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Abstract

The advent of rapidly advancing information technologies and fierce global competition
has forced manufacturing companies to rethink traditional business models and
practices. Information systems are widely used for supporting real-time decision making
throughout the entire geographically diverse operations of the modern manufacturing
company. Additionally, the importance of employee empowerment has been recognised
and supported by organisational learning and sharing programs. Undoubtedly, past
literature supports the view that the integration of supply chains and innovative product
development practices not only involve the more visible flow of tangible resources and
assets, but also the integration and reproduction of intangible assets such as expertise
and knowledge. Given that integrated supplier management (ISM) and new product
development (NPD) are two of the most essential business activities in manufacturing
companies and intangible assets have come to the forefront in the knowledge economy,
an important issue that has been raised within this context is how the knowledge sharing
(KS) process can leverage ISM and NPD activities to gain sustained competitive
advantage.

Asia has become the manufacturing centre of the modern world and Taiwanese
electronic manufacturing companies have gained a dominant market share in the
international information technology (IT) hardware market within a relatively short
period of 15 years. It has long been understood how innovative ISM and NPD practices
have helped position the Taiwanese electronic manufacturing sector to be a prominent
globa player, however there is still limited understanding as to how effective KS
practices have directly or indirectly contributed to their success. Thus, the primary aims
of this study was to provide evidence which supports the concept that KS is an essential
enabler for leveraging heightened outcomes from ISM and NPD processes, ultimately
generating higher levels of business performance (BP). More importantly, the study also
seeks to reveal some of the actual higher order KS practices implemented, which have
been pivota to its leveraging power to these processes, within Taiwanese electronic
manufacturing companies. Such deeper insights could serve as invaluable references for
their counterparts in the other economies, which are also striving to upgrade the

technical and managerial competence of their manufacturing practices.
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To a large extent, previous research studies have provided a great dea of knowledge
about the essential roles of NPD and ISM in improving the BP of manufacturing
companies. However, there is still a demand for shifting research focus toward
empirical studies that investigate the actual implementation of KS in manufacturing
companies; especially to uncover how KS actions interact with other key manufacturing

business activities.

In response to this research demand, this study was conducted with the objective to
provide empirical evidence regarding the moderating effect of KS on the relationship
between NPD and 1SM activities and BP within the Taiwanese el ectronic manufacturing
industry context.

To achieve this objective, a conceptual model containing constructs explaining the three
core manufacturing business activities, namely, ISM, NPD and KS along with outcome
construct BP was developed. These model constructs were logically linked by a series
of direct and indirect relationships represented by five hypotheses. In order to verify the
developed conceptual model and its hypothesised relationships, a sequential mixed-
method research design incorporating both quantitative and qualitative analysis

approaches was employed.

Quantitative research approaches were firstly employed to assess and verify the
developed conceptual model based on the data collected from the questionnaire survey
targeting managerial and technical professionals currently employed in Taiwanese
el ectronic manufacturing companies. Severa statistical techniques were utilised, such as
correlation analysis, exploratory factor analysis (EFA), and hierarchica moderated
regression anaysis. Correlation and EFA were initialy utilised to uncover model and
factor structures. Hierarchical moderated regression analysis was then conducted to
reveal the moderating effect of KS on the relationship between ISM and NPD activities
with BP at both the construct and factor levels. At the construct level KS was shown to
be a significant moderating construct for both the NPD and ISM regression models.
When compared to the simple regression model with just NPD as the independent
variable, the moderated regression model with interaction term NPRS, had a larger

predicting power over the variance of BP as represented by the increase in adjusted R?
value from 0.318 to 0.398 when interactions terms were included. The moderating
influence of KS with ISM onto BP was less than that of NPD, indicating that KS had
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Abstract vii

stronger leveraging power over the latter construct in the electronic product
manufacturing context. At the factor level, the analysis results supported a total of nine
significant NPD-KS interaction terms and three significant ISMKS interactions terms.
IT infrastructure and systems (KSF1) was determined to be the most critical activity

within the KS construct for leveraging BP outcomes.

To further strengthen the empirical findings from the first stage of the study, a
qualitative case study based research approach was employed. Explanatory case studies
were undertaken with six Taiwanese electronic manufacturing companies. Semi-
structured, face-to-face interviews with a number of manageriad and technica
professionals were completed with the man objective to determine whether the
empirical findings can be explained (i.e. verified) by the qualitative data collected from
the actual companies under real-work settings. This objective was achieved through the
implementation of an interaction term pattern matching approach whereby the patterns
of relationships between the constructs and their factors depicted in the empirical model
were compared with those identified from the case studies. Overall, the pattern
matching results represented a good match between the patterns of relationships
uncovered from the case studies and the relationships postulated in the empirical model.
Therefore, the findings provided support for the validity of the model in terms of its
ability to represent the actual phenomena within specific Taiwanese electronic product

manufacturing companies.

This study offers significant contributions to the body of knowledge in the field of
operations and production management research. Firstly, the study provides further
empirical evidence supporting the direct relationships between the three explored
business activity constructs (i.e. KS, NPD and 1SM) and business performance (i.e. BP).
Secondly, the study provides empirical evidence, through hierarchica moderated
regression analysis and qualitative pattern matching techniques that KS activities are
integrated within almost al of the NPD and ISM processes and provides both a tacit
context and explicit platform for the flow of knowledge and information within these
processes. Findly, the study authenticates the stated hypotheses that the higher the level
of KSin acompany, the stronger the association of NPD and ISM with BP. Ultimately,
such theoretical findings will help researchers to better understand the implications for
developing a conducive KS climate in the manufacturing industry; particularly the fast-

paced el ectronics sector.
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In addition to the empirical findings, manageria contributions have been drawn from
both the quantitative and qualitative findings of the study. Firstly, Taiwanese
manufacturing companies considered suppliers as an extension of their business
operation; therefore, improving any quality or process related deficiencies meant
improving the performance of the company itself. Thus, the study identified three
pertinent ISM aspects that management should focus on: (1) effective supplier
integration; (2) collaboration mechanisms; and (3) cultural compatibility and long term
partnerships. Secondly, a number of core recommendations have surfaced which
provide practical approaches to improving manufacturing performance through
enhancing NPD activities, including (1) cross-functional cooperation; (2) diverse
education and training; and (3) careful assessment of design simplification and/or
modular product design initiatives. Lastly, the maority of companies did not fully
realise the power of knowledge until the 2008-2009 global economic downturn forced
the re-engineering of business activities to survive in the market. This re-engineering
process required companies to address the many socio-psychological and technological
factors required to successfully implement KS. This study highlighted five KS related
aspects requiring particular attention from top managers. (1) promoting employee
engagement in KS strategies; (2) creating supportive climate for KS; (3) fully support
the implementation of IT infrastructure; (4) understanding situational context KS
enablers; and (5) placing importance on the chief knowledge management officer

(CKMO) role and creating a dedicated business unit in larger companies.

In summary, this research study shed light on the moderating role of knowledge sharing
on electronic product development and supplier integration activities through providing
both empirical evidence and practical exemplars. As a fina note, despite the studies
obvious contributions, there are some limitations that could be addressed in future
research to enhance the robustness of findings. Future research directions include: (1)
conducting a similar study in other industry sectors and cultural backgrounds; (2)
increasing the sample size and further exploring the role of KS through in-depth case
studies; (3) collecting factual data such as key performance indicators (KPI) to better
measure real business performance; and (4) devel oping a benchmarking system to assist
companies to undertake self-assessments, which enable them to explore deficiencies and

hone knowledge sharing and management functions.
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CHAPTER 1

@ INTRODUCTION

1.1 Introduction

This dissertation presents a Ph.D. research study which aimed to reveal the moderating
role of knowledge sharing on the relationship between new product development and
integrated supplier management activities and business performance in Taiwanese
electronic manufacturing companies. The study objectives were examined through a
mixed method approach, involving the empirical testing of a conceptual model and
qualitative verification of model relationships through case studies. This chapter
presents an outline of this dissertation by summarising the key issues related to the
research background, persuasion, objectives, scope and method. Section 1.2 introduces
the background and motivations for this research study. Section 1.3 describes the
research objectives and outlines the scope of the study. Section 1.4 provides a brief
overview of the research method and addresses major analytical techniques undertaken

in the study. The layout of this dissertation is then presented in Section 1.5.
1.2 Research Background

When facing highly competitive and expanding global marketplaces, manufacturing
companies are seeking ways to improve their competitiveness. To achieve this, they
have been focused on producing products of superior quality, reliability, flexibility and
performance, while reducing costs and introducing product to the market faster (Choy et
al., 2005). Therefore, a considerable proportion of company resources have been
allocated towards: (1) better management of their suppliers, since manufacturing
companies consider their suppliers as an extension of their business operations, which

directly contributes to their product quality and production cost (Tan et al., 1999;
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Ndubisi et al., 2005); (2) better design and technical practices in order to improve time
to market, reduce product development time, and reduce deficiency of product quality
and manufacturability (Liu et al., 2005; Ahire and Dreyfus, 2000); and (3) innovatively
reused and shared managerial and technical knowledge to enhance employee’s ability
and their job performance, which eventually contributes to business performance (Lubit,
2001; Modi and Mabert, 2006). These business practices are essential components of
the manufacturing process, namely integrated supplier management (ISM), new product
development (NPD) and the management and sharing of the strategic asset of

knowledge.

Since the 1980s, supply chain management (SCM) has become one of the most
important business practices for manufacturing companies to gain a competitive
advantage in the current global environment (Lambert and Cooper, 2000). According to
Chin et al. (2006), the primary focus of SCM is to manage their integrated supply
chains, put efforts on continuous process improvement and search for cost-effective
ways to rectify any managerial deficiencies. The ultimate objective is to identify the
best practice of SCM to improve manufacturing quality and efficiency and enrich the
knowledge base of the business practices in order to further develop an improved
supplier management system for an organisation (Peterson et al., 2005). One of the
major components of SCM is integrated supplier management (ISM) whereby
manufacturing companies integrate suppliers’ production capacity and technological
competence to sharpen their own competitive edge (Tan et al., 1999; Lambert and
Cooper; 2000; Johnsen, 2009).

In addition, faster development and introduction of new product to marketplace is one
of the most important challenges for manufacturing companies facing uncertain and
competitive business environments (Matsui et al., 2007). It has been reported that NPD
is one of the most critical competitive capabilities in helping manufacturing companies
to survive and gain market share (Liu et al., 2005). Since a product’s life cycle has
become much shorter than before, companies need to design new products based on
constantly evolving innovation and they need to co-operate with other team members
and their suppliers at an early stage of product design (Tan et al., 1999; Kim and Kim,
2009). These approaches can ensure the successful launch of new products in a timely

manner to serve a targeted market.
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Moreover, sharing knowledge with team members and business partners enables
companies to integrate knowledge from different sources and detect opportunities in the
marketplace (Law and Ngai, 2007; Fong and Chu, 2006). A company’s knowledge
sharing (KS) capabilities, with respect to communicating, capturing, organising and
disseminating knowledge allows them to improve decision making, process efficiency,
quality, timeliness, customer satisfaction, and cost reduction within business activities
(Artail, 2006). Through sharing and harnessing internal resources, knowledge and
know-how as well as absorbing external knowledge, a company will improve business
practices, which will ultimately lead to advanced competitive advantage and

performance (Ingram and Simons, 2002; Fong and Chu, 2006).

Manufacturing has been the mainstay driving force of Taiwan’s economy, accounting
for approximately 40 per cent of gross national product in early 2008 (Taiwan
Economic Statistics, 2008). Table 1.1 lists Taiwan’s market share of electronic/IT
products manufacturing and a comparison with total global market. More than half of
these products are ranked number one all over the world (MIC/ITIS, 2007). The
exponential growth in information technologies has shifted Taiwanese manufacturing
companies’ strategic efforts away from the resource economy, which mainly focuses on
managing tangible resources, e.g. land, materials, and labour forces, to the knowledge
economy, which concentrates on creating business value through the utilisation of
intangible knowledge (Yeh et al., 2006). Within the context of the Taiwanese
manufacturing industry, highly integrative supply networks, fast adaptive product
development, and knowledge management/sharing are considered as three of the most
important core competence, which has a strong potential to improve profitability, reduce
operational cost and heighten attractiveness of a company’s products and services
(Matsui et al., 2007).

Hence, like their counterparts around the world, most manufacturing companies in
Taiwan are seeking ways to improve their ISM, NPD and KS practices (Liu et al., 2005;
Ingram and Simons, 2002; Matsui et al., 2007; Hsu, 2008). Given this, it is necessary to
identify the specific activities that are the most strongly associated with business
outcomes. This would help manufacturing companies to focus their resources on
implementing those activities that could effectively improve their business performance

(BP) in areas such as business competitiveness, manufacturing performance, customer
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satisfaction and process efficiency (Hsu, 2006; Antonio et al., 2006; Petersen et al.,
2005).

Numerous completed research studies have added to the body of knowledge on the
essential roles of ISM, NPD and KS, in improving the BP of manufacturing companies
(Hsu, 2008; Antonio et al., 2006; Modi and Mabert, 2006). More recently, the research
focus has shifted toward empirical studies focused on what KS practices have an
influence on the operational processes within manufacturing companies (Hsu, 2006;
Lubit, 2001). Such studies provided a foundation for this research investigation
exploring the extent to which KS leverages managerial and technical practices (i.e. ISM

and NPD activities) to derive enhanced BP.

Table 1.1 Market share in electronics/IT products between Taiwan and global
market (MIC/ITIS, 2007)

Product Valuein | Valuein | Volumein | Forecast Global
2003 2004 2004 Vol. in 2005 | market
(US$m.) | (US$m.) | (1000 units) | (1000 units) | share (%)
Notebooks 16,809 21,831 33,406 41,500 72.4
Desktops 8,307 9,404 34,651 36,627 29.2
PC boards 6,353 6,228 107,987 112,350 78.3
Servers 1,559 1,837 2,108 2,430 32.8
LCD monitors 9,971 14,402 45,693 63,924 67.6
CDT monitors 3,789 3,493 35,329 26,005 53.6
Optical storage 3,297 3,544 105,835 116,330 41.7
machines
Digital cameras 1,474 1,972 21,204 23,910 34.5
Switches 565.1 667.6 129,568 149,003 59.0
Routers 480.2 690 16,622 18,193 89.2
Cable modems 298.7 482 11,968 14,559 66.3
Wireless LAN 833.2 1,297 61,318 104,096 83.0
equipment

Source: Market intelligence Centre (MIC), Institute for Information Industry

This research dissertation was inspired by the perceived high level of importance of KS
to accelerate the rate of improvement in key manufacturing operations in the Taiwanese
manufacturing industry and the current lack of empirical evidence to support this view
within this context. To fulfil this research demand, a context specific empirical study is
required which is focused on identifying and verifying the interrelationships among
those specific business activities that influence the business operations and performance.
Moreover, revealing the moderating effect of knowledge sharing on the relationship

between manufacturing business operations and outcomes was a core motivation for
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conducting this study as this was perceived to be the largest gap in the recorded

literature.

Effective KS enhances supplier management and product development practices
through the development of new insights and capabilities (Chen and Huang, 2009) is
perceived as a potential strong predictor of competitiveness (Hult et al., 2005; Law and
Ngai, 2007). In the domain of knowledge management research and practice, the
application of effective and efficient KS has been identified as a primary objective, yet
current levels of understanding on the phenomena are still limited (Mansingh et al.,
2009). Lubit (2001) stated that companies developing or acquiring new innovative or
operational knowledge is no longer a basis for sustainable competitive advantage. To
provide sustained competitive advantage, company’s need to develop knowledge that is
difficult for competitors to replicate or they have the ability to more rapidly correlate
and diffuse it.

In summary, while there has been an increasing focus on innovative knowledge sharing
and management practices within industry, there is still a lack of research studies
available that document how it affects the various aspects of the electronic
manufacturing business. Specifically, the notion that successful KS practices, both
directly and indirectly contributes to heightened BP, should also be investigated to

provide empirical evidence as to its significance or otherwise.

1.3 Research Objectives and Scope

Based on the above described overview of the gap in knowledge and persuasion for
research, this study aimed to provide both empirical and qualitative evidence on the
relationship between formulated measurement constructs encapsulating ISM, NPD and
KS activities and BP. Specifically, the study adds immense value to the current
literature by revealing the moderating role of KS within the context of Taiwanese
electronic manufacturing companies. The overarching research objectives for the study

are listed below:

e To empirically examine the direct relationships between constructs explaining
the targeted core manufacturing activities, namely, integrated supplier

management (ISM), new product development (NPD), knowledge sharing (KS)
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and business performance (BP) in the Taiwanese electronic manufacturing
industry context;

e To empirically examine whether and to what extent KS moderates the
relationship between ISM and NPD with BP;

e To develop an empirically-tested model that can be used to depict the
relationships between the explored constructs explaining business activities and
performance;

e To reveal which factors within the enabling constructs interact to have the most
significant influence on particular business outcome factors.

e To verify the relationships established in the empirical study through case
studies of selected Taiwanese manufacturing companies; and

e To contribute knowledge to the research area of operations and knowledge
management within the manufacturing context and to provide managerial
strategies for companies seeking to utilise KS to achieve operational

improvements and competitive advantage.

The scope of this research study is depicted below:

e This research is limited to the development and implementation of a model
explaining the moderating role of KS on the relationship between ISM and
NPD activities and BP within the context of electronic manufacturing
companies in Taiwan;

e The research emphasised the examination of intra- and inter-organisational
factors without taking into account any macro-level effects from external
variables; and

e The study utilised measurement variables that captured the individual
professionals’ perception of the core business activities within their particular
companies (i.e. ISM, NPD and KS).

e Factual quantification of BP using measurable key performance indicators was
not conducted due to the feasibility of data collection, commercial sensitivity
related to the collected data and confidentiality concerns in the manufacturing

companies.
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1.4 Research Method Overview

The research design predominantly follows a deductive approach, which begins with an
abstract, logical relationship between concepts, and then moves toward concrete
empirical evidence (Neuman, 2003). Overall, the study adopted a two-phase mixed
method research design including both a quantitative (i.e. questionnaire survey) and
qualitative (i.e. case study) component (Tashakkori and Teddlie, 2003). The utilisation
of a mixed method approach has been strongly encouraged in the area of operations and
management research (Antonio et al., 2006; Tan et al., 1999). The first phase of the
study involved data being collected from managerial and technical professionals, via a
quantitative-based questionnaire survey of Taiwanese electronic manufacturing
companies, to provide the basis for assessing the proposed conceptual model. A range
of statistical techniques was then applied to the sample of solicited questionnaire survey
data to determine how well the model represents the prevalent phenomena among
Taiwanese manufacturing companies. Following this, a series of case studies were
sequentially carried out to verify the empirically determined model and associated
construct and factor level relationships. The findings from the study were discussed and
conclusions drawn. Finally, future research strategies were recommended to further
enhance and extend the findings from the current study. An overview of study research

activities are presented below.

1.4.1 Integration of knowledge

The main objective of this research activity was to gather fundamental knowledge
pertaining to the proposed business activities and business performance. This research
activity was undertaken through a critical and comprehensive review of national and
international literature. The outcomes of this stage provided a comprehensive
understanding of the business concepts, processes, practices and related management
approaches. Moreover, potential knowledge gaps were identified during the review

process, which led to the persuasion for the development of a conceptual model.

1.4.2 Conceptual model development

Conceptual model development was a major component of this research. In this stage,

published literature addressing managerial and technical practices within both the
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general and manufacturing context was critically reviewed to develop underpinning
background knowledge and to establish the theoretical framework, which led to the
formulation of research questions. To answer these research questions, a conceptual
model was developed based on knowledge acquired from the literature review. A set of
hypotheses, linking logically between the model constructs, were proposed based on the
review of existing research findings and logical reasoning. Accordingly, the
relationships between the four proposed constructs were linked and represented by three
direct and two indirect (i.e. moderated) causal hypotheses. All of the model constructs
were also operationalised to provide a set of measurement variables, which were utilised

in the subsequent questionnaire development process.

1.4.3 Quantitative analysis phase: model assessment

The main purpose of this stage was to assess the causal relationships within the
developed conceptual model, through a quantitative research approach utilising a
questionnaire survey of engineering and managerial professionals, from Taiwanese
electronic manufacturing companies. The questionnaire was developed based on the
operationally defined constructs and variables, and was pre-tested using the expert-
review approach. Statistical data analysis was conducted on a sample of 170 usable
questionnaires representing 83 Taiwanese electronic manufacturing companies. The
analysis procedures began by employing descriptive statistics to ensure that the data set
was appropriate for multivariate statistical techniques and can be treated as a single data
set. Following this, measurement scale analysis employing Cronbach’s alpha, item-total
correlation and Exploratory Factor Analysis (EFA), was performed for each of the
model constructs to determine the scale reliability and to uncover appropriate factor
structures, which led to the development and confirmation of valid model constructs and
relationships. Multiple regression analysis (i.e. hierarchical moderated regression
analysis) was then sequentially implemented to evaluate and reveal the statistically
significant moderating effect of KS with ISM and NPD onto BP.

1.4.4 Qualitative analysis phase: model verification

Following the above described model assessment phase, a qualitative model verification

phase was sequentially conducted to determine whether the extracted interaction term

relationships depicted in the model can be sufficiently explained by the actual
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phenomena among Taiwanese electronic manufacturing companies. To achieve this, an
explanatory case study research approach was employed, which mainly focuses on
theory and/or hypotheses testing. Accordingly, the model and the statistically
determined interaction term equations served as a set of hypotheses to be verified. Case
studies were conducted with six Taiwanese electronic manufacturing companies using

semi-structured, face to face interviews as the primary data collection technique.

The detailed analysis of the qualitative data involved two major steps: (1) within-case
analysis; and (2) cross-case analysis. Within-case analysis aimed at evaluating and
interpreting the collected data as well as the reporting of the findings from each case
study. The case evidence included a total of 19 interviewee transcripts and relevant
documentation, which was categorised and rated following a systematic approach. The
main outcomes of this analysis was a summary rating level for each of the model
constructs, uncovered from each of the six cases, and an indication on the robustness of

the model factors adopted in the qualitative measurement.

Cross-case analysis was conducted to determine whether the case-based results can
explain the interaction relationships depicted in the empirical model. This was achieved
through the “pattern matching” technique, whereby patterns of the relationships
between the constructs obtained from the case studies, were compared with those
informed by the model assessment process where correlation and moderated regression
analysis was conducted. Such triangulated analysis provided greater certainty on study
findings. Readers should refer to Chapter 4 for a comprehensive description of the
research method applied to the study.

1.5 Layout of Dissertation

This dissertation consists of nine chapters which is organised in the following order.
Chapter 1 provides the introduction of the research study, which addresses the research
background and motivations, the research objectives and scope, provides an overview of

the research method, and finally outlines the dissertation structure.

Following the introduction, Chapter 2 provides an extensive literature review pertinent
to the field of manufacturing operations and management (i.e. supplier management,

product development, knowledge management/sharing, etc.). Specifically, this chapter
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includes a critical review on literature addressing the issue of supply chain concepts and
strategies, product development concepts and practices, and knowledge
management/sharing concepts and activities. The various types of contemporary
operational strategies and practices utilised by manufacturing companies were also

examined, synthesised and presented.

Chapter 3 presents the development of a theoretical framework based on the
knowledge acquired form the review of literature. Moreover, research questions were
formulated that address identified deficiencies in current knowledge in the field of study.
To systematically provide answers for the proposed research questions, the chapter
presents the development of a conceptual model based on the established theoretical
framework. This is followed by the development of research hypotheses associated with
the causal relationships between the model constructs. In its final sections, the chapter
depicts the operationalisation of the model constructs, in order to produce viable

measurement variables that capture the meaning of each construct.

Chapter 4 introduces the details of the research methodology which includes the
research approach, research design and relevant analytical techniques adopted in this
study. Particularly, this chapter describes the mixed method (i.e. quantitative and
qualitative) analysis approaches, which were integrated under a single research design
in order to assess and verify the developed conceptual model and hypotheses

assumptions.

Chapter 5 presents the details and results of descriptive analysis performed based on
the data collected from a questionnaire survey of Taiwanese electronic manufacturing
companies. Gathered data were analysed using the commercially available software
SPSS version 15.0. This chapter begins by presenting the descriptive profile of the
respondent sample. This is followed by the screening of survey data in order to ensure
that it has satisfied the conditions required for undertaking multivariate statistical

analyses, i.e. EFA, correlation and multiple regression analysis.

Chapter 6 provides details and results of the statistical techniques and processes
utilised to extract reliable and significant measurement scales. At first, the chapter
presents the results of scale reliability assessments, which help to assess the internal

consistency of the measurement variables utilised in the questionnaire survey. This is
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followed by EFA which helped to uncover the factor structures underlying each model

construct.

Chapter 7 adds the most value to the body of knowledge by revealing the moderating
role of KS on the relationship between ISM and NPD with BP. Correlation and simple
regression analysis are firstly presented to confirm previously determined direct
relationships between the enabling and outcome constructs. Then, correlation and
hierarchical moderated regression analyses is presented to provide empirical evidence to
support the moderated causal relationships presented in the conceptual model. Factor
level moderated regression analysis is presented in the final sections of the chapter to
reveal the significant KS factors leveraging value from manufacturing operations.

Chapter 8 describes and presents results from the model and interaction term
verification process. Specifically, this chapter details the qualitative method utilised for
this phase of the study involving explanatory case studies of six Taiwanese electronic
manufacturing companies. This includes the detailed development of the predicted
relationship pattern matrix as well as the results of the pattern matching analysis which
indicated that the model and the proposed hypotheses can be explained in a real
electronic manufacturing setting. The findings of the case studies helped to clarify and
deepen current understanding on the leveraging power of KS practices within the
situational context and provide supporting evidence for the empirically determined
relationships. In addition, insights from the case studies also revealed and discussed
other potential factors that may affect the level of business activities and performance,

which may go some way to surface unexplained variance in the model.

Finally, Chapter 9 summaries the principal research findings, identifies contributions to
the existing body of knowledge as well as implications for Taiwanese manufacturing
companies, addresses limitations of the study, and recommends potential directions for

future research. The thesis concludes with a closure section.
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CHAPTER 2

@ LITERATURE REVIEW

2.1 Introduction

The main purpose of this chapter is to provide a comprehensive review of the existing
literature including: (1) to identify issues not adequately explored by previous research
studies; (2) to reveal the most important variables that influence the research problem
within both generic and an operations specific context; and (3) to provide the basic
framework for proceeding further with the research investigation. Specifically, past
research, literature and empirical studies addressing integrated supplier management
(ISM), new product development (NPD), knowledge sharing (KS) and business
performance (BP) have been reviewed to establish a robust theoretical foundation for

this study.

This chapter is outlined in seven sections. Following the introduction, Section 2.2
defines the supply chain (SC) in the context of the manufacturing industry and its
influences on other business aspects. Section 2.3 provides a summary of ISM in the
manufacturing context. Section 2.4 provides important background information in
relation to managing ISM in the electronic manufacturing industry, and describes
contemporary strategic and managerial practices. Section 2.5 reviews various
definitions and dimensions of NPD, and identifies their impact on business from a
cross-functional integration and strategic cooperation perspective. The focus of Section
2.6 is on the field of knowledge management (KM) and particularly KS and provides a
discussion on the theoretical and practical approaches, which have been adopted by a
number of companies across a wide range of industries, to derive competitive advantage.

Finally, the chapter is summarised in Section 2.7.
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2.2 Supply Chain

A supply chain (SC) is a system of organizations, people, technology, activities,
information and resources involved in delivering a product or service from the raw
material to the manufacturing of the product through to the customer. It includes
sourcing raw materials and components, manufacturing and assembly, warehousing and
inventory tracking, order entry and order management, distribution across all channels,
delivery to the customer, and developing necessary information systems to monitor all
of these activities (Lummus and Vokurka, 1999; Ndubisi et al., 2005). From the
manufacturing industry process perspective, the SC deals with the initial raw materials
to the ultimate consumption of the finished product linking across suppliers,
manufacturers and customers. From the function perspective, the SC enables the value
chain within, and outside, a company to manufacture products and provide services to
the customer (Hsu et al., 2006). Accordingly, the SC can be seen as an integrated
process where various business entities (i.e. suppliers, manufacturers, distributors,
retailers and customers) work together in an effort to acquire and convert raw materials,
to convert raw materials to final products, and to deliver these final products to retailers
or customers (Beamon, 1998). Chopra and Meindl (2001) described a typical supply

chain as having five stages, as shown in Figure 2.1.

Supplier | Manufacturer| | Distributor Retailer

Customer

—  Flow of goods
<P Flow of information and funds

Figure 2.1 Supply chain stage (Chopra and Meindl, 2001)

In short, within the context of the manufacturing industry, a SC consists of all direct or
indirect stages involved in fulfilling a customer’s request (Chopra and Meindl, 2001).
Therefore, from this perspective, the SC not only includes the manufacturer and the

suppliers, but also the transporters, warehouses, retailers and the end users themselves.
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Given this, manufacturing companies across the SC takes an interest in each other’s
success. These companies work together by sharing resources and coordinating
activities with their trading partners, as well as using technology to gather information
in order to make the whole SC competitive. Since manufacturing companies and their
suppliers have become increasingly specialised in their core competence rather than
owning their source of supply, it is critical for them to manage the entire network of the
supply chain to optimise overall performance and success (Lummus and Vokurka,
1999).

According to Dean and Kiu (2002), and Chin et al. (2005), companies who have
successfully achieved SC integration report lower investments in inventory, reduced
cash flow cycle time, reduced production cycle times, lower material acquisition costs,
higher employee productivity, increased ability to meet customer requested dates

(including short-term increases in demand), and lower logistics costs.

2.2.1 ‘Customers’ of a supply chain

Manufacturing companies could function as customers as well as suppliers within the
supply chain (Sila et al., 2006). The customer plays a critical role in bringing profits to
the supply chain, these profits are dependent on the customer’s purchasing decisions
and on the quality of the supply chain to produce the product (Tan et al., 1999). Each
process, and it does not matter whether it is internal or external, need to add value to the
product. When the suppliers’ processes do not add value to the product the level of
profits sought cannot be achieved and the supply chain, which is the continuation of the

relationship, cannot be well-managed and well-integrated (Peterson et al., 2005).

Satisfying the needs of the customer is the primary concern and obligation of the
supplier. For example, a supplier might supply components/material to an original
equipment manufacturing (OEM) company. The OEM in turn might integrate the
supplied components/material into its own product to supply to a distributor. Then the
distributor adds value to the product to attract the customer. In view of their
interdependent relationships, each and every SC members must understand that any or
all of the links must take responsibility for improving the information and the product
flow. Thus, fully understanding the needs of the other members in the ‘chain’ is vital to

the way that the SC operates effectively (Tan et al., 1999).

Managing electronic NPD and ISM activities in Taiwan: The moderating role of KS



Chapter 2: Literature Review 2-4

In relation to this concept, the customer can be divided into either an internal or an
external customer. The internal customers are an internal functional teamwork partners,
involved in the relative and cooperative processes between each production teams and
functional departments that jointly participate in the transferring of the operation from
one to another (Peterson et al., 2005). The external customers include the manufacturing
company’s suppliers and customers, with whom the company needs to build similar
cooperative relationships. To achieve this, the company must put effort in recognising
and understanding all their needs and expectations. However, the supplier-customer
relationship approach changes the focus from an internal perspective to an external
perspective, based on the ensuing daily activities, and the raising of individual and
collective responsibility to eliminate wasteful practices at every stage and, in so doing,
the company delivers the right parts at the right time to the right place at the right
quality to the next operation (Tan et al., 1999). This kind of partnership involves a
company culture of listening, understanding, collaborative communicating, mutual
trusting and improving. Therefore, the interaction also has to enhance and incorporate
individual and mutual responsibility related to the dispose of wasteful procedures at
every stage, in order to practice the improved processes and to produce good quality
products in the most effective way, for the next operation and/or customer. Thus,
employees should be encouraged to raise ideas and suggestions, and take responsibility
for their work and their individual development. The company needs to provide
education and training programs that help their employees identify with the goals and

objectives of the company (Hudson et al., 2001).

2.2.2 Collaborative communication in supply chain

The value of information exchange in supply chain relationships is well documented in
the literature (Carter et al., 2000; Hsu et al., 2006; Chin et al., 2006). Importantly,
collaborative communication with the suppliers benefits the manufacturing companies
(i.e., customers) in the long run, fostering an environment of mutual support and
improving the responsiveness among supply chain partners. Greater information sharing
between a company and its suppliers can increase cost savings due to better operational
efficiencies (Chin et al., 2006). An ineffective communication can often lead to
conflicts that are detrimental to efficient coordination. Whereas frequent collaborative
communication, within and beyond companies, leads to better coordination and the

effective completion of tasks, which positively affects the performance of the alliance
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relationship. Further, supplier development activities represent a move towards an
alliance relationship, with similar effects being expected on supplier performance

improvements from collaborative communication (Carr and Pearson, 1999).

Cross-functional communication within and between the manufacturing company and
its suppliers is challenging because the company’s different units may have divergent
objectives and priorities in relation to their own improvement requirements. This
problem is at least partly the result of the participants having narrow functional points of
view and a poor understanding of all influencing factors for the whole company and for
the supply chain (Korhonen et al., 2006). Consequently any communication
improvement of the manufacturing company and their supply chain should start with
improving the participants’ understanding of the whole process and its interrelationships
(Modi and Mabert, 2006).

2.2.3 Supply chain management

Supply chain management (SCM) is the integrated management of business links, the
sharing of information, material flows, and employee activities (Tan et al., 1999; Tseng
et al., 2009). According to Ndubisi et al. (2005), SCM coordinates and integrates all
operational activities into a seamless process, which links the business partners in the
chain, including various departments within a company, and the external partners, such
as the suppliers. The key point in SCM is that the entire process must be viewed as one
system. Any inefficiencies incurred across the SC (suppliers, manufacturing plants,
warehouses, customers, etc.) must be identified and assessed to determine the true
capabilities of the process to overcome the problems (Ndubisi et al., 2005; Lambert and
Cooper, 2000). In general, SCM seeks to improve manufacturing performance through
eliminating waste and the better leveraging of internal teamwork and external supplier

capabilities and technologies.

In addition, according to Chin et al., (2006), all manufacturing companies need to
continuously manage their integrated supply chains and search for improved ways to
rectify any managerial deficiencies. This can be achieved through identifying and
promoting the best practices of SCM, and using them to enrich the knowledge base of
the business practices. This knowledge base development can improve the supplier

management system for an organisation, as a progressive strategy (Chin et al., 2006).
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Lambert and Cooper (2000) postulate that successful SCM also requires cross-
functional integration; the challenge is to determine how to successfully accomplish this
integration. SCM provides the opportunity to capture the synergy of intra- and inter-
organisational integration and management. In other words, SCM deals with the whole
business process and represents a new way of managing the business and the
relationships with other members of the supply chain (Lambert and Cooper, 2000; Chin
et al., 2006).

Moreover, studies found that most companies spend more than half of their sales’
dollars (about 50-70% of the cost of sales turnover) on purchasing materials,
components, and services from their suppliers (Lo et al., 2004; Ahire et al., 1996). For
that reason, the performance of their suppliers has a very strong impact on their product
quality, production costs and efficiency, time of delivery, and technology innovation
and development. The ability and efficiency of managing suppliers considerably

influences a company’s competitiveness and profitability (Lo et al., 2004).

2.3 Integrated Supplier Management

From the review of supply chain and supply chain management literature, it is obvious
that supplier’s capability and performance can be constantly improved through
conducting effective and strategic supplier management practices. Therefore, this study
has focused on activities related to strategic supplier management integrated in
manufacturing companies. The targeted integrated supplier management (ISM) function
includes the supplier assessment system, which is carried out to evaluate potential
suppliers’ operations and performance (Chin et al., 2006; Tseng et al., 2009), early
supplier involvement, which is recognised to have great influence on project success
(Ndubisi et al., 2005), and particular supplier management activities, which consist of
on-site monitoring programs, training, education and mentoring programs, as well as
sharing resources and knowledge. (Hsu et al., 2006). These mentioned strategies are the

most common supplier management practices applied in manufacturing companies.

2.3.1 ISM in manufacturing context

When facing a competitive global market, companies endeavour to downsize, so that
they can focus on their core competencies, and thus attempt to achieve competitive
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advantage, by more effectively managing outsourcing activities and relationships with

their suppliers and customers (Tan et al., 1999). At the same time, manufacturing

companies streamline their operations and minimise the time-to-customer for their

products. Therefore, the management of multiple relationships across the supply chain,

including upstream customers and downstream suppliers, becomes a core competitive

ability and a critical component of the manufacturing company. Thus many

manufacturing companies have changed their ways of doing business. These changes

constitute new challenges which need to be effectively managed. The primary changes
are highlighted below (Tan et al., 1999; Ndubish et al., 2005):

Greater sharing of information between suppliers and customers (i.e.
manufacturing companies): The management of a supply chain involves a long-
term commitment between the suppliers and customers. This commitment
usually brings a better interaction between the suppliers and customers that can
lead to a better resources sharing process. Such resource sharing may include
training, research and development in an effort to reduce costs, improve quality,
and emphasize the need for continuous improvement processes in all activities
of the interaction (Pearson and Ellram, 1995; Ha and Krishnan, 2008).

Shift from mass production to customised products and greater emphasis on
organisational and process flexibility: Since the management of the whole
supply chain in the manufacturing industry is dynamic and customer-oriented.
The selection of the supplier is based on technology, which requires a
redirection in thinking for the manufacturer, whose primary focus is on
customising products, new product development project and process flexibility.
As a consequence, it is important that the manufacturing industry clearly
understands the need for product and process flexibility in its operation, and the
adoption of an appropriate management strategy for the changes (Ndubisi et al.,
2005).

Increased reliance on purchased materials and outside processing with a
simultaneous reduction in the number of suppliers: Many manufacturing
companies have reduced their supply base so that they can more effectively
manage their relationships with strategic alliance suppliers. Thus, they are

developing cooperative, mutually beneficial relationships with suppliers, while
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viewing the suppliers as virtual extensions of their companies. However, in
doing so, they have significantly increased their reliance on suppliers (Tan et al.,
1999).

Necessity to coordinate processes across many sites: Process management and
coordination across the whole SCs essentially involves identifying critical
components of the manufacturing processes and improving them to ensure the
superior improvement of products at economic costs. Ahire and Dreyfus (2000)
have stressed the importance of identifying appropriate process improvement
opportunities and coordinating those processes within and beyond SCs because
of their significant impact on cost reduction, quality improvement, and positive

reinforcement of such efforts.

Employee empowerment and involvement: To achieve integration and innovation,
the managed SC must take advantage of the resources of technology and, most
importantly, people. A key development in SCM is the understanding of the
need to create environments that fully require all employees become involved in
the chain. Therefore, a company should encourage integration and participation
in management, awareness and learning, as well as shifting aspects of their
participation from an internal (teamwork) functional procedure to an external
(supplier and customer) process viewpoint, which always looks for the
improvement opportunities for the process and the management (Dean and Kiu,
2002).

Competitive pressure to introduce new products more quickly: The competitive
marketplace puts pressure on manufacturing companies and their suppliers to
speed up teamwork for new product introduction. By integrating the supplier
earlier in the product design process, the product development cycle can be
reduced through input in the design assessment from the supplier (Ndubisi et al.,
2005; Johnsen, 2009).

To effectively manage these changes, the SC integration has become an increasingly

critical component for most manufacturing companies (Tan et al., 1999). Implementing

ISM can help manufacturing companies utilise their suppliers’ processes, technologies,

and capabilities to enhance their own competitive advantage, and thus effectively
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coordinate the manufacturing, logistics, materials, distribution and transportation
functions between the manufacturing company and its suppliers. Therefore, one of the
most significant paradigm shifts of competitive business strategy in the manufacturing
industry is that individual businesses no longer compete effectively in isolation, but
rather compete as integrated part of the SC (Lambert and Cooper, 2000; Lummus and
Vokurka, 1999). Thus, the ultimate success of the business depends on the
management’s ability to integrate the complicated network of SC relationships.

Since the 1980s, the ISM has come, more and more, to the notice of both business and
the public. Many manufacturing companies have reaped the benefits of establishing
intensive collaborative relationship within and beyond their own company (Beamon,
1998). In essence, three important factors have motivated this strategic shift. Firstly,
manufacturing companies have become increasingly specialised in their products and
the integrated use of technology (Ahire and Dreyfus, 2000). Further, they have realised
that better profits and streamlined procedures can be made by using suppliers who can
provide low cost, quality components/materials rather than owning their source of
supply. Therefore, supplier evaluation and selection strategy have been adopted to
assess and select potential suppliers, which helps to ensure that these suppliers fulfil the
company’s requirements with respect to cost, quality and efficiency (Hsu et al., 2008;
Petersen et al., 2005). Simultaneously, the primary production companies have also
developed more effective relationships with their suppliers through the evaluation and
selection process. Thus, it has become even more critical for the company to manage
their entire supply network to optimise their overall performance. For this reason, it has
been widely recognised within the industry, that whenever one company deals with
another company that performs the next phase of the supply chain, both stand to benefit
from the other’s success (Hsu et al., 2006). Secondly, due to increasing national and
international competition, customers have multiple sources from which to choose to
satisfy their needs. Therefore, locating products throughout the distribution channel for
maximum customer accessibility, at a minimum cost, becomes crucial (Ahire and
Dreyfus, 2000). Previously, companies looked at solving the distribution problem
through maintaining inventory at various locations throughout the chain. However, the
dynamic nature of the marketplace makes holding inventory a risky and potentially
unprofitable business practice. Customers’ buying habits are constantly changing, and
competitors are continually producing similar and competitive products. Thus, market

demand changes make it almost a sure bet that the company will have the wrong
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inventory. Further, the cost caused by holding inventory also means most companies

cannot provide the lowest cost product when their funds are tied up in inventory.

Thirdly, the shift in emphasis to the supply chain is due to the realisation by most
companies that maximising the performance of one department or function may lead to
less than optimal performance for the whole company (Tan et al., 1999). For instance,
purchasing may negotiate a lower price on a component and receive a favourable
purchase price variance, but the cost to produce the finished product may go up due to
inefficiencies in the production line. As a result, companies must look across the entire
supply chain to evaluate the impact of decisions in any one area (Lummus and VVokurka,
1999).

2.3.2 ISM model of performance improvement

Vonderembse (1999) developed a model to demonstrate the important factors that affect
supplier and manufacturing performance. According to this model, as presented in
Figure 2.2, two supplier-related practices constitute as critical antecedents for
improving manufacturing performance. The first is the supplier selection criteria, which
helps a company to identify potential suppliers that have wide product range and
consistent delivery reliability and can provide materials or components with excellent
quality and at lower costs. As soon as the suppliers are selected with these capabilities,
both the supplier’s performance and the manufacturing company’s performance are
expected to increase. The second critical practice is the supplier’s involvement, which
involves their being active in the product development activities, at an early stage, and
assisting with continuous improvement efforts of the business processes and activities.
The current market tendency is for manufacturers (customers) to shift the designing and
manufacturing of their components, products and operations, which are not core
competencies, to suppliers with the appropriate technology and field experience. In this
way, a manufacturing company and its suppliers are provided with the greatest expertly
designed and produced products. These strategic partnership activities between the
manufacturing companies and their suppliers can help to create a supply chain that
focuses on the satisfaction of the final customer (Vonderembse, 1999; Chin et al., 2006).

Building a more effective relationship with suppliers requires that manufacturers use

supplier selection criteria to strengthen the evaluation and selection process, and also
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use supplier involvement to improve decision making in product design activities and
continuous improvement efforts. These two practices help companies to enhance their
communication, departmental cooperation, the sharing of knowledge, the improvement
in decision making, and the upgrading of the supplier and manufacturer performance
(Vonderembse, 1999). Moreover, the supplier’s management strategies, implemented by
the manufacturing company, help identify great opportunities for improving
manufacturing aspects of performance, such as cost, quality, and time-base operational
efficiency; the result of closer cooperation, continuous process improvement, the
provision of training and education, and the constant monitoring of the supplier’s and

manufacturer’s performance (Yeung, 2007).

Supplier
Selection
Criteria
\ Supplier Manufacturing
Performance »  Performance
/ A
Supplier
Involvement

Figure 2.2 Influence of supplier selection criteria and supplier involvement on
performance (adapted from Vonderembse, 1999)

2.4 ISM Strategies in Electronic Manufacturing Industry

Generally speaking, three ISM strategies are usually used within the electronic
manufacturing industry: (1) supplier evaluation and selection; (2) early supplier

involvement; and (3) supplier management strategy.

2.4.1 Strategy 1: Supplier evaluation and selection (SES)

In the current comprehensive economic environment, the electronics manufacturing
industry is dynamic and customer-oriented. It is also a major contributor to the strength
of the global economy (Peterson et al., 2005), with various sized companies working in
a competitive and quickly changing environment. In view of this reality, the electronics

manufacturing industry has developed special strategies so that they can excel in highly
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competitive situations. One of the most important strategies is the selection and
evaluation of certified (qualified) suppliers. Supplier evaluation and selection (SES)
plays a vital role in creating a competitive edge, is a crucial process that addresses how
a company performs the assessment of potential strategic suppliers to enhance their
competitive advantage. It is important to identify these suppliers who share the buyer’s
vision, have a commitment to the relationship, and deliver what they promise (Chin et
al., 2006; Tracey and Chong, 2001). Hence, the SES strategy is adopted and
implemented by the manufacturing company, to evaluate, and select suppliers. Such a
process helps to ensure that the suppliers fulfil the requirements of the manufacturing
companies on cost, quality and efficiency (Hsu et al., 2006). At the same time, the
companies build more collaborative relationships with their suppliers through the

evaluation and selection process.

It has been revealed by the recent study that the supplier selection criteria are changing
with the new challenge being to select suppliers who can add long-term value to the
manufacturing company (Chin et al., 2006). Therefore, the selection of a qualified
supplier is one of the most critical prerequisites of ISM. These suppliers are capable of
helping manufacturing companies to achieve operational and business goals, such as
cost, quality, and timeliness, even at the very early design stage. Superior suppliers
provide more than adequate support and require less attention. As a result, the
manufacturing companies can focus on their core product and services (Tan et al., 1999).
Today, there are a great number of reasons why the selection and evaluation of suppliers
iIs much more important than in the past. Owing to the current business situation,
customers are more likely to place an emphasis on the supply base reduction and long-
term supplier relationships. Indeed, manufacturing companies are shifting away from
vertical integration toward developing smaller, leaner companies that focus on
exploiting core competencies. This approach has led companies to reduce the size of
their supplier base so that they can more effectively maintain relationships with, and
more efficiently leverage capabilities and technologies of, strategic suppliers. Thus
supplier evaluation and selection has become even more critical (Pearson and Ellram,
1995).

The increasing adoption of just-in-time (JIT) manufacturing practices has put a new,
and increasingly more important, emphasis on supply base reduction, valuing the

processes of selection, and evaluating the suppliers. While a number of companies do
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not formally implement JIT manufacturing, they are in the individual process of supply
base reduction. Importantly, supply base reduction involves a longer time commitment
to suppliers on the part of customers. This commitment usually brings a better
interaction between the customers and suppliers, that can lead to a better resource
sharing process, resource sharing may also include training, research and development.
In an effort to improve quality, reduce costs, and emphasize continuous improvement

processes in all activities of interaction (Dean and Kiu, 2002).

The development and implementation of advanced communication in information
systems, such as electronic data interchange (EDI), also assists in better coordination
and interaction between manufacturing companies and their suppliers; once again,
highlighting the importance of the selection and evaluation process (Pearson and
Ellram, 1995). Finally, senior management has begun to perceive the importance of
purchasing arrangement and materials deployment management activities within their
companies. As a consequence, they appear to have decided to provide resources, as well
as commit themselves to the better aspects of doing their business (Lemke et al., 2003).
According to Mendez and Pearson (1994), supplier selection is broadly considered to be
one of the most important responsibilities of the purchasing function of management,
Especially as a company’s suppliers directly affect the manufacture’s performance,
through price, quality, delivery, product reliability and availability (Peterson et al., 2005;
Ahire and Dreyfus, 2000). These factors also have an intense effect on customer
satisfaction, an important measure of business performance. Additionally, supplier
selection strategy is an ongoing activity, a never ending process, which evaluates the
supply base once the supplier has been chosen. Hsu et al. (2006) posits that the advent

of ISM as a business paradigm has reshaped the role of supplier selection.

