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Thesis Summary

In today’s manufacturing environment, characterised by continuous innovation and disruptions, the
success of new product development (NPD) projects depends on the ability to adapt and scale swiftly.
In an era where technology and mobility trends like electrification and digitalisation are propelling the
need for frequent product iterations and a rapid time-to-market, supply chain design (SCD) becomes a
vital part of NPD projects.

Anchored in Design Science Research (DSR) philosophy, this research builds on the existing concept
of Three-Dimensional Concurrent Engineering (3-DCE), evolving towards a proposed definition of
Design for Supply Chain (DfSC). The study operationalises DSR with the following methods: first, a
research synthesis to identify underlying mechanisms for the adoption of DfSC; second, a scenario-
based experiment to identify and assess perception asymmetries; and third, the gamification of the
scenario that constitutes an artefact solution to the research problem. The methodology also
encompasses workshops conducted in leading automotive and aerospace organisations and expert
validation interviews, whose insights allow for the development of a roadmap for DfSC implementation.
The findings suggest that 3-DCE is not rooted in managerial decision-making, highlighting the need to
incorporate the behavioural dimension in the study of DfSC adoption. Accordingly, this research
constructed a boundary object to facilitate the transformation of existing behaviours towards DfSC
behaviours, offering a fresh perspective on existing knowledge. The research identifies a learning
culture and effective leadership commitment as essential to closing functional perception asymmetries.
This thesis contributes to the broader discourse by offering a richer empirical understanding of
functional perception asymmetries in the context of SCD in NPD projects while formulating key findings
to facilitate the adoption of DfSC behaviours in NPD teams. Through these insights, it empowers
decision-makers and organisations with a refined roadmap for DfSC implementation to navigate the

complexities of modern manufacturing product development.
Keywords: Supply Chain Management, New Product Development, Manufacturing, Cross-Functional

Integration, Three-Dimensional Concurrent Engineering, Design Science Research, Behavioural

Implications, Gamification
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1 INTRODUCTION

1.1 Overview

This chapter introduces the context of the research, highlights the relevant literature, and
recognises the practical problems and research gaps. Furthermore, it presents the research
aim and the central questions, as well as the research methodology and the empirical context

of the study, including the structure for the remainder of this thesis.

1.2 Research background, problem, and scope

New Product Development (NPD) success is central to sustaining the competitive advantage
of any manufacturing organisation. A NPD project entails a number of steps with the goal of
introducing a new product to the market that can do so effectively and efficiently. The 2018
‘Global Innovation 1000’ study, conducted by PwC, shows that the gross profit of the 88
companies considered high-leverage innovators grew 2.1 times faster than the remaining
companies on the list from 2012 to 2017, having vastly outperformed them following the 2008
Great Recession by growing 6.6 times higher in the 2007-2012 period. These high-leverage
innovators are companies that efficiently launch successful new products, showing that
innovation is not a measure of how much a company spends in R&D. According to the same
study, the 10 most innovative companies outperformed the top 10 biggest spenders on a range
of financial metrics (Jaruzelski, Barry et al., 2018). Thus, underscoring the critically of getting

NPD right for the success and prosperity of organisations.

Not surprisingly, there is a well-established stream of literature that looks into the improving
NPD. This research focuses primarily on three main areas: the “product side”, the “process
side”, and the “people side” of NPD projects (Ulrich et al., 2020; Kahn et al., 2012; Cooper,
2008; Cooper et al., 2004c, 2004b, 2004a; Brown and Eisenhardt, 1995). Each of the three
research areas provides a distinct contribution to the complexity of problems that arise from
NPD projects. For example, on the “product side”, Ulrich (1995) raised awareness of the trade-
offs associated with the choice of a product architecture in a manufacturing organisation. While
on the “people side”, Cooper (2008) focused on the role of the stage-and-gate process as a
robust idea-to-launch system to achieve higher payoffs in NPD projects. Also on the “people
side”, Cooper et al. (2004a) emphasise the influence of project team structure on project
outcomes, claiming that cross-functionality and team accountability go a long way towards
ensuring project success. Combining these ideas set up the trend for concurrent engineering
(CE) approaches in product development, allowing participants to ensure adequate
information exchange between people, the product, and the process (Terwiesch et al., 2002;
Smith, 1997; Winner et al., 1988).
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However, a necessary body of literature identified another contributing area to successful
outcomes in NPD projects: the organisation or “supply chain” side (Fine, 1998; Fisher, 1997).
Fine (1998, 2000) defends the strategic importance of considering not only product and
process designs but also supply chain design in NPD projects. He regards the alignment of
these functions, particularly in activities where they overlap, as a vital element in the
organisation’s ability to secure competitive advantages (Fine, 2000, p. 218). The scope of this
thesis reflects this integrative approach between the identified areas of NPD, aiming to expand
the ideas within Charles H. Fine’s conceptual framework of Three-Dimensional Concurrent

Engineering (3-DCE) into a “Design for Supply Chain” (DfSC) principles.

