KSIC 10); apparel, clothing accessories, and fur articles’ 

manufacturers (KSIC 14); and the manufacturers of leather, luggage, and footwear 

(KSIC 15), showed a higher success rate of 83% when compared to firms belonging 

to other industries, such as manufacturers of medical, precision and optical 

instruments, watches, and clocks (KSIC 27); manufacturers of electrical equipment 

(KSIC 28); manufacturers of other machinery and equipment (KSIC 29); and 

manufacturers of pharmaceuticals, medicinal, chemical, and botanical products 

(KSIC 21), which showed a 43.5% success rate. In this respect, this result identifies 

that firms belonging to the low-technology industry prefer other innovation activities 

than R&D. This finding supports the sectoral difference in innovation behavior [66, 

92, 93, 94, 95, 96, 97, 98].  

Fourth, analyzing the result of the model of S1_1O_2016 in Figure B.4 in 

service industry on KIS 2016, DT starts with the first parent node of the main way 

of performing R&D activities. Of the total 66.9% of service firms that did not 

perform any R&D, 80% of service firms failed in service innovation, whereas 75.2% 

of service firms among the other service firms that performed R&D succeeded in 

service innovation. When service firms did not perform any R&D, the success rate 
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varies depending on only the size of sales and the size of employee as seen in all 

branches from the node 1. In addition, the success rate of service firms performing 

R&D mainly varies according to the size of sales as seen in all branches from the 

node 2 and 3. Especially, among service firms performing R&D, 86.5% of the firms 

belonging to the sectors, such as KSIC 46 (wholesale trade on own account or on a 

fee or contract basis), 52 (warehousing and support activities for transportation), 

63 (information service activities), 85 (education), and 87 (social work activities), 

failed in service innovation. Whereas, under the same condition, 63.2% of firms 

belonging to the other sectors, such as are KSIC 62 (computer programming, 

consultancy and related activities), 70 (research and development), and 71 

(professional services), achieved innovation success. These sectoral differences can 

be attributed to the particular characteristics regarding professional service domain. 

The service firms in this domain shows that high labor intensity, low capital 

investment, and customized offerings such as specialized knowledge, thereby strongly 

pursuing innovation beyond the limitation of low fixed and high marginal costs with 

scarce economies of scale [110, 275]. 

Concerning the statuary type’s category, results of models of M1_2L_2014, 

S1_2L_2014, M1_2M_2014, S1_2M_2014, M1_2S_2014, S1_2S_2014, 

M1_2L_2016, S1_2L_2016, M1_2M_2016, S1_2M_2016, M1_2S_2016, and 

S1_2S_2016 on both manufacturing and service industries in 2014 and 2016 are 

also shown in Table 4.3. For the comparison between statuary types at each industry 

from a longitudinal perspective, ratio of R&D personnel (Q3_1_6) and main way 

of performing R&D activities (Q6) are found to be overall significant influence 

factors on the innovation success and failure on manufacturing industry in 2014 and 

in 2016. Regarding service industry in 2014 and 2016, main way of performing R&D 

activities (Q6) is found to be overall significant influence factor on innovation 
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success and failure. As seen in Table 4.3, based on 10 cross-validation, overall 

forecasting accuracies of the models of M1_2L_2014, S1_2L_2014, M1_2M_2014, 

S1_2M_2014, M1_2S_2014, S1_2S_2014, M1_2L_2016, S1_2L_2016, 

M1_2M_2016, S1_2M_2016, M1_2S_2016, and S1_2S_2016 are 65.9%, 81.7%, 

73.7%, 78.1%, 85.7%, 85.5%, 78.5%, 83.3%, 77.7%, 78.1%, 82.6%, and 80.5%, 

respectively. These accuracy levels are relatively high level around 80%. Accuracies 

of success class of the models are 60.3%, 78.9%, 18.3%, 64.4%, 27.3%, 55.4%, 80.1%, 

97.8%, 91.9%, 66.1%, 59.6% and 33.0%, respectively. In the case of M1_2M_2014, 

M1_2S_2014, and S1_2S_2016, the valid success case is low than failure case 

relatively, resulting in relatively low predicted accuracy on success class as 18.3%, 

27.3% and 33.0%, respectively. Except them, overall the accuracy levels appeared 

stable between models coming from 10 cross-validation and big data scale, allow to 

conclude that these DT models are rational and transcendent. All of DT results of 

above models are as presented in Figure B.5, Figure B.6, Figure B.7, Figure B.8, 

Figure B.9, Figure B.10, Figure B.11, Figure B.12, Figure B.13 and Figure B.14 in 

Appendix B, respectively. 

Regarding size of sales, results of models of M1_3S_1_2014, 

S1_3S_1_2014, M1_3S_2_2014, S1_3S_2_2014, M1_3S_3_2014, 

S1_3S_3_2014, M1_3S_4_2014, S1_3S_4_2014, M1_3S_5_2014, 

S1_3S_5_2014, M1_3S_1_2016, S1_3S_1_2016, M1_3S_2_2016, 

S1_3S_2_2016, M1_3S_3_2016, S1_3S_3_2016, M1_3S_4_2016, 

S1_3S_4_2016, M1_3S_5_2016, and S1_3S_5_2016 on both manufacturing and 

service industries in 2014 and 2016 are also presented in Table 4.3. For the 

comparison between size of sales at each industry from a longitudinal perspective, 

ratio of R&D personnel (Q3_1_6) and main way of performing R&D activities (Q6) 

are found to be overall significant influence factors on the innovation success and 
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failure on manufacturing industry in 2014 and in 2016. On service industry in 2014 

and in 2016, main way of performing R&D activities (Q6), region, and sector are 

found to be overall significant influence factor on innovation success and failure. As 

seen in Table 4.3, also, overall forecasting accuracies of the models of 

M1_3S_1_2014, S1_3S_1_2014, M1_3S_2_2014, S1_3S_2_2014, 

M1_3S_3_2014, S1_3S_3_2014, M1_3S_4_2014, S1_3S_4_2014, 

M1_3S_5_2014, S1_3S_5_2014, M1_3S_1_2016, S1_3S_1_2016, 

M1_3S_2_2016, S1_3S_2_2016, M1_3S_3_2016, S1_3S_3_2016, 

M1_3S_4_2016, S1_3S_4_2016, M1_3S_5_2016, and S1_3S_5_2016 are 90.9%, 

89.4%, 85.7%, 83.8%, 79.6% 80%, 73.7%, 77.6%, 65.4%, 76.1%, not applicable, not 

applicable, 79.7%, 81.1%, 80.3%, 72.1%, 75.2%, 77.4%, 81.1%, and 85.4%, 

respectively. For the model M1_3S_1_2016 and S1_3S_1_2016, total valid cases 

are 0 case and 169 cases which value of size of sales under 1 billion Korean won, 

resulting in no model developed. In the cases of model M1_3S_1_2014, 

M1_3S_3_2014, and M1_3S_5_2014, accuracies on success cases are zero due to 

a relatively small case size. Except for the models in manufacturing industry in 2014, 

overall the accuracy levels appeared stable between models stemming from 10 cross-

validation and big data scale, allowed to conclude that these DT models are rational 

and transcendent. All of DT results of above models except M1_3S_1_2016 and 

S1_3S_1_2016 are as shown in Figure B.15, Figure B.16, Figure B.17, Figure B.18, 

Figure B.19, Figure B.20, Figure B.21, Figure B.22, Figure B.23, Figure B.24, Figure 

B.25, Figure B.26, Figure B.27, Figure B.28, Figure B.29, Figure B.30, Figure B.31, 

and Figure B.32 in Appendix B, respectively.  

In manufacturing industry, the factor of the manner of R&D activities is 

determined as a pivotal influencing factor. This finding reaffirms the argument that 

the role of the R&D organization is very important for the success of innovation, 
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and this role should coincide with the capacity of the firm to perform R&D [21, 22, 

87, 116, 120, 121, 130, 133, 139, 169, 170, 171, 172, 173, 174, 175, 176, 177]. 

Additionally, the findings of this study confirm the significance of the influencing 

factors, such as the ratio of R&D personnel [169, 170], exports size [120, 133, 173, 

222, 276], statuary type (in terms of size), employee size [211, 212, 213, 214, 215, 

216, 217, 218], sector [66, 92, 93, 94, 95, 96, 97, 98], firm age [221, 222, 277], sales 

size [130, 134, 135, 170, 276], and region [66, 95, 113, 114, 115, 116, 117, 118, 119, 

120, 121, 123, 124, 125], which have been determined in previous studies and have 

undergone changes over time.  

In service industry, findings in this thesis reaffirm the significant role of 

firm’s capability to perform R&D, which is closely involving the employee size, R&D 

personnel size, sales size, and age in terms of firm’s general characteristics in success 

and failure of service innovation. And it provides a ground for a conscious approach 

to service innovation from the findings on sectoral difference regarding customer 

type and intrinsic characteristics of the particular sector, unlike the previous studies 

controlling the sector as well as the size and age of firm. 

In consequences, regarding overall, statuary types, and size of sales, overall 

longitudinal and cross-sectional common influencing factors across the industries 

and over the years, cross-sectional common influencing factors over industries, 

longitudinal common influencing factors over the years, and characteristics of 

typological variation of each taxonomy are presented in Table 4.4 in summary. 

Focusing on overall perspectives, main way of performing R&D activities, ratio of 

R&D personnel, statuary type, size of employee, sectors, sales level and size of 

employee are determined significant influencing factors on successful innovation in 

the line of consensus from findings of previous studies. In manufacturing industry, 

exports level, age, region, and listed status and designation status in Korean context 
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are identified as in the line of comprehensive consensus from findings of previous 

studies focused on manufacturer. Meanwhile, on service industry, main customer 

type, age, and form of firm are identified that are relatively different from 

manufacturer in reflection of characteristics of intrinsic service. These characteristics 

entail service characteristics that are closer and dependent tendency of customer, 

learning curve by age, and independency or dependency of decision-making to 

innovative activities in terms of form of firm in line with globalization. 
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Table 4.4 Summary on cross-sectional and longitudinal common significant influencing factors and typological 

variations 

Category 
Sub 

category 
Year 

Overall Longitudinal & 

Cross-sectional common 

influencing factors  

Cross-sectional common influencing 

factors over industries 

Longitudinal 

common influencing factors over years 
Typological variation 

Mfg. and Svc. Ind. Mfg. Ind. Svc. Ind. Mfg. Ind. Svc. Ind. 

Overall 

2014 

∙ Main way of performing 

R&D activities 

∙ Main way of performing R&D 

activities 

∙ Ratio of R&D personnel 

∙ Statuary type ∙ Main way of 

performing R&D 

activities 

∙ Main way of 

performing R&D 

activities 

∙ Ratio of R&D 

personnel 

∙ Sector 

∙ Sales level 

∙ Exports level 
∙ Main customer type 

∙ Age 

2016 

∙ Main way of performing R&D 

activities 

∙ Employee size level 

∙ Sectors 

∙ Sales level 

∙ Age 

∙ Region 

∙ Listed status 

 

Statuary  

type 

Large 

sized 

firm 

2014 

 

∙ Ratio of R&D personnel 

  

 ∙ Form of firm 

2016 
∙ Main way of performing R&D 

activities 
 ∙ Sectors 

Medium 

sized 

firm 

2014 

 

∙ Ratio of R&D personnel 

∙ Region 

∙ Region 

∙ Main customer 

type 

∙ Ratio of R&D 

personnel 

∙ Main way of 

performing R&D 

activities 

∙ Exports level 

∙ Sales level 

∙ Age 

∙ Listed status 

2016 

∙ Main way of performing R&D 

activities 

∙ Sector 

∙ Employee size level 

∙ Listed status 
∙ Sales level 

Small 

sized 

firm 

2014 

∙ Main way of 

performing R&D 

activities 

∙ Ratio of R&D personnel 

∙ Main way of performing R&D 

activities ∙ Main way of 

performing R&D 

activities 

∙ Main way of 

performing R&D 

activities 

∙ Exports level 

∙ Main customer 

type 

∙ Sector 

∙ Employee size level 

∙ Region 

2016 

∙ Main way of performing R&D 

activities 

∙ Sector 

∙ Sales level 

∙ Region  ∙ Employee size level 
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Size of 

sales 

~1 B₩ 

2014 

 

∙ Main way of performing R&D 

activities 

  

 
∙ Sectors 

∙ Region 

2016  n/a n/a 

1B₩~ 

5B₩ 

2014 

 

∙ Ratio of R&D personnel 
∙ Main way of 

performing R&D 

activities 

∙ Sectors 

∙ Main customer 

type 

∙ Exports level 
∙ Region 

∙ Age 

2016 

∙ Main way of performing R&D 

activities 

∙ Sectors 

∙ Region  ∙ Employee size level 

5B₩~ 

10B₩ 

2014 

 

∙ Ratio of R&D personnel 

∙ Statuary type 

 
 

 

∙ Exports level 
∙ Region 

∙ Sectors 

2016 

∙ Main way of performing R&D 

activities 

∙ Sectors 

∙ Region  

  

10B₩~ 

50B₩ 

2014 

 

∙ Ratio of R&D personnel 

∙ Statuary type 

∙ Main way of 

performing R&D 

activities 

∙ Exports level 

∙ Region 

∙ Form of firm 

∙ Main customer type 

2016 

∙ Main way of performing R&D 

activities 

∙ Employee size level 

 ∙ sectors 

50B₩~ 

2014 

 

 

∙  

∙ Main way of 

performing R&D 

activities 

∙ Designation status 

∙ Ratio of R&D 

personnel 

∙ For of firm 

∙ Employee size level  

2016 
∙ Main way of performing R&D 

activities 

∙ Listed status 

∙ Region 
∙ Sectors 
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4.1.2.2 Overall influencing factors and typological behaviors on 

innovation success and failure at the regional level 

 

At the regional level, first, factors of ratio of R&D personnel, main customer type, 

and sector were identified to be significant factors affecting innovation success and 

failure commonly on both manufacturing and service industries regarding capital 

area in KIS 2014 as seen in Table 4.5, and Figure B.33 and Figure B.34 in Appendix 

B, respectively. In 2016, main way of performing R&D activities affected 

significantly both manufacturing and service industries as shown in Figure B.35 and 

Figure B.36 in Appendix B, respectively. 

Concerning the out of the capital area, factors of ratio of R&D personnel 

and main way of performing R&D activities were found to be significant on both 

manufacturing and service industries in KIS 2014 as shown in Figure B.37 and 

Figure B.38 in Appendix B, respectively. In KIS 2016, main way of performing R&D 

activities, sector, and statuary types affected both manufacturing and service 

industry in 2014 as shown in Figure B.39 and Figure B.40 in Appendix B, 

respectively. Second, concerning the metropolitan area, statuary types and sector 

were investigated to be significant influencing factors on innovation success and 

failure commonly on both manufacturing and service industries in 2014 as seen in 

Table 4.5 and Figure B.41 and Figure B.42 in Appendix B, respectively. In 2016, 

factors of main way of performing R&D activities and size of employee (level in one 

year ago) affected significantly both manufacturing and service industry as shown 

in Figure B.43 and Figure B.44 in Appendix B, respectively. Regarding the out of 
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the metropolitan area, main way of performing R&D activities and main customer 

types were found to be significant on both manufacturing and service industries in 

2014 as shown in Figure B.45 and Figure B.46 in Appendix B, respectively. In 2016, 

main way of performing R&D activities and size of employee (level in one year ago) 

affected both manufacturing and service industry as shown in Figure B.47 and 

Figure B.48 in Appendix B, respectively. 

From a longitudinal perspective, out of capital and metropolitan areas, 

factors of main way of performing R&D activities and statuary types were identified 

to be significant influencing factor to innovation success and failure in 

manufacturing industry over the years in 2014 and 2016. In service industry, over 

the years, main way of performing R&D activities was discovered to be significant 

influencing factors. Comprehensively, based on the cross-sectional and longitudinal 

comparison between manufacturing and service industries over regional difference 

during the recent two consecutive KIS, factors of ratio of R&D personnel, main way 

of performing R&D activities, sectors, and statuary types were determined to be 

major significant influencing factors in success and failure of innovation. 

Regarding the capital and metropolitan region, overall longitudinal and 

cross-sectional common influencing factors across two industries over the years, the 

common influencing factors over the years and characteristics of typological 

variations are shown in Table 4.6 in summary. Focusing on overall longitudinal and 

cross-sectional common influencing factors across industries and over the years, main 

way of performing R&D activities is determined significant influencing factors on 

successful innovation in the line of general consensus from findings of previous 

studies on innovation. Between capital and the other areas, main customer type was 

differently influenced on success and failure of innovation. In both capital and 

metropolitan areas, significant influencing factors were in the consensus with 
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previous studies in general perspectives of innovation capacity and sectoral 

difference. Meanwhile, regarding out of capital and metropolitan areas, which have 

not been centered of innovation study, significant influencing factors and behaviors 

were newly identified as age, listed status, and sales level in manufacturing industry, 

and sales level and ratio of R&D personnel in service industry. As well as main 

regional research area of innovation study, significant factors were related with 

capacity to innovate product or service in terms of learning curve and capacity 

power in these rural areas. 

Synthesizing the empirical results allows to confirm that factors and 

behaviors of innovation discussed so far in chapter 4.1.2.1 and 4.1.2.2 are rational 

and transcendent based on the DT models in the first module. 
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Table 4.5 Summary of results of 16 decision-making tree analysis models at the regional level 

Level Category Year Sub-categories 

Manufacturing Industry Service Industry 

Results 1 
Accuracy 2 

Results 1 
Accuracy 2 

O 3 S 4 F 5 O 3 S 4 F 5 

Regional 

level 

Capital region 

2014 

Capital area 
Q3_1_6, Q8_1, age,  

Q1_2, Q2_2_2, sector 
77.3 79.1 76.6 

Q3_1_6, Q1_1, sector, 

Q2_1_2, Q8_1, Q3_1_2 b 
80.4 87.2 64.1 

Other area 
Q3_1_6, Q6, Q1_2,  

Q8_1, Q2_2_3 
81.3 40.3 92.0 Q3_1_6, Q6, age, Q2_1_3 b 83.4 53.6 92.2 

2016 

Capital area Q6, Q1_2, Q1_4 75.0 71.8 76.6 
Q6, Q2_1_2, Q3_1, sector,  

Q2_1_3, Q3_4_3 
79.8 69.1 89.0 

Other area 
Q6, Q3_3, sector, age,  

Q1_2, Q3_1 
82.8 79.0 85.7 Q6, Q3_2, sector, Q1_2 84.1 44.8 93.9 

Metropolitan 

region 

2014 

Metropolitan 

area 
Q6, Q1_2, sector 81.9 65.4 87.6 

Q3_1_6, sector, Q3_1_1,  

Q1_1, Q2_1_2, age, Q2_2_1,  

Q1_2 b 

81.3 69.4 85.9 

Other area Q6, Q8_1, Q1_2 79.1 22.5 95.5 
Q3_1_6, Q8_1, Q6,  

Q2_1_3, sector, Q2_1_2 b 
81.1 47.4 85.9 

2016 

Metropolitan 

area 

Q6, Q3_1, Q1_4, Q3_2,  

sector, Q3_3 
83.2 90.6 75.6 

Q6, Q2_1_2, Q7, Q3_1, age,  

Q2_1_3, Q3_4_3, Q3_3 
78.9 67.7 87.6 

Other area 
Q6, Q2_1_2, Q2_1_1,  

Q1_2, Q3_3, Q1_4 
77.9 62.1 86.5 Q6, Q3_2, sector, Q3_3 82.7 53.0 92.4 

b Data balanced by oversampling; 1 significant influencing factors in order of significance and its description is given in appendix A; 2 Accuracy as a percentage; 
3 O denotes overall accuracy as overall predicted percent correct; 4 S denotes predicted percent correct of success case; 5 F denotes predicted percent correct of 

failure case  
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Table 4.6 Summary on cross-sectional and longitudinal common significant influencing factors and typological 

variations on capital and metropolitan area 

Category 
Sub 

category 
Year 

Overall Longitudinal & 

Cross-sectional common 

influencing factors across 

industries and over the 

years 

Cross-sectional common influencing 

factors across the industries 

Longitudinal common influencing factors 

over the years 
Typological variation 

Mfg. and Svc. Ind. Mfg. Ind. Svc. Ind. Mfg. Ind. Svc. Ind. 

Capital 

region 

Capital 

area 

2014 

 

∙ Ratio of R&D personnel 

∙ Sector 

∙ Main customer type 

∙ Sales level ∙ Statuary type 

∙ Sales level 

∙ Employee size 

level 

∙ Ratio of R&D 

personnel 

∙ sector 

∙ Age 

∙ Exports level 
∙ Form of firm 

2016 
∙ Main way of performing R&D 

activities 
∙ Listed status  

Out of 

Capital 

area 

2014 

∙ Main way of 

performing R&D 

activities 

∙ Ratio of R&D personnel 

∙ Main way of performing R&D 

activities 

∙ Exports level 

∙ Main way of 

performing R&D 

activities 

∙ Statuary type 

∙  

∙ Main way of 

performing R&D 

activities 

∙ Main customer 

type 
∙ Age 

2016 

∙ Main way of performing R&D 

activities 

∙ Employee size level 

∙ Sector 

∙ Statuary type 

∙ Age  

Metro 

politan 

region 

Metro 

politan 

area 

2014 

 

∙ Sector ∙ Main way of 

performing R&D 

activities 

∙ Sector  

∙ Ratio of R&D 

personnel 

∙ Sales level 

∙ Age 

∙ Statuary type 

∙ Employee size level  

∙ Form of firm 

∙ Exports level 

∙ Statuary type 

2016 

∙ Main way of performing R&D 

activities 

∙ Employee size level 

∙ Listed status ∙ Main customer type 

Out of 

metro 

politan 

area 

2014 
∙ Main way of 

performing R&D 

activities 

∙ Main way of performing R&D 

activities 

∙ Main customer type 
∙ Main way of 

performing R&D 

activities 

∙ Statuary type 

∙ Main way of 

performing R&D 

activities 

∙ Sectors 

 

∙ Ratio of R&D 

personnel 

∙ Sales level 

2016 

∙ Main way of performing R&D 

activities 

∙ Employee size level 

∙ Sales level  

∙ Listed status 
 

 



 

 

 

116 

 

4.2 Identifying intrinsic and contextual factors and typological 

behaviors in successful innovation firms between manufacturing 

and service industries at the various activity levels  

 

4.2.1 Analysis structure on intrinsic and contextual factors and 

typological behaviors in successful innovation at the various 

activity levels  

 

Subsequently, the factors and behaviors of successful innovation are investigated at 

the second module which consists of 30 models shown in Table 4.7 to compare 

manufacturing industry with service industry from various perspectives of 

innovation activities regarding contribution to sales from innovation, overall 

innovation activities, cooperative activities, and source of budget based on the two 

consecutive KIS 2014 and KIS 2016.  

In the second module, each model has different target variable according to 

the purpose of each model. All models, in the second module, include all explanatory 

variables from 1 to 5 in the first module basically in table 4.1 in this thesis. In the 

model for identifying factors and behaviors of innovation regarding innovation 

activity and R&D activity, innovation activity-related variables are excluded. Also, 
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for examining the cooperative activity, cooperative activity-related variables are 

excluded. 

In the only case of modeling of factors and behaviors on the activities of 

successful innovation regarding cooperative partner, the minimum size of parent and 

child node are set to be 20 cases and 10 cases, respectively, as discussed in chapter 

2.2.1. Also, in the case of modeling of factors and behaviors on the overall activities 

of successful innovation regarding R&D activities, the minimum size of parent and 

child node are set to be 50 cases and 25 cases, respectively, as stated in chapter 

2.2.1. 

The general settings for employing CHAID algorithm on DT in the first 

module as stated in chapter 2.2.1. in this thesis are as follows: (1) The value of 

maximum tree depth is set autonomously; (2) both the splitting and the merging 

significant value are set at 0.05; (3) the maximum number of recursive calculation 

is set for 100; (4) The misclassification costs are set to same value across the 

categories; (5) the missing value treated as not a valid but a missing value; (6) the 

minimum size of the parent and child node are set to be 100 cases and 50 cases, 

respectively. 