2.4.2 Strategy 2: Early supplier involvement (ESI)

The strategy of involving suppliers at the early stage in the product design process can
also bring a clearer understanding of the important part played by the selection and
evaluation process. This early involvement practice is recognised as a significant
element in reducing costs and improving quality in the production life cycle (Pearson
and Ellram, 1995). Early supplier involvement (ESI) helps to integrate suppliers’
capability and latest technology into the manufacturing companies’ production process

leading to better product quality and cost reductions (Pearson and Ellram, 1995; Chin et
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al., 2006). More specifically, to ensure the quick release of products, such supplier
participation facilitates more cost-effective design choices, the development of
alternative conceptual solutions, the selection of the most suitable and affordable
materials, components, and technologies, and along with incisive design assessment
(Ndubisi et al., 2005; Tan et al., 1999). Additionally, the supplier’s involvement can
help the manufacturing company to reduce their lead times, improve their product’s
performance, and introduce new products into the market faster. Indeed, the ESI in the
design process has a strong positive impact on business performance (Vonderembse and
Tracey, 1999).

According to Carr and Pearson (1999), supplier involvement in both the product and
process design, and continuous improvement activities creates a positive impact,
especially in terms of competitive advantage and performance. In sum, ESI is a critical
sub-strategy of ISM that seeks to improve performance through the elimination of waste,
as well as the better leveraging of internal and external supplier capabilities and

technologies.

2.4.3 Strategy 3: Supplier management strategy (SMS)

From the manufacturing operational perspective, the performance of a key supplier
strongly influences a manufacturing company’s operational performance. On average,
as noted earlier, manufacturing companies spend over 50% to 70% of their revenue on
purchasing materials or components (Lo et al., 2004; Ahire et al., 1996; Kannan and
Tan, 2002). Thus, the supplier can be perceived as an extension operation of the
manufacturing company; by improving the whole integrated streamlined process and
operations it is more likely to accomplish the desired performance in less costs. The
implemented supplier management strategy (SMS) addresses a manufacturing
company’s efforts in improving its supplier’s performance capabilities through creating
a strategic culturally integrated alliance that achieves both short- and long-term supply
needs. The SMS generally involves continuously assessing supplier overall
performance, monitoring supplier operations, working out effectively corrective and
preventive action, enhancing key processes, improving supplier’s motivation, and
sharing confidential information (Chin et al., 2006). It is also a strategy used by the
manufacturing company to improve its supplier’s performance and capabilities in terms

of quality, costs, technology and delivery.
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In addition, SMS can result in higher product availability, better delivery speed, and
enhanced reliability of the manufacturing company (i.e. time-based operational
efficiency). Moreover, SMS leads to closer cooperation between manufacturing
companies and their suppliers in component, product or module design, resulting in
lower engineering changes and operational costs (i.e. cost-related operational
efficiency) (Yeung, 2007). Importantly, managing supplier performance is concerned
with the sourcing, quality, cost, delivery, response, provision of education and training,
monitoring of supplier performance, and supplier certification (Yeung and Chin, 2004).
Consequently, it also helps to identify the opportunities for progressive improvements.
This ability of suppliers to influence customer satisfaction makes the supplier’s

performance essential to longer-term market success.

Many practitioners view managing supplier performance as a contributor to enhancing
the competitive advantage of a manufacturing company. Lemke et al. (2003) contended
that managing supplier quality is a key to achieving good quality products, leading to
world class success. The supplier management is also concerned with organising the
optimal flow of high-quality, value-for-money materials or components to a
manufacturing company from a suitable set of innovative suppliers (Chin et al., 2006).
After the supplier selection process, this strategy allows the manufacturing company to
bridge the gaps between its suppliers’ capabilities and its own expectations. Thus,
effective supplier management can reduce costs from the supply chain (Ndubisi et al.,
2005).

By involving suppliers in early product development activities and continuous
improvement efforts, suppliers learn about the manufacturing company’s requirements,
culture, and decision-making patterns; such knowledge helps them to be more efficient
in meeting their customer’s expectation. Additionally, the strategy helps to enhance
communication, share knowledge, improve decision-making, and upgrade the supplier

and the manufacturing company’s performance (Ndubisi et al., 2005).

In summary, Lambert and Cooper (2000) described ISM as being widely accepted as a
necessary strategic approach that improves the competitiveness of manufacturing
companies. Thus, ISM strategies can be treated as the most common and major
indicators for performance improvement in both manufacturing companies and their

suppliers. Through implementing these strategies the manufacturing companies are
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constantly finding new or enhanced ways to strengthen a manufacturing company’s
competitiveness in terms of reducing costs, improving quality, and reinforcing
effectiveness; the outcome benefits the manufacturing companies and their suppliers
and, ultimately, leads to their business competency. While competitiveness and
competency can be reflected through business performance (e.g. financial and non-
financial performance, market share, sales growth, customer satisfaction, process
efficiency, etc.), some manufacturing companies do not realise this critical impact of
ISM strategies, and hence are more likely to feel the negative effects of rapid market
movement. Lacking, or ineffective implementation of supply chain management
strategies, a company can be eliminated by the competition and find itself out of market
in no time (Park and Krisbnan, 2001).

2.5 New Product Development

New product development (NPD) involves the coordination of a series of important
development process aspects, including concept formulation, design planning, system
level design, detail design, functional and integrative testing, and refinement (Hong et
al., 2005). At the same time, the product design stage involves the product development
team, from various functioned departments, to clarify targets and to receive, analyse and
disseminate product development knowledge among the team members. The
development and introduction of innovative new products is an important challenge
faced by the manufacturing companies, especially when facing uncertain and

competitive business environments (Matsui et al., 2007; Kim and Kim, 2009).

Ndubisi et al. (2005) observed that, as the product life cycles dramatically decreases,
there is increasing strategic emphasis placed on bringing more new products to the
market as quickly as possible, to provide various of real competitive advantages. These

competitive advantages include:

e Pioneering performance advantage, where early market entry is related to higher
market share and profitability;

e Quality and brand image perception advantage, where the early entrants have the
better opportunity to build and nurture a long-term relationship with the
customers, while search costs would induce the customer to remain with the

early entrant;
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e Innovation leadership advantage, where technological superiority is perceived
by customer; and

e Scale and experience economy advantage, where the early entrant can gain
production efficiencies from early the build-up of experience and size

advantages.

2.5.1 Role of NPD

In recent years, the development of hyper competition and shortened product life cycles
has reduced the degree to which special knowledge can provide companies with
sustained competitive advantage (Lubit, 2001). Shrinking logistics, integrated supply
chains, and communication costs, along with new organisational designs and improved
business strategies, have enabled multinational corporations (MNCs) to function as truly
global companies. Strategically, global companies introduce their latest products
worldwide and share knowledge, effectively, across the company’s branches. By
stimulating intensive competition, many industries now have several MNCs competing
against each other on a worldwide basis, rather than a few local companies and only one
MNC, competing against each other in the market. Therefore, NPD and product
innovation together have become the key element to competing successfully (Lubit,
2001).

As mentioned above, NPD is concerned with the implementation of various design
activities, which contribute to the effectiveness of NPD (Hong et al., 2005). According
to Lambert and Cooper (2000), if new products can be seen as the lifeblood of a
company, then the product design and development is the lifeblood of a company’s new
products. Consequently, both the manufacturing company and its suppliers must be
integrated into the NPD to reduce production time to market and to produce better
quality products. Moreover, as the product life cycle shortens, the desired products must
be developed and successfully launched within ever shorter timeframes for the company

to remain competitive and to increase profits.

The importance of product design in the development process has been studied by
researchers in wide range of disciplines such as innovation, research and development
(R&D) management, component evaluation management, operation management and

marketing management (Fynes and Burca, 2005). There is a considerable degree of
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unanimity across these disciplines regarding the contribution of NPD to competitive
performance. Indeed, estimations of up to 85% of the total product costs have been
identified as being committed by the time the early product concept design is completed
(Fynes and Burca, 2005). Additionally, good design is not only a cost driver, it is also
recognised as a major determinant of quality; the latter occurs because most companies
consider that quality can be designed into the product at least as much as it is built into
the manufacturing process. Thus, good design takes every detail into account, which
contributes to a company’s ability to develop and produce new products more quickly,
particularly by minimising engineering changes. Continued changes are the main reason
of production delay and cost variance. In other words, a well thought out and executed
design makes a great contributions to three main business outcomes; containing cost,

sustaining quality and ensuring timeliness (Lu and Yang, 2004; Fynes and Burca, 2005).

According to Ahire and Dreyfus (2000), effective product design and development
processes have long been recognised as successful strategies to gain market leadership
within the competitive electronic manufacturing industries. This product design and
development process begins with the design team developing a new product from
scratch. However, there is also another type of product development which modular
products are designed as a set of independent modules, which can be reused and
interchanged to maximise product variety (Antonio et al., 2006). Intensive market
competition requires a company to procure and apply resources that create value by
offering better quality products in a timely manner, with continuously improved
efficiency. To pursue these objectives, a company must place emphasis more on faster
and more efficient development processes, shorter and more cost effective design cycles,

and quicker delivery times (Tan and Vonderembse, 2006).

2.5.2 NPD dimensions

The alternative review revealed two major NPD dimensions: (1) speed of new product
development; and (2) the number of components used in products. The first dimension
explains the ability of a manufacturing company to offer frequently new products, new
designs and/or new services to the marketplace and the customers (Ahire and Dreyfus,
2000). The second dimension, design simplification (i.e. component standardisation
and/or reduction, and modular product design) directly affects the product cost and

performance through their impact on the number of parts used in the product (Ahire and
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Dreyfus, 2000, Matsui et al., 2007). Both dimensions affect product cost and
performance through the impact on the number of the parts used in the product (Ahire
and Dreyfus, 2000). Therefore, the speed of NPD, and the reduction in the number of
components in a product’s design are two major indicators of product design

performance.

While the efforts of designers are usually focused on introducing more, and better,
products, such efforts should take into account the manufacturability of the proposed
products. Therefore, design simplification, component reduction and modular design are

important hallmarks of good design performance (Matsui et al., 2007).

Following closely on the simplification of design, components standardisation/reduction
allows the engineers to produce new products faster, by working with previously
designed and built components, for which the costs, standards, bills of materials, and
lead times are already known. Thus, as process complexity is a function of design
complexity, the lower the number of parts per product, the more streamlined the
production. Fewer and more standardised components result in lower inventory costs
and the easier management of the inventory. Along with the simplified product, the
engineer’s prior experience with utilising standardised parts will also result in lower
levels of scrap, less rework and fewer defective units; these outcomes lead to cost

savings and production efficiencies (Tan et al., 1999; Ahire and Dreyfus, 2000).

Importantly, in today’s economic environment, a product family, that is a group of
related products, share common features, components, design, technologies, and
subsystems or modules, so that they can satisfy a variety of market and customer needs
in a relatively short period of time (Zha and Sriram, 2006; Lehrer and Behnam, 2009).
The development of a product family, or the modular product design or modularisation,
is an efficient and effective means ensuring that sufficient product variety is available to
satisfy a range of market and customer demands within the context of mass
customisation and specific implementation. All modular product design elements, as
illustrated in Figures 2.3 and 2.4, can be added or removed to meet market and
customer requirements. For example, computer modules, with any number of pre-
designed product feature elements, (such as 802.11 wireless LAN (WLAN), Bluetooth,
GPS, battery charging and LCDs), a unique hardware design can be created quickly and

without the need for complex component investigation and testing. For faster market
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deployment, software drivers and operating system support are also available with each

module.
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Figure 2.3 Modular elements and product combinations
(adapted from http://www.bluewaternz.com/docs/brochures/snapper/snapper_cl15.pdf)

The five main advantages of modular product design are:

repair and maintenance cost);

Reduction in cost (e.g. research and development cost, manufacturing cost,

Increase in production rate and reduction in inventory;
Promotion of the speed of new product development;
Increase in customer service and reduction in preparation time; and

Specialisation in core competence and higher competitive advantage.

It appears that the modular product design has the greatest impact on a company’s

ability to efficiently deliver a large range of products, with profound implications for

subsequent product development activities. The modular product design process is

Managing electronic NPD and ISM activities in Taiwan: The moderating role of KS



http://www.bluewaternz.com/docs/brochures/snapper/snapper_cl15.pdf

Chapter 2: Literature Review 2-21

tightly linked to issues of importance to the entire company: product change, product
variety, component standardisation, product performance, manufacturability, and
product development management (Zha and Sriram, 2006).
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Audio out
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Py, Battery charger

Li-lon battery
support

Snapper 255
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Figure 2.4 Application of modular designs
(adapted from http://www.bluewatersys.com/design/)

According to Petersen et al. (2005) and Kim and Kim (2009), there are a number of
important influencing factors in the creation of successful new products. Two factors
relate to the design for quality and the design for manufacturability within a
manufacturing company. Further, supplier involvement and collaboration must also be
taken into consideration to ensure that these factors are fully realised during the product
development stage. Indeed, good design practices contribute to a company’s ability to
develop and produce new products more quickly by minimising development changes.
Such changes are the main reason of production delays and cost variance. For this
reason, the relationships between design quality, conformance quality and product cost
have received considerable attention in the cost quality literature (Petersen et al., 2005).
Importantly, better design quality practices can reduce the cost associated with quality
prevention, inspection, appraisal and warranty returns (Fynes and Burca, 2005). In

addition, the adoption of techniques, such as value engineering, design for ease of
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manufacturing (DFM), and lean manufacturing, suggests that design quality has also an
inverse relationship with product cost. However, the impact of good design practices are
not restricted to the quality and cost dimensions; it can also significantly impact on
time-to-market and customer satisfaction. In short, good design generally contributes to
the measurement of operations performance, namely, cost, quality and timeliness (Lu
and Yang, 2004).

For a manufacturing company, heavy penalties result from poor new product
manufacturability. Initial production problems in the manufacturing industry can be
costly in terms of re-tooling, labour and warranty expenses (Swink, 1999). For
companies striving to accelerate NPD, these initial production problems often negate the
time gained in the earlier stages of development. Moreover, the additional time required
to ramp-up production frequently causes companies to miss early market opportunities,
or causes them to fail to capitalise on promotional efforts. Such delays are estimated to
produce significant detrimental effects on a company’s market value, while poor
manufacturability also compromises initial product quality and reliability. Further,
defects and product failures reduce initial customer satisfaction, which in turn damages

future sales.

As a result, the efforts to improve new product manufacturability have given rise to
design disciplines, such as design for manufacturability and design for assembly.
Design algorithms, parametric computer aided design (CAD) systems, design databases
and other support system have been created to encourage more manufacturable product
designs. In general, these developments treat manufacturability as an engineering
problem, with the focus being on design guidelines, tools, and techniques, as well as the
importance of employee interactions with the product development process (Swink,
1999).

2.5.3 Cooperation of team members

An outcome focused manufacturing company values NPD a function of good teamwork.
Previous studies show that a higher cooperating NPD team results in a better NPD
performance. Additionally, social behaviour theory suggests that the perception of
another’s behaviour increases the likelihood of engaging in that behaviour (Antonio et

al., 2006). Thus, if NPD team members from different functional departments perceive
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a higher level of importance on cross-functional cooperation, then they will be more
willing to participate cooperatively and, consequently, achieve higher levels of cross-
functional cooperation (Lu and Yang, 2004). For this reason, leading edge companies
are shifting their quality emphasis from inspection to designing quality into their
products, and accompanying this with process monitoring and process improvement
efforts (Tan et al., 1999). Hong et al. (2005) has respectfully proposed that product
development is a knowledge intensive work that creates successful new products by
linking upstream activities (such as research and development (R&D), marketing and
product conceptualisation) with downstream activities (such as manufacturing design,
operations and supplier chain management). Consequently, successful product
development requires the integration of these activities to create a team-oriented
environment that facilitates information exchange and shared decision-making; this
higher level involvement by a project team tends to result in better product development
performance (Lu and Yang, 2004; Antonio et al., 2006; Hong et al., 2005)

For instance, the active participation of the R&D and marketing personnel in the NPD
process enhances the company’s ability to develop new products that satisfy the market
and customer needs. Many empirical studies demonstrate that the level of cross-
functional cooperation is a critical determinant of NPD success (Pinto et al., 1993; Yap
and Souder, 1994; Kim and Kim, 2009). From a market tendency perspective, NPD
typically involves R&D and marketing personnel in identifying marketing
opportunities, setting new product goals, and resolving product-cost performance
tradeoffs. If R&D and marketing personnel do not communicate and cooperate
effectively, then significant information in relation to market needs and knowledge
product creation will not come together as a timely resource. Griffin and Hauser (1996)
suggested that the ability to integrating R&D and marketing personnel to reduce
environmental uncertainty improves product development performance. Therefore,
effective R&D and marketing cooperation is important in the creation of profitable new
products in a timely way (Yap and Souder, 1994). Similarly, when cooperation exists in
the product development process involving R&D and supplier management personnel,
is a more efficient assessment of cost-effective design choice, development of
alternative conceptual solutions, selection of the most suitable components and
technologies, and product-quality performance. However, if R&D and supplier
management personnel do not communicate and cooperate effectively, then the

understanding and application of the provided components, materials, and technological

Managing electronic NPD and ISM activities in Taiwan: The moderating role of KS



Chapter 2: Literature Review 2-24

integration will be mismatched and defected. Ndubisi et al. (2005) posited that the
ability to integrate R&D and supplier management personnel, to reduce engineering
changes and uncertainties, could improve a company’s NPD and operational
performance. Therefore, effective R&D and supplier management, along with
continuous process improvement activities, have a positive impact on competitive
advantage and performance, in addition to significant labour savings; however the

product development process must be managed effectively (Fynes and Burca, 2005).

Learning theory suggests that learning from past experiences can enhance people’s
perception and improve their future behaviour (Lu and Yang, 2004). For instance, at
first, only a few employees perceived the importance of R&D and the other
departments’ collaborative cooperation for the success of NPD. However, once the
importance of cooperation was repeatedly demonstrated through several successful
NPD projects, the members of the projects then learnt to recognise its importance
towards a successful project. Through continuous education and training, the
importance of cross-functional cooperation has reached a consensus, particularly in the
information technology (IT) and electronic/consumer manufacturing industry. Crucial
challenges and intensive competition in these industries have forced NPD team
members to quickly understand the importance of cross-functional cooperation (Lu and
Yang, 2004). Only through learning by doing have employees fully understood the
crucial role of cross-functional cooperation in the NPD success. Indeed, Lee and Chen
(2007) concluded that the use of a cross-functional NPD team is associated with a
reduction in the development process and costs, faster product speed to market,
improved innovation, and superior product design and quality.

2.5.4 Relationship between NPD and ISM

From the researches into NPD, a number of influencing factors have been identified as
important to the success of developing new products. Two of these company-centric
factors include the design efforts on both quality and manufacturability within the
manufacturing company. Extending beyond this vision to an individual company, the
importance of supplier integration must not be underestimated (Petersen et al., 2005).
As noted above, research has clearly highlighted that early and extensive supplier
involvement results in a faster conceptual product design, as well as development

process improvement (Handfield et al., 1999; Petersen et al., 2003).
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Five different phases of product development, at which suppliers might be involved,

have been identified (Figure 2.5).

1 2 3 Prodcut/ 4 Prodcut/ 5 Prototype

Idea generation: Business/ process process build, test

voice of the technical service service and pilot for

customer assessment concept engineering operations
development and design

LA I S L |

POSSIBLE SUPPLIER INTEGRATION POINTS

Figure 2.5 Product development process with supplier integration
(Petersen et al., 2005)

Such early and appropriate involvement can lead to superior supplier performance and
capability, which, in turn, may lead to superior quality and/or the rapid integration of
the latest technological breakthroughs into the manufacturing company’s (customer’s)
own products. When suppliers are involved earlier into the product design concept
meetings and process, they can: provide more cost-effective design choices; develop
alternative conceptual solutions; select the most suitable materials, components and
technologies; suggest reliable testing procedures; and help in the product development
assessment (Tan et al., 1999; Ndubisi et al., 2005).

In some companies, to overcome the R&D and production barriers, R&D engineers can
spend several months or years in the central R&D division doing pure product
development research; then they can spend several months or even years in applied
research in a production division, along with their products; and then they can move
into the operations functions, along with their product. Moreover, the engineers from
production teams, who work with R&D engineers on the product, bridge the gap
between R&D and production (Lubit, 2001).

2.6 Knowledge Sharing and Management

Haag et al. (2006) postulates that mountains of information are of little use unless they
are extracted and made available to the people or systems that need meaningful

information (i.e. knowledge) at the right place and at the right time. In other words,
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knowledge remains a silent power until it is used to implement some business purposes,
such as perform a task, solve a problem or make a decision (Hunt, 2003). Since the
business environment is more competitive and uncertain than in the past, to succeed,
companies strive to more efficiently and effectively create new knowledge, products
and services, and manage them in a more systematic way; the primary motivation is
improved business performance (Choi and Lee, 2003; Lubit, 2001; Hsu, 2006; Taylor,
2006).

Indeed, a company’s motivation and ability to create, acquire, integrate and deploy
knowledge quickly is believed to be the only source of sustainable competitive
advantage in today’s knowledge economy (Ke and Wei, 2007; Fong and Chu, 2006). As
well as managing internal knowledge, the leveraging of knowledge distributed within its
network is crucial for the organisation’s competitive success. Sharing knowledge with
others allows the organisation to integrate knowledge from different sources, detect the
windows of opportunities in the marketplace, and capture positions of advantage.
Indeed, inter-organisational knowledge sharing (KS) has been consistently found as a
critical element for the organisation’s competitive success. On the other hand, cost
efficient inter-organisational KS requires advances in information communication
technology, especially the emergence of internet-based computing and communication
(Ke and Wei, 2007).

Hence, knowledge and KS are rapidly becoming a critical asset for sustaining a
company’s future success, with the leveraging of knowledge in managerial and
technical activities deriving long-term value (Tseng, 2006). However, according to
Alavi and Leidner (2001), the concept of creating, coding, storing/retrieving,
transmitting and applying knowledge in companies is not a new management practice.
Training and employee development programs, organisational policies, routines,
procedures and reports have served this function for years, while operational,
managerial and technical practices have become, recently, increasingly more knowledge
focused. In other words, most companies have always strived to manage their
knowledge more effectively, with the primary motivation being improved business
performance (Law and Ngai, 2007; Hsu, 2006; Taylor, 2006; Hsu, 2009).

Manufacturing companies, specifically, have become increasingly knowledge focused,

since the dawn of the knowledge economy era, where the strategic role of knowledge
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has been repeatedly emphasised (Grant, 1996; Sanchez, 2001). In particular, the
intensive level of competition in the global market demands that manufacturing
companies manage this strategic asset more effectively to achieve their desired business
objectives (Hsu, 2006). Indeed, recent studies have reported that an effective knowledge
management (KM) program can help to promote innovation by: encouraging the free
flow of ideas; improving customer service by streamlining response times; boosting
revenues by getting products and services to the market faster; enhancing employee
retention rates by recognising the value of employees’ knowledge; and streamlining
operations and reducing costs by eliminating redundant or unnecessary processes (Lubit,
2001; Hsu, 2006).

According to Liu et al. (2005), knowledge has currently become the main
manufacturing resource and is a prerequisite for success in the production environment.
Competitiveness and the resulting rewards can be enhanced by taking advantage of
knowledge management and sharing. KM was depicted by Artail (2006) as involving
the collection and transfer of information to those individuals or groups needing the
information. Such activities include the systematic processes of obtaining, refining,
storing and communicating knowledge, so that a company can effectively increase the
value of their knowledge asset, which then leads to better business achievement and
company objectives. Importantly, successful manufacturing companies have been
implementing and applying knowledge to their production process for years. For
example, training, education and employee development programs have been used to
facilitate knowledge acquisition, while product reports, operational procedures and
manuals have been used to disseminate best practice (Law and Ngai, 2007).

Thus knowledge can be seen as being a driver for important national industry ‘clusters’,
e.g. consumer and miniature electronics in Japan, computers and telecommunications in
California’s Silicon Valley, new products development and manufacturing in Taiwan,
and financial services in the City of London. The encouragement of innovation in
knowledge-intensive companies, and the dissemination of best practices and
investments in training and education have become hot strategic issues (Ingram and
Simons, 2002).

In the main, KM in the manufacturing phase deals with adding/creating value from the

manufacturing operations, and then organising a company’s knowledge asset or
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repository. A competitive company must innovatively utilise knowledge created and
accumulated through past completed projects, and share and apply similar knowledge
across other related projects. Employees participating in projects act as knowledge
workers, facilitating the collection and management of knowledge between current and
past projects. To enhance knowledge usage, a knowledge index assists the employee as
a tool to identify key concepts quickly, identify important processes and tools, and gain
insights into associated behaviours. Figure 2.6 shows the main concepts of KM applied

to the manufacturing phase of product development projects (Lin et al., 2006).
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Figure 2.6 Knowledge management applied in the manufacturing phase of projects
(adapted from Lin et al., 2006)
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2.6.1 The resource-based and knowledge-based view of the firm

Strategic management theory has noted that two perspectives are causally
complementary to each other, namely resources-based and knowledge-based views of
the firm (Kalling, 2003). The Resource-based View of the firm (RBV) regards a firm as
a broader set of idiosyncratic resources and capabilities where the primary task of
management is to maximise relative value, performance and competitive advantage,
based on the optimal deployment of existing valuable, unique and costly-to-imitate
resources (Grant, 1996; Barney, 1991; Wernerfelt, 1984). Any strategy based on this
view focuses on the creation or acquisition of unique, rare, or specialised resources, to
turn resources into a sustainable competitive advantage for better long term returns
(Murray, 2000).

Barney (1991) provided the primary definition of the ‘single-business’ RBV, based on
two assumptions: firstly, strategic resources within an industry are heterogeneously
distributed across a firm; and secondly, these particular resources cannot be transferred
between firms. Porter’s (1985) approach to industry analysis differs with this definition.
Porter assumed that a homogeneous resource can be easily distributed and highly
transferable. Put concisely, the fundamental arguments of the RBV, for the single
business firm environment, are as follows: resources that are both rare and valuable can
produce competitive advantage; further, when such resources are also simultaneously
difficult to imitate, and are non-substitutable and non-transferable, they also produce a
sustainable competitive advantage. The RBV provides a strong strategy-performance
link (Ambrosini and Bowman, 2001) as resources are seen as important antecedents to

products and services and, ultimately, firm performance (Priem and Butler, 2001).

Building upon and extending the RBV, the Knowledge-based View of the firm (KBV)
extends beyond the traditional concerns of strategic management (strategic choice and
competitive advantage), and addresses some other fundamental concerns of the theory
of the firm (such as the nature of coordination within the firm, the organisational
structure, the role of the management and the allocation of decision-making rights, and
so forth) (Grant, 1996). The basic foundation of the KBV is that competitive advantage
comes from intangible assets, such as firm-specific knowledge, the tacit knowledge of
its people gained from combining their knowledge, and the ability to create knowledge

(Nonaka and Takeuchi, 1995; Grant, 1996). Thus, from a strategic perspective,
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knowledge is defined as a justified belief that increases an entity’s capacity for effective
action (Nonaka and Takeuchi, 2004); it can be viewed as a valuable strategic asset in the
form of an organisational capability with the potential for influencing future actions
(Alavi and Leidner, 2001; Chou, 2005). In addition, Grant (1996) posits that firms exist
so that individuals, as resources, can integrate their knowledge through the firm’s
routines, as capabilities. The proponents of the RBV of the firm have proposed theories
for the management of the cognitive processes that underpin competitive advantage
(Barney, 1991). Thus the KBV of the firm and the role of knowledge management are
to ensure that collective learning and sharing happens, being facilitated through the
most appropriate knowledge environment (Grant, 1996). The notion of knowledge
integration is important in that it implies complementary knowledge, and not universal
knowledge, within a firm. Indeed, the transfer of tacit knowledge between all people in
an organisation would be inefficient (Grant, 1996). While tacit knowledge is hard to
document, categorise and share, organisations depend on it to ensure good-quality

choice and judgements.

Within the manufacturing industry setting, the KBV of a firm provides a stronger
strategy-performance link, as employee tacit knowledge, in this context, needs to be
continuously translated into a tangible product or process for a firm to compete and
prosper. The articulation of tacit knowledge is a key factor in the process of creating
new knowledge, which is usually driven by organisational intention to develop its
internal capabilities to meet both current and future needs (McCann and Buckner, 2004).
Therefore, the current research study was based on the logical path of KBV to reveal the
effectiveness of knowledge sharing, which, in essence, is the effort of linking
knowledge sharing practices with core business activities to achieve desired business

objectives.

2.6.2 Model of knowledge creation

Knowledge is typically classified as either tacit or explicit. Tacit knowledge, which
focuses on the accumulated experience and learning of a person (Debowski, 2006), is
personal and, therefore, difficult to formalise, communicate and share with others
(Nonaka and Takeuchi, 2004). Articulation of tacit knowledge is a key factor in the
process of creating new knowledge, which is usually driven by company’s intention to

develop its internal capabilities to meet both current and future requirements (McCann
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and Buckner, 2004). On the other hand, explicit knowledge can be transferred to formal,
systematic procedure; and can be presented by the help of information technology (IT)
(Nonaka and Takeuchi, 2004).

Cavaleri (2004) delineated the parameters of KM as focusing on human social practice.
The knowledge-related activities within the KM process, such as creation, dissemination
and utilisation of knowledge, are carried out through intensive human interactions, thus

these activities are not independent of each other (Diakoulakis et al., 2004).

Importantly, Nonaka and Takeuchi (1995) provided an early insight into organisational
knowledge creation, proposing that knowledge creation was generated by the interaction
of tacit knowledge and explicit knowledge. Figure 2.7 presents ‘SECI Process Model’
and the model of ‘Spiral of Organisational Knowledge Creation’ to illustrate that,
through human interactions at an individual, group or organisational level, the
organisational knowledge base is produced and enlarged via four modes of knowledge

conversion (i.e. socialisation, externalisation, combination, and internalisation).
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Figure 2.7 Model of knowledge creation (Nonaka and Toyama, 2004)

All knowledge conversions start with the socialisation process; new tacit knowledge is

converted through shared resources/experiences in a social interaction between
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individuals; tacit knowledge is, in turn, articulated into explicit knowledge through the
externalisation process and is shared at group level; explicit knowledge, collected from
inside or outside the organisation, is then combined, edited or processed to form a more
complex and systematic set of explicit knowledge through the combination process; this
knowledge is then disseminated among the members of the organisation and converted
into tacit knowledge during the internalisation process (Nonaka, 2004; Nonaka and
Takeuchi, 2004; Nonaka and Toyama, 2004).

The interaction between tacit and explicit knowledge is amplified through the four
modes of knowledge conversion, forming a spiral reaction, which becomes larger in
scale as it moves up to the organisational level (Nonaka and Takeuchi, 2004; Nonaka
and Toyama, 2004). Thus KM activities, such as sharing tacit knowledge and applying
explicit knowledge, integrate with each other through human interactions to facilitate
knowledge conversion. When experience is obtained by this transformation, it soon
becomes a valuable knowledge asset. Indeed, as KM is knowledge innovation, each
employee can increase his/her knowledge through the spiral course of socialisation,
externalisation, combination and internalisation. The competitiveness of a company is
thereby achieved, while the knowledge sharing and integration process can generate

new knowledge (Liu et al., 2005).

2.6.3 Knowledge management and organisational learning

As the global market quickly changes, organisations must learn to adapt, and thus
survive and grow (Lubit, 2001; Choi and Lee, 2003). The most urgent priority is
learning to learn faster and to manage learning knowledge systematically; an
organisation must understand that learning is a necessity and not a choice (Law and
Ngai, 2007). Therefore, the increasing and emerging interest in knowledge in recent
years has been accompanied by a renewed discussion of KM and organisational learning
(OL) (Pemberton and Stonehouse, 2000). These two parallel-developed disciplines in
the new economy often refer to each other in their definition and practices (Wang and
Ahmed, 2003).

Pemberton and Stonehouse (2000), and King et al. (2006) described KM as mainly
emphasising the content of the knowledge that an organisation formalises, stores, shares

and distributes, creatively using existing knowledge assets through the organisation, and
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implementing and exploiting their core competences to yield desired performance; in
contrast, OL primarily focuses on the process of the continuous generation of new
knowledge to the existing assets. Nevertheless, both KM and OL focus on the potential
for an organisation to facilitate effective actions on the basis of its knowledge assets,
and so their approaches can be called complementary. Another way to conceptualise the
intersection between the two areas is to view OL as the goal of KM. By motivating the
creation, dissemination and application of knowledge, KM initiatives pay off by helping
the organisation achieve its goals. From this perspective, OL is one of the important

ways in which the organisation can utilise knowledge (King et al., 2006).

A number of reasons have been suggested as to why the study of OL is critical to
organisational success (Dodgson, 1993). First, medium and large organisations attempt
to develop and improve their structures and systems, making them more adaptable and
responsive to rapid market changes. Further, it is increasingly recognised that learning is
a key to business competitiveness. Second, rapid technological change is having a
profound influence on organisations. The complexity of the NPD process and the
shortening of the product life-cycle, along with the increasingly use of IT and computer-
assisted organisational innovations has increased the need for companies to learn to do

things in new and often radically different ways.

Indeed, OL can be seen as a reflection action cyclical process which involves learning
within the organisation; it is a cognitive process that results in new knowledge being
created (Sun and Scott, 2003). Four major perspectives on OL have been identified
(Drejer, 2000) below, and are illustrated in Figure 2.8. These perspectives are:

e The individual behaviour perspective, which deals with the informal learning
processes of an individual (A in Figure 2.8);

e The decision support perspective, which focuses on formal, individual learning
processes within organisations by means of connecting decision-making with
problem-solving (B in Figure 2.8);

e The management system and organisational structure perspective, which
concentrates on collective learning processes, as guided by formal organisational
structures, and by management systems, through formal planning and control

processes, operating procedures and reward systems (C in Figure 2.8); and

Managing electronic NPD and ISM activities in Taiwan: The moderating role of KS



Chapter 2: Literature Review 2-34

e The corporate culture perspective, which focuses on social, informal relations,
collective habits, behavioural patterns and attitudes existing within an

organisational learning (D in Figure 2.8).

Individual dimension Collective dimension
B C
Formal The decision The management
dimension support system and
perspective organisational

structure perspective

A D
Informal The individual The corporate
dimension behaviour culture
perspective perspective

Figure 2.8 An overview of approaches to learning (Drejer, 2000)

The learning process can be classified into either single-loop learning (adaptive) or
double-loop learning (generative). The former, can be seen as a natural process, where
the beliefs and assumptions remain intact, while errors are detected and corrected
through a feedback loop, and where symptoms, rather than the root cause, are treated
(Sun and Scott, 2003). However, such learning centres on the evolutionary changes in
response to developments within the business environment. These changes are
necessary for the survival of an organisation, at least in the short-term, but do not
deliver obvious competitive advantage (Pemberton and Stonehouse, 2000). In the latter,
the beliefs and assumptions are questioned and challenged, while errors are detected and
corrected, with the root causes completely being eliminated (Sun and Scott, 2003). Such
learning is cognitive and goes beyond the immediate solution of the problem by
developing principles that may inform and determine future organisational behaviour,

and lead to new ways of doing business (Pemberton and Stonehouse, 2000).

Cavaleri (2004) observed that few processes are normally in place to assure the validity
of knowledge. This valid knowledge enables effective actions to achieve desired
outcomes, and is assumed as the automatic product of the learning process. The nature

of a highly competitive environment requires that an organisation must go beyond
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single- and double-loop learning, with the emphasis on creating an organisational
context that both creates new knowledge and exploits its existing knowledge assets
through supporting KM strategies (Pemberton and Stonehouse, 2000).

Additionally, the overview of community of practice (CoP) is also in relation to
organisational learning strategy. The CoP, in general, is formed by people who engage
in a process of collective learning in a shared environment. These groups of people, who
share a concern or passion of the common interest, and learn how to do it better by
interacting regularly. The concept of CoP has been adopted most in business practices,
because of the recognition that knowledge is a critical asset that needs to be managed
strategically. CoP focuses on people and on the social structures that enable them to
learn with and from each other (Wenger et al., 2002).

Sanchez (2001) developed a model explaining the way in which a learning organisation
generates, disseminates, and applies knowledge. The model proposed five learning
cycles which explain an organisation’s learning processes and support for knowledge

management practices, as shown in Figure 2.9.

The five learning cycles represent the processes through which:

e Individuals in organisations create new knowledge;

e Individuals and the groups interact with each other to share, test, and accept or
reject new knowledge developed by individuals;

e Groups interact with other groups to determine whether new knowledge
developed by a given group becomes accepted within the overall organisation;

e New knowledge accepted at the organisational level is embedded in new
processes, systems, and the culture of an organisation;

e New knowledge embedded in new processes, systems and organisational culture

leads to new patterns of action by groups and individuals.

The five learning cycles represent OL as a collectivism mechanism and an identifiable
progression of cognitive activities. It starts with individuals noticing practices of
potential significance for the organisation, then seeking to understand and derive
meaning from those practices by applying their own interpretive framework, and finally

transferring any extracted meaning to new or modified sets of practices to suit the
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situation of the organisation. Additionally, this model also presents human interaction as
a context for knowledge creation from learning, which is reflected in the knowledge
creation model proposed by Nonaka and Toyama (2004).

Interpretive
Framework

Embedded organisation learning cycle
In System
Modes of group/organisation learning cycle
Interaction
Group group learning cycle
Capabilities

and Routines

Modes of

Interaction individual/group learning cycle
Individual
Knowledge ) L i
and individual learning cycle

Interpretive

Framework

Figure 2.9 The five learning cycles of a learning organisation (Sanchez, 2001)
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2.6.4 Benefits of knowledge management

According to Artail (2006), KM is the systematic and organisationally specified
processes of acquiring, creating, organising, and communicating activities so that
employees can use it to become more effective and productive in their work. Most of
these processes are articulated in four phases: knowledge creation, knowledge
organisation, knowledge formalisation, and knowledge application (i.e. sharing and
utilising). Knowledge application refers to one of the activities aimed towards the actual
utilisation of knowledge (Gold et al., 2001), and plays an important role in the

development of an organisational knowledge asset.

A number of studies published over the last decade suggest that many companies have
gained benefits from establishing KM practices (Hsu, 2006; Ahmed et al., 1999; Gold et

al., 2001). From the individual perspective, the noticeable benefits include:

e Minimising potential losses for a unique knowledge asset from employees
leaving;

e Improving job performance by enabling all employees to easily retrieve
knowledge when required,

e Increasing employee confidence and satisfaction by obtaining knowledge from
others and gaining from incentive or reward systems;

e Providing better products and services; and

e Making better decisions.

Additionally, from an organisational perspective, Lubit (2001) saw an effective KM

program as helping to:

e Foster innovation by encouraging the free flow of ideas;

e Improve customer service by streamlining response time;

e Boost revenues by introducing products and services to market faster;

e Enhance employee retention rates by recognising the value of employees’ efforts
on sharing and reusing knowledge; and

e Streamline operations and reduce costs by eliminating redundant or unnecessary

processes.
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Figure 2.10 highlights the main reasons why organisations launch KM programs.

Increase profits or revenues 0.9
Retain key talent and expertise I 66.0%
Improve customer satisfaction/retention l 51.2%
Defend market share against entrants P 46%
Accelerate time to market with products P 40.1%
Penetrate new market segments J 39.7%
Reduce costs [ 37.3%
Develop new products and services P 3629

Figure 2.10 Why organisations launch knowledge management programs
(IDC, 2002)

2.6.5 Knowledge sharing

As part of knowledge management, knowledge sharing (KS) is defined as employee
behaviours which facilitate the dissemination or transfer of their knowledge to others
(Hsu, 2006). Moreover, these activities facilitate learning among employees and enable
them to resolve problems similar to those situations encountered by others in the past,
helping with quicker responses to the problem and saving costs (Ipe, 2003; Sher and
Lee, 2004). Such activities may, in some circumstances, stimulate other individuals to
acquire new knowledge. Modi and Mabert (2006) advocated that knowledge sharing
activities directly improve a manufacturer’s performance, facilitating improved
communication between the involved individual employee and the organisation. An
organisation must encourage knowledge sharing for own benefits (Babcock, 2004,
Cabrera and Cabrera, 2002; Szulanski, 1996).

According to Davenport and Prusak (1998), most KM programs have one of three aims:
(1) to make knowledge visible and show the role of knowledge in an organisation,
mainly through continuous education and training, open communication and
information technology (IT) tools; (2) to develop a knowledge-intensive culture by
encouraging and aggregating behaviours such as knowledge sharing (as opposed to
hoarding) and proactively seeking and offering knowledge; and (3) to build a
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knowledge infrastructure not only a technical system, but a system of connections
among people given space, time, tools and encouragement to interact and collaborate.
Hence, within an organisational context, KS is the most critical component in any KM
programs, which aims at improving business performance (Lubit, 2001). In addition,

according to Lee and Ahn (2007), KS is one of the most critical steps in KM activities.

Savelsbergh et al. (2002) postulated that when people try to solve a given problem, they
try to use the knowledge they have about previous, similar problem-solving experiences
to construct an initial representation of the problem. They use their prior knowledge to
select relevant information from the problem statement, and they add information from
their prior knowledge. Thus, they develop a mental representation of the problem,
which determines further problem-solving actions they plan to implement. These
actions, in turn, may result in a modified representation of the problem that changes the
course of reasoning. Consequently, a mental representation is not just a passive structure
resulting from the analysis of the problem, but rather it is active changing continually
throughout the problem-solving process. However, a lack of knowledge sharing may
inhibit or hinder knowledge management activities in a company (Law and Ngai, 2007,
Fong and Lee, 2009). Further, although knowledge exists at different levels (at the
individual, group and organisation levels), sharing of knowledge at the individual level
is the most critical to a company. In other words, an organisation’s knowledge is based

on the willingness of the employees learning effort and sharing attitude.

For Hsu (2006), an organisation that applies effective KS activities, will constantly
develop its employee’s competency. Then, as the employee’s capability is enhanced,
their job performance will improve, and ultimately contribute to increase business
performance. Lubit (2001) explained that previous work experiences can be transferred
to others, improving the performance of those within a work team. These organisation
groups can create benefits for their members by facilitating the transfer of experience
among their members, by creating mechanisms for communications, by creating
incentives for helping, and by promoting understanding. Such a predicted pattern of
experience transfer improves the performance of those within the group (Ingram and
Simons, 2002). Indeed, Law and Ngai (2007) saw shared experience (i.e. KS) as
accumulating in different work teams to strengthen the overall competitiveness of the
company, and to help them outperform those competitors without effective KS practices.

Thus intra- and inter- work team KS activities are fundamental for both the functioning
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of the team members and the competitive dynamics of the company (Ingram and
Simons, 2002). In short, a creative approach of KS should result in enhanced employee
capability, improved efficiency, higher productivity, and increased revenues in

practically any business function (Law and Ngai, 2007).

Furthermore, through the exchange of experience and knowledge among employees or
across organisation units, the generating of competitive capabilities lead to strategic
benefits, in addition to greater operational efficiency and company success. By sharing
their knowledge, an individual employee can realise the synergistic results greater than
those achievable by any individual acting alone (Law and Ngai, 2007). Some studies
have identified that sharing knowledge among employees can lead to more effective
problem solving, faster responses to customer requirements, and lower operational
costs. Thus, KS is truly an integral part of an organisation’s activities, which direct
improvements in market sensing and innovation activities. Hsu (2006) and Tseng (2006)
found that a company’s efforts to enhance knowledge sharing between employees are
associated with better business performance, while business performance is significantly
influenced by KM activities (Tseng, 2006). One case study by Hsu (2006) discovered
that, after putting three year of’ efforts into promoting knowledge dissemination and
sharing in a company, the employees were much more intelligent in negotiating,
planning, problem solving, product designing and sales campaigning, than were their
competitors. Importantly, the employees also developed good management practices for
their company. The implication is that everything adds up to an improvement in the
business performance. The learning and the sharing of knowledge enhances
organisational capabilities and performance, which enhance cost reduction, fast
response rate, success of new product development and growth in the market share. In
accord with these findings, Choo et al. (2007) identified that proficient staff are better
problem solvers than novices because they have the experience or knowledge to make
productive use of the particular features of a problem. Much of this experience and
knowledge is acquired through KS and extensive practice problem solving. For this
reason, companies wishing to improve their manufacturing operational performance

need to take advantage of this experience and knowledge.

Effective knowledge sharing and collaborative communication can be impeded by
defense mechanisms (both individual and group) (Law and Ngai, 2007). These

defensive mechanisms can be overcome by top management support, the individuals
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intensively examining their assumptions, and engaging in group deliberations and
decision-making. Perhaps, most importantly, members or organisations need to be
aware that they and others have a tendency to avoid discussing uncomfortable subjects,
and that this avoidance is likely to be very costly to the organisation. Developing a
culture which values openness, tolerates failures, encourages questioning of the way
things are conducted, and permits employees to challenge their superiors is also very
important. The coaching and training of managers in open communication and the use
of facilitators/consultants at group meetings can be a valuable way of eliminating or
reducing defensive mechanisms (Lubit, 2001). Table 2.1 lists a range of KS activities
that exist between the manufacturing company and its suppliers; this list includes whole
implementation of operational and business activities in the manufacturing company

and its supply chains under five headings (Modi and Mabert, 2006).

Table 2.1 KS activities shared between manufacturing companies and suppliers
(Modi and Mabert, 2006)

KS operational and business functional KS activities
units

Production/manufacturing Lean manufacturing

Cell development

Pull implementation

Management of order lots

Test fixture development (Industry
engineering approach)

Interface with operators

Problem solving assistance Root cause analysis
Corrective action

Preventive recurrence action
Problem solving

Cost analysis

Six sigma and TQM

Quiality control

SPC data collection and training
Certification preparation

Advanced product and quality planning

Quality enhancement

Process control enhancement Process improvement/defining process
Control flow

Value stream mapping

Strategy enhancement e-Procurement, e-management
Timing and innovation
Internal use of supplier product

Learning and training
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2.6.6 Factors of intra-organisational KS

According to Hsu (2006), knowledge sharing arises from an individual’s efforts to

transfer knowledge to others within a company and to its partners. Therefore, successful

KS depends on the employee’s ability and willingness to learn. Taylor (2006) classified

intra-organisational knowledge sharing into three factors: (1) receiver characteristics

(such as absorptive capacity, learning intent, shared language and technical knowledge);

(2) task type (i.e. routine or non-routine); and (3) knowledge type (i.e. tacit and

explicit).

Receiver characteristics: Absorptive capacity enables the receiver to understand
and take advantage of the knowledge received, which depends on the sufficiency
of the receiver’s knowledge to understand the context and background of the
problem (Taylor, 2006). For example, to conduct a supplier site visit, the site
auditor must possess the knowledge of how a production procedure runs, what
suspect points need to be cautiously taken care of and, eventually, how to work
with the supplier to improve the deficiencies in systematic ways. While
developing a new product or upgrading a series of existing models, the designer
must understand, totally, the product specification and the customer’s
requirements to satisfy the market preference in a short period of time.
Depending on the required background knowledge, the absorptive capacity of a
receiver may be insufficient for successful sharing. Additionally, without a
learning intent, it is meaningless to transfer or share useful data, information or
knowledge (Law and Ngai, 2007). Importantly, the receiver requires a shared
language. For example, the distinguishing characteristics of engineers, as
knowledge receivers, are their educational achievements, which demonstrate
their ability to learn, especially to learn the terminology specific to engineering
practice. Thus, the more common the terminology between the giver and the
receiver, the greater the ability of the receiver to make use of the knowledge
shared. Finally, individuals who possess professional certifications have
demonstrated their aptitude for understanding and internalising managerial and
technical knowledge within their field. The level of this managerial and
technical knowledge may differ among receivers, so the sharing of knowledge
can be enhanced (namely, successful sharing) or can be ineffective (namely,

unsuccessful sharing) (Taylor, 2006).
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e Task type: Manufacturing companies provide many and varied services, to both
their suppliers and customers, through the performance of a range of routine
tasks, according to standardised operation procedures (SOP). These tasks have a
number of clear, routine steps, with little variability, (e.g. production line
assembly, quality control, and inspection of incoming materials and outgoing
finished goods), while other tasks, non-routine tasks are used to conduct quality
or technical material investigations and evaluations. The characteristics of
routine tasks (standardisation, frequency) make them more amenable to sharing
electronically, thus offer a greater potential for improving practice (Taylor,
2006).

e Knowledge type: The transfer of both managerial and technical knowledge to
individual employees or groups can range from explicit to tacit knowledge.
Generally speaking, tacit knowledge is non-codified, (being internal and deeply
rooted in action, procedures, routines, commitment, ideals, values and emotions)
(Nonaka, 1994), whereas explicit knowledge can be codified, externalised, and
expressed in the form of data, technical specifications, manuals, universal
principals, patents, etc. as well as transformed tacit knowledge that can be
communicated (Taylor, 2006).