In this context, DfSC represents the underlying principles that need to be embedded in
organisational and individual behaviours to fully realise the benefits of 3-DCE. Whereas supply
chain design focuses on the interactions and configurations required to manage the flow of
materials, products and information accessing the supply chain. It is the aim of this thesis that
DfSC not only underpins the actions taken in supply chain design decisions, but also enhances
the effectiveness of their integration within the 3-DCE framework by providing a design
approach that guides organisations towards ensuring mutually beneficial outcomes throughout
the product lifecycle. This dynamic is illustrated in Figure 1.1, which presents DfSC as the
fundamental tenet that sustains the incorporation of 3-DCE into decision-making processes in

NPD projects.

X

nisms

N
Underlying Mecha

Figure 1.1 - lllustration of the dynamics between DfSC and 3-DCE
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There is a rich collection of literature on the tangible benefits of implementing concurrency
principles in NPD projects. These benefits include shortened lead times, elevated design
quality, enhanced cost efficiencies, increased customer acceptance, and greater
environmental responsibility (Reitsma et al., 2023; Khan et al., 2012; Valle and Vazquez-
Bustelo, 2009; Ellram et al., 2008; Van Hoek and Chapman, 2007; Fine et al., 2005; Fixson,
2005; Winner et al., 1988). In practice, 3-DCE enables designers, customers, manufacturing
engineers, and supply chain specialists to engage collaboratively in multiple design
interactions at the appropriate time (Khan, 2018). For one, this approach helps to mitigate the
need for late-stage product changes or compromises after firms have already committed to
substantial capital investments (Fixson, 2005). Moreover, it enables NPD teams to undertake
additional “what if’ scenarios, facilitating, for instance, the production or selection of
components that are not only superior in quality but can be lighter, stronger, and more cost-
effective (Khan, 2018). Ultimately, the 3-DCE approach significantly improves the visualisation

of the functional impact of these complex decisions throughout the product’s lifecycle.

Yet, despite the reported positive contributions, many organisations struggle to successfully
adopt 3-DCE ideas into their NPD decision-making. As evidenced by Tesla’s decision to select
less available batteries, which resulted in supply chain disruptions that led to avoidable delays
in the production of the Model 3 (Gan et al., 2021). Similarly, the development of the A380
“superjumbo” suffered major delays and cost overruns because of Airbus’s inability to revisit
their organisational structures (Sosa et al., 2007). Also, Tang et al. (2009) report on the
challenges of using unproven technologies and synchronising just-in-time deliveries in the
Boeing 787 Dreamliner projects, leading to technical problems and delays. This mismatch
between objective benefits and practical adoption poses pressing questions: first, the motives
for this misalignment to persist; second, how to assist organisations and their professionals in

bridging the gap.

The apparent disconnect between academic theory and practical implementation is perhaps
due to the conceptual nature of 3-DCE research, lacking a coherent overview of the
interrelations between the activities or focusing on a particular side of these complex
dimensions (Reitsma et al., 2023; Pashaei and Olhager, 2015; Ellram et al., 2007). Moreover,
managerial behaviour towards the adoption of 3-DCE has not been studied. These managerial
perceptions are critical because they shape decision-making processes, impacting the
successful implementation of 3-DCE practices regardless of their objective benefits (McCabe
and Dutton, 1993). Therefore, it is pivotal to delve into these perceptions, yielding a new lens

through which to facilitate the implementation of 3-DCE in NPD projects.
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Ultimately, this study presents a novel understanding of the challenges faced by practitioners
in integrating supply chain considerations into their decision-making processes. A roadmap is
proposed, focusing on organisational and individual behaviours, to serve as the foundation for
the adoption of DfSC principles. That is, the principles of considering multifaceted functional
and supply chain decisions concurrently, with the objective of ensuring mutually beneficial
outcomes throughout the product lifecycle. This roadmap emerges from a synthesis of
research, in combination with a scenario experiment and an artefact solution which acts as a
boundary object design to promote behavioural changes towards the embedment of DfSC

behaviours.

1.3 Thesis objective and Research questions

The objective of this research is to advance the adoption of an integrative approach in which
the decision-making process embeds every complex aspect of NPD, including elements

related to “product”, “process”, and “supply chain” design. Particularly, the promotion of DfSC

behaviours in discrete manufacturing industries.