In terms of validation of the models, a 10-fold cross-validation method is 

employed to estimate the performance. The overall accuracy and the ratio of the 

number of true positive of each class, which means the ratio of the correctly 

predicted case, are provided at each model. 
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Table 4.7 Analysis structure of the second module  

Model Year 

Model name 

Target  
variable 

Independent 
variable 1 

Industry 

Mfg. Ind. Svc. Ind. 

Industrial difference 
2014 MS_ID_2014 Classification of 

Mfg. and Svc. 
Firms 

All variables 1~5 2 and 
 
6. Innovation activities 
 6-1. R&D activity 
 6-2. non-R&D activity 
 
7. Innovation cost 
 7-1. Level of total cost 
 7-2. Level of percentage of cost on  

each innovation activities 
 7-3. Source of budget 
 
8. Information source for  

innovation 
 8-1. 11 types of information  

source 
 
9. Cooperative activities 
 9-1. whether implemented or not 
 9-2. 8 types of cooperative  

partner 
 9-3. best cooperative partner 

2016 MS_ID_2016 

Contribution 
to sales  

Be vs. not 
2014 M2_1CWN_2014 S2_1CWN_2014 Contribution to 

sales (be/not) 2016 M2_1CWN_2016 S2_1CWN_2016 

High vs. low 
2014 M2_1CHL_2014 S2_1CHL_2014 Level of 

contribution to 
sales (high/low) 2016 M2_1CHL_2016 S2_1CHL_2016 

Innovation 
activity 

Innovation 
activity 3 

2014 M2_2IA_2014 S2_2IA_2014 Class of innovation 
activity manners 2016 M2_2IA_2016 S2_2IA_2016 

R&D 
activity 3 

2014 M2_3RA_2014 S2_3RA_2014 6 Class of R&D 
activity manners 2016 M2_3RA_2016 S2_3RA_2016 

Cooperative 
activity 

Cooperative 
innovation 
activity 4 

2014 M2_4CA_2014 S2_4CA_2014 Cooperative 
innovation activity 2016 M2_4CA_2016 S2_4CA_2016 

Cooperative 
partner 4, 5 

2014 M2_5CP_2014 S2_5CP_2014 Best cooperative 
partner 2016 M2_5CP_2016 S2_5CP_2016 

Source of budget  
2014 M2_6SB_2014 S2_6SB_2014 

Source of budget 
2016 M2_6SB_2016 S2_6SB_2016 

1 Description is in Table 2.2; 2 Variables used in the first module listed in Table 2.1; 3 Independent variable 6 is excluded; 4 Independent variable 9 is excluded; 
5 the minimum size of the parent’s node and child node are set to be 20 cases and 10 cases in the CHAID algorithm respectively due to total cases; 6 the 
minimum size of the parent node and child node are set to be 50 cases and 25 cases in the CHAID algorithm respectively due to the total small cases 
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4.2.2 Intrinsic and contextual factors and typological behaviors in 

successful innovation at the various activity levels  

 

4.2.2.1 Industrial difference in successful innovation 

 

Case statistics, results, and accuracies of industrial difference models are presented 

in Table 4.8 for comparison between manufacturing and service industries regarding 

intrinsic factors and behaviors of firms that succeeded in innovation based on 

decision-making tree analysis (DT) through CHAID algorithm on the two 

consecutive KIS 2014 and KIS 2016. Table 4.8 contains determined factors at the 

significance level of 0.05 in order of significance and overall accuracy. Details of 

description, measurement, value, and scale of variables in results are presented in 

Table 2.1 in Chapter 2.  

Overall forecasting accuracies of the model MS_ID_2014 and 

MS_ID_2016 are 85.9% and 85.89%, respectively. These accuracy levels are 

relatively high level over 85%. Accuracies by predicted percent correct of 

manufacturing industry class and of service industry class of the models are 92.3% 

and 67.90% in 2014, and 88.55% and 83.08% in 2016, respectively. It gives noticeable 

differences ground between two industries regarding intrinsic factors and behaviors 

on firms that succeeded in innovation. Also, all the accuracy levels appeared high 

coming from 10 cross-validation and big data scale, allowed to conclude that these 

DTs are stable, rational and transcendent. 
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Significant factors affecting the classification between manufacturing and 

service industry in KIS 2014 were found as follows in order of significance: Main 

way of performing R&D activities (Q6); region; size of exports (level in one year 

ago, Q2_2_3); cooperative activities (Q22), and innovation activities of others 

(Q18_9). In 2016, factors of region, main way of performing R&D activities (Q6), 

information from competitors in the same sector (Q21_5), ratio of R&D personnel 

(Q3_4_3), size of employee (level in one year ago, Q3_3), information from private 

customer (Q21_3), innovation activities of design activities (Q18_8), main 

customer type (Q7), size of employee (level in three years ago, Q3_1) were identified 

to be significant influencing factors in classification between manufacturers and 

service firms.  

First, examining the result of model of MS_ID_2014 in Figure B.49 in 

Appendix B, of the 73.9% of all firms had R&D institutes or dedicated department, 

83.7% belonged to manufacturing industry at the first branch. Meanwhile, of the 

7.5% of all firms implemented no R&D, all firms belonged to service industry. In 

cases where the region is Seoul (which is the Capital city of Korea) under the above 

condition that firms had R&D institutes or dedicated department, 41.2% firms were 

in service industry. Also, in cases that firms performed irregular R&D if necessary, 

67.3% firms were in service industry under the condition that region of firms was in 

the Seoul, Gangwon-do, Daejon, Jeollnam-do, Busan, and Gwangju. It can be 

inferred that service firms are dependent on the proximity of capital and 

metropolitan area regarding regional innovation characteristics. On the other hand, 

successful manufacturer spread over the regions prevalently. Especially it was found 

that manufacturer engaged in cooperative activities to ensure the successful 

innovation based on the results of node 12 and 13 in Figure B.49 in Appendix B. 

Secondly, exploring the result of model MS_ID_2016 in Figure B.50 in Appendix 
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B, region mainly identified to be significant influencing factors for classification. Of 

the 39.9% of all firms in Seoul, 88.8% of firms belonged to service industry at the 

first branch like a model in 2014. In the cases where firms were located in Gyeonggi-

do, Jeollabuk-do, Daejeon, Gangwon-do, Gwangju, Bussan, Jeollnam-do, and Jeju 

out of Seoul, 86.9% of firms were service firms when main customer type was 

individual customer. In the other cases under the above condition, meanwhile, 80.1% 

of firms were manufacturer when main customer types were private company or in 

overseas market, and 64.8% of firms were manufacturer when main customer types 

were government and public sector. In line with the same branch of node 3 and node 

12, ratio of R&D personnel was found to be significant to distinguish industries, 

such that higher its ratio was, higher the proportion of manufacturer will be. 

Comprehensively, based on a longitudinal analysis on the industrial difference during 

the recent two consecutive KIS, factors of main way of performing R&D activities 

and region were determined to be major significant influencing factors on the 

behavior of successful innovation firms between two industries. 

Regarding industrial difference on innovation success and failure, 

longitudinal common influencing factors over the years and characteristics of 

industrial difference are presented in Table 4.9 in summary. Focusing on longitudinal 

common influencing factors over the years, main way of performing R&D activities 

and region were determined significant influencing factors on successful innovation 

in the line of role of R&D organization and regional differences of consensus from 

findings of previous studies on innovation success. In 2014, successful firms that did 

not perform R&D were all service firms, and of 83.7% successful firms having R&D 

institutes to perform R&D belonged to manufacturing industry. This is 

comprehensively accorded with that service firms generally implemented non-R&D 

innovation activities. In 2016 that showed higher success rate across both the 
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industries than in 2014, regional factor was most significant factors between 

manufacturing and service industries in 2016. It shows that Seoul as the capital city 

of Korea had 88.8% of service firms among successful innovative firms. This city 

concentrated by service firms, meanwhile, out of the capital city were consisted of 

manufacturing firms. Out of the capital city of Seoul, main way of performing R&D 

activities, main customer type and ratio of R&D personnel significantly distinguish 

successful firms between manufacturers and service firms. This is also accorded with 

that manufacture concentrate more in R&D activities than non-R&D activities. In 

this respect, it is drawn that successful firms in service industry gained information 

from private customer, meanwhile, manufacturer gained information from 

competitor in same sector. From this, it is concluded that there is different 

significant influencing factors and typological innovation behavior on innovation 

activities in perspectives of information source between manufacturing and service 

industries.  
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Table 4.8 Decision-making tree analysis results of industrial difference models 

Model Year 

Number of Cases 

Results 

Accuracy 

Total 
Mfg. 

 Ind. 

Svc. 

 Ind. 
Overall 

Mfg. 

 Ind. 

Svc. 

 Ind. 

Industrial 

difference 

2014 1,316 967 349 Q6, region, Q2_2_3, Q22, Q18_9 85.90% 92.30% 67.90% 

2016 3,147 1,616 1,531 
region, Q6, Q21_5, Q3_4_3, Q3_3, 

Q21_3, Q18_8, Q7, Q3_1 
85.89% 88.55% 83.08% 

 

Table 4.9 Summary on longitudinal common significant influencing factors and characteristics of typological 
variation on industrial difference 

Category Year 
Longitudinal common 

significant influencing factors 
Typological variation 

Industrial 

difference 

2014 

∙ Main way of performing 

R&D activities 

∙ Region 

∙ Exports level 

∙ Innovation activity (others) 

∙ Cooperative activities (whether implemented or not) 

2016 

∙ Ratio of R&D personnel 

∙ Employee size level  

∙ Innovation activity (design activity) 

∙ Information sources (competitor in same sector; private customer) 

∙ Main customer type 
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4.2.2.2 Contribution to sales from innovation 

 

Case statistics, results, and accuracies of contribution to sales models are presented 

in Table 4.10 and in Table 4.11 for comparison between manufacturing and service 

industries regarding overall intrinsic and contextual factors and behaviors of firms 

succeeded in innovation based on DT through CHAID algorithm in the two 

consecutive KIS 2014 and KIS 2016. Table 4.10 presents significant influencing 

factors at the significance level of 0.05 in order of significance and overall accuracy. 

Details of description, measurement, value, and scale of variables in results are 

presented in Table 2.1 in Chapter 2.  

Overall forecasting accuracies of the models of M2_1CWN_2014, 

S2_1CWN_2014, M2_1CWN_2016, and S2_1CWN_2016 are 85.16%, 72.40%, 

84.79%, and 82.10%, respectively, as presented in Table 4.10. These levels of overall 

accuracies are relatively high. However, accuracies by predicted percent correct of 

the contribution case and no contribution case of all the models are all 100.00% and 

0.00% in manufacturing industry over the years. This means that the significant 

influencing factors and behavior of innovative firms from models on manufacturing 

industries provide meaningful valid implications. It can be interpreted that all 

successful innovative firms contributed in manufacturing industry. This resulted in 

divided cases of level of contribution to sales into higher and lower classes, which 

the lower contribution class, which includes no contribution cases. As shown in Table 

4.11, overall forecasting accuracies of the models of M2_1CHL_2014, 

S2_1CHL_2014, M2_1CHL_2016, and S2_1CHL_2016 are 57.94%, 63.08%, 

68.69%, and 69.43%, respectively. These accuracy levels are not relatively high level 
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under 70% due to the relatively smaller data size to learn the model than other 

models’ data size.  

Accuracies by predicted percent correct of the higher contribution case on 

manufacturing and service industries in KIS 2014 are 61.90% and 60.40%, 

respectively. In the lower contribution cases, they are 54.13% and 65.49%, 

respectively. Meanwhile, accuracies by predicted percent correct of the higher 

contribution class on manufacturing and service industries in 2016 are 67.30% and 

15.95%, respectively. In the lower contribution cases, they are 69.89% and 97.36%, 

respectively. It cannot provide noticeable differences between higher and lower 

classes in terms of the significant intrinsic factors and behaviors on successful 

innovation firms. However, by dependency on data, innovative firms in service 

industry in KIS 2016 showed tendency relatively low contribution to sales. 

On manufacturing industry, examining DT result shown in Figure B. 51 in 

Appendix B on the groups with and without a contribution to sales in 2014, it starts 

with the first parent node of market-launch activities (MLA). In the case wherein 

no MLA were performed, information from the public customer (IPuC) and higher 

educational institute (IHEI) distinguished the groups. Meanwhile, in the case 

wherein MLA were carried out, in-house R&D (IRD) and information from the 

private customer (IPrC) mainly distinguished the groups. These results, first, 

indicate that firms performing IRD with IPrC emphasize more on R&D than on 

marketing. Second, it indicates that firms emphasize marketing by using IPuC. 

Third, firms, which do not use IPuC, focus on IHEI. These results imply that an 

innovation’s contribution to sales is influenced by target market characteristics in 

terms of the public or private sector, which also affect the behavior of R&D activity 

[15, 102, 136, 137, 138, 139, 140, 141]. In 2016, the significant influencing factors are 

identified as follows: Cost for acquiring a machine, tool, software, and building; 
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source of budget; and using information from in-house or within the affiliate. A DT 

result of the innovation contribution model in 2016 as shown in Figure B. 51 in 

Appendix B. This begins with the first parent node, which represents the cost for 

acquiring a machine, tool, software, and building (AMTSB). This node is divided 

by branches into the nodes of source of budget and using information from in-house 

or within the affiliate (IIA). In the case of the low percentage of the cost for AMTSB, 

firms that used IIA are more likely to contribute to sales from innovation. This 

result shows that innovation increases the sales contribution, which do not invest 

heavily in assets and focus on using their own information for innovation. 

Comprehensively, these results inferred that firms’ strategical behavior in relations 

to the IRD, marketing, and investment on assets based on the characteristics of the 

target market affects contribution to sales. This finding is consistent with the 

argument that market characteristics drive a firm to seek market needs [15, 102, 

128, 136, 137, 138, 139, 140, 141, 278], and that R&D investments positively affect 

innovation [87, 171, 172, 181]. In addition, it supports the arguments that 

cooperative networking promotes innovation by bridging information gaps [117, 120, 

121, 122, 133, 139, 157, 185, 279].  

On service industry, examining DT result shown in Figure B. 52 in 

Appendix B on the groups with and without a contribution to sales in 2014, it starts 

with the first parent node of IRD, which factor mainly distinguished the groups: the 

group of firms performing IRD acquired higher contribution to sales (79.3%) than 

the group of firms did not performed ones (43.8%). In the case wherein IRD was 

performed, information from the professional journal and publications (IPJP) affects 

distinguishing groups with (84.0%) and without (16.0%) a contribution to sales. 

These results indicate that firms performing IRD with IPJP endeavored to realize 

their innovative services for sales only themselves. These results imply that service 
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innovation’s contribution to sales is influenced by firm’s own efforts to innovate 

service by their internal capability rather than relying on the cooperative or external 

activities including non-R&D activities, which is also related to the capability to 

explore and absorb external open-knowledge rather than utilizing knowledge from 

various partners, such as suppliers, customers, and competitors. Although the 

cooperative activities with diverse partners in the service ecosystem have been 

importantly emphasized to achieve service innovation [112, 161, 280], this result 

shows that firm’s own and independent innovation activities is significantly 

important in terms of contribution to sales from service innovation. It suggests the 

grounds for that cooperative activities are ineffective to turn innovation to sales in 

the following aspects: cooperative activities including absorbing external knowledge 

mostly arose in the conditions of insufficient capability or knowledge to innovate 

service [63, 281], even if firms were forced to cooperative in fiercely competitive 

environment [161]; in addition, these activities require internal resources to manage 

them and complementary capability to absorb and exploit the external knowledge 

[108]; and, consequently, these may exert burden entailing instability and 

unpredictable risk under the insufficient circumstances [126] wherein the most 

service firms lack the internal R&D capability. Meanwhile, exploring Figure B. 52 

in 2016 in Appendix B, overall 80.5% of firms gained sales contribution from service 

innovation at the first parent node. Thus, focusing on the group having no 

contribution from service innovation is worthwhile to prevent falling firms in “the 

dilemma of service productivity.” Of the firms that invested others at relatively low 

level as an innovation activity, 21% of service firms performing AMTSB failed to 

make any sales contribution from their service innovation. Whereas, 25.9% of firms 

that are affiliates of a domestic firm or a foreign firm among those using IIA, but 

in the case of the used information had relatively low importance, did not earn any 
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sales contribution from their service innovation. Meanwhile, only 6% of firms that 

are independent firm among those using information from in-house, when the used 

information had relatively high importance, failed to gain sales contribution from 

their service innovation. From these results, it can be driven and suggests that when 

service firms earn sales contribution from innovation, the investment to the other 

innovation activity significantly affects sales contribution level from their service 

innovation. Furthermore, the innovation activity with cost to implement AMTSB 

negatively affect sales contribution. In addition, it is inferred that there is a 

significant difference on sales contribution in terms of strategical behavior between 

firms using their own information as an independent firm and those using 

information from their affiliate firm as an affiliate. Service firms having strategical 

freedom on the making independent decisions of their own regarding utilizing 

information have better performance than those strategically restricted from using 

information under their affiliates. Overall, these findings are newly addressed in 

service innovation study field regarding financial contribution from service 

innovation. Specifically, it suggests that the impact of strategic freedom regarding 

utilization of information on performance could be differentiated depending on the 

type of service firm under the circumstance where most successful innovative service 

firms heavily invest in the other innovation activities than R&D or buying external 

knowledge, or acquisition of machine, tool, software, and building. From above 

results, service firms that will be fall in a phenomenon of “service paradox” could be 

filtered out and prevented from it. 

By cross-sectional and longitudinal comparison between manufacturing and 

service industries during the recent two consecutive KIS, there were different 

significant factors to influence on the level of contribution to sales as presented in 

Table 4.10 and Table 4.11. Among all the variables, intrinsic variables that are some 
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sort of information sources (Q21_2, Q21_4, Q21_7, Q21_10, Q21_11) and some 

kinds of innovation activities (Q18_1, Q18_3, Q18_4, Q18_9) were identified to 

be significant influencing factors rather than contextual variables mostly used in the 

first module, nevertheless contextual variables and intrinsic variables used in 

together in the second module. 

Regarding innovation contribution to sales in terms of whether it affected 

or not and higher or lower of successful firms, cross-sectional common influencing 

factors over industries, longitudinal common influencing factors over the years, and 

characteristics of typological variation of each level are shown in Table 4.12 in 

summary. There are no longitudinal and cross-sectional common influencing factors 

across the industries and over the years was determined. Placing emphasis on cross-

sectional common influencing factors across the industries, innovation activity (in-

house R&D) in 2014, and information source (higher educational institutes and 

industrial association) in 2016 were identified. These factors are laid on the 

consensus of in-house R&D activity and information in consistent with findings of 

previous studies on innovation success. From a longitudinal perspective, only 

information source (professional journal and publication) is commonly identified on 

service industry in higher or lower classification on contribution to sales from 

innovation.  

Variety of innovation activities were identified differently over the years and 

across the industries in classification on innovation contribution to sales. 

Comprehensively innovation have contributed to the sales on both industries over 

the years. However, there is a tendency that innovation in manufacturing industry 

contributes more than service industry. Also, it is implied that firms having R&D 

related-innovation activities in manufacturing industry showed existence of 

contribution or higher contribution. Meanwhile, in service industry, it is implied that 
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firms implementing other innovation activity, acquisition of machine, tool, software, 

and building, and using information source from industrial association showed 

existence of contribution or higher contribution. This is comprehensively accorded 

with that manufacturer more place R&D activities than service firms and service 

firms generally implemented non-R&D innovation activities. From this, it is 

concluded that there is different significant influencing factors and typological 

behavior on innovation activities in perspectives of contribution levels between 

manufacturing and service industries.  
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Table 4.10 Decision-making tree analysis results of contribution models (be vs. not) 

Model Year Ind 

Number of Cases 

Missing Results 

Accuracy 

Total Contribution 
No 

contribution 
Overall Contribution 

No 

contribution 

Contribution 

to sales 

(Be vs.not) 

2014 

Mfg. 

Ind. 
856 729 127 111 

Q18_7, Q21a4, Q21a7, Q18_1, 

Q21a3 
85.16% 100.00% 0.00% 

Svc. 

Ind. 
214 147 67 135 Q18_1, Q21a10 72.40% 81.00% 53.70% 

2016 

Mfg. 

Ind. 
1,236 1,048 188 380 Q19_3, Q20, Q21_1 84.79% 100.00% 0.00% 

Svc. 

Ind. 
749 603 146 782 Q19_5, Q18_4, Q21_11, Q1_1 82.10% 88.89% 54.10% 

 

Table 4.11 Decision-making tree analysis results of contribution models (high vs. low) 

Model Year Ind 

Number of Cases 

Missing Results 

Accuracy 

Total 
Higher 

contribution 

Lower 

contribution 
Overall 

Higher 

contribution 

Lower 

contribution 

Contribution 

to sales 

(high vs. low) 

2014 

Mfg. 

Ind. 
856 420 436 111 Q18_3, Q3_1_3 57.94% 61.90% 54.13% 

Svc. 

Ind. 
214 113 101 135 Q18_1, Q21a10 63.08% 60.40% 65.49% 

2016 

Mfg. 

Ind. 
1,236 575 661 380 

Q19_5, region, Q18_4, Q21_7, 

Q21_11, Q21_2, Q21_4, Q1_2 
68.69% 67.30% 69.89% 

Svc. 

Ind. 
749 257 492 782 

sector, Q21_11, Q21_10, 

Q21_7, Q18_9 
69.43% 15.95% 97.36% 
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Table 4.12 Summary on cross-sectional and longitudinal common significant influencing factors and typological 

variations in contribution 

Category 
Sub 

category 
Year 

Cross-sectional common 

influencing factors across the 

industries 

Longitudinal common influencing 

factors over the years 
Typological variation 

Mfg. and Svc. Ind. Mfg. Ind. Svc. Ind. Mfg. Ind. Svc. Ind. 

Contribution 

to sales 

Be vs. 

not 

2014 
∙ Innovation activity (in-house 

R&D) 

  

∙ Information activity (higher 

educational institutes) 

∙ Information source (private 

customer; public customer; higher 

educational institutes) 

∙ Information source (professional 

journal and publication) 

2016  

∙ Level of activity cost (acquisition 

of machine, tool, software, and 

building) 

∙ Source of budget 

∙ Information source (in-house or 

within the affiliate) 

∙ Level of activity cost (others) 

∙ Innovation activity (acquisition 

of machine, tool, software, and 

building) 

∙ Information source (industrial 

association) 

∙ Form of firm 

High vs. 

low 

2014  

 

∙ Information 

source 

(professional 

journal and 

publication) 

∙ Innovation activity (external 

R&D) 

∙ Employee size level 

∙ Innovation activity (in-house 

R&D) 

2016 

∙ Information source (higher 

educational institutes, 

industrial association) 

∙ Level of activity cost (others) 

∙ Region 

∙ Innovation activity (acquisition of 

machine, tool, software, and 

building) 

∙ Information source (supplier; public 

customer) 

∙ Statuary type 

∙ Sector 

∙ Innovation activity (others) 
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4.2.2.3 Overall innovation activities 

 

Table 4.13 presents case statistics and results of innovation activity model. 

Overall prediction accuracies of the models of M2_2IA_2014, S2_2IA_2014, 

M2_2IA_2016, and S2_2IA_2016 are 74.7%, 62.5%, 79.0%, and 84.8%, 

respectively as presented in Table 4.13. Accuracies of predicted percent correct of 

each class of both R&D and non-R&D activities, R&D activities only, non-R&D 

activities only, and no activities in all the model of M2_2IA_2014, S2_2IA_2014, 

M2_2IA_2016, and S2_2IA_2016 are biased to fit R&D and non-R&D activities 

class and non-R&D only class due to the unbalanced data set class. From the KIS 

in 2014 and in 2016, of total 98.6% (4,400 cases among 4,463 cases) in successful 

innovative firms performed both R&D activities (including in-house R&D; 

cooperative R&D; and external R&D) and non-R&D activities (including 

acquisition of machine, tool, software, and building; Buying external knowledge; Job 

training; Market launching activities; Design activities; Others) as shown in Table 

2.2. For the R&D and non-R&D activities class, accuracies are 100.0%, 97.3%, 89.1%, 

and, 89.2% in the models of M2_2IA_2014, S2_2IA_2014, M2_2IA_2016, and 

S2_2IA_2016, respectively. So that it is worthwhile to classify them between R&D 

activities only class and non-R&D only class in 2016. In the case of firms did not 

take R&D activities but non-R&D activities only, they succeed in innovation. 