2.6.7 KS in manufacturing companies

Within the context of the manufacturing industry, KS occurs through a variety of
mechanisms, including personnel movement, internal and external education/training,
mutual communication, observation, technology transfer, replicating routines,
presentations, interactions with suppliers and customers, and other forms of intra- and

inter-organisational relationships (Chua and Pan, 2005).

Importantly, as highlighted from the literature review, shared knowledge is one of the
unique, valuable, and critical resources that are central to having a competitive
advantage (Nonaka and Takeuchi, 1995; Hong et al., 2004). Additionally,
manufacturing companies increasingly rely on building and creating a shared
knowledge base as an important resource capability. On the project level, design team
members share knowledge, as individuals, to solve problems and discover more
innovative solutions (Hong et al., 2004; Hunt, 2003; Haag et al., 2006). Thus, shared
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knowledge is viewed as an understanding and appreciation among different functions,
with effective shared knowledge being regarded as a synergy between team members
(Law and Ngai, 2007).

Further, KS can be seen as the cornerstone of organisational learning as the KS
activities facilitate communications between all stakeholders involved in the
manufacturing process (Modi and Mabert, 2006). Within the manufacturing
environment, business activities such as ISM and NPD, require the expenditure of a
high proportion of the company’s resources (hamely, budget and manpower). Therefore,
ISM and NPD can be seen as two major business activities, which contribute to the
companies’ competitive advantage and performance (Tan et al., 1999; Lubit, 2001).
Consequently, sufficient KS is required to gain an understanding of the context and the
background of the problem in order to improve the activities, and thus solve the

problem in an effective, cost efficient and timely manner.

Important aspects of KS in the NPD stage are concerned with the customer’s
requirements, the suppliers’ capacities, and the inter-organisational capabilities (Tan et
al., 1999; Ahire and Dreyfus, 2000; Ndubisi et al., 2005). Without the carefully
interpretation and integration of critical information and knowledge from the customers’
perspective, the quality and functionality of the concept development will be
questionable; major flaws may occur in a later stage, however, by that time, the majority
of the costs would have already been expended. Thus, many NPD projects fail because
of the lack of a clear understanding of the customer’s requirements in the product
development stages. Therefore, effective KS should start at the very beginning stage in
terms of customer requirements (Hong et al., 2004). KS impacts on this front-end stage
(i.e. customer requirements), as well as at the later stages, namely, the functional testing,

design refinement and manufacturing production stages.

Importantly, the shared knowledge of the suppliers refers to the extent of their shared
understanding (i.e. know-how and know-why) in relation to the supplier’s design,
process, and manufacturing capabilities with the product development team members
(Ndubisi et al., 2005). Since the suppliers are actively involved in the key processes of
NPD, knowledge of the suppliers’ capabilities is critical for timely and cost-effective
decision-making in NPD (Tan and Vonderembse, 2006). Consequently, effective shared

knowledge of suppliers allows the NPD members to improve their development process
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(e.g. communication and collaboration among design and manufacturing processes) and
enhance customer values by fairly assessing the costs of the raw materials of the product
supplied by the suppliers.

For example, a new product development project may require information from multiple
sources, e.g. customers’ requirements, market trends, technological developments and
suppliers’ suggestions. An effective KS process would decrease the uncertainty in the
course of the NPD (Kannar and Tan, 2002). In other words, NPD is dependent on cross-
functional integration and KS to achieve its success (Law and Ngai, 2007). In the case
of ISM, for example, Japanese automaker’s KS and joint problem solving routines,
allow their suppliers to seek to create more additional value from their manufacturing
companies, hence the automakers achieve lower costs, higher quality and greater
innovativeness (Modi and Mabert, 2006). Indeed, the case studies of the Toyota and
Honda Corporations suggest that KS activities can also lead to supplier performance
improvement (Babcock, 2004). Therefore KS is essential for manufacturing companies
to achieve their desired performance (Cabrera and Cabrera, 2002).

Choo et al. (2007) have identified the continuous improvements to product and
production quality, design and development process, and company performance as
being inherently a learning and knowledge-based activity that emphasizes knowledge
creation and sharing. Thus, knowledge creation and sharing, in terms of operation and
business improvements, relate to how a company manages the cognitive processes of its
employees. This relationship with organisational cognition is critical because how a
quality KS activity successfully changes a practice in an organisation depends on how
the cognitive processes of its employees are managed, especially in most manufacturing
companies. Given that, the focus of an individual’s learning and sharing is the
foundation of manufacturing companies creating their specific procedure, which
becomes a unique knowledge asset and thus increases competitive advantage (Lin et al.,
2006). Thus, individual learning and sharing contribute to successful knowledge sharing
activities within a manufacturing company. Through promoting individual learning and
sharing, the companies become a huge repository for all kinds of knowledge (events and
activities). Carrillo and Gaimon (2004) distinguish between three repositories of
knowledge that can lead to better manufacturing operations and business performance at
the manufacturing plant level, namely: (1) technical systems (e.g. research and

development departments); (2) workforce knowledge (e.g. individual and teams’
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contribution of their expertise); and (3) managerial systems (e.g. quality, production,
inventory departments and etc.). Therefore, the ability to access and handle data,
information and knowledge, and to integrate them effectively to the right place and/or
right person leads to an advanced competitive advantage within the manufacturing

industry (Ingram and Simons, 2002).

2.6.8 Relationship between KS and ISM

There is also an intrinsic relationship between KS and ISM within the supply chain. A
manufacturing company and its suppliers are now increasingly intertwined through that
supply chain. According to Hult et al. (2005), a supply chain (SC) is a network of
facilities and activities that perform the functions of product development, procurement
of materials and/or components from suppliers, the movement of materials between
facilities, the manufacturing of products, and the distribution of finished goods to
customers, and after market support for sustainability. Consequently, the more attention
given to the link between knowledge (as an intangible resource) and the supply chain,

the more effective the business outcomes.

For this reason, manufacturing companies have long been focused on supplier
management strategies to improve the management of their SCs, particularly supplier
evaluation and involvement strategies. Through a robust selection and evaluation
process, manufacturing companies are able to ensure that their suppliers fulfil their
requirements on cost, quality and efficiency, whilst simultaneously building
collaborative mechanisms to share resources and knowledge (Hsu, 2006). Moreover, if
suppliers participate in the early stage of the product development process they can help
the manufacturing companies to create cost-effective advantage in terms of design
options and alternative solutions, in reduction lead-time, in improving product quality,
and through the introduction of new products, more quickly (Ndubisi et al., 2005).
Indeed having a qualified supplier involved in the product development and production
process has a strong positive impact on the business performance of the manufacturing

company (Vonderembse and Tracey, 1999).

The KS activities of a manufacturing company and their supply chains are history-
dependent and/or recordable events. Thus, they adapt and base their operations on

interpretations of past experiences. While, the operations that result from this process
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may be evident to participants in other supply chains and their companies, the
idiosyncratic history that underlies this knowledge cannot be duplicated. Thus, the
transfer of experiences into innovative action is inimitable. More specifically,
knowledge is an intangible phenomenon, one that can not be easily transferred or

bought because it is embedded in the chain’s structure (Hult et al., 2005).

Since manufacturing companies and their suppliers are increasingly intertwined in the
manufacturing process, the more active the KS activities between the partners in the
SCs, the better the business outcomes will be (Hult et al., 2005; Tan et al., 1999; Ryu et
al., 2009). Such KS activities as training and on-site problem solving assistance can
help the supplier’s and company’s employees to improve their skills and productivity,
and hence the desired performance (Hult et al., 2005). Moreover, manufacturing
companies have increasingly captured their best ISM practices into knowledge
repositories for the purpose of continual SC improvement (Chin et al., 2006). These KS
activities have become key determinants of SC competitiveness (Cheng et al., 2008;
Spekman et al., 2002). Feller et al.’s (2006) empirical study, of 105 research and
development partnerships within the global telecommunication industry, found that the
application of KS mechanisms among SC partners lead to better learning diffusion and

operational performance.

2.6.9 Relationship between KS and NPD

Since the dramatic decrease in product-life-cycle, manufacturing companies’ strategic
emphasis have focused on a faster and more efficient NPD process, with shorter and
more cost effective design cycles, as well as quicker time scenarios to the
customer/market (Ndubisi et al., 2005; Tan and Vonderembse, 2006). Thus NPD, in
mature domains, as increasingly competitive in today’s globalised manufacturing
environment. One critical approach to assist in this competitive cycle is to share
previous knowledge (Antonio et al., 2006), to enable the creation of robust design

practices in less time, with lower production costs (Baxter et al., 2007).

Four crucial NPD practices are: (1) design simplification (i.e. component reduction and
standardised); (2) modular product design (i.e. modules can be reused and interchanged
to maximise product variety); (3) design for quality and manufacturability; and (4)

employee involvement. Consequently, sharing previous design and development
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knowledge as well as continuously applying and improving these practices, typically
results in lower rates of rework and fewer defective products, which then reduces costs,
increases production efficiency, and often shortens the overall product development
time (Antonio et al., 2006; Peterson et al., 2005).

The product development process has five stages, namely: concept development, system
design, detail design, testing and refinement, and manufacturing production evaluation.
The first two stages (i.e. concept development and system design) are often referred to
as the ‘front-end stages’ by the manufacturing industry; they require intensive KS
activities to occur among the product development teams (Hong et al., 2005; Chen et
al., 2005). The appropriate design knowledge integration, during the ‘front-end stages’,
can ensure a high quality concept development, and can avoid major design flaws.
Many product development projects have failed due to a lack of clear understanding on
the ‘front-end stages’; by the time design flaws were discovered in a later stage, a
significant proportion of costs have already been incurred (Chen et al., 2005). In view
of this, and to effectively integrate the capacities of both manufacturing companies and
their suppliers, as well as to provide an accurate understanding of the customer’s
requirements, KS needs to be more vigorously implemented in the early stages. Further,
KS should also be promoted, continually, throughout all the remaining stages of the
product development process, including the later more defined stages, such as testing
and refinement, and the manufacturing production evaluation process (Chen et al.,
2005; Hong et al., 2004).

In general, knowledge-based product design methods are supported by a common
design database, which serves two primary purposes: firstly, capturing and formalizing
the rationale that underpins the design process; and secondly, providing a framework
where design knowledge can be stored, retrieved and shared (Baxter et al., 2007).
Sharing design knowledge is critical for increasing product development capacity and
reducing both the duration and costs associated with a particular development cycle.
Hence, providing methods or mechanisms for reusing and retrieving design knowledge

is one of the most important tasks for information managers (Antonio et al., 2006).
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2.6.10 Manufacturing industry in Taiwan

Due to the advantages of low labour cost, integrative supply networks, and fast adaptive
capability, the Taiwanese electronic manufacturing industry has emerged to be one of
the most innovative and competitive over the last three decades (Lu and Yang, 2004;
Wu, 2008). This once wholly agricultural society has transformed itself into a dominant
manufacturer of IT hardware, having leading market share in many product categories
(MIC/ITIS, 2007). Thus, manufacturing has been the mainstay driving force of
Taiwan’s economy, accounting for approximately 40 per cent of gross national product
in early 2008 (Taiwan Economic Statistics, 2008). Over the decades, small- and
medium-sized companies have developed core competency in their fields and
established integrated supply networks during the boom of the electronic and IT
hardware manufacturing industry. These integrated supply networks enabled those
aggressive manufacturing companies to compete in the global environment, by offering
quality and low cost products to the market in a timely manner (Wu, 2008). This
evidence demonstrates that Taiwan’s electronic and IT manufacturing industry has been
a strong performer, providing exemplars for other newly industrialised countries, which
are eager to be globally competitive in the manufacture of technology products (Lu and
Yang, 2004).

Additionally, the exponential growth in information technologies has shifted Taiwanese
manufacturing companies’ strategic efforts away from the resource economy, which
mainly focuses on managing tangible land, facilities, materials/components, and labour
forces, to the knowledge economy, which concentrates on creating business value
through the utilisation of intangible knowledge (Yeh et al., 2006). The electronic and IT
hardware manufacturing industry requires intensive knowledge sharing, since it is
essential for manufacturers to incorporate knowledge into new product design,
production processes and customer service to meet the demands of the fast-changing
market. Therefore, successful integrative upstream and downstream partnerships,
shortened product development cycles, and active knowledge sharing have been
recognised as the three most important ingredients of the electronic manufacturing
industry in Taiwan (Yeh et al., 2006; Wu, 2008; Lin and Chen, 2007).
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2.6.11 Research persuasion summary

Due to the global economic crisis in 2008, Taiwanese manufacturing companies have
encountered deep decline in orders from customers and severe erosion of profit margins.
In such recessionary periods, staff redundancy is generally seen as an effective strategy
for companies to keep surviving in the market. A better approach is to retain valuable
knowledge within the company and focus on operational efficiency to remain
competitive. The current study hence attempts to investigate: the relationships between
KS, NPD, ISM, and BP in the Taiwanese manufacturing industry; whether and to what
extent of KS moderates the relationship between NPD and ISM with BP; and the
validity of these relationships by conducting mix-method approaches (i.e. quantitative
and qualitative study).

2.7 Chapter Summary

In summary, this chapter provided a critical and comprehensive review of the literature
pertaining to the relevant concepts of business activities from a variety of theoretical
perspectives. The provided descriptions and definitions for ISM, NPD, KS and their
influences on BP were reviewed. Moreover, the literature review also highlighted the
intricate relationships identified among ISM, NPD, KS and BP from both a financial
and non-financial perspectives. Specifically, the literature review revealed that an
empirical understanding of KS integrated with business activities (i.e. ISM and NPD)
and their interaction relationships, in the context of the Taiwanese electronic
manufacturing industry, is presently limited. Importantly, the review of literature drew
an attention to the importance of KS leveraging power on operations and business
performance, which has been found to be the main enabler in the manufacturing process.
To this end, the main focus of research has shifted toward empirical studies that

investigate the actual implementation of KS in manufacturing companies.

The literature review also revealed the need to investigate KS influence on business
activities within contextual parameters as well as specific attributes of KS activities.
Following this finding, a further review of the literature was conducted to examine past
research that focused on the relationship of KS, with ISM and NPD, within the
electronic manufacturing industry context. This overview along with the critique of

previously developed models allowed for these relationships to be conceptualised and

Managing electronic NPD and ISM activities in Taiwan: The moderating role of KS



Chapter 2: Literature Review 2-51

hypotheses formed. More importantly, many implementations of KS practices within
the manufacturing industry sector were examined and the results presented. These KS
practices are considered as being managerial and technical, having both a direct and
indirect effect on the operations, product development process and business

competitiveness.

Whist the extensive review of literature presented in this chapter has provided an
essential background on the proposed business activities, it also highlighted that past
research studies have provided a great deal of knowledge about the essential roles of
ISM, NPD and KS, individually, in improving the BP of manufacturing companies.
However, no clear empirical evidence was presented in the literature on KS’s
moderating effect on the relationships between ISM and NPD with BP. A related issue
that arises in this context is how KS can be applied to improve the ISM and NPD
activities in terms of achieving, more effectively and efficiently, the desired BP. This
aspect has not been thoroughly investigated. Consequently, this identified knowledge
gap is further explored in the following chapters.
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CHAPTER 3

@ CoNceEpPTUAL MobDEL DEVELOPMENT

3.1 Introduction

As discussed in Chapter 2, three business activities/practices have been identified as
having more influence on business performance than many others, namely: integrated
supplier management (ISM), new product development (NPD), and knowledge sharing
(KS) (Artail, 2006; Petersen et al., 2005; Ahire and Dreyfus, 2000; Modi and Mabert,
2006; Fong and Chu, 2006; Hsu, 2008). Past literature supported the view that improved
ISM and NPD activities and/or practices positively influence on business operations and
performance. Moreover, the literature review suggests that KS plays an important part
in achieving competitive advantage and business performance in the manufacturing
company (Hsu, 2006). As a large proportion of knowledge applied and created through
the manufacturing production process is tacit and ‘invisible’, meanwhile, the KS
activities are ‘blurred’ since they are integrated within the production processes, the
manufacturing practioners have difficulties to understand the influence of KS on ISM,
NPD and business performance (BP). The empirical research on the interaction between
these enablers is also limited, particularly within the context of the electronic

manufacturing industry in Taiwan (Hsu, 2008).

The objectives of this chapter describing the conceptual model development process
were to: delineate the research questions; and propose a conceptual model, based on the
undertaken literature review presented in Chapter 2. The current chapter describes the
operationalisation of the model constructs; a critical phase prior to data collection and
analysis. The chapter consists of five sections. Following this introduction, Section 3.2
critically defines the research questions and establishes the theoretical framework
(based on the critical literature review). While Section 3.3 explains the development of
a conceptual model which hypothesizes the relationships between the proposed model
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constructs. Section 3.4 delineates the operationalisation of the model constructs and also

provides referential support. A summary of the chapter is presented in Section 3.5.

3.2 Research Questions and Theoretical Framework

Based on the literature review presented in Chapter 2, essential background knowledge
was provided in relation to how business activities/practices are associated with
business operations and performance. From the manufacturing operations and
management research viewpoint, particular business activities (such as KS, NPD and
ISM) were considered as critical business practices having more influence on business
performance than other practices. These observations led to the development of a
theoretical framework addressing the three business constructs (i.e. KS, NPD and ISM),
whose activities/practices can impact upon manufacturing processes, which, in turn,

affect business performance (see Figure 3.1).

Business
Performance

KS: Knowledge Sharing
NPD: New Product Development
ISM: Integrated Supplier Management

Figure 3.1 Theoretical framework

These constructs are represented by business activities or business enablers, however
the empirical investigation into the interrelationships between these constructs and their

influence on business outcomes, particularly within the context of the manufacturing
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industry, have not been thoroughly examined from an empirical perspective. Moreover,
the literature on operation management, knowledge management and resource, business
strategies and business performance revealed that KS has an interaction between these
relationships. However, a lack of empirical evidence for KS as a moderating influence
on the relationships between NPD, ISM and business performance as identified.
Although a number of operation and management practices have been said to help
improve the competitiveness and performance of manufacturing companies, such a
benefit was not empirically verified within the literature. Therefore, in order to bridge
the research gap identified through literature review, this study attempts to answer the
following three main research questions (RQ) within the context of Taiwanese

manufacturing companies.

RQ1: What are the relationships between the business activities (i.e. integrated
supplier management, new product development, and knowledge sharing), and

business performance?

RQ2: Does knowledge sharing leverage outcomes from manufacturing business

activities/practices to derive greater business performance?

RQ3: Does knowledge sharing have a moderating effect on the relationship between

principle manufacturing business activities/practices and business performance?

To address the above research questions, a proposed conceptual model was developed
for use in the empirical investigation of the relationships between business activities and
business outcome. Figure 3.2 graphically illustrates the proposed conceptual model,
namely, how do the business activity components interact to achieve business outcomes
in the manufacturing industry. The three main business components (knowledge sharing
(KS), new produce development (NPD) and integrated supplier management (ISM)) are
displayed as business activities on the left side of the model, where the business
outcomes component are presented on the right of the model as business performance
(BP). All the proposed constructs emanate from previous research and/or theory-
building; they are built from the fundamental concepts of the manufacturing operation
and the management and knowledge management/resource. The hypothesised
relationships between each construct are represented, and briefly defined in the

following.
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e Knowledge sharing (KS): According to Bock and Kim (2002), KS is the most
important approach of KM. KS arises from an individual’s efforts to share
knowledge with others within their organisation. Using a creative approach, it
can result in enhanced employee competency, improved job efficiency, higher
productivity, and increased profits in practically any business function (Ahmed
et al., 1999; Hsu, 2008). Importantly, several crucial factors contribute to the
design, quality and process improvement and business performance, namely, top
management support, employee commitment, continuous knowledge learning
and sharing, information technology support, collaborative communication,
market competitive pressure, and incentives/rewards (Lubit, 2001; Alavi and
Leidner, 2001; Hsu, 2006; Tseng, 2006).

e New product development (NPD): NPD refers to an effective and efficient
product design and development process, recognising by successful
manufacturing companies as one of the most important competitive tools (Tan et
al., 1999; Kim and Kim, 2009). The speed of the new product development, the
reduced number of components used in the products, the design simplification,
the component standardisation and the modular design are identified as critical
practices to help improve the efficiency of the product development process
(Ahire and Dreyfus, 2000; Fynes and Burca, 2005; Antonio et al., 2006).

e Integrated supplier management (ISM): ISM refers to the company’s ability to
integrate the complicated network of facilities and activities that perform the
functions of product development, procurement of materials and/or components
from suppliers, the manufacturing of products, the distribution of finished goods,
and the response of the market/customer voice (Hult et al., 2005; Eltantawy et
al., 2009). The ultimate success of the business depends on the management’s
ability to integrate the complicated supply chain network relationships. The
management of these multiple relationships include the upstream customers and
the downstream suppliers. The effectiveness and flexibility of the manufacturing
company depends on three well-managed supplier activities/strategies, namely,
supplier evaluation and selection, early supplier involvement, and supplier
management (Tan et al., 1999; Chin et al., 2006; Ndubisi et al., 2005).
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e Business performance (BP): BP is the ultimate goal of implementing all
necessary business activities and strategies. The purpose of the business
activities is to strive toward a better business performance. Such business
performance indicates the economic competitiveness of organisations within the
industry in terms of financial performance, customer satisfaction and business
competitiveness (Hsu, 2006; Antonio et al., 2006; Petersen et al., 2005).

All of the business activity constructs were expected to be associated with one another.
Each of them was also presumed to have a direct relation with the business outcomes. In
the current research, KS is proposed as a key practice that interacts between NPD, ISM

and BP. Figure 3.2 illustrates the conceptual model proposed in this study.

é (KS) | i
: »\ z |
: II ‘\ \\ ' '
i New product o N :
: development - PN 5
| (NPD) RS NN |
! ST N Business
) - performance ;
i ST (BP) i
' | Integrated supplier =" ; :
management - : i
: (ISM) ; ;

Figure 3.2 Proposed conceptual model
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3.3 Hypotheses Development

The proposed conceptual model depicts potential relationships connecting the four
constructs. To further ascertain these relationships, an intensive literature review was
conducted to seek appropriate theoretical evidence that could be used to develop the
hypotheses relationships linking the model constructs. These hypotheses relationships
were represented as a set of research hypotheses, and addressed each of the research
questions. The details of the hypotheses development are presented in the following
sub-sections (3.3.1 - 3.3.3).

3.3.1 Relationships between KS, NPD, ISM and BP

The proposed conceptual model (Figure 3.2) indicated possible relationships between
the key business activities and business outcomes. However, these presumed
relationships were based on a broad theoretical perspective and a limited number of
empirical studies. The need to clarify and ascertain the validity of these relationships,
specifically within the Taiwanese manufacturing industry context, was addressed in the
first research question (RQ1):

RQ1: What are the relationships between the business activities (i.e. integrated
supplier management, new product development and knowledge sharing), and

business performance?

It was expected that the answers would identify clear relationships between the
proposed business activities and business performance, particularly the factors
underlying the perception that business activities impact on business performance.
Indeed, it was anticipated that the findings would provide specific information as to how
these constructs/factors should be monitored and/or enhanced to achieve the desired

business performance.

In the face of a highly competitive and expanding global marketplace, managerial and
technical innovation is often considered as two important results of good organisational
learning and knowledge sharing practices (Ipe, 2003). According to Law and Ngai
(2007), ongoing knowledge learning and sharing contribute to innovative and improved

practices by either adopting prior experience/knowledge of other individuals, groups
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and organisations, or by searching for entirely new approaches and practices. It is
widely believed that, through the exchange of knowledge among employees, across
organisation units or external resources, better competitive capabilities are generated,
which can lead to business success (Taylor, 2006). Through collaboratively sharing
resources/knowledge, employees can realise greater synergistic results than those
achieved by any employee alone (Law and Ngai, 2007). Often sharing knowledge
among employees can lead to more effective problem solving, and faster responses to
customer requirements, at a lower operational cost (Hsu, 2006; Tseng, 2006; Lubit,
2001). Since sharing experiences and knowledge is an integral part of business activities,
these activities among employees and the intra- and inter-organisational units may lead
to strategic benefits, in addition to greater operational efficiency (Law and Ngai, 2007).
The research by Hsu (2006) and Tseng (2006) found that a company’s efforts to
enhance knowledge sharing between their employees were associated with better
business performance. In addition, other many research has revealed that business
performance is significantly influenced by KS activities (Tseng, 2006). One case study
by Hsu (2006) found out that the employees were much more intelligent in negotiations,
planning, problem solving, product design and sales campaigns, and had better
management practices and skills compared to their competitors’, after a three years’
program promoting knowledge dissemination and sharing in their company. Everything
adds up to improve business performance. Thus the sharing of knowledge enhances
business capabilities and performance, specifically, in terms of cost reduction, fast
response rate, success of new product development, and growth of market share.

Therefore, such empirical evidence leads to the following hypotheses:

e H1-1: Knowledge sharing is related to business performance.

However, good practices within product design and the development process is not only
restricted to the quality and cost dimensions; these practices can also significantly
impact upon production, operations and organisation performance (Lu and Yang, 2004).
According to Earl (2001), a product and service is intended to measure the ability of the
company to respond to a changing market, as well as customer needs and preferences,
by altering the specification of the products and services offered. Such modifications
represent an improvement in the organisation’s understanding of the market and the
customers’ needs, on the one hand, and the enhancement of its ability to develop new

products and services to meet market and customer expectations on the other.
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A highly competitive market requires a company to procure and apply resources that
create value by offering better quality products in a timely manner, while continuously
improving their design efficiency. To pursue these objectives, companies seek ways to
facilitate and achieve faster and more efficient product development processes, with
shorter and more cost effective design cycles and quicker delivery times (Tan and
Vonderembse, 2006). In addition, according to Ahire and Dreyfus (2000), effective
product design and development performance is recognised as an important market
leadership tool by successful companies in competitive industries. Therefore, hypothesis

two can be formulated as:

e H2-1: New product development is related to business performance.

Additionally, Lambert and Cooper (2000) postulated that integrated supplier
management (ISM) has become one of the most powerful business concepts through
which organisations gain competitive advantage in the global marketplace. Thus
companies, who have achieved supply chain integration success report lower
investments in inventory, reductions in the cash flow cycle time, reductions in the
production cycle times, lower material acquisition costs, higher employee productivity
and operational efficiency, increased ability to meet customer requirements, and lower
logistics costs (Lummus and VVokurka; 1999; Tseng et al., 2009). However, key point in
ISM is that the entire process must be viewed as one system. For example, the problem
solving experiences and lessons learned by manufacturing companies and their suppliers
provide potentially faster solutions for similar problems. In general, ISM seeks to
improve performance through the elimination of waste and the better leveraging of
internal teamwork and external supplier capabilities and technologies (Ndubisi et al.,
2005).

A number of studies have revealed the importance of companies extending their quality
and process management philosophies into their complete supply chain channel to
ensure effectiveness throughout all their business processes (Lo et al., 2004). From Lo
et al.’s (2004) findings, the ability to efficiency managing the suppliers’ function
improves considerably business competitiveness and profitability. Moreover, as
manufacturing company and its suppliers are increasingly specialised in their core
competence, rather than own their source of supply, it is critical for them to manage

their entire supply network to optimise their overall performance (Lummus and
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Vokurka, 1999). Consequently, ISM is widely accepted as a necessary business tool and
strategy that makes business processes run better and more competitively (Weiner,
2000). Therefore, the third hypothesis can be formulated as:

e H3-1: Integrated supplier management is related to business performance.

3.3.2 KS moderating NPD and ISM onto BP

In addition to the relationships described in the preceding section, the three business
activity constructs, depicted in the proposed model, were postulated as being positively
associated with business outcomes. Moreover, KS was also seen as playing an essential
and integrative role that enabled NPD and ISM activities to achieve the desired
performance, more effectively. To confirm such a proposition, the second research
question (RQ2) examined the influence of KS on the relationships between NPD and

ISM on business outcomes.

RQ2: Does knowledge sharing leverage outcomes from manufacturing business

activities/practices to derive greater business performance?

Since the implementation of KS is constantly mentioned, and displays its critical role,
within the business activities, a related third research question (RQ3) also arises in this

context.

RQ3: Does knowledge sharing have a moderating effect on the relationship between

principle manufacturing business activities/practices and business performance?

To date, there has been very little empirical evidence to validate this point, while the
relationship linkages have not been well explored or understood. Further, few studies
have examined alternative ways of attaining KS objectives. Thus, one important study
could address the implementation of the KS level with core manufacturing business
activities (i.e. NPD and ISM) in a manufacturing company and its contribution toward
manufacturing operations and business performance. The third research question (RQ3)
attempts to fill this gap by addressing the relationships in terms of the interaction
between KS and NPD, KS and ISM and business outcomes. As previously described in

Chapter 2, Hult et al. (2005) saw the supply chain as a network of facilities and
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activities that performed the functions of product development, materials and/or
components procurement from suppliers, the movement of materials between facilities,
the manufacturing of products, and the distribution of finished goods to customers, as
well as after market support for sustainability. Therefore, the more attention that is
given to the link between knowledge sharing (as an intangible resource) and the supply
chain, the more effective the business outcomes will be. These achievements occur the
manufacturing company and its suppliers are increasingly intertwined (Hult et al., 2005;
Tan et al., 1999).

Sharing knowledge within manufacturing companies and across their supply chains is
history-dependent, with recordable practices or events. For this reason, they adapt their
operations from interpretations of past experiences. The operations that result from this
process may be evident to participants in other supply chains, as well as within its own
companies, however, the idiosyncratic history that underlies the knowledge and hence
KS cannot be duplicated. Thus, the transfer of experiences into innovative action is
inimitable. More specifically, as knowledge is an intangible phenomenon, it cannot be
easily transferred or bought because it is embedded in the chain’s structure (Hult et al.,
2005).

As a manufacturing company and its suppliers increase their knowledge sharing
activities, such as the training of the supplier’s personnel and the provision of on-site
problem solving assistance, both the manufacturing company and its supplier’s
employees improve their skills, productivity, and performance. Thus, within the
automotive industry, Toyota and Honda’s knowledge sharing activities lead to supplier
performance improvement (Modi and Mabert, 2006). This outcome is reflected in
Clark’s (1989) observation that Japanese automaker’s knowledge sharing and joint
problem solving routines, assisted their suppliers to seek to create additional value for

the manufacturing companies and their customers.

Additionally, since NPD in mature domains has become increasingly competitive in
today’s globalised manufacturing environment, one critical approach to assist in this
competitive cycle is to learn and share previous design knowledge and/or know-how
(Antonio et al., 2006). As a consequence, the main aim is to enable the creation of
robust design practices in less time, with lower production costs (Baxter et al., 2007).

However, product design is especially sensitive to gaps in shared knowledge, and hence
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glitches occur. At some point, the knowledge coming from a technical guideline, a
marketing survey or focus group, the factory floor, or a component technology, must be
combined into a cohesive package by one or more employees who have the authority to
make important design decisions (Antonio et al., 2006). The failure to achieve such
combinations, at the right time, results in different members of the company making

incompatible decisions about the product and its associated processes.

Learning theory suggests that learning from past experiences can enhance employee
perceptions and improve their future behaviour. At the start of a project only a few
employees may perceive the importance of R&D, and of collaborating with other
departments. However, once the importance of such cooperation is repeatedly
demonstrated through several successful NPD projects, the team members will learn to
recognise its importance in achieving successful NPD. Through continuous employee
education and training, cross-functional cooperation has now been accepted, being of
immediate relevance in the information technology and electronic consumer
manufacturing industry. The crucial challenges and competition faced by these
industries forces the NPD team members to understand the value of cross-functional
cooperation (Lu and Yang, 2004). Thus, it is only through learning by doing, that
employees fully understand the crucial role that cross-functional cooperation plays in
the NPD success.

In general, most knowledge-based product design methods are supported by a common
design database, which serves as a shared source of design data to support the design
process. By using the design process as the basis for knowledge structuring and
retrieval, it serves the dual purpose of design process capture and knowledge reuse. By
capturing and formalizing the rationale that underpins the design process, the process
provides a framework through which design knowledge can be stored, retrieved and
shared (Baxter et al., 2007). In summary, the sharing and leveraging of managerial and
technical information and knowledge eventually brings long term benefits to both
manufacturing company and its suppliers. Currently no empirical study has verified the
interaction influence of KS on the effectiveness of NPD and ISM, and thus their
effectiveness on business performance within the electronic manufacturing companies
in Taiwan. Intuitively, it is anticipated that such links exist. However, to ascertain the
impact of KS on business activities and performance, two hypotheses (H2-2 and H3-2)

were developed to investigate whether, and to what extent, KS leverages NPD and ISM
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activities to achieve greater business performance. The hypotheses are presented as

follows:

e H2-2: Knowledge sharing moderates the relationship between new product

development and business performance; and

e H3-2: Knowledge sharing moderates the relationship between integrated

supplier management and business performance.

In total, five research hypotheses, representing the relationships between the constructs

of the proposed conceptual model, have been developed to address the research

questions. Table 3.1 summaries the research hypotheses, along with associated

references. The complete conceptual model, with the corresponding hypotheses

dictating the relationships between the constructs, is illustrated in Figure 3.3.

Table 3.1 Research hypotheses

Hypothesis Description References
H1-1 Knowledge sharing is related to business Modi and Mabert,
performance 2006; Lubit, 2001;
Alavi and Leidner,
2001; Hsu, 2008.
H2-1 New product development is related to Ahire and Dreyfus,
business performance 2000; Antonio et al.,
2006; Matsui et al.,
2007; Fynes and
Burca, 2005; Kim and
Kim, 2009.
H2-2 Knowledge sharing moderates the Lubit, 2001; Hsu,
relationship between new product 2006; Ahire and
development and business performance Dreyfus, 2000;
Antonio et al., 2006.
H3-1 Integrated supplier management is related to  Tan et al., 1999; Hsu et
business performance al., 2006; Chin et al.,
2006; Modi and
Mabert, 2006; Tseng et
al., 2009.
H3-2 Knowledge sharing moderates the Ndubisi et al., 2005;

relationship between integrated supplier
management and business performance

Hsu, 2006; Modi and
Mabert, 2006.
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Figure 3.3 Conceptual model with associated hypotheses

3.4 Operationalisation of Model Constructs

The operationalisation of the model construct, or the operational definition of the
constructs of the proposed conceptual model, are identified via the dimensions denoted
by the construct, and measure the underlying abstract concepts, especially those that
involve the understanding of perceptions and attitudes. Although brief meanings for the
model constructs were provided earlier, they are too broad and do not provide adequate
measures to accurately capture the meaning of the constructs. Therefore, the
operationalisation needs to be carried out by revealing the behavioural dimensions,
facets or properties that are indicated by the concept, which are translated into
observable and measurable elements, so as to form a measurement index of the
construct (Cavana et al., 2001; Sekaran, 2003). The elements derived from this process
were selected as measurement variables and were used to statistically develop the
multivariate measurements for the constructs. Several measurement variables
represented differing facets of the construct and were used as indicators to obtain a more
“well-rounded” perspective (Hair et al., 1998). The following sections (3.4.1 — 3.4.4)
delineate the operational definitions of the four model constructs.
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3.4.1 Operational definition for KS construct

Knowledge sharing (KS), defined earlier as the most important part of knowledge
management (KM), arises from individuals’ efforts to share knowledge within the
organisation. As a creative approach it can result in improved efficiency, higher
productivity, and increased profits for most functions (Ahmed et al., 1999). To
operationally define KS, the current study adopted the instrument developed by Lubit
(2001), and modified by Alavi and Leidner (2001), Hsu (2006), Tseng (2006), Yeh et al.
(2006), and Modi and Mabert (2007). A number of crucial factors contribute to an
improved KS process, including top management support, organisational learning and
sharing, information technology support, collaborative communication and incentives or

rewards.

Specifically, top management support and understanding is crucial to a successful KS
implementation (Tseng, 2006; Hsu, 2008; Fong and Lee, 2009), because of the
likelihood that a KS initiative will encounter some form of resistance from the
employees. Therefore, employee trust in their leadership is a key driver for employee
commitment and willingness to share knowledge. Davenport and Prusak (1998)
reported that, when top managers perceive knowledge as a key strategic resource and
KS as the foundation for value creation, they will support fully a range of KM practices
that facilitate KS within their organisation. Moreover, Hsu’s (2006) case study revealed
that companies, showing a higher level of dedication to establishing KS practices, were
found to have top management support. Thus, the initiation and implementation of KS
practices requires a top management that sees knowledge as a source of competitive

advantage.

IT support refers to the fundamental building of infrastructure and systems that assist
and coordinate knowledge management activities, such as knowledge repositories, web-
based platforms, performance monitoring and evaluation systems and integrated
operational support systems, etc. (Yeh et al., 2006). Additionally, IT can enable the
rapid access and retrieval of information, to facilitate collaboration and communication
between team members. In essence, IT and KS functions are becoming ever more
integrated, as they are both ultimately seeking to aid the propagation of structured
knowledge within the organisation. Thus, the goal of most organisations is to use the

advancement of IT infrastructure and systems to conduct KS (Alavi and Leidner, 2001).
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Taylor (2006) discovered that advanced IT can facilitate the sharing and transferring of
information by providing channels to obtain information, which have a direct and

indirect influence on the motivation for sharing knowledge.

In addition, companies need to overcome defensive attitudes that inhibit communication,
especially implementing KS. Open communication is an important medium to spread
out the knowledge that resides within the employee (Modi and Mabert, 2006).
Davenport and Prusak (1998), as well as Lubit (2001), emphasized that KS is a process
of communication, indeed it is the main process by which people transfer and share
knowledge. Moreover, the KS is the factor leads to task or goal accomplishment by
different organisations, departments, or individuals; it is the process by which they
accomplish the exchange of resources, knowledge and experience, namely effective

cooperation and mutual communication.

According to Hsu (2006), an organisation that applies effective KS will constantly
develop and improve its employee’s competency. As an employee’s capability becomes
enhanced, their job performance can be improved, which will ultimately contribute to
the business performance. According to Lubit (2001), any previous work experiences,
and lessons learned, can be transferred to others to improve the performance of those
within a work team. Moreover, organisational learning and sharing experience
accumulates in different work teams, and strengthens the overall competitiveness of the
company, helping them to outperform those competitors who lack on effective KS
practice. Thus, the KS activities among intra- and inter-organisational work teams are
fundamental for both the functioning of their members and the competitive dynamics of

the company (Law and Ngai, 2007).

KS activities facilitate learning among employees and enable them to resolve problems,
particularly the situations similar to those encountered by others in the past; such help
quickens the response times to problems, and often resulting in considerable cost saving
(Ipe, 2003, Sher and Lee, 2004). However, three other key factors need to be addressed
to ensure that a company successfully leverages its knowledge application. Firstly, the
company needs to develop a knowledge sharing culture; secondly, it needs to overcome
defensive routines inhibiting open communication; and lastly, it needs to be develop an
incentive or rewards system that encourages employees to make full use of the

company’s electronic means of information transfer and storage, and that increases
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employee willingness to share their knowledge, constantly (Lubit, 2001; Hsu, 2006). A
total of five dimensions were evident in the literature review as measurement variables
for KS, namely: (1) top management support; (2) organisational learning and sharing; (3)
IT infrastructure and systems; (4) open communication; and (5) incentive/rewards. The
operational details of the knowledge sharing construct, in terms of its dimensions, along

with associated brief descriptions, measurement variables and references, are presented

in Table 3.2.

Table 3.2 Operational details of the KS construct

Dimensions Description Measurement Variables References
Top Concerned with the e Encourage and support Modi and
management level of support knowledge sharing Mabert, 2006;
support provided by activities Hsu, 2006;
managers to e Encourage member to Tseng, 2006;
knowledge sharing seek out useful Alavi and
activities knowledge Leidner,
e Understand the critical 2001; Hsu,
role of knowledge 2008.
sharing activities
e Employee empowerment
Organisational Concerned with e Provide learning Law and
learning and those organisational platforms and resources ~ Ngai, 2007,
sharing learning and e Enhance employee Lubit, 2001;
sharing activities ability Hsu, 2006;
which facilitate e Simplified working Taylor, 2006.
knowledge sharing processes
IT Concerned with the User friendly IT support  Hsu, 2006;
infrastructure  level of IT IT systems for Renzl, 2008;
and systems infrastructure, knowledge dissemination  Alavi and
support and e Training new personnel Leidner,
application e Update knowledge 2001; Taylor,
repository periodically 2006; Hsu,
2008.
Open Concerned with the e  Encourage employee to Modi and
communication organisational exchange ideas internally  Mabert, 2006;
ability to create and externally Lubit, 2001,
collaborative e Enhance learning and Carr and
communication sharing activities Pearson,
channels e Improve work processes ~ 1999.
and prevent job
deficiencies
Incentive or Concerned with e Stimulate knowledge Lubit, 2001;
rewards incentive or sharing activities Holtshouse,
rewards provided to 1999; Taylor,
promote knowledge 2006; Hsu,
sharing activities 2008.
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3.4.2 Operational definition for NPD construct

The literature review (Chapter 2) provided operational definition for New Product
Development (NPD). Ahire and Dreyfus (2000) observed that effective product design
development performance had become an important market leadership tool used by
successful firms in competitive industries. Indeed the review identified two major
dimensions of the NPD: (1) speed of new product development; and (2) design
simplification. The first dimension relates to the ability of a manufacturing company to
frequently offer new products, new designs and/or new services to the marketplace and
its customers. The second dimension refers to simplifying the design process and/or
practice, specifically component standardisation and modular product design, which
directly affects product cost and performance through their impact on the number of
parts used in the product (Langerak and Hultink, 2009).

The efforts of designers are usually focused on introducing more, as well as better,
products. Such efforts should take into account the manufacturability of the proposed
products. Therefore, design simplification and component reduction are important
hallmarks of good design performance (Ahire and Dreyfus, 2000; Matsui et al., 2007).
Component or part reductions allow engineers to produce new products faster, by
working with previously designed and built components, for which the costs, standards,
bills of materials, and lead times are already known. As can be imagined, process
complexity is a function of design complexity; thus a lower number of parts per product
should result in more streamlined production. Fewer and more standardised components
result in lower inventory costs and the easier management of the inventory. A simplified
production process, and the engineer’s prior experience with standardised parts, should
also result in lower scrap, and rework, with fewer defective units, which lead to cost

savings and production efficiency (Tan et al., 1999; Fynes and Burca, 2005).

While, design is a cost driver, it is also recognised as a major determinant of quality
because most companies consider that quality can be designed into the product, at least
as much as it is built in during the manufacturing process. According to Petersen et al.
(2005), there are a number of important influencing factors related to the creation of
successful new products. Within a manufacturing company, two of these factors relate
to design for quality and design for manufacturability. Product design takes every detail

into account, and so contributes to a company’s ability to develop and produce new
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products, more quickly, by minimising engineering changes. Such changes are the main
reason for production delays and cost variance. In other words, good design makes great
contributions to three traditional measures of operational outcomes: cost, quality and
timeliness (Lu and Yang, 2004; Kim and Kim, 2009).

In a participative style of manufacturing management, employees effectively involve in
a range of business activities that are designed to increase their understanding of the
business processes, contribute their talents, enable them to influence decision, and
encourage their commitment to the goals of the company. The benefits of employee
involvement, in general, include: improving job efficiency, improving product quality
and competitiveness, increasing job satisfaction and motivation, encouraging
cooperation, and improving employee relations (Antonio et al., 2006; Matsui et al.,
2007).

The term ‘Product family’ is a often used to described a group of related products which
share common features, components, design, technologies, and subsystems or modules,
so that they can satisfy a variety of markets and customer needs, in a relatively short
period of time (Zha and Sriram, 2006). The development of a product family, or so-
called modular product design, or modularisation, has been recognised as an efficient
and effective means by which to realise sufficient product variety, which satisfies a
range of market and customer demands in support for mass customisation (Zha and
Sriram, 2006; Lehrer and Behnam, 2009).

What is more, product development is a knowledge intensive activity that creates
successful new products by linking upstream activities, such as research and
development (R&D), and marketing and product conceptualisation, with downstream
activities, such as manufacturing design, operations and supply chain management
(Hong et al., 2005). Further, successful product development requires the smooth
integration of these activities to create a team-oriented environment that facilitates
information exchange and shared decision-making. Previous studies showed that a high
level of project team involvement results in better product development performance
(Johnsen, 2009).

Within KS, each dimension is determined by relevant measurement variables adapted

from existing questionnaire items developed by Ahire and Dreyfus (2000), Matsui et al.
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(2007), Tan et al. (1999), Fynes and Burca (2005), Antonio et al. (2006), Zha and
Sriram (2006), Hong et al. (2005) and Kim and Kim, (2009). Table 3.3 summarises the
four dimensions of the New Product Development construct, along with their

descriptions, measurement variables and associated references.

Table 3.3 Operational details of the NPD construct

Dimensions Description Measurement Variables  References
Design for Concerned with e Design to improve Tan et al., 1999;
quality and the product design product quality Ahire and

ease of practice and effort; e Design to improve Dreyfus, 2000;

manufacturing

Design
simplification

Employee
involvement

Modular
design

influences product
quality and
manufacturability

Concerned with
component
standardisation
and simplification
practice utilised
during product
design stage

Concerned with
the degree of
employee
participation and
training during
product design
stage

Concerned with
the extent of
modular product
design utilised in a
series of products

manufacturability

Reduce product
development time
Improve design
efficiency

Component
standardisation and/or
reduction

Constant improvement
in design/development
process

Employees participate
in product planning
process

Employees receive
training on product
design/quality
Awareness of design
and quality processes
of a project

Efficiency of product
development by
modular design

Fynes and Burca,
2005; Kim and
Kim, 20009.

Abhire and
Dreyfus, 2000;
Antonio et al.,
2006; Matsui et
al., 2007; Fynes
and Burca, 2005;
Langerak and
Hultink, 2008.

Abhire and
Dreyfus, 2000;
Antonio et al.,
2006; Matsui et
al., 2007;
Mascitelli, 2000;
Hong et al., 2005.

Antonio et al.,
2006; Matsui et
al., 2007; Fynes
and Burca, 2005;
Lehrer and
Behnam, 2009.

3.4.3 Operational definition for ISM construct

As noted previously, integrated supplier management has developed as companies are

finding that they can no longer compete effectively in isolation from their suppliers or

other business partners in the supply chain; selecting and integrating the right supplier is
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a much more important task than ever before (Lummus and Vokurka, 1999; Chin et al.,
2006). Weber et al. (2000) described the need for an appropriate supplier evaluation,
selection criteria, and assessing system to provide manufacturing companies (i.e.
customers) with objective information and indicators of supplier capabilities and
performance. According to Tan et al. (1999) and Johnsen (2009), involving suppliers in
the early stage of the product development process can bring a clearer understanding
(resulting in project success) and recognition of the significance of the factor in
reducing costs and improving quality, within the whole production life cycle. Peterson
et al. (2005), and Modi and Mabert (2006), stated that manufacturing companies
implement a series of management strategies with their suppliers to improve their
capabilities, and processes, and to achieve both short- and long-term business benefits in
terms of quality, cost, timeliness and technology. Three factors contribute the most
effective ISM: supplier evaluation and selection (SES), early supplier involvement

(ESI), and supplier management strategy (SMS). They are detailed as follow:

(1) Supplier evaluation and selection (SES) plays a vital role in creating a
competitive edge; SES is also a crucial process that addresses how a company
performs the assessment of potential strategic alliance suppliers to enhance their
competitive advantage (Tseng et al., 2009). It is critical to identify the suppliers
who can share the customer’s vision, have commitment to the relationship, and
deliver what they promise (Chin et al., 2006; Tracey and Chong, 2001).
Depending on the business context, it may also address whether the strategic
goals and management philosophies of the customer and supplier are congruent.
Many manufacturers have used supplier strengths, expertise and technologies to
support new product development efforts, and to drastically reduce supply bases
to a handful of certified suppliers. Most recent literature on supplier
management has focused on manufacturers’ attempts to integrate processes and
form alliances with suppliers to more efficiently and effectively manage the
purchasing and supply function. Carter et al. (2000) forecast that supplier
selection will increasingly be based on strategic contributions to the supply

chain and will extend beyond the first-tier suppliers (Ndubisi et al., 2005).

(2) Through early supplier involvement (ESI), superior supplier performance and
capability lead to superior quality and/or the rapid integration of the latest

technological breakthrough into the customer’s own products. Suppliers
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participate earlier in the product development process to allow more cost-
effective design choices, to develop alternative conceptual solutions, to select
the best or most suitable and affordable materials, components, and
technologies, and to receive help in design assessment (Ndubisi et al., 2005;
Eltantawy et al., 2009). Further, supplier involvement in early product and
process design, and continuous improvement activities have been shown to have

a positive impact on competitive advantage and business performance.