Kreipl and Pinedo (2004) assert that discrete manufacturing industries, characterised by the
production of distinct, countable products through assembly and production processes,
typically exhibit higher clockspeed, a term used by Fine (2000) to describe the rate at which
products, processes, and organisational structures evolve. This research focus on two distinct
types of discrete manufacturing industries to capture a broad perspective. The automotive
industry, characterised by product differentiation and shorter lifecycles due to frequent model
updates and intense competition (Viles et al., 2021) The aerospace industry, where
clockspeed is comparatively slower due to longer product life cycles, substantial capital
investments, less product differentiation and increased system complexity (Chaudhuri et al.,
2013; Bozdogan, 2010). These industries underscore the importance of agile and responsive

decision-making, thereby emphasising the role of supply chain design in NPD projects.

The development of a new product in these industries is a complex endeavour, marked by
numerous consequential trade-off decisions and implications. The central argument of this
thesis is that by embracing DfSC beliefs, both individuals and organisations involved in NPD
projects within discrete manufacturing industries can be better positioned to anticipate those
implications; thereby, this mindset equips them with the ability to make more informed

decisions.

Indeed, advocacy for similar principles is not uncommon among researchers. Recent research
studied organisations that implemented collaborative product development strategies
(DeCampos et al., 2022; Cai and Wang, 2021; Hald and Nordio, 2021). Others have directed

their focus towards devising the necessary processes for internal and external integration
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(Kumar et al., 2020; Morita et al., 2018). Still others have chosen to concentrate on product
architecture and platform management as a way to reduce product complexity (Gan et al.,
2021; Sun and Lau, 2020; Yin et al., 2014). These studies indicate that academics are
interested in the consequences of product, process, and supply chain designs in NPD,

particularly within the context of discrete manufacturing industries.

Herein lies the challenge: despite the availability and implementation of these ideas and
frameworks, why are there still numerous instances of NPD project failures, particularly
resulting from a lack of attention to the supply chain implications of product development?
Even mature organisations like Tesla or Airbus, which understand the strategic importance of
aligning their supply chain within their NPD projects, have not been immune to these avoidable
failures. This prompts a fresh perspective to understand the mechanisms involved in the

adoption of these principles, a perspective that the present research aims to provide.

The motivation behind this research is structured by two overarching research questions.
These questions have been formulated based on a CIMO-logic approach, meaning that they
are driven by a desire to comprehend and contribute solutions to the field problem at hand
(Saunders et al., 2023). The CIMO-logic states that interventions are useful within the problem
in-context, as the desired outcomes will or will not be achieved through the activation of
underlying mechanisms (Denyer et al., 2008). Therefore, to achieve the research aim, this
study needs to fully grasp the underlying mechanisms behind DfSC implementation. In
addition, an investigative question was devised to complement the response to the first

overarching research question.

RQ1 - How do key underlying mechanisms influence the successful implementation of

“Design for Supply Chain” in NPD projects within discrete manufacturing industries?

RQ1.1 — How do decision-makers perceive changes in product, process, and supply

chain design in NPD projects?

RQ2 - How can teams and organisations incorporate “Design for Supply Chain” behaviours

in NPD projects within discrete manufacturing industries?

1.4 Research design

The problem of failure to adopt 3-DCE principles in managerial practices requires a pragmatic
perspective. Pragmatism is oriented towards practical problem-solving and supports research
that drives the reflexive process intended to inform future practice (Elkjaer and Simpson,
2011). That is, bringing together the theoretical object of 3-DCE principles with the practical
challenges and managerial perception of the benefits. Concretely, this research follows a

design science approach to the problem.

18
F.S., PhD Thesis, Aston University, 2024



Design Science Research (DSR) is a philosophy and approach to academic research that
focuses on refining management theories, or models, to be used in the practical world of
business organisations. According to Van Aken (2004), a key aspect of this approach is the
development of grounded technological rules validated by rigorous testing in the field that
provide practitioners with reliable knowledge that can be effectively applied. Likewise,
Holmstrom et al. (2009) view DSR as a means of closing the gap between theory and practice,
particularly when it comes to solving unstructured or wicked problems such as the one in this

thesis.

