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Abstract .
By using empirical data collected from 278 manufacturing firms in Korea%%ﬁﬁdy
a

investigates the relationship between technological innovations (i.e., prod rocess

innovations) and non-technological innovations (i.e., organizational (a arketing
innovations) and innovation success. We propose th téthnolggisal™rnovation is
v

considered an essential precondition of technological 4 tion, lea to innovation
success. We highlight that technological inngvation “exert ua&;&ng influence on
innovation success only when non-technologi novation, adequately strains the

relationship between them. The findings of thissstudy show th e indirect effect of non-
&d

technological innovation on innovation Ss thro technological innovations
- - [J - - -

enables firms to enhance firm performanS[ that n ergistic effect exists between

technological and non-technological i ion 0& vation success.

Keywords: Technologica@ ion, nog&nological innovation, determi-nant,
innovation success .

1. Introduction « .QQJ )QQ\

Innovation pla '\X'entral r@i%n economic growth. Schumpeter [17] argued that
tis drﬁ@y nnovation through a dynamic process called “create
hich newstechinologies replace the old processes. Innovation in firms

destruction,’
mainly aims 0 gain mpetitive advantage by reducing costs and improving
productivity; thus, it core factor for sustaining business value. Firms can enhance

their performanc ugh innovation activities to develop new products and new
enerally have considered their innovation activities as technological

08 in the value area of firms from the technological to non-technological in
peonomy environment, most firms still focus on technological innovations. The
ingoyative approaches apply traditional manufacturing sector logic to understand
inndyation in firms. However, considering technological innovations alone is not
sufficient to understand the innovative activities of firms, innovations include
technological activities (e.g., introducing and developing new technologies) as well as
non-technological activities (e.g., re-establishing business strategies; changing the
organizational method; and external network, marketing, and customer interaction) [1].
For a long time, researchers have been aware of the close relationship between non-
technological and technological innovations. To succeed in the market through new ideas
and opportunities in a highly competitive environment, many researchers have stressed
that organizational and marketing concepts should complement the concept of
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technological innovations, which consist of product and process innovations. For these
reasons, the OECD renewed to classify the concept of innovation into four areas, namely,
product innovation (PDI), process innovation (PRI), organizational innovation (ORI), and
marketing innovation (MKI) [14]. Despite the apparent importance of non-technological
innovation for innovation success, few researches have attempted to identify the role of
non-technological innovation in facilitating and leveraging technological innovation,
which leads to innovation success and superior firm performance.

To address the research gap, this study aims to explore the role of non-technological
innovation in promoting technological innovation for innovation success. For this
purpose, two technological innovations (i.e., PDI and PRI) and two non-technological
innovations (i.e., ORI and MKI) are identified based on the Oslo Manual (Third dltlon)
by the OECD [14] By collecting empirical data from 278 manufacturing firms opea,
we determine the causal relationships among technological innovation, non-te
innovation, and innovation success. The findings provide valuable |nfo ioR) to those
who seek practical guidance in implementing non—techno ical |n% ctivities to

accelerate their technological innovation activities.

2. Theoretical Development Q ;
e pheductivity and allow firms

Developing a new product and a new proc% n enhanc
a

to gain competitive advantage [2]. Teph | infqveatien is closely linked to new
product and process innovations, resu the creatiow of a new value of firms and
improving existing value to custo rms 0 increase their benefits by re-
establishing business strategi |zat| hods marketing strategies, and
customer interactions. Chan anizationa ethods can improve the efficiency and
quality of the operation of firms, theretry asmg customer satisfaction and reducing

costs [4]. Moreover, mark strate create new customer needs through product
differentiation by foc na neg%ket Taking a different position, researchers
suggested that str eting irinovation may lead to imitations and marginally new
products [15]. T any r ggjrs in innovation literature have indicated that non-
technologic ovations are “also“primary factors that significantly affect innovation
success and rove M erformance. For these reasons, the Oslo Manual (Third
Edition) by the OECD the concept of non-technological innovations to complement
that of technologic;!%ovation. However, few studies have investigated the relationship

between technol and non-technological innovations. Thus, the harmony between
n-technological innovations, which results in innovation success, are

technological
necessary. ;\{
Theref his study developed four types of innovation based on the innovation
of the Oslo Manual (Third Edition) in the OECD [14], namely, PDI, PRI, ORI,
a@ﬂ These four types of innovation can encompass a wide range of changes in a
firm’ innovative activities. This study determines which relationship between non-
technological and technological innovations best explains innovation success.