(3) Supplier management strategy (SMS) addresses a company’s efforts with their
suppliers to improve their performance, capabilities, and strategic/culture
alliance, as well as to achieve both short- and long-term supply needs (Kannan
and Tan, 2002; Peterson et al., 2005; Eltantawy et al., 2009). In other words,
SMS has a great impact on the quality, cost, technology, and delivery

performance of a manufacturing company.

To perform the operationalisation of ISM, the concepts of the above management
practices were synthesised. The synthesis process was carried out by examining key
definitions, similar factors, and indicators of those practices. These factors are then
theoretically subsumed into the relevant categories to represent the conceptual
dimensions of the constructs. Table 3.4 summarises the operational details of ISM in
terms of the developed dimensions, along with their descriptions, measurement
variables and associated references, which have been commonly identified in the
existing literature (Chin et al., 2006; Ndubisi et al., 2005; Tan et al., 1999; Peterson et
al., 2005).
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Table 3.4 Operational details of the ISM construct

Dimensions  Description Measurement Variables  References
Supplier Concerned with the e Constantly Tan et al., 1999;
evaluation effectiveness of how develop/improve Hsu et al., 2006;
and organisations effective supplier Chin et al., 2006;
selection source, evaluate and assessment system Ndubisi et al.,
select potential e Improve 2005; Peterson et
strategic suppliers competitiveness from  al, 2005; Tseng et
appropriate supplier al., 2009; Ha and
selection Krishnan, 2008.
e Supplier capabilities
complementary
Supplier Concerned withthe e Smooth functioning Tan et al., 1999;
involvement  efforts and resources project Lemke et al.,
devoted to sharing e Decision-making 2003; Ndubisi et
with suppliers in improvement al., 2005;
terms of market e Faster problem Peterson et al.,
information, resolution 2005; Chin et al.,
technology, design e Better 2006; Johnsen,
and management design/technology 2009; Eltantawy
support et al., 2009.
Supplier Concerned with the e Monitor (periodically) Tanetal., 1999;
management strategies used to performance by quality Dean and Kiu,
strategy improve supplier’s assurance (certified) 2002; Hudson et

performance, such
as site visit, periodic
quality/process
review, training and
education, etc.

program
Implement site visit
regularly

Provide training and
education seminars
Provide good
communication
channels

al., 2001; Ndubisi
et al., 2005; Modi
and Mabert,
2006; Peterson et
al., 2005; Chin et
al., 2006;
Eltantawy et al.,
2009.

3.4.4 Operational definition for BP construct

Business performance was broadly defined, earlier, as the financial, as well as the non-
financial, competitiveness of the company. To operationalise the BP construct, several
measures, employed in past empirical studies to investigate the link between proposed
business activities and performance, were examined and evaluated. This resulted in
three conceptual dimensions to represent BP, namely, business competitiveness,

manufacturing performance and process efficiency. Each dimension is described below.

(1) Business competitiveness: In general, this dimension is, objectively, mostly

measured by financial indicators, such as return on investment (ROI); return on
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equity (ROE); earnings per share (EPS) growth; etc. These ratios can be
calculated from the company’s financial report (quarterly or annually), which is
usually made publicly available on their company’s portal. Five subjective
measurement variables are used: total quality cost (Yeung, 2007; Devaraj et al.,
2004); profitability (Hsu, 2006; Antonio et al., 2006); market share growth (Hsu,
2006; Antonio et al., 2006); sales growth (Hsu, 2006; Darroch, 2005) and
competitive ability (Antonio et al., 2006; Petersen et al., 2005). All were

employed in the current study to represent business competitiveness.

(2) Manufacturing performance: This dimension focuses on the non-financial,
operational and production perspectives of the company in terms of their ability
to improve production procedures and satisfy customers, internally and
externally. Within the electronics manufacturing industries, Antonio et al. (2006)
identified the manufacturing process, and its reputation, as one of the most
important and crucial indicators of business success. Additionally, it should be
complemented by other relevant indicators, such as the reduction of the
engineering change rate, the production cycle time, and customer satisfaction.
Therefore, to measure the manufacturing performance, the current study
employed four subjective measurement variables, namely, engineering change
rate (Devaraj et al., 2004; Maiga and Jacobs, 2007); production cycle time
(Yeung, 2007; Lummus and Vokurka, 1999); customer satisfaction (Yeung,
2007); and reputation (Antonio et al., 2006; Hsu, 2008).

(3) Process efficiency: The efficiency of the process dimension is generally
recognised as important to manufacturing companies, since mass production and
profitability improvement depend on the extent of the effectiveness and
efficiency of the production process and operational perspective (Yeh et al.,
2006; Wu, 2008; Matsui et al., 2007). Two subjective measurement variables
were used to represent this dimension: (1) the internal production rate (Devaraj
et al., 2004; Maiga and Jacobs, 2007); and (2) the customer response time
(Yeung, 2007; Antonio et al., 2006).

Table 3.5 summaries the operational details of the BP construct in terms of its

dimensions, along with associated descriptions, measurement variables and references.
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Table 3.5 Operational details of the BP construct

Dimensions Description Measurement Variables References
Business Concerned with the e Total quality cost Hsu, 2006;
competitiveness degree of business o Profitability Antonio et al.,
competitiveness in e  Market share growth ~ 2006; Petersen et
terms of total e Sales growth al., 2005; Kale
quality, cost, e Competitive ability and Arditi, 2003;
profitability, share Yeung, 2007.
and sales growth
Manufacturing Concerned withthe e Engineering change  Hsy, 2006:
performance level of operational rate reduced Antonio et al.,
improvement e Production cycle time  2006; Devaraj et
reduced al., 2004; Maiga
e Level of customer and Jacobs, 2007:
satisfaction Yeung, 2007.
e Overall reputation
Process Concerned with the e Internal production Devaraj et al.,
efficiency level of process rate increased 2004; Maiga and
efficiency from a e Customer response Jacobs, 2007;
production and time improved Yeung, 2007;
operational Antonio et al.,
perspective 2006.
3.5 Chapter Summary

This chapter presented the development of the theoretical framework and the
formulation of three research questions in response to the identified research gaps. To
answer these research questions, a conceptual model was developed, based on a
comprehensive review of the literature (Chapter 2). The proposed model contains four
constructs: (1) knowledge sharing; (2) new product development; (3) integrated supplier
management; and (4) business performance. After reviewing past research studies, five
hypotheses, associated with the causal relationships between these model constructs,
were developed. In addition, all the constructs were operationally defined and supported,
based on the synthesis of a variety of theories and concepts, as well as a number of
relevant published survey instruments. More importantly, the details of all the
operationalised constructs were presented in terms of their theoretical dimensions and
associated measurement variables. These operational definitions of the model constructs
served as an essential basis for developing a reliable measure from which to capture a

rating for each model construct in the subsequent data collection stage.
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CHAPTER 4

@ ReseaArRcH METHODOLOGY

4.1 Introduction

The details of the research methodology used in the study are described in this chapter,
including the research method adopted, the research design and the relevant analytical
techniques used. The research approach briefly reviews the philosophical assumptions
of social science research and depicts particular research approaches adopted by the
current study (Section 4.2). In Section 4.3, critical stages of the research method are
presented, namely, the integration of knowledge, the conceptual model development,
the first (i.e. quantitative approach) and second (i.e. qualitative approach) analysis phase,
as well as their associated inputs and outputs. Sections 4.4 and 4.5 outline the
integration of knowledge and the conceptual model development, respectively. The
details of the quantitative data analysis are then given (Section 4.6) with the first phase
approach including the questionnaire development and administration, the sampling
target and strategy, the measurement scale, and relevant data analysis techniques. The
qualitative data analysis was the second phase; it explained and focused on the
qualitative interaction model validation, which contains the details of the case study’s
design, as well as the data collection and analysis techniques (Section 4.7). Finally,

Section 4.8 provides a summary of the chapter.
4.2 Research Approach

It is generally expected that researchers will understand and implement the most
effective and efficient research approach to achieve the desired outcomes (Easterby-
Smith et al., 2002). In spite of the maturation of management as an area of study, the
majority of books and papers on research methods still derive from connected

disciplines, such as sociology, education and psychology (Easterby-Smith et al., 2002).
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Therefore, understanding these philosophical assumptions and research approaches
helps the researcher to plan a comprehensive research design, in terms of what kind of
evidence is required and how that information will be analysed and/or interpreted to
provide meaningful and solid answers to the research questions. Moreover, it also
enables the researcher to be aware of the advantages and disadvantages of a variety of
research approaches, which aids in devising the most appropriate research design to suit
the purpose of their study.

The research method implemented in the current study is considered relevant to social
science research; it is drawn mainly from both the positivist and interpretive
philosophical traditions (Easterby-Smith et al., 2002). Furthermore, through combining
both the qualitative and quantitative approaches, the interpreted and analysed results can
be represented as accurately as possible towards the phenomena under investigation
(Neuman, 2003).

In general, there are two prevailing and contrasting philosophical traditions: the
positivist (deductive) and the interpretive (inductive) approach (as displayed in Table
4.1). The positivist approach is widely applied in social science research. Positivism is
defined as the approach of the nature science, which focuses on the use of an organised
method for combining deductive logic, with precise empirical observations of individual
behaviour, to discover and confirm a series of hypotheses that can be used to predict
general patterns of human activity (Neuman, 2006). However, according to Neuman
(2006), critics charge that positivism reduces people to numbers, while its concerns with
abstract laws or formulas are limited when interpreting the actual lives of real people.

On the other hand as Easerby-Smith et al. (2002) explains, the interpretive approach
places an emphasis on understanding and explaining the reality of social life as people
experience it, and give it meaning (Neuman, 2006). Thus, the interpretive approach
systematically analyses socially meaningful action through the direct detailed
observation of people in their natural settings. From such an analysis more knowledge is
gained about how people create and maintain their social worlds. The interpretive
approach was inductive logic, starting with detailed observations of the world, and then
moving towards more abstract generalisations and ideas. Table 4.1 presents a summary

comparison of the positivist and interpretive social science approach.
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Table 4.1 Comparison of positivist and interpretive social science approach
(Easterby-Smith et al., 2002)

Positivist approach Interpretive approach
The observer Must be independent Is part of what is being observed
Human interests Should be irrelevant Are the main drivers of science
Explanations Must demonstrate causality ~ Aims to increase general

understanding of the situation

Research Hypotheses and deductions Gathering rich data from which

progresses through ideas are induced

Concepts Need to be operationalised so  Should incorporate stakeholder
that they can be measured perspective

Units of analysis Should be reduced to May include the complexity of
simplest terms whole situations

Generalisation Statistical probability Theoretical abstraction

through

Sampling requires  Large numbers selected Small number of cases chosen
randomly for specific reasons

In view of the above outline and comparison, clearly understanding of the philosophical
concerns of a research method can help guide researchers to appropriately determine the

kind of data and the relevant research approach best suited for the research purpose.

Largely, research approach in the management field can be classified into two main
categories: quantitative and qualitative (Neuman, 2006). Quantitative research focuses
on conceptualising, measuring and analysing collected information about the ideas or
reflections of the real world, by means of numerical data, representing explicitly defined
variables (Mitchell and Bernauer, 1998). In addition, the quantitative approach has been
associated with positivism in a sense that it employs statistical procedures to analyse a
large number of observations, so that the findings can be statistically represented as a
larger population. In contrast, the qualitative approach relies on explicitly defined
variables; it captures the values of these variables via textual data rather than numerical
data from a few selected cases, and analyses it through other technique. As a
consequence the qualitative approach has been viewed as more relevant to interpretive

social science research.
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While the difference between the quantitative and the qualitative approach may seem
very clear from a philosophical standpoint, when it comes to the issue of research
design and to the choice of specific methods, researchers do not usually, in practice,
implement any single approach; rather they use the mixed method design instead
(Easterby-Smith et al., 2002). Indeed, researchers investigating in the organisational or
management field increasingly argue in favour of the mix method design, since it

provides more perspectives on the phenomena being investigated.

Mixed method research design involves the use of the quantitative approach as one
phase of the study, and the qualitative approach as the other phase of study, or vice
versa. These designs are best described as involving two small studies within the one
overall project (Tashakkori and Teddlie, 2003). According to Johnson and Turner
(2003), a mixed method design should not be confused with a mixed model design, in
which the researcher mixes both quantitative and qualitative approaches into one phase

of the study (i.e. a survey which includes both quantitative and qualitative questions).

Importantly, the fundamental principle guiding mixed method designs is described as
follows. Methods should be mixed in a way that has complementary strengths and non-
overlapping weaknesses (Tashakkori and Teddlie, 1998). It involves the recognitions
that all methods have their limitations as well as their strengths. The fundamental
principle is followed for at least three reasons: (1) to obtain convergence or
corroboration of findings; (2) to eliminate or minimize key plausible alternative
explanations for conclusions drawn from the research data; and (3) to elucidate the
divergent aspects of a phenomenon. The fundamental principle can be applied to all

stages or components of the research process (Johnson and Turner, 2003, p. 299).

The study aims to test business activities and proposed conceptual model, within the
context of the Taiwanese electronics manufacturing industries. The research design
predominantly follows a deductive approach, beginning with the formation of the
logical relationships between constructs, followed by solid empirical evidence (Neuman,
2006). The current study adopted positivism in its first phase approach, by deducing
from well established manufacturing and operations management theories and literature,
to a conceptual model containing a set of hypotheses assumptions and linking logically
between the model constructs. The model was assessed using a series of quantitative

analyses that supported and explained the prevalent phenomena among electronics
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manufacturing companies in Taiwan. It adopted the interpretive approach as second
phase method, implemented to ensure that the model could accurately predict similar
results corresponding to the first phase approach; it benefited from a more defined
qualitative investigation to provide more insights, into the phenomenon existing in most
companies, in a more generalised manner. Thus, qualitative analysis was used as a
validation process, and to complement the findings from the quantitative analysis (i.e.
semi-structured interviews and open-ended questions design) to achieve a better
understanding of how relevant the model was to the phenomena under investigation,
when taking into consideration of the significance of the people and the reality of the
situation (Neuman, 2006). Additionally, secondary qualitative data sources were also
consulted, such as local news and companies’ websites, annual reports, news letters and
publications of the interviewed companies. In short, the measurement of the
manufacturing and operational management activities is predominately conducted via
the quantitative-based questionnaire, applied comparatively across several companies.
The questionnaire survey was considered as a first phase method in conducting the
study, whereas the qualitative approach, using case studies, was carried out as a

complementary process to help explain, confirm and validate the results.

4.3 Research Method

The research method is important and serves as a sequential plan for relating conceptual
research problems to relevant and empirical research (Ghauri et al., 1995). According to
Mohamed (2004), research design helps researchers to arrive at an answer to their
research questions, while effectively controlling the variance by means of providing the

logic that links the data to be collected to the initial research questions.

Generally, empirical research includes experimental and descriptive research. Most
empirical research uses induction, which is the formulation of general theories from
specific observations (Melville and Goddard, 1996). Experimental research can be

thought of as a systematic trial and observations, that is:

e Trial: because the answer is not known beforehand,;
e Observation: because the result must be carefully recorded and interpretive; and

e Systematic: because all good research is well-planned and meaningful.
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From a most fundamental perception, design is the logical sequence that connects the
empirical data to a study’s initial research question(s) and finally to its conclusion(s)
(Yin, 1994). In other words, the research method design is an action plan that identifies
the problems and finds the solutions, that is, a set of initial problems to be solved and
developed as a set of solutions. Between the “problem” and “solution” may be found a
number of major steps, including the collection and analysis of the relevant data, and so
on. The choice of the research method design can be considered as the overall strategy
to achieve the required solution, in relation to the purpose of the study, the study setting,
the extent of researcher’s interference, the time horizon, and the unit of analysis (Yin,
1994; Cavana et al., 2001). The choice will influence the subsequent research activities,
such as the type of sample, the data to be collected, the parameters to be taken into
account, the variables to be measured, and the concepts and variables to be analysed
(Cavana et al., 2001; Yin, 1994). The outcome of the research method process is an
operational plan detailing each activity and its expected result. The extent of the detail
in a research plan depends on the nature of the topic and the type of strategy adopted,
consequently, clear and careful planning is important (Yin, 1994).

The current research method illustrates the designed research activities that link the
information to be collected and analysed, and the conclusions to be drawn from the
initial questions of study (see Figure 4.1). The existing literature was reviewed to
compile background knowledge and to identify research deficiencies, which led to the
research questions. To answer these questions, the conceptual model was developed,
based on the knowledge gained from the literature review. The model consisted of
constructs and variables which were operationalised for the questionnaire development.
From previous philosophical assumptions and research approach, this study
implemented the mixed method design, integrating the questionnaire survey and the
qualitative case study under a single research design as a two-phase approach
(Tashakkori and Teddlie, 2003). In the first phase, the data were collected from
managerial and technical professionals through a questionnaire survey in Taiwanese
electronics manufacturing companies. Then, the statistical analyses were carried out to
assess the proposed hypotheses of the model. In the second phase, the model was
verified through a series of case studies to complement the quantitative findings,
qualitatively validating identified relationships and revealing the real business practices
and strategies. The findings from the study were discussed and the conclusions drawn.

Finally, future research strategies were recommended to further enhance and extend the
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findings from the current study. The following Sections 4.4 — 4.7 depict each research

activity.
Input Research Activity Output
3
Literature and Integration of Research gap and
past research knowledge questions
J
A\ 4
N\ ( N
Conceptual model .| Conceptual model and
1°* Analysis Phase - development " research hypotheses
Quantitative Data Analysis < ~ g
\ 4
( . N\ 4 . . N\ ( A
‘Academic and > Questionnaire »  Survey questionnaire
industry experts development
. J \§ J . J
\ 4
( . N\ 4 . . N\ ( . A
Manufacturing R Questionnaire R Data collection from
companies (TW) g survey g targeted companies
. J \§ J . J
\ 4
4 B . N\ ( A
Descriptive »  Descriptive results
analysis
\\§ J - J
\ 4
4 N\ ( . A
Measurement scale | Validated measurement
analysis ~| scales and factor structures
\\§ J - J
\ 4
4 . . N\ ( A
Model and interaction . Assessment results
term assessment
\\§ J - J
2" Analysis Phase - - v N - _ N
Qualitative Data Analysis Case study design . Detailed case study
method
\\§ J - J
\ 4
| N\ 4 N\ ( R i A
Manufacturing R Case study data | Qualitative data from
companies (TW) I collection I case studies
J/ \\§ J - J
A 4
( Model and interaction\ ( )
ode R e .
term verification — Verification results
\\§ J N\ J

v

[ Conclusions 1

Figure 4.1 Research method overview
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4.4 Integration of Knowledge

The purpose of a literature review of past research is to establish the current state of
knowledge in the field. Familiarity with the previous research is necessary to provide
the foundation and ideas for future research and to ensure that earlier studies are not
unwittingly repeated (Thomas, 2004). Therefore, a careful and thorough literature
review was essential to provide a solid foundation for the main project. Broadly,
problem field contains a large number of the literature that has accumulated about it.
That material can only tell you what has already been done on the topic, as well as
provide examples of how it has been studied by other researchers. Sometimes a prior
study may stand as an exemplar for the intended work and so provide a direct
comparison with it. These studies can be enormously helpful in giving advanced
appreciation of the problems and the possibilities that are likely to arise in one’s own
research field.

Nevertheless, there are always problems hiding behind all kinds of activities in a
particular research. Through an extensive literature review, a clarification of relevant
concepts can be achieved to a more substantial level. According to Yin (1994), research
problems are questions that indicate gaps in the scope or the certainty of our knowledge.
Basically, they point to problematic phenomena, observed events that confuse in terms
of our currently accepted ideas, or current ideas that are changed and challenged by new

questions.

Identifying problems and evaluating their suitability for research is a high priority for a
research project. Knowing where to look for problems and how to carry out effective
research are essential pre-study elements. Moreover, the researcher needs to be
reasonably sure that any problem chosen is worthy of the investigator effort. People
begin their research studies in varying states of readiness (Thomas, 2004). Some arrive
with a definite research problem in mind, whereas others have little more than a few
vague ideas. In either case there is usually a good deal of work to be done to advance to
the point at which there is a clearly stated and researchable problem. Beginning a study
with a definite question or topic in mind might seem to be an advantage, but it is not
always possible to be sure, from the start, that the first idea is the best idea. There is a
danger of becoming locked on to a problem before there has been sufficient exploration
of the field and a careful evaluation of the proposed topic. This can lead to a false start.
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A certain amount of wandering around is inevitable before it is possible to find one’s
bearings and gain a sense of direction. It is necessary to tolerate uncertainty at the
beginning of a project, starting out with a broad view, scanning for a range of

possibilities, and then narrowing down to a specific focus (Yin, 2003; Thomas, 2004).

A number of government offices, university institutes, private organisations, and on-line
journal databases regularly collect useful information and valuable results on different
aspects of research and experiments being undertaken. The previous research at various
universities is collected as valuable thesis reports on a variety of topics, their methods
and results, as well as their contributions in a specific field. In addition, the learning
centres, information centres, and libraries of those organisations provide and classify
applied and qualified specifications, statistical figures, recommendations, and laboratory
data dealing with potential problems. Consulting and verifying those information
sources can also suggest suitable methods or processes for handling a particular problem.

Some important sources for conducting research include (Ghauri et al., 1995):

e International academic and organisational journals and periodicals, and field
specific national journals and statistics (regarding an industry, design, operation
and environment regulations);

e Historical studies and preceding experiences (involving the development of a
particular discipline or problem area);

e Company specific scientific or experimental research (for a specific practical
problem, typically described in a company report prepared by a researcher for a
company, and are a valuable source of information, if the company concerned is
willing to make them available);

e Textbooks and other published material (directly or indirectly referring to the
problem area; and

e Theses and reports (collected up-to-date university researcher, in different
disciplines, being an important secondary source, at the earlier stage of a
research study, that provides insights into a research problem as well as other

sources).

The primary objective of this stage was to gather fundamental knowledge pertaining to
business activities and business performance within Taiwanese electronic

manufacturing companies. This research activity was undertaken through a critical and
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comprehensive review of national and international literature, namely books journals,
research publications and reports. The focus was to examine both general and
construction-specific materials pertinent to the following research fields:

e Business concepts, processes, practices and related terminologies;

e Operations management research approaches;

e Factors from business activities (e.g. ISM, NPD and KS) influencing operations
and business performance in manufacturing companies;

e Knowledge management and sharing practices in manufacturing companies;

e Moderating effects of KS in manufacturing companies;

e KS practices in manufacturing industry; and

e KS impacts in current manufacturing industry.

The outcomes of this stage provided a comprehensive understanding to enable a
theoretical framework to be established. Moreover, potential gaps in the knowledge
were identified, which led to the development of a conceptual model to address such

deficiencies.

4.5 Conceptual Model Development

A conceptual model was developed, being based on the established theoretical
framework that not only focuses on the study of specific business activities and its
business outcomes, but also intends to answer the proposed research questions. Overall,
the model consists of two elements: business activities and outcomes. Within the
element of “business activities”, the model proposes three key activities constructs: (1)
integrated supplier management; (2) new product development; and (3) knowledge
sharing. The “business outcomes” element, represented by business performance,
comprises manufacturing performance from within. The relationships between those
constructs are represented by five hypotheses (H1-1 - H3-2). In addition, the
Knowledge Sharing construct was hypothesised to be an independent and moderated
variable/dimension upon the business performance construct, as represented by H1-1,
H2-2, and H3-2. Each construct was then operaionalised so that it could be accurately

measured.
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4.6 Phase 1: Quantitative Data Analysis

4.6.1 Details of study

The main purpose of first phase study was to evaluate and refine the developed model,
and to enhance our understanding of the relationships between the contextual factors,
business activities and performance measures, based on the data collected from the
questionnaire survey using statistical analyses. Moreover, the adopted hypothesis testing
process was implemented to determine whether the hypothesised relationships between
the model constructs held true. According to the assessment results, the model was
refined by removing any non-significant relationships, and was re-assessed to ensure
that it best represented the survey data. It should be noted that the study was conducted

within the natural environment of manufacturing companies, a non-contrived setting.

A causal investigation was adopted for the study since the developed hypotheses
implied causal relationships between the model constructs. The investigation focused on
the study of how, and to what extent, one variable causes a variance to another variable
(Cavana et al., 2001). Although the *true” causal relationships can be uncovered
through experimental research design, where the variables are controlled and
manipulated, it is unlikely that certain types of phenomena will be conveyed under such
a contrived setting (Podsakoff and Organ, 1986). To ensure the accurate analysis and
viable interpretation of such causal claims, rigorous research procedures were

conducted throughout the research process.

A cross sectional study design was applied to replicate most other empirical studies,
which investigated a similar subject. Both the theoretical support and the statistical
testing provided evidence for the existence of strong interdependent relationships,
thereby suggesting that potential causal relationships exist, between certain constructs
of the theoretical framework. However, constrained by limited time and resources, this
type of research was considered insufficient, with further evidence needed to prove the
existence of such causality. Such evidence can be provided through the study of the
other research designs, i.e. experimental and/or longitudinal design (Kline, 2005), and

for future research, as it was beyond the scope of the current study.

Managing electronic NPD and ISM activities in Taiwan: The moderating role of KS



Chapter 4: Research Methodology 4-12

4.6.2 Questionnaire development

A questionnaire is a pre-formulated written set of questions, which mainly two purposes:
(1) to elicit the information of research focus; and (2) to guide the respondents and
record their answers by following the given protocols (Schwab, 1999; Sekaran, 2003).
Since the questionnaire was the first and most important part of the study, it needed to
be well designed in order to gather accurate and useable information. To achieve this,
certain procedures, recommended by Dillman (2000) and Sekaran (2003), were
followed to maximise the response rates, whilst minimising bias. The following

procedures were employed:

e Use appropriate language and general expression;

e Ensure the questionnaire is as brief as possible;

e Ensure the questionnaire is interesting and easy to complete, through careful
design of the layout, and the structure and order of the questions;

e Attach a cover letter to introduce the researcher and the objectives of the
research, to establish the significance of the study, to show positive regard, and
to thank respondents’ contribution in advance;

e Notify respondents in advance to gain their cooperation through networking,
emails and/or telephone calls;

e Provide incentives to stimulate participation;

e Provide a convenient way for respondents to return the completed questionnaire
with self-addressed, stamped return envelops; and

e Follow-up the survey by emails, letters and/or telephone calls, especially to the
late/slow respondents.

Since the questionnaire survey was conducted in Taiwanese manufacturing companies,
the survey was bi-translated between Chinese and English by two bilingual
professionals from industry and academics to make sure the meanings were consistent.
The approach helped to identify and rectify the potential misunderstanding
wording/meaning and also to make sure the precision of the translation. Once the
guestionnaire was developed, the draft was pre-tested to ensure that the questions were
easily understood by the respondents, and that there were no problems with the wording
of the instrument (Sekaran, 2003). Generally, two common types of pre-tests are carried

out: panel judgement and pilot study. Panel judgements can ensure the content validity
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of the questionnaire, whilst a pilot study helps identify any ambiguities in the
questionnaire, as well as enables the researchers to see if the scores of the collected data
present as expected. In the current research, only the panel judgement method was used
in the pre-testing of the draft questionnaire. The panel judgement was undertaken by
sending the questionnaire to several experts and academics to examine and judge
whether each item measured the proposed theoretical construct. In total, seven experts
participated in the review process (three university academics, three industrial
professionals, and one research methodologist). All experts were provided a briefing
sheet explaining the background and purpose of the study, as well as a guideline for
reviewing the draft questionnaire (see Appendix A). The reviewing procedure of draft
questionnaire was adapted from the “Question Appraisal System” (Willis and Lessler,
1999), to address the following:

e Instructions: look for problems with any introductions, instructions, or
explanations from the respondent’s point of view;

e Clarity: identify problems related to communicating the intent or meaning of the
question to the respondent;

e Assumptions: determine if there are problems with assumptions made or the
underlying logic;

e Knowledge/Memory: check whether respondents are likely to not know, or have
trouble remembering, the information;

e Sensitivity/Bias: assess questions for their sensitive nature or wording, and for
bias; and

e Response Categories: assess the adequacy of the range of responses to be

recorded.

The feedback from the experts suggested minor amendments regarding the wording and
redundancy of a few questions. The draft questionnaire was then revised to form the
final survey questionnaire. A mail questionnaire survey was chosen as the primary
method for data collection for three reasons: (1) mail questionnaires can cover a wider
geographical area (Sekaran, 2003); (2) it is easier to obtain a large number of
respondents and a generalised view of the situation in the targeted groups (Fong, 2005);
and (3) this method has been commonly used in recent empirical ISM, NPD and KS
studies (Hsu et al., 2006; Chin et al., 2006; Matsui et al., 2007; Antonio et al., 2006;
Modi and Mabert, 2006; Fong, 2005; Tseng, 2006; Hsu, 2008).
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During the survey process, the respondents were first contacted by e-mail, telephone or
networking to confirm contact details and to introduce the survey. The self-administered
questionnaires were then mailed or delivered in person, to the managerial and
professional staff members within the Taiwanese electronics manufacturing companies.
An introductory letter was attached to the questionnaire to introduce the researcher, the
objectives of the study, and the importance of the survey. A self-addressed, stamped
return envelop was also included in the package. A total of 550 questionnaire packages
were delivered. Telephone and e-mail follow-up actions were taken within a week
following the delivery of the questionnaire packages; any necessary second mailing then

took place. More than 100 second mailing questionnaire packages were delivered.

4.6.3 Questionnaire content

The content of the questionnaire (see Appendix B) was developed, based on the

operational definitions of the constructs, and designed into two major parts:

e Part 1 elicited respondents’ opinions on the extent to which ISM, NPD and KS,
activities were being executed by the Taiwanese electronics manufacturing
companies, and the perceived BP level, over a specific time frame, “in the 2007
financial year”. The narrow time frame enabled a ‘snap-shot’ view of the
information on these business activities and performance factors. The five
sections contained 55 items, and were measured with a five-point Likert scale,
ranging from 1 (strongly disagree) to 5 (strongly agree), based on the
operationally-defined variables within each construct of the proposed theoretical
framework. These sections represented the constructs of integrated supplier
management, new product development, knowledge sharing, manufacturing and

business performance, respectively.

e Part 2 gathered the demographic information from the respondents and their

companies.

4.6.4 Sampling target

The sampling target selection was based on the research question’s statements and a
particular geographical area, which in this case contained members of the technical and
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managerial professional in Taiwanese electronics manufacturing companies, who
possessed the needed knowledge regarding the technical and managerial know-how of
their company’s processes and practices. According to Sekaran (2003), implementing
judgemental sampling is more advantageous, in terms of time and cost savings,
compared to probability sampling. Further, while this study focused on the
organisational level, the survey was operated at the individual level as a subunit of the

analysis.

The selected sample candidates came from a combination of medium- and large-sized
electronics manufacturing companies, representing the theoretical population. Thus the
sample provided a relatively useful organisational structure for implementing
contemporary business activities (Liu et al., 2005). The targeted companies were
selected on the following criteria: (1) the company should have at least 50 employees;
(2) the company’s main scope of business should include the design function of new
products and the management/production function of a new product; and (3) the
company should operate as a private business. A total of 241 electronics manufacturing
companies, listed in the Taiwan Stock Exchange Centre (TSEC) market, were taken as
the sampling frame. Convenience sampling was then conducted, that is, could the
contact details for the target respondents (engineers, managers and directors), be
obtained. Since the subject matter was the respondents’ companies, measured by the
perception of the respondents, no more than four valid feedbacks were chosen from
each company, to avoid bias in the data. This approach meant that there was only a
small pool of respondents from each company, thus reducing the potential for bias and
skewed results from an uneven number of returns across the companies (Thiagarajan
and Zairi, 1998).

4.6.5 Measurement scale

As above-mentioned, five-point scales were used to measure the operationally-defined
elements of the constructs within the proposed conceptual model. The five-point Likert
scales were applied to measure the perception of the respondents about their business
activities, practices and performance. For further details, please see Section A of the
questionnaire in Appendix B. The scale consisted of a statement that expressed either
favourable or unfavourable attitudes towards the object of interest. Each response was

given a numerical score to reflect its degree of attitudinal favourableness on whether
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specific indicators of the business activities, practices and performance were actually

present.

The scales were adopted for the following reasons. Firstly, the five-point Likert scale
and the five-point rating scale records attitudes, behaviours, and behaviour intent.
(Cooper and Schindler, 2001; Sekaran, 2003). This scale type is normally used in
quantitative studies to achieve consistent measures and to seek a tight fit between the
abstract ideas to better understand the social world, and what occurs in the actual,
empirical world situation (Neuman, 2003). Seconly, five-point scales have been
employed in other recent and similar supply chain management, new product
design/development and knowledge managmenet/sharing studies (Sila et al., 2006;
Antonio et al., 2007; Tan and Vonderembse, 2006; Hsu, 2006; Lin, 2008). Thirdly,
according to Sekaran (2003), the five-point scale serves the same function as a seven-
point scale. However, an increase from five to seven or nine points on a rating scale
does not improve the reliability of its ratings. Fourthly, five-point scales were
considered suitable for the statistical analysis techniques adopted in this study, namely,
correlation analysis (use Pearson coefficient), factor analysis, and single and multiple
regression analysis (i.e. moderated regression analysis). The analytical techniques
assume that all variables are measured at either the interval or the ratio level. Practically
speaking, all levels of the measurement can be (and often are) used in these analyses
with meaningful results, particularly in the behavioural sciences (Hair et al., 2006).
When ordinal variables are used, it is assumed that the numbers assigned to the ranked
categories, approximately represent the true (but unknown) intervals between them,
which are close enough to derive meaningful results. The variables measured by this

type of scale are categorised as metric in behavioural and management studies.

4.6.6 Data analysis

The data analysis involved two major steps: the data reduction process and the structural
relationship analysis, using the correlation, factor and regression analysis methods,
respectively. The data reduction process aimed to reduce the number of variables and
parameters in the research model to a manageable number, in terms of the ratio between
the sample size and parameters estimated in the research model. The structural

relationship analysis was used to examine the simultaneous relationships between the
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model constructs, as well as to examine the relationships among these variables (Hair et
al., 2006).

In the current research, certain multivariate statistics were employed to quantitatively
analyse the data collected from the questionnaire survey. The implemented statistical
techniques were considered suitable for the present study since they could provide an
analysis of a complicated data set, especially when there are many independent
variables and/or many dependent variables (Tabachinick and Fidell, 2007). The analyses
fulfilled the following objectives: (1) getting a feel for the data through descriptive
statistical analysis; (2) testing goodness of data by measuring reliability and validity; (3)
testing the hypotheses developed in the research; and (4) assessing and verifying the
hypotheses and model.

The descriptive data analysis was conducted using SPSS software, to “get a feel” for the
collected data and to determine if the data met the basic assumptions required prior to
conducting the multivariate data analysis. The basic analysis included an examination of
respondent profiles, and data screening through assessing normality, means, standard
deviations and standard errors of mean. This step provided a general and broad picture

of respondent’s perceptions in relation to each construct.

After “getting a feel” for the data from the descriptive data analysis, the measurement

scale, used in the questionnaire to capture the meaning of each model construct, was

assessed for reliability and validity. Cronbach’s alpha (a) was used to measure scale

reliability, which is an indication of how consistent the responses are across the items.
In addition, Item-total correlation was implemented to assess the degree to which a
particular item belongs to its scale.

Moreover, factor analysis was employed to examine the reliability of the data in terms
of internal consistency by using Cronbach’s alpha, and to measure its factorial validity,
as well as to condense the original variables. Exploratory factor analysis (EFA) proceed
was a useful tool for addressing a wide range of managerial and theoretical questions
(Hair et al., 2006). The procedure defined the possible relationships and identified a
trace of general method variance resulting from the nature of the self-report measures
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use in this study, and to allow the multivariate analysis techniques to estimate
relationships (Hair et al., 1998).

Generally speaking, the EFA basically serves a twofold function: (1) identifies
appropriate variables; and (2) analyses the interrelationships among large amounts of
variables, to explain these variables in terms of their common underlying dimensions
(Hair et al., 2006). Therefore, after the implementation of EFA, the results provided a
valid factor structure for each model construct. Moreover, the results were then
examined/confirmed using simple and multiple regression analyses to provide a

foundation for the subsequent model assessment and hypotheses testing.

The objective of regression analysis was to predict a single criterion (i.e. dependent
variable) from the knowledge of one or more predictors (i.e. independent variable).
When the problem involves a single predictor, the statistical technique is called a simple
regression (Hair et al., 2006). Multiple regression analysis is used to examine the
relationship between a single criterion and a set of predictors (Hair et al., 2006). Both
simple and multiple regression analyses were employed in the current study to identify

the relationships between the constructs and the extracted factors of the proposed model.

To enhance and clearly understand the nature and extent of the influence of KS
activities in leveraging heightened performance from NPD and ISM practices, to
achieve higher levels of BP, a specific hierarchical moderated regression analysis was
implemented. According to Arnold (1982), moderated regression analysis provides the
most straightforward method for testing hypotheses in which an interaction is implied.
Interaction effects are found to be significant if they explain a significant greater portion
of the variance in the dependent variable than that portion already explained by other

independent variables.

Hierarchical moderated regression analyses, with interaction terms (e.g. NPD-KS and
ISM-KS), were performed at both the construct and the factor levels to investigate the
respective effect of NPD and ISM on BP, at different levels of KS (i.e. low, medium,
high). Both the overall model validity (F test) and the population correlation coefficient
(t-test) of the derived regression models were significant, at the 0.05 level (Bowerman
et al., 1986). To minimise multicollinearity, the independent variables (IVs) were
centred and the interaction terms were formed by multiplying together the two centred
terms (Aiken et al., 1991). The 170 cases in the data file satisfied the minimum sample
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size of 50 for supporting the case-to-1V ratio of 50 to 1 required by moderated
regression analysis with two Vs (Tabachnick and Fidell, 2007). Multicollinearity was
absent from the selected models where the tolerance values were much higher than 0.1.

It is worth noting that the data collected and analysed are limited to perceptions of the
participants surveyed with subjective values and hard facts (objective data $, % share,
growth, investments as % of revenue or profits) which may or may not reflect actual

situation.

4.7 Phase 2: Qualitative Data Analysis

4.7.1 Details of study

The main purpose of the complementary qualitative study was to provide enhanced
understanding on the model and hypotheses which were assessed and verified
statistically from the previous model analysis stage. It was carried out to ensure that the
model could adequately represent the actual organisational phenomena within a real
situation in the Taiwanese manufacturing industries context. To achieve this aim, the
study employed case study research, containing a semi-structured interview format, as
the main qualitative data collection method (a group of method which emphasises
qualitative analysis commonly used in social science research) (Yin, 1994). The method
was considered suitable for the study since it is a favourable approach when the
researcher has little control over the events, and when the focus is on a contemporary
situation within a real-life context, under which relevant behaviours cannot be
manipulated (Yin, 1994). In addition, the explanatory power of a case study can help to
verify the outcome model by means of establishing external validity, which refers to the
extent to which the model can be generalised to other settings, people or events
(Sekaran, 2003). In the current study, the generalisation of the model could not be
precisely drawn, statistically, to a larger population, since the method of sampling was
purposive rather than statistical. To enhance the generalisability, an analytical
generalisation was carried out using the developed model as a template to study several
cases from which the results could be compared to determine whether the same findings
and conclusions could be achieved (Yin, 1994). Moreover, the findings from the case
studies were used to increase our understanding of how well the model explained the
current phenomena, which directed attention to potential future research.
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4.7.2 Case study design

Case study design has received much attention in the literature. Ipe (2003) asserted that
the case study research method could be used to understand systematic issues within a
specific social science context. Indeed, according to Maxwell (1996) and Yin (2003),
qualitative studies are well suited for getting in-depth understanding of meaning,
context, and process in studying human situations. Additionally, Yin (2003) defined the
distinguishing characteristics of qualitative research as including description,
exploration and explanation, based on observations and interviews. Thus descriptive
case studies focus on determining what needs to be described, which may be simply
what the researcher gathered about the situation; exploratory case studies normally
focus on theory and/or hypothesis development; while explanatory case studies focus on
theory and/or hypothesis testing. The key considerations for implementing a case study
research design are presented in Table 4.2. For the purpose of the current study, the
explanatory approach was adopted, since the main purpose of the analysis, at this stage,
was to verify the model and interaction relationships derived from the statistical
assessment process. Given the general variability of social systems, the reduction of the
study to a subset of known variables with established guidelines, as required for
quantitative research, seemed less feasible and favoured a qualitative approach.
Additionally, the literature review revealed that the themes of social systems, business
activities and performance, decision-making, and knowledge management had been
largely researched through the application of qualitative and case study methods (Ipe,
2003; Yin, 2003).

Nevertheless, Yin (2003) contends that case studies have a distinctive place in
evaluation research, with several different applications. The most important was to
explain the presumed causal links in real-life interventions that are too complex for a
survey or experimental strategies. Case study research can be both single- and/or
multiple-case. Single-case design provides in-depth investigations and rich descriptions.
Three rationales, as mentioned previously, would indicate implementing a single-case
design: (1) it represents the critical case in testing a well-formulated existing theory; (2)
it represents an extreme case or a unique circumstance; and (3) it is the representative or
typical case, or the case serves is revelatory or has a longitudinal purpose. Multiple-case

design contains more than a single case in the analysis. While this type of case study is
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getting more popular, it consumes more resources, financial and time. The logic
underlying the use of a multiple-case study is the need to (1) predict similar results (a
literal replication), or (2) predict contrasting results, but for predictable reasons (a
theoretical replication) (Yin, 2003). The conducting six or ten case studies, effectively,
within a multiple-case design is analogous to the ability to conduct six to ten
experiments on related topics. In addition, a few cases (2 or 3) would be literal
replications, whereas a few other cases (4 to 6) might be designed to pursue two
different patterns of theoretical replications. Therefore, if all the cases turn out as
predicted, these six to ten cases would have provided compelling support for the initial
set of propositions. The present study adopted multiple-case design since its replication
logic could serve to achieve the analytical generalisation, which is a primary aim of the
interaction model validation process. According to Yin (2003), if the researcher has the
choice and resources, multiple-case design should be considered as a priority over
single-case design, since the analysis is likely to be easier and the findings are likely to

be more robust.

Larger companies have more resources and willingness than smaller companies
(Koufteros et al., 2007), as they have more flexibility to devote resources to strategic
supplier management activities and product development practices, while smaller
companies may not share the same level of flexibility. Additionally, larger companies
may also hold more leverage in supplier relationships, while a small company may
account for a slight portion of its supplier’s volume, and thus its ability to integrate with
its suppliers could be curtailed. In addition, small companies may be unable to convince
suppliers to adopt a more collaborative posture, as well as lack the skills and resources
to develop collaborative exchanges, or carry out activities such as formal supplier
evaluation, supplier training, and supplier monitoring. Further, the larger companies are
also more likely to formalise goals, measures, and organisational procedures, and can
invest more resources (financial and non-financial) for supplier and customer

integration (Koufteros et al., 2007).

Accordingly, the selection of potential companies to participate in the case studies used
a criteria similar to those in the questionnaire survey process, namely: (1) the company
should have at least 200 employees; (2) the company’s main scope of business should,
in the main, include the design function of a new product and/or

management/production function of new product; and (3) the company should operate
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as a private business. Moreover, the sampling frame for the case study was limited to
manufacturing companies having operational sites in Taiwan only. They did not include
those with branch overseas in order to eliminate other factors that may interfere with the
outcomes, such as culture, politics and people’s attitudes, etc., and to minimise time and
costs of travel. As previously mentioned, although a case study analysis represents a
phenomenon at the company level, the actual unit of analysis for each investigation was
at the individual level. According to Yin (2003), such studies are classified as embedded
case studies, where an individual was an embedded unit of the analysis in each case (see
Figure 4.2).

single-case designs multiple-case designs
CONTEXT _CONTEXT_ _CONTEXT_
holistic | 7777777 case ; | Case | i case !
(single- | R : R :
unit of :
analysis) | . i _CONTEXT_ _CONTEXT_
: E i Case ! i Case :
CONTEXT __CONTEXT _ || _CONTEXT _
e i Case ] i Case ]
: Case ] '\ Embedded unit L[4 Embedded unit !
embedded : : : of Analysis 1 : : of Analysis 1 :
i i Embedded unit i i Embedded unit i i E;n:edlde(_j u2nit i
(multiple |} of Analysis 1 E RS it 1 I N Wttt | :
unitof |
analysis) | L[] ... CONTEXT __ 1| __CONTEXT _
- Embedded unit | ¢ ||} Gase Case
- of Analysis 2 oAy T |5 Gt Ayt :
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Figure 4.2 Basic types of designs for case studies (Yin, 2003)
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Table 4.2 Case study research design considerations (McCutcheon and Meredith, 1993)

Research phase  Types of case Theory requirements  Potential output Sites used
study
Exploration Descriptive  May be no a priori Description of events and outcomes ~ Exemplar cases (with extreme
theory when events are  to allow other researchers to or unique circumstance) or
examined; important understand the processes and revelatory cases (first
constructs are not likely environment. May indicate the examination of the phenomena
to be defined. relative importance of some factors.  for scientific purpose.
Hypothesis Exploratory  May have some a priori Propositions developed, based on the Multiple cases that may be
generation theory that is used to observations at one or more sites. maximally different to highlight
select case sites and the  Operational constructs may be refined the commonalities and
constructs to be or developed; however, some of the  differences in the observed
examined. measured constructs may not prove  phenomena.
useful in the evolving theories.
Hypothesis Explanatory  Theory and perhaps Confirmation: Indication of theory’s  Single or multiple cases that
testing operational measures of validity; may involve assessment of  allow “pattern matching”, where

constructs are defined  reliability and validity of measures.

well enough to allow

hypotheses to be Disconfirmation: Evidence that

proposed prior to disconfirms one or more theories

conducting site visits. designed to explain events and
outcomes in the case situations.

the pattern of actual values of
dependent variables versus
independent variables are
compared to those predicted
through theory; replication by
investigating other sites where
theory use is applied.
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4.7.3 Data collection

Case studies normally combine data collection methods such as archives, questionnaires,
interviews, observations and secondary resources. The case study can rely on multiple
sources of evidence with data needing to converge in a triangulation fashion so that it
can increase the internal validity of the results (Yin, 2003). Generally, there are six most
commonly used sources of evidence in case studies: documentation; archival records,
interviews, direct observations, participant-observation, and physical artefacts. The
present study relied on two sources to obtain the data from each case: interviews and

documentations.

According to Yin (2003), interviews are one of the most important sources of
information for case study research, having two advantages: (1) to focus directly on the
case study topic and the target respondents, and (2) to obtain insightful information and
to provide perceived causal inferences. Semi-structured interviews were used in the
current study to maximise the flexibility of the interview, and provide the capacity to
tailor the interview to suit the individual and/or particular phenomena (Neuman, 2003;
Nicholson and Kiel, 2007). All interviews were carried out by the author, to ensure the
consistency of the data collected. Additionally, an interview guide was developed and
used to maintain the direction of the interview and the relevant lines of enquiry, while
probing into the issues of interest. The interview guide was developed based on a set of
measures derived from the factor analysis. Its purpose was to ensure that the data
collected from the case studies were comparable to those obtained from the
guestionnaire survey, thus enabling the more precise verification of the empirical model

and interaction relationship.

All interviews were digitally recorded and subsequently transcribed, within 24 hours to
remain fresh in the memory and so obtain a complete description of the interviewee’s
responses and comments. Additional face-to-face interviews were conducted to provide
the opportunity to clarify ambiguous questions and to observe the actual environment of
the company being studied. Further, documentation in the form of companies’ profiles,
published financial reports, internal newsletters and bulletins, as well as other online
documents were also obtained to supplement the findings from the interviews.
According to Darke et al. (1998), these sources of information often reflect the culture

within an organisation and the issues which are currently of interest or concern to both
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management and employees. They also inform the improved internal validity of the

results.

4.7.4 Data analysis

The data analysis consisted of examining, categorising, tabulating, testing or otherwise
recombining both quantitative and qualitative evidence to address the initial
propositions of the current study. According to Yin (2003), the analysis of case study
evidence is one of the least developed and most difficult aspects of doing case studies.
For the purpose of the current study, the data analysis followed two key steps: within-
case analysis, and cross-case analyses (Eisenhardt, 1989).

In general, according to Eisenhardt (1989), within-case analysis involves detailed case
study write-ups for each case. Although these write-ups are, simply, pure descriptions,
they are central to the generation of insight. In the current study, the information
collected from each case provided an insight into how the model factors and constructs
were perceived in a real-life context. Therefore, the analysis components included the
descriptive details and findings of each case, as well as the qualitative rating of the level
of such factors and constructs. This technique helped to provide a clear basis for linking
the data to the propositions embodied in the model, which facilitated the drawing of

causal inferences.

