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Abstract

This study aims to investigate the antecedents of collaborative networked learning
(hereafter CNL), to develop an integrative CNL framework and to bridge the gap
between theory and praxis in manufacturing. Although collaborative learning has been
at the forefront of educational and pedagogical studies, there is a lack of research in the
mainstream of operations management and information systems. This study explores the
antecedents of CNL and the sharing of information among diverse employees within the
context of manufacturing industries in Malaysia. The study further extends the
boundary of networked learning beyond internal enterprises to include suppliers,

customers and external stakeholders.

To provide a holistic perspective of CNL within the complexity of the manufacturing
environment required a mixed-method research approach, including empirical
investigation using survey questionnaires and semi-structured interviews. The
qualitative findings from the interviews were corroborated with a 246 quantitative
survey of multinational companies (MNCs) and small-medium enterprises (SMES) in
Malaysia. SPSS software was used for statistical analysis and NVivo for content
analysis. The findings and discussions draw upon socio-technical systems (STS) theory,
and present the theoretical context and interpretations through the lens of manufacturing

employees.

Results of the study show the existence of significant positive influences of
organizational support, promotive interactions, positive interdependence, internal-
external learning, perceived effectiveness and perceived usefulness of CNL among
manufacturing employees. The study further provides insights into information sharing
and collaboration within MNCs and SMEs. Although employees in MNCs are more
engaged in CNL compared to SMEs, a general consensus is found on the importance of
collaborative technologies, the usage of online meetings and shared databases. The
study offers a basis for empirical validity for measuring CNL in organizational learning,

knowledge and information sharing in manufacturing.
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CHAPTER 1: INTRODUCTION

1.1 Background to the Study

Collaborative networked learning (CNL) was first proposed by Charles Findley (1988)
in his work “Collaborative networked learning: online facilitation and software
support” as part of an instructional learning design for the future of the knowledge
worker. His premise is that through electronic dialogue, learners and experts could
interactively communicate within a contextual framework to resolve problems, and/or to
improve product or process knowledge. In essence, collaboration begins with the
identification of a problem and seeking contribution from multiple parties with mutual
interest (Mohrman et al., 2008), aspirations and purposes to determine which
collaboration approach is appropriate (Shani et al., 2008) in solving operational or
engineering tasks. Collaboration has also been defined as a “process of participating in
knowledge communities” (Lipponen, 2002a, p. 73) “in a coordinated, synchronous task
to construct and maintain a shared conception of a problem” (Roschelle & Teasley,
1995, p. 70). CNL transpires when employees and their workgroups learn or attempt to
learn through organizational networks and work interactions. CNL transforms
knowledge, experiences and perspectives into a coherent shared understanding and
engages employees in knowledge construction (McConnell, 1999; Van den Bossche et
al., 2006b).

Expanding on these fundamentals, CNL can be postulated as a pedagogical form of
knowledge co-creation and information proliferation among members in networked
enterprises and networks of practice. Goodyear, Banks, McConell and Hodgson (2004)
theorise collaborative learning as an approach to stimulate interactions between one
learner to another, between learners and content experts, and between a learning
community or workgroups and their learning resources using information
communications technology (ICT). Moreover, CNL is a network that is largely
autonomous, geographically distributed and heterogeneous, yet capable of collaborating
complex information (Camarinha-Matos & Afsarmanesh, 2006b). Employees in

networked enterprises use CNL to proliferate and transform knowledge and learning
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across the organization. This is consistent with Findley’s (1988) underlying premise of
interdependency, mutually seeking for a general understanding on problem resolutions.

1.2 Rationale of the Study

This study seeks to revisit the present paradigm that is educational and pedagogical
based with the aim being to develop an integrative model for improving the
collaborative efforts between employees and their workgroups. The proposed
integrative CNL framework should demonstrate how existing collaborative technology
could be effectively utilized to include CNL. With the constant advancement in
technology, it also creates a fundamental need to study the current state of CNL in
manufacturing, as compared to a decade ago when information systems were not the
predominant force in supporting both business and operational strategies. Doornbos,
Bolhuis and Simons (2004) assert that most work-related learning does not conform to
formally organized learning programmes or events, but happens implicitly through work
interactions. Henceforth, a shift from a largely educational to a non-educational
perspective is needed. Knowledge transfer and collaborative work in manufacturing are
different from those in an educational context because of the competitive nature of the
roles, hierarchical structures and organizational procedures which commonly govern the
environment (Cho et al., 2005).

Previous studies were limited to networking and sharing of information but ignored the
potential for CNL. This study extends beyond networking and data transfer to explore
how learning within and between organizations can be facilitated. Thus unlike earlier
studies of networked learning, this study includes the interactions and collaborations
between manufacturing employees and organizations with external stakeholders,

suppliers, logistics, and customers.

CNL research is a new field and draws upon a wide range of theoretical perspectives (de
Laat et al., 2006b). Previous works were mostly conceptual in nature and did not
include empirical groundwork and validation between antecedents of CNL and
manufacturing. Along with this argument, Paavola, Lipponen and Hakkarainen (2002)
observe the ways in which some of these earlier theoretical models were

operationalized. While they complemented each other, there were many fundamental
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differences between these models in terms of both focus and power. Nonetheless, some
studies have made significant contributions and laid the foundations for present CNL
research. For instance, Lipponen (2002b) in his study of computer-supported
collaborative learning (CSCL) suggests focusing on the effect of technology as a result
of interaction between users, users interface with computers, and users application and

transfer of new knowledge to various work situations.

The nature of the interaction between users, their peers and workgroups are somewhat
different from the nature of the interaction between students and teachers, and this
“difference raises questions about the appropriateness of guided learning for
understanding and modelling work-related learning” (Doornbos et al., 2004, p.253).
While learning provides new knowledge or skills, insights, and the competence to
perform well at work, if learning is not shared with others in the organization, the return
on the investment is much less (Fulmer, 2000; Tobin, 1997). These contentions are
supported by Quik and Yeong (2006) in a small case study where they found employees
in MNCs to be sufficiently trained on development tools and methodologies to form
new knowledge and that CNL improved employees problem solving skills and boosted
innovations and proliferation of best practices.

1.3 Statement of Research Problem

Due to technological advancement, the importance of knowledge transfer is now
magnified and effective knowledge sharing is increasingly critical as competition
between businesses intensifies (Bhagat et al., 2002). Most organizations leverage on
technology to manage and share information among their employees. Even the training
function in workplace learning has transformed from individual-based learning to
collaborative learning, for example in networks of practice. Accompanying the move
towards the decentralisation of the training function, Smith et al. (2002) also found that
line managers are increasingly responsible for training their staff and there has been an
increase in the number of trainers, coaches and mentors to assist in this process.
Organizational learning and training has evolved from an emphasis on formal and
structured training to the decentralized participatory approach that is fundamental in

CNL. The implementation of kaizen (Elsey & Fujiwara, 2000), six sigma and lean
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manufacturing, has made it necessary for the integration of learning in manufacturing
(Danilovic & Winroth, 2005; Docherty & Shani, 2008; Fenwick & Rubenson, 2005).

Intriguingly, there is lack of research in the area concerning what motivates
manufacturing organizations to share and transfer knowledge between their employees,
partners, suppliers, as well as their customers. What transpires in employees’ learning
process through the use of information communication technology (ICT)? At present,
the CNL concept is borrowed and adapted from theories and philosophies from other
disciplines such as collaborative learning. There is a large disparity in empirical studies
in the area from the perspectives of information systems and operations management.
Many scholars agree that CNL needs to be firmly grounded in appropriate theoretical
approaches and analytic perspectives to increase its rigor and relevance (de Laat &
Lally, 2004; de Laat et al., 2006b; Hakkinen et al., 2003; Hodgson & Watland, 2004;
Stahl, 2004). One cannot rely on strong theoretical grounding and empirical research

covered by other disciplines to fit CNL to manufacturing. One size does not fit all.

1.4 Research Aim and Objectives (RO)

This study answers the call for greater agility and efficiency in information sharing
among manufacturing employees. The primary aim of this study is to identify the
significant antecedents to organizational learning, development and sharing of
organizational knowledge using collaborative technologies within the organizations and
their extended enterprises. At present, there is a lack of knowledge concerning the
antecedents that promote the sharing of information and collaboration in the

manufacturing industry. Henceforth, the objectives of this study are to:

RO1. Develop an integrative CNL framework and bridge the gap between theory and
praxis. De Laat and Lally (2003) and Stahl (2004) argue that due to complexities
in both the theory and praxis’, no single theoretical framework is yet capable of
offering a sufficiently powerful articulation of description, rhetoric, inference or
application of networked learning. In order to achieve this objective and bridge

the gap, the research needs to pay close attention to numerous events, activities

! According to McNiff et al. (1996) praxis is informed, committed action that gives rise to knowledge.
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RO2.

RO3.

ROA4.

and tasks that motivates employees in diverse manufacturing organizations to

share information.

Establish a comparative study by comparing and contrasting diverse industries
and between MNCs and SMEs. The study also aims to gain a broader and more
insightful perspective to strengthen the relevance of the conclusions and

supporting framework presented in this thesis.

Examine networks of manufacturing collaborations and seek to understand the
antecedents that set the stage for information sharing and knowledge
transformation among members in manufacturing organizations. The findings

will serve as a new body of knowledge in CNL research.

Conduct a multi-disciplinary research that will include experiential learning,
workplace learning and consider other research into CNL and knowledge
sharing. The study will also revisit and validate the definition of CNL. The
proposed CNL framework should be versatile and pragmatic for both MNCs and
SMEs.