2.1. Relationships among Technological Innovation, Non-Technology Innovation,
and Innovation Success

Technological innovation consists of PDI and PRI. PDI (goods or services) is the
market introduction of new or significantly improved goods and services [14]. PDI also
provides new value to a particular market in terms of technological specifications,
components and materials, incorporated software, user friendliness, and other functional
characteristics. A significant improvement to existing products and services decreases
costs, extends a market share, and increases firm profits. Hence, firms can satisfy
customer needs through PDI. Although PDI takes several risks in developing new
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products and services, it is positively related to firms’ innovation success and ultimately
increases firm performance.

PRI always accompanies PDI. It indicates the introduction of new or significantly
improved methods such as production processes, supporting activities for production
processes, logistics, as well as delivery and distribution methods for goods or services
[14], leading to reduced costs and increased product quality and market share. It also
indicates the changes in the development and production processes to offer different
products and services. Firms with effective development and production processes can
offer different products and services to customers. Thus, firms can improve customer
satisfaction through PRI, which results in innovation success. Technological innovation
also covers significantly improved techniques, equipment, and software in supporting
activities such as purchasing, accounting, computing, and maintenance. This suppgxlﬁhas
to innovation success and superior firm performance. Therefore, technological tion,
including PDI and PRI, positively affects innovation success. Thus, we size the
following: .

H1-1: Technological innovation has a positive effe i

The Oslo Manual (Third Edition) by the OECD [14\pvirited
technological innovation for innovation success
of technological innovation with non-technologica rx garded ORI and MKI
as non-technological innovations. ORI i fined the" introduction of new

%ices (including knowledge

organizational methods to an enterpsis siness’
management), workplace organization%@ernal ations not previously used by the

atio S@L

no

enterprise [14]. ORI changes the or, re and the learning process and

nal
adopts to the process of tec y an Ngg logical equipment [6]. Firms’
organizational structure cal ct the eff':cie of innovation activities, with some

structures being better suited to particulat ation activities than others [4],[6]. A high
degree of organizational @egratio improve the co-ordination, planning, and
implementation of tec ical innoVatjen activities.

Furthermore, cus demangd for new products may depend not only on the quality
and characteristi produbmw services but also on the customer view and social
characteristi@ hese prodtets and services [11]. Marketing theories focus on
implementin rketin%1 ices, such as the marketing mix model [13]. MKI is defined

ew marketing concepts or strategies that differ significantly

as the implementatio
from firms’ existin %«eting methods [14]. MKI focuses on addressing customer needs,
opening new m@ or repositioning a firm’s products and services on the market,

resulting in,innovation success and ultimately realizing firm profits. Hence, ORI and MKI
represent the most important and sustainable sources of competitive advantage for
firms herefore, non-technological innovation is positively associated with

inpeyation success. Thus, we hypothesize the following:
%: Non-technological innovation has a positive effect on innovation success.

2.2. Relationship between Technological Innovation and Non-Technology Innovation

Many researchers have addressed the close relationship between non-technological and
technological innovations [3], [6]. Non-technological innovations can favor the
development of technological functions. For example, business practices, such as quality
control, can promote an increase in efficiency and consequently improve the outcome of
PRI. Marketing orientation and PDI are likely to be highly interrelated [10]. MKI
enhances the communication and exchange between all organizational functions related to
customers and competitors, giving these functions greater proximity to the latest market
trends [8] to generate PDI. Customer orientation and the inter-functional coordination of
organizational resources encourage research and development (R&D) to develop more
line extensions and new products and services by providing important marketing methods.
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According to the resource-based view, non-technological innovation is considered as an
initiator for technological innovation because an introduction of non-technological
innovation comprises rare, valuable, inimitable, and non-substitutable working practices.
Non-technological innovation enables firms to encourage the establishment of appropriate
organizational infrastructure to support new product and service designs and their
communication efficiently to introduce new and improved products and services to the
market. Therefore, non-technological innovation is positively related to technological
innovation. Thus, we propose the following:

H2: Non-technological innovation has a positive effect on technological innovation.