Especially, firms in service industry took more other R&D only than R&D activities 

only. For the comparison between manufacturing and service industry, examining 

the result of models of M2_2IA_2016 and S2_2IA_2016 give the guidance to figure 

out the factors and behavior of innovation between them. 
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Interpretations by exploring the result of M2_2IA_2016 model in Figure 

B.56 on manufacturing industry in 2016 Appendix B are as follows. 46.8% of firms 

among the firms having R&D institutes, which belong to the middle-technology 

industry, such as KSIC 22, KSIC 25, and KSIC 31, performed R&D activities (RDA) 

only. Under the same condition, 74.3% of the firms implemented RDA only among 

those that spent less than 0.5 B₩ on the total innovation cost. While, 85.9% of the 

firms performed both RDA and non-R&D activities (NRDA), among those that 

spent more than 0.5 B₩ on the total innovation cost. Overall, firms spending more 

than 0.5 B₩ on the total innovation cost carried out both RDA and NRDA. This 

indicates that even if firms have a research institute, innovation activities vary 

according to sectoral peculiarities in line with the argument that the technological 

dynamism affects innovation [66, 92, 93, 94, 95]. In addition, it indicates that firms 

prefer performing RDA only at low cost across the sectors. Furthermore, firms 

belonging to specific sector of KSIC 26 showed different behavior, based on the 

regional characteristics. In the metropolitan areas, such as Seoul and Ulsan, 39.7% 

of firms performed RDA only. Whereas 1% of manufacturers in another area 

performed RDA only, and 99% of the them implemented both RDA and NRDA. It 

implies that business-friendly regional contexts help firms reduce efforts for NRDA. 

Thus, firms can concentrate on R&D. Meanwhile, examining a branch where the 

firms did not conduct any R&D, 69.7% of firms conducted NRDA. However, firms 

that conducted R&D with a dedicated department or that performed R&D 

irregularly, the behavior differed in sectors. Among the firms having a dedicated 

department for R&D, 53.5% of the firms belonging to the low or middle-technology 

sectors performed RDA only; such sectors as KSIC 20, 21, 25, and 28. In other cases, 

87.7% of the firms belonging to other sectors performed both RDA and NRDA. 

While, among the firms that performed R&D irregularly, 61% of them performing 
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NRDA only belonged to low-technology sectors, such as KSIC 10, 14, 17, and 31. 

These support that firms’ behaviors differ in sectoral peculiarities regarding 

technological dynamism, in consistent with previous studies [66, 92, 93, 94, 95]. Even 

though it belongs to the low-technology sector, firms having a R&D department 

perform R&D activities. However, more than half of the firms having an occasional 

R&D focus on NRDA. Major typological behavior is distinguished by main way of 

performing R&D, and these are affected by sectoral [66, 92, 93, 94, 95] and regional 

[95, 117, 119, 120, 121] differentiations in technological dynamism.  

Exploring the result of models of S2_2IA_2016 in Figure B.57 in Appendix 

B on service industry. 93.5% of service firms that did not performed R&D engaged 

in NRDA only, whereas 85.4% of service firms performing R&D through R&D 

institute or dedicated department engaged in both RDA and NRDA. Another 

service firms, which performed R&D if necessary, mostly diverged into two groups: 

45.9% of those engaged in both RDA and NRDA; 50.9% of those engaged in NRDA 

only. When service firms performed R&D if necessary, sectoral difference on their 

main way of performing innovation activities is found. This differentiated behavior 

was appeared according to the sectoral similarity, thereby it was divided into four 

groups. This means that each group consists of a set of contiguous sectors: (1) KSIC 

45 to 46; (2) KSIC 46 to 61; (3) KSIC 61 to 74; and (4) KSIC 75 to 96. In more 

details, 64.9% of those firms belonging to the specific sectors, which are listed after 

KSIC 75 to 96, engaged in both RDA and NRDA. Meanwhile, under the same 

condition, 83.9% of those firms belonging to another specific sectors, which are listed 

between KSIC 46 and 61, engaged only in NRDA. This result shows that service 

firms belonging particular sectors are not necessarily required to R&D, even if they 

innovate their service or service process, they mostly engage in NRDA only. In 

addition, it is inferred that, although service firms belonging other specific sectors 
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are not also required to R&D ordinarily, these firms in these sectors were in a 

condition where engagement in both RDA and NRDA is required to innovate their 

service and process reflecting their indigenous characteristics. Furthermore, it is 

driven and suggested that this sectoral differentiated grouping is attributed to the 

level of employing technology into their service or process within each different 

sectoral service ecosystem. Thus, it is reaffirmed again in this article that even for 

a service firm that do not primarily engage in R&D, sectoral difference significantly 

attributes to firm’s innovation behavior. Meanwhile, among service firms performing 

R&D through R&D institute or dedicated department, 57.1% of firms implemented 

only RDA when they do not use information from competitors in the same sector 

(INFOCS), whereas under the same condition, 90.1% of firms using INFOCS 

implemented both RDA and NRDA. From this result, it is conjectured that the 

service firms monitoring competitors and utilizing INFOCS employ INFOCS with 

placing importance in implementing both RDA and NRDA at high level to innovate 

their service or process, whereas the firms that only performed RDA only without 

NRDA are not much interested in monitoring competitors and give less focus on 

endeavor to acquire and utilize INFOCS. Consequently, the behavior shows as 

following: The successful innovative service firms that do not use INFOPC engage 

in RDA or NRDA separately for their service innovation, also, do not integrate these 

activities comprehensively. In addition, the service firms implementing NRDA with 

RDA more engaged in observing competitors and utilizing knowledge from them 

with high importance than those firms performing only RDA, which are less 

interesting in monitoring competitors and absorbing knowledge from them. 

Overall, factors of main way of performing R&D activities and sector were 

investigated to be significant influencing factors affecting commonly on both 

manufacturing and service industries in 2016. In manufacturing industry, factor of 
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level of total cost for innovation activities was discovered to be significant, whereas 

factor of information sources for innovation was identified to be significant in service 

industry. Especially, in service industry, of the 35% of all companies which 

implemented no R&D, 93.5% of firms belonged to the class of other R&D only used 

private service firms for the successful innovation as seen in Figure B.57.  

Regarding innovation activity in terms of R&D activity, non-R&D activity, 

and no activity, overall longitudinal and cross-sectional common influencing factors 

across the industries and over the years, cross-sectional common influencing factors 

over industries, longitudinal common influencing factors over the years, and 

characteristics of typological variation of each innovation activity classes are shown 

in Table 4.14 in summary. Comprehensively, main way of performing R&D activities 

was determined significant influencing factors on successful innovation in the line of 

consensus from findings of previous studies in terms of innovation activity. This 

factor had influenced commonly on both industries over the years in the cross-

sectional and longitudinal perspectives.  

Overall types of information source had significantly affected on both 

industries. On manufacturing industry, total innovation cost and region are 

identified as in the line of comprehensive consensus from findings of previous studies 

focused on manufacturer from level of innovation investment and regional 

perspectives. Manufacturer having R&D institutes concentrated on both R&D and 

non-R&D activities with innovation investment differently from region to region. 

Meanwhile, on service industry, using private service firm as an information source 

is identified that are relatively different from manufacturer in reflection of 

characteristics of intrinsic service. And significant influencing factors in service 

industry were mostly consisted of information source for innovation activity to 

distinguish innovation activity classes. It could be inferably interpreted that service 
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firms, which implemented no R&D, mainly placed emphasis on only non-R&D 

activities for successful innovation. These are comprehensively accorded with that 

manufacturer more place R&D activities than service firms and service firms 

generally implemented non-R&D innovation activities. From this, it is concluded 

that there is different significant influencing factors and manners of innovation 

behavior on innovation activities involving R&D activities and non-R&D activities 

between manufacturing and service industries.  
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Table 4.13 Decision-making tree analysis results of innovation activity class models 

Model Year Industry 

Number of Cases 

total 

R&D and 

non-R&D 

activities 

R&D 

activities only 

Non-R&D 

only 
No activities 

Innovation activity  

2014 

Mfg. Ind. 967 722 146 76 23 

Svc. Ind. 349 148 59 112 30 

2016 

Mfg. Ind. 1,616 1,134 285 189 8 

Svc. Ind. 1,531 767 81 681 2 

Sub model Results 

Accuracy 

Overall 

R&D and 

non-R&D 

activities 

R&D 

activities only 

Non-R&D 

only 
No activities 

M2_2IA_2014 
Q6, Q21a5, Q1_2, Q21a10, Q21a1, 

Q21a9 
74.7% 100.0% 0.0% 0.0% 0.0% 

S2_2IA_2014 Q6, Q21a3 62.5% 97.3% 0.0% 66.1% 0.0% 

M2_2IA_2016 Q6, sector, Q21_3, Q19, region 79.0% 89.1% 48.1% 68.8% 0.0% 

S2_2IA_2016 
Q6, sector, Q21_5, Q21_6, Q21_1, 

Q2_1_2 
84.8% 89.2% 44.4% 85.0% 0.0% 
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Table 4.14 Summary on cross-sectional and longitudinal common significant influencing factors and typological 

variations in innovation activity  

Category Year 

Overall Longitudinal & 

Cross-sectional common 

influencing factors across 

industries and over the years 

Cross-sectional common influencing 

factors across the industries 

Longitudinal common influencing 

factors over the years 
Typological variation 

Mfg. and Svc. Ind. Mfg. Ind. Svc. Ind. Mfg. Ind. Svc. Ind. 

Innovation 

activity 

2014 

∙ Main way of performing 

R&D activities 

∙ Main way of performing R&D 

activities 

∙ Main way of 

performing 

R&D 

activities 

∙ Main way of 

performing 

R&D 

activities  

∙ Information source 

(competitor in the same 

sector; professional journal and 

publications; in-house or 

within the affiliate; conference, 

exhibition, and fair) 

∙ Statuary type 

∙ Information source 

(private customer) 

2016 

∙ Main way of performing R&D 

activities 

∙ Sectors  

∙ Information source (private 

customer) 

∙ Total innovation cost 

∙ Region  

∙ Information source 

(competitor in the 

same sector; private 

service firm; in-house 

or within the 

affiliate) 

∙ Sales level 
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4.2.2.4 Overall R&D activities 

 

In Table 4.15, case statistics and results regarding overall R&D activities are 

presented. Overall forecasting accuracies of the models of M2_3RA_2014, 

S2_3RA_2014, M2_3RA_2016, and S2_3RA_2016 are 61.8%, 73.1%, 78.5%, and 

83.3% as shown in Table 4.15, respectively. Accuracies of predicted percent correct 

of each class of in-house R&D activities (IHRDA) only, both in-house and 

cooperative R&D activities (IHCRDA), cooperative R&D activities (CRDA) only, 

and no R&D activities (NRDA) are biased to fit class of IHRDA only and class of 

NRD activities due to the unbalanced data set class like as innovation activity class 

models in chapter 4.2.2.3. From the KIS in 2014 and 2016, class of CRDA only are 

relatively smaller than another class in terms of size. Especially, total cases of service 

industry in 2014 is relatively very low, resulting in the minimum size of parent and 

child node are set to be 50 cases and 25 cases, respectively, in the CHAID algorithm. 

By this modification of CHAID algorithm, model of S2_3RA_2014 presented 

relatively better performance.  

In more details, the overall accuracies of the R&D activity models on 

manufacturing industry in 2014 and 2016 are 61.8% and 78.5%, respectively, as seen 

in Table 4.15. A total 65.6% (52.6% in 2014 and 73.4% in 2016) of the successful 

innovative manufacturers performed IHRDA only, whereas 2.9% (5.3% in 2014 and 

1.5% in 2016) of these firms performed CRDA only. The 31.9% ratio of firms that 

performed both IHRDA and CRDA in 2014 is relatively higher than the one in 2016 

at 12.9%. Both models are biased to fit the class of IHRDA only; subsequently, the 

prediction accuracies for this class are 92.3% and 95.8%, respectively. This result 
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implies that the firms performing IHRDA showed distinctly different behavior 

compared to the ones performing another R&D activity type. Thus, it is worthwhile 

to compare the behavior between IHRDA only and both IHRDA and CRDA in 2014, 

and to those between IHRDA only and NRDA in 2016. 

DT results on the behavior between groups of the R&D activity class 

in 2014 and 2016 are shown in Figures B.58 and Figure B.59 in Appendix B. In 

2014, Figure B.58 begins with the first parent node of the main way of performing 

R&D activities. In the case of firms having an R&D institute, 41.9% of the firms 

performed both IHRDA and CRDA. Among those firms, 74.1% of them using 

information from institutes of the government, public, and private sector (IGPPS) 

performed both IHRDA and CRDA, whereas 30.2% of the firms that did not use 

such information performed both IHRDA and CRDA. Firms having an R&D 

institute and using information from IGPPS, 83.7% of them that used information 

from a conference, exhibition, and fair (CEF) performed both IHRDA and CRDA, 

whereas 59.2% of the firms that did not use information from CEF performed both 

IHRDA and CRDA. However, 67.7% of the firms using information from in-house 

or within the affiliate (IHA) performed IRDA only, under the conditions having an 

R&D institute and not using IGPPS. These behaviors show that the most firms 

having R&D institutes focused on performing IHRDA only with IHA. However, 

some firms having R&D institutes performed CRDA with information from IGPPS 

and CEF, and also performed IHRDA. It implies that firms performing both IHRDA 

and CRDA seek to utilize another information from external R&D-related institutes 

and the contemporary competitive information from CEF rather than market-

related information. Additionally, in the cases of firms having an R&D department 

at the first branch and firms not using information from the supplier at the second 

branch, 80.5% of the them used information from IHWA. This shows that firms 
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having an R&D department performed IHRDA with information from IHWA. In 

this respect, CRDA are performed to close capability gaps for innovation [120], and 

it promotes innovation [122, 186, 187, 189, 190, 191, 282]. However, R&D institutes 

or R&D departments are required to complement cooperative R&D [122, 199, 200, 

201, 205, 207]. 

In 2016, Figure B.59 in Appendix B also begins with the first parent node 

of the main way of performing R&D activities. Where firms having an R&D institute 

or an R&D department at the first branch, a majority of them (79.9%) performed 

IHRDA only through overall branches without using information from the private 

customer, private service firms, and professional journal and publications. Firms 

using this information performed CRDA. This shows that firms having an R&D 

institute or an R&D department performed IHRDA only through own capability 

without cooperation. It is implied that successful innovative manufactures do not 

prefer CRDA due to its risks and instability [193, 194, 195, 196, 197, 198]. In another 

case of firms having no possible way to perform R&D at another first branch, it is 

showed that 72.3% of those firms did not perform any R&D at all. In addition, 

where the firms performing R&D irregularly at the first branch, 29.8% of those did 

not implement any R&D activities at all. Furthermore, under the same condition, 

61% of firms belonging to the low-technology sectors did not perform any R&D 

activity, such sector as KSIC 10, 14, 17, and 21. Whereas, 81.2% of the firms 

belonging to another sector performed IHRDA only. This indicates that firms’ 

behavior regarding R&D activities differ in sectorial peculiarities in terms of 

technological dynamism [66, 92, 93, 94, 95]. Even though it belongs to the low-

technology sector, 39% of the firms performing R&D irregularly still performed both 

IHRDA and CRDA. Overall, identification of influencing factors and typological 

behaviors regarding R&D activity, the main way of R&D activities is determined to 
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influence innovation behavior. Additionally, some types of information sources, such 

as IHWA, CEF, and IGPPS are investigated. The other factors identified comprise 

the sector, employee size, and statuary type at another node and branch.  

On service industry, DT results on the behavior between groups of the R&D 

activity class in 2014 and 2016 are shown in Figures B.60 and Figure B.61 in 

Appendix B. Examining Figure B.60 in 2014, 40.7% of successful innovative service 

firms did not implement any RDA. Furthermore, 89.9% of service firms having no 

R&D personnel (RP) do not implemented any RDA. This is mainly attributed to 

the observation that overall 34.1% had no RP. Of the firms having no RP, 10.1% of 

those firms engaged in CRDA to complement their innovative capacity although at 

a small rate. Furthermore, there are no firms implemented IRDA with or without 

CRDA under the same condition. On the one hand, it is found that, among the 

firms with a small RP ratio of less than 10%, the ratio of firms implementing IRDA 

with CRDA is increased to 72.9% (52.1% implemented only IRDA, 20.8% 

implemented both IRDA and CRDA), whereas the ratio of firms did not implement 

any RDA is decreased to 24.0%. This tendency is stronger when the RP ratio is 

more than 10%, such that the ratio of firms implementing IRDA with CRDA is 

increased to 88.1% (61.2% implemented only IRDA, 26.9% implemented both IRDA 

and CRDA), whereas the ratio of firms did not implement any RDA is decreased to 

9.0%. In more details, of firms having more than 10% of RP ratio, 39.5% of firms 

used knowledge from in-house or within affiliate focus both IRDA and CRDA. In 

this respect, it is driven as following: (1) nearly half of successful innovative service 

firms (SISF) are in a condition where there are no RP, thus any RDA can’t be 

carried out, thereby performing non-R&D activities for their service innovation. (2) 

majority SISF having RP engage more CRDA with IRDA in line with increasing 

RP ratio, especially with their affiliate. (3) Independent SISF with more than 10% 
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of RP ratio mostly carry out their own R&D by themselves. (4) there are several 

SISF, which do not implement any RDA with more than 10% of RP ratio, prefer 

and carry out non-R&D activities for their service innovation as like another SISF 

having no RP. Therefore, it is argued that overall SISF can be divided into two 

groups: (1) The SISF, such that have no RP, that do not implement any RDA with 

absence of internal capacity, and that prefer non-RDA for their service innovation; 

(2) the SISF that carry out their own internal R&D by employing RP, sometimes 

perform CRDA to complement insufficient capacity for their service innovation. 

Examining Figure B.61 in 2016, service firms actively endeavored to utilize 

external knowledge from diverse source in accordance with their own R&D capacity 

for service innovation. In the same line in 2014, nearly half (44.6%) of SISF do not 

implement any RDA, and the other half (49.1%) performed only IRDA, reflecting 

overall landscape of SISF regarding the RDA. In 2016, SISF showed different 

behavior separately depending on each type of main way of performing R&D 

activities. In the first case (node 4), of SISF that did not performed R&D, 93.7% of 

them did not implemented any RDA, whereas 17.7% service firms, among the others 

of them, engaged in IRDA and CRDA with investing 5B₩ to 50B₩ as a total 

innovation cost. On another hand, in the second case (node 1, performing R&D 

irregularly if necessary), 45.2% of SISF carried out IRDA and 51.2% did not 

implement any RDA. These firm’s innovation behavior is distinguished from usage 

of information from professional journal and publications (IPJP) and information 

from private customer (IPC). In the same case, 74.2% of SISF utilizing both IPJP 

with placing low importance and IPC with placing high importance performed only 

IRDA. Also, in the same case, 75.7% of SISF did not carried out any RDA, though 

they utilized IPC. On the other hand, in the third case (node 3, performing R&D 

through dedicated department), 86.2% of SISF performed only IRDA, subsequently 
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95.5% of these SISF utilize external knowledge from private customer with high 

importance. Whereas 7.6% of SISF did not implemented neither IRDA nor CRDA, 

which also did not use IPC. Lastly, in the fourth case (node 2, having R&D institutes 

and performing through ones), 83% of performed only RDA. In the same branch, 

22.8% of SISF utilizing knowledge from institutes of government, public, and private 

sector, among SISF with sales size over 50B₩, carried out both IRDA and CRDA. 

Whereas, in the same branch, SISF with sales size within 1B₩ to 50 B₩ shows 

balanced R&D activities, such that, 66.2% performed only IRDA, 11.8% performed 

only CRDA, 16.2% performed both IRDA and CRDA, and 5.9% did not performed 

any RDA. As a result, it is drawn as following: (1) Nearly one third of SISF do not 

have R&D capacity and do not prefer R&D oriented activities. They prefer non-

R&D activities to innovate their service or process even though nearly one tenth of 

them heavily and directly invest in service innovation. (2) when SISF perform R&D, 

their behavior distinguished by level of utilizing IPJP and IPC, thereby leading 

several SISF perform IRDA. But most of them still focus on non-R&D activities (3) 

other half of SISF, which perform R&D regularly through R&D institutes or 

dedicated department, mostly implemented only IRDA, but some of large-sized SISF 

implement highly CRDA with IRDA. Overall, it is suggested as following: (1) In the 

booming economic circumstance, SISF shows their distinctive behavior to innovate 

their service and process regarding IRDA, CRDA, and NRDA. (2) It can be 

expanded to their overall innovation strategy which mainly focuses on non-R&D 

related innovation activities in line with the traditional particular characteristics of 

service, such as a slightly distant from employing technology. They might be 

belonged to specific sectors which do not much require technological employment in 

their service or service process (3) However, there are still significant roles in service 

innovation within the service ecosystem in the recent rapidly changing technological 
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business environment to advance service. Thus, half of SISF focus on RDA, 

subsequently, the majority of SISF prefer IRDA rather than CRDA due to its 

instability and unpredictable risk on cooperative R&D.  

Consequently, those findings in ordinary and booming economic 

environment are newly addressed in service innovation study field regarding R&D 

activities, such that their corporate strategy basically relates to their service 

innovation. Significantly, it is identified that two distinguishing types of innovative 

behavior on service firms coexist nationwide: (1) SISF do not prefer R&D activities 

with no R&D capacity in the traditional perspective; (2) majority of SISF focus on 

R&D by engaging the independent R&D activities rather than the cooperative R&D 

activities, subsequently, they perfervidly engage in utilizing knowledge from external 

partners, such as private customers and R&D institutes, with open-knowledge under 

the booming economic environment . 

Concerning R&D activity in terms of IHRDA, CRDA, and NRDA, cross-

sectional common influencing factors over industries, longitudinal common 

influencing factors over the years, and characteristics of typological variation of each 

R&D activity classes are shown in Table 4.16 in summary. There are no overall 

longitudinal and cross-sectional common influencing factors across the industries 

and over the years regarding overall R&D activities. Comprehensively, main way of 

performing R&D activities and information source from private customer and 

professional journal and publications were determined significant influencing factors 

on successful innovation in terms of R&D activity on both industries from cross-

sectional perspectives in 2016. By the typological difference on R&D activities, these 

factors commonly influenced significantly R&D activities on both industries in 2016. 

From longitudinal perspective on manufacturing industry, factor of main 

way of performing R&D activities influenced significantly on classification between 
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IHRDA, CRDA and NRDA. Additionally, by each model, there were factors of 

information source, sector, size of employee, and statuary type which influenced 

significantly on typological behaviors engaging IHRDA, CRDA, and NRDA. 

Manufacturers’ behavior differed by using these factors on innovation R&D 

activities differed from sector to sector, at level of size of employee, based on the 

statuary type, from information sources. Meanwhile, from a longitudinal perspective 

on service industry, information source from private customer and total innovation 

cost were determined significant influencing factors on successful innovation. These 

factors distinguished significantly R&D activities of service firms especially between 

IHRD and NRDA. Service firms implementing NRDA, used much information 

source for successful innovation. It could be inferably interpreted that service firms, 

which did not any R&D activities at all, mainly focused on only NRDA for successful 

innovation. These are comprehensively accorded with that manufacturer more place 

R&D activities than service firms, and service firms generally implemented non-

R&D innovation activities. From this, it is concluded that there is different 

significant influencing factors and typological behaviors on innovation activities 

involving IHRDA, CRDA, NRDA between manufacturing and service industries.  
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Table 4.15 Decision-making tree analysis results of R&D activity models 

Model Year Ind. 