1.5 Definition of Terms

1.5.1 Multinational Corporation and Small-medium Enterprise

The definition of manufacturing used follows the Malaysia Standard Industrial

Classification (MSIC) 2008°. Manufacturing is defined as the physical or chemical

transformation of materials or components into new products, whether the work is

performed by power-driven machines or by hand, whether it is done in a factory or in

the worker’s home, and whether the products are sold at wholesale or retail. The

definition of a manufacturing organization used in this study follows that of the
Malaysia Standard Industrial Classification (MSIC) 2008 and has been adopted by the
SME Development Council of Malaysia.

2 published by the Department of Statistics Malaysia (2011)
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i.  MNC: A multinational corporation (MNC) also called multinational
enterprise (MNE), is a corporation or an enterprise that manages production

or delivers services in more than one country.

ii.  SME: A small-medium enterprise (SME) is a company that has less than
150 employees with revenue between Ringgit Malaysia 4 to Ringgit

Malaysia 10 million per year.

To differentiate MNCs from other larger organizations, the research will adopt the
definition provided by the OECD Guideline for Multinationals Enterprises (2011),
which defines MNCs as organizations that comprised of companies or other entities
established in more than one country, and which are interconnected and coordinate their
operations in various ways. The OECD Guideline for Multinationals Enterprises (2011)
further stipulate that “while one or more of these entities may be able to exercise a
significant influence over the activities of others, their degree of autonomy within the
enterprise may vary widely from one multinational enterprise to another. The

ownerships of the enterprise may be private, state or mixed” (p.12).

Although the research is focused on the Malaysia context, the research samples are
representative of major global multinational companies, for example, Plexus,
Flextronics, Robert Borch, Intel, Honeywell, Eaton, AMD, First Solar, Samsung, Sony,
Western Digital and many more. In 2008, there were 30,709 SMEs in Malaysia while
1,826 organizations were large establishments, including MNCs (Department of
Statistics Malaysia, 2011).

1.5.2 Antecedent

Antecedent is defined as the conditional part of a hypothetical proposition (Oxford
University Press, 2013), something existing or happening before, especially as the cause
of an event or situation (Cambridge University Press, 2013). The term antecedents in
this study describes important preceding or a current course of events, circumstances, or
precursors that transpired before employees in manufacturing organizations are likely to

adopt CNL. In addition ‘antecedent variable’ is a term used in multivariate analysis.
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In a study of the antecedents that affect the intention to adopt collaborative technologies

in the construction industry, Nikas, Poulymenakou and Kriaris considered the

prerequisite resources that an organisation must possess in order to adopt a novel

technology. Antecedents drivers were found to be all the internal, external factors and

perceived benefits that influenced the decision to adopt novel technology (Nikas et al.,
2007, p.632).

1.6 Key Assumptions of the Research

The basis of the research includes the following underlying assumptions:

The focus of the research is on the manufacturing context. The precedence
theories on collaborative learning from the educational and pedagogical context
serve as a reference and do not necessary dictate the outline of the research, and
neither will the outcome of the research be skewed towards an educational

context.

The sample of the research represents the population of manufacturing
employees in Malaysia. The sample is used to make inferences to manufacturing
employees, it is not intended that the results be generalized to the entire global
population of manufacturing employees. Cultural, socio-economy, legislative,

educational levels are not equal world-wide.

The participants for the survey were randomly invited using a showball
sampling technique. It is assumed that the participants are representative of the

population of Malaysia’s manufacturing organizations.

The participants for the semi-structured interviews were invited based upon their
present roles and positions in MNCs and SMEs organizations. Their opinions,
knowledge, perceptions and experiences on the subject matter are related to their
personal views and do not represent those of their peers, supervisors or

organizations.
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v.  The systems described and explained by the participants may be commonly used
by other manufacturing organizations, although some systems may be
developed, customized and designed specifically for individual organizations.
This does not prevent the study from investigating the functionality of those

systems to seek for commonality.

vi. Based on the literature review, this research suggests that there is no prior
research related to the antecedents of CNL in manufacturing. Exploratory
research is used to assess the opportunities for undertaking the study and to test
methodology for a larger study in the future (Nardi, 2006).

1.7 Outline of the Study

This thesis consists of eight chapters. The first chapter presents background information
pertaining to CNL in the advent of collaborative technologies development and learning
in manufacturing organizations. It identifies key issues and outlines the research aim
and objectives as well as providing some key definitions relating to the primary subjects

of the study.

Chapter 2 reviews past and present literatures to provide a holistic understanding of the
definitions of key concepts of CNL, networks of practice, current research streams,
theoretical paradigms, collaborative technologies and primary applications that are
closely linked with CNL. Identified gaps in the literature shaped the research questions

for the study.

Chapter 3 outlines the conceptual framework of the research and the development of
CNL model. The research propositions are presented and discussed. The chapter also

explains the rationale of the model structure.

Chapter 4 discusses the research design including philosophical assumptions. The
rationale for the pragmatic paradigm and mixed-method approach used to examine the
propositions developed in Chapter 3 are given. A systematic discussion is also provided
on the quantitative and qualitative approaches to data collection techniques, including

the development of the questionnaire and selection of participants.
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Chapter 5 defines the measurements and explains the development for the scales used
for measuring the constructs. It discusses the techniques used in data preparation and
presents a preliminary analysis derived from a pilot study, including assessment of

dimensionality.

Chapter 6 presents the results from quantitative data analysis of the survey
questionnaire. Attention is paid to analysis methods of the quantitative data and data
frequency is systematically examined using descriptive statistics and inferential
statistics — the aim being to provide an objective view of the phenomena found in the

study.

Chapter 7 corroborates the results of the qualitative data analysis of the interview
transcripts with the quantitative results of the main research constructs. The research
framework used for the quantitative analysis is extended to accommodate the qualitative

analysis using NVivo for content analysis technique.

Chapter 8 presents the integrated findings emerging from the quantitative and
qualitative data described above, in support of the research objectives, research

questions and propositions.

Chapter 9 concludes the study with reviews and reflections of key contributions to the
body of knowledge in organizational learning and operational management. The
limitations of the research are acknowledged and explained. Further recommendations

that build on the research findings are offered for future research.

A list of references and appendices are provided at the end of this thesis.
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CHAPTER 2: LITERATURE REVIEW

2.1 Introduction

The purpose of this chapter is to review relevant CNL literatures. The purpose of a
thorough review of the literature, according to Netemeyer et al. (2003), is to alert the
researcher to “previous attempts to conceptualize the constructs of interest and theories
in which the construct may prove useful as an independent or dependent variable” (p.
8). It also provides a background to the context of the research, and establishes a bridge
between the research and the current state of knowledge on the subject and what could
be anticipated in the light of existing theory (Blaikie, 2000, 2010). This chapter begins
by discussing the background of the research in the context of the sharing and
exchanging of information in manufacturing organizations, the evolution of virtual
enterprises, and employees leveraging on networks of practice. Next, it attempts to
define what are knowledge, information and data. It then attempts to explain the concept
of CNL, and the difference between cooperative and collaborative learning, to provide
more clarity to the area of research. It proceeds to discuss several mainstream
researches, presenting different theoretical paradigms and highlighting some of the
proposed frameworks from similar areas of research. Some pertinent concepts in
collaborative technologies exemplifying the differences between structured and
unstructured collaborative technologies and between asynchronous and synchronous

learning networks are also identified.

2.2 Knowledge and Information

Davenport and Prusak (1998) define knowledge as a mix of framed experience, values,
contextual information, and expert insight that provides a framework for evaluating and
incorporating new experiences and information (p.5). Information is the basic input for
organizational knowledge (Davenport et al., 1998; Garvin, 1993; Kogut & Zander,
1992). Information is data that holds relevance and purpose, while knowledge is
information which holds relevance and purpose to create meaning (Davidson & Voss,
2002; Roberts, 2000). Information is transformed into knowledge when employees

apply their own experience and contextual understanding to information through action
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(Davenport et al., 1998; Nonaka & Takeuchi, 1995). Scholars like Argyris and Schon
(1978), Schein (1996), and Senge (1994) posit that knowledge is shared through social
interaction and socialisation creates shared understanding that will motivate group
collaboration. Before any new ideas are accepted, discussion is needed to align opinions
and allow ideas to be shared and integrated into the systems, culture, values and
processes of the manufacturing organization (Nonaka et al., 1995). Information from

diverse perspectives is converged and integrated into organizational knowledge.

Nonaka and Takeuchi (1996) further define explicit knowledge as information that can
easily be communicated among employees; whereas tacit knowledge such as skills,
competencies and talents is somewhat more difficult to communicate. Therefore,
Blaikie (2010) posits that the aim of scholarly research is to uncover largely tacit,
mutual knowledge, symbolic meanings, intentions and rules, which influence social
behaviour. When both tacit and explicit knowledge are combined, employees can
modify existing knowledge or create new knowledge (Addleson, 2013; Blaikie, 2010).
Knowledge does not exist either on its own or in individual minds, but emerges from
the process of participation in various cultural practices and shared learning activities
(Brown et al., 1989; Lave & Wenger, 1991; Lipponen & Hakkarainen, 2004; Paavola et
al., 2004). Employees share knowledge best when they are negotiating the context of

shared meanings (Berends, 2005), interacting and aligning for action (Addleson, 2011).