Some recent studies emphasize the complementary nature of non-technological and
technological innovations, indicating that the two types of innovation more com Iement
than substitute each other. Some researchers in the innovation and IS literatur

out that the role of non-technological innovation is not an initiator but rather a er of
technological innovation [4]. Camisén and Villar-Lopez [4] indicated th romotes
the development process of PRI. Firms can create a new dev Iopment sales epartment
as well as reorganize workflow and external network rove come of PRI.
Moreover, PDI can also be strengthened through products are
introduced through a new marketing method, f|r d acc t arketlng methods
to increase productivity and product quality. Fort ason; Woglcal innovation can
positively affect innovation success throu n-techn lo innovation. Thus, we
propose the following hypothesis: .

H3: The effect of technological tlon 0 %rovatlon success is positively

moderated by non-technological in

\
3. Research Methodoloﬁ)&e , &

3.1. Development of Me
The survey respo %re randoml elected from an entire population of manufacturing
firms based on th Korea vation Survey (http:/kis.stepi.re.kr). In developing the
measurement i ents, four@ luding PDI, PRI, ORI, and MKI were measured through
yes—no questi hereas the<pthel"item, innovation success, was measured on a five-point Likert
e

scale ranging from “extre w” to “extremely high.” In the case of the yes—no questions, the
measurement instrument.s be merged to one dummy variable because the nominal scale can
be difficult to use in thi lysis. Finally, 5 constructs and 15 items were employed as measures in
this study (see Ap@)

3.2. Sample ata Collection

The rea Innovation Survey was used for the empirical analysis. The survey only focused
on <er anufacturing firms. Hence, respondents who had implemented at least one innovation
i@ference period starting from 2005 to 2007 were asked to respond to the entire questionnaire.
A totdl of 1,432 responses were finally received. The complete case approach applied was the
missing data imputation method. Finally, 278 responses were found to be useful for this study,
with a usable response rate of 19.4%. Table 1 summarizes the respondent characteristics. The
sample was stratified across six sub-sectors in the manufacturing sector. A large number of
respondents came from other machinery and equipment (21.2%), electrical equipment (17.6%),
motor vehicles (16.6%), medical (16.5%), electronic components (12.9%), and other transport
equipment (5.7%). The mean number of employees was 334.1, with a standard deviation (S.D.) of
1190.7. The mean of R&D budget rate was 5.1 (S.D.=8.0), and the mean of total sales was 475.7
million US dollars (S.D.=3108.9).
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Table 1. Characteristics of the Sample

(@)Industry (Manufacturing)
(b) Number of employees
(c) R&D budget rate(%)

(d) Total sales ($: US dollar)

Industry type Frep.(%) Year Frep.(%)
Electronic components 36(12.9%) Less than 49 112(40.3%)
Medical 46(16.5%) 50~99 28(10.1%)
Electrical equipment 33(17.6%) 100~499 69(24.8%)
Other machinery and equipment 77(21.2%) 500~999 56(20.1%)
Motor vehicles 32(16.6%) 1000 and above 13(4.7%)

Other transport equipment 54(5.7%)
Total 278(100%) Total 278(100%)A YW
Range Frep.(%) Range 1\
Less than 0.9 74(26.6 %) Less than $49. ‘\\ ?@A
1.0~4.9 124(44.6 %) $50~$99.9 91 4£3010.9%)
5.0~9.9 42(15.1 %) $1oo~m§w% L TR059%)
10.0~14.9 18(6.5 %) Imil. N__25(9.0%)
15.0 and above 20(7.2 %) 76(27.3%)
Total 278(100%) 278(100%)