Number of Cases 

Total 
In-house R&D 

only 

In-house and 

cooperative 

R&D 

Cooperative 

R&D only 

No R&D 

activities 

R&D activity 

2014 
Mfg. Ind. 967 509 308 51 99 

Svc. Ind. 349 132 56 19 142 

2016 
Mfg. Ind. 1,616 1,186 209 24 197 

Svc. Ind. 1,531 752 81 15 683 

Sub model Results 

Accuracy 

Overall 
In-house R&D 

only 

In-house and 

cooperative 

R&D 

Cooperative 

R&D only 

No R&D 

activities 

M2_3RA_2014 
Q6, Q21a8, Q21a9, Q21a1, 

Q21a2 
61.8% 92.3% 35.4% 0.0% 19.2% 

S2_3RA_2014 1 Q3_1_6, Q21a7, Q21a3, Q19t 73.1% 96.2% 37.5% 75.4% 73.1% 

M2_3RA_2016 
Q6, sector, Q21_3, Q21_10, 

Q3_3, Q1_2, Q21_6 
78.5% 95.8% 0.0% 0.0% 67.5% 

S2_3RA_2016 
Q6, Q21_10, Q21_3, 

Q2_1_3, Q21_8, Q19 
83.3% 85.6% 0.0% 0.0% 92.4% 

1 the minimum size of parent node and child node are set to be 50 cases and 25 cases in the CHAID algorithm respectively due to the total 
small cases 
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Table 4.16 Summary on cross-sectional and longitudinal common significant influencing factors and typological 

variations in R&D activity  

Category Year 

Cross-sectional common influencing 

factors across the industries 

Longitudinal common influencing factors over 

the years 
Typological variation 

Mfg. and Svc. Ind. Mfg. Ind. Svc. Ind. Mfg. Ind. Svc. Ind. 

R&D 

activity 

2014  

∙ Main way of 

performing R&D 

activities 

∙ Information source 

(private customer) 

∙ Total innovation 

cost   

∙ Information source (institutes 

of government, public, and 

private sector; conference, 

exhibition, and fair; in-house or 

within the affiliate; supplier) 

∙ Ratio of R&D personnel 

∙ Information source (higher 

educational institutes) 

2016 

∙ Main way of performing R&D 

activities 

∙ Information source (private customer; 

professional journal and publications) 

∙ Sector  

∙ Information source (private 

service firm) 

∙ Employee size level 

∙ Statuary type 

∙ Main way of performing R&D 

activities 

∙ Information source (institutes 

of government, public, and 

private sector) 

∙ Sales level 
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4.2.2.5 Cooperative activities  

 

Case statistics and results of the cooperative activity models are presented in Table 

4.17. Overall prediction accuracies of the models of M2_4CA_2014, S2_4CA_2014, 

M2_4CA_2016, and S2_4CA_2016 are 80.9%, 85.4%, 89.0%, and 92.9%, 

respectively, as shown in Table 4.11. Accuracies of cooperative activity class of four 

models are 76.8%, 53.5%, 65.2%, and 42.3%, while, accuracies of non-cooperative 

activity class of four models are 83.5%, 95.8%, 95.8%, and 92.9%, respectively, as 

seen in Table 4.17. Results of all the models are presented in Figure B.62 and Figure 

B.63 in Appendix B. 

In the aspect that cooperative activities generally do not work well, non-

cooperative activities, by and large, had larger cases than cooperative case, resulting 

in biased fitting to non-cooperative activities class more. Nevertheless, these models 

showed relatively good performance in predicting cooperative activities. 

Significant factors affecting the classification between manufacturing and 

service industry in 2014 were commonly found as follows in order of significance: 

cooperative R&D (Q18_2), information from private customer (Q21_a3). In 2016, 

significant influencing factors are as following: cooperative R&D (Q18_2), job 

training (Q18_6) as innovation activities were identified. Over the years and across 

the industries, factor of information sources (Q21a_3, Q21a_4 and Q21_4, 

Q21_a7_Q21_7, and Q21_6) was used for cooperative innovation. In line with the 

same industry in different years, except cooperative R&D factors, there were no 

common significant factors determined. This implies that the circumstance of 

cooperative innovation activities has rapidly changed and affected firms’ behavior. 
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Regarding cooperative R&D (CRD) in terms of whether it was implemented 

or not, overall longitudinal and cross-sectional common influencing factors across 

the industries and over the years, cross-sectional common influencing factors over 

industries, longitudinal common influencing factors over the years, and 

characteristics of typological variation of each innovation activity classes are shown 

in Table 4.18 in summary. This section mainly focuses on cooperative activities 

regardless of whether CRD was implemented or not. Focusing on CRD, significant 

influencing factors and behavior will be investigated. Focusing on overall 

longitudinal and cross-sectional common influencing factors across industries and 

over the years, CRD activities is determined significant influencing factors on 

classification between cooperative activity and non-cooperative activity of successful 

innovation firms. This is in the line of general consensus from findings of previous 

studies on cooperative innovation activities. Placing emphasis on cross-sectional 

common influencing factors across the industries, information from private customer 

in 2014 and innovation activity of job training in 2016 were identified. These findings 

are consistent with the arguments that in-house R&D activity and utilizing external 

knowledge plays a significant role in innovation. In manufacturing industry, overall, 

more information sources used, more cooperative activities implemented. As similar 

as behavior of manufacturer, service firms utilized information sources and 

implemented cooperative activities. Also, where activities of buying external 

knowledge are implemented, it showed tendency that more firms in service industry 

implemented cooperative activities than those in manufacturing industry. In this 

respect, successful innovative firms across two industries have similar behavior on 

using information source regarding cooperative activities. More specifically, 

manufacturer had tendency to implement cooperative activities when they used 

information from public customer or higher educational institutes or professional 
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journal and publication or industrial association. More specifically, firms in service 

industry prefers to implement cooperative activities when they bought external 

knowledge or implemented in-house R&D or used information from public customer 

and higher educational institutes. It implies that when firms need information from 

public customer or higher educational institutes, and when they were lack of internal 

capacity to innovate product or process of goods and service by themselves, firms 

implemented cooperative innovation activities. In this respect, it is concluded that 

firms strategically cooperate with diverse partners when they are lack of internal 

innovation capacity, nevertheless cooperative activities generally do not work well 

involving risks and instability.  
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Table 4.17 Decision-making tree analysis results of cooperative R&D activity class models 

Model Year Ind. 

Number of Cases 

Results 

Accuracy 

Total 
Cooperative 

activities 

Non-

cooperative 

activities 

Overall 
Cooperative 

activities  

Non-

cooperative 

activities  

Cooperative 

R&D 

activity 

2014 

Mfg. 

Ind. 
969 384 583 

Q18_2, age, Q21a4, Q21a7, 

Q21a3 
80.9% 76.8% 83.5% 

Svc. 

Ind. 
351 86 263 Q18_2, Q18_5, Q21a3 85.4% 53.5% 95.8% 

2016 

Mfg. 

Ind. 
1,618 359 1,257 

Q18_2, Q21_11, Q18_6, 

Q21_10 
89.0% 65.2% 95.8% 

Svc. 

Ind. 
1,533 156 1,375 

Q18_2, Q21_4, Q18_6, 

Q18_1, Q21_7 
92.9% 42.3% 92.9% 
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Table 4.18 Summary on cross-sectional and longitudinal common significant influencing factors and typological 

variations in cooperative innovation activity  

Category Year 

Overall Longitudinal & 

Cross-sectional common 

influencing factors across 

industries and over the 

years 

Cross-sectional common influencing 

factors across the industries 

Longitudinal common influencing factors 

over the years 
Typological variation 

Mfg. and Svc. Ind. Mfg. Ind. Svc. Ind. Mfg. Ind. Svc. Ind. 

Cooperative 

innovation 

activity 

2014 

∙ Innovation activity 

(cooperative activity)  

∙ Innovation activity 

(cooperative activity)  

∙ Information source (private 

customer) 
∙ Innovation 

activity 

(cooperative 

activity)  

∙ Innovation 

activity 

(cooperative 

activity)  

∙ Age 

∙ Information source 

(public customer; higher 

educational institutes) 

∙ Innovation activity 

(buying external 

knowledge) 

2016 

∙ Innovation activity 

(cooperative activity; job 

training)  

∙ Information source 

(professional journal and 

publication; industrial 

association) 

∙ Information source 

(public customer; higher 

educational institutes) 

∙ Innovation activity (in-

house R&D) 
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4.2.2.6 Best cooperative partner  

 

Table 4.19 presents case statistics and results of the best cooperative partner models. 

As stated in chapter 2.2.1 and 4.2.1, the minimum size of the parent and child node 

are set to be 20 cases and 10 cases in the CHAID algorithm, respectively, due to the 

total cases that are not over 400 cases at each model and the average case of each 

class is 30.78. Overall forecasting accuracies of the models of M2_5CP_2014, 

S2_5CP_2014, M2_5CP_2016, and S2_5CP_2016 are relatively low values of 

46.4%, 36.0%, 47.4%, and 46.2%, respectively, as shown in Table 4.19. Accuracies of 

predicted percent correct of each class are biased to fit large sized class due to the 

unbalanced dataset. Results of all the models are presented in Figure B.64, Figure 

B.65, and Figure B.66 in Appendix B. 

On manufacturing industry in 2014, various information sources (Q21a2, 

Q21a3, Q21a7, and Q21a8) and main way of performing R&D activities (Q6) were 

identified to be significant influencing factors. On Service industry in 2014, firms’ 

status that not listed in the stock market (Q1_3_3) and information sources (Q21a5, 

Q21a7) were found to be significant in model. In 2016, main customer types (Q7), 

form of firm (Q1_1), and information from higher educational institutes (Q21_7) 

were investigated as significant influencing factors in manufacturing industry. 

Meanwhile, in service industry, information from private service firms (Q21_6), cost 

on other innovation activity(Q19_5), sector, and in-house R&D innovation activity 

(Q18) were discovered to be significant in 2016. 

 Across the years, manufacturers evaluated higher education institute as 
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the best cooperative partner. However, firms in service industry had no particular 

preference for the best cooperative partner. In 2014, factors and behavior showed 

the service firm’s preference to the private service firm despite not used many of 

them relatively as seen in Figure B.65 in Appendix B and Table 4.19. 

Regarding the best cooperative partner among affiliates, supplier, private 

customer, public customer, competitors in the same sector, private service firms, 

higher educational institutes, institutes of government, public, and private sector, 

cross-sectional common influencing factors over industries, longitudinal common 

influencing factors over the years, and characteristics of typological variation of each 

innovation activity classes are shown in Table 4.20 in summary. This section mainly 

focuses significant influencing factors and typological behavior on the best 

cooperative partner. There are no longitudinal and cross-sectional common 

influencing factors across the industries and over the years determined. Placing 

emphasis on cross-sectional common influencing factors across the industries, 

information from higher educational institutes was determined in 2014, and no 

factors were identified in 2016. Focusing on longitudinal common influencing factors 

over the years, information from higher educational institutes was identified in 

manufacturing industry. On manufacturing industry, main way of performing R&D 

activity, main customer type, and form of firm as contextual factors were identified 

significantly influencing factors regarding best cooperative partner. In terms of 

intrinsic factors, various information sources were identified. In the light of 

manufacturer prefers higher educational institutes for the best cooperative partner, 

it is accorded that utilizing information from higher educational institutes is most 

significant influencing factors in manufacturing industry. It implies that 

manufacturer endeavors to explore and to absorb external knowledge, such as, high-

technology or advanced knowledge, to innovate their product and process through 
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cooperating with higher educational institutes. Meanwhile, in service industry, 

innovation cost level on other innovation activity and sector as contextual factors 

were identified significantly influencing factors as well as intrinsic factors of 

information from higher educational institutes, competitors in same sector, and 

private service firm. It implies that service firms have peculiarities that are closer 

to customer and dependent tendency of other innovation activities in relation with 

non-R&D from sector to sector, nonetheless, firms in service industry showed no 

particular preference for the best cooperative partner in terms of frequency. 

Although overall accuracies of models on the best cooperative partner are relatively 

low under 50%, accuracy of higher educational institutes as the best cooperative 

partner for manufactures, and accuracy of private customer as the best cooperative 

partner for service firms are much high as from 86.2% to 91.7%. From accuracies on 

specific target class, significant influencing factors and manner of innovation 

behavior on the best cooperative partner gives solid ground on relationships between 

firms and their partner in terms of characteristics of firm in each industry. 
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Table 4.19 Decision-making tree analysis results of the best cooperative partner models 1  

Model Year Industry 

Number of Cases  

Total 
Private 

Customer 

Government 

Research 

Institute 

Higher 

Education 

Institute 

Supplier 
Affiliated 

Company 
Competitor 

Government 

customer 

Private 

Service 

Company 

Missing 

Cooperative 

partner 

2014 

Mfg. Ind. 384 49 39 123 18 19 14 64 58 583 

Svc. Ind. 86 11 17 17 4 10 7 10 10 262 

2016 

Mfg. Ind. 359 75 34 125 21 13 4 37 50 1,257 

Svc. Ind. 156 60 23 22 11 11 6 11 12 1,375 

Sub model Results 

Percent Correct 

Overall 
Private 

Customer 

Government 

Research 

Institute 

Higher 

Education 

Institute 

Supplier 
Affiliated 

Company 
Competitor 

Government 

customer 

Private 

Service 

Company 

M2_5CP_2014 
Q21a3, Q21a2, Q21a8,  

Q21a7, Q6 
46.4% 12.2% 33.3% 86.2% 0.0% 0.0% 0.0% 37.5% 50.0% 

S2_5CP_2014 Q1_3_3, Q21a7, Q21a5 36.0% 0.0% 58.8% 52.9% 0.0% 0.0% 0.0% 40.0% 80.0% 

M2_5CP_2016 Q7, Q1_1, Q21_7 47.4% 37.3% 0.0% 91.2% 52.4% 0.0% 0.0% 45.9% 0.0% 

S2_5CP_2016 Q21_6, Q19_5, sector, Q18_1 46.2% 91.7% 43.5% 0.0% 63.6% 0.0% 0.0% 0.0% 0.0% 

1 the minimum size of parent node and child node are set to be 20 cases and 10 cases in the CHAID algorithm respectively due to the total 
small cases 
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Table 4.20 Summary on cross-sectional and longitudinal common significant influencing factors and typological 

variations in the best cooperative partner 

Category Year 

Cross-sectional common influencing 

factors across the industries 

Longitudinal common influencing factors over 

the years 
Typological variation 

Mfg. and Svc. Ind. Mfg. Ind. Svc. Ind. Mfg. Ind. Svc. Ind. 

Cooperative 

partner 

2014 
∙ Information source 

(higher educational institutes) 

∙ Information source 

(higher 

educational 

institutes)  

 

∙ Information source (private 

customer; supplier; institutes of 

government, public, and 

private sector) 

∙ Manner of R&D activity 

∙ Designation status (in Korea) 

∙ Information source 

(competitors in same sector) 

2016  
∙ Main customer type 

∙ Form of firm  

∙ Information source (private 

service firm) 

∙ Innovation cost level (others) 

∙ Sector 

∙ Innovation activity (in-house 

R&D) 
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4.2.2.7 Sources of innovation budget 

 

Table 4.21 presents case statistics and results of source of budget for innovation 

model. Overall accuracies of the models of M2_6SB_2014, S2_6SB_2014, 

M2_6SB_2016, and S2_6SB_2016 are 78.4%, 81.1%, 84.6%, and 94.5%, 

respectively, as seen in Table 4.21. These overall accuracy levels are relatively high; 

however, accuracies on classes are almost 0%, except owned capital class and no-

expenditure class due to unbalanced dataset and extremely small cases in each class 

as seen in Table 4.21.  

Over the years and across industries firms mostly used owned capital (85.3%) 

or loaned (4.7%) or did not spent any budget (8.4%) on innovation activities, such 

that these three classes cover 98.4% of total. Only model M2_6SB_2016 classified 

the classes cases into two different classes as owned capital class and no-expenditure 

class. Meanwhile, the other three models did not clearly distinguish the classes, such 

that the models classify all the cases into owned capital class. By these developed 

DT gained 100% of accuracy on the owned capital class. This means that the 

significant influencing factors and behavior of innovative firms from all four models 

cannot sufficiently provide valid implications. It implies that all successful firms on 

innovation mostly used their own capital. Examining the result of all models, factors 

are found as follows: each innovation activity cost (Q19_3, Q19_4, Q19_5), and 

total cost for innovation activities (Q19t in 2014, Q19 in 2016). Especially, overall 

behaviors on source of budget over the years and across industries as seen in Table 

4.21. The DT results of Figure B.67, Figure B.68, Figure B.69, and Figure B.70 are 

much similar. However, sector was identified to be significant influencing factors 
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across the industries in 2016 as seen in Table 4.21 and Figure B.69 and Figure B.70. 

It shows industrial difference in expenditure significantly affected both industries in 

2016. From the comparison the result of M2_6SB_2016 and S2_6SB_2016, 

manufacturers had significantly influenced by the sector in 2016 as seen in Table 

4.21 and Figure B.69 and Figure B.70. 

Cross-sectional common influencing factors over industries, longitudinal 

common influencing factors over the years, and typological variations are shown in 

Table 4.22 in summary. There are no longitudinal and cross-sectional common 

influencing factors across the industries and over the years. Placing emphasis on 

cross-sectional common influencing factors across the industries, sectoral factor was 

determined in 2016 and no factors were identified in 2014. In 2016, firms in both 

manufacturing and service industries differently funded for innovation mainly from 

sector to sector. Focusing on longitudinal common influencing factors over the years, 

Factors of innovation cost for and acquisition of machine, tool, software, and 

building were identified in manufacturing industry. Total innovation cost was 

identified in service industry.  

In more details, in manufacturing industry, innovation cost for others and 

acquisition of machine, tool, software, and building were determined as the most 

significant influencing factors for distinguishing typological innovation behavior on 

source of budget under the context that most manufacturer funded for innovation 

from their own capital. And factors of best cooperative partner and whether 

cooperative activity implemented or not, and information sources were affected to 

behavior on source of budget. In this respect, it is derived that source of budget 

from their owned capital is general behavior in manufacturing industry.  

In service industry, total innovation cost mainly affected to service firm’s 

behavior on source of budget, under the same context of manufacturing industry 
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that most firms funded from their own capital for innovation. Overall, the factors 

of whether cooperative activity implemented or not, information sources, and 

innovation cost were affected. In this aspect, service firm’s behavior is similar to 

those in manufacturing industry, such that their typological behavior is differed in 

owned capital, loan, and no-expenditure.  

Consequently, it is argued that source of budget from their owned capital 

is general behavior in service industry as well as manufacturing industry. Under 

context that firms mostly funded innovation budget from their owned capital in 

both the industries, it is suggested that there were significant influencing factors on 

typological variations of innovation behavior on their innovation budget source in 

the case of no-expenditure, loan, and government fund. These findings are basically 

very natural. However, it is deserved not to be diminishing the importance of 

significant influencing factors and their behavior on source of budget for innovation.  
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Table 4.21 Decision-making tree analysis results of source of budget models 

Model Year Industry. 

Number of Cases 

Missing 

Total 
Owned 

capital 

Government 

fund 
Loan 

No 

expenditure 

Affiliate 

fund 

Stock 

issuance 

Corporate 

Bond fund 

Source  

of 

budget 

2014 

Mfg. Ind. 967 758 14 82 103 3 1 6 0 

Svc. Ind. 349 283 4 15 30 2 1 14 0 

2016 

Mfg. Ind. 1,612 1314 9 95 189 3 1 1 4 

Svc. Ind. 1,529 1445 4 17 53 3 1 6 2 

Sub model Results 

Accuracy 

Overall 
Owned 

capital 

Government 

fund 
Loan 

No 

expenditure 
Affiliate fund 

Stock 

issuance 

Corporate 

Bond fund 

M2_6SB_2014 Q19_5, Q19_3, Q24, Q23_2 78.4% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

S2_6SB_2014 Q21a8, Q19t, Q21a1 81.1% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

M2_6SB_2016 
sector, Q19_3, Q22, Q21_8, 

Q19_5, Q21_6, Q21_7 
84.6% 97.5% 0.0% 0.0% 43.4% 0.0% 0.0% 0.0% 

S2_6SB_2016 
Q19, sector, Q21_4,  

Q19_4 
94.5% 100.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
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Table 4.22 Summary on cross-sectional and longitudinal common significant influencing factors and typological 

variations in the source of budget 

Category Year 

Cross-sectional common influencing 

factors across the industries 

Longitudinal common influencing factors  

over the years 
Typological variation 

Mfg. and Svc. Ind. Mfg. Ind. Svc. Ind. Mfg. Ind. Svc. Ind. 

Source 

of  

budget 

2014  

∙ Innovation cost level 

(others; acquisition of 

machine, tool, 

software, and 

building) 

∙ Total innovation 

cost 

∙ Best cooperative partner 

∙ Cooperative partner (supplier) 

∙ Information source (institutes 

of government, public, and 

private sector; in-house or 

within the affiliate) 

2016 ∙ Sector 

∙ Cooperative activity 

∙ Information source (institutes 

of government, public, and 

private sector; private service 

firm; higher educational 

institutes) 

∙ Information source (public 

customer) 

∙ Innovation cost level (buying 

external knowledge) 
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4.3 Identifying factors and behaviors in innovative domains 

between manufacturing and service industries at the sectoral, 

regional, and across the industrial and regional levels 

 

4.3.1 Analysis structure on innovative domains  

 

The third module in theme#2 investigates significant influencing factors and 

behaviors on top innovative domains having highest success rate comparatively 

between manufacturing and service industries with three sub-modules at the sectoral, 

regional, and across the industrial and regional levels by using decision-making tree 

analysis with higher resolution particularly, even though there are lower cases in 

each class as well as total cases based on the strength of decision-making tree 

analysis by adjusting the procedure on the minimum size of parent and child nodes 

and data balancing through oversampling on each class of success and failure. 

The first sub-module of this third module in theme#2 explores top 

innovative sectors showing highest innovation success rate through the years on both 

industries as a case study from a longitudinal perspective at a sectoral level. The 

second sub-module investigates top innovative regions having highest innovation 

success rate across the industries as a case study from a cross-sectional perspective 

at a regional level. The third sub-module examines the top innovative regional 

sectors showing highest innovation success rate across the regions and sectors on 
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both manufacturing and service industries as a case study at the regional and 

industrial level. 

For the first sub-module, sectors that showed highest innovation success 

rate in manufacturing industry over the years, as seen in Table 3.2, are identified in 

chapter 3.2 in this thesis as in the following: Manufacture of pharmaceuticals, 

medicinal chemical and botanical products (KSIC 21); manufacture of electronic 

components, computer, visual, sounding and communication equipment (KSIC 26); 

manufacture of food products (KSIC 10); manufacture of medical, precision and 

optical instruments, watches and clocks (KSIC 27); and manufacture of electrical 

equipment (KSIC 28). And sectors of research and development (KSIC 70), financial 

service activities, except insurance and pension funding (KSIC 64), computer 

programming, consultancy and related activities (KSIC 62), and publishing 

activities (KSIC 58) showed highest innovation success rate in service industry over 

the years as seen in Table 3.3. These top innovative sectors having highest innovation 

success rate through the years on both the industries are chosen to explore 

significant influencing innovation factors and behaviors at a sectoral level by using 

decision-making tree analysis. 

Regarding the second sub-module, top regions having highest innovation 

success rate across the industries are identified as Seoul, Incheon, and 

Chungcheongbuk-do in 2014 as seen in Table 3.4, and Seoul, Busan, and Daegu in 

2016 as seen in Table 3.5. These top innovative regions are chosen to explore 

significant influencing innovation factors and behaviors at a regional level between 

manufacturing and service industries by using decision-making tree analysis. 