Knowledge is perceived as a cognitive process, in which learning is a matter of
construction, acquisition, and outcomes through the process of transfer (Paavola et al.,
2004). For constructivists, learning constitutes participation in practices and actions
where knowledge is acquired by social activities (Chatenier et al., 2009, p. 354).
Essentially, establishing a CNL system requires an understanding of the acquisition and
construction of knowledge of employees and their interface with technology at work.
Knowledge integration is therefore extending the scope of knowledge sharing, which is
the pre-requisite of CNL, where knowledge is effectively distributed, used to perform
tasks, (Herrmann et al., 2007), develop new competencies, produce innovations and

generate new knowledge (Paavola & Hakkarainen, 2005).
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This concept of knowledge construction as a collaborative endeavour spurs this study
into investigating how information and knowledge can be learned and shared in
manufacturing organizations. Knowledge construction is the outcome of collaborative
work (Zenios, 2011), when employees work together on a shared problem, participate in
discussion, (Roschelle et al., 1995), negotiations, engagements, creating scenarios about
their circumstances, and their goals (Addleson, 2013). Upon closer examination,
collaborative knowledge from social epistemology provides invaluable insights as to the
relevance of CNL involving cyclic orientations from transmission, transaction to
transformation of organizational knowledge and information. Knowledge and
information are transmitted through a series of transactional processes using
collaborative technologies and other network communicative tools. Knowledge is
transformed by the cognitive processing of information and co-constructing new
knowledge through engagement (Lipponen, 2002b), as well as interactions and group
deliberations. The cyclic process is rejuvenated as new sets of knowledge and

information are stored, shared and re-transmitted.

2.2.1 Knowledge and Information Sharing in Manufacturing

Knowledge sharing is described as the “dissemination of information and knowledge”
across an organization (Yang, 2004, p. 119). It involves providing organizational
knowledge to employees to improve effectiveness and flexibility so as to spur
innovation (Belanger & Allport, 2008; Rafaeli & Ravid, 2003). In today’s
manufacturing environment, there is a significant emphasis on multi-organizational
collaboration, thus knowledge sharing is becoming part of an intricate network
unrestricted by geographical boundaries. With the continually strong demand on cost
reduction, quality and productivity improvement, CNL could provide the means for
sharing and integrating knowledge, and enabling diverse virtual teams to collaborate.
CNL can be manifested in many forms and functions, including virtual enterprises,
virtual teams, networks of practice and other technical and non-technical
collaboratories. With information highly distributed through organizations, it has
become paramount for networks to focus on information management to improve
knowledge construction (Achrol & Kotler, 1999), and effectively adapt to constantly

changing environments (Lusch et al., 2010).
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Collaboration involves intra and inter-organizations (customers and suppliers, or nodes
in a network) sharing information to make forecasts (McCarthy & Golicic, 2002; Poler
et al., 2008) and improving inventory performance throughout the manufacturing
organizations (Rubiano & Crespo, 2003). The Knowledge and Learning in Advanced
Supply Systems (KLASS) focus on the automotive and aerospace industries to develop
CNL with suppliers (Rhodes & Carter, 2003). Web-centred learning has supported the
development of e-commerce capabilities and network group learning between multiple
or linked workplaces. CO-IMPROVE was developed to support and foster inter-
organizational collaborative improvement between extended manufacturing enterprises
(EME) (Coghlan & Coughlan, 2006) by expanding customer-supplier collaborative
relationships within the network to seek best practices and consequently enhance overall
EME performance (Nielsen et al., 2008). The best practices lend themselves to the
process oriented view of knowledge management, whilst measurement applies directly
to a resource-based view of the organization with knowledge as a valuable asset (Truch
et al., 2000).

2.2.2 Networked Manufacturing and Virtual Enterprise

Virtual enterprises can be described as a network of organizations (Danilovic et al.,
2005) from which temporary alignments are formed and combined with specific core
capabilities of members to exploit manufacturing opportunities (Camarinha-Matos &
Afsarmanesh, 2006) and to accomplish innovative problem solving (Malhotra et al.,
2007) associated with a specific product or service (Cao & Dowlatshahi, 2005). In order
to reduce time-to-market and costs, many manufacturing organizations have established
virtual enterprises to share information and to accelerate product development. Virtual
enterprise ensures appropriate manufacturing operations are assigned to the designated
units or to the best interest of the virtual consortium (Zhan et al., 2003).

Global competition has brought about changes that are characterized by product
proliferation with shorter life cycles, innovative process technology, and customer
demand for quick responses, lower costs and greater customization (Cao &
Dowlatshahi, 2005b; Kamrani, 2008; Yam et al., 2007). Manufacturing organizations
have to adapt their business strategies to compete in the new collaborative economy of

suppliers, manufacturers, distributors and customers (Basu, 2001). Integrated, dynamic
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supply chains and virtual enterprises are dominating this trend (Camarinha-Matos &
Afsarmanesh, 2006a). By adopting information communication technology (ICT)
manufacturing organizations foster changes in managing customer relationships,
manufacturing, procurement, and supply chain (Agarwal & Sambamurthy, 2002; Barua
et al., 2004; Camarinha-Matos et al., 2006a); to enhance their competitive capabilities
(Sambamurthy et al., 2003), products and services (Berry et al., 2006; Chen & Tsou,
2007); and as enablers of innovation (Corso & Paolucci, 2001; Dewett & Jones, 2001;
Xu et al., 2005).

CNL dynamically transforms virtual enterprises and virtual teams to create a more
innovative, profitable, higher quality product for market. It involves moving from
transactional interactions to co-construction of knowledge, collaborative development,
and design innovations involving multiple parties. A consumer electronics manufacturer
has to collaborate with component suppliers, electronic manufacturing services (EMS),
or contract manufacturers in the design and development of products or components
(Sayah & Zhang, 2005). The establishment of networked manufacturing is a deliberate
attempt to organize virtual teams within the organization with external partners

including customers, suppliers and developers.

Virtual teams work in geographically dispersed locations using information technology
to accomplish work projects (Hertel et al., 2005; Kauppila et al., 2011; Sarker et al.,
2003), solve complex problems or tasks (Curseu et al., 2008) and to share decision
making responsibilities and operate independently (Kerber & Buono, 2004). Virtual
teams serve as knowledge actors, sharing and mediating knowledge as well as
promoting learning throughout the organization (Kauppila et al., 2011; Ratcheva, 2008).
The collaborative product development (CPD) platform provides communication
channels for geographically dispersed teams to disseminate, share, document and
manipulate product data such as product drawings and the bill of materials and process
specifications in the networked environment. Product design and development teams
can work concurrently in the design and analyse the workflow (Zhan et al., 2003).
Benefits of collaboration include higher return and accelerated product development,
reduced developmental cost, increased flexibility, reduced risk and access to the product

development capability of the suppliers (Mallick et al., 2010).
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2.2.3 Networks of Practice in Manufacturing

Networks of practice have been widely studied under a variety of titles (Brown &
Duguid, 1991, 2000) including knowledge building communities (Scardamalia &
Bereiter, 1994), knowledge communities (Erickson & Kellogg, 2001), virtual
communities (Lin, 2007b), and communities of practice (Johnson, 2001; Lave et al.,
1991). Garcia (2010) posits that the different between a network of practice and a
community of practice rests in electronic communication. However, Brown and Duguid
(2000) use the term “networks” to described loose epistemic groups and relationships
that have varying degrees of proximity but do not have the degree of cohesion required
for a community (as cited by Jones & Esnault, 2004). Jones and Esnault (2004) argue
that the term “networks” allows for scalability in analysis as each network can be
carefully studied, and each node can be a network by itself in a complex system of
communications and collaborations. The term “practice” denotes the actions of
employees and workgroups performing their work and work practices that involve
interaction among employees. Networks of practice serves as virtual workspace and
source of information where knowledge can be captured, codified, stored, shared, and

transferred among manufacturing employees.

Manufacturing organizations form an integral part of an activity system which are
closely interconnected and consist of multiple networks of practice (Guile & Griffiths,
2001; McDermott & Archibald, 2010). A network of practice consists of groups of
employees who share a concern, a set of problems or expertise and passion for a joint
enterprise (Brown et al., 2000; Wenger et al., 2002; Wenger & Snyder, 2000) and are
informally bound by their shared competence and mutual interest in a given practice
(Choi, 2006; Katzenbach & Smith, 2003). Wenger (1998) describes the structure as
‘mutual engagement’, ‘joint enterprise’ and ‘shared repertoire’ (p.72-73). Through
participation in the networks of practice, employees build collaborative relationships
and through these interactions joint enterprises emerge. The networks of practice
continuously evolve as employees attempt to improve their knowledge domain as well
as develop their own conceptual artefacts (Hass et al., 2003; Scardamalia et al., 1994),
share their experience and knowledge (Choi, 2006; Scarbrough, 1996) and expand their

socio-professional circles (Bouhnik et al., 2009). Nonetheless, a network of practice is a
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dynamic system that requires employees to interact on an on-going basis. A network of
practice influences ways in which employees operate and switch between other
networks. Over a period of time it develops into shared repertoires of knowledge and

methodologies that are proliferated across the manufacturing organization.

Learning transcends across knowledge networks regardless of formal boundaries or
geographical distance (Garcia, 2010; Vaast, 2004; Wasko & Faraj, 2008). A network
enables employees to collaborate in network communities and for organizations to
exchange information and manage knowledge (Garcia, 2010). It is through this
collaboration and narration that members of a network of practice negotiate meaning
and joint enterprise (Addleson, 2013; Coghlan & Shani, 2008). Therefore, collaborative
technologies play a pivotal role by providing the workspace and capacity to interact in
virtual networks of communities or virtual teams. The technological augmentation of a
network of practice further enhances the quality of collaborative support while
providing improved opportunities to distribute and extend the inherent expertise across

an organization (Eales, 2003).