4. Analysis and Results

4.1. Analysis Method

In this study, partial least squares (PLS

chosen to examine the hypotheses because

the following reasons. PL S approp n the research model is in the early stage of
development and has en teste sively [7]. Thus, it can be used to analyze the
stud an early attempt to identify the relationship between

collected data bec
non-technolog
the four forn& nstruc

algorithms a can
technique for testing
was used to analyz

4.2 MeaSL\Ven odel
Con%%x alidity was assessed through the composite reliability (CR) and average

varian

a mnovatlons The research models in this study have

I, PRI, ORI and MKI). PLS uses components-based

formatlve constructs. Hence, PLS is the appropriate
posed models using the gathered data. Smart PLS 2.0 version

urement and structural models.

acted (AVE) taken from the measures. Table 2 shows that the obtained CR

Y ged from 0.73 to 0.85, which exceeded the threshold value of 0.7. The AVE
ranged from 0.51 to 0.63 [7], which was above the acceptable value of 0.5. A score of 0.5

indicates an acceptable level for AVE by a measure [7]. The results showed that AVE
ranged from 0.714 to 0.794, which was above the acceptable value. All measures were
significant on their path loading at the level of 0.01. Table 3 shows that the square root of
AVE for each construct was greater than the correlations between a construct and all other
constructs. These results indicate that the measurement models were strongly supported
by the data gathered, thereby requiring further analysis.
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Table 2. Results of PLS Measurement Model

Construct Item CR AVE Loading t-value
Tech. PDI 0.939 2.725
innovation(T)) PRI 0.79 060 0.867 2044
Non-Tech. ORI 0.647 1.989
innovation(NTI) MKI 085 063 0.920 8.254
Tech.innov.x  PDIORI 0.709 5.632
Non-tech. PDIMKI 0.784 3.745
innov. PRORI  O7° 0.51 0.712 4912
(TI*NTI) PRIMKI 0.841 2.755
Innovation INS1 0.846 9.437 o
success INS 2 0.82 0.61 0.821 8.049

(1S) INS 3 0.661 4.87,4‘\,?’
O

Table 3. Correlations Betwee

Construct Tl NTI
Tl 0.775 -
NTI 0.322 0.794 - Xx) -
TI*NTI 0.063 0.065 0.714 -
IS 0.580 0. 527 O 0. 09& 0.781

4.3. Structural Model \Q)

With adequate measuremqus the pr d hypotheses are tested with PLS. A
resampling bootstrap procedures with e ubsamples was used to determine the

significance level of the p coeff|C| gh the PLS technique [5]. Figure 1 shows
that the results of thr ctural mcludlng the path loadings, t-values of the
sh

paths, and R-squ own ure 1, among the four hypotheses, three were
significant. Figurg& shov%%chnologlcal innovation had a significant and positive
effect on inr@ success 0.459; t= 7.161; p< 0.01). Hence, H1-1 is supported.
Non-technol inno\a was also found to be related significantly to innovation
success (f= 0.378; t 2; p< 0.01), although the effect of non-technological
innovation was smal an that of technological innovation. This result supports H1-2.
The value of R novation success was 46.5%. As shown in Figure 1 (b), non-
technological ,in tion was positively associated with technological innovation (8=
0.324; t= (N%',p<0.01). Then, technological innovation had a positive and significant
effect OQ ovation success (= 0.614; t= 16.371; p< 0.01). Non-technological
inn ad an indirect effect on innovation success through technological innovation.

re, H2 is supported. In this model, non-technological innovation accounted for
10. of the variance in technological innovation, and technological innovation
accounted for 37.7% of the variance in innovation success. The results show that
technological innovation enhanced innovation success with the precondition of non-
technological innovation (= 0.614; t= 16.371; p< 0.01) beyond that improved alone by
technological innovation (8= 0.459; t= 7.161; p< 0.01). Figure 1 (c) shows that non-
technological innovation had no moderating effect on the relationship between
technological innovation and innovation success. The results show no synergistic effect
between non-technological and technological innovations on innovation success. As a
result, H3 was not supported. Technological innovation accounted for 46.6% in
innovation success in this model.
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(c) Andnteractive effect between technological and non-technological innovations
Q on innovation success

5. Discussion and Implications

The objective of this study was to investigate which relationship between non-
technological and technological innovations best explains innovation success. A few
points are discussed. First, the results indicate a positive relationship between
technological innovation and the innovation success. Technological innovation is believed
to be an essential factor to achieve innovation success. Thus, firms should accurately
assess the effect of technological innovation on innovation success and firm performance.