Following the within-case analysis, an examination of the cross-case analysis was
conducted. The purpose of this sequential approach was to verify the conclusions drawn
from the multiple-case studies through a “pattern matching” technique (McCutcheon
and Meredith, 1993). Theoretically speaking, pattern matching is used primarily to link
collected data to theoretical propositions, by comparing the pattern of the actual values
of the variables to those predicted through the propositions (McCutcheon and Meredith,
1993; Yin, 2003). For the purpose of the current study, the pattern matching was carried
out to compare the patterns of actual constructs, factors, and interaction relationships to
those predicted by empirical model analysis, derived from the correlation and multiple
regression analysis (i.e. hierarchical moderated regression analysis). According to Yin
(2003), the actual pattern matching practice involves no precise comparisons, so there
may not be a quantitative or statistical criteria involved, upon which to judge the pattern;

this allows for some interpretive discretion on the part of the researcher. Thus the
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present study followed Yin’s (2003) suggestion and avoided the postulation of very
subtle patterns to ensure that the pattern matching approach only dealt with gross
matches or mismatches. The predicted pattern developments, as well as the results of

the model verification, are detailed in Chapter 7.

4.8 Chapter Summary

This chapter presented the research methodology employed in the current study. In
particular, the chapter addresses the research method overview, research design, and
relevant analytical techniques. The research method used was a mixed method design,
incorporating quantitative and qualitative research approaches. In addition, the research
design contained two sequential analysis phases that followed the activities of the
integration of knowledge and the conceptual model development. In the first phase, the
study employed a quantitative research method (a questionnaire survey to gather data
from technical and managerial professionals in Taiwanese electronic manufacturing
companies). The analysis of the collected quantitative data set was carried out by a
variety of statistical techniques, including descriptive analyses and multivariate analyses
(i.e. correlation, EFA and hierarchical moderated regression) utilising SPSS programs.
The main aim of this phase was to assess and verify the conceptual model, developed in
Chapter 3, to produce an empirical model and proposed hypotheses that best
represented the interrelationships among the model constructs. Complementary to the
first phase, the empirical model and hypotheses were carried out to explain and verify
the process, based on a qualitative research method using explanatory case studies.
Through semi-structured, face-to-face interviews with technical and managerial
professionals from targeted Taiwanese electronic manufacturing companies, the data
collected from the case studies were used to “explain” and “verify” the empirical model
and hypotheses through a pattern matching approach. The discussion and conclusion
was then drawn, based on the findings from the analyses. Finally, future research
directions were recommended to further enhance and extend the findings of the present
study. The details and the results of the relevant analyses undertaken in this study are
presented in the following chapters.
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CHAPTERDS

@ DEscrIPTIVE DATA ANALYSIS

5.1 Introduction

Chapter 5 presents the quantitative phase of the study, namely, preparing the data,
which involves descriptive data analysis and further univariate analyses, based on the
data collected from the survey. The primary purpose of the analysis was to examine the
fundamental characteristics of the data to ensure that it was suitable for the statistical
techniques employed in the later analysis stages. The details of the questionnaire survey
and the profiles of the respondents are provided (see Section 5.2). Section 5.3 describes
the data examination, which includes data screening techniques and results, especialy
in terms of the normality and outliers of the data set, as well as the standard deviation
and standard errors of the mean. Thisis followed by Section 5.4, which reports on, and
provides, an interpretative finding from the mean values of each measured variable
obtained from each construct. Finally, Section 5.5 summarises the chapter.

5.2 Questionnaire Survey and Respondent Profile

A questionnaire survey was conducted in Taiwan from December 2007 to March 2008.
The survey package contained a cover |etter, explaining the purposes and benefits of the
guestionnaire; the survey was either mailed or delivered in person to the manageria and
professional staff members within the targeted companies, during the sampling process.
Over a four month period, a total of 550 questionnaires were sent out; 186 responses
were provided from 83 of the 241 electronic manufacturing companies, representing a
response rate of 34.4%. However, 16 responses were considered unusable, due to the
researcher’s limit decision to limit only four usable questionnaires (containing no
missing data) from each company, to avoid bias in the data. Thus, 170 questionnaires

were retained for subsequent data analysis, which achieved a 30.9 percent response rate;

Managing electronic NPD and ISM activities in Taiwan: The moderating role of KS



Chapter 5: Descriptive Data Analysis 5-2

a rate which is considered satisfactory for research conducted in the operations and
management area (Hair et al., 2006). The responses were considered a good
representation of the opinions of the population, since, at the time of the survey, the
majority of the respondents were middle-aged, well-educated, experienced, and
knowledgeable about manufacturing operations and management within their

companies. The following section presents the profiles of the survey sample respondents.

The profiles of the survey sample respondents were examined to determine whether the
sample adequately represented the survey population. The respondents were classified
into four categories:

e Typesand sizes of companies in which they were employed;
e Profession and level of position;
e Typesof activities they participated in; and

e Age, years of experience, and educational level.

The demographic information is summarised in Table 5.1, and illustrated in the pie
charts for Figures 5.1 to 5.8. Figure 5.1 shows that the mgority of the respondents
were employed in companies containing design and manufacturing function (72.3%),
with 15.7 percent of companies involved in manufacturing and/or production function,
and only 12 percent of companies conducting design activities as their main business
focus. The reported size of these companies appears to display a good mix of medium
and large companies. From Figure 5.2, more than haf of the respondents were from
companies employing greater than 200, and fewer than 500 employees (accounts for
55.4 %). The remaining various sized companies accounted for 44.6 percent of the
respondents. As shown in Figure 5.3, 73.5 percent of the respondents reported that their
companies operated multi-nationally, while the rest only operated within Taiwan. In
addition, Figure 5.4 shows that 66.3 percent of the participating companies had
operated from 6 to 20 years, which accounts for the larger portion in this population.
The respondents’ position levels and professions (Figure 5.5) were: managers (40.0%)
and senior engineers (41.7%), with both respondents working mainly in supplier/quality
and product design functions. Most (72.9%) respondents, according to Figure 5.6, were
aged over 31 year. The rest were aged between 26-30 (21.2%) and 18-25 (5.9%).
Respondents years of work experience (Figure 5.7) ranged from 9 to 12 years (34.7%),
for the largest groups, and between 4-8 years (22.4%) and 13-20 years (22.9%). The
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respondents’ level of education (presented in Figure 5.8) was predominantly a
bachelor’s degree or higher (82.9%), comprising a bachelor’ s degree (52.9%), Master’s
degree (26.5%) and Doctora degree (3.5%).

Table 5.1 Respondent profile summary

Category Frequency Percentage

Age

More than 31 yearsold 124 72.9%
Educational background

A bachelor degree or higher 141 82.9%
Position

Executives 31 18.2%

Managers 68 40.0%

Senior engineers 71 41.8%
Industry experience

More than 4 years 127 74.7%
Company years of operation

More than 6 Years 65 78.3%
Company categories

Product design and manufacturing function 60 72.3%

Product manufacturing function 13 15.7%

Product design function 10 12.0%
Geographical operations of company

Multinational 61 73.5%

National and/or regional 22 26.5%
Company size

<200 12 14.5%

201 ~ 500 46 55.4%

> 500 15 18.1%

Others 10 12.0%
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Design only Design and
(12.0%) manufacturing
(72.3%)

Manufacturing
only
(15.7%)
Figure 5.1 Company categories
51—1(&?;;: )o yees 101-200 employees
21-50 employees ’ (7.4%)
(8.4%)
Over 2001 employees
(6.0%)

501-2000 employees
(12.0%)

201-500 employees
(55.4%)

Figure 5.2 Company size
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Loca
(3.6%)

Regional

National
(16.9%)

Multinational
(73.5%)
Figure 5.3 Geographical operations of companies
Under 6 years 6-10 years
(15.7%)
6-20 years
Over 20 years (66.3%)
(18.1%)

Figure 5.4 Companies years of operation
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Product
Supplier design
& qudlity (4.7%)

(6.5%)

Product
design
(22.9%)

Senior
Engineers
(41.7%)

Supplier
& quality
(18.8%)

Executives
(18.3%)

Other
(7.1%)

Supplier
& quality
(21.8%)

Figure 5.5 Respondents' profession/categories and position level

26-30
(21.1%)

18-25
(5.9%)

Over 50
(14.7%)

Managers
(40.0%)
Product
design
(18.2%)
31-40
(37.1%)
Over 31
(73%)

41-50
(21.2%)

Figure 5.6 Respondents age groups
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Over 20 years Under 4 years
(10.6%) (9.4%)

/

4-8 years
13-20 years (22.4%)
(22.9%)
9-12 years
(34.7%)
Figure 5.7 Respondents' industry experience
Diploma
Other (11.2%)
(5.9%)
Doctorate Degree
(3.5%)
Master Degree
(26.5%)
Bachelor
Degree
(52.9%)
Bachelor &
higher degree
(82.9%)

Figure 5.8 Respondents’' level of education
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In summary, it can be concluded that the opinions given by the respondents will provide
valuable and reliable information base, and can be considered a good representation of
the specific population. The majority were well-educated and experienced managerial
and/or technical professionals, who possessed needed knowledge of product
devel opment, manufacturing operations and management about their company, as well
as the dynamics of the markets. In addition, the proportion of the respondents was fairly
equally distributed professionals, being employed at experienced and graduate levels.
Therefore, relevant practical information and appropriate reflections on their business
activities and its effect on business performance were likely to be reported. Moreover,
the opinions of respondents were unlikely to be seriously biased toward a particular
company group or a specific type of operations, their profiles showed fairy equally
distributed at each level of position and profession, within similarly scaled of national
and multi-national companies (e.g. greater than 100 employees). The following section
outlines the procedure undertaken to screen the data collected from the survey to ensure

its suitability for subsequent statistical analyses.

5.3 Data Examination

To improve the quality of the statistical analysis, a detailed assessment of the collected
data set was carried out. Due to the different statistical analyses employed, they were
sensitive to outlying data sets and, were robust in relation to assumptions of normality
and linearity. Data screening techniques were applied to al variables to assess their
distribution (Tabachnick and Fidell, 2007; Hair et al., 2006). The descriptive statistics
for the ISM variables of each construct are illustrated in Table 5.2 through to Table 5.6.

53.1 Assessment of normality

The assessment of normality was fundamentally important since the current research
depended on severa statistical analyses that required an assumption of data normality.
In general, two types of normality were examined: univariate and multivariate.
Univariate normality refers to the degree to which the data distribution of a specific
variable corresponds to a normal distribution, whereas multivariate normality presents a
normal joint distribution of more than one variables (Hair et al., 2006) The following

discussion examine the univariate normality to preliminary assess and demonstrate the
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data distribution of each variable and presents a justification for the use of certain

statistical analysis procedures.

In practice, the assessment of normality can be carried out visually and statistically.
Through visua inspection, researchers observe and determine how well the variable's
data histogram corresponds to a bell-shaped curve. To objectively justify normality, a
common rule of thumb test for normality is used to examine “skewness’ and “kurtosis’,
which are considered as two important indicators of normality (Tabachnick and Fidell,
2007; Hair et al., 2006). Skewness is a measure of symmetry, while kurtosis is a
measure of the peakedness of a distribution. A positively skewed distribution hasiits tail
right-leaning (i.e. relatively few large values), whereas a negatively skewed distribution
hasitstail left-leaning (i.e. relatively few small values) (Garson, 2007; Hair et al., 2006).
To be considered a normal distribution of variables, both skewness and kurtosis showed
fit between the criterion +2.00 and -2.00.

To this end the histograms of the data distribution for all variables were visually
examined, the shapes of all the distributions appeared to be reasonably normal; their
normal probability plots showed that the cases fell more or less, in straight line. Further,
as can be seen in Tables 5.2 to 5.6, al the variables had a dlight level of skewness,
reflecting the underlying nature of the constructs being measured. The absolute values
of the skewness and kurtosis ranged from 0.009 to 1.288, and 0.076 to 1.373,
respectively, thus faling between the above-mentioned recommended ranges of +2.00
to -2.00. Consequently, these values, along with the distribution histograms, provided
support for the univariate normality of the data set.

5.3.2 Outliersscreening

According to Garson (2007), outliers can radically ater the outcome of an analysis and
also cause violations of normality. Moreover, outliers are cases containing scores that
are substantially different from the rest (Hair et al., 2006). Therefore, it is important to
screen the data to detect outliers, since they can potentially bias the mean and inflate the
standard deviation (Field, 2005). Kline (2005) postulated that cases with scores more
than three standard deviations beyond the mean may be regarded as outliers. To detect
such deviations, all 55 variables for all cases were converted into standardised z-scores;

any cases with absolute z-scores (|z|) greater than 3.29 were considered outliers
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(Tabachnick and Fidell, 2007). Inspection of the Box-plot and z-scores identified a few
outliers in the data for severa variables (Field, 2005; Tabachnick and Fidell, 2007). In
total, three variables contained cases with absolute z-scores greater than 3.29; they were
presented as outliers and eliminated from the data set. The remaining outliers ranged
between 0.5 to 1.5 percent, and so were not considered as excessive; an acceptable level
is one percent (Field, 2005). Further, to ensure that these outliers did not significantly
distort the data set and/or bias the mean, the 5% trimmed mean and the original mean
was further examined for each variable. The 5% trimmed mean is concerned with a
mean calculated from a set of cases in which those scores in the top and bottom five per
cent are removed (Pallant, 2005). Given that all the calculated mean differences (AMean)
in the data set were relatively small, ranging from 0.01 to 0.06, these results suggest that
the detected outliers did not cause a problem to the data set. As a result, al 170 cases

were retained for subsequent anal yses.

5.3.3 Assessment of standard deviations and standard errorsof mean

The standard deviation (SD) is as a measure of how well the mean represents the
observed data, while the standard error (SE) is an indication of how well a particular
sample represents the population (Field, 2005). A large SD indicates that the scores
cluster more widely around the mean; thus the mean is not a good representation of the
data. On the other hand, a small SD represents |ess dispersed data points about the mean,
suggesting that the mean is a good representative of the observed data. The variability
of the sample mean is represented by SE. A large SE means that there is a lot of
variation between the means of the different samples, thus indicating that the sample is
a poor representative of the population. In contrast, a small SE represents a situation
where most sample means are similar to the population means; therefore the sample is
an accurate reflection of the population. Thus, the values of the SD of all the variables
were not large, while the values of the SE were relatively small, when compared with
the means. Hence, it can be reasonably concluded that the mean value can be used as a
representative score for each variable in the data set. Additionaly, the small values of

the SE suggest that the research sample sufficiently represents the popul ation.
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54 Measurement Variables Descriptive Analysis

As described in the previous section, the values of the SD for al variables were deemed
as not large, therefore, the mean values adequately represented the overall response for
each variable. The following section focuses on presenting, evaluating and interpreting
the mean values of all 55 variables analysed from the entire sample. These mean values
are presented in Table 5.2 through Table 5.6 (at the end of the Chapter). The
interpretation of such mean values was carried out using the five-point scale response
format in all questionnaire items (variables) (the value of five (5) represented the
highest score and one (1) indicated the lowest score).

541 |SM variables

All the mean values of the ISM variables were above the medium level of 3.00, ranging
from 3.32 to 4.60 (Table 5.2). Overal, the supplier evaluation and selection system in
Talwanese manufacturing companies was identified as a very important strategy,
effectively improving the manufacturer’s competitive advantage. More specificaly, the
system was perceived as choosing an appropriate supplier, thus increasing and
complementing manufacturer’s business capabilities, as indicated by the three highest
mean values of variables A2 (appropriate supplier: 4.60), A1l (supplier assessment
system: 4.39), and A3 (complementary both manufacturer and supplier’s capabilities:
4.35). Moreover, involving the supplier in the projects was also a main focus of the ISM,
for example variable A7 (better design/technology support: 4.02) and A4 (project
functioned smoothly: 3.97). Interestingly, despite the supplier assessment system and
involvement activities exhibiting a high level of perception, training/education support
and communication were the least to be noticed amongst the other variables. Evidently,
supporting training/education and providing good channels of communication for
problem solving were not important in these operations, when compared with other
perceived practices with higher mean scores, such as variable A10 (training and
education support: 3.32) and variables A11 (good channels of communication: 3.67).
These variables appear to be more diverse, possibly the result of each manufacturer
implementing their own supplier management strategies, which are dependent on
product characteristics and company resources.
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542 NPD variables

Overdl, the NPD variables also seemed to be quite strong. From Table 5.3, it can be
seen that all of the mean values within this scale were greater than 3.00 (ranging from
3.26 to 4.23) indicating that specific design practices tended to be the main NPD
process in Taiwanese manufacturing companies. The respondents strongly supported the
modular product design, which was considered as good practice when trying to improve
the efficiency of product design/devel opment, as indicated by the highest mean value of
variable B9 (modular design practice: 4.23). Moreover, variables B4 (component
standardisation/reduction: 4.05), B3 (design simplification: 4.02), and B5 (design
process. 3.92) were equally important, since the design simplification and the
component standardisation/reduction were viewed as critical practices. Consequently,
the respondents tended to agree upon these practices, as away to improve the efficiency
of the product design. This outcome might be due, in part, to the fewer or more
standardised components used in the modular design, which are expected to reduce
product development time and to streamline the production line. These design practices
played an essential role in Taiwanese manufacturing companies’ activities. Furthermore,
the lower employee involvement rating might explain why variable B6 (appropriate
staff inclusion: 3.26) had the least mean value and was much lower in relation to the
other variables. Since the organisational structure sometimes confused the involvement
of employees, in terms of how and when to get involved, employee involvement could
also have affected other activities that would otherwise be undertaken more extensively,
for example, training on product design and quality (variable B7: 3.49). Apart from this
result, other design practices appear to demonstrate a relatively high degree of
perception, as indicated by other variables with equally high mean values, such as. B1
(design for quality: 3.92); and B2 (design for manufacturability: 3.81). Additionally, the
awareness of the project process (variable B8: 4.21) seems to be percelved as an
important indicator, especialy as a new product release is extremely sensitive to the

competitive market.

5.4.3 KSvariables

As with the findings for NPD, the scale of the KS construct was generally perceived to

be above the moderate level for amost all variables (see Table 5.4), having a mean
value greater than 3.00. The highest mean value in variables C1 (top management
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support: 4.51) indicated a high degree of respondents agreement about top management
support, the most critical influence on knowledge sharing activities; the outcome is
supported by other operational and knowledge management research (Lubit, 2001; Hsu,
2006; Modi and Mabert, 2006; Tseng, 2006). This support also seems to relate to
perceived employees capability and work process improvement, as indicated by an
equally high mean vaue of variable C6 (enhanced employees ability: 4.04) and C7
(improved work processes. 3.91).

According to Davenport and Prusak (1998), most KM implemented companies tend to
make knowledge more visible and show the beneficial results of knowledge; as a result
a knowledge-intensive culture is developed by encouraging knowledge learning and
sharing and, finally building a knowledge infrastructure, which is more than an IT
system. The knowledge infrastructure is a system of connections among employees
given the space, time, tools and encouragement to interact and collaborate closely.
Therefore, with appropriate motivation, the respondents were more willing to take part
in the KS activities. Thus the mean values of variables C2 (encourage to seek out useful
knowledge: 3.46), C3 (understand the critica role of knowledge: 3.75) and C4
(employee empowerment: 3.40) indicated the building of mutua trust between top
managers and employees was supported by a high level of empowerment towards more
active KS activities in the companies. Despite Taiwanese manufacturing companies
being perceived as advanced IT and electronics hardware providers, these companies
were perceived as having a moderate level of IT support in their business and KS
activities, as seen in variable C8 (user friendly IT support: 3.37), C9 (IT systems for
knowledge dissemination: 3.29) and C11 (update knowledge repository regularly: 3.31).
Perhaps, this outcome relates to the maturity of the IT infrastructure and its application,
which may not be completely established, since it is impeded by limited resources and
employees willingness. The resources provided by the companies, in terms of time,
cocst, training and education, were perceived to be moderate, as indicated by the mean
values of variables C10 (training and education: 3.07) and C5 (learning platforms and

resources. 3.29).

Further, in order to disseminate knowledge to the right person at the right time,
companies strive to build an open communication atmosphere, in which employees can
share their ideas freely inside/outside of the companies. This influence was perceived as

dlightly above moderate, indicated by the mean values of variables C12 (open and
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collaborative communication: 3.42), C13 (enhanced learning and sharing: 3.38), and
C14 (prevent quality/design/process deficiencies. 3.59). However, the companies seem
to lack a sengitivity for market pressure, and appear to be less likely to provided either
monetary or non-monetary incentives/rewards to promote sharing activities within their
companies, as indicated by the mean values of variables C15 (marketing competitive
pressure; 2.98) and C16 (incentives and/or rewards. 2.79). The mean values below 3.00
may be indicated why most companies are trying to integrate KS activities into their
company’s practice. However, they have no standard operational procedure (SOP) to
follow and each department often has operational priorities and concerns that impact on
the development of their unigue KS platform or learning centre, according to their
purpose of use. This issue, in particular, is a highly critical component in the product
design department, as reported by the recent research (Olsen et al., 2001; Liu et al.,
2005; Matsui et al., 2007). Importantly, since NPD is the nexus of competition for the
Talwanese manufacturing industry, their confidential concerns may be the most
potential impediments to be overcome in terms of KS activities within the product
design department.

In generd, it can be concluded that overall business activities (i.e. ISM, NPD and KS)
among the Taiwanese manufacturing companies surveyed were moderately strong. This
conclusion is characterised by the presence of qualified suppliers with complementary
capabilities, modular product designs for quality and manufacturability, and top
management support towards enhanced employees ability and improved work

processes.

544 BPvariables

The mean values of the variables in the BP construct were rated as moderate by the
respondents (Table 5.5). Specifically, how the respondents perceived their companies
business performance, from operations and manufacturing perspective, was indicated by
variables from D1 to D10, with mean values slightly greater than 3.00. The production
process and/or the workmanship resulting in product scrap and reworking rate appear to
be the most observable attribute of the manufacturing and production activities; the
highest mean value was for variable D10 (reduced scrap and rework rate: 3.55). The
lowest level of business performance perceived by respondents was evident in variable

D6 (improved product introduction speed: 3.09). Some variables were recorded as
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having a slight agreement for their business performance in terms of cost, timeliness,
and quality perspectives, such as variable D1 (reduced unit cost of manufacturing: 3.24),
D3 (reduced total quality cost: 3.21), D4 (decreased engineering change rate: 3.10), D7
(on-time delivery: 3.24), and D8 (increased product rate: 3.16). Three variables, namely
D2, D5 and D9, notable mean values dlightly greater than 3.00, indicating the partial
implementation of KS practices resulting in improved product cycle time, and reduced
operational costs and product defect rates, as the perceived variables D5 (improved
product cycle time: 3.41), D2 (reduced operational cost: 3.34) and D9 (reduced produce
defect rate: 3.31).

Additionally, according to Table 5.5, respondent perceived their companies’ business
performance, from financial and non-financial perspective, was indicated by variables
from D11 to D19, with mean values dlightly greater than 3.00. The highest mean value
belonged to variable D12 (market share growth: 3.38), whereas the lowest value
belonged to variable D16 (customer response time: 3.17). The remaining seven
variables (i.e. D11-D19 except for D12 and D15) were only above the mean value 3.00.
The second highest value belonged to variable D15 (customer retention rate: 3.34),
suggesting that the effective implementation of KS practices will help manufacturing
companies to gain market share and satisfy their customers requirements, as also
reported by Hsu (2006), Antonio et al. (2006), and Liu et al. (2005). Moreover, KS aso
contributes the company’s profit growth, sales growth, customer satisfaction,
competitive ability and its reputation, as indicated by the mean value of D11 (profit
growth: 3.27), D13 (sales rate growth: 3.27), D17 (level of customer satisfaction: 3.28),
D18 (competitive ability: 3.19) and D19 (overall reputation: 3.25). Overall, it can be
concluded that the average level of business performance among the sampled

companies was moderately strong.
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Table 5.2 |SM variables descriptive statistics

Variable: Description Vaid Caseswith Mean 5%trimmed AMean SD SE Skewness  Kurtosis
(N [z]>3.29 Mean
Al: Supplier assessment system 170 0.0% 4.39 4.38 0.01 048 0.03 0.46 -1.20
A2: Appropriate supplier 170 0.0% 4.60" 4.61 0.01 049 0.03 -0.41 -1.12
A3: Complementary capabilities 170 0.0% 4.35 4.34 0.01 047 0.03 0.62 -1.16
A4: Smoothly project functioned 170 0.0% 3.97 3.97 0.00 0.90 0.06 0.05 -1.27
A5: Expedited decision making 170 0.0% 3.88 3.86 0.02 0.68 0.05 0.15 -0.83
A6: Faster problem resolution 170 0.5% 3.87 3.86 0.01 063 0.04 0.10 -0.51
AT: Better design/technology support 170 0.0% 4.02 4.02 0.00 0.69 0.05 -0.02 -0.89
A8: Introduce quality assurance program 170 0.0% 4.14 4.16 0.02 057 0.04 -0.01 -0.13
A9: Regular sitevisit 170 0.0% 4.05 4.06 0.01 0.80 0.06 -0.09 -1.46
A10: Training and education support 170 0.0% 3.32" 3.34 0.02 053 0.04 0.07 -0.69
A11: Good channels of communication 170 0.0% 3.67 3.63 0.04 0.68 0.05 0.53 -0.78

Notes: AMean = 5% trimmed mean — mean; SD: Standard Deviation; SE: Standard Error of mean; ™: Highest mean value; -: Lowest mean value.
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Table 5.3 NPD variablesdescriptive statistics

Variable: Description Vaid Caseswith Mean 5%trimmed AMean SD SE Skewness  Kurtosis
(N [z]>3.29 Mean
B1: Design for quality 170 0.6% 3.92 391 0.01 060 0.04 0.03 -0.22
B2: Design for manufacturability 170 0.0% 381 3.78 0.03 054 0.04 -0.08 -0.07
B3: Design simplification 170 0.0% 4.02 4.02 0.00 061 0.04 -0.01 -0.27
B4: Component standardisation/reduction 170 0.0% 4.05 4.05 0.00 0.60 0.04 -0.02 -0.22
B5: Improve design processes 170 0.0% 3.92 3.91 0.01 0.60 0.04 0.03 -0.22
B6: Appropriate staff inclusion 170 0.0% 3.26" 3.25 0.01 071 0.05 0.14 -0.18
B7: Training on product design and quality 170 0.0% 3.49 3.44 0.05 0.62 0.04 0.89 -0.22
B8: Awareness of project processes 170 1.5% 421 4.23 0.02 054 0.04 0.10 -0.10
B9: Modular design practice 170 0.0% 4.23" 4.25 0.02 056 0.04 -0.01 -0.31

Notes: AMean = 5% trimmed mean — mean; SD: Standard Deviation; SE: Standard Error of mean; ™: Highest mean value; -: Lowest mean value.
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Table 5.4 KSvariables descriptive statistics

Variable: Description Vaid Caseswith Mean 5%trimmed AMean SD SE Skewness  Kurtosis
(N [z]>3.29 Mean
C1. Top management support 170 0.0% 451" 451 0.00 0.50 0.03 -0.02 -1.02
C2: Encourage to seek out useful knowledge 170 0.0% 3.46 3.40 0.06 061 0.04 0.96 -0.07
C3: Undergtand the critica role of knowledge 170 0.0% 3.75 3.78 0.03 0.73 0.05 -1.19 1.22
C4: Employee empowerment 170 0.0% 3.40 3.39 0.01 049 0.03 0.41 -1.25
C5: Learning platforms and resources 170 0.0% 3.29 3.27 0.02 046 0.03 0.91 -1.18
C6: Enhanced employees’ ability 170 0.0% 4.04 4.04 0.00 056 0.04 0.01 0.18
C7: Improved work processes 170 0.0% 391 3.90 0.01 054 004 -0.06 0.35
C8: User friendly IT support 170 0.0% 3.37 3.36 0.01 0.48 0.03 0.54 -1.12
C9: IT systemsfor knowledge dissemination 170 0.0% 3.29 3.27 0.02 045 0.03 0.91 -1.18
C10: Training and education 170 0.0% 3.07 3.08 0.01 0.65 0.05 -0.06 -0.60
C11: Update knowledge repository regularly 170 0.0% 331 3.29 0.02 046 0.03 0.82 -1.34
C12: Open and collaborative communication 170 0.0% 342 3.40 0.02 050 0.04 0.31 -1.22
C13: Enhanced learning and sharing 170 0.0% 3.38 3.37 0.01 048 0.04 0.48 -1.18
C14: Prevent quality/process deficiencies 170 0.0% 3.59 3.60 0.01 049 0.04 -0.38 -1.27
C15: Marketing competitive pressure 170 0.0% 2.98 2.98 0.00 0.60 0.05 0.00 -0.18
C16: Incentives and/or rewards 170 0.0% 2.79" 2.76 0.03 055 0.04 -0.03 -0.20

Notes: AMean = 5% trimmed mean — mean; SD: Standard Deviation; SE: Standard Error of mean; ": Highest mean value; -: Lowest mean value.
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Table 5.5 BP variables descriptive statistics

Variable: Description Valid Caseswith Mean 5%trimmed AMean SD SE Skewness  Kurtosis
(N |z|>3.29 Mean
D1: Reduced unit cost of manufacturing 170 0.0% 3.24 321 0.03 042 0.03 1.25 -0.41
D2: Reduced operational cost 170 0.0% 3.34 3.32 0.02 047 0.03 0.67 -0.95
D3: Reduced total quality cost 170 0.0% 321 3.17 004 040 0.03 0.86 0.15
D4. Decreased engineering change rate 170 0.0% 3.10 311 0.01 048 0.04 0.26 1.09
D5: Improved product cycletime 170 0.0% 341 3.40 0.01 049 0.04 0.38 -1.27
D6: Improved product introduction speed 170 1.1% 3.09" 3.05 0.04 029 0.02 1.20 1.29
D7: On-time delivery 170 0.0% 3.24 321 0.03 042 0.03 1.25 -0.41
D8: Increased product rate 170 0.6% 3.16 3.12 0.04 0.36 0.03 1.28 0.96
D9: Reduced product defect rate 170 0.0% 331 3.28 0.03 046 0.04 0.85 -1.20
D10: Reduced scrap and rework rate 170 0.0% 3.55" 3.56 0.01 049 0.04 -0.21 -1.37
D11: Profit growth 170 0.0% 3.27 3.25 0.02 044 0.03 1.04 -0.92
D12: Market share growth 170 0.0% 3.38 3.36 0.02 048 0.04 0.51 -1.15
D13: Sadesrate growth 170 0.0% 3.27 3.25 0.02 044 0.03 1.04 -0.92
D14: Overal financial performance 170 0.0% 331 3.28 0.03 046 0.04 0.85 -1.20
D15: Customer retention rate 170 0.0% 3.34 3.32 0.02 047 0.04 0.70 -0.87
D16: Customer response time 170 0.0% 3.17 3.16 0.03 039 0.03 0.96 0.44
D17: Level of customer satisfaction 170 0.0% 3.28 3.26 0.02 045 0.04 0.97 -1.06
D18: Competitive ability 170 0.0% 3.19 3.16 0.03 040 0.03 0.96 0.46
D19: Overal reputation 170 0.0% 3.25 3.22 0.03 043 0.03 1.18 -0.60

Notes: AMean = 5% trimmed mean — mean; SD: Standard Deviation; SE: Standard Error of mean; ™: Highest mean value; -: Lowest mean value.
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5.4.5 Comparison between level of position

In the previous section, the preliminary findings presented a snapshot of employee
perception from the sampled companies. Additionally, a further study was conducted (a
comparative analysis based on the perceptions of respondents from two main groups,
namely the engineers and the managers). As described earlier in Section 5.2.1, from a
technical and managerial aspect (i.e. engineers and managers), these two categories
together accounted for the majority of the survey population. The comparative analysis
involved providing the mean values for all the variables in each position, and then
comparing them to one another. The results are presented in Tables 5.6 to 5.9, and the
accompanying by radar charts (Figures 5.9 to 5.12) which graphically illustrating the
comparison (presented at the end of the section for ease of use).

The overall levels of ISM as perceived by the respondents (engineers and manager’s)
perspectives, were not much different (see Table 5.6 and Figure 5.9); with the mean
values of most variables being dlightly higher from the engineer’s perspective. The
overal perceptions of the NPD appear to be similar for both groups (see Table 5.7 and
Figure 5.10). More than half the variables of the mean value, from the engineer's
perceptions, were slightly higher than those from the managers’ perceptions. Moreover,
around two-thirds of the variables measuring KS were also perceived to be dlightly

higher from the manager’ s perspectives, as presented in Table 5.8 and Figure 5.11.

Slight differences were perceived in the mean values related to the perceived level of
BP, with around two-thirds of the variables from the manager’s perceptions having
mean values a little higher than those from the engineers (Table 5.9 and Figure 5.12).
The overal difference in the perceived level of the 55 variables by the respondents from
both groups was not much difference; however, several differences in the mean values
were identified in three variables: A11 (good channels of communication), B1 (design
for quality), and D8 (increased production rate). In terms of the integrated supplier
management practices, good channels of communication were more evident from the
manager’s perspectives. This result might be because the experienced managers
generaly thought the channels of communication were the most important factor in

managing supplier activities and it is much easier to deal with tasks than people.
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In relation to the new product development practices, design for quality tended to be
more focused from the engineer’s point of view. This outcome is not surprising, since
the quality of the product normally comes from the original design, as well as during the
development processes, both activities are mainly controlled by the design engineers.
Indeed, the design engineers are intensively involved in al the design and production
activities; they also take all the responsibility for the quality of the product from its raw
materials' selection to its functional testing.

Within the levels of business performance, from the operations and manufacturing
perspectives, increased production rate is a most critical element, as well as being the
first priority of the manufacturing companies, from the top manager’s viewpoint. The
result is also not surprising since the structure of the manufacturers in Taiwan focus
more on the producing mass quantity of existing products and/or family products,
having the less cost, with good quality, to support the enormous market requirementsin
short lead time. Specifically, within the knowledge sharing activities, top management
support was strongly acknowledged by both groups, with its mean value being much
higher than the other variables. This result shows that without top management
commitment and support on knowledge sharing activities, the sharing activities may not

be undertaken.

In summary, it can be concluded that the level of integrated supplier management, new
product development, knowledge sharing, and business performance, as perceived by
the respondents with engineering and management perspectives, do not differ very
much from the participated manufacturing companies. Thus the anaysis can be

performed, with confidence, on the entire set of data as a single sample.
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Table 5.6 1SM construct measurement variable comparison

Engineer M anager
Variable: Description
SD Mean Mean SD
Al: Supplier assessment system 0.48 4.35 4.43 0.49
A2: Appropriate supplier 0.47 4.63 4.59 0.48
A3. Complementary capabilities 0.47 4.35 4.37 0.47
A4: Smoothly project functioned 0.91 4.03 3.91 0.89
A5: Expedited decision making 0.68 3.96 3.81 0.67
A6 Faster problem resolution 0.58 3.94 3.82 0.66
AT: Better design/technology support 0.63 4.14 3.91 0.72
A8: Introduce quality assurance program 0.55 4.21 4.07 0.60
A9: Regular sitevisit 0.81 4.10 3.99 0.80
A10: Training and education support 0.61 3.37 3.26 0.44
A1l: Good channels of communication 0.62 3.45 3.90 0.69
Average Mean Score 4.05 4.01
Note: Higher mean values underlined
—e— Engineers —s=— Managers

Figure 5.9 Radar chart of ISM construct measur ement variable comparison
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Table 5.7 NPD construct measurement variable comparison

Engineer Manager
Variable: Description
SD Mean Mean SD

B1: Design for quality 0.57 4.08 3.76 0.57
B2: Design for manufacturability 0.60 3.68 3.93 0.46
B3: Design simplification 0.59 4.07 3.97 0.64
B4: Component standardisation/reduction 0.44 3.94 4.15 0.71
B5: Improve design processes 0.52 4.01 3.84 0.66
B6: Appropriate staff inclusion 0.65 3.23 3.31 0.77
B7: Training on product design and quality 0.49 3.42 3.56 0.72
B8: Awareness of project processes 0.44 4.27 4.16 0.61
BO: Modular design practice 0.47 4.34 4.13 0.62

Average Mean Score 3.89 3.87

Note: Higher mean values underlined

—&— Engineers —#— Managers

Figure 5.10 Radar chart of NPD construct measurement variable comparison
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Table 5.8 KS construct measurement variable comparison

Engineer Manager
Variable: Description
SD Mean Mean SD
C1l: Top management support 0.50 451 4.49 0.50

C2: Encourage to seek out useful knowledge 0.60 3.45 3.46 0.61
C3: Understand the critical role of knowledge 0.81 3.65 3.85 0.65

C4: Employee empowerment 0.47 3.32 3.49 0.50
C5: Learning platforms and resources 0.40 3.20 3.38 0.49
C6: Enhanced employees' ability 0.59 4.07 4.00 0.54
C7: Improved work processes 0.57 3.96 3.88 0.51
C8. Use friendly IT support 0.44 3.27 3.49 0.51
C9: IT systemsfor knowledge dissemination 0.40 3.20 3.38 0.49
C10: Training and education 0.76 3.11 3.01 0.50
C11: Update knowledge repository regularly 0.44 3.27 3.35 0.48
C12: Open and collaborative communication 0.47 3.3 3.51 0.50
C13: Enhanced learning and sharing 0.45 3.28 3.47 0.50
C14: Prevent quality/process deficiencies 0.50 351 3.66 0.47
C15: Marketing competitive pressure 0.43 3.08 2.87 0.71
C16: Incentives and/or rewards 0.48 2.65 2.93 0.60

Average Mean Score 343 3.51

Note: Higher mean values underlined
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—e— Engineers —=— Managers

Figure5.11 Radar chart of KS construct measurement variable comparison
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Table 5.9 BP construct measur ement variable comparison

Engineer Manager

Variable: Description

SD Mean Mean SD
D1: Reduced unit cost of manufacturing 0.44 3.27 321 0.40
D2: Reduced operational cost 0.45 3.28 341 0.49
D3: Reduced total quality cost 0.35 3.14 3.28 0.52
D4: Decreased engineering change rate 0.45 3.07 3.13 0.51
D5: Improved product cycletime 0.49 341 341 0.49
D6: Improved product introduction speed 0.25 3.07 3.12 0.32
D7: On-time delivery 0.44 3.27 3.21 0.40
D8: Increased production rate 0.01 3.00 3.32 0.47
D9: Reduced product defect rate 0.44 3.27 334 0.47
D10: Reduced scrap and rework rate 0.50 3.46 3.65 0.48
D11: Profit growth 0.47 3.34 3.21 0.40
D12: Market share growth 0.47 3.34 3.43 0.49
D13: Salesrate growth 0.44 3.27 3.28 0.45
D14: Overall financia performance 0.44 3.27 3.35 0.48
D15: Customer retention rate 0.47 3.34 3.34 0.47
D16: Customer response time 0.33 3.13 3.26 0.44
D17: Leve of customer satisfaction 0.45 3.28 3.29 0.45
D18: Competitive ability 0.40 3.20 3.19 0.39
D19: Overall reputation 041 321 3.28 0.45

Average Mean Score 3.24 3.30

Note: Higher mean values underlined
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D11 D10
—e— Engineers —=— Managers

Figure 5.12 Radar chart of BP construct measurement variable comparison
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55 Chapter Summary

The descriptive data analysis, reported in this chapter, shows that the received responses
can be considered as a good representation of the opinions from the participating
Talwanese electronics manufacturing companies. One hundred and seventy (170) valid
cases revealed that the perceptions and opinions given by the respondents should
provide reliable and unbiased information, based on their professional qualification and
knowledge, the characteristics of companies by which they were employed, and the
types of functions in which they were involved. The data set, retained from these
respondents, was then verified by a screening technique. No extreme outliers were
found and no significant distortions resulted from the different opinions of the specific
groups. Thus the assumptions of normality and linearity were upheld. Further
assessments of the standard deviation and the standard errors of mean indicated that a
mean value could be used as a representative score for each variable; the sample used in
the study was shown to sufficiently represent the manufacturing companies population.
Through interpreting the variable's mean values, some preliminary findings were
provided, which indicated that the overall levels of ISM, NPD, KS, and BP, as
perceived by respondents, were located between moderate and high. In addition, the
mean vaues from the two main groups of respondents (engineers and managers)
represented similar perceptions in terms of the managerial and technical aspects.
Therefore, the data set and the preliminary findings were considered suitable and
satisfied the conditions required for the subsequent measurement scale anaysis,
including factor, correlation and regression analyses, which is presented in the

following chapter.
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CHAPTER ©

@ MEASUREMENT ScaLE ANALYSIS

6.1 Introduction

This chapter presents in three sections, the details and results of the anaysis of
measurement scales used in the questionnaire for the proposed conceptual model
constructs. The scale development commenced with each of the four measurement
scales, representing the model constructs, being assessed to determine its overadl
reliability. The implementation of factor analysis followed for each scale (to refine,
reduce and confirm the factor structures), thus forming a smaller number of subscales to
represent each individual model construct, which is an essential step prior to assessing
the conceptual model. Section 6.2 discusses the details and results of the scale reliability
analysis, and the assessment of itsinterna consistency and item-total correlations. Next
the procedures and results of the Exploratory Factor Analysis (EFA), used to verify and
classify the appropriate factor structures of the model construct as well as to assess
common method variance (see Section 6.3) are presented. Finally, Section 6.4
summarises the chapter.

6.2 Scale Réliability

In the conceptual model (Figure 3.2), four independent scales were used in the survey
questionnaire to measure the proposed constructs, namely, Integrated Supplier
Management (ISM), New Product Development (NPD), Knowledge Sharing (KS) and
Business Performance (BP). To ensure that such proposed measurement scales can
consistently and accurately captured the meaning of the model constructs, an anaysis of
scale reliability was performed through an assessment of the internal consistency and
item-total correlations. Each of these assessment procedures and their associated results
are presented in the following sub-section (6.2.1 — 6.2.2).
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6.2.1 Internal consistency

Internal consistency refers to the degree to which responses are consistent across the
items (variables) within a single measurement scale (Kline, 2005). In general, interna
consistency is measured by Cronbach’s alpha (a) coefficient, which is the estimated
correlation of a set of items and scores. Low Cronbach’s alpha coefficient indicates that
variables may be heterogeneous, which means that they perform poorly in representing
the measure (i.e. the construct) (Kline, 2005). As a guideline, Kline (2005) suggested
that a Cronbach’s apha coefficient around 0.90 is considered excellent, around 0.80 is
very good, and around 0.70 is adequate. In addition, Hair et al. (2006) postulated that
values of 0.60 to 0.70 are at the lower acceptable limit.

The values of the apha coefficient for all four scales, ranging from 0.739 to 0.849, were
all above the lower acceptable limit (i.e. 0.60 — 0.70). Thus, the measurement scales
were considered to consist of a set of consistent variables for capturing the meaning of
the model constructs. Table 6.1 presents the Cronbach’s alpha (a) for the construct’s

measurement scales.

Table 6.1 Cronbach’salpha for measurement scales

Construct’s measurement scale Number of  Crobach’salpha
variables (o)

Integrated Supplier Management (ISM) 11 0.780

New Product Development (NPD) 9 0.739

Knowledge Sharing (KS) 16 0.766

Business Performance (BP) 19 0.849

6.2.2 |tem-total correlations

Item-total correlation refers to the correlation of a variable with the composite score of
all variables forming the measure of the construct (Lu et al., 2007). According to
Churchill (1979), if all variables share a common core of the same construct, the score
of each variable, and that of the entire construct, should be highly correlated. Moreover,
this analysis should be performed to purify the measure by removing “garbage items”
prior to determining factors underlying the construct. This action helps to prevent the
unnecessary production of too many factors than can be conceptually defined.
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According to Pallant (2005), a value of corrected item-total correlation less than 0.30
indicates that the variable is measuring something different from the construct as a
whole. According to the results of item-total correlations (presented in Tables 6.2
through 6.5), most of the variables within each construct measured the same concept as
their corrected item-total correlations, which were greater than 0.30, with the exception
of six variablesin the NPD, KS and BP. There variables were: B1, B2, C15, C16, D1
and D6 (Tables 6.3 — 6.5); they had corrected item-total correlations less than 0.30
(0.226 — 0.296); the result indicated a potential for elimination. However, given that the
alpha coefficient of those constructs were relatively high (0.739 — 0.849), and the results
suggested that deleting those items will not significantly improve the alpha coefficient,
the six variables were retained for subsequent analyses (Pallant, 2005).

Table 6.2 Item-total correlationsfor thel SM variables

Variable: Description Corrected Item- Crobach’sAlpha
Total Correlation if Item Deleted’
Al: Supplier assessment system 0.749 0.698
A2: Appropriate supplier 0.344 0.692
A3. Complementary capabilities 0.773 0.697
A4: Smoothly project functioned 0.366 0.686
A5: Expedited decision making 0.412 0.683
AG6: Faster problem resolution 0.532 0.693
A7:. Better design/technology support 0.608 0.681
A8: Introduce quality assurance program 0.321 0.693
A9: Regular sitevisit 0.354 0.697
A10: Training and education support 0.381 0.693
A11: Good channels of communication 0.322 0.698

"Tobe compared with Cronbach’s alpha for the ISM scale (a = 0.780)
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Table 6.3 Item-total correlationsfor the NPD variables

Variable: Description Corrected Item- Crobach’s Alpha
Total Correlation if Item Deleted”
B1: Design for quality 0.287% 0.694
B2: Design for manufacturability 0.296% 0.702
B3: Design simplification 0.356 0.701
B4: Component standardisation/reduction 0.463 0.721
B5: Improve design processes 0.488 0.722
B6: Appropriate staff inclusion 0.583 0.724
B7: Training on product design and quality 0.391 0.724
B8: Awareness of project processes 0.515 0.722
B9: Modular design practice 0.543 0.726

"Tobe compared with Cronbach’s alpha for the NPD scale (o = 0.739); *Correlation < 0.300

Table 6.4 Item-total correlationsfor the KSvariables

Variable: Description Corrected Item- Crobach’sAlpha
Total Correlation if Item Deleted’
C1l: Top management support 0.349 0.733
C2: Encourage to seek out useful knowledge 0.365 0.727
C3: Understand the critical role of knowledge 0.454 0.748
C4: Employee empowerment 0.716 0.718
C5: Learning platforms and resources 0.538 0.732
C6: Enhanced employees' ability 0.658 0.718
C7: Improved work processes 0.370 0.725
C8: User friendly IT support 0.596 0.721
C9: IT systems for knowledge dissemination 0.541 0.725
C10: Training and education 0.485 0.730
C11: Update knowledge repository regularly 0.645 0.720
C12: Open and collaborative communication 0.530 0.727
C13: Enhanced learning and sharing 0.413 0.725
C14: Prevent quality/process deficiencies 0.326 0.738
C15: Marketing competitive pressure 0.226% 0.733
C16: Incentives and/or rewards 0.264% 0.732
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"To be compared with Cronbach’ s alpha for the KS scale (a = 0.766); *Correlation < 0.300

Table 6.5 Item-total correlationsfor the BP variables

Variable: Description Corrected Item- Crobach’sAlpha
Total Correlation if Item Deleted’
D1: Reduced unit cost of manufacturing 0.2605% 0.833
D2: Reduced operational cost 0.361 0.828
D3: Reduced total quality cost 0.599 0.824
D4: Decreased engineering change rate 0.543 0.822
D5: Improved product cycletime 0.578 0.827
D6: Improved product introduction speed 0.273% 0.829
D7: On-timedelivery 0.418 0.825
D8: Increased production rate 0.567 0.829
D9: Reduced product defect rate 0.327 0.831
D10: Reduced scrap and rework rate 0.363 0.838
D11: Profit growth 0.580 0.822
D12: Market share growth 0.747 0.818
D13: Salesrate growth 0.589 0.822
D14: Overal production cycle 0.762 0.818
D15: Customer retention rate 0.322 0.833
D16: Customer response time 0.455 0.827
D17: Level of customer satisfaction 0.798 0.818
D18: Competitive ability 0.603 0.822
D19: Overall reputation 0.704 0.820

" To be compared with Cronbach’s alpha for the BP scale (o = 0.849); *Correlation < 0.300

6.3 Exploratory Factor Analysis

The preceding assessment of scale reliability was followed by an Exploratory Factor
Anaysis (EFA), which was applied to identify the structure among the set of
measurement variables for each construct, as well as to reduce the large number of
variables into a smaller, more manageabl e set of variables, representing their underlying

factors within each construct (Hair et al., 2006). There are generally two types of factor
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analysis, namely, R factor analysis and Q factor analysis. The R-type factor analysis
serves to identify a set of dimensions that are latent in a large set of variables, whereas
the Q-type deals with the condensation of a large numbers of people into distinctly
different groups within a larger population (Hair et al., 2006). The R-type, which is the
most commonly used type of factor analysis, was adopted, for the current study, since
the main objective of this stage of the analysis was to summarise the variables into a set
of new composite dimensions (factors), rather than condensing the individua

respondent into distinct groups.