Networks of practice provide many benefits to organizations, including access to
expertise, improved collaboration, and accelerated work performance. Networks of
practice are especially valuable for MNCs that constantly face challenges in
disseminating organizational knowledge which resides in individuals and dispersed
teams when the opportunity for face-to-face interactions are rather limited (Li et al.,
2009). A network of practice develops a repertoire of tacit and explicit means of
communicating and working, enabling the community to perform its practice in a
satisfying manner (Teigland, 2003). Moreover, the reuse of lessons learned and the
adoption of best practices can lead to significant cost savings and process simplification
(Hass et al., 2003). The establishment of a network of practice is a deliberate attempt to
organize workgroups within the organization and with external partners such as
customers, suppliers and developers. A network of practice bridges expertise from
various functions and extended enterprises into a common platform for a discourse in

specific areas of interest and resolutions.
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2.3 Collaborative Networked Learning

This thesis uses the network metaphor in a broader perspective to describe the integral
networked organization that connects its employees, customers, suppliers and partners.
According to Addleson (2013) a network is a “hodgepodge of people with varying
interests, motives, and levels of commitment, as well as diverse specializations, who
may report to bosses with different agendas” (p. 38). Boot and Renolds (1997) suggest
using a multifaceted concept such as ‘network’ rather than viewing organizations in
terms of groups to reflect the dynamic nature of work organizations and the way
learning is organized. It enables researchers to fundamentally think about any
manufacturing organization as a network that supports patterns of activities that relate to
manufacturing operations. The increase of outsourcing also creates more dependence on
a network (Basu, 2001). According to Camarinha-Matos and Afsarmanesh (2006) a
network consists of a variety of entities that are autonomous, geographically distributed,
and heterogeneous in terms of their operating environment, culture, socio-capita and
goals; yet their interactions are well supported by computers to collaborate and to

achieve common goals.

These connections have to be recognized and negotiated before employees can work at
collaborating (Addleson, 2013). Haythornthwaite (2008) postulates that the
participatory learning created by networked technologies brings knowledge creation
from expert to learner to CNL and self-discovery. Figure 2-1 illustrates the
transformation concepts of individual learning, to learner-expert mentoring or an
apprenticeship scheme, and finally to the emergence of collaborative networked
learning (CNL).
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Individual Learning Learner-Expert Collaborative Networked
Learning

Figure 2-1 Typology of collaborative networked learning

CNL promotes the process of collaborative learning as integral networks of individual
experts, contributing information and knowledge in their different roles and reference
domains. In this context, learning focus is shifted from individual learning to learner
expert system, to CNL. It is argued that the term collaborative networked learning
reflects the essence of learning in a networked organization using computer networks to
share information and knowledge. This contention is notably supported by Jones and
Esnault (2004) and Camarinha-Matos and Afsarmanesh (2006) and hence serves as the

basis for this study.

2.3.1 Definition of Collaboration Networked Learning

Findley (1989) first defines CNL as learning which occurs through electronic
communications between self-directed learners and experts. CNL is a means to promote
interactions between one learner to another; between learners and content experts; and
between a learning community or workgroups and their learning resources using ICT
(Brophy, 2001; de Laat, 2006; Goodyear, 2000; Goodyear et al., 2004; Goodyear et al.,
2005; Jones et al., 2004). Collaboration begins with the identification of a problem that
involves multiple parties with a mutual interest (Addleson, 2013; Camarinha-Matos et
al., 2006a; Dillenbourg, 1999; Dillenbourg et al., 1996; Mohrman et al., 2008),
aspirations and purposes in determining the appropriate collaboration approach (Shani
et al.,, 2008). Individuals and work groups share information, resources and
responsibilities to plan, implement and evaluate a program to achieve common goals

(Camarinha-Matos et al., 2006a). Collaboration can also be defined as a “process of
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participating in knowledge communities” (Lipponen, 2002a, p. 73). CNL brings
together individuals and workgroups to learn or attempt to learn through organizational
network systems (e.g. intranet, extranet or internet), shared resources, networks of
practice and projects through reciprocal collaborations. In every sense, CNL is a
network that is largely autonomous, geographically distributed and heterogeneous, yet it
is capable of collaboration to share complex information to achieve compatible goals
(Camarinha-Matos et al., 2006b; Lipponen, 2002b). CNL transforms knowledge,
experiences and perspectives into a coherent shared understanding and engages
employees in knowledge construction (McConnell, 1999; Van den Bossche et al.,
2006Db). By expanding on these principles and definitions, CNL can be broadly defined
as a systematic form of knowledge and information proliferation among members
through interacting, engaging, facilitating mutual understanding and shared goals in the
virtual enterprise. Employees use CNL to share, proliferate and transform organizational
knowledge and learning.

2.3.2 Difference between Collaborative Learning and Collaborative Networked
Learning

Although collaborative learning and CNL are computer-mediated, CNL is not
collaborative learning. Lipponen (2002b) acknowledges that collaborative learning has a
designed pedagogical purpose. While collaborative learning addresses pedagogical
issues, curriculum design and course development in educational research, CNL’s
primary focus is in both formal and informal organizational learning and sharing of
information, which addresses the process of knowledge construction and transformation
through the network. In CNL, employees or learners develop and maintain shared
conceptions of a subject matter (Roschelle et al., 1995), then move swiftly to integrate
each other’s perspectives and ideas to make sense of a task (Nastasi & Clements, 1992)
and build new sets of knowledge (Dillenbourg et al., 1996; McGrath, 1984). Learning
has thus evolved from an emphasis on formal training to the informal learning that is
fundamental in CNL. Much of the work learning happens informally (Thompson, 2010)
as it involves the goal of understanding and knowledge or skill acquisition which occurs

without the presence of externally imposed curricular criteria (Livingstone, 2001).
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In CNL, work can be conducted anytime, anywhere in a virtual workspace to overcome
geographical challenges faced by global organizations (Cascio & Shurygailo, 2003).
Unlike the educational context in which participants are considered to be homogenous,
Curseu et al. (2008) posit that heterogeneity is unique and beneficial for the
development of complex knowledge structures for work organizations. These
differences are summarized in Table 2-1.

Table 2-1 Differences between collaborative learning and CNL

Dimensions Collaborative learning Collaborative Networked Learning
Focus Study groups Peer-to-peer or workgroups
Purpose Teaching and Learning (exploratory) Problem resolution (developmental)
Environment Institution of learning/schools Adaptable to workplace learning
Participants Homogenous (students) Heterogeneous (learners/employees)
Pre-requisite Little or no-prior knowledge Some expert knowledge required
Adaptability Limited to technology/curriculum Flexible in delivery of content
Content Curriculum based Project, problem or work-based
Technology Asynchronous Synchronous and Asynchronous
Group structure Simple network or single group Multiplicity of complex networks
Course structure Formal and pedagogical Formal and informal (situational)
Instructor preparation | Extensive pre-preparation Some coordination required
Time/Location Mostly scheduled or co-located Anytime and geographical dispersed

2.3.3 Difference between Cooperative Learning and Collaborative Networked
Learning

According to Yazici (2005) collaborative and cooperative learning involve the
instructional use of small groups or teams where peer interaction plays a key role in
learning (p.217). Hence, some scholars used the term cooperative and collaborative
interchangeably to mean employees working interdependently on a common learning
task. Collaboration should not be misconstrued with the term cooperation. There must
be a clear epistemological distinction (Bruffee, 1995; Flannery, 1994). Cooperation is
accomplished by the division of labour among employees, as an activity where each
person is responsible for a portion of the problem solving, whereas collaboration
involves the mutual engagement of participants in a coordinated effort to solve the
problem together (Camarinha-Matos et al., 2006a; Dillenbourg, 1999; Laurillard,
2009b; Roschelle et al., 1995). According to Dillenbourg et al. (1996), “in cooperation
the task is split (hierarchically) into independent sub-tasks, but in collaboration,
cognitive processes may be (heterarchially) divided into intertwined layers” (p.2). As
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illustrated in Figure 2-2, the difference is in the manner in which the project’s tasks are
divided. In cooperative learning, the fundamental approach to group analysis is project
centred, whereby the primary task is segmented and assigned to individual employees.
In contrast, in CNL every employee is required to contribute to the totality of the

primary task which often institutes a sense of interdependencies.
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Learning

Figure 2-2 Typology between cooperative learning and CNL

In the opinion of Curtis and Lawson (2001) and Camarinha-Matos and Afsarmanesh
(2006b), cooperative learning is the aggregated value of individual components where
each member performs part of the job in a quasi-independent manner. McConnell
(2002) distinguishes between collaborative and cooperative learning depending on the
nature on the problem: collaboration if the outcome is shared, or cooperation if
individuals are engaged in discussions and reflection on their own individual
assignments with others. To summarize, Webb and Palincsar (1996) say that work is
‘cooperation based’ if members share a divided workload, or ‘collaboration based’ if

members develop shared meanings.

CNL demands some form of coordination due to its joint creation facet in sharing risks,
resources, responsibilities, and sometimes rewards (Camarinha-Matos et al., 2006Db),

which also “involves seeking divergent insights and spontaneity, and not simply a
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structured harmony” (Camarinha-Matos et al., 2006a, p. 29). CNL occurs when
employees and their organization work together to co-construct and transform
knowledge (Barkley et al., 2005; Matthew, 1996). The product of team endeavours and
consensus is in the discovery and sharing of knowledge. The differences are

summarized in Table 2-2.