Second, although the effect of non-technological innovation on innovation success is
smaller than that of technological innovation, the result implies that non-technological
innovation is also a critical factor for innovation success. Firms should consider the fact
that non-technological innovation may function as significant differentiators of firms such

Figure 1. Results of the Hypothesized Model
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as valuable, inimitable, and non-substitutable working practices compared to competitors,
leading to innovation success and finally improving financial benefits. Hence, fostering
non-technological innovation is a critical success factor to increase innovation success.
Third, the results of this study indicate the absence of an interactive relationship
between technological and non-technological innovations, although non-technological
innovation is closely linked to technological innovation activities. However, non-
technological innovation has been found to be an essential precondition of technological
innovation for superior innovation success. The results show that technological innovation
preceded by non-technological innovation enhances innovation success beyond that
improved by technological innovation alone. Non-technological innovation is an initiator
of technological innovation for a successful innovation. Therefore, firms that strategically
and efficiently conduct technological innovation for innovation success should g@@h
non-technological innovation before performing technological innovation. %’

Finally, this study increases the understanding on the role of ng ological
innovation (ORI and MKI) in enhancing the effects of tech qglcal (PDI and
PRI) on innovation success. In turn, non-technolo novat comes highly
successful through technological innovation, leadi performance.
Therefore, establishing an antecedent model of chnolo vatlon would help

manufacturing firms seeking to efficiently |mple techn& innovation activities
to succeed in innovation and enhance firm pen@ance

Future research should determine &h ionshi een sub-innovations (i.e.,
product-organization, product-marketing, ocess—o anization, and process-marketing
innovations). Moreover, we I|m|t facturing firms and hence, future
research should extend the sco ice f| xplore the more relevant effects of
innovation. %

This study is an early attempt concé e and investigate the relationship between
non-technological and te ologlcaNQ gvations in overall innovation activities by
developing and com the two ent roles of non-technological innovation in
technological innovaiidp: The findings of this study facilitate substantial progress in
future research explo role of non-technology in technological innovation.
Our findingslalso) réveal th agers should conduct non-technological innovation and
encourage teek ologl% ovation for successful innovation and superior firm

performance. Conse this study provides practical steps for managers interested in
performing technolegical innovation activities to achieve innovation success preceded by
non-technologic vation.
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Appendix: The Measure of Survey Instruments \4% @
LN\

Measurement NN\

Technological innovation(T1) \ ) ‘\)
- Product innovation(PDI) x

PDI1. Introduction of significantly Improved pro ° %
PDI2. Introduction of new product

- Process innovation(PRI)

PRI1. Introduction of new or signifi |mpro ds of manufacturing or
producing good or service
PRI2. Introduction of new or ificantly improyed | |st|cs delivery or distribution

PRI3. Introduction of new significal

ORI2. Introd

methods for your inputs, good, rserwcé
ved supporting activities for your

processes, such_ as piaifftehance sy operations for purchasing, accounting,

or computin
Non-technological i |n %

- Oranlzatlon ORI

of ne bwﬂss practices for organizing procedures
ods of organizing work responsibilities and decision
making

public insti

- Marketing i |nnpva

ORI3. Introduction I‘@ methods of organizing external relations with other firms or
@KI)

t changes to the aesthetic design or packaging of a good or service
ction of new media or techniques for product promotion

duction of new methods for product placement or sales channels
troduction of new methods for pricing goods or services

X .
n success(1S)
IST. Increase in range of goods or service

I1S2. Increase in market share
I1S3. Increase in customer satisfaction
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