EFA is particularly useful as a preliminary analysis, especially in the absence of a
sufficiently detailed theory about the relations of the variables to the underlying
constructs (Gerbing and Anderson, 1988). Although most of the measured variables in
the constructs were derived from previous research and an extensive literature review,
the EFA was still needed as some of the variables had not been operationalised
extensively under the manufacturing context. Given that each of the model constructs
were measured by an independent scale, the EFA was conducted separately for each
individual construct.

In the following sections, atest of the Common Method Variance (CMV), and overview
of factorability and factor extraction for the four EFA scenarios is provided; this is
followed by detailed discussions on the EFA for each construct.

6.3.1 Test of common method variance

According to Mahotra et al. (2006), the CMV refers to the amount of spurious
covariance shared among the variables, as the common method is used in collecting data.
Such a method causes problematic biases; the actual phenomenon under investigation
becomes difficult to distinguish from the measurement artefacts. Several abundant
resources, for instance social desirability, self-report surveys with ambiguous wording,

common rater effects and scale length, can result in common method biases.

To uncover the number of factors and to investigate the spurious covariance shared
among variables, an EFA was employed to assess CMV using Harman’s single-factor
test. Through this technique, the presence of substantial amounts of CMV is indicated

by either a single factor emerging from the factor analysis, or one genera factor
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accounting for the maority of covariance in the dependent and criterion variables
(Malhotraet al., 2006; Podsakoff and Organ, 1986).

To undertake the test, an EFA was conducted on all 55 variables, based on the criteria
above. The results, presented in Table 6.6, show that 13 components (factors) were
extracted with the first factor, accounting for only 22.4 percent of variance, indicating

that unauthentic covariance was not at a concerning level in the current study.

Table 6.6 EFA test for common method variance test

Component Initial eigenvalues

Total Per centage of variance Cumulative

per centage
1 12.32 22.40% 22.40
2 6.59 11.98% 34.39
3 5.53 10.06% 44.45
4 5.30 9.64% 54.10
S 413 7.52% 61.62
6 331 6.02% 67.65
7 2.62 A77% 72.43
8 2.44 4.43% 76.86
9 2.09 3.80% 80.67
10 1.71 3.12% 83.79
11 1.48 2.69% 86.49
12 1.28 2.33% 88.82
13 1.03 1.87% 90.70

6.3.2 EFA suitability

In an EFA, factorability refers to the suitability of the data to be factorised in terms of
the intercorrelation between the variables (Field, 2005; Tabachnick and Fidell, 2007).
Moreover, to produce an appropriate solution, that reasonably explains a number of
factors representing a construct, EFA should follows two essential steps: (1) factor
extraction; (2) factor rotation and interpretation (Pallant, 2005). The former aims to

uncover factors based on a particular method and criterion, to determine the adequacy of
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the number of factors, whilst the latter focuses on improving the interpretation of a
given factor solution (Field, 2005; Tabachnick and Fidell, 2007).

The 170 cases in the current study satisfied the minimum acceptable sample size of 100
for undertaking an EFA; it was much larger than the minimum requirement of five times
as many subjects as the variables to be analysed in the constructs (Hair et al., 2006).
Four factor analysis scenarios were operated, based on the selected measurement
variables for each construct. According to Coakes et al. (2006) and Hair et al. (2006),
the Kaiser-Meyer-Olkin (KMO) of sampling adequacy and Bartlett’s test of sphericity
are generally applied to determine the factorability of variables. As shown in Table 6.7,
the values of the Kaiser-Meyer-Olkin (KMO) for each construct, ranged from 0.64 to
0.71, being well above the minimum acceptable level of 0.50 (Hair et al., 2006),
indicating sampling adequacy. Bartlett’s test of sphericity statistic for each construct
was highly significant at p < 0.001 level, indicating that there were adequate
relationships between the variables included in the analysis (Field, 2005). As a resullt,
the factorability was upheld for these four factor analysis scenarios (Hair et al., 2006;
Pallant, 2005).

Table6.7 KMO and Bartlett’stest of sphericity

Construct KMO* Bartlett’s Test of Sphericity
Approx. Chi- df Sig.
Square
Integrated Supplier Management (ISM) 0.645 713.48 21 0.0005
New Product Development (NPD) 0.714 336.28 15  0.0005
Knowledge Sharing (KS) 0.672 514.11 36  0.0005
Business Performance (BP) 0.642 1446.79 45  0.0005

Notes: KMO*: Kaiser-Meyer-Olkin measure of sampling adequacy

In the current study, a Principal Component Analysis (PCA) was employed; it is atype
of extraction method widely used for defining the factors to represent the structure of
the variables. A combination of several criteria can be followed to achieve the PCA,
including: (1) Kaiser’s (eigenvalue) criterion; (2) Catell’s scree test; (3) percentage of
variance criterion; and (4) a priori criterion (Hair et al., 2006; Pallant, 2005). Kaiser’s
criterion suggests that only factors with an eigenvalue of 1 or more should be retained
for further investigation; those less than 1 should be disregarded. Catell’s scree test
involved plotting each of the eigenvalues of the factor and retaining the factors above
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the elbow, a point at which the shape of the curve changes direction and becomes
horizontal (Pallant, 2005). The Percentage of variance criterion ensures practical
significance of the derived factors by which the specific amount of variance is explained.
According to Hair et al. (2006), it is quite common to consider a solution that accounts
for 60 per cent (or less) of the total variance in social science research, since the
information in this area, in essence, is often less precise. A priori criterion is a simple,
yet reasonable, criterion where the number of factors is known prior to undertaking the
factor analysis. It is an appropriate criterion if the purpose of the analysisis to replicate
another researcher’s findings by extracting the same number of factors. However, Hair
et al. (2006) recommended that the researcher should combine the conceptual
foundation with some empirical evidence to determine the appropriate number of
factors to extract or retain, rather than rely solely on the results produced from particular
criterion. Generally speaking, the initial factor solution often does not provide an
adequate interpretation, no matter which extraction method is employed (Hair et al.,
2006, Tabachnick and Fidell, 2007). Therefore, factor rotation was applied to achieve

simpler and more meaningful solutionsin the current study.

For the purpose of this study, the simplest and most commonly used method was the
orthogonal technique, the VARIMAX method, which is employed to give a clear
separation of the factors (Hair et al., 2006). After the factors have been rotated,
particular criterion are employed to justify the significance of the factor loadings, thus
providing a meaningful correlation between the variable and the factor (Hair et al., 2006,
Tabachnick and Fidell, 2007). To ensure that the variables in each factor were of
practical significance, the recommended cut-off factor loading of 0.50 was applied (Hair
et al., 2006). The results of the EFA are presented in the following sub-sections (6.3.2
and 6.3.3).

6.3.3 EFA reaults

Based on the above techniques and criteria, the EFA was performed separately on each
of four constructs, using SPSS software. For the ISM construct, the scree test suggested
that two factors accounted for 66.6 per cent of the total variance. The patterns of the
rotated factor loadings, presented in Table 6.8, shows that four variables did not meet
the 0.50 cut-off loading and were thus eliminated, namely, A4 (smoothly project
functioned); A9 (regular site visit); A10 (training and education support); and A1l

Managing electronic NPD and ISM activities in Taiwan: The moderating role of KS



Chapter 6: Measurement Scale Analysis 6-10

(good channels of communication). As aresult, 7 variables, with factor loadings ranging
from 0.525 to 0.912, were retained. Cronbach’s apha coefficient was then recal culated
for these variables; it yielded a value of 0.780, indicating that the modified scale was
reliable. These, two factors were:

e |ISMF1: Supplier evaluation and selection (4 variables); and
e |ISMF2: Supplier involvement (3 variables).

Table 6.8 Rotated factor loadingsfor thel SM construct

Variable: Description Component

Al: Supplier assessment system 0.304 0.1230
A2: Appropriate supplier 0.721 -0.162
A3. Complementary capabilities 0.912 0.028
AT: Better design/technology support 0.886 0.067
A5:  Expedited decision making 0.289 0.569
AG6: Faster problem resolution 0.253 0.812
A8: Introduce quality assurance program 0.112 0.709
A4: Smoothly project functioned 0.224 -0.262
A9: Regular sitevisit 0.018 0.345
A10: Training and education support 0.081 0.434
A11: Good channels of communication -0.167 0.236

Note: Cumulative variance explained = 66.6%; Cronbach’s alpha (o) = 0.780

For the NPD construct, the EFA identified two factors which accounted for 69.1 percent.
The factor loadings of 7 variables, as presented in Table 6.9, met the threshold level of
0.50, and ranged from 0.693 to 0.860; thus they were significant without any cross
loadings. Two variables were eliminated, namely, B1 (design for quality) and B2
(design for manufacturability), as they scored under the threshold level. The patterns of
the variable’ s loading onto their respective factors were aso consistent with those of the
original NPD scale, indicating its robustness under the present analysis. The NPD

construct consisted of the following two factors:

e NPDF1: Employee involvement (3 variables); and

e NPDF2: Design simplification and modular design (4 variables).
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Table 6.9 Rotated factor loadingsfor the NPD construct

Variable: Description Component

B1: Design for quality 0.4%95 0.1254
B2: Design for manufacturability 0.480 -0.187
B3: Design simplification 0.042 0.693
B4: Component standardisation/reduction 0.080 0.765
B5: Improve design processes 0.477 0.732
BO: Modular design practice -0.04 0.860
B6: Appropriate staff inclusion 0.802 -0.155
B7: Training on product design and quality 0.808 0.109
B8: Awareness of project processes 0.711 0.309

Note: Cumulative variance explained = 69.1%; Cronbach’s alpha (o) = 0.739

A total of 16 variables were selected to operationally define the KS construct. The EFA
was employed to extract a smaller set of variables to represent the large original set of
variables. The initial principal component analysis revealed the presence of four
components with eigenvalues exceeding 1, with the first two components explaining a
total of 39.9 percent of the variance. An inspection of the scree plot revealed a clear
curve, which changed after the second component. In total, three factors were extracted

from the KS construct, as suggested by both the eigenvalue and the scree test criterion.

In the subsequent analyses, seven variables were eliminated due to lower factor loadings
of 0.50: C1 (top management support); C2 (encourage to seek out useful knowledge);
C3 (understand the critica role of knowledge); C4 (employee empowerment); C7
(improved work processes); Cl14 (prevent quality/process deficiencies); and C15
(marketing competitive pressure). The final three-factor solution accounted for 66.3
percent of the total variance explained. The Cronbach’s alpha coefficient for this three-
factor scale was 0.767, indicating of good internal consistency (Kline, 2005). More
detailed information (about the rotated component matrix, the total variance explained,
and the reliability of the fina EFA solution) is illustrated in Table 6.10. The three

factorsidentified from the loading patterns of these 16 variables were interpreted as:

e KSF1: IT infrastructure and systems (3 variables);
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e KSF2: Open communication (4 variables); and
e KSF3: Organisational learning and sharing (2 variables).
Table 6.10 Rotated factor loadingsfor the KS construct

Variable: Description Component
1 2 3

C1l: Top management support 0.139 0.465 0.472
C2: Encourage to seek out useful knowledge 0.370 0.457 -0.123
C3: Understand the critical role of knowledge 0.244 0.067 0.034
C4: Employee empowerment 0.135 0.088 0.0%4
C7: Improved work processes 0.133 0.024 0.225
C8. User friendly IT support 0.652 0.244 -0.002
C9: IT systemsfor knowledge dissemination 0.575 0.152 0.018
C10: Training and education 0.570 0.179 0.243
C6: Enhanced employees' ability 0.114 0.734 0.234
C11: Update knowledge repository regularly 0.055 0.672 0.024
C12: Open and collaborative communication 0.352 0.624 0.345
C16: Incentives and/or rewards 0.253 0.773 0.111
C5: Learning platforms and resources 0.003 0.206 0.776
C13: Enhanced learning and sharing 0.154 0.293 0.744
C14: Prevent quality/process deficiencies 0.199 0.073 0.179
C15: Marketing competitive pressure 0.193 -0.123 0.219

Note: Cumulative variance explained = 66.3%; Cronbach’s alpha (o) = 0.767

Both the eigenvalue and the scree test criterion suggested three factors for the BP
construct, which accounted for 78.1 percent of the total variance explained with a
Cronbach’s alpha coefficient of 0.849, indicating of very good internal consistency. As
presented in Table 6.11, the factor loadings of retaining 11 variables, ranging from
0.590 to 0.834, were well above the 0.50 threshold level, without any cross loadings.
However, variables D1 (reduced unit cost of manufacturing), D2 (reduced operational
cost), D5 (improved product cycle time), D6 (improved product introduction speed), D7
(on-time delivery), and D15 (Customer retention rate) were removed because they were
under the factor loadings of 0.50. Three factors were extracted from this set of variables,
and summarised as follows:

e BPF1: Business competitiveness (5 variables);

e BPF2: Manufacturing performance (4 variables); and
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e BPF3: Process efficiency (2 variables).

Table 6.11 Rotated factor loadingsfor the BP construct

Variable: Description Component
1 2 3

D1: Reduced unit cost of manufacturing -0.158 0.398 -0.056
D2: Reduced operational cost 0.480 0.466 0.077
D5: Improved product cycletime 0.375 0.291 -0.139
D6: Improved product introduction speed 0.216 0.069 0.379
D7: On-timedédivery 0.394 0.006 -0.032
D8: Increased production rate 0.011 -0.049 0.595
D16: Customer response time 0.124 -0.039 0.806
D9: Reduced product defect rate -0.213 0.042 0.318
D10: Reduced scrap and rework rate 0.191 -0.123 -0.194
D3: Reduced total quality cost 0.749 0.440 -0.133
D11: Profit growth 0.604 0.393 0.003
D12: Market share growth 0.725 0.123 0.313
D13: Salesrate growth 0.760 0411 -0.034
D18: Competitive ability 0.656 0.079 0.208
D4: Decreased engineering change rate 0.350 0.834 0.013
D14: Overal production cycle 0.191 0.688 0.123
D17: Level of customer satisfaction 0.142 0.633 0.258
D19: Overall reputation 0.307 0.613 0.447
D15: Customer retention rate 0.036 0.267 0.048

Note: Cumulative variance explained = 78.1%; Cronbach’s alpha (o) = 0.849

6.34 Summary of EFA results

In summary, the EFA was employed for the identification of the structure among the set
of measurement variables for each construct in the model, and to achieve data reduction.
Based on the technique of the eigenvalue and the scree test, the constructs of ISM, NPD,
KS and BP were represented by two, two, three, and three factors, respectively. As
summarised in Table 6.12, these factor solutions were supported by the cumulative
percentages of total variance explained by successive factors for each of the four factor
analyses conducted, ranging from 66.6 per cent to 78.1 percent; they were considered

satisfactory solutions in the social sciences (Hair et al., 2006). Some variables from
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each construct were eliminated since they did not meet the cut-off loading of 0.50.
Moreover, the Cronbach’s alpha coefficients of all measures were relatively high,
ranging from 0.739 to 0.849, and being above the 0.70 threshold level. Thus it was
demonstrating a good internal consistency. Since the constructs were conceptually
defined, being based on a combination of the literature review, previous empirical
studies, and the pilot study, these scales were considered to have face validity (Neuman,
2003), and sufficiently measured the level of ISM, NPD, KS and BP within the research
context. In short, these results confirmed that the developed scales comprised valid and
reliable items, which adequately presented the meaning of the model constructs and
their related factors. The scales nomological validity was confirmed by regression

analysis, which is outlined in the following chapter (Hair et al., 2006).

6.3.5 Final measurement model

An overview of the constructs and their extracted factors are presented in Table 6.13.
Firstly, the two factors were identified for the ISM construct. ISMFL1 represented a
company’s effort with respect to sourcing, evaluating and selecting potentia strategic
suppliers. ISMF2 reflected the early involvement of suppliers. These factors measured
the joint efforts that manufacturers and suppliers gave to their ISM activities. Secondly,
the analysis found two factors for the NPD construct. NPDF1 reflected employees
contributions in the product development process, while NPDF2 represented an
improvement in the practices of the design process, such as design simplification and
modular design. These factors were considered to be the primary foci of NPD practices.
Thirdly, the analysis identified three factors for the KS construct. KSF1 denoted the
contribution of a robust IT infrastructure systems and support for KS in a company.
KSF2 reflected the extent of continuous sharing and open communication. KSF3
denoted the gained organisational learning achieved through learning and sharing
platforms. These factors represented KS activities that are commonly implemented to
improve business performance within manufacturing. Finaly, the analysis identified
three factors for the BP construct. BPF1 indicated a company’s competitive ability in
terms of profitability, sales growth and quality. BPF2 represented long-term
manufacturing performance from both an operational performance and customer
satisfaction perspective. BPF3 reflected production and service efficiency. These factors
measured BP, based on competitiveness, manufacturing performance, and process

efficiency in the Taiwanese el ectronic manufacturing industry.
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Table 6.12 Summary of EFA results

Construct

Variables Factors Cronbach’s Cumulative Factor: Description

Removed Extracted Alpha Variance
Integrated Supplier M anagement A4, A9, 2 0.780 66.6% ISMF1: Supplier evaluation and selection
(1SM) A10, A1l (4 variables)
| SMF2: Supplier involvement
(3 variables)
New Product Development (NPD) B1, B2 2 0.739 69.1% NPDF1: Employee involvement
(3 variables)
NPDF2: Design simplification and
modular design (4 variables)
Knowledge Sharing (KS) C1, C2, 3 0.766 66.3% KSF1: IT infrastructure and systems
C3, C4, (3 variables)
C7, C14, K SF2: Open communication (4 variables)
C15 K SF3: Organisational |earning and sharing
(2 variables)
Business Performance (BP) D1, D2, 3 0.849 78.1% BPF1: Business competitiveness
D5, D6, (5 variables)
D7, D9, BPF2: Manufacturing performance
D10, D15 (4 variables)

BPF3: Process efficiency (2 variables)
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Table 6.13 Varimax rotated factor analysisfor the four constructs

Construct Ref.

Code: Factor

M easur ement Variables

Factor Loadings*

Integrated Supplier Management (1SM): Cronbach’s Alpha (o) = 0.780

ISMF1: Supplier evaluation S1  Supplier assessment system 0.945
& selection S2  Appropriate supplier selection 0.721
S3  Complementary supplier capabilities 0.961
S Design/technology support 0.886
ISMF2: Supplier S5  Expedited decision making 0.869
involvement S6  Faster problem resolution 0.816
S7  Quality assurance program 0.709
New Product Development (NPD): Cronbach’s Alpha (o)) = 0.739
NPDF1: Employee N1  Appropriate staff inclusion 0.802
involvement N2  Awareness of project processes 0.711
N3  Traning on product design and quality  0.808
NPDF2: Design N4  Design simplification 0.693
simplification & modular N4  Design processimprovement 0.732
design N5  Component standardisation 0.765
N6  Modular design 0.860
Knowledge Sharing (KS): Cronbach’s Alpha (o)) = 0.766
KSF1: IT infrastructureand K1 User friendly IT support 0.652
systems K2 IT systemsfor knowledge 0.575
dissemination
K3 Training and education 0.570
KSF2: Open communication K4  Enhanced employee abilities 0.734
K5  Updated knowledge repository 0.672
K6  Encouraged intra- and inter- 0.624
communication
K7  Incentives/rewards 0.773
K SF3: Organisational K8 Learning platforms and resources 0.776
learning/ sharing K9  Established learning environment 0.744
Business Performance (BP): Cronbach’s Alpha (o) = 0.849
BPF1: Business P1  Total quality cost 0.749
competitiveness P2  Profitability 0.604
P3  Market share growth 0.725
P4  Salesgrowth 0.760
P5  Competitive ability 0.656
BPF2: Manufacturing P6  Reduced engineering change rate 0.834
performance P7  Reduced production cycletime 0.688
P8  Customer satisfaction 0.633
P9  Overdl reputation 0.613
BPF3: Process efficiency P10 Increased interna production rate 0.595
P11 Improved customer response time 0.806

Note: *Each construct was analysed separately using varimax rotated factor analysis to extract significant

factors
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6.4 Chapter Summary

This chapter presented the details and results of the measurement scale analysis with
regards to the assessment of scale reliability, and the suitability of the survey data for
EFA. At first, assessment of scale reliability showed that the measurement scales, which
were used to capture the meaning of the model constructs, were reliable, as
authenticated by the high values of Cronbach’s apha of each individua construct.
Moreover, the item-total correlations of all variables were substantial, indicating that
each variable adequately measured its underlying construct. Following this, EFA was
employed for identification of the factor structures among the set of measurement
variables for each individual construct in the model and for data reduction. Furthermore,
through Harman's one factor test, EFA was performed to investigate the problem of
spurious covariance shared among variables. The conceptua definition, dimensionality,
reliability and face validity for these scales were established through the EFA. The
results of this test indicated that unauthentic covariance was not at a concerning level in
this study. These results formed a basis for creating aggregated factors to conduct the

subsequent model assessment, which is presented in the following chapter.
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CHAPTER /

@ M obDEL ASSESSMENT

7.1 Introduction

The chapter presents the detailed procedures undertaken to assess the conceptual model
developed in Chapter 3. This analysis stage was conducted based on the vaidity,
reliability and unidimensionality of the model constructs described in the previous
chapter. The chapter begins with Section 7.2, which provides construct and factor level
correlation analysis results. Section 7.3 provides an overview of simple and multiple
regression analysis approaches utilised to assess and verify the proposed hypothesised
assumptions. Section 7.4 elaborates on data validity assessment to ensure its suitability
for regression anaysis, which also contains regression analysis assumptions and results
of assumption testing. This is followed by Section 7.5, which presents the results of
regresson anaysis model development and detalls the procedures for evauating
interaction effects. Section 7.6 and 7.7 presents construct and factor level hierarchical
moderated regression analysis results with their corresponding interaction term

relationships, respectively. Section 7.8 summaries the chapter.
7.2 Corréation Analysis

The EFA was used to uncover factor structures (number of factors) and to confirm the
reliability of the measurement scales that underpin the model constructs. Past research
studies had provided a great deal of knowledge about the essential roles of ISM, NPD
and KS, individualy, in improving the business performance of manufacturing
companies (Hsu, 2006; Antonio et al., 2006; Modi and Mabert, 2006). More recently,
the research has focused on empirical studies that investigate the actual implementation
of KS in manufacturing companies (Lubit, 2001; Hsu, 2008). In the current study, a
related issue concerned how KS could be applied to improve the ISM and NPD
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activities, in terms of achieving desired business performance more effectively and
efficiently. In short, the study proposed that KS had a moderating effect on the
relationship between the core manufacturing activities (i.e. ISM and NPD) and BP.

To enhance our current understanding on the nature and extent of the influence of KS
activities in leveraging heightened performance from ISM and NPD practices, resulting
in higher levels of BP, correlation and regression anayses were employed to
hypothetically test the relationships between the constructs and their extracted factors.
The Pearson correlation coefficient (r) is a measure of the degree of linear relationship
between two variables. It assesses the degree to which a linear model may describe the
relationship between two variables (Hair et al., 2006). A correlation analysis was
applied to the data; the results showed that the ISM, NPD and KS constructs were all
positively and significantly (p < 0.01) associated with the BP construct, with a Pearson
correlation (r) values of 0.559, 0.574 and 0.609, respectively. Tables 7.1 and 7.2
display the correlation matrix, based on the proposed constructs and their extracted
factors, respectively.

Table7.1 Construct level correlation analysisresults

Construct Coefficient
|SM NPD KS BP
Pearson Correlation 1 0.461** 0.201** 0.559* *
| SM Sig. (2-tailed) 0.000 0.009 0.000
N 170 170 170 170
Pearson Correlation 0.461** 1 0.366* * 0.574**
NPD Sig. (2-tailed) 0.000 0.000 0.000
N 170 170 170 170
Pearson Correlation 0.201** 0.366** 1 0.609**
KS Sig. (2-tailed) 0.009 0.000 0.000
N 170 170 170 170
Pearson Correlation 0.559** 0.574** 0.609* * 1
BP Sig. (2-tailed) 0.000 0.000 0.000
N 170 170 170 170
Notes:

**: Correlationis significant at the 0.01 level (2-tailed)
*: Correlation is significant at the 0.05 level (2-tailed)
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Table 7.2 Factor level correlation analysisresults

Construct Coefficient
BPF1 BPF2 BPF3
Pearson Correlation 0.45** 0.68** 0.06
ISMF1 Sig. (2-tailed) 0.000 0.000 0.495
N 170 170 170
Pearson Correlation 0.47** 0.04 -0.35**
ISMF2 Sig. (2-tailed) 0.000 0.631 0.000
N 170 170 170
Pearson Correlation 0.06 0.49** 0.21**
NPDF1 Sig. (2-tailed) 0.467 0.000 0.005
N 170 170 170
Pearson Correlation 0.32** 0.50** 0.20**
NPDF2 Sig. (2-tailed) 0.000 0.000 0.009
N 170 170 170
Pearson Correlation 0.68** 0.25** 0.03
KSF1 Sig. (2-tailed) 0.000 0.001 0.972
N 170 170 170
Pearson Correlation 0.44** 0.63** 0.19*
K SF2 Sig. (2-tailed) 0.000 0.000 0.017
N 170 170 170
Pearson Correlation 0.08 0.19* 0.34**
K SF3 Sig. (2-tailed) 0.301 0.013 0.000
N 170 170 170
Notes:

**: Correlation is significant at the 0.01 level (2-tailed)
*: Correlation is significant at the 0.05 level (2-tailed)

7.3 Simpleand Multiple Regression Analysis Approaches

Further, to adequately reveal the moderating effect of KS between the business
activities and performance, an anaytica method, namely the multiple regression
analysis, was utilised. The multiple regression analysisis afamily of techniques that can
be applied to explore the relationships between one dependent variable (i.e. criterion)
and a number of independent variables (i.e. predictor), while based on the fundamentals
of the correlation. Regression analysis allows a more sophisticated exploration of the
interrelationships among a set of variables (Pallant, 2005). In generad, it can be used for
a variety of purposes, for example, it can illustrate: (1) how well a set of variables is
able to predict a particular outcome; (2) which variable in a set of variables is the best
predictor of an outcome; (3) if adding a new variable contributes to the predictive ability
of the model over those variables that already exist in the model; and (4) whether a
particular predictor variable is still able to predict an outcome when the effects of
another variable are controlled for (Pallant, 2005).
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The core outcome of the regression analysis is the R square (R?) value, which denotes
how much of the variance of the dependent variable is explained by the model. The
SPSS software package also provide an adjusted R square value to accommodate any
sampling errors, and is particularly useful in studies with sampling issues (i.e. non-
random samples or smaller samples). Thus, the adjusted R square values were selected
in this study.

The most common multiple regression approaches contain three regressions. simple,

hierarchical, and stepwise. They are briefly explained below:

e Simple Regression: All the independent (or predictor) variables are entered into
the equation simultaneously, and each independent variable is evaluated in terms
of its predictive power, over and above that offered by all the other independent
variables. It also denotes how much unique variance in the dependent variable

each of the independent variables explains (Pallant, 2005).

e Hierarchical Multiple Regression (also called sequential multiple regression):
The independent variables are entered into the equation gradualy or ‘step by
step’, this process is based on theoretical grounding. The regression assesses
each individual independent variable in terms of how it contributes to the
prediction of the dependent variable after the previous variables have been
controlled for (Pallant, 2005).

e Stepwise Multiple Regression: Each variables is entered in sequence and the
value are assessed. If adding the variable contributes to the model, then it is
retained, but all other variables in the model are then re-tested to see if they are
still contributing to the success of the model. If they no longer contribute
significantly they are removed. Thus, this method should ensure that researchers
end up with the smallest possible set of predictor variables included in the model
(Pallant, 2005).

The stepwise multiple regression was not applied because of the many criticisms it has
received (Pallant, 2005, Tabachnick and Fidell, 2007). In the current research, simple
and hierarchical multiple regression analyses (i.e. moderated regression analysis) were

used to test the hypotheses concerning the moderating effect of KS on the relationship
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between the core manufacturing activities (i.e. ISM and NPD) and business

performance.

The theoretical foundation of a moderating variable (MV), often called the interaction
variable, has a strong contingent effect on the relationship between the independent
variable (IV) and the dependent variable (DV). In other words, the impact of the
moderating variable modifies the original relationship between the independent and the
dependent variables. The theory and the possible influence of the moderating variable
on the relationship between the independent and the dependent variables are
diagrammatically shown in Figures 7.1 and 7.2 (Sekaran, 2003, p.91; Schwab, 1999,

p.79).
@ — Moderating Variable
IV > DV
Independent Variable Dependent Variable
Figure 7.1 Theor etical foundation of a moderating variable
(Sekaran, 2003; Schwab, 1999)
High moderating effect
+
() () . .
= = High moderating effect
@ @ g g
3 3
> >
g + g -
5 5 \
§ Low moderating effect § -
Low moderating effect

Independent Variable Independent Variable

Figure 7.2 Possible influence of the moderating variable (either positive, negative
or no obvious effect) (Sekaran, 2003; Schwab, 1999)
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According to Arnold (1982), moderated regression analysis provides the most general
and straightforward approach for testing hypotheses in which an interaction is implied.
Interaction effects are found to be significant if they explain a significantly greater
portion of the variance in the dependent variable than that portion already explained by
the other independent variables. Aiken et al. (1991), and Dowling and McGee (1994),
posit that moderate regression analysis is a conservative method for testing interaction
effects.

The multiple moderating regression model used for the current study can be expressed

with the following equations (Aiken et al., 1991):

(1) Y=bo+bC
(2) Y = by + b;C + byX
(3) Y = by + b1C + byX + b3XZ

Where Y is the dependent variable (i.e. criterion variable), C is a control variable, X is
independent variable (i.e. predictor variable), Z is the proposed moderating variable, and
the X by Z (i.e. XZ) term is formed by multiplying together the two centred variables. In
general, the XZ interaction signifies that the regression of Y on X depends on the specific
value of Z, a which the slope of Y on X is measured. Each and every value of Z
represents a different line for the regression of Y on X. The regressions of Y on X, at
specific values of Z, form afamily of regression lines. Each of these regression lines, at

one value of Z, isreferred to as asimple regression line (Aiken et al., 1991).

As indicated in the above regression equations, the interaction term is entered last so
that the coefficient will not be confounded with variance stemming from the main
effects of the variables. In addition, Z can only be taken as a moderating variable if the
change in the R? for Equation (3) over Equation (2) is statistically significant (Arnold,
1982; Sharmaet al., 1981).

Frazier et al. (2004) and Aiken et al. (1991) discuss, in detail, the overall procedures
needed to test the moderating effects. They recommend first standardising the
independent and moderating variables; then justify this by stating that it reduces the
problems of multicolleairity, which is usually seen in moderated regression analysis

formulas (caused by the moderating and independent variables highly correlating with
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the interaction terms). Furthermore, standardising these variables also makes it easier to

plot significant moderating effects with convenient representative values (i.e. the mean

and £ 1 standard deviation from the mean) (Frazier et al., 2004; Aiken et al., 1991).

To determine the presence of the moderating effect through the use of an interaction
term, all the variance associated with the main effects of the variables, that were used to
form the interaction term, were taken out. Hence, as Stone and Hollenbeck (1984) and
Frazier et al., (2004) suggest, the order of entry of the variables in this moderating
regression approach should, firstly, be the independent and, secondly, the moderating
variables into the regression function (this assesses the main effects of these variables
on the dependent variable. Thus the independent variables are entered as block 1,
followed by the moderating variables as block 2). Then the interaction terms (i.e. the
cross product of the independent and moderating variables) as block 3 to assess the
interaction effect.

74 Regression AnalysisValidity

To appropriate implement regression anaysis from the collected data, the following
sections introduced the procedures used during the regression analysis of the proposed

model, as well as depict the results of the assumption testing.

7.4.1 Regression analysisassumptions

Apart from the implementation of the regression analysis, this overall approach is
applicable only when certain data set assumptions are complied with. The most
important ones include: an adequate sample size, the non-existence of multicollinearity
(which is a high correlation between the independent variables), the non-existence of

extreme outliers, and the normality of the data set. They are discussed briefly below:

e An adequate sample size: According to Tabachnick and Fidell (2007), an
adequate sample size provides a formula for calculating the sample size (N)
requirement for regression; N > 50+8m (where m is the number of the

independent variables). With the completion of each individual regression

Managing electronic NPD and ISM activities in Taiwan: The moderating role of KS



Chapter 7: Model Assessment 7-8

analysis, the researcher justified the sample size, based on this recommendation
and the number of variables that were included in the equation.

e Non-existence of multicollinearity: This term refers to the relationships among
the independent variables. Therefore, multicollinearity occurs when the
independent variables are highly correlated at a correlation coefficient (r) of 0.90
and above. Correlation matrixes are generally recommended to be observed
prior to applying a regression analysis (Tabachnick and Fidell, 2007). However,
according to Pallant (2005), checking for a “collinearity diagnostic’ can
potentially pick up problems with multicollinearity that may not be evident by
the correlation matrix. Two outcome variables, calculated by the regression
analysis, are Tolerance and Variance Inflation Factor (VIF). Tolerance refers to
an indicator of how much of the variability of the specified independent variable
is not explained by other independent variables. This value should be greater
than 0.1 to justify the non-existence of multicollinearity. In addition, VIF
(Variance Inflation Factor) is the inverse of the Tolerance value, and should be
less than 10 (Pallant, 2005, p. 150).

e Non extreme outliers: Multiple regression analysis is known to be sensitive to
outliers. For this reason, inspections of the z-scores and standard residual plots
can be used to identify outliers. Any case, with a standard residual value greater
than absolute value 3.29 on the scatter plots, can be considered as an outlier and
removed prior to applying the regression tests (Field, 2005; Tabachnick and
Fidell, 2007). However, according to Pallant (2005) and Field (2005), if only a
few outliers are found, and these outliers are not excessive, compared to with an
acceptable level of one percent, it may not be necessary to take any action.
Pallant (2005), and Tabachnick and Fidell (2007) recommend using the alpha
value of 0.001 for determining the cut off points for the outliers. Moreover,
Cook’s distance values of less than 1 should be observed to ensure an accurate

interpretation of the regression analysis (Tabachnick and Fidell, 2007).

e Assumption of normality: Regression analysis is based on the assumption that
the data are normally distributed. Normal probability plots can be generated and
they should lie in a reasonably straight diagonal line from bottom left to top
right, which confirms that no magor deviations are present (Palant, 2005;
Tabachnick and Fidell, 2007).
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7.4.2 Assumption testing

A simple regression was conducted to identify how much of the variance of the
dependent variable (i.e. BP) could be predicted by the independent variables, namely,
ISM, NPD and KS. When conducting the correlation analysis, reported in this section,

the constructs and their factors level weretested (see Tables 7.1 and 7.2).

Single aggregates were derived for each construct to simplify the reporting and
interpretation of the results. The new variables at the construct level contained ISM_ave
(for Integrated Supplier Management), NPD_ave (for New Product Development),
KS ave (for Knowledge Sharing) and BP_ave (for Business Performance). They were
derived by caculating the average values (for the items ISM, NPD, KS, and BP, as
listed earlier in Table 6.13, Chapter 6. In addition, the new variables at the factor's
level included ISMF1, ISMF2, NPDF1, NPDF2, KSF1, KSF2, KSF3, BPF1, BPF2 and
BPF3, which were derived by rotated factor analysis for each construct, as presented in
Table 6.13. These derived variables were used in the overall model testing. A total of 7
independent measures were used in the model testing; the sample size met the
requirements identified by Tabachnick and Fidell’s (2007) formula (N > 50+8m); a
minimum of 106 cases was required, which still remained within the 170 valid cases in
the study.

The data were checked for any correlation and multicollinearity. As displayed in Table
7.1 (correlation analysis results of construct) and Table 7.2 (correlation analysis results
of factors), the largest correlation coefficient was 0.680. The multicollinearity refers to
the extent to which an independent variable can be explained by the other independent
variables in the analysis; if too high, this can have harmful effects on the multiple
regression anaysis. The diagnostics of tolerance and the VIF were used to test the
multicollinearity of the predictor variables. The collinearity diagnostics tests, as shown
in Table 7.3 below (testing for multicollinearity of construct), indicated Tolerance
values greater than 0.1 and the VIF less than 10 for all independent variables; both
indicated that the data did not have any multicollinearity to be concerned about (Pallant,
2005).

Managing electronic NPD and ISM activities in Taiwan: The moderating role of KS



Chapter 7: Model Assessment 7-10

Table 7.3 Testing for multicollinearity of constructs

Construct Tolerance VIF

ISM _ave (Integrated Supplier Management) 0.786 1.272
NPD_ave (New Product Devel opment) 0.709 1.410
KS ave (Knowledge Sharing) 0.865 1.157

An inspection of the normal probability plot (see Figure 7.3) identified no major
deviation from the normality of data set, while an inspection of the residual scatter plot
(see Figure 7.4), and subsequent calculations of Mahaanobis distance and Cook’s
distance statistics indicated that the dataset had no outliers of concern.

Dependent Variable: BPcon Dependent Variable: BPcon
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Figure 7.3 Normal probability plot Figure 7.4 Residual scatter plot

The Beta and the semi partial correlation coefficients are presented side by side for
interpretation (see Table 7.4). In al instances of this anaysis, the semi partia
correlation coefficients supported the observations made from the Beta values, which
were used as the primary form of evidence to describe the predictive power of the

independent variables.

An adjusted R square (R?) of 0.606 was reported from the regression analysis, indicating
that 60.6 percent of the variance in the business performance could be explained by the
investigated business activities. Table 7.4 highlights that all the business activities make
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a significant contribution (with Beta values, significance values and levels), with the
reported significance levels being less than 0.001).

Table 7.4 Testing for construct beta values and significance

Construct Standardised
Coefficients
Beta (f) t Sig.  Part
ISM_ave (Integrated Supplier Management) 0.561 6.525 0.000 0.452
NPD_ave (New Product Development) 0.571 4.292 0.000 0.316
KS_ave (Knowledge Sharing) 0.613 8.613 0.000 0.556

Knowledge Sharing (KS) makes the strongest contribution in explaining BP. KS (f =
0.613), NPD (# = 0.571) and ISM (5 = 0.561) are in the descending order of their
predictive power; al the business activities (i.e. KS, NPD and ISM) contribute to the
prediction of business performance, as noted in previous evidence from past relevant
research (Hsu, 2006; Modi and Mabert, 2006; Chin et al., 2006; Matsui et al., 2007). An
analysis of the sguared semi partial correlations, as presented in the last column of

Table 7.4, further supports these interpretations of the Beta coefficients.

7.5 Regression Analysis M odel Development

The regression analysis results of the moderating effects of KS, on the relationships of
ISM and NPD with BP, areillustrated in Figure 3.2. It can aso be seen that KS did not
only act as an independent variable, it also had leveraging power (i.e. as a moderating
variable) between business activities and performance. This section reports on the
detailed ssimple regression and multiple regression analysis (i.e. moderated regression
analysis), which supports the concept, quantitatively, that KS is an essential enabler for
leveraging heightened outcomes from ISM and NPD processes, ultimately generating
higher levels of BP.

75.1 Theeffect of control variable

With the reported correlation matrix of constructs and their factors (see Tables 7.1 and
7.2) and the establishment of the underlying assumptions for the linear regression being
met by the sample data, the next step was to proceed with the testing of the proposed
hypotheses. The testing of H1-1, concerning the main effect of the relationship between
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KS and BP, was conducted by using a multivariate regression analysis. To remove any
possible confounding effects, two Control Variables (CV), namely firm size and nature
of business, were examined to determine whether they significantly influence the
relationship between the KS, NPS and ISM practices, within a firm and BP. These
variables were selected since they were potentia influencing factors within the
electronic manufacturing industry context; indeed they could significantly affect the
hierarchical moderated regression analysis. This analysis process involved entering the
CV and each construct into multivariate regression equations, simultaneously. In the
first model, as shown in Table 7.5, the CV explained 0.6% of the variance in the BP.
The main effect of KS was then entered in Model 2.

Table 7.5 Theeffect of KS, NPD, ISM on BP (Standardised coefficients)

Variables Model 1 Model 2 Modd 3 Modd 4
Control Variables:
Nature of business -0.077 -0.100 -0.030 -0.069
Firm size 0.018 0.013 0.005 0.037
Main Effect:
Knowledge sharing (KS) 0.613**
New product development (NPD) 0.571**
Integrated supplier management (ISM) 0.561**
R? 0.006 0.381 0.330 0.318
Adjusted R? -0.005 0.370 0.318 0.306
F change 0.540 34.093** 27.309** 25.828**
Durbin-Watson 1.072 1.076 1.153 1.594
Notes.

**: Significance at p < 0.01 level
*: Significance at p < 0.05 level

The results showed a significant finding at the level of p < 0.01; the construct explained
38.1 percent of the variance on BP (R? = 0.381, Adjusted R? = 0.370, F change = 34.093,
d/f = 3/169). In support of H1-1, KS was positively related to BP (5 = 0.613, p < 0.01).
An examination of the control variables revealed that nature of the business was not
significantly (5 = -0.100, p > 0.10) related to BP, nor the firm size (5 = 0.013, p > 0.10).
The result indicates that KS had a significant influence on BP with or without the
presence of the two CV. Similarly, the testing for H2-1 (relationship between NPD and
BP) was conducted, and the result presented in Model 3. The NPD explained 33.0
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percent of the variance in BP (R? = 0.330, Adjusted R? = 0.318, F change = 27.309, d/f
= 3/169); the finding was significant at the p < 0.01. The predictor variable NPD was
significantly and positively related to BP (f = 0.571, p < 0.01). Thus, H2-1 is supported.
An examination of the CV reveded that the nature of business (f = -0.030, p > 0.10)
and firm size (# = 0.005, p > 0.10) were not significantly related to BP. The result
explains that the NPD had a significant influence on the BP, with or without the
presence of the two control variables. Finally, the testing of H3-1 (relationship between
ISM and BP) was conducted, with the results shown in Model 4. The ISM explains 31.8
percent of the variance in the BP with the relationship registering significance at the p <
0.01 level (R* = 0.318, Adjusted R* = 0.306, F change = 25.828, d/f = 3/169). This result
supported H3-1, with ISM being positively related to BP (f = 0.561, p < 0.01). Again,
the examination of the control variables revealed that the nature of business (4 = -0.069,
p > 0.10) and the firm size (8 = 0.037, p > 0.10) were not significantly related to BP.
The result highlights that the ISM would have significant influence on the BP with or
without the presence of the two control variables.

7.5.2 Testing interaction effects

An investigation of hypotheses with their interaction effects were conducted using
hierarchical moderated regression analysis. In the study, the interaction effects for each
of construct and the extracted factors on business performance were tested separately,
for the following reasons. First, given the sample size (n = 170), it was not appropriate
to test the prediction by entering al of the predictors, moderators and moderating effects
in a single equation. Second, the intent of the interaction effects was to understand
whether, and to what extent, KS would influence business activities (i.e. ISM and NPD)
and their factors. Third, the moderators were conceptually and empirically independent.
Thus, it was feasible to test the interaction relationships of ISM and NPD on BP. In
support of this method, previous research has also shown that testing the interaction
effects of independent variables separately is valid (Govindargjan, 1988; Schoonhoven,
1981).

To examine the significance of the interaction effects of KS on the relationships of ISM
and NPD with BP. Hierarchical moderated regression anaysis was applied. Each test
used the following steps. Step 1, the two control variables (i.e. nature of business and
firm size) were added as a set. Step 2, the predictor(s) (ISM and NPD construct and
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their extracted factors) and moderator (KS construct and its extracted factors) were
entered as a set. This procedure eliminated the main effects of each of the variables
before examining the potential interaction effects. Finally, Step 3, by multiplying the
predictor and moderator and entered as a set (e.g. ISM by KS, NPD by KS, ISMF1 by
KSF1, NPDF2 by KSF2 and so on). If the interaction terms of the respective variables
were found to be statisticaly significant, it could be concluded that the moderating
effects of the respective variables had been supported. Interaction effects would be
indicated if the F-value was significant and the R? in the full model (with interaction
effects) increased significantly when comparing with the reduced model (without
interaction effects). According to Aiken et al. (1991), the creation of the interaction
terms, the independent and moderating variables were mean-centred to reduce the

potential problem of multicollinearity in regression analysis.

Once it is determined that the moderating effect exists, it is important to inspect its
particular form (Frazier et al., 2005; Aiken et al., 1991). Frazier et al. (2005) and Aiken
et al. (1991) described how this can be achieved by plotting the predictor and criterion
values for groups of the moderating variables. Following their recommended procedures.
(1) the standardised moderating variables were grouped into three categories, namely,

‘low’ (all values less than -1 standard deviations from the mean), ‘medium’ (all values

between * 1 standard deviations from the mean), and ‘high’ (all values greater than + 1

standard deviations from the mean); (2) the mean values of the predictor variable(s) was
derived for each interaction that was identified; and (3) these values were then plotted
for each individua interaction effect with the moderating variable as the predicting
power from low to high or vice versa, the predictor variable as the X-axis and the
criterion variables as the Y-axis, to graphically analyse the nature of the moderating
effects.

7.6 Construct Level Hierarchical Moderated Regression Analysis

The moderating effects of KS on the relationship between NPD, 1ISM and BP involved
two hypotheses: H2-2 and H3-2. The results relating to these hypotheses are presented
in Table 7.6. As shown in the table, the full model that includes the control variables,
the independent variables, the moderating variable and the interaction effects is
significant at the level of p < 0.01 (R?* = 0.665, Adjusted R? = 0.650, F change = 11.332,
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d/f = 2/162). Compared with the reduced model, which only includes the control
variables, predictors and moderators is also significant at the level of p < 0.01 (R? =
0.618, Adjusted R? = 0.606, F change = 87.418, d/f = 3/164) (see step 2), the addition of
interaction terms in the full model significantly increase the R? (Increased R? = 0.047, p
< 0.01), showing the existence of moderating effects that improve the model’ s goodness
of fit. The hypothesized interaction model explains 66.5% of the variance in business
performance. Therefore, the results revealed that H2-2 and H3-2 are supported, which
state that the positive relationships between NPD, ISM and BP, and the higher intensity
of KS, the stronger the association of NPD, ISM and BP. In other words, the moderating
effect of KS on the relationships between NPD, ISM and BP is significant and positive
(6 =0.190, p < 0.01 and p = 0.172, p < 0.05, respectively). In general, effect sizes for
interaction are small (where a0.02 value for the R square (R?) change is considered as a
small effect size with interaction effects) (Frazier et al., 2004). Thus, according to the

analysed result, a0.047 effect sizeis arguably a considerable interaction effect.

In addition, the analysed hierarchical regression models (based on construct level) are
presented in Table 7.7 revealed that KS, NPD and ISM significantly explained the
variance of BP by 38.1%, 33.0% and 31.8%, respectively. The results therefore
supported hypotheses H1-1, H2-1 and H3-1, that KS, NPD and ISM could be used to
predict the variance of BP. It should be noted that the hierarchical moderated regression
findings indicated that KS was the strongest predictor of BP, from the three business
activity constructs measured in this study. The strong direct relationship of KS with BP,
provided confidence that this construct would serve to moderate the relationship
between NPD and ISM with BP. This primary research aim of this paper is explored in

detail in the following section.
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Table 7.6 Moderating effect of KSon NPD and 1SM with BP (Standar dised

coefficients)
Variables Model 1 Model 2 Model 3
Step 1: Control Variables
Nature of business -0.077 -0.069 -0.066
Firm size 0.018 -0.026 -0.026
Step 2: IV and MV
Knowledge sharing (KS) 0.453** 0.437**
New product development (NPD) 0.237** 0.252**
Integrated supplier management (1SM) 0.360** 0.467**
Step 3: Interaction terms
NPD x KS 0.190**
ISM x KS 0.172*
R? 0.006 0.618 0.665
Adjusted R? -0.005 0.606 0.650
AR? 0.611** 0.047**
F change 0.540 87.418** 11.332**
Durbin-Watson 1.874
Notes.
**: Significance at p < 0.01 level
*: Significance at p < 0.05 level
Table 7.7 Construct level hierarchical moderated regression models
Hypotheses  Significant regression models R R? AISZJ ' F
H1-1 BP =3.355 + 0.569**KS 0617 0381 0.370 99.56**
H2-1 BP =3.261 + 0.437**NPD 0575 0330 0.318 80.33**
H2-2 BP =3.297 + 0.270**NPD 0642 0412 0.398 22.85**
+ 0.380K S+ 0.315*NPD-KS
H3-1 BP =3.373 + 0.435**ISM 0564 0318 0.306 75.92**
H3-2 BP = 3.407 + 0.386**ISM 0575 0.328 0317 43.41**

+ 0.498KS+ 0.254*ISM-KS

Notes:
**: Significance at p < 0.01 level
*: Significance at p < 0.05 level
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Furthermore, the hierarchical moderated regression analyses, with the interaction terms
(e.g. NPD-KS and ISM-KS), were performed at both the construct and the factor level to
investigate the respective effect of NPD and ISM on BP, at different levels of KS (i.e.
low, medium, high). Both the overal model validity (F test) and the population
correlation coefficient (t-test) of the derived regression models were significant at the
0.01 level (Bowerman et al., 1986). To minimise multicollinearity, the independent
variables (1Vs) were centered and the interaction terms were formed by multiplying
together the two centred terms (Aiken et al., 1991). The 170 cases in the data file
satisfied the minimum sample size of 50 for supporting the case-to-1V ratio of 50 to 1
required by moderated regression analysis with two 1Vs (Tabachnick and Fidell, 2007).
The multicollinearity was absent from the selected models where the tolerance values

were much higher than 0.1.