Table 2-2 Differences between cooperative learning and CNL

Dimensions Cooperative learning Collaborative Networked Learning
Focus Peer-to-peer or workgroups Peer-to-peer or workgroups
Environment Institution of learning and workplace Adaptable to workplace learning
Participation Division of labour Mutual engagement
Pre-requisite Similar level of knowledge Different expert knowledge
Problem solving Contributes part of the resolution Coordinated effort among members
Task parcel Hierarchically divided into sub-tasks Heterarchially divided into multi-layers
Dependency Quasi-independent Highly interdependent
Knowledge Discovery, acquisition and reflection Co-construction

Cooperative learning is not always embraced because it challenges the established
notions of expertise, working identities and relationships based on traditional
hierarchies or canonical knowledge (Cullen et al., 2002; Rockwood, 1995). Knowledge
does not necessarily accrue to any individual employee. Instead, it is widely distributed
across the networks and CNL supports interaction and the sharing of information among

diverse members (heterogeneous) of the manufacturing community.

2.4 Research Streams in Organizational Learning

Docherty and Shani (2008) identify four broad streams in collaborative research,
namely: work organization; organizational learning; learning at work; and
organizational design streams. The work organization stream focuses on organizational
workgroups that would enable self-management (e.g. Emery, 1982; Gustavsen, 1992;
Mohrman et al., 1995). Learning is becoming the prime responsibility of employees
within their enterprises and workgroups. Manufacturing is shifting towards greater
interdependence among individuals and workgroups to create collective and synergistic
products and services through CNL. The organization learning stream addresses the
depth and character of the learning process (Issacs, 1993; Senge, 1994) that may be
acquired through evaluation, study, experience and innovation (Edmonson, 2002;
Goodyear, 2000; Rooke et al., 2007; Vince, 2004). Research approaches such as these

examine the conditions under which effective collaborative knowledge construction is
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achieved (Baker et al., 1999; Bereiter & Scardamalia, 2003; Lipponen, 2002b;
Scardamalia et al., 1994; Wenger, 1998). Learning in the work stream evolved from the
emphasis on the formal vocational training milieu to the experiential learning of
employees and workgroups (Huang, 2002). Research in the organizational design
stream believes that conditions for learning need to be designed and not left to
emergence (Lipshitz et al., 1996). The focus is on self-directed learning and problem
solving oriented learning in relation to the needs of the workplace. Gustavsen (2001)
developed democratic dialogues for the use of collaborative research to facilitate
learning across communities and inter-organizationally, incorporating both structural
and procedural components. Others consider a wider span of studies that include
regulatory, sectorial environment and characteristics of the operations, for example,
different market conditions, regulations and technology may influence the way
organizations engage with collaborative learning (Billet, 2004; Cullen et al., 2002;
Fuller et al., 2007; Hager, 2004; Illeris, 2003; Lakkala, 2007; Phelan et al., 2004;
Strijbos et al., 2007b). New didactic technologies are constantly being introduced to
help employees to cope with changes through learning. The different research streams

and their relationships with CNL are illustrated in Figure 2-3.

Work Organization
Organization Learning
Organize Develop CNL
workgroups system and
surrounding the use evalution of
. of CNL | | effective learning |
Learning at Work Organizational
Integrate CNL in Design
the workplace Develop work
through informal RESEARCH systerrlljs that
learning STREAMS promotes CNL
s A y

Figure 2-3 Focus of research streams in CNL

Encapsulating the fundamental distinctions between different streams provides clarity
and support of CNL and how it fits into organizational learning. A review of several
journal publications (see Table 2-3) on organizational learning, knowledge
management, learning technologies, interactive learning and workplace learning
revealed the popularity of these research streams. A total of 6,162 articles from 11
journal publications (from the year 2000 to 2012) were analysed. The journals were

selected based upon primary areas of research related to collaborative learning,
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operations management, computer supported learning, learning technology, knowledge

management and networked learning. The scopes of the journals are as follows:

Vi.

Vii.

viii.

Xi.

The Journal of Workplace Learning focuses on formal, informal and incidental
learning in the workplace for employees and workgroups, and explores the
organizational, policy, political, resource issues and other factors which
influence learning.

The Journal of Knowledge Management focuses on strategies, tools, techniques
and technologies for managing knowledge in organizations.

The Knowledge and Information Systems (KAIS) provides a forum for research
on new advances related to knowledge systems and advanced information
systems, including their theoretical foundations, infrastructure, enabling
technologies and emerging applications.

The Knowledge Management Research and Practice (KMRP) discusses the
current state of the knowledge management field that encompasses areas such
as: managing knowledge; organizational learning; intellectual capital; and
knowledge economics.

The International Journal of Learning Technologies (IJLT) publishes articles
related to theoretical foundations, design and implementation of instructional
technologies.

The Journal of Interactive Learning Research (JILR) publishes articles related
to the underlying theory, design, implementation, effectiveness, and impact of
interactive learning environments in education and training.

The Journal of Operations Management (JOM) publishes articles related to
operations management and supply chain empirical research that impact on
operations management theory and practice.

The International Journal of Computer-Supported Collaborative Learning
investigates technological designs for collaboration and learning through
collaborative activity in education, business, and society.

The Management Learning publishes research on organizational learning to
advance theory and practice.

The Learning Organization focuses on issues around organizational learning and
promotes critical analysis such as culture, organizational power, politics,
managerial ideologies, and employees’ participation in learning.

The Computer Supported Cooperative Work (CSCW) disseminates research
results and ideas concerning theoretical, practical, technical, and social issues in
CSCW.
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Table 2-3 Number of researches in streams 2000-2012

Journal Publications

Total issues

Total articles

Collaborative Workplace Knowledge Networks of
2000-2012 | 2000-2012 learning learning building practice
n % n % n % n %
Journal of Workplace Learning 105 452 8 12 106 82 2 6 11 11
Journal of Knowledge Management 72 599 2 3 1 1 1 3 17 17
Knowledge and Information Systems (KAIS) 132 2764 1 3 4 4
Knowledge Management Research and Practice (KMRP) 37 275 3 5 3 9 14 14
International Journal of Learning Technology (IJLT) 24 141 6 9 1 3 4 4
Journal of Interactive Learning Research (JILR) 49 297 8 12 1 1 3 3
Journal of Operational Management (JOM) 62 475 1 2
International Journal of Computer Supported Collaborative Learning (ijCSCL) 28 170 28 42 13 41 1 1
Management Learning 58 370 1 2 6 5 2 6 5 5
The Learning Organization 74 345 3 5 10 8 5 16 21 21
Computer Support Cooperative Work (CSCW) 52 274 6 9 5 4 13 19 19
Total 693 6162 66 100 129 100 32 100 99 100
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The contexts of the articles were reviewed with particular attention given to the
treatment of collaborative learning, workplace learning, knowledge building and
networks of practice. The result shows that the Journal of Workplace Learning pays
more attention to workplace learning with 106 articles (82%) published in the related
area. The Learning Organization and Computer Support Collaborative Works published
the most articles on networks of practice, with 21 (21%) articles and 19 (19%) articles
respectively. From all of the eleven journals, workplace learning was the most popular
area of research with 129 articles, followed by networks of practice with 99 articles and
collaborative learning with 66 articles published. Surprisingly, this review did not find
any article with a special focus on the area of CNL.

2.5 Theoretical Paradigms

It is interesting to note that the research on CNL is still new and where technology
continues to evolve, the possibility of expanding the study of CNL will certainly grow.
The theoretical study on CNL in manufacturing is at its infancy stage, although there are
researches which support CNL infrastructures, architectures, systems and processes that
have been developed and expanded. There are a few well developed pedagogical
models for computer support collaborative learning (e.g. Cognition and Technology
Group at Vanderbilt U., 1997), but little is known on how different practices and
networked learning environments fit into different virtual learning communities and
cultures, or even support social learning within different organizational structures and
styles (Daradoumis & Marques, 2000). CNL is a good example where the processes and

practices of collaborative learning in manufacturing organizations need exploration.

From the literature (see Table 2-4) it is found that the majority of the articles are based
on network theory (n=58), awareness theory (n=27) and constructivism theory (n=27)
published between the year 2000 and 2012. Journal of Computer Support and
Cooperative Work (CSCW) published 20 (74%) articles based on awareness theory,

while The Learning Organization published 22 (38%) articles based on network theory.
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Table 2-4 Number of researches and theoretical paradigms 2000-2012

Journal Publications Total issues | Total articles|  Awareness Structuration Constructivist Network Socio-Technical
2000-2012 | 2000-2012 Theory Theory Theory Theory Theory
n % n % n % n % %

Journal of Workplace Learning 105 452 4 25 1 4 1 2 17
Journal of Knowledge Management 72 599 3 5 1 6
Knowledge and Information Systems (KAIS) 132 2764 4 7
Knowledge Management Research and Practice (KMRP) 37 275 1 8 2 5 9 1 6
International Journal of Learning Technology (IJLT) 24 141 1 3 5 1 6
Journal of Interactive Learning Research (JILR) 49 297 1 4 3 11 1 2 1 6
Journal of Operational Management (JOM) 62 475 1 2
International Journal of Computer Supported Collaborative Learning (ijCSCL) 28 170 3 11 7 2 3
Management Learning 58 370 19 1 2
The Learning Organization 74 345 2 7 4 33 10 37 22 38 6 33
Computer Support Cooperative Work (CSCW) 52 274 20 74 4 33 3 11 15 26 5 28

Total 693 6162 27 100 12 100 27 100 58 100 18 100
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Moving from a behaviourist and cognitive to a constructivist paradigm, collaborative
learning research has evolved from the transmission model with an emphasis on
pedagogical studies to a transformational model that is learner-oriented, where
knowledge is actively constructed and the learning process is facilitated through social
interaction. In the same way, CNL combines ideas from socio-constructivist theories of
learning using technology. Technological affordance (Brown et al., 2000) offers new
possibilities of collaborating in a virtual workspace, which affords significant time-
space independence for employees and their experts (Hara et al., 2000; Lipponen et al.,
2004; McConnell, 2000).