For the third sub-module on top innovative regional sectors showing  

highest innovation success rate across the regions and sectors that satisfied with 

total cases over 10 cases and over 5 cases in successful innovation on both 
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manufacturing and service industries in 2014 and 2016 were identified, respectively, 

as in following: Manufacture of electrical equipment (KSIC 28) in Incheon; 

manufacture of pharmaceuticals, medicinal chemical and botanical products (KSIC 

21) in Seoul; and manufacture of medical, precision and optical instruments, watches 

and clocks (KSIC 27) in Daejeon in 2014; Manufacture of electronic components, 

computer, visual, sounding and communication equipment (KSIC 26) in Seoul; 

manufacture of food products (KSIC 10) in ChungCheongnam-do; research and 

development (KSIC 70) in Seoul. These top innovative regional sectors are chosen 

to explore influencing factors and behaviors on innovation at the regional and 

sectoral level by using decision-making tree analysis. 

Based on the accepting hypothesis 6, 7, and 8 on difference at innovation 

success between the sectors and regions in both manufacturing and service industries 

at each period as seen in Table 3.8 and discussed in chapter 3.2, 18 models for the 

first sub-module, 12 models for the second sub-module, and 6 models for the third 

sub-module on decision-making tree analysis are constructed as shown in Table 4.23, 

Table 4.24, and Table 4.25, respectively. On the first sub-module for sectoral 

comparison, variable on sector are excluded. In the second sub-module for regional 

comparison, variable on region is excluded. Also, in the third sub-module for regional 

and industrial comparison, variables on sector and region are excluded. 

The general settings of CHAID algorithm of decision-making tree analysis 

in the third module are as follows: (1) the value of maximum tree depth is set 

autonomously; (2) both the splitting and the merging significant value are set at 

0.05; (3) the maximum number of recursive calculation is set for 100; (4) The 

misclassification cost are set to same value across all categories; (5) the missing 

value treated as not a valid but a missing value; (6) the minimum size of the parent 

and child node are set to be 10 cases and 5 cases, respectively. 
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Especially, on the third sub-module, datasets are balanced by oversampling 

all classes by tripled to develop more predictive model and to enhance accuracies. 

Because the total case size and each class size in the module are much low, as total 

average cases is 19.8 and average case size of smaller class is 4.5. In terms of 

validation on the models, a 10-fold cross-validation method is used to estimate the 

performance and overall accuracy, and the ratio of the number of true positive, 

which means the ratio of the correctly predicted case, is provided at each model. 
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Table 4.23 Analysis structure of the first sub-module 

Level Category Industry Rank 
Sector 

(KSIC) 
Year Model 

Target 

Variable 

Independent  

Variable 1 

Sectoral 

Level 

Top industry 

sectors with the 

highest 

innovation 

success rate 

through the 

years 

Manufacturing 

industry 

1 

(21) Manufacture of 

pharmaceuticals, medicinal 

chemical and botanical 

products 

2014 ST_M1_21_2014 

Innovation 

success 

and 

failure 

1. General Information 

1-1. Form of firm 

1-2. Statuary type 

1-3. designation status 

1-4. listed status 

 

2. Size 

2-1. level of sales size 

2-2. level of exports size 

2-3. level of employee  

size 

 

3. Target market 

3-1. Main regional target  

market 

3-2. Main customer type 

 

4. R&D activity 

4-1. Ratio of R&D  

personnel 

4-2. Manner of R&D 

activities 

 

5. Etc. 

5-1. Region 

5-2. Age 

2016 ST_M1_21_2016 

2 

(26) Manufacture of electronic 

components, computer, visual, 

sounding and communication 

equipment 

2014 ST_M2_26_2014 

2016 ST_M2_26_2016 

3 
(10) Manufacture of food 

products 

2014 ST_M3_10_2014 

2016 ST_M3_10_2016 

4 

(27) Manufacture of medical, 

precision and optical 

instruments, watches and 

clocks 

2014 ST_M4_27_2014 

2016 ST_M4_27_2016 

5 
(28) Manufacture of electrical 

equipment 

2014 ST_M5_28_2014 

2016 ST_M5_28_2016 

Service 

industry 

1 (70) Research and development 
2014 ST_S1_70_2014 

2016 ST_S1_70_2016 

2 

(64) Financial service 

activities, except insurance and 

pension funding 

2014 ST_S2_64_2014 

2016 ST_S2_64_2016 

3 

(62) Computer programming, 

consultancy and related 

activities 

2014 ST_S3_62_2014 

2016 ST_S3_62_2016 

4 (58) Publishing activities 
2014 ST_S4_58_2014 

2016 ST_S4_58_2016 

1 Variable description is in Table 2.1 
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Table 4.24 Analysis structure of the second sub-module 

Level Category Year Rank Region Industry Model 
Target 

Variable 
Independent  
Variable 1 

Regional 
Level 

Top regions 
with the 
highest 

innovation 
success rate 
across the 
industries 

2014 

1 Seoul 

Mfg.Ind. RT_2014_1_Seoul_M 

Innovation 
success 

and 
failure 

1. General Information 
1-1. Form of firm 
1-2. Statuary type 
1-3. designation status 
1-4. listed status 

 
2. Size 
2-1. level of sales size 
2-2. level of exports size 
2-3. level of employee  

size 
 

3. Target market 
3-1. Main regional  

target market 
3-2. Main customer  

type 
 

4. R&D activity 
4-1. Ratio of R&D  

personnel 
4-2. Manner of R&D 

activities 
 
5. Etc. 
5-1. Sector 
5-2. Age 

Svc. Ind. RT_2014_1_Seoul_S 

2 Incheon 

Mfg.Ind. RT_2014_2_Incheon_M 

Svc. Ind. RT_2014_2_Incheon_S 

3 Chungcheongbuk 

Mfg.Ind. RT_2014_3_Chungcheongbuk_M 

Svc. Ind. RT_2014_3_Chungcheongbuk_S 

2016 

1 Seoul 

Mfg.Ind. RT_2016_1_Seoul_M 

Svc. Ind. RT_2016_1_Seoul_S 

2 Busan 

Mfg.Ind. RT_2016_2_Busan_M 

Svc. Ind. RT_2016_2_Busan_S 

3 Daegu 

Mfg.Ind. RT_2016_3_Daegu_M 

Svc. Ind. RT_2016_3_Daegu_S 

1 Variable description is in Table 2.1 
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Table 4.25 Analysis structure of the third sub-module1 

Level Category Year Rank Region Sector Model 
Target 

Variable 

Independent  

Variable 2 

Regional 

industrial 

level 

Top regional 

industries 

with the 

highest 

innovation 

success rate 

under 

sufficient 

sample 

2014 

1 Incheon 
(28) Manufacture of 

electrical equipment 
RIT_2014_1_Incheon_28 

Innovation 

success 

and 

failure 

1. General Information 
1-1. Form of firm 
1-2. Statuary type 
1-3. designation status 
1-4. listed status 

 
2. Size 
2-1. level of sales size 
2-2. level of exports size 
2-3. level of employee  

size 
 

3. Target market 
3-1. Main regional  

target market 
3-2. Main customer  

type 
 

4. R&D activity 
4-1. Ratio of R&D  

personnel 
4-2. Manner of R&D 

activities 
 
5. Etc. 
5-1. Age 

2 Seoul 

(21) Manufacture of 

pharmaceuticals, medicinal 

chemical and botanical 

products 

RIT_2014_2_Seoul_21 

3 Daejeon 

(27) Manufacture of medical, 

precision and optical 

instruments, watches and 

clocks 

RIT_2014_3_Daejeon_27 

2016 

1 Seoul 

(26) Manufacture of 

electronic components, 

computer, visual, sounding 

and communication 

equipment 

RIT_2016_1_Seoul_26 

2 
Chung 

Cheongnam 

(10) Manufacture of food 

products 
RIT_2016_2_CCN_10 

3 Seoul 
(70) Research and 

development 
RIT_2016_3_Seoul_70 

1 Data balanced by oversampling on all the class; 2 Variable description is in Table 2.1 
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4.3.2 Overall influencing factors and behaviors in innovative 

domains at the sectoral, regional, and across the industrial and 

regional levels 

 

4.3.2.1 Innovative sectors  

 

Case statistics and results of 18 models at the first sub-module on top innovative 

sectors through the years on both the industries are presented in Table 4.26. Table 

4.26 contains significant influencing factors at the significance level of 0.05 in order 

of significance and overall accuracies. Overall forecasting accuracies of the models 

of ST_M1_21_2014, ST_M1_21_2016, ST_M2_26_2014, ST_M2_26_2016, 

ST_M3_10_2014, ST_M3_10_2016, ST_M4_27_2014, ST_M4_27_2016, 

ST_M5_28_2014, and ST_M5_28_2016 in manufacturing industry are relatively 

high as the value of 70.9%, 86.2%, 71.5%, 79.9%, 75.0%, 81.8%, 82.5%, 76.6%, 80.2%, 

and 76.9%, respectively, even low total cases as seen in Table 4.26. Overall accuracies 

by predicted percent correct of the success class are high as 100.0%, 87.0%, 67.0%, 

96.6%, 97.6%, 84.7%, 93.0%, 49.3%, 63.9% and 97.8%, respectively. However, overall 

accuracies by predicted percent correct of the failure class are not much high as 

36.0%, 83.3%, 73.9%, 89.4%, 63.3%, 78.6%, 75.6%, 97.9%, 89.7%, and 58.6%, 

respectively. It shows that these models are developed well instead of learning for 
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the class on a large number of cases than for the other classes. Also, all the accuracy 

levels are appeared high coming from 10 cross-validation, allowing that these DTs 

are stable and rational. In service industry, overall forecasting accuracies of the 

models of ST_S1_70_2014, ST_S1_70_2016, ST_S2_64_2014, 

ST_S2_64_2016, ST_S3_62_2014, ST_S3_62_2016, ST_S4_58_2014, and 

ST_S4_58_2016 are also relatively high as the value of 87.0%, 73.2%, 88.6%, 62.5%, 

87.2%, 82.2%, 82.6%, and 81.0%, respectively, even low total cases as seen in Table 

4.26. Overall accuracies by predicted percent correct of the success class are 44.4%, 

62.1%, 66.7%, 100.0%, 0.0%, 94.5%, 0.0%, and 80.8% in order of models, respectively, 

as seen in Table 4.26. Overall accuracies by predicted percent correct of the failure 

class are 97.3%, 100.0%, 92.1%, 0.0%, 100.0%, 62.9%, 100.0%, and 81.1% in order 

of models, respectively, as seen in Table 4.26. 

Regarding the distribution of classes that shows low total cases and 

relatively low cases in each class, there were weak accuracy to predict success and 

failure classes. Even for the sectors of Financial service activities, except insurance 

and pension funding (KSIC 64), predictive model is not developed and no significant 

factors was identified. This case study in this chapter has purpose to explore on 

innovative domains showing highest innovation success rate with higher resolution 

particularly. Even though the strength of DT, significant influencing factors and 

behaviors on innovation in top innovative sectors of service industry were still in 

vague, such that keeps away from knowing their way on the innovation. Specifically, 

in manufacturing industry, overall significant factors affecting success and failure of 

innovation were found as main way of performing R&D activities (Q6) and ratio of 

R&D personnel (Q3_1_6 of KIS 2014 and Q3_4_3 of KIS 2016) as seen in Table 

4.26. Meanwhile, in service industry, overall significant factors affecting success and 

failure of innovation were found as designation status (n/a of Q1_3_3), main way 
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of performing R&D activities (Q6), and region as seen in Table 4.26. 

First, regarding manufacturing industry, DT results are as follows. On top 

innovative sectors having highest innovation success rate through the years, DT 

results for manufacture of pharmaceuticals, medicinal chemical and botanical 

products (KSIC 21) of the model of ST_M1_21_2014 and ST_M1_21_2016 are 

shown in Figure B.71 in Appendix B. Only the factor of main way of performing 

R&D activities (Q6) in 2014, and ratio of R&D personnel (Q3_1_6) in 2016 

determined the innovation success in this sector with accuracy of 100% and 87%, 

respectively. All the firms in the case of lower than 5% of ratio of R&D personnel 

failed on innovation success in 2014, and 95.6% of firms in the case of having R&D 

institutes succeeded in innovation in 2016 in the sector of manufacture of 

pharmaceuticals, medicinal chemical and botanical products (KSIC 21). It shows 

that higher than 5% of ratio of R&D personnel and having R&D institutes were 

most important factor for innovation through R&D in the sector of manufacture of 

pharmaceuticals, medicinal chemical and botanical products (KSIC 21) as seen in 

Figure. B.71. On top innovative sectors ranked the second, the third, the fourth and 

the fifth in manufacturing industry through the years, DT results for manufacture 

of electronic components, computer, visual, sounding and communication equipment 

(KSIC 26), manufacture of food products (KSIC 10), manufacture of medical, 

precision and optical instruments, watches and clocks (KSIC 27), and manufacture 

of electrical equipment (KSIC 28) are as shown in following Figure B.72, Figure 

B.73, Figure B.74, Figure B.75, Figure B.76, Figure B.77, and Figure B.78 in 

Appendix B, respectively. As seen in Figure B.72 and Figure B.73 on the sector of 

manufacture of electronic components, computer, visual, sounding and 

communication equipment (KSIC 26), 100% and 95.0% of all the firms did not take 

R&D failed in 2014 and 2016, respectively. In cases of firms having dedicated R&D 
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department or operated irregular R&D, large sized firms succeeded in innovation 

with rate of 71.4% in 2014. As seen in Figure B.74 on the sector of manufacture of 

food products (KSIC 10), 98% of all the firms in the case of lower than 5% of ratio 

of R&D personnel failed on innovation success in 2014, and 80.9% of firms did not 

take R&D failed in 2016, respectively. In 2014, 91.7% of all the firms listed in KOSPI 

or KOSDAQ with having higher than 5% of ratio of R&D personnel succeeded in 

innovation. As seen in Figure B.75 and Figure B.76 on the sector of manufacture of 

medical, precision and optical instruments, watches and clocks (KSIC 27), 90.5% of 

all the firms designated InnoBiz succeeded in innovation. And 100% of all the firms 

of the case of lower than 5% of ratio of R&D personnel with having employees lower 

than 49 in three years ago failed on innovation in 2016. Meanwhile, 94.7% of all the 

firms whose ratio of R&D personnel higher than 5% where having employees higher 

than 100 in three years ago succeed in innovation in 2016. As seen in Figure B.77 

and Figure B.78 on sector of manufacture of electrical equipment (KSIC 28), 100% 

and 96.7% of all the firms did not take R&D failed in 2014 and 2016, respectively. 

And 78.8% of all the firms of the case of having R&D institutes succeed in innovation 

in 2016.  

Second, regarding service industry, DT results are as follows. On top 

innovative sectors through the years, DT results for the sector of research and 

development (KSIC 70) of the model of ST_S1_70_2014 and ST_S1_70_2016 are 

shown in Figure B.79 in Appendix B. The main regional target market in the world 

(Q5_3 for Europe) in 2014 significantly determined the innovation success and 

failure with accuracy of 80% on success, and 87.8% on failure, respectively. In 2016, 

70.7% of all firms in this domain succeeded in innovation. This shows the 

peculiarities of this sectors for R&D. On top innovative sectors ranked the second, 

the third, and the fourth in service industry having the highest innovation success 
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rate through the years, DT results for financial service activities, except insurance 

and pension funding (KSIC 64), computer programming, consultancy and related 

activities (KSIC 62), and publishing activities (KSIC 58) are as shown in following 

Figure B.80, Figure B.81, and Figure B.82 in Appendix B. As seen in Table 4.26, 

on the sector of financial service activities, except insurance and pension funding 

(KSIC 64), model is not developed in 2016. As seen in Figure B.80 on this sector in 

2014, size of sales (in three years ago, Q2_1_1) is determined as the only significant 

factor on success and failure of innovation. 94.5% of all the firms having sales lower 

than 50B₩ in three years ago failed in innovation. 57.1% of all the firms earning 

sales higher than 50B₩ in three years ago succeeded in innovation. Over the years, 

firms in this domain successfully succeeded innovation with average rate of 13.64% 

and 62.5% in 2014 and 2016, respectively, as showing high-level success rate among 

service sectors. But the significant influencing factors on innovation is not 

investigated in the financial service sectors. As seen in Table 4.26 and Figure B.81 

on sector of computer programming, consultancy and related activities (KSIC 62), 

87.2% of firms failed in innovation in 2014, and accuracies on success class and 

failure class is 0% and 100%, respectively. This implies that the significant 

influencing factors cannot provide valid implications. In 2016, 61.1% of all the firms 

succeeded in innovation, and 85% of all the firms that did not take R&D failed in 

innovation. 80% of firms having R&D institutes or R&D department or having 

irregular R&D operation in Seoul, Gyeonggi-do, and Gyeonsangnam-do succeeded 

in innovation. Meanwhile, all the firms in Daegu, Daejeon, Ulsan and Jeollnam-do 

in the same condition failed. As seen in Table 4.26 and Figure B.82 on the sector of 

publishing activities (KSIC 58), 82.6% of firms failed in innovation in 2014, and 

accuracies on success class and failure class is 0% and 100%, respectively. This, also 

implies that the significant influencing factors cannot provide valid implications 
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from the model. In 2016, 100% of all the firms that were enlisted in KOSDAQ where 

the firms having employees than 50 in one year ago and having R&D institutes or 

R&D department. 

This section focuses influencing factors and behaviors on innovative sectoral 

domain, thus, it is worth to compare models on top innovative sectors regarding 

overall industrial differentiations. In this respect, top innovative manufacturing 

sectors are compared with overall manufacturing industry, and top innovative 

service sectors are compared with overall service industry from comprehensive 

perspective in each year. Comprehensively investigated factors of the first sub-

module in the third module are less than those derived from the first module, which 

targets overall industry at national level as seen in Table 4.3 and Table 4.26 

comparatively.  As a result, both common factors in each industry at national level 

and factors in relation to the sectoral variation are in few. In this regard, common 

factors among each top innovative sector and overall industry at national level, and 

ones of each top innovative sector in sectoral variation are shown in Table 4.27 in 

summary. As seen in Table 4.26 and Table 4.27, classification model is developed 

between innovation success and failure on top innovative sectors with fewer 

significant influencing factors at high level of accuracies than factors of overall 

industry model at national level. It implies that these top innovative sectors have 

simple and powerful significant influencing factors, and show more concise 

typological behavior. As seen in Table 4.27, top innovative sectors in manufacturing 

industry have more common factors, whereas top innovative sectors in service 

industry have less. On the other hand, top innovative sectors in manufacturing 

industry showed less sectoral variation, but top innovative sectors in service industry 

showed much sectoral variation regarding significant influencing factor. This implies 

that top innovative sectors in manufacturing industry had more common 
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characteristics on innovation success and failure by and large. However, top 

innovative service sectors have overall different sectoral peculiarities on innovation 

success and failure from sector to sector. Based on this, on top innovative 

manufacturing sectors, influencing factors and typological behavior supports an 

assimilation perspective on sector to sector. Meanwhile, on top innovative service 

sectors, influencing factors and typological behavior are identified distantly from 

reflection of intrinsic peculiarities of service innovation. These are rather similar to 

manufacturing industry in terms of contextual factors. From these findings, it is 

concluded that top innovative manufacturing sectors had more powerful significant 

influencing factors and showed concise innovation behavior between success and 

failure along the overall factors and behavior of manufacturing industry. And top 

innovative service sectors also had more powerful significant influencing factors, but 

it shows different sectoral natures without reflection of intrinsic service attributes, 

rather similar to contextual factors from manufacturing industry.  
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Table 4.26 Decision-making tree analysis results of the first sub-module 

Industry Rank Sector Year 
Number of Valid cases 

Result 
Accuracy 

Total Success Failure Overall Success Failure 

Manufacturing 
Industry 

1 

(21) Manufacture of 

pharmaceuticals, medicinal 
chemical and botanical 
products 

2014 55 30 25 Q3_1_6 70.9% 100.0% 36.0% 

2016 29 23 6 Q6 86.2% 87.0% 83.3% 

2 

(26) Manufacture of electronic 
components, computer, visual, 

sounding and communication 
equipment 

2014 333 115 218 Q6, Q2_2_3, Q1_2 71.5% 67.0% 73.9% 

2016 360 206 154 
Q6, Q3_2, Q7, Q2_1_1, region, 

Q3_1 
79.9% 96.6% 89.4% 

3 
(10) Manufacture of food 
products 

2014 240 82 158 Q3_1_6, Q6, Q1_4 75.0% 97.6% 63.3% 

2016 209 111 98 Q6, Q2_1_3 81.8% 84.7% 78.6% 

4 

(27) Manufacture of medical, 
precision and optical 

instruments, watches and 
clocks 

2014 143 57 86 
Q1_3_2, Q1_2, Q2_2_1, age, 
Q3_1_6 

82.5% 93.0% 75.6% 

2016 167 73 94 Q3_1, Q3_4_3, Q2_1_1 76.6% 49.3% 97.9% 

5 
(28) Manufacture of electrical 
equipment 

2014 262 97 165 Q6, Q2_2_2, Q3_1_3, region 80.2% 63.9% 89.7% 

2016 286 134 152 Q6, Q2_2_1, Q3_4_3, age, Q1_2 76.9% 97.8% 58.6% 

Service 
Industry 

1 (70) Research and development 
2014 46 9 37 Q5_3 87.0% 44.4% 97.3% 

2016 41 29 12 Q1_3_3, Q2_1_2 73.2% 62.1% 100.0% 

2 

(64) Financial service activities, 

except insurance and pension 
funding 

2014 44 6 38 Q2_1_1 88.6% 66.7% 92.1% 

2016 56 35 21 n/a 62.5% 100.0% 0.0% 

3 
(62) Computer programming, 
consultancy and related 
activities 

2014 86 11 75 Q1_3_3 87.2% 0.0% 100.0% 

2016 90 55 35 Q6, region 82.2% 94.5% 62.9% 

4 (58) Publishing activities 
2014 224 39 185 Q1_3_3, Q3_1_2 82.6% 0.0% 100.0% 

2016 205 99 106 Q6, Q3_3, Q1_4, region 81.0% 80.8% 81.1% 
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Table 4.27 Summary on significant common influencing factors and sectoral variations in the innovative sectors  

Industry Rank Sector Year Common factors in each industry Sectoral variation 

Mfg. 

Ind. 

1 
(21) Manufacture of pharmaceuticals, 

medicinal chemical and botanical products 

2014 ∙ Ratio of R&D personnel  

2016 ∙ Main way of performing R&D activities  

2 

(26) Manufacture of electronic components, 

computer, visual, sounding and 

communication equipment 

2014 

∙ Main way of performing R&D activities 

∙ Export size level 

∙ Statuary type 

 

2016 

∙ Main way of performing R&D activities 

∙ Employee size level 

∙ Sales level 

∙ Region 

 

3 (10) Manufacture of food products 

2014 
∙ Ratio of R&D personnel  

∙ Main way of performing R&D activities 
∙ Listed status (in Korea)  

2016 
∙ Main way of performing R&D activities 

∙ Sales level 
 

4 
(27) Manufacture of medical, precision and 

optical instruments, watches and clocks 

2014 

∙ Statuary type 

∙ Exports level 

∙ Ratio of R&D personnel 

∙ Designation status (InnoBiz in Korea) 

∙ Age 

2016 
∙ Employee size level 

∙ Sales level 

∙ Ratio of R&D personnel 

 

5 (28) Manufacture of electrical equipment 

2014 
∙ Ratio of R&D personnel 

∙ Exports level 

∙ Employee size level 

∙ Region  

2016 
∙ Main way of performing R&D activities 

∙ Age  

∙ Exports level 

∙ Ratio of R&D personnel 

∙ Statuary type 

Svc.  

Ind. 