As presented in Table 7.7, in comparison with the regression model (with NPD as the
V), the moderated regression model with the interaction term NPD-KS had a larger
predicting power over the variance of BP. This result was indicated by the significant
increase in the adjusted R? value when interaction terms were included (0.318 increased
to 0.398).

According to Aiken et al. (1991), the values of KS were chosen to be one standard
deviation below the mean (KS low = - 0.3016), at the mean (KS medium = 0.00), and
one standard deviation above the mean (KS high = 0.3016). The hierarchica regression
lines were then generated by substituting these values (-0.3016, 0.00, 0.3016) into the
moderated regression model, with the interaction term (NPD-KS), as detailed in Table
7.7. As a result of this computation, three regression equations were produced (see
Figure 7.5), where the influence of KS on the relationships between the NPD and the
BP constructs was reveaed. The statistical significance of the slopes of these regression
equations were also analysed and established (Aiken et al., 1991). The hierarchica
regression equations, detailed in Figure 7.5, indicated a significant (p < 0.05) positive
regression of BP on NPD at al three levels of KS. The equation lends support for the
concept that the higher the KS level, the steeper the slope. Further, it suggests that KS
has a positive moderating effect on the NPD’s contribution to BP. The finding
authenticates the hypothesis H2-2, that the higher the KS, the stronger the association of

NPD with BP. In view of this result, it was considered beneficia to further explore the
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moderating effect of each individual KS factor on the relationships between the various

factors contained within the NPD and BP constructs.

Moreover, as presented in Table 7.7, a significant regression modd (p < 0.05)
represented the interaction term of ISM-KS. However, compared with the hierarchical
regression model (ISM as the V), this moderated regression model only increased the
adjusted R* value from 0.306 to 0.317. The moderated regression equations, illustrated
in Figure 7.6, show a significant (p < 0.05) positive regression of BP on ISM for all
three levels of KS. The analysis suggested that the KS construct had a positive, though
not strong, impact on ISM’s contribution to BP. However, the individual factors within
the KS construct may have had a stronger leveraging power than others, as a
consequence further investigation was needed for H3-2. Thus a moderated regression
analyses with the strongly correlated factors within the ISM, KS and BP constructs, was
conducted to identify if any particular KS factors had the potential to strongly moderate
effect with certain of the ISM factors' relationships with the BP factors. Consequently,
it was considered beneficial to further explore the moderating effect of each individua
KS factor on the relationships between the various factors contained within the NPD,
ISM and BP constructs.

400
BF (high KS) = 3.412 + 0.365NFD

380 \313 (med KS) = 3.207 + 0.270MPD

360 r

BFP 3

BF (low K5y = 3.152 + 0.175MPD

Centered NPD

Figure 7.5 Regression of BP on NPD at different levelsof KS
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BF (high KS) = 3.554 + 0.46315M

BF (med =) = 3407 + 1.33615M

300 | BP (lowKS) = 3.260 + 0.31015M

Centered ISM

Figure 7.6 Regression of BP on I1SM at different levels of KS

7.7 Factor Level Hierarchical Moderated Regression Analysis

The construct level hierarchical moderated regression analyses, in the preceding section,
authenticated that KS has leveraging power on the proposed business activities (i.e.
NPD and ISM) on BP. However, more valuable and practical implementations relevant
academia and manufacturing industries, could be identified by exploring unique KS
practices (i.e. factors) that may leverage specific NPD and ISM activities more
effectively and efficiently. It is expected that these KS practices will ultimately
strengthen operations, processes and business performance. In addition to investigating
the moderating effect, at the factor level, a series of factor level hierarchica moderated
regression analyses were employed to reveal each individual KS factor involved in the
rel ationships between the various factors contained within the NPD, ISM and BP which
detailed in the following sections.

7.7.1 Exploring NPDF-KSF - BPF relationships

Nine significant moderated regresson models, with their interaction terms (i.e.
NPDF1-KSF1, NPDF1-KSF2, NPDF1.-KSF3, NPDF2-KSF1, NPDF2:KSF2 and
NPDF2-KSF3), had comparatively large predicting powers on the BP factors, as
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reflected by the adjusted R? values (Table 7.8). The analyses established the significant
(p < 0.01) regression for the BP factors on the NPD factors for all three levels of the KS
factors.

As shown by Table 7.8, the largest predicting power of the hierarchical moderated
regression equation H2-2(1) indicated a significant (p < 0.01) positive regression of
BPFL1 (i.e. business competitiveness) on NPDF2 (i.e. design simplification and modular
design) for al three levels of KSF1 (i.e. IT infrastructure and systems). The interaction
terms of NPDF2 and KSF1 explained 44.7% of the BPF1. The predicting power
illustrated in Figure 7.7. This empirical analysis helped to explain the important role of
effective IT infrastructure and systems, user friendly IT support and appropriate training
and education act as active facilitators in promoting design simplification and process,
reducing product development time and enhancing modular design applications to
improve quality and production cost, profitability and sales growth. As presented in
Figure 7.7, high level of KSF1 practices have positively leveraging power of NPDF2
practices, which eventually contribute to business competitiveness, and there is no
evident impact from medium level of KSF1 on NPDF2 with BPF1. On the other hand,
low levels of IT infrastructure, systems, and its implementation could even imperil

business competitiveness in along-term consideration.
380  BFF1(high K3F1) = 3477 + 0.210HPDF2
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340

BPF1 3.20 1 BEF1 (med KSF1) = 3.265
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280 T BDF1 (low KSF1) = 3.053 - 0 210NPDF?2
' ' 266 ' '
2L 0.5 0 0.5 1
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Figure 7.7 Regression of BPF1 on NPDF2 at different levels of KSF1
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Table 7.8 Significant factor level hierarchical moderated regression models
(NPDF-K SF 2> BPF)

Hypotheses Significant regression models R R? Angj F

H2-2(1) Without interaction term 0.330 0.109 0.093 18.91**
BPF1=3265+0489"*KSF1 0744 0553 0540 24.46**
+0.483** NPDF2-K SF1

H2-2(2) Without interaction term 0330 0.109 0.093 18.91**
BPF1=3257+0.365**KSF2 (0693 0480 0464 87.38**
+1.154** NPDF2-K SF2

H2-2(3) Without interaction term 0220 0.048 0.031 7.59**
BPF3=3.196 + 0.278**KSF3 (554 0307 0286 3977+
+0.646**NPDF1-K SF3

H2-2(4) Without interaction term 0495 0.245 0.232 53.17**
BPF2=3413+0.160**KSF1 (0603 0364 0344 1973**
+0.379**NPDF1
+0.553** NPDF1-K SF1

H2-2(5) Without interaction term 0330 0.109 0.093 18.91**
BPF1=3242+0.224**NPDF2 0460 0212 0.188 20.27**
+0.828**NPDF2-K SF3

H2-2(6) Without interaction term 0505 0.255 0.241 55.93**
+ 0.469** NPDF2-K SF1

H2-2(7) Without interaction term 0220 0.048 0.031 7.59**
BPF3=3.271 0.342 0117 0.090 9.41**
+0.381** NPDFL-K SF2

H2-2(8) Without interaction term 0505 0.255 0.241 55.93**
BPF2=3361+0.198**KSF3 (556 0309 0288 2585
+ 0.408** NPDF2
+0.439*NPDF2-K SF3

H2-2(9) Without interaction term 0495 0.245 0.241 55.93+*
BPF2=3.305+ 0.299**NPDF1 (0550 0303 0282 1248**
+0.401**NPDF1-K SF3

Notes:

**: Significance at p < 0.01 level
*: Significance at p < 0.05 level
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The second largest hierarchical moderated regression model, with predicting power is
illustrated in Figure 7.8. The H2-2(2) equation indicated a significant (p < 0.01)
positive regression of BPF1 (i.e. business competitiveness) on NPDF2 (i.e. design
simplification and modular design) for al three levels of KSF2 (i.e. open
communication). The interaction terms of NPDF2 and KSF2 explained 37.1% of the
BPF1. The empirical study identified the critical role of that an enhanced employee
ability, a regular updated knowledge repository, and an effective employee
communication system had in improving the design simplification, design process,
component standardisation and modular design process to achieve the desired quality,
profitability and sales growth. As revedled in Figure 7.8, low levels of KSF2 practice
(i.e. open communication) could have negative impact on long-term business
competitiveness.

380 BPF1 (high K3F2) = 3.398 + 0.445HFPDF2
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J
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Figure 7.8 Regression of BPF1 on NPDF2 at different levels of KSF2
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The moderated regression equation (i.e. H2-2(3)), listed in Table 7.8, and the
moderated regression model with predicting power, illustrated in Figure 7.9, had a
significant (p < 0.01) positive regression for BPF3 (i.e. process efficiency) on NPDF1
(i.e. employee involvement) for all three levels of KSF3 (i.e. organisational learning and
sharing). The interaction terms of NPDF1 and KSF3 explained 25.5% of the BPF3. The
empirical analysis highlighted that learning platforms/resources and well-established
learning environments encourage employee participation, awareness of project
processes and better training on product design and quality practice, while effectively
increasing the internal production rate and improving the response time provided to the
customers. On the whole, high level KSF3 practices positively strengthen NPDF1
practices by improving process efficiency (as seen in Figure 7.9), while there was no
evident impact from the medium level of KSF3 on NPDF1 with the BPF3. However,
low levels of learning and the sharing environment can have a negative impact upon, as

well as seriously jeopardise the efficiency of the process.
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Figure 7.9 Regression of BPF3 on NPDF1 at different levels of KSF3
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The predicting power as presented diagrammatically in Figure 7.10, shows that the H2-
2(4) equation is asignificant (p < 0.01) positive regression of BPF2 (i.e. manufacturing
performance) on NPDF1 (i.e. employee involvement) for all three levels of KSF1 (i.e.
IT infrastructure and systems). The interaction terms of NPDF1 and KSF1 explained
11.2% of the BPF2. This empirical finding explained the knowledge dissemination
process through the IT infrastructure and systems, the user friendly IT applications, and
appropriate training and education, to support employee involvement, to increase
awareness of the project processes, and to provide better training on product designs and
quality practices, to effectively reduce the engineering change rate and the production
cycle time, along with improved customer satisfaction and overall company reputation.
As seen in Figure 7.10, the three levels of KSF1 practices al positively strengthen
NPDF1 practices, which lead to enhanced manufacturing and operational performance.

5 BEFFE (high KEF1) = 3482 + 0.619NFDF1

360

BPF2 (med KSF1) = 3.413 + 0.370NFDF 1
BPF2 320

300 BPF2 (low KEF1) = 3.344 + 0.139MPDF1

| 0.5 0 0.5 1
Centered NPDF1

Figure 7.10 Regression of BPF2 on NPDF1 at different levels of KSF1
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The moderated regression anaysis, equation H2-2(5) (Table 7.8), established a
significant (p < 0.01) positive regression for BPF1 (i.e. business competitiveness) on
NPDF2 (i.e. design simplification and modular design process) for al three levels of
KSF3 (i.e. organisational learning and sharing). The interaction terms of NPDF2 and
KSF3 explained 9.5% of the BPF1l. The moderated regresson model, with the
predicting power, is illustrated in Figure 7.11. The empirical findings could be
interpreted in terms of the learning platforms/resources, with the well-established
learning environment assisting in design simplification and development process,
product development time reduction and modular design application enhancement,
which helps to improve quality and production costs, as well as profitability and sales
growth. Thus, high and medium level KSF3 practices had positively heightened NPDF2
practices to enhance business competitiveness. However, a low level organisational

learning and sharing environment could jeopardise business competitiveness.
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Figure 7.11 Regression of BPF1 on NPDF2 at different levels of KSF3
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The H2-2(6) equation (see Table 7.8) and the predicting power, illustrated in Figure
7.12, indicated a significant (p < 0.01) positive regression of BPF2 (i.e. manufacturing
performance) on NPDF2 (i.e. design simplification and modular design process) for all
three levels of KSF1 (i.e. IT infrastructure and systems). The interaction terms of the
NPDF2 and KSF1 explained 6.8% of the BPF2. This empirical analysis explained and
emphasised the important role played by an effective IT infrastructure and systems, user
friendly IT support, and appropriate training and education, which act as active
facilitators in promoting design simplification, shortening product development time
and enhancing design process and modular design applications; eventually these factors
will improve and reduce unnecessary engineering change rates, production cycle times,
customer satisfaction, and overall company reputation. Three levels of KSF1 practices
were al positively leveraged on the NPDF2 practices, which were expected to

eventually improve the manufacturing and operational performance.
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Figure 7.12 Regression of BPF2 on NPDF2 at different levels of KSF1
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Table 7.8 reveals that the moderated regression analysis, namely equation H2-2(7),
established a significant (p < 0.01) positive regression of BPF3 (i.e. process efficiency)
on NPDF1 (i.e. employee involvement) for all three levels of KSF2 (i.e. open
communication). The interaction terms of NPDF1 and KSF2 explained 5.9% of the
BPF3. The moderated regression model, with predicting power, is illustrated in Figure
7.13. The empirical analysis explained the enhanced employee ability, the up-to-date
knowledge repository, the effective intraa and inter-communication and
incentives/rewards in promoting employee involvement, the awareness of the project
processes, and the better training on product design and quality practice, which
effectively increased the internal production rate and improved the response time
provided to the customers. Thus, the high level of KSF2 practices positively heightened
the NPDF1 practices to improve process efficiency; there was no obvious interaction
from the medium level KSF2 on the NPDF1 with BPF3. However, a low level of

collaborative communication could result in a negative impact on process efficiency, in

the long term.
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Figure 7.13 Regression of BPF3 on NPDF1 at different levels of KSF2
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From Table 7.8 (moderated equation H2-2(8)), it can be seen that the predicting power
(Figure 7.14) indicated a significant (p < 0.01) positive regression of the BPF2 (i.e.
manufacturing performance) on the NPDF2 (i.e. design ssimplification and modular
design process) for al three levels of the KSF3 (i.e. organisational learning and
sharing). The interaction terms of NPDF2 and KSF3 explained 4.7% of the BPF2. This
empirical analysis highlighted that both learning platforms/resources and a well-
established learning environment supports the design simplification and process,
reduces the product development time and enhances the modular design applications;
these outcomes effectively reduce the engineering change rate and the production cycle
time, and improve customer satisfaction and overall company reputation. On the whole,
al three levels of the KSF3 practices positively strengthened the NPDF2 practices and
increased manufacturing and operationa performance (as presented in Figure 7.14).

BFFZ (high K5F3) = 3.440 + 0.583MPDF2
3.80 1

3.60

BPF2 (med K5F3) = 3.361 + 0.408NPDF 2
BPF2 3.20

3.0 [BPF2 (low KSF3) = 3.282 + 0.233NPDF2

280 T

[ K]
[
h

-1 0.5 1 .5 |
Centered NPDF2

Figure 7.14 Regression of BPF2 on NPDF2 at different levels of KSF3
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The final moderated regression equation (i.e. H2-2(9)), listed in Table 7.8, and the
moderated regression model with predicting power, illustrated in Figure 7.15, indicated
a significant (p < 0.01) positive regression of the BPF2 (i.e. manufacturing
performance) on the NPDF1 (i.e. employee involvement) for al three levels of the
KSF3 (i.e. organisational learning and sharing). The interaction terms of the NPDF1 and
the KSF3 explained 4.1% of the BPF2. Additionally, the empirical finding highlighted
that learning platforms/resources and well-established learning environments encourage
employee participation, awareness of project processes, and better training on product
design and quality practice. As with equation H2-2(8), these outcomes effectively
reduced the engineering change rate and the production cycle time, while improving
customer satisfaction and overall company reputation. Consequently, the three levels of
the KSF3 practices all positively strengthened the NPDF1 practices and increased

manufacturing and operational performance.
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Figure 7.15 Regression of BPF2 on NPDF1 at different levels of KSF3
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7.7.2 Exploring ISMF-KSF = BPF reationships

The three significant hierarchical moderated regression models with their interaction
terms (i.e. ISMF1-KSF1 and ISMF2-KSF1) are presented in Table 7.9. These models
explained a comparatively larger proportion of the variance of the BP factors than did
the simple regression models. The regresson model with the interaction term
ISMF1.-KSF1 had a particularly strong predicting power, explaining 40.1% of the
variance in BPF1 (i.e. moderated regression equation H3-2(1) listed in Table 7.9). The
moderated regression equations displayed in Figure 7.16 indicate a significant (p <
0.01) positive regression of the BPF1 (i.e. business competitiveness) on the ISMF1 (i.e.
supplier evauation and selection) at al three levels of the KSF1 (i.e. IT infrastructure
and systems). Accordingly, the study provided reasonable support for hypothesis H3-2,
namely, that the higher the KS, the stronger the association of the ISM with the BP.
However, it should be noted that the quantitative study provided evidence that KSis a
stronger moderator of NPD practices and its relationship with BP than ISM. This
finding is explored further in the qualitative study in Chapter 8.

Table 7.9 Significant factor level hierarchical moderated regression models
(ISMF-KSF - BPF)

Adj.

Hypotheses Significant regression models R R? R F
H3-2(1) Without interaction term 0499 0249 0.235 53.33**

BPF1 = 3.362 + 0.527** KSF1 0.840 0.647 0.636 31.18**
+0.217**ISMF1

+0.498** ISMF1-KSF1

H3-2(2) Without interaction term 0271 0073 0.051 6.21**

BPF2 = 3.303 + 0.120*KSF1 0.667 0.445 0.428 109.80**
+ 1.480**ISMF2-KSF1

H3-2(3) Without interaction term 0428 0.183 0.168 35.62**

BPF1 =3.373 + 0.491**KSF1 0.716 0.513 0.498 24.84**
+ 0.129*ISMF2

+ 0.230*ISMF2-KSF1

Notes:
**: Significance at p < 0.01 level

*: Significance at p < 0.05 level
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The empirical finding confirmed that knowledge was disseminated through IT
infrastructure and systems, user friendly IT applications, and appropriate training and
education. Thus, with such support the manufacturing companies should be able to
develop and adapt a more comprehensive supplier assessment system, undertake
appropriate supplier selection strategies, and build synergy with complementary
supplier capabilities. An effective supplier evaluation and selection process, and an
appropriately selected supplier would help to effectively increase quality, reduce
production costs, increase profitability, achieve sales growth, and lead to more
successful business competitiveness. As seen in Figure 7.16, the three levels of the
KSF1 practices all positively strengthened ISMFL1 practices to increase the BPF1 (i.e.

business competitiveness).
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Figure 7.16 Regression of BPF1 on ISMF1 at different levels of KSF1
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The hierarchical moderated regression equation (i.e. H3-2(2)), listed in Table 7.9, and
the moderated regression model, with predicting power, illustrated in Figure 7.17,
indicated a significant (p < 0.01) positive regression of the BPF2 (i.e. manufacturing
performance) on the ISMF2 (i.e. supplier involvement) for all three levels of the KSF1
(i.e. IT infrastructure and systems). The interaction terms of the ISMF2 and KSF1
explained 37.7% of the BPF2. The empirical anaysis explained the important role
effective IT infrastructure, systems and support, user friendly IT support, and
appropriate training and education played in assisting with fast decision making and
problem solving. These outcomes should help companies to remove unnecessary
engineering change rates, and improve production cycle times, customer satisfaction,
and overal company reputation. In general, the high level of the KSF1 practices
positively heightened the ISMF2 practices to improve manufacturing performance;
there were no obvious interactions from the medium level of KSF1 on the ISMF2 with
the BPF2. However, a low level of IT infrastructure, systems and implementations
could have a negative impact on the manufacturing and operational performance,
especially in thelong term.

BPF2 (hugh KEF1) = 3355 + 0.642[5NF 2

2
BFPF2 BPF2 (med KSF1) = 3.303

e KB 1) =3.251 - 0.842150F 2

it 1
o

-1 -0.5 ] 0.5 1
Centered ISMNFE?2

Figure 7.17 Regression of BPF2 on ISMF2 at different levels of KSF1
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The moderated equation H3-2(3)) (see Table 7.9) had a predictive power (shown in
Figure 7.18), which indicated a significant (p < 0.01) positive regression of the BPF1
(i.e. business competitiveness) on the ISMF2 (i.e. supplier involvement) for al three
levels of the KSF1 (i.e. IT infrastructure and systems). The interaction terms of the
ISMF2 and the KSF1 explained 33.0% of the BPF1. The empirical findings highlighted
that the effective IT infrastructure and systems, user friendly IT support, and appropriate
training and education assisted to reduce the time taken to make decisions and solve all
problems. The outcomes would be an improvement in quality, areduction in production
costs, and an increase in profitability and sales growth. Overall, the three levels of the
KSF1 practices al positively strengthen the ISMF2 practices to increase the BPFL (i.e.
business competitiveness).

380 1

3.60
BPF1 (high K5F1) = 3.586 + 0.220I5MF 2

BFF1 (med EK&F1) = 3.373 + 0.12915NF 2

BPF1 320
BPF1 (low KSF1) = 3.160 + 0029150 2
300
280
-1 -5 §] 0.5 1
Centered ISME?2

Figure 7.18 Regression of BPF1 on ISMF2 at different levels of KSF1
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7.7.3 Summary of regression analysisresults

In summary, the correlation, ssmple and multiple (i.e. hierarchical moderated)
regression analyses provided statistically significant evidence for the hypotheses
represented in the conceptua model, which explored positive influence and the
moderating effect of the KS on the relationship between the independent variables of
NPD and ISM practices, and the dependent variable of the BP. Additionally, the
analyses also identified three KS factors (i.e. KSF1: IT infrastructure and systems;
KSF2: open communication; and KSF3: organisationa learning and sharing), having
the strongest moderating influence on the two NPD factors (NPDF1: employment
involvement; and NPDF2: design simplification and modular design), and two I1SM
factors (ISMF1: supplier evaluation and selection; and ISMF2: supplier involvement)
on their contribution to three BP factors (BPF1: business competitiveness, BPF2:
manufacturing performance; and BPF3: process efficiency). The moderating effects of
these significant moderating KS factors are graphically illustrated in Figure 7.19, with
their respective adjusted R? values.
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NPD factors BP factors
NPDF1 BPF1
BPF2
NPDF2 BPF3
K Sfactors
KSF1 KSF2 KSF3
I
ISM factors I BP factors
|
ISMF1 = — ¥ == — — — — — — — — — ) BPF1
odor+*i | e
E 0.377** ...........
0.330** é .............
X
ISMF2 == Y » BPF2
Legend:
MV | — Moderating Variable
v Y » DV

|
Independent Variable

: represent significant moderating rel ationships

|
Dependent Variable

Adj. R? (**: significant at 0.01 level, *: significant at the 0.05 level.)

ISMF1: Supplier evaluation and selection

KSF2: Open communication

ISMF2: Supplier involvement

KSF3: Organisational learning and sharing

NPDF1: Employee involvement

BPF1: Business competitiveness

NPDF2: Design simplification and modul ar
design

BPF2: Manufacturing performance

KSF1: IT infrastructure and systems

BPF3: Process efficiency

Figure 7.19 Summary of final factor moderating regression models
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7.8 Chapter Summary

This chapter detailed the analysis procedures and the assessment results of the
conceptual model developed in Chapter 3. The chapter began with the results of the
correlation analysis at both construct and factor level. An overview of simple and
multiple regression analyses, namely, hierarchical moderated regression analysis, was
used to assess and verify the hypothesised assumptions from the theoretically developed
model. The moderating effects of KS (at both construct and factor level) were
investigated based on correlation, simple and multiple regression analyses. The results
of moderated regression analysis for the NPD-KS and ISM-KS interaction terms onto
BP, indicated significant relationships at the construct level and for many of the
corresponding factors. Specificaly, the results from the simple and hierarchica
moderated regression analysis assessment provided support to the hypotheses H2-2 and
H3-2 regarding the moderating effect of KS between business activities (i.e. NPD and
ISM) and business performance. These relationships also provided an implication for
Taiwanese manufacturing companies that, to improve business activities and
performance, not only should they focus on constantly improving manageria and
technical activities, but also on creatively strengthening their knowledge sharing
practices. To ascertain the empirica findings applicability to the practitioner context,
extracted results will be deeply explored through a series of industrial case studies (i.e.
qualitative study). Results of this model and interaction term verification process are

presented in the following chapter.
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CHAPTER 8

& MopEeL AND INTERACTION T ERM
V ERIFICATION

8.1 Introduction

This chapter presents the final phase of the analysis which involves the use of
qualitative analysis to verify the interaction term findings obtained in the preceding
quantitative analysis. The chapter starts with Section 8.2, which explains the purpose
and details of the model and interaction term verification process as well as applicable
approaches used in the analysis. Section 8.3 depicts the analytical techniques
implemented for the analysis of within-case data and the evaluation of cross-case
patterns. The results of the within-case and cross-case analyses are presented in Sections
8.4 and 8.5, respectively. The pertinent findings of the analysis are discussed and
anomalies identified in Section 8.6. In Section 8.7, practical KS implementation and
comments provided by the participants are presented. Finally, results are summarised in
Section 8.8.

8.2 Case Study Overview

The purpose of the model and interaction term verification phase was to determine
whether the statistical results derived from the quantitative assessment process
described in the previous chapter can explain the practical situation, in view of the
significance of people and reality of the context within targeted manufacturing
companies. To provide more insight into the phenomenon under investigation, the
model and interaction term verification was achieved by utilising an explanatory case
study research approach. In essence, case studies are a documented description of a
particular person, group, organisation, activity or event of a particular type of setting.
Actions taken by individuals or groups in the case are described, and their reactions,

responses and effects on the particular activity or event are compared and interpreted in
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order to draw conclusions. Data are typically obtained from personal interviews, focus
groups and/or company histories (Joseph et al., 2007). By carefully selecting and
documenting case studies, the respondents are in the position to provide useful
information and also reveal what factors might be operating in the current situation and
how the problem might be solved. Picking the right cases for study and understanding
and correctly trandating the dynamics to one's own situation are critical for successful
problem solving. It should be noted that case studies usually provide qualitative rather
than quantitative data for analysis and interpretation (Sekaran, 2003). In this study, the
applied case study research approach aims to explain the causal model proposing a set
of hypotheses relationships among variables. According to Yin (2003), the term
“explain”, in this case, refers to the test of a presumed set of causal links stipulated by
the model.

As mentioned in Chapter 4, the qualitative study research design (i.e. case study
approach) involved semi-structured interviews which adopt selected variables
representing each model construct and factor. In essence, appropriate and accurate
measures provide a clear framework for systematically and concisely conducting
interviews, which eventually results in a robust approach for valid quaitative data
collection. Since the case studies were carried out to verify the interaction terms derived
from the preceding quantitative analysis, all measures were developed based on the
results of the EFA conducted in Chapter 6. This process was to ensure that the data
gathered from the case studies are comparable to those collected from the questionnaire
survey. Hence, a more precise explanation of the interaction terms can be drawn.
Therefore, the fina measurement scales obtained from the factor analysis were used to
develop an interview guide (see Appendix C), which was utilised to provide flexibility
of the interview and most importantly match their individual findings between

quantitative and qualitative research approaches.

8.3 Detailsof Analysis Approach

As briefly mentioned in Chapter 4, the model and interaction term verification process
contained two main analysis steps: within-case and cross-case anayses. Within-case
analysis refers to the evaluation of the collected data as well as the reporting of the
findings from each case study. Such findings are represented in terms of the rating given

to the model factors, which are summarised to represent an overal rating for their
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underlying construct. The results from the within-case analysis were then compared and
examined to present cross-case findings that yield the final outcomes as to whether the
derived interaction terms can be reasonably explained by the case studies. The

following sub-sections provide more details of the proposed analysis approach.

8.3.1 Within-caseanalysis

Evidence of six case studies from the manufacturing companies was collected, which
included atotal of 19 semi-structured interviews and transcripts as well as other relevant
documentation. For the coding purpose, each piece of evidence (al in a documentary
format) was assigned a reference number and its content was coded so that it can be
classified into relevant factors. A set of codes was devel oped based on the abbreviations
of model factors to be assigned to a corresponding sentence or paragraph of the
transcripts and documents. The main purpose of this approach was to group a large
amount of interview information into relevant model factors, utilising descriptive
coding which refers to an attribution of a class of phenomena (i.e. model factors) to a
segment of text (Miles and Huberman, 1989; Yin, 2003). Appendix D presents an

example of coded interview transcript.

All interview information proceeded with the documentation of coded information in an
evidentiary-based manner in accordance with Miles and Huberman's (1989) tabular
approach. This approach involved creating a matrix of categories representing model
factors and placing the evidence within such categories. Adopting this tabular approach
also meant that the table contained only raw evidence, which allowed a clear distinction
between the evidence and the interpretation (Yin, 2003). In addition, with the purpose of
cross referencing, each piece of coded information in the evidence table was labelled
with a reference number linking back to its original source. An example of an evidence
table is presented in Appendix E.

After carefully categorising al the interview evidence into relevant model factors, they
were evaluated through a systematic rating procedure in which each of the factors was
classified, based on its corresponding evidence, into one of the following rating
indicators. high, medium or low. In order to ensure the reliability and consistency of the
rating, a set of qualitative assessment rubric was developed to serve as a set of rating

criteria for classifying the factors and its interaction terms into one of the above three
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indicators (see Appendix F). The criteria were developed based on the key variables
derived from the factor analysis. To closely match up a factor with a particular rating
indicator, the evidence provided for the factor should demonstrate a close match to the
details of such statement within the relevant criteria. Once the individua factors had
been rated, they were qualitatively totalled to represent the overall rating of their
respective construct. This approach was adapted from Zinatelli et al. (1996).

8.3.2 Cross-caseanalysis

As mentioned in Chapter 4, the am of cross-case analysis was to validate the
conclusions drawn from multiple-case studies utilising a “pattern matching” technique,
in which a match between the results from the study and the theoretical propositions is
evaluated. This technique primarily involves comparing a relationship pattern of actual
variables with those proposed in the model. Thus, the key element of cross-case analysis
is the development of a set of relationship patterns predicted by the empirical model
derived from the previous quantitative analyses. Based on the hypotheses testing
presented in the preceding chapter, the predicted patterns were developed using high,
medium and low value for the proposed constructs. Therefore, following the results of
the quantitative analysis, the predicted patterns can beillustrated in Figures 8.1 and 8.2,
which were interpreted and developed based on the findings of the empirical model
analysis. For example, based on the results drawn from correlation (see Tables 7.1 and
7.2), and hierarchical moderated regression anaysis, the high/medium/low level of KS,
NPD and ISM are positively associated with the high/medium/low level of BP,
respectively. In addition, the level of interaction term (i.e. NPD-KS and ISM-KS) onto

BP also revedled similar patterns on the construct and extracted factors level.
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Figure 8.1 Construct interaction term (NPD-K S onto BP) predicted pattern matrix

According to Figure 8.1, the model predicted that a high/medium/low level of NPD
directly leads to a high/medium/low level of BP. In addition, from the results of
moderated regression anaysis, KS (both on construct and factor's level) has a
moderating effect on the relationships between NPD and BP. Therefore, the 3D
construct interaction term pattern matrix (diagrammed at right-hand side) can be
operationally developed and explained based on the correlation and moderated
regression analysis (diagrammed at |eft-hand side) as below:

(1) Interaction term of a high level of KS with a high, medium or low level of NPD
contributes to a high, medium or low level of BP, correspondingly.

(2) Interaction term of a medium level of KS with a high, medium or low level of

NPD leads to a high, medium or low level of BP, accordingly.
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(3) Interaction term of alow level of KS with a high, medium or low level of NPD
leads to a medium, low or low level of BP, respectively. As displayed by the
moderated regression equations in Figure 8.1(a) and 3D predicted pattern
matrix in Figure 8.1(b), a low level of KS does not have a strong leveraging
power on NPD with BP. This is because KS acts as an operations and
management promoter, and without a certain level of business activities (i.e.
NPD), the KS and its leveraging power can not be effectively taken on.
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influence on BP)

Figure 8.2 Construct interaction term (ISM-K S onto BP) predicted pattern matrix

Figure 8.2 also presents similar findings of interaction term (ISM-KS onto BP) pattern
matrix. The model predicted that a high/medium/low level of ISM directly leads to a
high/medium/low level of BP. In addition, from the results of moderated regression
analysis, KS (both on construct and factor’s level) has a moderating effect on the
relationships between ISM and BP. Therefore, the 3D construct interaction term pattern
matrix (diagrammed at right-hand side) was operationally developed and explained
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based on the correlation and moderated regression analysis (diagrammed at |eft-hand
side) as below:

(1) Interaction term of high level of KS with a high, medium or low level of ISM

contributes to a high, medium or low level of BP, accordingly.

(2) Interaction term of a medium level of KS with a high, medium or low level of

ISM leads to a high, medium or low level of BP, correspondingly.

(3) Interaction term of alow level of KS with a high, medium or low level of ISM
leads to amedium, low or low level of BP, respectively. As displayed moderated
regression equations in Figure 8.2(a) and 3D predicted pattern matrix in Figure
8.2(b), low level of KS does not have strong leveraging power on ISM with BP,
since KS acts as an operations and management promoter. Without a certain
level of business activities (i.e. ISM), the KS and its leveraging power can not be
effectively taken on.

From the above operationally developed predicted patterns, both interaction terms of
NPD-KS and ISM-KS onto BP presented same predicted patterns. The predicted
patterns representing empirical models are presented in Figure 8.3. It should be noted
that the prediction was only carried out based on the board indicator (i.e. high, medium
and low), thus subtle patterns (e.g. medium-high, low-medium and etc.) were not
postulated since the analysis of subjective comments from case studies sometimes
possessed fuzziness, which would be difficult and complicated to classify into very
subtle patterns. Therefore, this approach was aimed to provide only a gross match or

mismatch between the case-based pattern and the hypotheses-tested pattern.

In order to assess the match or mismatch of the case-based results to the predicted
patterns, several scenarios can be analysed based on the following criteria: (1) if one of
the predicted relationship patterns of the model constructs can be completely explained
by the actual pattern obtained from a case study, the actual pattern can be categorised as
a “perfect match” to the predicted pattern; (2) if one of the predicted patterns can be
mostly explained by the actual pattern, the actual pattern can be categorised as a “good
match” to the predicted pattern; (3) if only some part of the predicted patterns can be
explained by the actua pattern, the actual pattern can be categorised as a “partia
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match” to the predicted pattern; and (4) if none of the predicted patterns seem to be
explained by the actual pattern, the actual pattern can be considered as “no match” to
the predicted pattern. Briefly, the implementation of such atechnique explicitly explains
what the model predicts in the cases and draws attention to the degree to which the
constructs correlate as predicted (Mitchell and Bernauer, 1998).

Once the matching results of al cases had been obtained, the judgement regarding
whether the proposed model and hypotheses can be validated by the case studies was
then made according to the extent to which the cases match the predicted patterns. If the
matching results demonstrated that most of the case-based patterns have a good or
perfect match with the predicted patterns, the model is considered to be well explained
(i.e. it can be qualitatively validated by the case studies). On the other hand, if most of

the results show a poor or no match, the model cannot be validated by the case studies.
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Hypotheses Predicted patterns

H1-1 KS » BP
PP_KS1 High High

PP _KS2 Medium Medium
PP_KS3 Low Low
H2-1 NPD » BP
PP_NPD1 High High
PP_NPD2 Medium Medium
PP_NPD3 Low Low
H2-2

(Interaction term: KS

NPD - KS |

patterns) NPD Y » BP
PP_NPD-KSla (High . High) High
PP_NPD-KS1b (Medium . High) Medium
PP_NPD-KSlc (Low . High) Low
PP_NPD-KS2a (High . Medium) High
PP_NPD-KS2b (Medium . Medium) Medium
PP_NPD-KS2c (Low . Medium) Low
PP_NPD-KS3a (High . Low) Medium
PP_NPD-KS3b (Medium . Low) Low
PP_NPD-KS3c (Low . Low) Low
H3-1 | SM » BP
PP_ISM1 High High
PP_ISM2 Medium Medium
PP_ISM3 Low Low
H3-2

(Interaction term: KIS

ISM - KS |

patterns) | SM Y » BP
PP_ISM-KSla (High . High) High
PP_ISM-KS1b (Medium . High) Medium
PP_ISM-KSlc (Low . High) Low
PP_ISM-KS2a (High . Medium) High
PP_ISM-KS2b (Medium . Medium) Medium
PP_ISM-KS2c (Low . Medium) Low
PP_ISM-KS3a (High . Low) Medium
PP_ISM-KS3b (Medium . Low) Low
PP ISM-KS3c (Low . Low) Low

Figure 8.3 Predicted patternsrepresenting empirical models
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84  Resultsof Within-Case Analysis

Case studies were conducted with electronic manufacturing companies in Taiwan
during November 2008 and February 2009. In total, six selected companies and
nineteen interviewees participated in the study. For the purpose of confidentiality, the
Six case study participants were referred to as company A, B, C, D, E and F to maintain
their anonymity. The background information of al companies, in terms of the number
of employees, areas of expertise, scope of operation, as well as the details of interview

participants and locations are summarised in Table 8.1.

Overal, these case studies comprised a good mix of companies of various foci. As
Table 8.1 shows, the size of companies in terms of the number of employees range
from 600 to 38000 employees. Companies A, B, C and D provide a variety of
electronics, computing, communication and consumer products along with design and
manufacturing as their main services while companies E and F provide design,
manufacturing and customer-oriented technical support as their main services. The
scope of operation of all participated companies is international focus with multiple
offices both in Taiwan and overseas. In total, 19 professionals participated in the
interviews, comprising of one project director, eight senior project/product managers
and ten senior R&D/product engineers. The interview duration with each participant
ranged from 40 to 80 minutes, with an average duration of 60 minutes. Most of the
interviews were conducted in the magor manufacturing industrial cities of Taiwan, i.e.

Taipei, Hsin Chu and Taichung.
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Table 8.1 Background information for company’s participating in case studies

Casecompany Number of Areaof expertise Scope Interview participants (duration)

employees

Company A- ~4,300 DMS* services, including International e 1 project director (80 mins)
4C products (Computing, (12 offices; 3in e 1 senior project manager (65 mins)
Communications, Consumer Taiwan; 9 overseas) o 2 senior R&D engineers (70 and 60
Electronics and Car Electronics) mins)

Company B- ~3,500 EMS**, including e ectronic/optical [nternational e 1 senior project manager (80 mins)
components, computing, (4 offices; 1in e 2 senior R&D engineers (40 and 60
communications, consumer electronics Taiwan; 3 overseas) mins)
and etc.

Company C- ~6,000  Brand name productsincluding International e 1 senior project manager (80 mins)
industrial computing, communication, (22 offices; 3in e 2 senior product engineers (60 mins
server, consumer electronics, Taiwan; 19 overseas) each)
notebook, multimedia and etc.

Company D- ~7,070  Brand name productsincluding, International e 1 senior quality manager (70 mins)
communication, server, consumer (17 offices; 4in e 2 senior R&D engineer (50 mins
electronics, desktop platform, Taiwan; 13 overseas) each)
notebook, multimedia and etc.

Company E- ~600  OEM*& ODM™ servicesfor network  International e 1 senior product manager (70 mins)
storage solution, disk to disk backup, (6 offices; 1in e 2 senior project managers (50 and
network data storage and etc. Taiwan; 5 overseas) 60 mins)

Company F- ~38,000 TFT-LCD modulesand TV total [nternational e 1 senior product manager (80 mins)
solutions (8 offices; 1in e 2 senior R&D engineer (60 mins

Talwan; 7 overseas)

each)

Note: *: Design Manufacturing Service; **: Electronics Manufacturing Services
#: Original Equipment Manufacturing; * : Original Design Manufacturing
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Table 8.2 summarises the results of the within-case analysis in terms of the qualitative
rating assigned for each construct and its associated factors for all of the case studies.
More specifically, the table shows a rating of the factors derived from the qualitative
findings of each company, which were totalled to represent the overall rating for all four
constructs, namely, ISM, NPD, KS and BP. The complete details of the qualitative
findings from the case studies underpinning the rating of such factors are presented in

Appendix G.

Table 8.2 Within-case analysis results

Constructs/Factors Caserating (company)
A B C D E F

Integrated Supplier High High High High Medium Medium
Management (1SM)
e Supplier evaluation & High High High High Medium Medium

selection
e Supplier involvement High High High High Medium Medium
New Product Development High High High High Medium Medium
(NPD)
¢ Employee involvement High High High High Medium Medium
e Design simplification & High High High High Medium Medium

modular design
Knowledge Sharing (KS) High Medium High High High Medium
e IT infrastructure & systems High Medium High High High High
e Open communication High Medium High High  High Medium
e Organisational learning & High Low High Medium Medium Medium

sharing
Business Performance (BP) High High High High Medium Medium
e Business competitiveness High High High High High High

e Manufacturing performance High High High High Medium Medium
e Process efficiency High Medium High High Medium Medium

8.4.1 ISM construct rating

The rating level of ISM was found to be high in all cases, with the exception of
companies E and F (see Table 8.2). For company A through company D, a high rating
level of ISM was demonstrated by strong management practices containing two critical
factors, supplier evaluation and selection and supplier involvement within the projects.

As for companies E and F, two medium rated factors were observed from the ISM
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construct in each case, resulting in the overall medium rating level of ISM. To elaborate
on this, companies E and F had neither a well-established nor a properly implemented
supplier assessment system for qualifying new suppliers and had trouble getting needed
support (i.e. fast decision making and problem solving) from their suppliers in the
projects. More specificaly, there were two reasons for that; one was that the company
did not have experienced employees to properly assess potential suppliers and to assist
suppliersin improving their deficiencies in every aspect of their business activities. The
other was that the company had a monopoly of specific products in the market; thus,

such suppliers would not cooperate as much as others.

The results showed that the rating levels of ISM for company A through company D
were high. This means that their supplier assessment system was well implemented and
implementation of such an effective system helped evaluate the supplier’s capabilities to
complement the company’s requirements. In addition, the qualified suppliers were
highly involved and able to provide expedited decision making, aternative solutions,
and fast problem resolution to the company, which maximised the mutua benefits for
both the manufacturing company and its suppliers. In short, it appears that in order to
survive and compete in the highly competitive global market, successful integrated

supply chain plays avery important role for al the manufacturing companies.

8.4.2 NPD construct rating

Similar to the results of the ISM construct, the construct of NPD was rated as high in al
cases, with the exception of companies E and F (Table 8.2). In particular, a high rating
level of NPD was demonstrated by strong design practices of company A through
company D, which included employee involvement, design simplification and modular
design in new or existing products. In the cases of companies E and F, two crucid
factors were rated as medium in each case, resulting in the overal medium rating level
of NPD. To further explain this observation, appropriate employees were not involved
in regular meetings, leading to insufficient awareness of project processes and
inefficient training on product design and quality. Asaresult, product development time
was elongated and design practices (i.e. design simplification and modular design)
could not be properly implemented as they should be.
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On the contrary, the results show high rating levels of NPD for company A through
company D, indicating that appropriate employees were involved in the project, had
good control of production development time and carried out proper training of product
design and quality. Therefore, design simplification and modular design practices were
considerably achieved, leading to shorter product development cycle time with less
quality deficiencies in every aspect of the products. This highlights the importance of
well-functioned design practices.

8.4.3 KSconstruct rating

The findings showed four and two companies having a high and medium level of KS,
respectively (see Table 8.2). Among the four companies that demonstrated a high KS
rating, two of them (companies A and C) received a high rating for all the three factors
including IT infrastructure and systems, open communication and organisational
learning and sharing. More specifically, both companies established robust IT
infrastructure and user-friendly systems to support resource and/or knowledge
dissemination for training and education purposes. They aso developed learning
platforms and encouraged intra- and inter-communication to provide a learning
environment, which eventually enhanced their employees ahilities. In the cases of
companies D and E, the organisational learning and sharing factor of both groups was
rated as medium as they did not put enough efforts to promote learning and sharing
practices; however, the overal rating level was outweighed by the high rating levels of
IT infrastructure and systems and open communication. In the case of company B, the
overal medium rating level of KS was indicated primarily by the moderate rating levels
of IT infrastructure and systems, open communication, and organisational learning and
sharing. In a similar manner, despite having a high rating level of IT infrastructure and
systems, company F received an overal medium rating level of KS due to medium
rating levels of open communication and organisational learning and sharing. In
addition to the above findings, it is also apparent that the only factor consistently rated
as high across most companiesis IT infrastructure and systems, which indicated that 1T
infrastructure and systems was strongly emphasised in most of the case studies in terms
of promoting KS activities.
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8.4.4 BP construct rating

The findings concerning the business performance from the case studies demonstrated a
high rating level of BP for companies A, B, C and D, and a medium rating level for
companies E and F, which were the same as the ISM and NPD constructs (Table 8.2).
In al the four cases of high rated BP (i.e. companies A, B, C and D), the companies
were perceived to have a high level of business competitiveness, manufacturing
performance and process efficiency, particularly in terms of an increase in profitability,
sales growth and customer satisfaction, decrease in engineering change rate and
production cycle time and improvement in production rate and service time. For the
other cases with medium rated level of BP (i.e. companies E and F), the companies were
perceived to have an average performance and efficiency in terms of manufacturing

performance and process efficiency.

8.4.5 Summary of within-case analysisresults

According to Table 8.2, it can be explained that most of the factors within each
construct seemed to be consistently and positively correlated across al participating
companies. In the BP construct, particularly, the correlations between the three factors
appeared to be high and were consistent across six cases. Similarly for ISM, NPD and
KS, most of the factors within these constructs appeared to be well correlated with one
another, particularly those in the cases of companies A, C, D and F. In other cases, at
least two out of three factors, if not all, were highly correlated. Within the ISM and
NPD construct, most factors appeared to be highly correlated in all cases, with only the
result of the KS construct of company B showing a lack of correlation between the
factors. However, this minor deviation did not affect the robustness of the measurement
model as this appeared to be the only anomaly occurring during the within-case analysis.
Generally speaking, the model factors proved to be adequately reliable in capturing the
qualitative rating level of the constructs, which provided further evidence to the

robustness of the model factor structure extracted in Chapter 6.
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8.5 Resultsof Cross-Case Analysis

In the preceding section, the results from the within-case analysis of the six case studies
provided overall rating summaries for each of the model constructs. In order to carry out
cross-case anaysis, the relationships between the rated constructs in each case were
assessed against the developed predicted patternsillustrated in Figures 8.1, 8.2 and 8.3.
The final results of the analysis in terms of the qualitative rating for the constructs and a
systematic assessment as to whether the cases match the predicted patterns are presented
in Table 8.3. For ease of interpretation, the results are presented in order based on how
well the case-based pattern matches the predicted pattern (i.e. from a perfect match to a
good or partial match).

As shown in Table 8.3, the relationship patterns of the rated constructs in the case of
companies A, C and D demonstrated a perfect match to PP_KS1, PP_NPD1,
PP_NPD-KSla, PP_ISM1 and PP_ ISM-KSla (see Figures 8.1, 8.2 and 8.3). At
companies A, C and D, the levels of NPD (high) and ISM (high) indicated a strong
correlation with the level of BP (high). As predicted, the level of KS (high) appeared to
have a moderating role, which in turn leveraged the level of BP (high). Similar
predicted patterns can be seen in company F; the only difference was that all constructs
had a medium level rating, which matched the predicted patterns of PP_KS2, PP_NPD2,
PP_NPD-KS2b, PP_ISM2 and PP_ISM-KS2b. In summary, the results of these four
companies (i.e. companies A, C, D and F) indicated a perfect match with each

individual pattern presented in Figure 8.3.