2.5.1 Awareness Theory

Awareness theory is based upon the fundamentals of cognitive capability to determine
the cause and effect of learning within a social environment. Awareness is widely
described and investigated in research on teamwork and collaboration (Carroll, 2008)
and was introduced because the traditional process flow-models such as data flow and
workflow models proved to be inadequate in addressing the awareness requirement of
users in collaborative work (Daneshgar et al., 2005). Awareness modelling emerged
from the area of computer supported cooperative work (CSCW) and has been at the
forefront of research for the last 20 years (Agre, 2001; Benford et al., 1994; Carroll et
al., 2009; Dourish & Bellotti, 1992; Gutwin et al., 1995; Jones et al., 2008). The review
of CSCW research and the field studies of Bjerrum and Bgdker (2003), Gutwin and
Greenberg (2002) and Christiansen (2001) lead to an understanding of social awareness
through the analysis of space, mediators, and human conduct and culture. Daneshgar et
al. (2005) introduced the Awareness Net conceptual model for collaborative processes
within a virtual community. Endley (1995) also presented a theoretical model of
situation awareness in dynamic decision making. Jones et al. (2008) posit that “place-
activity-people” aggregates the influence information needs and people’s willingness to

share information (p.147).

In awareness theory, knowledge is constructed through definitive consciousness and
information awareness within the workgroup and its members (Gross et al., 2005).
Knowledge provides members with relevant information about their collaborators, their

activity, situation, or specific processes and occurrences (Gutwin et al., 2002). In that
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sense, members are well informed about others’ conceptual knowledge. Digital concept
mapping tools such as Cmap (see http://cmap.ihmc.us/) fosters knowledge and
information awareness. This has been demonstrated in an empirical study for simulated
virtual groups by Engelmann, Tergan and Hesse (2010b). Knowledge and information
awareness are fostered by means of digital concept maps providing the conceptual
knowledge of the collaboration partners, as well as the background information
underlying this knowledge (Engelmann & Hesse, 2010a). To support collaboration
interactions, Carroll et al. (2009) posit that members must attain and maintain reciprocal
awareness of shared activity and information systems must design strategies

surrounding awareness support.

2.5.2 Structuration Theory

The underlying principle of structuration theory suggested by Poole and DeSanctis
(1994) and Orlikowski (Orlikowski, 1992a; 2000) is that CNL should be based on the
needs of technology users and their workgroups in appropriation of available
technologies. It evolves from Giddens’s (1984) earlier proposition which seeks to
resolve the contradictions of agency and structure theories that emphasize human action
and structuralism. Gidden (1984) uses duality to explain the reciprocal relationship of
human interaction and social structure. When employees interact with their colleagues
or workgroups they change the social structure and learning continues to evolve as
interactions continue. The structuring of technologies refers to users’ manipulation of
technologies to accomplish work and draws on a particular context of their work
(Majchrzak et al., 2000). Similarly, Seufert et al. (1999) propose a networks reference
model outlining the different dimensions using Giddens’s (1984) duality of structure.
Orlikowski et al. (1995) further introduced meta-structuring and technology-use
mediation as another source of structure. More recent work from Adamides and
Karacapilidis (2006) demonstrate reliance on structuration theory for developing the
enhanced process modelling construct (EPMC) and for adapting a participative

problem-resolution methodology (G-MoBSA\) to the specific domain (p.572).

Studies that utilize structuration theory attempt to explain the relationship between
information technology and organization structure and identity. For instance, Weisinger

and Salipante (1995) use structuration theory in explaining how voluntary organizations
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in the United States create a pluralistic membership by initiating cross-unit interactions
where the focus is on the organization’s superordinate identity. Rice (1994) reviews the
empirical research on the interplay of computer-mediated communication (CMC) and
information systems with pre-existing social and organizational structures. Others like
Lyytinen and Ngwenyama (1992) apply structuration theory to the research of computer
supported cooperative work (CSCW) and find that organization structure provides

essential support in the implementation of a CSCW system.

Poole and DeSanctis (1994), however, suggest using an adaptive version of
structuration theory in their study of group decision support system (GDSS). Studies
that use structuration theory focus on the appropriation and change in technology and its
impact on work structure. Adaptive structuration theory (AST) claims that appropriation
of technology does indeed affect the group decision making process, and in turn does
affect outcomes. It is further suggested that the appropriation of technology is based on
the needs and desire of the users (Belanger et al., 2008; Clear, 1999; Orlikowski, 1996)
and concludes that technologies adaptation evolves over time, sometimes gradually,
other times interrupted (Majchrzak et al.,, 2000; Tyre & Orlikowski, 1994). The
improved technology enables users to share knowledge and access information in a
timely fashion (Balenger et al., 2008). AST posits that the effective appropriation is
influenced by faithfulness of the appropriation, the group’s attitudes towards the

structures and the group’s level of consensus (Clear, 1999).

2.5.3 Social Constructivist Theory

Collaborative learning which combines constructivism and social learning is known as
social constructivism (Laurillard, 2009b; Vygotsky, 1978). Social constructivist theory
is socially grounded on a situated view of the learning process, as in ‘cognitive
apprenticeship’ (Brown et al., 1989), socially ‘shared cognition’ (Resnick, 1991; Stahl,
2004), learner-oriented approach (Driscoll, 2000; Pereira, 2001) and ‘situated learning’
(Lave et al., 1991). Constructivism offers significant insights into the means of
facilitating the development of problem solving capabilities (Ellis & Hafner, 2008) and
emphasizes active involvement in knowledge building by integrating new information
with existing experience (Niederhauser et al.,, 1999). Adopting a sociocultural

constructivist view of learning warrants conceptualising the actions of the learner within
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the influences of the social origins of knowledge (Smith, 2006). According to
constructivism, knowledge is constructed by social interaction and collaboration
learning (Brophy, 2001; Huang, 2002; McDonald & Gibson, 1998).

Social constructivism assumes that an employee’s capacity for cognitive development is
enhanced with the presence of scaffolding or guidance during interaction. Employees
may appropriate knowledge that is shared and jointly created by the workgroup through
dialogic discussions and interactions. Hence, constructivist-based learning settings
reflect the conversational paradigm (Laurillard, 2002) and emphasize the necessity of
collaborative effort in the knowledge construction process (Lim, 2010). Participation in
networks of practice focus on the construction of knowledge and sense-making, which
is central to the study of online learning (Booth & Hulten, 2003; de Laat, 2006) and
functions in the context and environment in which social interaction and learning take

place.

Social constructivism promotes the design of a knowledge reflection process by
gathering insights on similar issues and past experiences. Problems and processes are
viewed from the perspectives of one another (Bryman, 1988). The main focus of the
social constructivist is on value interaction and negotiation among learners who together
construct new meaning to the knowledge (Bruffee, 1995; Dillenbourg et al., 1996).
Social constructivists also look at ways that collaborative interactions catalyse cognitive
development and they emphasize the role of co-construction of knowledge, where

learning is maximized in one’s own zone of proximal development (Vygotsky, 1987).

In the constructivist’s world view, knowledge is not drawn from a pre-conceived theory,
rather it is constructed on the patterns derived from the data (Wilson & Salmons, 2009).
Thus knowledge is drawn on contextual theories about learning and situated learning
(Cullen et al., 2002). The broad trends in organizational learning can then focus on
individuals in relation to their social context, environment and network of practice
(IMeris, 2003). According to Strijbos (2004) this is not a recent discovery as lllich
(1971) and Reimer (1971) argued that most learning does not require formal schooling
and that schooling could be replaced with self-motivated learning taking place through

learning webs or networks of people.
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2.5.4 Network Theory

Network theory (Latour, 1991) explores the roles of human and non-human elements as
equals in an interactional network of connectivity as well as social behaviour leading to
sharing of information and collaborative learning. It also relates to complex interrelated
actors and their relationships with multiple domains or environments (Poell et al., 2000;
Wilson et al., 2009). Hanseth (1996) uses this theory to analyse information structure
development and applications. Network theory has proven to be a useful theoretical
framework to analyse structural conditions of technology and other enabling systems
such as flexible learning environments (Roberts, 2004), e-learning technologies (Tatnall
& Lepa, 2003), co-evolution of object and network collaboration in an innovative
process of product realization (Lehenkari, 2006; Miettinen, 1998), the collaborative-
based learning environment (Fjuk, 1998) or institutional networks for policy making
(Wilson et al., 2009). Network theory explores power differentials within networks
which states that actors are not in equilibrium due to difference in power, position or
ability (Camerer, 2004) and that hierarchies and peer relations form part of the

networks, coexisting and interacting (Heckscher, 2007).

Network theory often exemplifies the use of social network analysis (SNA) (Scott,
2000; Wasserman & Faust, 1997) to examine nodes which represent individual actors
(or employees) within the networks and ties to illustrate the interrelationships among
individual actors and introduces ‘structural variables’ to measure them (Martinez et al.,
2006, p. 384) such as degree of network centrality, patterns, size and density (Belanger
& Allport, 2008). Cohen and Prusak (2001) and Wilson et al. (2009) measure social
capita, focusing on the aspects of trust-building and the value that the individual actors
get from social networks. They argue that one cannot isolate knowledge from social
networks that involve relationships, obligations and commitments. Conversely,
centrality in a network is positively associated with satisfaction in team-based learning
(Baldwin et al., 1997) and a higher sense of belonging in the network of practice
(Haythornthwaite, 1998).