1 (70) Research and development 
2014  ∙ Main regional target market (Europe) 

2016 ∙ Sales level ∙ Designation status (n/a) 

2 
(64) Financial service activities, except 

insurance and pension funding 

2014  ∙ Sales level 

2016 ∙ n/a ∙ n/a 

3 
(62) Computer programming, consultancy 

and related activities 

2014  ∙ Designation status (n/a) 

2016 ∙ Main way of performing R&D activities ∙ Region 

4 (58) Publishing activities 

2014  ∙ Designation status (n/a) 

∙ Employee size level 

2016 
∙ Main way of performing R&D activities 

∙ Employee size level 

∙ Listed status (in Korea) 

∙ Region  
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4.3.2.2 Innovative regions 

 

Case statistics and results of 12 models at the second sub-module on top innovative 

regions having highest innovation success rate across both the industries are 

presented in Table 4.28. Table 4.28 contains significant influencing factors at the 

significance level of 0.05 in order of significance and overall accuracy. In 2014, overall 

predictive accuracies of the models of RT_2014_1_Seoul_M, 

RT_2014_1_Seoul_S, RT_2014_2_Incheon_M, RT_2014_2_Incheon_S, 

RT_2014_3_Chungcheongbuk_M, and RT_2014_3_Chungcheongbuk_S are 

relatively high as the value of 82.8%, 91.2%, 80.6%, 92.0%, 75.1%, and 91.4%, 

respectively, even low total cases of some models as seen in Table 4.28. Overall 

accuracies on the success class are 69.1%, 18.3%, 54.4%, 46.2%, 0.0%, and 0.0% in 

the order of models, respectively. Overall accuracies on the failure class are 89.8%, 

99.2%, 91.4%, 96.4%, 100.0%, and 100.0%, respectively. However, where in 

Chungcheongbuk-do, models showed accuracies as value of 0.0% on success class in 

RT_2014_3_Chungcheongbuk_M and RT_2014_3_Chungcheongbuk_S. Also, 

decision-making tree model did not identify significant factor for the model 

RT_2014_3_Chungcheongbuk_S. This is attributed the unbalanced class size and 

the low total cases. Although overall accuracy is relatively high, overall models did 

not develop well except model in the Seoul. In addition, models learned for the class 

on a large number of cases than for the other classes. In 2016, overall forecasting 

accuracies of the models of RT_2016_1_Seoul _M, RT_2016_1_Seoul_S, 

RT_2016_2_Busan_M, RT_2016_2_Busan_S, RT_2016_3_Daegu_M, and 



 

 

 

183 

RT_2016_3_Daegu_S are relatively high as the value of 81.6%, 78.7%, 78.2%, 

79.7%, 84.3%, and 75.5%, respectively, even low total cases of some models as seen 

in Table 4.28. Overall accuracies on the success class are 73.0%, 74.3%, 89.2%, 27.6%, 

93.7%, and 0.0% in order of models, respectively. And overall accuracies on the 

failure class are 92.2%. However, where in Daegu on service industry, model showed 

accuracy as value of 0.0% on success class in RT_2016_3_Daegu_S. Although 

overall accuracy is relatively high, overall models did not develop well. This is also 

attributed the unbalanced class size and the low total cases. In addition, models 

learned for the class on a large number of cases than for the other class.  

In this respect, DT models are not stable and rational except Seoul region 

because of unbalanced dataset and biased learning for the class on a large number 

of cases. Thus, for in-depth case study at regional level, Seoul in the both the 

industries over the years are chosen. Although there are weakness on developed 

model, overall significant factors affecting the classification between success and 

failure on the top innovative regions having highest innovation success rate across 

both the industries were found as main way of performing R&D activities (Q6) and 

ratio of R&D personnel (Q3_1_6 in 2014 and Q3_4_3 in 2016) as seen in Table 

4.28, as same as significant factors for sectors having highest innovation success rate 

through the years on both the industries determined in chapter 4.3.2.1. 

For an in-depth case study at a regional level, DT results for Seoul in the 

both the industries over the years are shown in Figure B.83, Figure B.84, Figure 

B.85 and Figure B.86 in Appendix B, respectively. The rest of result are shown in 

Figure B.87, Figure B.88, Figure B.89, and Figure B.90 in Appendix B. As seen in 

Figure B.83 on Seoul region in manufacturing industry in 2014, all the firms did not 

take R&D failed in innovation. Of 83.3% of firms having customer of government 

and public sector (Q8_1) or overseas market customer where firms performed 
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irregular R&D, succeeded in innovation. Regarding service industry in 2014, 97% of 

firms have no R&D personnel failed in innovation. 50% of firms in Seoul succeeded 

in innovation when exports were large than 5B₩ in two years ago under the 

condition of having R&D personnel ratio higher than 5%, as seen in Figure B.83. 

As seen in Figure B.84 in manufacturing industry in 2016, 73.7% of all the firms did 

not take R&D in innovation. Meanwhile, 84.2% of firms having R&D institutes or 

performing irregular R&D succeeded in innovation. 75.5% of firms having an R&D 

department succeeded in innovation. In these cases, larger size of sales (Q2_1_2 

and Q2_1_3), the more innovation will be. The rest of regional model regarding 

Incheon and Chungcheongbuk-do on manufacturing and service industries in 2014, 

and Busan and Daegu on manufacturing and service industries in 2016 are as shown 

in following Figure B.87, Figure B.88, Figure B.89, and Figure B.90, respectively. 

This section focuses influencing factors and typological behavior on 

innovation in innovative regions, thus it is worth to compare models on top 

innovative regions between regional sectors and those in each industry from an 

overall perspective. In this respect, each top innovative regions’ manufacturing 

sectors are compared with overall manufacturing industry, and each top innovative 

regions’ service sectors are compared with overall service industry in each year. 

Comprehensively investigated factors of the second sub-module in the third module 

are fewer than those in the first module which targets overall industry at national 

level as seen in Table 4.3 and Table 4.28 comparatively. In this respect, both 

common factors in each industry at national level and factors regarding regional 

variation are in few. In summary, common factors among each top innovative 

regional model and overall industry model at national level and those of each top 

innovative regional model in regional variation are shown in Table 4.29. As seen in 

Table 4.28 and Table 4.29, classification were developed between innovation success 
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and failure on top innovative regions with fewer significant influencing factors at 

high level of accuracies than factors of overall industry model at national level. It 

implies that it is similar as the first sub-module in the third module in this thesis, 

that these top innovative regions’ sectors have simple and powerful significant 

influencing factors and show more concise typological behavior. As seen in Table 

4.29, both industries of top innovative regions in each year have more common 

significant influencing factors, although they have fewer regional variations. It 

suggests that top innovative regions on both manufacturing and service industries 

have more common attributes on innovation success and failure by and large. 

However, top innovative regions have little different regional variation characteristics 

overall on innovation success and failure from region to region. 

Consequently, on top innovative regions, significant influencing factors in 

manufacturing industry are placed in the line of comprehensive consensus on 

manufacturer. Also, significant influencing factor in service industry is identified as 

main customer type, which reflect peculiarities of intrinsic service. These are rather 

similar between manufacturing and service industries regarding contextual factors 

and behavior. From these findings, it is suggested that top innovative regions have 

more pivotal significant influencing factors and showed concise typological 

innovation behavior between success and failure in accordance with the overall 

factors and behavior on both manufacturing and service industries. Although, firms 

in top innovative regions have little different regional variation characteristics overall 

on innovation success and failure in service industry from region to region, they 

entail intrinsic service characteristics regarding main customer type.  



 

 

 

186 

Table 4.28 Decision-making tree analysis results of the second sub-module 

Year Rank Region Industry 

Number of Valid cases 

Result 

Accuracy 

Total Success Failure Overall Success Failure 

2014 

1 Seoul 

Mfg.Ind. 477 162 315 Q6, sector, Q1_2, Q1_4, Q8_1 82.8% 69.1% 89.8% 

Svc. Ind. 1873 186 1687 Q3_1_6, Q1_1, Q2_1_2, Q2_2_1, Q6 91.2% 18.3% 99.2% 

2 Incheon 

Mfg.Ind. 196 57 139 Q3_1_6, Q3_1_2 80.6% 54.4% 91.4% 

Svc. Ind. 150 13 137 Q3_1_6, Q2_1_1, Q1_2 92.0% 46.2% 96.4% 

3 Chungcheongbuk 

Mfg.Ind. 177 44 133 Q6 75.1% 0.0% 100.0% 

Svc. Ind. 70 6 64 n/a 91.4% 0.0% 100.0% 

2016 

1 Seoul 

Mfg.Ind. 256 141 115 Q6, sector, Q7 81.6% 73.0% 92.2% 

Svc. Ind. 2219 1116 1103 
Q6, Q2_1_3, Q3_1, Q3_4_3, Q7, 

Q2_1_2 
78.7% 74.3% 83.2% 

2 Busan 

Mfg.Ind. 248 120 128 Q6 78.2% 89.2% 68.0% 

Svc. Ind. 212 58 154 Q6, Q3_2, age, Q2_1_2 79.7% 27.6% 99.4% 

3 Daegu 

Mfg.Ind. 198 111 87 Q3_4_3, Q3_2, Q6, Q2_1_1 84.3% 93.7% 72.4% 

Svc. Ind. 102 25 77 Q1_2 75.5% 0.0% 100.0% 
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Table 4.29 Summary on significant common influencing factors and regional variations in the innovative regions  

Year Rank Region Industry Common factors in each industry Regional variation 

2014 

1 Seoul 

Mfg.Ind. 
∙ Main way of performing R&D activities 

∙ Statuary type 

∙ Sector 

∙ Listed status (in Korea) 

∙ Main customer type  

Svc. Ind. 

∙ Ratio of R&D personnel  

∙ Sales level 

∙ Main way of performing R&D activities 

∙ Form of firm 

∙ Exports level 

2 Incheon 

Mfg.Ind. ∙ Ratio of R&D personnel ∙ Employee size level 

Svc. Ind. 

∙ Ratio of R&D personnel  

∙ Sales level 

∙ Statuary type 

 

3 Chungcheongbuk 

Mfg.Ind. ∙ Main way of performing R&D activities  

Svc. Ind. ∙ n/a ∙ n/a 

2016 

1 Seoul 

Mfg.Ind. 
∙ Main way of performing R&D activities 

∙ Sector  
∙ Main customer type 

Svc. Ind. 

∙ Main way of performing R&D activities  

∙ Sales level 

∙ Employee size level  

∙ Ratio of R&D personnel 

∙ Main customer type 

2 Busan 

Mfg.Ind. ∙ Main way of performing R&D activities  

Svc. Ind. 

∙ Main way of performing R&D activities  

∙ Employee size level  

∙ Sales level 

∙ Age  

3 Daegu 

Mfg.Ind. 

∙ Employee size level  

∙ Main way of performing R&D activities 

∙ Sales level 

∙ Ratio of R&D personnel 

Svc. Ind.  ∙ Statuary type 
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4.3.2.3 Innovative regional sectors  

 
Case statistics and results of 6 models in the third sub-module on top 

innovative regional sectors across the regions and sectors on both manufacturing 

and service industries are presented in Table 4.30. All datasets of this third sub-

module are balanced by oversampling all classes by tripled to develop model and 

enhance accuracies. Because the total case size and each class size in the module are 

much low as total average cases is 19.8 and average case size of smaller class is 4.5. 

Table 4.30 presents significant influencing factors at the significance level of 0.05 in 

order of significance and overall accuracy. Overall accuracies of the models of 

RIT_2014_1_Incheon_28, RIT_2014_2_Seoul_21, RIT_2014_3_Daejeon_27, 

RIT_2016_1_Seoul_26, RIT_2016_2_ChungCheongnam_10, and RIT_2016_ 

3_Seoul_70 are relatively high as the value of 92%, 85%, 100%, 95%, 100%, and 

86.7%, respectively, as seen in Table 4.30. Overall accuracies on the success class are 

relatively high as 90%, 80%, 100%, 100%, 100%, and 100.0%, respectively. And 

overall accuracies on the failure class are 100%, 100%, 100%, 50%, 100%, and 0.0%, 

respectively. In spite of unbalanced class distribution, low total cases, and relatively 

low cases in each class, these models are developed well against learning for the class 

on a large number of cases than for the other class. Also, all the accuracy levels 

appeared high, thus these DTs are stable and rational except on regional sector of 

research and development (KSIC 70) in Seoul in 2016.  

Regional sector of research and development (KSIC 70) in Seoul in 2016 as 

same as sector of research and development (KSIC 70) at national level in 2016 at 
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chapter 4.3.2.1 showed unstable predictive model. Over the years and across the 

regions, overall significant factors affecting innovation success and failure at top 

innovative regional sectors were found as main way of performing R&D activities 

(Q6) and size of sales (Q2_1_1 and Q2_1_2) in order of frequency as seen in Table 

4.30.  

First, DT results on the top innovative regional sectors in 2014 are as follows. 

For the manufacture of electrical equipment (KSIC 28) in Incheon as seen in Figure 

B.91 in Appendix B, all the firms having no R&D personnel failed in innovation. 

Meanwhile, all the firms having more 10% of ratio of R&D personnel succeeded in 

innovation. For the manufacture of pharmaceuticals, medicinal chemical and 

botanical products (KSIC 21) in Seoul as seen in Figure B.92 in Appendix B, all 

the firms having no domestic customer failed in innovation. Meanwhile, 100% of 

firms listed in KOSPI or KOSDAQ and having domestic customer succeeded in 

innovation. Regarding the manufacture of medical, precision and optical instruments, 

watches and clocks (KSIC 27) in Daejeon as seen in (a) of Figure B.93 in Appendix 

B, all the firms aged over 9 years old succeeded in innovation. On the other hand, 

all the firms aged under 9 years old failed in innovation.  

Second, DT results on the top innovative regional sectors in 2016 are as 

follows. For manufacture of electronic components, computer; visual, sounding and 

communication equipment (KSIC 26) in Seoul as seen in (b) of Figure B.93 in 

Appendix B, 96.8% of the firms having R&D institutes or R&D department 

succeeded in innovation. And under the same condition, all the firms having 

customer of private company or overseas market succeeded in innovation. Regarding 

the manufacture of food products (KSIC 10) in ChungCheongnam-do as seen in (a) 

of Figure B.94 in Appendix B, all the firms that did not take R&D failed in 

innovation. And the other firms having R&D institutes or R&D department or 
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performing irregular R&D succeeded in innovation. For research and development 

(KSIC 70) in Seoul as seen in (b) of Figure B.94 in Appendix B, all of the firms 

having bigger sales size of 100B₩ succeeded in innovation. 

This section focuses on specific significant influencing factors and behavior 

on innovation the innovative regional sectors, thus, it is worth to compare models 

on top innovative regional sectors between each regional sector and each overall 

industrial factors and behavior. In this respect, top innovative regional sectors are 

compared with each industry in overall perspective in each year. Comprehensively 

investigated factors of the third sub-module in the third module are fewer than those 

on the first module which targets overall industry at national level as seen in Table 

4.3 and Table 4.30 comparatively. Both common factors in each industry at national 

level and factors across regional and sectoral variations are in few. In this regard, 

common factors among each top innovative regional sector models and overall 

industry model at national level, and factors of each top innovative regional sector 

models across regional and sectoral variations are shown in Table 4.31 in summary. 

As seen in Table 4.30 and Table 4.31, results on innovation success and failure on 

top innovative regional sectors showed fewer significant influencing factors with high 

level of accuracies than those in overall industry model at national level. 

As same as the first and second sub-module in the third module in this 

thesis, these top innovative regional sectors have simple and pivotal significant 

influencing factors and show more concise typological innovation behavior. As seen 

in Table 4.31, top innovative regional sectors in each year have one or two common 

significant influencing factors as well as factors of across regional and sectoral 

variations. It suggests that top innovative regional sectors have distinct significant 

influencing pivotal factors and typological behavior on innovation success and failure. 

In this respect, top innovative regional sectors have more pivotal and distinctive 
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significant influencing factors and showed clear and concise typological innovation 

behavior between success and failure of innovation.  
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Table 4.30 Decision-making tree analysis results of the third sub-module 

Year Rank Region Sector 

Number of valid cases 1 

Result 

Accuracy 

Total Success Failure Overall Success Failure 

2014 

1 Incheon 
(28) Manufacture of electrical 

equipment 

13 

(39) 

3 

(9) 

10 

(30) 
Q3_1_6 92% 90% 100% 

2 Seoul 

(21) Manufacture of 

pharmaceuticals, medicinal 

chemical and botanical 

products 

26 

(78) 

20 

(60) 

6 

(18) 
Q5_1, Q1_4, Q2_2_1 85% 80% 100% 

3 Daejeon 

(27) Manufacture of medical, 

precision and optical 

instruments, watches and 

clocks 

12 

(36) 

9 

(27) 

3 

(9) 
age 100% 100% 100% 

2016 

1 Seoul 

(26) Manufacture of electronic 

components, computer; visual, 

sounding and communication 

equipment 

37 

(111) 

33 

(99) 

4 

(12) 
Q6, Q7, Q2_1_2 95% 100% 50% 

2 
ChungCh

eongnam 

(10) Manufacture of food 

products 

16 

(48) 

14 

(42) 

2 

(6) 
Q6 100% 100% 100% 

3 Seoul (70) Research and development 
15 

(45) 

13 

(39) 

2 

(6) 
Q2_1_1 86.7% 100.0% 0.0% 

1 (Data balanced by oversampling on all the class) 
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Table 4.31 Summary on significant common influencing factors and the regional and sectoral variations in the 

innovative regional sectors  

Year Rank Region Sector Common factors in each industry Regional and sectoral variations 

2014 

1 Incheon 
(28) Manufacture of electrical 

equipment 
∙ Ratio of R&D personnel  

2 Seoul 

(21) Manufacture of pharmaceuticals, 

medicinal chemical and botanical 

products 

∙ Exports level 

∙ Main regional target market 

(domestic) 

∙ Listed status (in Korea) 

3 Daejeon 

(27) Manufacture of medical, precision 

and optical instruments, watches and 

clocks 

 ∙ Age  

2016 

1 Seoul 

(26) Manufacture of electronic 

components, computer; visual, sounding 

and communication equipment 

∙ Main way of performing R&D 

activities 

∙ Sales level 

∙ Main customer type 

2 ChungCheongnam (10) Manufacture of food products 
∙ Main way of performing R&D 

activities 
 

3 Seoul (70) Research and development ∙ Sales level 
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4.4 Conclusion 

 

This chapter explores significant influencing factors and typological behavior on 

innovation success and failure between manufacturing and service industries in the 

cross-sectional and longitudinal perspectives contemporarily at the national, 

regional, and sectoral levels by using decision-making tree analysis with 10-cross 

validation in three modules, based on the hypotheses testing results on difference in 

the innovation success and failure between manufacturing and service industries at 

the industrial, sectoral, regional, and across sectoral and regional levels in chapter 

3.  

The first module identifies typological significant influencing factors and 

typological behaviors on innovation success and failure comparatively between two 

industries at the national and regional levels. The second module identifies 

significant influencing factors and typological behavior on success firms 

comparatively between two industries at the various perspectives on innovation 

activities. The third module identifies significant influencing factors and typological 

behavior on innovative domains having highest success rate comparatively between 

manufacturing and service industries at the sectoral, regional, and across the 

industrial and regional levels with higher resolution particularly. Based on the 

results from three modules of this chapter, this thesis draws following conclusions.  

First, with around 80% of overall accuracies from the 52 decision-making 

tree analysis models in the first module with CHAID algorithm and 10-fold cross-

validation, significant factors and typological behavior on innovation were 
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determined. According to the comparative results of 52 models in the first module 

on the behavior between successful and failure firms on the innovation at the 

national regarding legal types and sales levels as well as capital and metropolitan 

areas at the regional level, common and domain-specific significant influencing 

factors are found, and their typological behavior were explored. Overall, the 

accuracy levels appeared stable through the models stemming from 10 cross-

validation and big data scale, although some models are not stable but meaningful 

with discussions in chapter 4.1. Thus, the results allow to conclude that these 

decision-making trees are stable, rational and transcendent, resulting in more 

understandings to broaden and enrich the analytic landscape of innovation study 

beyond the shortcomings of data characteristics regarding type and scale, and 

classical statistical methodologies tied down by innovation study data. 

At the national level, factors of ratio of R&D personnel, main way of 

performing R&D activities, and statuary types have an influence on the innovation 

success and failure in both industries in 2014. And factors of main way of performing 

R&D activities, sector, size of sales, and size of employee affected success and failure 

of innovation in both industries in 2016. From a longitudinal perspective, main way 

of performing R&D activities was identified to be significant influencing factor to 

the successful innovation in manufacturing industry over the years. In service 

industry over the years, main way of performing R&D activities, ratio of R&D 

personnel, and sector are discovered to be significant influencing factors. By cross-

sectional and longitudinal comparison between manufacturing and service industries 

during the recent two consecutive years, main way of performing R&D activities is 

determined to be a most significant influencing factor to the innovation success and 

failure as seen in Table 4.2 and Figure B.1, Figure B.2, Figure B.3, and Figure B.4. 

Concerning the statuary types, by the comparison between statuary types at each 



 

 

 

196 

industry from a longitudinal perspective, ratio of R&D personnel and main way of 

performing R&D activities are found to be overall significant influencing factors on 

the innovation success and failure in manufacturing industry over the years. In 

service industry over the years, main way of performing R&D activities is found to 

be overall significant influencing factor on innovation success and failure. Regarding 

size of sales in both industries over the years, ratio of R&D personnel and main way 

of performing R&D activities are found to be overall significant influence factors on 

the innovation success and failure in manufacturing industry over the years from a 

longitudinal perspective. In service industry over the years, main way of performing 

R&D activities, region, and sector are identified to be overall significant influencing 

factors. At the regional level, ratio of R&D personnel and main customer type, 

sector were identified to be significant influencing factors affecting commonly the 

successful innovation and failure in both industries of capital area in 2014. In 2016, 

main way of performing R&D activities affected significantly both manufacturing 

and service industries overall. Regarding the metropolitan area, statuary types and 

sector were investigated to be significant influencing factors affecting commonly 

across the industries in 2014. In 2016, main way of performing R&D activities and 

size of employee affected significantly over the industries entirely. From a 

longitudinal perspective on out of capital and metropolitan areas, main way of 

performing R&D activities and statuary types ware identified to be significant 

influencing factor to the successful innovation in manufacturing industry over the 

years. In service industry over the years, main way of performing R&D activities 

was discovered to be significant influencing factors. Comprehensively, based on the 

cross-sectional and longitudinal comparison between two industries across regional 

difference over the years, ratio of R&D personnel, main way of performing R&D 

activities, sector, and statuary types were determined to be major significant 
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influencing factors affecting the successful innovation and failure classification. 

Second, with around 80% of overall accuracies from the 30 decision-making 

tree analysis in the second module as seen in Table 4.8, Table 4.10, Table 4.11, Table 

4.13, Table 4.15, Table 4.17, Table 4.19, and Table 4.21 with CHAID algorithm and 

10-fold cross-validation, significant factors and typological behavior on innovation 

were investigated. From the 30 models from seven perspectives on innovation 

activities in the second module for comparative analysis on the successful innovative 

firms between both manufacturing and service industries with contextual and 

intrinsic variables, common and domain-specific significant influencing factors are 

discovered and their typological behaviors were determined. Overall, the accuracy 

levels appeared stable across models based on 10 cross-validation and big data scale 

although some models are not but meaningful with discussion chapter 4.2. Therefore, 

the results allow to conclude that these decision-making trees are rational and 

transcendent also in the second module, which brings better understand in various 

perspectives on factors and behaviors of successful innovation firms with considering 

contextual and intrinsic variables together in various aspects at all activity levels. 

In the first aspect of longitudinal analysis on the industrial difference, main way of 

performing R&D activities and region were determined to be major significant 

influencing factors on the behavior of successful innovation firms between two 

industries. In the second aspect from the cross-sectional and longitudinal comparison 

on the level of contribution to sales between the industries over the years, this thesis 

acquires knowledge that intrinsic variables related to information sources for 

innovation and several innovation activities were significantly influenced rather than 

contextual variables mostly used in the first module, nevertheless contextual 

variables and intrinsic variables used in together in the second module. However, it 

cannot provide noticeable differences between higher and lower classes in terms of 
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the significant intrinsic factors and behaviors on successful innovation firms. 