In addition, the relationships between the constructs of company B indicated the
predicted patterns of PP_KS1 (partial match), PP_NPD1, PP_NPD KS2a, PP_ISM1
and PP_ISM-KS2a. Thelevels of NPD (high) and ISM (high) were positively correlated
with the level of BP (high), whereas the medium level of the moderating effect of KS
did not seem to affect relationships as indicated in the interaction term pattern matrix
(see Figures 8.1, 8.2 and 8.3). However, the levels of NPD, ISM, KS and BP appeared
to correlate and the pattern can be explained that even with a medium level of KS, the
relationships between NPD, ISM and BP still displayed a strong correlation. Such a
pattern of relationship corresponded partly with the model prediction, which identified
that the medium level of KS did not have a strong influence on the high levels of NPD,
ISM and BP. This can be interpreted that since the NPD, ISM and BP had already
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achieved such a high level, the moderate practices of KS did not have leveraging power

functionally.

Table 8.3 Cross-case analysisresults

Case Construct rating Match
(company) |ISM NPD KS BP Hypotheses match pattern

H1-1: PP_KS1 *

H2-1: PP_NPD1 *

A High High High High 2.0 PP NPD.KSla *
H3-1: PP_ISM1 *

H3-2: PP_ISM-KSla *

H1-1: PP_KS1 *

H2-1: PP_NPD1 *

C High High High High 2.0 PP NPD.KSla *
H3-1: PP_ISM1 *

H3-2: PP _ISM-KSla *

H1-1: PP_KS1 *

H2-1: PP_NPD1 *

D High High High High 2.0 PP NPD.KSla *
H3-1: PP_ISM1 *

H3-2: PP_ISM-KSla *

H1-1: PP_KS2 *

H2-1: PP_NPD2 *

F Medium Medium Medium Medium H2-2: PP NPD-KS2b *
H3-1: PP_ISM2 *

H3-2: PP_ISM-KS2b *

H1-1: PP_KS1 *x

. _ _ _ H2-1: PP_NPD1 *

B High High Medium High H2-2: PP NPD-K S2a *
H3-1: PP_ISM1 *

H3-2: PP_ISM-KS2a *

H1-1: PP_KS2 *x

H2-1: PP_NPD2 *

E Medium Medium High Medium H2-2: PP NPD-KS1b *
H3-1: PP_ISM2 *

H3-2: PP_ISM-KS1b *

Note: *: Perfect match
**: Partial match

Finally, the results of the case study of company E indicated that the levels of NPD
(medium) and ISM (medium) had a moderate correlation with the level of BP (medium),
while the high level of the moderating effect of KS may gradualy improve the
relationships between NPD, 1ISM and BP. Thus, the relationships between the constructs
of company E indicated the predicted patters of PP_KS2 (partial match), PP_NPD2,
PP_NPD-KS1b, PP_ISM2 and PP_ISM-KS1b. This can be explained that the levels of
NPD (medium) and ISM (medium) were positively correlated with the level of BP
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(medium), but a high level of KS aone had not been sufficient to provide a high level of
BP. Asindicated in the interaction term pattern matrix, a high level of KS was not able
to sufficiently leverage the relationships between NPD, ISM and BP. This demonstrated
that the NPD and ISM practices must be functioning effectively before KS can leverage
them. Moreover, one comment from the company mentioned that with a high level of
KS, the relationships between NPD, ISM and BP that seem to had a medium rating
gradualy improve and eventually better practices of NPD, ISM and BP can be achieved
in the long term. According to the detailed predicted patterns in Figure 8.3, it can be
concluded that the case-based patterns of relationships between the constructs identified
in company E have a good match.

8.6 Discussion

The results of the explanatory case studies analyses of the six electronics manufacturing
companies in Taiwan presented above provided clear evidence that both quantitative
statistical analysis and qualitative validation supported the study hypotheses (i.e. can be
reasonably explained by the findings of the companies under rea work practices). In
genera, the findings suggested that the relationships between the constructs depicted in
the hypotheses can be adequately explained by the results from the case studies.

In total, four out of six cases had an overall perfect match with predicted patterns, and
the remaining two cases presented a partial match among those predicted patterns. More
specifically, there were four cases (companies A, C, D, and F) showing a perfect match
to all predicted patterns. The fifth case (company B) and the last case (company E)
displayed a partial match among them. Based on the results of cross-case pattern
matching, the following sub-sections provide a detailed discussion regarding the
relationships between the proposed core business activities (i.e. NPD and ISM), the
moderating effect of KS and business performance, along with factors that potentially

cause an unexplained variation among the model constructs.
8.6.1 Maoderating effect of KSon ISM - BP relationship
In the case of companies A, C, and D, a strong correlation between the ISM, KS and BP

constructs provided full support that integrated supplier management strongly
influences business performance. Furthermore, KS had strong moderating effect on the
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effectiveness of ISM on BP. This potential causal relationship was corroborated by
interviewees comments from most of the senior managers and engineers that most
suppliers who were qualified by their supplier assessment system complemented their
business capabilities and had a great influence on their operational and business
performance. Particularly, in order to achieve better effectiveness of ISM, they strongly
agreed that KS is an essential and integrative business practice within ISM activities,
which could help generate competitive capabilities and ultimately lead to desired

business performance.

Assessing a similar relationship in company B, it was found that there was a strong
correlation between the ISM and BP constructs with a medium level of KS. This can be
explained that the medium rating level of IT infrastructure and systems and open
communication and low rating level of organisational learning and sharing did not have
much influence on the high rating level of ISM and BP. When taking into account the
above phenomenon from the senior managers and engineers comments, this might be
the case that the levels of ISM and BP in company B were influenced by the project
characteristics; for instance some projects were one-off projects, which means a
proportion of the resources and knowledge can not be shared or disseminated and do not
seem to have much impact on the new projects. This situation occurs most in the
customer design-focused and specific project-oriented companies according to the

opinions of several participating managers and engineers.

An opposite case can be observed at company E, in which a high rating level of KS and
the medium rating level of ISM positively correlated with a medium rating level of BP.
This anomaly can be explained that the high rating levels of IT infrastructure and
systems and open communication and medium rating level of organisational |earning
and sharing did not have an apparent moderating effect on the medium rating levels of
ISM and BP. Perhaps, this might be due to lack of the managers and employees' efforts
to promote learning and sharing of useful resource and knowledge, even though IT
infrastructure, support systems and communication environment were well-established.
One of the company’s project engineers stated that they still have to continuously seek
out more effective practices to circulate such resources and knowledge within the
company. From the comments of several interviewed managers and engineers, this
phenomenon can be enhanced by encouraging highly committed managers and

motivated employees to constantly improve ISM activities and share with others
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through appropriate training, education and updated knowledge repository on a regular
basis.

The results obtained from the case of company F supported the prediction that the BP
construct will be positively influenced by the ISM and KS constructs. The participants
from company F pointed out that supplier management strategies and knowledge
sharing practices definitely have a positively influence on the company’s competitive
advantage and performance. A senior product manager mentioned that the company will
try to provide full support of IT infrastructure, systems and applications, two-way and
open communication, learning and sharing environment for supplier management
activities. In addition, the manager confidently believed that the improvement of the
ISM and K S practices at the same time will bring benefits to the competitive advantage,

manufacturing performance and process efficiency.

8.6.2 Maoderating effect of KSon NPD - BP relationship

In the case of companies A, C, and D, a strong correlation between NPD, KS and BP
constructs provided full support that new product development strongly influences
business performance. Moreover, KS had a strong moderating effect on the
effectiveness of NPD on BP. This causa relationship was supported by interviewees
comments from the senior managers and engineers that employee involvement, design
simplification and modular design have a great impact on business competitiveness,
manufacturing performance and process efficiency. From the perceptions provided by
most interviewees, to better achieve NPD efficiency, they totally agreed that KS plays
an important role in strengthening NPD activities, which could improve product
development time and potential quality deficiencies, and ultimately lead to better

business performance.

Assessing a similar relationship in company B, it was found that there was a strong
correlation between NPD and BP constructs with a medium level of KS. Perhaps, this
anomaly can be explained that the medium rating levels of IT infrastructure and systems,
open communication and low rating level of organisational learning and sharing did not
have a noticeable contribution to the high rating levels of NPD and BP. According to the
comments provided by product managers and design engineers, the reason that they

applied a more traditional mentoring program to train and educate their new engineers
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instead of massively utilising IT supported learning platform/centre to circulate resource
and knowledge was because of confidentiality issues. They mentioned that highly
confidential design information can be easily disclosed to their competitors due to the
convenience of IT system and digitalised documents. In addition, some of the products
have unique design and customer-made characteristics, which need to strictly comply
with intellectua property restrictions; thus such resources and knowledge can not be
shared and disseminated.

By examining the case of company E, it was found that the relationship was upheld
since the rating level of the NPD construct was positively associated with BP. Although
the KS construct was rated high with high rating levels of IT infrastructure and systems
and open communication and a medium rating level of organisationa learning and
sharing, it did not have a visible leveraging power on the relationship between NPD and
BP in this case. The company’s managers and engineers commented that even with a
well-established IT infrastructure, systems and open communication environment; the
company still lacks most of the important factors, managers and employee's
commitment and the ability to circulate valuable resources and knowledge to the right
people at the right time. This situation can be improved by establishing learning and
sharing culture and centres with a confidential mechanism which only allows relevant
staff to review the documents.

In the case of company F, the results indicated that the BP construct was positively
influenced by the NPD and KS constructs. This was supported by the interviewees
comment that the development activities, employee involvement and knowledge sharing
practices have a positive impact on the company’ s competitive advantage, performance
and process efficiency. The company had recently planned an advanced resource and
knowledge sharing centre in order to improve the product development skill and
capability of their employees. The senior project manager stated that the IT
professionals are assigned to fully support the design department in setting up an
advanced sharing centre to ensure that the design know-how and past Iessons learned
can be retained and effectively shared. The design know-how and past lessons can then
be implemented as a guideline for stimulating more innovative design ideas as well as

avoiding design flaws in the early design stage.

Managing electronic NPD and ISM activities in Taiwan: The moderating role of KS



Chapter 8: Model and Interaction Term Verification 8-22

Regarding the results from the case studies, it appears that for participating companies,
the relationship can be used to adequately explain the moderating effect of KS on NPD
and ISM activities to achieve heightened business performance in area work setting. In
the case of companies B and E, the pattern matching exercise also supported the
moderating effect. Considering that the empirical study did not investigate the
contribution of other various operational factors to BP, as evident from the presence of
unexplained variance in the moderated regression model, the degree to which the
pattern of the observed constructs deviated from the pattern predicted by the model did
not appear to be substantial. By reasonably taking this fact into account, it can thus be
concluded that the relationship derived from the quantitative analysis (Phase 1) was
adequately supported by the findings from the case studies (Phase 2).

In summary, the better the support of knowledge sharing practices provided by the
company, the higher the level of leveraging business achievement. Despite the above
findings suggesting that while KS has a leveraging power on the relationship with NPD
and ISM on BP, the prerequisite is that the proposed business activities must be
functioning effectively to ensure that the integrative KS practices and their moderating

effects can be effectively taken on.

The findings from the case studies also revealed some additional factors that may also
affect the level of business activities and performance. These factors are elaborated
below.

e Leadership style: by interpreting the comments from companies A through F, it
was found that creative and innovative ideas absolutely need top management
support to become more valuable and practical actions. The participants from
companies A through E strongly asserted that leadership style has a great
influence on fostering communication and interaction between team members
and encouraging continual sharing of resources and knowledge which are
essential in strengthening product quality and design practices. In particular, this
factor was more emphasised in companies A, B, D and E where the R&D
manager has avery open-minded attitude towards ideas from engineers and tries

to be afriend or mentor instead of being a*boss’.
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e Project characteristics: this factor may also directly or indirectly affect the
knowledge sharing practices on business activities as it determines a company’s
opportunity to learn and innovate. For instance, with the design and
manufacturing function (i.e. ODM/OEM) of companies A, B, C and D, it was
pointed out that a specific characteristic of a project such as consumer-oriented
products normally provide fresh design ideas and innovative applications for
particular customers or market requirements. This unique project may stimulate
the company’'s effort to develop its new product or improve its procedure
accordingly. The interviewed participants from companies A and C mentioned
that in general, a unique project may not have many recordable or reusable
resources and knowledge to be transferred to other projects;, however, it does
provide specific applications in different areas that they may reconsider to invest
in and discover potential business opportunities. At company B, the product
manager pointed out that there does not seem to be many valuable resources and

knowledge in small projects.

e Cultural issue: this factor may also be associated with the leadership style as
well as the multinational collaboration atmosphere in the company. Most of the
participants agreed that organisational culture affects leadership style, since al
of the participated companies have international offices around the world.
Generaly, various cultures affect the way of doing business and sharing
resources. For example, a project manager from company A mentioned that
cultural differences between the Taiwan and Japan offices are quite obvious.
There is a more open and flexible working environment in Taiwan compared to
a more reserved and stricter one in Japan. Interestingly, a similar pattern was
noted by one of the interviewed senior engineers in company D, such as in the
UK and USA. As a result, this cultural issue may affect knowledge sharing
practices and business activities which eventually lead to different business

performance results.

In addition to the above factors, an open working environment in each company may
also help increase knowledge sharing and business activities. Such an environment was
particularly evident in the case of companies A, C, D and E which showed a high level
of KS. For instance, employees can have flexible time breaks to interact with other team
members to discuss ideas’/knowledge, which may or may not be relevant to the projects
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they are working on. In addition, they can aso arrange forma or informal
training/education sessions on their own to present their works and share their ideas,
experience and/or any new knowledge they have learnt and found interesting. Moreover,
in the case of companies A, B, C and D, the director, managers and engineers always
have regular meetings with their suppliers and customers regarding product quality and
design ideas as well as processes and management issues. Such meetings alow the
business parties to share best quality and design practices generated from the

perspectives of collaborative development.

Finally, the results from al cases confirmed the moderating effects of KS on the
relationships of NPD and ISM with BP. These relationships can be proven by comments
made by the participants from all companies that a high level of knowledge sharing had
strengthened their business activities (i.e. NPD and ISM), and resulted in high levels of
business performance. In particular, by realising the great benefits of knowledge
management and sharing, companies restructured themselves during the recent
economic recession with a confidence that the level of competitiveness, manufacturing
performance and process efficiency would not deteriorate due to a massive work force
lay off and/or unpaid leave. Most of the interviewed participants now believed in the
benefits brought by knowledge management and sharing and endeavoured to put more
effort on it.

In conclusion, the findings from the explanatory case studies provided support that the
empirically proposed model and hypotheses can be adequately explained in the red
work settings. This was evident from the results of four cases indicating perfect matches
and two cases showing partial matches to the developed predicted patterns. It was also
found that the causes of partial match between the case-based patterns and the predicted
patterns may be attributable to several factors which were not addressed in this study.
These factors include leadership style, project characteristics and cultural issue. When
taking these factors into consideration, it seems that the results can be improved to a
better level. It should be anticipated that the model and relationships will not give an
overal perfect prediction of an actual phenomena under some certain circumstances.
Therefore, it would be beneficial for future research to investigate the extent to which
the above factors influence the model and relationships in order to gain a better insight
into the phenomena as well as improving the understanding of the moderating effect of

K S and the explanatory power of the model.
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8.7 Practical KSImplementation

According to the previous section, through the analyses of within-case and cross-case
studies, the proposed model and hypotheses of the moderating effect of KS on the
relationships of NPD and ISM with BP were supported based on the six Taiwanese
electronics manufacturing companies. This section generally focuses on presenting
reflections of most of the interviewees and providing practical KS implementation from
each participating company. The reflections and practical KS implementation are
detailed in the following sections.

8.7.1 Valueadded from KSto business activities

According to the interviews, al interviewees acknowledged that KS is an essential and
integrative business activity utilised in the magjority of their day-to-day operations, such
as performing tasks, providing training and education, improving product quality and
services, refining processes, solving problems and making decisions. They believed that
the sharing of experience and knowledge among employees and across
departments/units could generate competitive capabilities, which could ultimately lead
to company success. One interviewee revealed that the top management realised the
opportunities and challenges of managing enormous volumes of invaluable knowledge
that is constantly being produced by employees. He also indicated that to fully benefit
from this knowledge asset, the company requires an appropriate mechanism that could
help to make this knowledge available in the right format to the right people who need
applicable knowledge at the right place and at the right time.

Moreover, successful KS must depend on the employees ability and willingness to
learn and share. All interviewees commented that KS needs to be an ongoing process,
since market and customer demands are constantly changing. The current state of the
electronic manufacturing industry was emphasized by the statement: “...In order to
survive in the global ‘cut-throat” competitive environment, satisfying customer
requirements and following market tendency have become our first priority.” They
realised that the effectiveness of the KS process depends on open communication and
the support of IT infrastructure systems. Moreover, top management’s and employees
commitment to build a learning and sharing environment that helps to facilitate KS is
the prerequisite to make the whole system work properly. They al agreed that the
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company, which applies effective KS activities, will gradually strengthen its employees’
competency. They further explained that as an employee’s capability increases, job
performance often improves, ultimately making a positive contribution to business
performance both in the short- and long-term. The general agreement of this opinion can
be best described by the comment: “...By sharing and applying knowledge in practical
situations, employees are able to realise and appreciate synergistic results, which are
much greater than those achievable by any individual alone.” These comments
highlighted the positive functions that IT infrastructure systems and open
communication have in enhancing employee's competency that can lead to ongoing
improvement in business outcomes. The interviews also provided narratives as to how
IT infrastructure systems, open communication and organisational learning and sharing
play an important part in leveraging business activities (i.e. ISM and NPD) to achieve

desired business performance.

8.7.2 Influence of KSon therelationship between |SM and BP

All interviewees acknowledged supplier evaluation and selection as the most critical
factor during ISM implementation since it helps to identify and assess suppliers
performance system, capability, culture and characteristics. They described that building
a well-established supplier performance evauation system is one of the critical steps to
develop a quality production process. They further indicated that sharing experience
with suppliers through the evaluation process could reduce potential deficiencies at the
early stage of any collaborative partnership. One interviewee succinctly summarised:
“...It is apparent that our suppliers performance positively contributes to our

company’s performance.”

One interviewee provided an example of IT supported KS activities from an ISM
perspective: “...our team developed an intranet-based platform (called e-AVL platform)
which supports employees to communicate freely and share experiences within sections
or groups. This platform also helps in monitoring internal (e.g. operations) and external
(e.g. suppliers) performance indicators generated from a variety of product development
stages. To name a few, the indicators such as incoming reject rate (IRR), line fall out
(LFO), outgoing reject rate (ORR), corrective action report (CAR), can be freely shared
through e-AVL. This integrated IT and application system assists us in performing a
wide range of activities, e.g. task guidelines, standard operation procedure (SOP),
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employee training and education, recording lessons learned, as well as making informed
decisions. Resources and information sharing through this e-platform has helped our
employees to effectively and efficiently monitor and manage internal/external
operational processes both at home and in overseas offices. Through the e-platform we
are now able to take preventive actions and formulate proactive plans for reoccurrence
events. For this reason, we have confidence that we will see a continual improvement in
the capabilities of our staff and suppliers. In view of this, we considered knowledge to
be a critical and valuable asset that would help to improve the operational performance
of our company and suppliers.” These interview findings provided some insights into
the strong relationship between the supplier evauation process and the level of
manufacturing performance that was empirically identified during the regression
analyses. Moreover, it was clear from the interviews that open communication is an
important trait required for successful management practices, since it instigates and
sustains a mutual trust communication mechanism, whereby manufacturers and their
suppliers are able to establish seamless cooperation that often yields benefits to all
partiesinvolved in supply chains.

8.7.3 Influence of KSon therelationship between NPD and BP

For manufacturing companies, strong product development capabilities are essential to
maintain business competitiveness (Petersen et al., 2005; Ahire and Dreyfus, 2000; Liu
et al., 2009). This was reflected by the comments of most interviewees. “...In the face
of a highly competitive and dynamic globa marketplace, sound NPD is certainly one of
the most essential business processes for survival and renewal (of companies).” During
an interview, a senior manager described knowledge sharing activities in the design
simplification and modular design process: “...To encourage and involve employees to
share technical experience and know-how, we have built a product engineering and
education e-forum for our R&D and relevant staff members. This e-forum serves as a
learning-and-sharing centre, which provides design guidelines, a component database
and past project experiences. Staff members can communicate freely with each other
through the e-forum, where they can share their ideas during collaborations in the
product development process. .... NPD is afield with high uncertainty and complexity.
This is the primary reason that motivated us to establish the e-forum. We have found
that active knowledge sharing among staff members could improve product

development practices. As a matter of the fact, the knowledge sharing facilitated by the
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e-forum actualy has helped to cut down the overall development costs and duration
guite considerably.” These interview findings suggested that the increased employees
participation in the product development stage could lead to the continuous
improvement of design practices. As a consequence, better manufacturing performance
and business competitiveness can be achieved. This qualitative finding provided some
insight into the empirically identified moderating influence of KS on the relationships
between NPD and BP.

Finally, a summary of internal and external supporting knowledge sharing activities

from participating companiesis presented in Appendix H.

8.8 Chapter Summary

This chapter presents a study providing qualitative evidence to support the hypotheses
that KS has a moderating effect on the relationships between NPD, 1ISM and BP within
the context of electronics manufacturing companies operating in Taiwan. This study
was carried out using an explanatory case study method to further explain the proposed
hypotheses from the previous quantitative analysis phase. Multiple case studies were
conducted with six participating manufacturing companies utilising semi-structured,
fact-to-face interviews with managerial and professional staff. Supplementary
documents were aso obtained from each company as a secondary source of information.
The analysis of the collected qualitative data consisted of two phases, namely, within-
case and cross-case anayses. Within-case analysis provided the rating level summary
for the constructs as well as the factors. By utilising the pattern matching approach,
cross-case analysis subsequently linked the rated constructs to represent patterns of
relationships, which were then assessed by comparing with the predicted patterns
devel oped from the proposed hypotheses of the empirical model.

The results of the case studies authenticated the model factors and the leveraging power
of KS and indicated that the model and relationships can be adequately explained by the
actual phenomena within the sampled companies. The model and relationships were
validated by six cases of Taiwanese manufacturing companies, which explained the
pattern of moderated relationships between the constructs from the four cases indicating

perfect matches and two cases showing a partial match to the predicted patterns.
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Despite the presence of partial matches, the findings demonstrated the leveraging power
of KS on manufacturing operations such as NPD and I1SM; these operations must be at a
certain maturity level to ensure that any integrative KS activities are exploited to their
fullest degree. In addition, further examination revealed that the deficiencies may aso
be caused by some other factors that explain a certain amount of unexplained variance
among the model constructs and factors. When taking these factors into consideration,
the findings appeared to provide a better explanation that can be used to the robustness
of the model and propositions. Finally, the findings also provided guidance for future
research directions, in order to advance the current level of understanding of the

relationships which exist among the model constructs and their factors.
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CHAPTER 9

@ ConNcLuUsioNs, CONTRIBUTIONS AND
| MPLICATIONS

9.1 Introduction

Thisfinal chapter of the dissertation presents a summary on the main research outcomes
and conclusions related to this study. In addition, it highlights the study’s contributions,
implications and limitations as well as the recommended directions for future research.
The chapter begins with Section 9.2, which provides an overview of the stated research
objectives and highlights the key outcomes serving to achieve such objectives. This is
followed by Section 9.3, which identifies both theoretical and practical contributions of
this study. Section 9.4 addresses the limitations of the study and suggests directions for

future research. Finally, Section 9.5 provides a closure statement of the thesis.
9.2 Research Objectivesand Outcomes

The main objective of this research study was to investigate the empirical relationships
between the targeted core manufacturing activities (i.e. KS, NPD and ISM) and business
performance (BP) in the Taiwanese electronic manufacturing context. More specificaly,
the major contribution to the current body of knowledge resulting from this dissertation,
relates to the completion of a substantive two phase research method (i.e. empirical
study followed by verification case studies) investigation to reveal the moderating role
of KS in leveraging heightened performance in NPD and ISM activities to achieve
higher levels of BP. In order to achieve proposed objectives, a number of rigorous
research activities were carried out in logical sequence. A description on the research
activities completed to achieve stated objectives and their associated outcomes are

summarised in the following sub-sections (9.2.1 — 9.2.3).
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9.2.1 Study propositions and theoretical framework

The theoretical framework underpinning this study was conducted following a thorough
review of literature and experiential reasoning. The critical review of literature detailed
in Chapter 2 includes numerous refereed journal and conference publications, technical
reports completed by research and government agencies, and a range of secondary
resources (i.e. books, websites and magazines). Across the entire spectrum of published
media addressing the field of research studied, the three proposed core manufacturing
activities (i.e. KS, NPD and ISM) were commonly identified as important business
process enablers within the manufacturing context. However, the literature had limited
empirical evidence reveaing the hypothesised moderating role of KS. This gap in
knowledge provided the persuasion for this study to shed light on the moderating effect
of KS practices on the two key manufacturing business process activities (i.e. NPD and
ISM) onto BP. Moreover, beyond exploring how a construct explaining KS interacted
with ISM and NPD onto BP, the study sought to uncover which specific KS activities
(i.e. IT infrastructure and systems, employee involvement, etc.) have stronger
interaction influence on individual ISM and NPD factors. As presented in Chapter 3,
these propositions led to the development of a theoretical framework composed of five
research hypotheses which laid the foundation for the herein investigation exploring the
extent to which KS activities interact with the other core business functions to influence
heightened business performance outcomes in the manufacturing industry. At the time
of this study, such a proposition had not been explored empirically, particularly within
the context of electronics manufacturing companies operating in Taiwan. The following
section described the model development process and subsequent quantitative analysis

to verify itsreliability for explaining the phenomena under investigation.

9.2.2 Measurement mode assessment

In order to provide evidence to support, or otherwise, the research questions, a
conceptual model containing operationalised constructs explaining ISM, NPD, KS and
BP was developed and empirically investigated. As presented in Chapter 3, the model
contained two main elements: business activities and outcomes. Within the element of
former element, the model comprised the three core constructs KS, NPD and ISM, and
the latter element was represented by the BP construct. As enablers, all of the three

business activities constructs were expected to be associated with one another and each
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of them is hypothesised to have a direct relation with business outcomes. In addition,
the model proposed that KS activities can serve as both an independent as well as
moderating variable. Revealing the extent of the moderating role of KS was a primary
objective of this study, as it was proposed that when KS activities were functioning
effectively, they would become infused with both NPD and ISM activities to leverage
BP. The three direct relationships (i.e. ISM - BP; NPD - BP and KS - BP) and two
moderated relationships (i.e. ISMKS - BP and NPECKS - BP) were the critica
conceptual components of the study. Once the conceptual model was structured, the
operational definition for the four model constructs was then undertaken in order for
them to be appropriately measured. These measurement variables were then formulated
into a measurement instrument for data collection purposes (i.e. questionnaire survey).

Research design and approaches undertaken to carry out the study are discussed in
Chapter 4. The study utilised a pre-tested and expert reviewed questionnaire survey
measurement instrument to solicit data from the designated sample for the purposes of
assessing the conceptual model. The items contained in the questionnaire were
developed based on the operationally defined and structured set of constructs, factors
and variables described in Chapter 3. The questionnaire survey was targeted at
managerial and technical professionals employed in Tawanese electronic
manufacturing companies and a representative 170 responses were received. The results
of descriptive analysis are presented in Chapter 5. Assessments on data normality,
standard deviations and standard errors of mean, confirmed that the data was suitable
for multivariate analyses. Mean scores for variables within each construct indicated that,
on average, the sampled manufacturing companies had moderate to strong business

activities and amoderate to high level of business performance.

Descriptive statistics and data validity tests provided the foundations for measurement
model assessments conducted in Chapter 6. The assessments conducted in this chapter
were completed to ensure that the measurement scales used in this study are reliable,
have interna consistency, and have factor structures that are representative of each
underlying construct. Cronbach’s apha and item-total correlation results indicated that
the measurement scales were reliable. Exploratory Factor Analysis (EFA) revealed the

appropriate factor structures (i.e. number of extracted factors) as summarised below:
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e The ISM construct was represented by two factors: supplier evaluation and
selection (4 variables); and supplier involvement (3 variables).

e The NPD construct was represented by two factors. employee involvement (3
variables); and design simplification and modular design (4 variables).

e TheKS construct was represented by three factors: IT infrastructure and systems
(3 variables); open communication (4 variables); and organisational learning
and sharing (2 variables)”.

e The BP construct was represented by three factors: business competitiveness (5
variables); manufacturing performance (4 variables); and process efficiency (2
variables).

While EFA removed four variables from ISM, two variables from NPD, seven variables
from KS and eight variables from BP due to insufficient or cross loadings, the final
Cronbach’s alpha for these constructs remained relatively high and indicated adequate
reliability. Hence, the final outcomes supported robust factor structures that served as a
basis for subsequent model and interaction term assessment via hierarchical moderated
regression analysis, and subsequent verification, through a qualitative pattern matching
approach with six companies.

9.2.3 Modd and interaction ter m assessment

The major objective of this study was to assess the conceptual model and its associated
direct and indirect relationships (see Chapter 3). As presented in Chapter 7,
correlation, simple, and hierarchical moderated regression analysis were conducted to
investigate the model and its interaction term relationships at both the construct and
factor levels. The key findings from these anal yses are summarised below.

The model indicated that KS, NPD and ISM have direct influence on BP. This finding
provided an answer to H1-1, H2-1 and H3-1 which sought to understand the
relationships between the core business activities and business performance among
Taiwanese manufacturing companies. Further, the predicted pattern of relationships
depicted in the model suggested that higher levels of KS could strengthen core business
activities (i.e. NPD and ISM), to achieve better business performance. Such findings

authenticated the hypotheses H2-2 and H3-2, regarding the moderating role of KS on
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the relationship between business activities and performance in manufacturing

companies.

Results from hierarchical moderated regression analysis, at both the construct and factor
levels, revealed severa interaction relationships. At the construct level, the moderated
regression model with interaction term NPD-KS had a larger predicting power over the
variance of BP than the interaction term 1ISM-KS, which suggested that KS has higher
leveraging power on NPD than ISM. At the factor level, nine NPDF-KSF - BPF and
three ISMF-KSF - BPF significant hierarchical moderated regression models were
revealed. Specifically, the findings identified that some particular KS practices have a
stronger interaction influence on NPD and ISM activities relationship with severd
business outcomes. For instance, IT infrastructure and systems (i.e. KSF1) was
identified to highly moderate the relationship between design simplification and
modular design activities (i.e. NPDF2) and business competitiveness (i.e. BPF1). The
factor level empirical anaysis highlighted the important role of effective IT
infrastructure and systems, user friendly IT support and appropriate training, for
facilitating the design simplification and process, reducing product development time
and enhancing modular design applications ultimately improving quality and production
cost, profitability and sales growth. In addition, at the ISM factor level, IT infrastructure
and systems (i.e. KSF1) was shown to significantly leverage the performance of
supplier evaluation and selection activities (i.e. ISMF1l) to derive business
competitiveness (i.e. BPF1).

Although past empirical research studies have shown the essential roles of KS, NPD and
ISM in improving BP, this study presents statistically significant evidence for the
hypotheses represented in the conceptual model, which explored both the direct positive
influence as well as the moderating effect and the moderating effect of KS on the
relationship between the independent variables of NPD and ISM practices and the
dependent variable of BP. Therefore, the findings answered the proposed research
questions, which attempted to ascertain the leveraging power of KS onto key
manufacturing business activities (i.e. ISM and NPD) on BP within Taiwanese

el ectronic manufacturing companies.
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9.24 Modd and interaction term verification

The qualitative study documented events, cases and activities in real work setting from
the sampled Tawanese electronic manufacturing companies. To ensure the
generalisability of the empirical results derived from the quantitative analysis, a model
and interaction term verification process was carried out following a pattern matching
approach to determine if the interaction relationships depicted in the empirical study can
be sufficiently explained and supported by the actual phenomena among the sampled
manufacturing companies. This was achieved by conducting explanatory case study
research with six Taiwanese manufacturing companies. The case studies provided two
critical findings supporting the validity of the model and hypotheses. First, the results
from the within-case analysis showed that amost all model factors representing the
constructs were highly correlated consistently across all the sampled companies. This
indicated that the factors were adequately reliable in measuring the actual phenomena,
thus reinforcing the robustness of the extracted model factor structure derived from EFA
techniques.

Second, the overal findings from cross-case analysis utilising the pattern matching
technique displayed good match results. Four out of six cases showed a perfect match
with the remaining two cases having a partiad match to the predicted patterns of
relationships between the models’ constructs. The finding indicated that the empirical
model can be well explained by the qualitative findings from the case studies. The
reason why there were a few case-based relationships which did not perfectly match the
predicted patterns would to be attributable to several other company specific factors that
may account for a certain extent of unexplained variance that existed in the model.
Beyond achieving the primary objective to provide further support for the empirical
findings, the case studies uncovered a number of implemented KS strategies which
served to leverage performance from NPD and ISM activities.

9.3 Study Contributions and I mplications

During the economic downturn period, knowledge management has been emphasised
on creating business value through the utilisation of intangible knowledge instead of
managing tangible facilities, materials’components and labour forces. Realising this,
most manufacturing companies have recognised that sharing resource and knowledge is
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one of the most significant competitive advantages and its potential is able to advance
their business competitiveness to a higher level in terms of streamlining operational
processes, faster product development, cost savings and satisfied customer service. This
actual phenomenon was especially observed in the medium and larger manufacturing
companies rather than small ones. It has been documented that larger companies can
invest more resources (e.g. financial and human) for business activities and integration
(Koufteros et al., 2007) and are generally able to more strategically apply KS practices.

In the field of operations and management research, a number of researchers have
investigated the phenomenon as to how, why and what causes such improvements of
operations and processes. Despite numerous research efforts, more detailed studies are
still required to advance the existing body of knowledge as well as to contribute
practical research outcomes that benefit the industry. Therefore, this study was
conducted with an aim to provide atheoretical progression in the area of operations and
management research as well as manageria contributions within the manufacturing
industry context. These are presented in the following sub-sections, in terms of the
contributions to the existing body of knowledge and subsequently the implications for

manufacturing companies.

9.3.1 Theoretical contributions

Undoubtedly, the majority of past research studies have provided a great deal of
knowledge about the essential roles of KS, NPD and ISM, and their critical factors
affecting operations and processes among businesses operating in the manufacturing
industry. However, there are limited empirical studies exploring the moderating role of
K S and associated interaction relationships, particularly in the electronic manufacturing
industry. Specifically, despite KS being acknowledged as an important integrated
enabler for heightened BP, there is a clear lack of empirical evidence on the extent to
which BP can be leveraged through innovative and sustained KS practices facilitating
improved NPD and ISM activities.

In order to bridge the above research gaps, this study developed a model which
investigated how constructs explaining core manufacturing business operations and
processes impacted on business outcomes. Results obtained from the comprehensive
statistical analysis revealed a series of interaction relationships and equations depicting
that the proposed hypotheses were supported. The findings were then further verified
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through qualitative findings obtained from explanatory case studies of six Taiwanese

el ectronic manufacturing companies.

The principle contributions from this study are detailed below.

The study provides both empirical and qualitative evidence concerning the
relationships between the three key business activities constructs, which include
KS, NPD and ISM, and business performance (i.e. BP). Among them, KS was
found to be the most influential and an essential integrative business activity
influencing business outcomes directly as well as having a moderating role
acting through the key manufacturing business activities (i.e. NPD and ISM).
Both empirical and qualitative findings highlight that KS plays a critical role in
leveraging business activities and performance in eectronic manufacturing
companies. In addition, it implies that by increasing the level of KS practices
helps to enhance core business activities intensity level. In particular, the study
uncovered the important role of robust IT infrastructure systems and open
communication, for aiding key NPD and ISM activities in improving BP, thus
adding to the current body of knowledge (Hsu, 2006; Modi and Mabert, 2006;
Taylor, 2006). Before this study, very little was known about what KS factors
have more leveraging power between business activities and performance. The
findings indicate that researchers should pay more attention to the extracted KS
moderators. This means that if appropriate resources and strategies could be
provided and these KS practices adequately supported, the intensity of KS
practices along the knowledge learning/sharing cycle can be increased in
sequence. Based on the herein presented empirical and qualitative findings the
magnitude of thisincrease will positively contribute to business performance.

The study provides empirical evidence that KS activities are integrated within
amost all of the NPD and ISM processes and provide both a tacit context and
explicit platform for the flow of knowledge and information within these
processes. By mapping the KS activities that are integrated within the NPD and
ISM processes against the knowledge creation model proposed by Nonake and
Takuchi (1995), it can be clearly explained that the socialisation process enables
the exchange of ideas, skills and experiences through human interactions in both
inter- and intra- organisational channels, e.g. with suppliers and between
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different working groups. This tacit knowledge interaction is facilitated by IT
infrastructures and systems, open communication and a learning/sharing
environment which helps to synthesise and externalise any tacit knowledge
generation into explicit knowledge, such as best practice exemplars, design
modules and supplier performance indices. The foregoing results underlies the
importance of establishing a robust IT infrastructure, open communication and
supportive learning/sharing climate for KS in order to ensure that innovative
technical and managerial practices can be effectively disseminated within a
company, which complements the findings from the earlier qualitative studies
emphasising the vital role of collectivist-oriented culture in increasing the level
of business operations and performance within Taiwanese manufacturing
businesses (Wu, 2008; Lloyd et al., 2008).

o Vey few studies have investigated the moderating role of KS on NPD and ISM
activities relationship with BP; particularly from a manufacturing operations and
management perspective (Wu, 2008; Lloyd et al., 2008). The herein finding
authenticates the proposed hypotheses that the higher the KS, the stronger the
association of NPD, ISM with BP. In view of this, the further explored
moderating effect of each individual KS factor on the relationships between the
various factors contained within the NPD, ISM and BP constructs was
considered beneficial and provided more valuable insight. However, some factor
level moderating effects were not supported or were found to be non-significant,
which may be due to a less supportive organisationa climate for KS initiatives.
The study findings will help researchers to better understand the implications of
such K S climate issues in the Taiwanese context. Of particular note, this study is
perhaps of specific value to Taiwan as it strives to develop itself as “the centre
of innovative manufacturing and design” for the Asian countries (MIC/ITIS,
2007). It is envisaged that, as a result of this initiative, more research funding
and interest will be dedicated to the area of KS and its potential leveraging

power.

e Ladtly, in addition to the above, the study empirically developed reliable and
valid measurement scales for the examined theoretical constructs, including 1SM,

NPD, KS and BP. These scales provide a solid foundation for researchers
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seeking to further study similar operations and management phenomenon,

particularly in the manufacturing industry context.

9.3.2 Managerial implications

Apart from adding to the existing theoretical body of knowledge, this study also
provides managerial implications to the manufacturing industry, especially to electronic
manufacturing companies. As a main outcome of this study, the empirical model and
extracted factors were derived from rigorous assessment and verification processes,
which can be used as key foci for companies seeking to address weaknesses in their
current operations and management practices. In particular, the findings offer a number
of implications that could help in providing guidance for companies seeking to better
manage KS operations and technology strategies that serve to strengthen higher levels

of business activities, which should ultimately lead to desired business performance.

The proposed managerial implications have been drawn from both the quantitative and
qualitative findings of the study. Firstly, Taiwanese manufacturing companies
considered suppliers as an extension of their business operation; therefore, improving
any supplier related deficiencies meant improving the performance of the company
itself. The study identified three pertinent ISM aspects that management should focus

on:

o Effective supplier integration: managers should effectively integrate suppliers to
ensure products, information and knowledge are readily accessible and
distributed to the right people, at the right time, in order to accel erate operations,
reduce costs and improve quality.

e Collaboration mechanisms: managers should establish mechanisms that
maintain collaborative environments, thus ensuring streamlined approaches to
planning and products/services delivery. This environment must be accessible by
both manufacturers and their suppliers, so that they can share any operations and

management actions or new initiatives instantaneously.

e Cultural compatibility: managers should continuously monitor their cultural

alignment and compatibility with their suppliers, thereby ensuring that both the
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manufacturer and their suppliers work towards a more collaborative and longer

term partnership.

Moreover, a number of core recommendations have surfaced which provide practical
approaches to improving manufacturing performance through enhancing NPD activities,
as listed below:

e Cross-functional cooperation: managers should recognise and promote a higher
level of cross-functional cooperation and encourage a greater range of product

related employees to get involved during the entire product development process.

e Diverse education and training: manufacturing companies should provide
production and management education and training to designers, thereby
expanding their knowledge base beyond their traditional design tasks to include
arange of other operational practices.

e Careful assessment of design simplification and/or modular product design
initiatives: when practicing design simplification and/or modular product design,
managers should bear in mind the various trade-off issues such as cost, quality
and functionality, since product modularity depends largely on product
dimensions. Moreover, companies should selectively integrate standardised and
customised modules in order to gain the benefits of product differentiation and

modularise common components to reap the benefits of standardisation.

Additionally, the majority of companies did not realise the power of knowledge and
have only recently started to actively implement KS activities. Since people are the
source of knowledge production, the sharing and application of knowledge includes
more than just the systematic IT-based digitalisation of documentation. Its success is
dependent on a combination of various socio-psychological and technological factors
making it difficult to effectively implement KS. This study highlighted five KS related

aspects requiring particul ar attention:

e Promoting employee engagement in KS strategies: managers need to stimulate
employee willingness to mutually exchange their knowledge and collaboratively
generate new knowledge by providing monetary and non-monetary incentives,
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promotion opportunities, education and training, etc.

Create supportive climate for KS: managers should strive to create a supportive
KS climate and the associated mechanisms for team members to actively pursue
KS activities. KS can be enhanced if the company exudes a commitment to learn,

backs innovativeness, and projects a shared vision on an organisation-wide basis.

Committed IT support: chief information officers should fully commit to
supporting the expansion and universalisation of knowledge thereby increasing
the speed of knowledge and know-how dissemination. Moreover, appropriate IT
resources need to be assigned for the frequent updating of implemented

knowledge repositories.

Understand situational context KS enablers: managers need to have a complete
understanding on the key enablers for effectively implementing KS in their

particular corporate environment/culture.

Chief knowledge management officer (CKMO) and dedicated business unit:
companies should establish a CKMO and dedicated unit for implementing KS
practices. The units role not only includes collecting knowledge, but also
assisting and coordinating different departments, through effective
communication during each of the various KS implementation stages.

Finally, apart from the above-mentioned practitioner implications, managers should

place an emphasis on devel oping a human development program that investsin training,

education and a promotion and rewards system. Since employees are the executer of al

business activities, through increasing the level of employees’ ability and willingness to

learn and share knowledge, company’ s can derive along-term competitive advantage.

9.4 Limitationsand Future Research

Despite its obvious contributions obtained from the mixed research method and rigorous

analysis procedure, the results of this study need to be interpreted based on severd

limitations identified during the course of the study. Study limitations along with
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recommendations on how to enhance the generalisability or robustness of findings are

discussed as follows:

Constrained by the available resources, it is worthwhile to note that the findings
of this study were derived from a sample of only one industrial sector (i.e.
electronic and IT hardware manufacturing companies) from a specific
geographical region (i.e. Taiwan). The generaisability of the findings would be
increased by future studies including samples of participants from diverse
industry sectors and cultural backgrounds. In addition, the study would benefit
from a larger and more defined qualitative investigation whereby in-depth case
studies are conducted that provide more insights into the phenomenon under the
investigation, and help to provide further evidence for building a possible KS
integration maturity benchmarking system. For example, in-depth comparative
case studies could be used to reveal the attributes and intensity level of KS
activities applied by Taiwanese (and/or other countries) manufacturing
companies. Through comparison and analysis of the case studies, criteria could
be established to scale the effectiveness of the KS activities into appropriate
hierarchical levels. This approach would help companies to align KS activities
with the desired business objectives they intend to achieve. Building upon
established criteria, a benchmarking system could be developed to assist
companies to undertake a KS self-assessment process, and aso help to promote
the best KS practices within industry.

The findings were derived from the empirical analyses and data were collected
from questionnaire surveys. Despite the researchers efforts to reduce
measurement items ambiguity and bias through the questionnaire survey pre-
test with experts and implementation on a pilot study, respondent interpretation
would have still contributed to unexplained variance. This is a common
limitation faced by all researchers who employ a questionnaire survey approach.
It is also worth noting that the data collected and analysed are limited to the
survey participants perceptions on performance rather than hard facts (i.e.

objective data such as % market share, profit growth, etc.).
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e Adopting a cross-sectional approach, the study did not consider the ‘time’ factor,
which is one important element in the theory of operations management research.
In particular, such an issue was apparent during the questionnaire survey stage
when an economic downturn had an effect on business operations and
potentially caused some bias as many companies focused less on strategy and
more on survival in that period. Therefore, it is recommended that future
research should adopt a longitudinal research design where data is collected at
different periods of time in order to better assess the relationships between the
model constructs.

e The results from Harman's one factor test displayed that common method
variance (CMV) is not a concern in this study. Nonetheless, the use of self-
reported measures means that the responses till have subjectivity concerns.
Future research should attempt to solicit more factual (objective) information.
For instance, business performance indicators and measures should be extracted
from manufacturing, production and operations management literature and
company operational reports. Some KPIs can be obtained from the secondary
gualitative data sources, such as local news, corporate web-site, and published
guarterly/annually financial report. The KPIs can be used to compare the actual
business performance in a similar industry sector and utilised to establish
stronger relationships between the constructs and associated variables identified
in this study. Such findings will demonstrate greater certainty to the
relationships and provide strategic directions for potential future improvement.

e In order to further investigate the influence of leading and lagging indicators
using factual data in a practical application, a future study should execute a
longitudinal case study approach, which involves continuously collecting data
over long periods (3-5 years). This data will provide indications on both the
short- and long-term effects of various indicators within the KS, NPD and ISM

constructs on achieving desired BP.

e Findings from empirical and qualitative results indicated that KS activities are
generally recognised as playing an integrated role within NPD and ISM
activities. However, cultural aspects related to KS, such as hoarding or unwilling

to share knowledge is still a largely unknown phenomenon within companies
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and partnerships. Future research is required to understand such cultural aspects

and determine strategies for igniting a conducive climate for KS.

9.5 Closure

This research study was conducted in order to respond to the need for more empirical
studies focused on revealing the moderating role of KS on core business activities and
how this interaction influences business performance within Taiwanese electronic
manufacturing companies. The study determined the significance of moderated
regression models explaining these interrelationships at both the construct and factor
levels. To achieve the primary goal of this study, a conceptual model containing three
enabling business activity constructs, namely, ISM, NPD and KS, along with an
outcome orientated BP construct, was developed. The conceptual model was assessed
and verified using a series of quantitative anaysis techniques, specifically, correlation,
exploratory factor analysis (EFA), ssimple regression, and multiple regression anaysis
(i.e. hierarchica moderated regression analysis), which were conducted based on the
data obtained from a questionnaire survey of Taiwanese manufacturing companies.
Moreover, to provide further rigour to the empirical study, explanatory case studies
were further conducted with six Taiwanese manufacturing companies. The results of
this qualitative pattern matching study provided support for the established hierarchical
moderated regression models.

Based on the above findings, this study added to the body of knowledge in the field of
operations and production management research by providing empirical evidence on the
direct and indirect relationships among three business activities constructs and business
performance within the Taiwanese electronic manufacturing company context.
Moreover, the study also provided managerial implications to the Taiwanese electronic
manufacturing industry by offering key foci for companies seeking to further diagnose
and boost their existing operations, processes and management practices, which could
ultimately lead to strengthen their business performance. Finaly, this dissertation closes

with some recommended future research directions.
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Expert Review Briefing Sheet and Questionnaire Assessment Record Form
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Expert Review Briefing Sheet

Purpose: This expert review process is conducted to assess the draft questionnaire by
seeking comments from independent experts who have experiences in the field of
manufacturing operations and management.

Objective of the guestionnaire: The draft questionnaire was developed to investigate the
moderating effect of knowledge sharing on the relationship between principle
manufacturing activities and business performance, through measuring each construct of
the proposed model:

e e e i e i i m i m e = R e R -

Knowledge sharing
(KS)

New product
development

(NPD)
Business
performance
(BP)
Integrated supplier
management
(ISM)
: Business activities Businessoutcomes

Targeted respondents: Project managers, engineers employed in Taiwanese electronic
manufacturing companies.

Structure of the questionnaire: The draft questionnaire consists of two main parts:

B Part A aims to measure the perceptions of respondents towards their
business activities and performance. Most of the questions in this part are
adopted from the available research instruments. This part contains 5
sections:

€ Section A: Integrated supplier management;
€ Section B: New prod