The research on networked learning highlights organizational learning as a cognitive

achievement and is about work practices that use computer networks in the
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accomplishment of an individual’s goals and collective goals. Muller-Prothmann and
Frost (2009) claim that the basic element of collaboration in an organization is
knowledge sharing which serves as a function for learning, innovation and decision
making. When employees collaborate in global virtual teams there will be pressures
upon the individuals to optimize results for the overall global function as well for the
local unit (Rich & Lukens, 2009). Employees have to adopt collaborative technologies
based on the extent to which they perceive themselves as capable of using technology to
achieve their goals. However, Araujo (2009) also found that team members are likely to
exhibit different personal values, beliefs and attitudes, and cultural diversity that could
impact self-efficacy in collaborative technology adoption.

By focusing on collaboration and interpersonal relationships in organizations, academic
researches and business practices are led to various conceptualizations of informal
knowledge communication in networks of practice and social networks (Muller-
Prothmann et al., 2009). This also raises questions of identity and belonging; conflict
and cooperation; and change and continuity (Goodyear et al., 2004). Salmons and
Wilson (2009), however, recognize that few studies have actually examined
communication processes, or organizational or leadership practices that encourage or
hinder the development of working relationships needed to build and sustain online
collaboration. In short, most studies are still lacking depth in the structure, organization,

and the development process of collaboration or the degree of collaboration.

2.5.5 Socio-technical Systems Theory

Research on information systems examines more than just the technological system, or
just the social system, or even the two side by side. It investigates the phenomena that
emerges when the two interact (Lee, 2001, p. iii). The central principles of socio-
technical systems theory were first elaborated by Trist and Bamforth (1951). Luhmann
(1993) advances the approach in discussing modelling collaborative work combining
new epistemological concepts with system theory. The term socio-technical systems
(STS) relates to systems that combine social and technical sub-systems and interactions
between complex system infrastructures and human behaviour. In socio-technical
systems research, behaviour is often studied using an ethnographic approach, case

studies, social network analysis and surveys (Goggins et al., 2011).
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According to Herrmann et al. (2004), social systems are defined by: the phenomena of
communications and cooperation between employees; emergence of systems; self-
referential development of systems, structures and processes; self-descriptions; and
responsible autonomy. Technical systems are defined by artefacts, control and
anticipation, state-transitions, and pre-programmed adaptability (Herrmann et al., 2004).
The relative structure and interactive patterns in the socio-technical context provide a
necessary contrast for exploring group behaviour and dynamics of interactions (Goggins
et al., 2011). It is assumed that the degree of integration between manufacturing
organizations and the CNL infrastructures is closely interrelated.

Variation in the socio-technical context does have an effect on group experience
(Dourish, 2004). The conditions affect the success (or failure) in the adoption of
collaborative technologies. Socio-technical information systems can be designed to
support storage and distribution of data as a basis of knowledge sharing within the
organization (Herrmann et al., 2007). In addition, Powell et al. (2004) reviewed 47
studies of virtual teams, and suggested that the development of virtual teams is
complex, multivalent and requires extensive study to determine the design based upon

the social technical mechanism.

2.6 Framework and Modeling Collaborative Networked Learning

Adamides and Karacapilidis (2006) observe that modelling is predominantly used in
process management, improvement, re-engineering and IT implementation initiatives.
Although there are a significant number of researches on the modelling of collaborative
networked organizations (Camarinha-Matos et al., 2006a; Huan, 2004; L6h et al., 2005),
networked learning (Stamatis et al., 1999), computer supported collaborative learning
(Weinberger & Fischer, 2006), and computer-supported collaborative work, few have
attempted to model CNL for manufacturing (Adamides & Karacapilidis, 2006; Dennis
et al., 1999; Taylor, 2001). Most of the models approach networked learning from
pedagogical, multi-agent systems, semantics or ontological standpoints. In contrast, the
participation framework is influenced by the works of Vygotsky’s sociocultural
approach and Deweyian pragmatism (Sfard, 1998), which provide appropriate tools for

observing and conceptualizing collaborative work in groups and distributed expertise
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(Lipponen et al., 2004). Scardamalia and Bereiter (1994) propose a knowledge building
framework, which draws a theoretical distinction between knowledge building and
learning; and between the knowledge used in work practices, and the knowledge that is
the object or product of such work. The core of Engestrom’s (1987) model of expansive
learning is the creation of a new model, concept and artefact as a consequence of a
shared understanding of a collaborative learning activity. Both address the same central
question: How is new knowledge created through collaborative activities? (Lipponen et
al., 2004).

The nearest constructivist approach to modelling is from Camarinha-Matos and
Afsarmanesh (2007) who attempted to design a framework for a collaborative
networked organization (CNO) using the following four dimensions:
I.  Structural dimension - addresses the structure or composition of the
relationships between all employees or organizations (actors/nodes) and their

roles in the network.

ii.  Componential dimension - focuses on the elements in the organization’s
network, for example: hardware/software resources, infrastructures and
architecture of the network supporting collaboration; information and
knowledge; human resources; and ontologies used in the network to facilitate

mutual understanding among the network members.

iii.  Functional dimension - addresses the “base operations™ available at the network
and the execution of time-sequenced flows of operations (processes and

procedures) related to the “operational phase” of the CNO’s life cycle.

iv.  Behavioural dimension - governs the processes involved in collaborative
activities, for example, policies, governance, procedures, rules and value.
Prescribes normative guidelines or rules for formal behaviour such as principles,
strategies, and protocols. Deals with conflict resolution and contractual

obligations between the organizations and external parties.

Alavi and Liedner (2001) present a framework for e-learning, which explicitly

configures the relationships among technology capabilities, instructional strategy and
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psychological processes involved in the learning process. Similarly, Gupta (2006) in his
doctoral study adapted the framework to model collaborative e-learning and end-users
training. The impact of training is mediated through learning and the interaction process
to achieve learning outcomes. The learning process is influenced by individual

differences and the support provided.

Kamrani (2008) proposes an integrative collaborative product development (CPD)
framework that provides design insight and a tool to evaluate, optimize and select better
alternatives. It consists of an analytical tool, a collaborative environment, an
optimization module, CAD modelling, and vendors’ catalogues. For the integration of
information, at every stage of product development there is a component for
collaborative technology. Gronau (2004) explores the idea of collaborative engineering
communities (CEC) as an application framework that enables Internet supported design
of the product development processes through the integration of consumers and
independent distributors in the design phase of a product lifecycle (PLC). In another
study, Huang, Kristal and Schroeder (2008) propose a model on the effect of internal
and external learning on mass customization capability (see Figure 2-4). The internal
learning generates knowledge within the organization through training and employees’
suggestions. The external learning identifies customers and suppliers as important
sources of knowledge. Internal and external learning are meta-routines that emphasize

problem solving and collaboration (Huang et al., 2008).

Internal

learning
Effective Mass

process *» customization
implementation capability
External

learning

Figure 2-4 Effect of learning on process implementation and mass customization
(Source: Adapted from Huang, Kristal and Schroeder, 2008)

Lin (2007b) examines the impact of online information quality, system quality and
service quality and the impact of offline activities on the sustainability of networks of

practice and applies the technology acceptance model (TAM) as a theoretical



56|Page

framework (see Figure 2-5). Information quality affects perceived usefulness, while
system-quality and service quality influence both perceived ease of use and perceived
usefulness of virtual communities. Perceived usefulness and ease of use are significant
antecedents of an employee’s sense of belonging and influence the intention to use a

network of practice.

i Online Features |

Information Perceived
quality usefulness
7y
System
quality
Perceived R Sense of Behavior
Service case of use "l belonging ™ intention
quality

Offline Features

Offline
activities

Figure 2-5 Technology Acceptance Model of virtual communities
(Source: Adapted from Lin, 2007b)

Wasson (2007) proposes a framework for the technology enhanced learning
environment, which postulates the interaction between design and use and demonstrates
that the design of a technology enhanced learning scenario requires components of
organizational, pedagogical and technological aspects (see Figure 2-6). Huang, Jeng and
Huang (2009) use this framework for modelling their research on a mobile blogging
system to facilitate the learning activity in a technology enhanced collaborative learning
environment from design and use perspectives. The pedagogical view of collaborative
learning is regarded as a theoretical model of the design perspective and use perspective

where learners’ experimental activity influences the design and learning outcome.
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Figure 2-6 Technology Enhanced Learning Environment
(Source: Adapted from Wasson, 2007)

Although these frameworks manifest the model in various forms of collaborative
learning, they do not depict the determinants of CNL; neither do they represent the
model for the antecedents of CNL. Nevertheless, the study advances from the
framework and guidance of socio-technical systems (STS) theory to develop an

integrative framework for CNL in manufacturing.

These models describe characteristics of effective group interaction, sharing of
information and construction of knowledge, such as organizational support (Scott &
Walczak; Mohrman et al., 1995; Harris & Bayerlein, 2003; Fuller et al., 2007, Smith,
2003), positive interdependence (Chatenier et al., 2009; Grant & Baden-Fuller, 2004;
Van der Vegt & Van de Vliert, 2001; Johnson & Johnson, 2003; Wageman, 2001;
Giuliani, 2007; Lechner et al., 2006; Lusch et al., 2010), promotive interaction (Soller &
Lesgold, 2000; Benbunan-Fich & Hiltz, 2003b; Swan, 2005; Whatley et al., 2005),

internal-external learning, perceived effectiveness and perceived usefulness.