Especially, innovative firms in service industry in 2016 showed tendency relatively 

low contribution to sales. Regarding the third aspect in terms of innovation activity, 

comparison between R&D activities only class and non-R&D activities only class in 

2016 take this thesis to get the knowledge as following. Where firms that did not 

take R&D activities but implemented only non-R&D activities, they succeed in 

innovation in general. Especially, firms in service industry took more non-R&D 

activities only than R&D activities only. Regarding the fourth aspect of R&D 

activity, comparison analysis between the classes of in-house R&D only and no R&D 

in service industry in 2016 as a representative empirical case, even if successful 

innovative firms, which implemented no R&D in service industry, did not conduct 

R&D activities, they invest for non-R&D activities for the successful innovation. 

Concerning the fifth aspect of cooperative R&D activity, it is reconfirmed that 

cooperative activities generally do not work well, non-cooperative activities are 

preferred than cooperative case by and large. Over the years and across the 

industries, information source for innovation was identified to be significant 

influencing factors. In the sixth aspect on best cooperative partner, manufacturers 

mostly prefer higher education institute as a best cooperative partner over the years, 

meanwhile, firms in service industry have no particular preference on the best 

cooperative partner. Lastly, on the source of budget over the years and across the 

industries, successful innovative firms mostly used their own capital. Behavior of 

manufacturers have significantly influenced by the sector than firms in service 

industry. 

Third, with around 80% of overall accuracies from the 36 decision-making 

tree analysis models on three sub-modules in the third module as seen in Table 4.26, 

Table 4.28, and Table 4.30 by employing CHAID algorithm and 10-fold cross-
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validation, significant factors and typological behaviors on innovation are 

investigated. According to the results of 36 models in the third module on the 

significant influencing factors and behaviors on top innovative domains having 

highest success rate comparatively between manufacturing and service industries 

through three sub-modules at the sectoral, regional, and across the industrial and 

regional levels by using decision-making tree analysis with higher resolution 

particularly, common and domain-specific significant influencing factors and their 

typological behaviors are determined. In the light of class distribution, low total 

cases, and relatively low cases in each class, there were weak accuracy to predict 

success and failure class on several models. However, overall accuracy levels 

appeared stable across the models based on a 10 cross-validation and oversampling 

dataset, although some models are not stable but meaningful with discussions in 

chapter 4.3. In this respect, these decision-making trees are also stable and rational 

in the third module, which draw understandings on top innovative domains having 

highest success rate. In the regard to the first sub-module on top 9 innovative sectors 

over the years in both the industries as a case study in a longitudinal perspective at 

a sectoral level, overall significant factors affecting success and failure of innovation 

are found as main way of performing R&D activities and ratio of R&D personnel in 

manufacturing industry. Meanwhile, in service industry overall significant factors 

affecting success and failure of innovation were found as designation status, main 

way of performing R&D activities, and region. Regarding the second sub-module on 

top 6 innovative regions across the industries as a case study from a cross-sectional 

perspective at a regional level, overall significant factors affecting success and failure 

of innovation are found as main way of performing R&D activities and ratio of R&D 

personnel, which are same as those in innovative sectors over the years in both the 

industries in the first sub-module of third module in Theme #2. Even overall 
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accuracies are relatively high, but, overall models are not developed well due to the 

unbalanced cases on the class, the low total cases, and learning for the class on a 

large number of cases than for the other class. In this respect, decision-making tree 

analysis models are not stable and rational except Seoul. Regarding the third sub-

module on top 6 innovative regional sectors across the regions and sectors in both 

industries as a case study at the regional and industrial level, overall models are 

developed well against learning for the class on a large number of cases than for the 

other class based on unbalanced class distribution, low total cases, and relatively 

low cases in each class. Over the years and across the regions, overall significant 

factors affecting innovation success and failure on the top innovative regional sectors 

are found as main way of performing R&D activities and size of sales. And for each 

specific domain, significant factors and manners of innovation behavior were 

determined in detail. 

Based on findings of significant influencing factors and typological behavior 

on innovation from results of three modules in theme#2, overall implications on 

each typological variation at the national, regional, industrial, and corporate levels 

are drawn as following and their significant factors are shown in Table 4.32 in 

summary.  

At the national level, in manufacturing industry, the crucial role of R&D is 

reaffirmed regarding innovation capacity. Even if there is no R&D activity, the larger 

the firm size and the older the firm age, the greater the success will be achieved. In 

service industry, it showed peculiarities of intrinsic service regarding customer type, 

age, and form of firm, which are different from manufacturing industry. These entail 

natures of service that are closer and dependent tendency of customer, learning 

curve by age, and independency or dependency of decision-making to innovative 

activities regarding form of firm in line with globalization. At the regional level, on 
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both capital and metropolitan area, innovation capacity and sectoral difference are 

prominently affected firms’ behavior.  

At the industrial level, role of R&D organization and regional differences 

are identified mostly prominent influencing factors on innovation success. In this 

respect, it is verified that manufacture concentrate more in R&D activities than 

non-R&D activities, and that service firms generally implemented non-R&D 

innovation activities as accorded with previous knowledge. Especially on innovation 

activities from perspectives of information source between manufacturing and 

service industries, it is confirmed that there are different significant influencing 

factors and typological behaviors on innovation.  

At the firm level, first, concerning contribution, innovation have contributed 

to the sales in both industries over the years. And there was a tendency that 

innovation in manufacturing industry contributes more than service industry by 

influenced innovation activities and information sources. It is implied that firms 

having innovation activities in relation to the R&D in manufacturing industry 

showed higher contribution. This is comprehensively accorded with that 

manufacturer performs R&D activities than service firms, and service firms 

generally implemented non-R&D innovation activities. In this respect, it is 

concluded that there is different significant influencing factors and typological 

behavior on innovation activities in a perspective of contribution level between 

manufacturing and service industries. Second, concerning overall innovation 

activities, main way of performing R&D activities is determined significant 

influencing factors on successful innovation commonly on both industries over the 

years from the perspectives of cross-sectional and longitudinal. In manufacturing 

industry, the importance of total innovation cost and region are reaffirmed.  

Meanwhile, in service industry, using information from private service firm is 
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identified. They are relatively different from manufacturer regarding peculiarities of 

service. Overall types of information source had significantly affected on both 

industries. And significant influencing factors in service industry were mostly 

consisted of information source for innovation activity. It implies that service firms 

that do not implement any R&D, focus on only non-R&D activities for successful 

innovation. Consequently, these are comprehensively accorded with previous 

knowledge that manufacturer more place R&D activities than service firms, and 

service firms generally implemented non-R&D innovation activities. From these 

findings and implications, it is concluded that there are different significant 

influencing factors and typological behaviors on innovation activities involving R&D 

activities and non-R&D activities between manufacturing and service industries.  
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Table 4.32 Summary of significant influencing factors at the national, regional, industrial, and corporate level  

Level Category Year 

Significant influencing factors 

Manufacturing industry Service industry 
Common factors across the industries 

Or factors in industrial differences 

National Overall 

2014 
∙ Statuary type 

∙ Exports level 

∙ Main customer type 

∙ Age 

∙ Main way of performing R&D activities 

∙ Ratio of R&D personnel 

∙ Statuary type 

2016 

∙ Age 

∙ Region 

∙ Listed status 

∙ Ratio of R&D personnel 

∙ Main way of performing R&D activities 

∙ Employee size level 

∙ Sector 

∙ Sales level 

Regional 

Capital area 

2014 

∙ Age 

∙ Statuary type 

∙ Exports level 

∙ For of firm 

∙ Sales level 

∙ Employee size level 

∙ Ratio of R&D personnel 

∙ Main customer type 

∙ Sector  

2016 
∙ Statuary type 

∙ Listed status 

∙ Sales level 

∙ Employee size level 

∙ Sector 

∙ Ratio of R&D personnel 

∙ Main way of performing R&D activities 

Metropolitan 

area 

2014 

∙ Main way of performing R&D 

activities 

∙ Statuary type 

∙ Size of employee 

∙ Form of firm 

∙ Statuary type 

∙ Ratio of R&D personnel 

∙ Sales level 

∙ Age 

∙ Exports level 

∙ Sector 

2016 
∙ Listed status 

∙ sector 

∙ Sales level  

∙ Main customer type 

∙ Age 

∙ Ratio of R&D personnel 

∙ Main way of performing R&D activities 

∙ Employee size level 
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Industrial 
Industrial 

difference 

2014 

n/a 

∙ Main way of performing R&D activities 

∙ Region 

∙ Exports level 

∙ Innovation activity (others) 

∙ Cooperative activities (whether 

implemented or not) 

2016 

∙ Region 

∙ Main way of performing R&D activities 

∙ Ratio of R&D personnel 

∙ Size of employee 

∙ Innovation activity (design activity) 

∙ Information sources (competitor in same 

sector; private customer) 

∙ Main customer type 

Cooperate 

level  

Contribution 

level 

(high vs. low) 

2014 
∙ Innovation activity (external R&D) 

∙ Size of employee 

∙ Innovation activity (in-house R&D) 

∙ Information source (professional 

journal and publication) 

 

2016 

∙ Level of activity cost (others) 

∙ Region 

∙ Innovation activity (acquisition of 

machine, tool, software, and 

building) 

∙ Information source (supplier; public 

customer) 

∙ Statuary type 

∙ Sector 

∙ Information source (professional 

journal and publication) 

∙ Innovation activity (others) 

∙ Information source (higher educational 

institutes, industrial association) 

Innovation 

activity  

2014 

∙ Information source (competitor in the 

same sector; professional journal and 

publications; in-house or within the 

affiliate; conference, exhibition, and 

fair) 

∙ Statuary type 

∙ Information source (private customer) ∙ Main way of performing R&D activities 

2016 

∙ Information source (private customer) 

∙ Total innovation cost 

∙ Region  

∙ Information source (competitor in the 

same sector; private service firm; in-

house or within the affiliate) 

∙ Sales level 

∙ Main way of performing R&D activities 

∙ Sectors 



 

 

 

205 

 

Chapter 5  

 

Conclusion 

 

 

5.1 Summary and contribution 

 

The success of innovation has been in center of focus for a long time due to the 

essential role for ensuring growth in the national, industrial and firm levels. Despite 

the efforts that substantial studies have fathomed influencing factors and in-depth 

mechanism on innovation from various perspectives and diverse levels based on 

small-sized empirical innovation study data under different context separately tied 

down by the data and traditional statistical methodologies, better comprehensive 

understandings are still needed under rapidly changing and complex innovation 

contexts contemporarily, especially, extending from manufacturing industry to 

service industry comparatively based on the big-data scale and employing more 

advancing methodology. 

In this respect, this thesis conduct comparative analysis on factors and  

behaviors on innovation regarding overall contextual and intrinsic factors together 

by catching the pivotal principles and variations of them based on the cross-sectional 

and longitudinal analysis between manufacturing and service industries at the 

national, sectoral, and regional levels by using decision-making tree analysis with 
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cross-validation based on big-data scale of recent two consecutive Korea Innovation 

Survey in 2014 and 2016 on both manufacturing and service industries that contains 

overall 16,230 cases empirically.  

Based on the accepted hypothesis testing results of 25 models among 28 

models on difference at the innovation success and failure between manufacturing 

and service industries at the industrial, sectoral, regional, and across sectoral and 

regional levels in chapter 3, which are preliminary assumed that there is significant 

difference between sectors statistically but not tested, this thesis explores forward 

significant influencing factors and typological behavior on innovation comparatively 

between manufacturing and service industries with decision-making tree analysis 

from the cross-sectional and longitudinal perspectives contemporarily at the 

national, regional, and sectoral levels based on three kinds of modules on the basis 

of a structural framework developed for aims of this thesis in chapter 4. 

The first module with 52 decision-making tree analysis models identifies 

significant influencing factors and typological behavior on success and failure of 

innovation comparatively between manufacturing and service industries at the 

national and regional level. The second module on 30 decision-making tree analysis 

models determined significant influencing factors and typological behavior on firms 

that succeeded in innovation comparatively between manufacturing and service 

industries from the innovation activity perspectives. The third module on 36 

decision-making tree analysis models investigated significant influencing factors and 

typological behaviors on innovative domains having highest innovation success rate 

comparatively between manufacturing and service industries at the sectoral, regional, 

and across the industrial and regional levels with higher resolution particularly. With 

around 80% of overall predictive accuracies with CHAID algorithm and 10-fold 

cross-validation on all models which are developed stable, rational and transcendent 
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in three modules, significant factors are determined across the extrinsic contextual 

and intrinsic variables. Also, typological innovation behaviors are figured out from 

the cross-sectional and longitudinal perspectives at the national, regional, and 

sectoral levels comparatively and contemporarily. 

Based on comprehensive findings of significant influencing factors and 

typological behaviors on innovation from each result of overall 118 decision-making 

tree analysis models in three modules in theme#2, overall findings on each 

typological variation at the national, regional, industrial, and corporate levels are 

as following. At the national level, overall significant influencing factors and 

typological behaviors on innovation in both manufacturing and service industries 

are identified based on the contextual factors, which showed the peculiarities of each 

industry. In manufacturing industry, main way of performing R&D activities, ratio 

of R&D personnel, statuary type, employee size, sales size, exports size, listed status, 

main customer type, age, sector and region are determined. In service industry, 

service characteristics that are closer and dependent tendency of customer, learning 

curve by age, and freedom of decision-making to implement activities regarding form 

of firm in line with globalization are identified. At the regional level, significant 

influencing factors are laid in general perspectives of innovation capacity and 

sectoral difference on both capital and metropolitan area. At the industrial level, 

the role of R&D organization and regional differences are determined to be 

influencing factors on innovation success. In this respect, it is affirmed not only that 

manufacture concentrate more in R&D activities than non-R&D activities but also 

that service firms generally implemented non-R&D innovation activities. From the 

perspective of information source between manufacturing and service industries, 

firms that succeeded in innovation in service industry utilize information from 

private customer, whereas manufacturer utilize information from competitor in same 
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sector. And service firms rather had tendency to focus on non-R&D innovation 

activities and design activities. It is supported not only that manufacturers focus on 

competition more than service firms but also that service firms focus on customer 

more than manufacturer. At the corporate level on innovation contribution, it is 

confirmed that innovation have contributed to the sales on both industries over the 

years. Comparatively there was a tendency that innovation in manufacturing 

industry contributes more than service industry by influenced innovation activities 

and information sources. It is implied that firms having innovation activities in 

relation to the R&D in manufacturing industry showed higher contribution. This is 

comprehensively accorded with that manufacturer more place R&D activities to 

achieve financial performance than service firms, and service firms generally 

implemented non-R&D innovation activities to do ones. Concerning innovation 

activity at the corporate level, main way of performing R&D activities was 

determined significant influencing factors on successful innovation commonly on 

both industries over the years from the perspectives of cross-sectional and 

longitudinal comprehensively. In manufacturing industry, innovation investment and 

regional characteristics are determined. Meanwhile, in service industry using 

information from private service firm is identified. Overall, types of information 

source significantly affected on both industries. Especially significant influencing 

factors in service industry are mostly consisted of information source for innovation 

activities. In this respect, it is confirmed that service firms, which implemented no 

R&D, mainly focus on only non-R&D activities for successful innovation. 

Consequently, these are comprehensively coherent with previous knowledge which 

are not only that manufacturer more place R&D activities than service firms but 

also that service firms generally implemented non-R&D innovation activities.  

For managerial or political implications in manufacturing industry, it is 
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required that the importance of strengthening a support program for not only 

performing R&D in collaboration with R&D organizations but also for increasing 

the number of R&D personnel for innovation. Concerning contextual factors, the 

regional and sectoral innovation landscape should be focused to strengthen the 

innovation support program. To increase the contribution of innovation to a firm’s 

financial performance, a policy should be conducted to enhance the information 

environment and to build a public system to provide sufficient various market 

information. Additionally, managers should strengthen the activity to search 

information corresponding to the target market. Furthermore, it should mainly focus 

on supporting R&D budget as well as establishing a business environment for non-

R&D activity for both in-house R&D and cooperative R&D. 

For service industry, managerial implications are addressed as follows. It 

should be prepared and strengthened a support program for increasing capability to 

innovate service or process regarding not only performing R&D but also increasing 

the number of R&D personnel. Additionally, regarding extrinsic factors of the 

business environment, the sectoral innovation landscape should be considered on to 

establish and strengthen the service innovation support program in the service 

ecosystem. To increase the contribution from service innovation to financial 

performance, a policy should aim to strengthen the internal capabilities with 

ensuring the independency of strategic decision making by enhancing the 

information environment through establishing public system to provide ample 

information for service innovation rather than promoting cooperative networking 

with partners or investing assets. Also, it should mainly focus on strengthening both 

non-R&D and R&D supporting programs as well as provide sufficient knowledge 

corresponding to the target customer for service innovation through establishing 

public system. 
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According to the purposes, this thesis determined the roles of significant 

factors influencing innovation, such as R&D, size, and age, and investigated the 

typological behavior in intrinsic innovation activities from an overall perspective 

across manufacturing and service industries by employing decision-making tree 

analysis. Subsequently, to fulfill the gap of a behavioral study on innovation across 

manufacturing and service industries, this thesis attempts to draw comprehensive 

generalization of innovation regarding pivotal and varying influencing factors, and 

typological behaviors of firms by considering all behavioral factors based on a 

comparative analysis between success and failure innovation on a large-scale 

nationwide from the cross-sectional and longitudinal perspectives. In addition, 

sectoral and regional differences are identified to be significant factors affecting 

innovation success and failure, and the firm’s behavior is affected by these factors 

in relation to the target market across manufacturing and service industries. 

Subsequently, the differences of innovation success between sectors, regions, and 

across the sectors and regions were verified statistically, which was preliminary 

assumed but was not tested in previous studies. Beyond the studies that identify 

influencing factors of innovation and their effects on financial performance from a 

linear perspective, this thesis investigates the differences regarding innovative 

behaviors between firms with good financial performance and those with poor 

financial performance, among successful innovative firms. Additionally, by 

examining behavioral differences based on the overall activities of successful 

innovative firms regarding innovation activities and R&D activities across 

manufacturing and service industries, this thesis identified typological behaviors of 

firms that succeeded in innovation. As a result, the quality of the DT models 

regarding level of accuracies and stableness coming from 10-cross validation and big-

data scale demonstrates that the analytic models and their highly predictive results 
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are rational. Additionally, the results show comprehensive representativeness of all 

nationwide firms across manufacturing and service sectors based on the well-

designed sample selection using the Neyman method from a sample frame of 

Nationwide Business Survey. Furthermore, from the investigation of the most 

innovative domains at the regional, sectoral, and across the regional and sectoral 

levels, this thesis provides rigid ground for sectoral and regional diversity for scholars 

in studying the sectoral and regional innovation system in the current business 

landscape. Careful discriminatory approaches should be adopted to design an 

innovation system according to the various innovation mechanisms and patterns, 

and players in innovation ecosystem across manufacturing and service industries 

from the perspectives of the sectoral and regional innovation system. 

Overall, this thesis contributes to the innovation study by expanding the 

methodological landscape with advanced data mining methodology through 

increasing feasibility of using innovation data on a large scale. This thesis also 

contributes to identifying the overall significant influencing factors in a single 

framework by considering all the variables together, which are determined in 

previous empirical studies in different contexts from the diverse microscopic foci. 

Furthermore, unlike previous studies that focused on microscopic behavior, this 

article takes a holistic approach to identify pivotal influencing factors and its 

variations as well as investigate typological behavior on innovation across the 

manufacturing and service industries from the cross-sectional and longitudinal 

perspectives by employing macro and single statistical framework by using decision-

making tree analysis with 10-cross validation. This thesis resolves the various 

controversies, which are attributed to the diverse proxy measures and 

methodological restriction from the innovation study data regarding its types and 

scales. In addition, this thesis contributes to providing the ground for facilitating 
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comparativeness across the various context, such as different sectors and even across 

the manufacturing and service industries, by attaining sectoral consistency based on 

the guidance of the Oslo manual, which encompasses the diverse theoretical 

perspectives on innovation in manufacturing and service industries.  

Consequently, the findings and implications presented in this thesis 

contribute to the better understandings on factors influencing innovation and 

typological behaviors on innovation across manufacturing and service industries 

nationwide at the firm level from a comprehensive perspective by employing DT 

methodology to encompass various types of innovation study data together in a 

single statistical framework on the big-data scale, thereby mitigating the 

shortcomings of controversies stemming from various empirical context and diverse 

proxy measures, which are tied down by the innovation study data.  

 

5.2 Limitation and further research 

 

Despite the contribution, this thesis is subjected to limitations. It is difficult to 

fathom the underlying mechanism of innovation by employing DT as a non-

parametric analysis methodology. In addition, there is room for enhancing the 

predictive resolution methodologically by altering the algorithm conditions 

according to the data size and class regarding data balancing to avoid overfitting 

and underfitting, as well as by tuning the parameters of the tree depth, recursive 

calculation level, misclassification cost, and the node scale. Even though it can easily 

interpret results, present highly predictive accuracies with 10-fold cross-validation, 

and allow this thesis unrestricted application requiring no underlying assumptions 

on data distribution, an in-depth structural DT analytic framework is required to 
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comprehend the ambiguous relationships.  

Although this thesis covers various perspectives at various levels on 

innovation across manufacturing and service industries and develops 118 models 

according to the specific purposes based on a single statistical predictive analytic 

framework, there would be further studies. Theoretically and practically, 

corresponding classification principles and their levels can be deliberated to 

construct a research framework to answer for other research questions. More 

extended or detailed perspectives in the innovation taxonomy can be applied to 

specific research purposes from the political or managerial perspectives. Additionally, 

it is important to understand factors influencing innovation and firm’s behavior 

towards to ones continuously from a contemporary perspective along with the 

dynamic economic environment, such as, ordinary and booming circumstances. The 

approach of this thesis to shed light on the comprehensive knowledge of innovation 

behavior has important implications for scholars investigating innovation behavior. 