2.6.1 Organizational Support

Organizational support in information systems is defined in terms of assistance,
feedback, encouragement and the provision of procedural support (Scott & Walczak,
2009). A support system is part of the organizational infrastructure that facilitates the
necessary processes to manage, control, coordinate and improve work (Mohrman et al.,
1995) which must be aligned with the organizational design (Harris & Bayerlein, 2003).
Ideally, employees are self-directed and the organization is willing to support their
employees’ learning goals and engagement with others in the learning networks (Fuller

et al., 2007; Smith, 2003) and extrinsic motivation to use technology (Scott et al., 2009).
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The organization support is just as important in determining different forms of
knowledge construction, and influences different forms of learning using technology as
a mediator. Conversely, developing a training system, without organizational readiness

and support, may lead to failure (Billet, 2001).

2.6.2 Interdependence

According to Findley (1989) learners share a common purpose, dependent on and
accountable to individual and group successes of their work or projects. Learning
theories state that interdependencies between team members are necessary for achieving
desired learning outcomes (Chatenier et al., 2009). Task interdependence is embedded
in the jobs (Van der Vegt & Van de Vliert, 2001), and employees require assistance and
support from multiple teams to work collectively (Van der Vegt et al., 2001; Wageman,
2001). Studies have shown that self-managing teams, virtual global teams and other
cross functional teams that support joint improvement activities and new product
development (Grant & Baden-Fuller, 2004) require positive interdependence for the
groups to succeed. “When goal, task, resource and role interdependence are clearly
understood, employees realize that their efforts are required for the team to succeed”
(Johnson & Johnson, 2003, p. 174). Virtual teams have a higher rate of interaction and
higher interdependence between members than ordinary virtual groups (Furst et al.,
1999 as cited by Curseu et al., 2008). Interdependencies may shift from communication
networks, to collaborative networks involving joint technology development or
innovation projects with customers, suppliers and partners (Giuliani, 2007; Lechner et
al., 2006). Lusch, Vargo and Tanniru (2010) posit that the most challenging task is not
about technology and its intermediary support organizations’ ability to meet the value
propositions, but rather in gaining employees participation in a complex and

interdependent value network.

2.6.3 Interactions

Without interaction there is no real collaboration (Soller et al., 1999). According to
Lowyck and Poysa (2001), knowledge emerges through the network of interactions and
is distributed among employees and system that interact. Hence, learning is viewed as a
social construct, facilitated by communication, interaction, collaboration and

cooperation among employees (Benbunan-Fich & Hiltz, 2003b; Swan, 2005). The
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degree of collaboration relies on the joint and shared ownership of the outcome and the
quality of interaction during the process (Whatley et al., 2005). Kreijns et al. (2003)
argue that interaction between the workgroup members will not automatically occur just
because the technology used allows social interaction. Engestrom (1992) explains that
through collaborative activities, employees can focus on re-conceptualizing their own
interaction system to create new motives and artefacts. Even interactions with
computer-supported social networks (Wellman et al., 2000) should be considered as
strongly interactive. Effective collaboration increases interconnections between
organizations (Provan & Milward, 1995), increases interactions (Chen, 2011) and
fosters learning among employees (Inaba et al., 2000).

2.6.4 Internal-External Learning

According to Paiva, Roth and Fensterseifer (2008), internal knowledge development
leads manufacturing organizations to continuously fit their capabilities to environmental
changes. Internal learning resides within the organization; embedded in behaviour,
manufacturing activities, procedures, data storage, interactions, and repositories of
knowledge. Effective internal learning requires: skill in conducting self-appraisals;
ability to use appropriate learning standards and curricula; reflecting the assessment of
events and personal goals; and willingness to change learning strategies (Cortina et al.,
2004). Explicit knowledge is transformed into implicit knowledge through the process
of internalization (Curceu et al., 2008). Direct experience and interaction are the only
ways tacit knowledge can be transferred from an employee to another employee or
workgroups (Nonaka et al., 1995). On the other hand, external learning places an
emphasis on learning sources from inter-organizations, suppliers, partners and
customers; often in the forms of interactions, procedures, information sharing and inter-
organizational alliances. The ability to learn from external knowledge is a function of
skills, language and knowledge of the most recent scientific or technological
development in the field (Cohen & Levinthal, 2000).

2.6.5 Perceived Effectiveness
Soller and Lesgold (2000) posit that it would be impossible to enumerate and evaluate
the effectiveness of all possible interactions from collaboration because the dynamic

nature of human communication and interaction accounts for too many variables.
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However, researchers are able to measure the perceived effectiveness and impact of
knowledge transfer and collaborative technology. Stonebraker and Hazeltine (2004)
examine the effectiveness of a virtual learning program managed by a MNC and found
that familiarity with the technology is directly associated with virtual learning

satisfaction and the positive perception of the relevance of the courses to the job.

2.6.6 Perceived Usefulness

Perceived usefulness reflects employees belief in their ability to obtain information and
services, share their experiences with others, and enhance their performance in
information exchange (Lin, 2007b). The information is useful only if the online
information is accurate, informative and updated (Perkowitz & Etzioni, 1999).
Information quality improves the usefulness by enhancing the fit between network
content and employees’ information requirements (Lin, 2007b). In addition, Lin and Lu
(2000) argue that information quality is a valuable predictor of the perceived usefulness.
Information quality is affected by its perceived usefulness and the employee’s ability to
recognise its value so that information can become integrated into experience (Cohen &
Levinthal, 1990; Lenox & King, 2004). System quality in online information system
measures the functionality of a portal (Lin, 2007b). System reliability, convenience of
access, response time and flexibility are qualities valued by users and affect the
perceived usefulness (DeLone & McLean, 2003; Nelson et al., 2005).

2.7 Collaborative Technology

Research on CNL has recently paid increasing attention to the rapid development of
collaborative technology (Goodyear, 2003; Laurillard, 2009b; Lipponen, 2002a, 2002b;
McAndrew et al.,, 2006; Pereira, 2001; Stonebraker et al., 2004). Collaborative
technology supports organizational learning by enabling employees to transfer and
exchange ideas and knowledge (Curseu et al., 2008; Laurillard, 2009b) through creative
use of multimedia, combined with communication tools (Pereira, 2001) and virtual
communities (Bergquist & Liungberg, 2001; de Souza & Preece, 2004; Hall & Graham,
2004). In the study on epistemological and ontological dimensions of human-computer
interaction (HCI), Brey (2005) outlines the epistemic® and ontic* relation between

3 Epistemic devices extend human cognition by performing information processing tasks.
* Ontic devices simulate environments and act as tools to interact with these environments.
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humans and computer systems in support of information-processing and problem
solving. Computers are becoming ontic devices that generate and sustain new virtual
and social realities (Brey, 2005) and offer enormous potentials for collaborative learning
by overcoming time and space constraints (Laurillard, 2009a, 2009b; Lipponen, 2002a).
Based on the human-computer interaction (HCI) perspective, several studies have noted
that web site usability and service quality are the key factors for predicting members’
intention to use networks of practice (Kuo, 2003; Lin, 2007b; Preece, 2001; Soller &
Lesgold, 2000).

Advancement in the development of information communication technology (Carchiolo
et al., 2002; Serce & Yildirim, 2006) and wireless communication technology
(Motiwalla, 2005) accelerate the use of CNL through the Internet and provide new
opportunities for communication and innovative employee interaction both in and out of
the learning setting (Chen et al., 2003; Clough et al., 2007; Lakkala, 2007; Tatar et al.,
2003). Technology is easily applied for transmitting and delivering knowledge
(Lipponen, 2002b) and since wireless handheld devices support a cooperative and
collaborative learning environment, mobility, coordination, communication, and
organization of materials, negotiation, and interactivity are greatly enhanced in ways not
possible in conventional learning environments (Lai & Wu, 2006; Zurita & Nussbaum,
2004). The CNL leverage on computer technology to provide analytical capabilities,
interactivity, and networking support and to organize geographically dispersed teams
(Camarinha-Matos et al., 2006a; Suthers et al., 2008; Wasson, 2007), allowing
distributed people to communicate, collaborate, and share information over distance and
time (Belanger et al., 2008; Curseu et al., 2008; Susman et al., 2003).

In addition, Zakaria, Amelincks and Wilemon (2008) in their study on global virtual
teams describe how the heterogeneous workgroups used synchronous and asynchronous
technologies to collaborate. Although collaborative technology encompasses a variety
of functions to support group work, including information exchange, shared
repositories, learning management systems, and groupware systems to facilitate
communication and coordination (Bhatt et al., 2005; Cooper, 2003; Orlikowski &
Hoffman, 1997), employees must make sense of collaborative technology, each other
and the task at hand simultaneously (Goggins et al., 2011; Laffey et al., 2006). A CNL
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environment should be flexible to promote constant growth and development, following
changes in organizational needs, employees’ expectations, and technology

advancement.

2.7.1 Structured Collaboration

Structured collaboration provides a workspace for individuals and workgroups to
communicate or collaborate. Structural mechanisms include communication channels,
organizational structure, physical, technical, and work-system infrastructure that enable
practice-based learning (Docherty et al., 2008), workspace tools and a workflow
management system (Lee & Holmquist, 2009). The establishment of lateral structures
enable CNL across organizational units to transform organizational design, organize
learning programmes, and establish global virtual teams. Collaborative tools enable
employees to share workspace for the authoring and review of documents in a
controlled manner, which fit well with organizations that use a team-based approach for
work (Lee et al., 2009). A workflow management system represents the movement of
information that flows through the sequence of steps or operations. For instance, by
analysing the historical data of workflow executions, bottlenecks, workloads, and
throughput time, missed datelines can be clear