In this sense, during each contemporary period, future studies can be contemplated 

to apply the DT methodology from a holistic perspective. For comparativeness, 

future studies should collect and use a large sample in time series and in multiple 

cross-country settings to improve the sustainability of the findings and draw a more 

generalizable consensus and variations through maintaining international 

consistency with the guidance from the Oslo Manual.  
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Appendix 

 

 

Appendix A. Results of cross-tabulation analysis and chi-square 

test on models of H2_2016, H5_2014S, and H6_2014S  

 

Table A.1 Results of case summary, chi-square tests, directional measures, 

and symmetric measures on the H2_2016 model 

A. Case Processing Summary 

  

Cases 
Valid Missing Total 

N Percent N Percent N Percent 
Innovation * region 4155 100.0% 0 0.0% 4155 100.0% 

 

B. Chi-Square Tests  
Value df Asymp. Sig. (2-sided) Exact Sig. (2-sided) Exact Sig. (1-sided) 

Pearson Chi-Square 2.192a 1 .139   

Continuity Correction b 2.017 1 .155   

Likelihood Ratio 2.236 1 .135   

Fisher's Exact Test    .148 .077 
Linear-by-Linear 
Association 

2.192 1 .139   

N of Valid Cases 4155     

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 109.28 
b. Computed only for a 2x2 table      

 

C. Directional Measures 
  Value Asymp. Std. Error a Approx. T Approx. Sig. 

Nominal  
by  
Nominal 

Lambda Symmetric 0.000 0.000 .b .b 
Innovation Dependent 0.000 0.000 .b .b 
region in metropolitan Dependent 0.000 0.000 .b .b 

Goodman and 
Kruskal tau 

Innovation Dependent .001 .001  .139c 
region in metropolitan Dependent .001 .001  .139c 

a. Not assuming the null hypothesis. 
b. Cannot be computed because the asymptotic standard error equals zero. 
c. Based on chi-square approximation 

 

D. Symmetric Measures 
  Value Approx. Sig. 
Nominal by Nominal Contingency Coefficient .023 .139 
N of Valid Cases 4155  
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 E. Innovation success and failure * sector Crosstabulation 

  
Region metropolitan Total 

Metropolitan Area Out of Metropolitan Area 
Innovation Failure Count 2602 1204 3806 

Expected Count 2614.3 1191.7 3806.0 
% within Innovation 68.4% 31.6% 100.0% 
% within region metropolitan 91.2% 92.5% 91.6% 
% of Total 62.6% 29.0% 91.6% 

Success Count 252 97 349 
Expected Count 239.7 109.3 349.0 
% within Innovation 72.2% 27.8% 100.0% 
% within region metropolitan 8.8% 7.5% 8.4% 
% of Total 6.1% 2.3% 8.4% 

Total Count 2854 1301 4155 
Expected Count 2854.0 1301.0 4155.0 
% within Innovation 68.7% 31.3% 100.0% 
% within region metropolitan 100.0% 100.0% 100.0% 
% of Total 68.7% 31.3% 100.0% 

 

Table A.2 Results of case summary, chi-square tests, directional measures, 

and symmetric measures on the H5_2014 model 

A. Case Processing Summary 

  

Cases 

Valid Missing Total 

N Percent N Percent N Percent 
Innovation * sector 8000 100.0% 0 0.0% 8000 100.0% 

 

B. Chi-Square Tests 
  Value df Asymp. Sig. (2-sided) Exact Sig. (2-sided) Exact Sig. (1-sided) 

Pearson Chi-Square 3.785a 1 .052   

Continuity Correction b 3.696 1 .055   

Likelihood Ratio 3.785 1 .052   

Fisher's Exact Test    .055 .027 

N of Valid Cases 8000     

a. 0 cells (0.0%) have expected count less than 5. The minimum expected count is 1573.50.  
b. Computed only for a 2x2 table  
     

 

C. Directional Measures 
  Value Asymp. Std. Error a Approx. T Approx. Sig. 

Nominal  
by  
Nominal 

Lambda Symmetric .012 .010 1.220 .222 
Innovation Dependent 0.000 0.000 .c .c 
Sector Dependent .021 .017 1.220 .222 

Goodman and 
Kruskal tau 

Innovation Dependent .000 .000  .052d 
Sector Dependent .000 .000  .052d 

a. Not assuming the null hypothesis. 
b. Using the asymptotic standard error assuming the null hypothesis. 
c. Cannot be computed because the asymptotic standard error equals zero. 
d. Based on chi-square approximation 
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D. Symmetric Measures 

  Value Approx. Sig. 
Nominal by Nominal Contingency Coefficient .022 .052 
N of Valid Cases 8000   

 

 E. Innovation * sector Crosstabulation 

  
Sector 

Total Manufacturing Service 
Innovation  Failure Count 2384 2469 4853 

Expected Count 2426.5 2426.5 4853.0 
% within innovation 49.1% 50.9% 100.0% 
% within sector 59.6% 61.7% 60.7% 
% of Total 29.8% 30.9% 60.7% 

Success Count 1616 1531 3147 
Expected Count 1573.5 1573.5 3147.0 
% within innovation 51.4% 48.6% 100.0% 
% within sector 40.4% 38.3% 39.3% 
% of Total 20.2% 19.1% 39.3% 

Total Count 4000 4000 8000 
Expected Count 4000.0 4000.0 8000.0 
% within innovation 50.0% 50.0% 100.0% 
% within sector 100.0% 100.0% 100.0% 
% of Total 50.0% 50.0% 100.0% 

 

Table A.3 Results of case summary, chi-square tests, directional measures, 

and symmetric measures on the H6_2014S model 

A. Case Processing Summary 

  

Cases 
Valid Missing Total 

N Percent N Percent N Percent 
Innovation * region capital 4155 100.0% 0 0.0% 4155 100.0% 

 

B. Chi-Square Tests 
 Value df Asymp. Sig. (2-sided) 

Pearson Chi-Square 17.880a 16 .331 
Likelihood Ratio 20.158 16 .213 
N of Valid Cases 4155   

a. 2 cells (5.9%) have expected count less than 5. The minimum expected count is .50. 

 

C. Directional Measures 

  Value Asymp. Std. Errora Approx. T Approx. Sig. 
Nominal by 
Nominal 

Lambda Symmetric 0.000 0.000 .b .b 
Innovation Dependent 0.000 0.000 .b .b 
region Dependent 0.000 0.000 .b .b 

Goodman and 
Kruskal tau 

Innovation Dependent .004 .002  .331c 
region Dependent .001 .001  .000c 

a. Not assuming the null hypothesis. 
b. Cannot be computed because the asymptotic standard error equals zero. 
c. Based on chi-square approximation 
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D. Symmetric Measures 

  Value Approx. Sig. 
Nominal by Nominal Contingency Coefficient .065 .331 
N of Valid Cases 4155  

E. Innovation * region Crosstabulation 

 

Region 

Total 
Busan 

Chung 
cheong 
buk 

Chung 
Cheong 

nam 
Daegu Daejeon 

Gan 
won Gwangju 

Gyeong 
buk 

Gyeong 
gi 

Gyeon 
nam Incheon Jeju 

Jeolla 
buk 

Jeoll 
nam Sejong Seoul Ulsan 

In
n
ov

a
tion

 

F
ailu

re 

Count 
329 64 75 172 103 74 115 79 600 104 137 42 78 82 6 1687 59 3806 

Expected Count 
321.5 64.1 71.4 170.4 101.7 74.2 109.0 78.8 596.3 100.8 137.4 40.3 79.7 80.6 5.5 1715.7 58.6 3806.0 

% within Innovation 
8.6% 1.7% 2.0% 4.5% 2.7% 1.9% 3.0% 2.1% 15.8% 2.7% 3.6% 1.1% 2.0% 2.2% .2% 44.3% 1.6% 100.0% 

% within region 
93.7% 91.4% 96.2% 92.5% 92.8% 91.4% 96.6% 91.9% 92.2% 94.5% 91.3% 95.5% 89.7% 93.2% 100.0% 90.1% 92.2% 91.6% 

% of Total 
7.9% 1.5% 1.8% 4.1% 2.5% 1.8% 2.8% 1.9% 14.4% 2.5% 3.3% 1.0% 1.9% 2.0% .1% 40.6% 1.4% 91.6% 

S
u
ccess 

Count 
22 6 3 14 8 7 4 7 51 6 13 2 9 6 0 186 5 349 

Expected Count 
29.5 5.9 6.6 15.6 9.3 6.8 10.0 7.2 54.7 9.2 12.6 3.7 7.3 7.4 .5 157.3 5.4 349.0 

% within Innovation 
6.3% 1.7% .9% 4.0% 2.3% 2.0% 1.1% 2.0% 14.6% 1.7% 3.7% .6% 2.6% 1.7% 0.0% 53.3% 1.4% 100.0% 

% within region 
6.3% 8.6% 3.8% 7.5% 7.2% 8.6% 3.4% 8.1% 7.8% 5.5% 8.7% 4.5% 10.3% 6.8% 0.0% 9.9% 7.8% 8.4% 

% of Total 
.5% .1% .1% .3% .2% .2% .1% .2% 1.2% .1% .3% .0% .2% .1% 0.0% 4.5% .1% 8.4% 

T
otal 

Count 
351 70 78 186 111 81 119 86 651 110 150 44 87 88 6 1873 64 4155 

Expected Count 
351.0 70.0 78.0 186.0 111.0 81.0 119.0 86.0 651.0 110.0 150.0 44.0 87.0 88.0 6.0 1873.0 64.0 4155.0 

% within Innovation 
8.4% 1.7% 1.9% 4.5% 2.7% 1.9% 2.9% 2.1% 15.7% 2.6% 3.6% 1.1% 2.1% 2.1% .1% 45.1% 1.5% 100.0% 

% within region 
100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 

% of Total 
8.4% 1.7% 1.9% 4.5% 2.7% 1.9% 2.9% 2.1% 15.7% 2.6% 3.6% 1.1% 2.1% 2.1% .1% 45.1% 1.5% 100.0% 
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Appendix B. Results of decision-making tree analysis (DT) 

 

 

Figure B.1 Results of DT model M1_1O_2014 
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Figure B.2 Results of DT model S1_1O_2014 
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Figure B.3 Results of DT model M1_1O_2016 
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Figure B.4 Results of DT model S1_1O_2016 
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(a) 

 
(b) 

Figure B.5 Results of DT models of (a) M1_2L_2014 and (b) S1_2L_2014 
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Figure B.6 Results of DT model M1_2M_2014 
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Figure B.7 Results of DT model S1_2M_2014 
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Figure B.8 Results of DT model M1_2S_2014 
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Figure B.9 Results of DT model S1_2S_2014 
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(a) 

 

(b) 

Figure B.10 Results of DT models of (a) M1_2L_2016 and (b) S1_2L_2016 
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Figure B.11 Results of DT model M1_2M_2016 
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Figure B.12 Results of DT model S1_2M_2016 



 

 

 

265 

 

Figure B.13 Results of DT model M1_2S_2016 
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Figure B.14 Results of DT model S1_2S_2016 
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Figure B.15 Results of DT model M1_3S_1_2014 
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Figure B.16 Results of DT model S1_3S_1_2014 
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Figure B.17 Results of DT model M1_3S_2_2014 
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Figure B.18 Results of DT model S1_3S_2_2014
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Figure B.19 Results of DT model M1_3S_3_2014 
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Figure B.20 Results of DT model S1_3S_3_2014
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Figure B.21 Results of DT model M1_3S_4_2014 
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Figure B.22 Results of DT model S1_3S_4_2014 
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Figure B.23 Results of DT model M1_3S_5_2014 
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Figure B.24 Results of DT model S1_3S_5_2014 
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Figure B.25 Results of DT model M1_3S_2_2016 
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Figure B.26 Results of DT model S1_3S_2_2016 
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Figure B.27 Results of DT model M1_3S_3_2016 
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Figure B.28 Results of DT model S1_3S_3_2016 
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Figure B.29 Results of DT model M1_3S_4_2016 
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Figure B.30 Results of DT model S1_3S_4_2016 
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Figure B.31 Results of DT model M1_3S_5_2016 
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Figure B.32 Results of DT model S1_3S_5_2016 
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Figure B.33 Results of DT model M1_4CC_2014 
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Figure B.34 Results of DT model S1_4CC_2014 
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Figure B.35 Results of DT model M1_4CC_2016 
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Figure B.36 Results of DT model S1_4CC_2016 
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Figure B.37 Results of DT model M1_4CO_2014 
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Figure B.38 Results of DT model S1_4CO_2014 
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Figure B.39 Results of DT model M1_4CO_2016 
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Figure B.40 Results of DT model S1_4CO_2016 
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Figure B.41 Results of DT model M1_4MR_2014 
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Figure B.42 Results of DT model S1_4MR_2014 
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Figure B.43 Results of DT model M1_4MR_2016 



 

 

 

296 

 

 

Figure B.44 Results of DT model S1_4MR_2016 
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Figure B.45 Results of DT model M1_4MO_2014 
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Figure B.46 Results of DT model S1_4MO_2014 
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Figure B.47 Results of DT model M1_4MO_2016
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Figure B.48 Results of DT model S1_4MO_2016 
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Figure B.49 Results of DT model MS_ID_2014 
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Figure B.50 Results of DT model MS_ID_2016 
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(a) (b) 

Figure B.51 Results of DT models of (a) M2_1CWN_2014 and (b) M2_1CWN_2016 
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(a) 

 
(b) 

Figure B.52 Results of DT models of (a) S2_1CWN_2014 and (b) S2_1CWN_2016
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(a) 

 
(b) 

Figure B.53 Results of DT models of (a) M2_1CHL_2014 and (b) S2_1CHL_2014 
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Figure D.54 Results of DT model M2_1CHL_2016 



 

 

 

307 

 

 
Figure B.55 Results of DT model S2_1CHL_2016 
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Figure B.56 Results of DT model M2_2IA_2016 
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Figure B.57 Results of DT model S2_2IA_2016 
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Figure B.58 Results of DT model M2_3RA_2014 
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Figure B.59 Results of DT model M2_3RA_2016 
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Figure B.60 Results of DT model S2_3RA_2014 
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Figure B.61 Results of DT model S2_3RA_2016 
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(a) 

 
(b) 

Figure B.62 Results of DT models of (a) M2_4CA_2014 and (b) S2_4CA_2014 
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(a) 

 
(b) 

Figure B.63 Results of DT models of (a) M2_4CA_2016 and (b) S2_4CA_2016
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Figure B.64 Results of DT model M2_5CP_2014 

 



 

 

 

317 

  

(a)    (b)  

Figure B.65 Results of DT models of (a) S2_5CP_2014 and (b) M2_5CP_2016 
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Figure B.66 Results of DT model S2_5CP_2016 
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Figure B.67 Results of DT model M2_6SB_2014 
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Figure B.68 Results of DT model S2_6SB_2014 
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Figure B.69 Results of DT model M2_6SB_2016
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Figure B.70 Results of DT model S2_6SB_2016 
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(a) 

 

 

 
(b) 

Figure B.71 Results of DT models of (a) ST_M1_21_2014 and (b) ST_M1_21_2016
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Figure B.72 Results of DT model ST_M2_26_2014 
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Figure B.73 Results of DT model ST_M2_26_2016 
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(a)     (b) 

Figure B.74 Results of DT models of (a) ST_M3_10_2014 and (b) ST_M3_10_2016 
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Figure B.75 Results of DT model ST_M4_27_2014 
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Figure B.76 Results of DT model ST_M4_27_2016 
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Figure B.77 Results of DT model ST_M5_28_2014 
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Figure B.78 Results of DT model ST_M5_28_2016 
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(a) 

 
(b) 

Figure B.79 Results of DT models of (a) ST_S1_70_2014 and (b) ST_S1_70_2016 
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Figure B.80 Results of DT model ST_S2_64_2014 
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(a) 

 
(b) 

Figure B.81 Results of DT models of (a) ST_S3_62_2014 and (b) ST_S3_62_2016 
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(a) 

 
(b) 

Figure B.82 Results of DT models of (a) ST_S4_58_2014 and (b) ST_S4_58_2016
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Figure B.83 Results of DT model RT_2014_1_Seoul_M 
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Figure B.84 Results of DT model RT_2014_1_Seoul_S 
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Figure B.85 Results of DT model RT_2016_1_Seoul_M  
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Figure B.86 Results of DT model RT_2016_1_Seoul_S  
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(a)   (b) 

Figure B.87 Results of DT models of (a) RT_2014_2_Incheon_M and (b) RT_2014_2_Incheon_S 
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(a)    (b) 

Figure B.88 Results of DT models of (a) RT_2014_3_Chungcheongbuk_M and (b) RT_2016_2_Busan_M 
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(a)     (b) 

Figure B.89 Results of DT models of (a) RT_2016_2_Busan_S and (b) RT_2016_3_Daegu_M 
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Figure B.90 Results of DT model RT_2016_3_Daegu_S 
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Figure B.91 Results of DT models RIT_2014_1_Incheon_28 
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Figure B.92 Results of DT model RIT_2014_2_Seoul_21
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(a)    (b) 

Figure B.93 Results of DT models of (a) RIT_2014_3_Daejeon_27 and (b) RIT_2016_1_Seoul_26 
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(a)          (b) 

Figure B.94 Results of DT models of (a) RIT_2016_2_ChungCheongnam_10 and  
(b) RIT_2016_3_Seoul_70 
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국문초록 

 

 

치열한 글로벌 경쟁속에서 지속적 성장을 위한 혁신의 중요성으로 인해, 

수많은 국가, 산업, 기술 수준의 혁신 연구들은 다양한 관점에서 혁신의 

영향요인과 메커니즘에 대해 깊게 탐구해 왔다. 그러나 연구범위의 특수성, 

소규모의 실증연구, 혁신연구 자료에 따른 대용 지표의 특성에 의해 제한된 

전통적인 통계적 방법론과 결부된 복잡한 혁신 환경은 혁신에 대한 다양한 논쟁을 

일으키며, 혁신에 대한 총체적인 합의를 어렵게 해왔다.  

본 학위 논문은 다양한 측도로 측정되는 혁신 연구자료의 대용지표적 특성과 

이에 의해 제한된 전통적 통계 방법론의 적용의 취약점을 넘어서서, 16,230개의 

대규모 표본 실증 자료와 이를 통합적으로 반영할 수 있는 의사결정나무분석을 

활용한 하나의 통계적 프레임워크에 기반하여 국가적, 산업적, 지역적 수준에서 

제조업과 서비스업에 대한 횡단적, 종단적 비교분석을 통해 두 업종을 아우르는 

혁신에 대한 총체적인 지식의 부족함을 경감함으로써 혁신 연구의 지평을 넓히고 

풍성하게 하는 것을 목표로 한다. 

본 학위 논문은 체계적 프레임워크를 개발함으로써, 한국의 제조업과 서비스 

산업의 모든 세부 산업을 전국적으로 반영할 수 있도록, 이론적으로 표준화되고 

실무적으로 세계적으로 활용되는 오슬로 매뉴얼에 기반한 한국혁신조사 자료를 

활용하여, 최근의 연속된 두 기간 동안, 선행연구에서 제시된 혁신과 연관된 

외생적, 내생적 변수를 모두 고려하여, 다양한 관점의 다양한 수준에서 산업, 
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세부산업, 지역 간의 종단적이고 횡단적인 비교분석을 통해 종합적인 혁신의 영향 

요인과 혁신의 유형적 거동을 탐색하고자 한다. 

본 학위 논문은 두개의 주제로 구성되어 있다. 첫번째 주제는 선행연구들이 

선험적으로 가정하였지만, 통계적으로 검증되지 않은, 산업, 세부산업, 지역, 

지역산업 수준에서 제조업과 서비스 산업의 혁신의 성공과 실패에 대한 통계적 

차이를 확인한다. 8가지 가설에 따른 28개 모델에 대한 교차표 분석과 카이제곱 

검정을 통해 지지된 가설검증 결과를 바탕으로, 본 학위논문은 혁신에 대한 

영향요인과 유형별 거동을 탐구한다.  

두번째 주제는 CHAID 알고리즘과 10-fold 교자검증을 활용한, 안정적이고 

타당한 예측적 의사결정 나무분석을 통해 혁신에 대한 영향요인과 유형별 거동을 

탐구한다. 두번째 주제는 세가지 세부 모듈로 구성된다. 첫번째 모듈은, 52개 

모델에 기반하여 전국적, 지역적 수준에서 제조업과 서비스 산업의 혁신 성공과 

실패에 대해 비교 분석을 통해 혁신 영향요인과 유형별 거동을 파악한다. 두번째 

모듈은 30개 모델에 기반하여, 제조업과 서비스 산업내 성공기업의 전반적인 

혁신활동에 대해 다양한 관점에서 비교분석을 통해 혁신 영향요인과 유형별 

거동을 파악한다. 세번째 모듈은 제조업과 서비스 산업내 가장 혁신적인 세부산업, 

지역, 지역산업에 대해 36개 모델을 통해 혁신 영향요인과 유형별 거동을 

파악한다. 이를 통하여, 본 학위 논문은 제조업과 서비스업 내의 중요 영향요인과 

이들의 변화를 종단적, 횡단적으로 파악하고 유형적 혁신 거동을 밝힌다.  

118개의 의사결정나무분석을 통한 혁신의 영향요인과 유형적 거동에 대한 

종합적 이해를 바탕으로, 전국적, 지역적, 산업적, 기업적 관점에서의 종합적인 

시사점을 제시한다.  
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제조업과 서비스산업 전반에 걸쳐, 내부 연구개발과 역량은 혁신 성공에 

중요한 것으로 확인되었다. 제조업에서는 기업 규모가 클수록, 기업 연령이 

높을수록, 혁신 성공가능성이 높은 것으로 확인되었다. 제조업내 저 기술 분야의 

기업은 R&D 활동보다 비R&D 활동을 선호하였으며, 서비스산업에서는 기존 

연구와는 다르게, 혁신 성공에 대한 세부 산업간 차별적 특성뿐 아니라, 기업 

규모와 연령효과가 확인되었다. 특히 경제 호황기에서 기업 규모의 효과가 

두드러지게 나타났다. 지역 측면에서는 수도권과 광역권내에서의 혁신 성공과 

실패에 있어 기업의 혁신 역량과 세부산업간 차이가 확인되었다. 산업측면에서는 

제조업과 서비스산업내의 R&D의 역할에 대한 차이가 나타났다. 제조기업은 

비R&D 활동 보다 R&D 활동에 더욱 집중하는 반면, 서비스 기업은 전반적으로 

R&D보다 비R&D 활동을 수행하는 것으로 확인되었다. 지식활용 측면에서는 

서비스 기업이 민간 고객 정보에 집중하는 반면, 제조기업은 동일 분야내 

경쟁정보를 더욱 중요시하였다. 

성공기업의 혁신의 재무적 기여측면에서는, 혁신은 수년에 걸쳐 두 산업 

모두에서 재무적으로 기여하였다. 제조기업의 혁신이 서비스기업의 혁신보다 더 

많은 재무적 기여를 하는 것으로 확인되었으며, R&D 혁신활동을 수행하는 

제조기업이 더 높은 재무적 기여를 달성했다. 서비스 산업내에서는 내부역량과 

지식활용의 자유도가 높은 서비스 기업이 높은 재무적 기여를 거두었다. 

전반적인 성공기업의 혁신활동의 영향요인과 거동 측면에서는 제조업과 

서비스산업 전반에서 혁신성공기업들은 저비용의 R&D 활동을 선호하였으나, 저 

기술군 산업은 비R&D 활동을 선호했다. 제조업에서는 기업으로 하여금 시장 니즈 

탐색 활동을 유도하는 목표시장 성격에 따라 제조기업의 전반적인 혁신활동과 
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외부 지식 활용 활동에 영향을 미쳤다. 대부분의 연구소를 보유하고 있는 기업은 

자사의 지식을 활용함으로써 내부연구개발에 집중하였다. 협력R&D는 부족한 

내부역량을 채우기 위해 수행되었으나, 이를 보완하기 위한 흡수역량이 

요구되었다. 서비스 산업에서는 기업들은 기술활용측면의 세부산업의 차별적 

특성에 따라 내부 역량에 따라 R&D를 수행하거나 하지 않았다. 서비스 기업의 

혁신 거동은 고객과 경쟁자로부터의 지식 활용 측면과 밀접하게 연관되어 있는 

것이 확인되었으며, 특히 경제 활황기에는 고객 및 외부 R&D 기관으로부터의 

지식활용에 적극적이었다.  

혁신 성공을 제고하기 위한 정책적 시사점으로는, 제조업에 있어서 자금 

지원을 통한 내부 R&D와 협력 R&D 역량 모두를 높일 수 있는 체계와 기술과 

시장에 대한 정보제공 수준을 높이는 측면에서 국가혁신체계를 강화하는 것이 

중요하다. 서비스 산업에 있어서는, 협력 네트워킹 활동을 강화하는 것보다 내부 

R&D 뿐만 아니라 비R&D 활동을 위한 역량을 강화하는 것에 초점을 맞추는 

것이 중요하다. 또한, 세부산업의 차별적 특성에 맞춘 시장정보 제공의 촉진이 

요구된다.  

전체적으로, 본 학위 논문은 빅데이터 수준의 혁신 연구 자료의 다양한 지표 

형태를 포괄할 수 있는 단일 통계적 프레임워크로써 의사결정나무분석 방법론을 

제시하고, 기업 혁신 활동의 다양한 관점과 전국적, 산업적, 지역적 수준에서 서로 

다른 산업적 특성을 가진 제조업과 서비스산업 전반의 종단적, 횡단적 비교 분석 

연구를 통해 주요한 영향요인과 유형적 혁신 거동에 관한 발견과 시사점을 

제시하였으며, 이는 총체적인 혁신 이해에 대한 지식 축적에 기여한다. 제안된 

종합적인 분석 체계를 기반으로 실증적으로 다양한 맥락을 관통하는 혁신 측정의 
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일관성을 가진 대규모의 혁신 연구 자료를 활용함으로써, 다양한 관점과 소규모의 

실증적 혁신 환경에 따른 혁신 연구 자료와 비일관적인 대용 지표에 기인한 주요 

혁신요인과 메커니즘에 대한 다양한 논쟁을 해소하고, 동시대의 새로운 혁신 

연구의 지평을 밝힌 점에서 의의를 가진다. 

 

주요어: 혁신요인, 혁신거동, 제조업, 서비스업, 의사결정나무분석  

학번: 2015-30236 
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