This study’s design science approach consists of four stages, presented in Table 1-A, and
later detailed in Chapter 5. A research synthesis was conducted by analysing published
empirical studies of relevant ideas on 3-DCE and similar interventions. The study, then,
examines the research problem through the lens of organisational behavioural theory. Initially,
conducting a vignette-based experiment that places decision-makers of NPD in a real-world
setting and studies their perceptions regarding the 3-DCE concept. Later, by gamifying the
scenario, a detailed revision of the previously identified underlying mechanisms can be
understood in the ways they are trigged and affect behavioural change. The game is designed
as a boundary object to facilitate the integration of the different viewpoints and include a
lifecycle view of the project (Carlile, 2002, 2004). Concurrently, two workshops were
conducted in the aerospace and automotive industries, respectively, allowing for the field
testing of the grounded rules and validation of the findings. Ultimately, this thesis proposes a
roadmap for “Design for Supply Chain” implementation based on the research findings. This

stage was developed following the abductive process and conceptual development.

Table 1-A: Design Science Research Strategy stages

DSR stage Method Description Presented

in
Abductive Research Seeks to “unpack the mechanism” of how  Chapter 3
Reasoning Synthesis complex programmes work (or why they fail)

in particular contexts and settings.

Systems & Vignette-based Experiment in which varying versions of a  Chapter 6
Behaviours Experiment descriptive vignette are deployed to convey
scripted information about factors of interest
suited to understanding decisions in complex

issues.

Artefact Design Boundary Object Pragmatic boundary process in which the Chapter 7
development / implemented elements linearly proceed to

Gamification affect psychological states and experiences,

and eventually user behaviour.
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Grounded General A roadmap for implementation and discussion Chapter 8
Technological discussion of of Design for Supply Chain oriented

Rules research findings | behaviours

1.5 Outline of the Thesis

This thesis is organised into nine chapters to address the research problem introduced in this
chapter. Broadly speaking, each chapter contributes to the understanding and solving of the

main research problem. The main structure of the ensuing chapters is depicted in Figure 1.2.

Chapter Two introduces the fundamental concepts of 3-DCE. This begins with an
understanding that the aim of the NPD project is to launch a successful product. To achieve
this goal, there is a need to explain the processes which require cross-functional integration.
Moreover, this chapter argues that the inclusion of supply chain design is critical for that
success, particularly when considering a product lifecycle perspective. The research gaps are
examined in detail, exposing the challenges of 3-DCE implementation in “real-world” projects

and how the ensuing research will address them.

Chapter Three reviews case studies published in peer-reviewed journals where similar
practices to 3-DCE were implemented. Furthermore, this chapter introduces the concept of
DfSC, an extended version of the original 3-DCE idea. The review follows a research synthesis
structure, which unpacks the underlying mechanisms that affect the adoption of these
practices. Thus, allowing for the development of a proposed roadmap for DfSC implementation

which constitutes an initial conceptual framework for the Thesis.

Chapter Four supports that a reflection from the vantage point of organisational behaviour
theory is needed for addressing the underlying mechanisms of DfSC adoption, as outlined in
Chapter Three. A review of various behavioural theories is carried out to determine the most
suitable contribution to the existing research problem. In the end, considering the pragmatic
perspective and research strategy presented in the previous chapter, constructing boundary
objects emerges as an especially fitting theoretical approach, offering novel solutions to the

identified challenges.

Chapter Five describes the research methodology, linking the philosophical position of the
thesis to solve the research problem at hand. In that regard, the value of following a Design
Science Research (DSR) strategy will be discussed in great detail. Based on this discussion,
the methods best suited to operationalise DSR and solve the field problem will be presented.
This chapter can be read beforehand to gain clarity on the thesis’ research position and

methodological selections.
Chapters Six and Seven encompass the empirical field-testing segment of this thesis. Both
chapters introduce the designed boundary objects, mentioned previously. Chapter Six
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introduces the Powertrain scenario, a vignette-based experimental design used to explore
managerial perceptions regarding the three dimensions of product development and their
implications for the decision-making process. Chapter Seven develops the initial scenario into
a game-like exercise. Thus, it allows for the visualisation of design consequences, affecting
psychological states and eventually decision-making behaviour. Workshop activities were
conducted in both chapters, generating a discussion about the implications and adoption of 3-
DCE into NPD projects.

Chapter Eight brings together the knowledge generated in the preceding chapters, framed
from the theoretical perspective of Chapter 4. In essence, this chapter discusses the overall
findings of this thesis, presenting a revised roadmap for DfSC implementation and giving
insight on how to promote DfSC behaviours. Consequently, answering the proposed

overarching research questions.

Chapter Nine concludes this research by presenting the limitations of the work as well as
future research avenues that could enhance extended organisational capabilities to solve the

inherent challenges of developing new products in manufacturing settings.
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2 LITERATURE REVIEW: EXPLORING 3-DCE IN NPD PROJECTS

2.1 Overview

This chapter provides a clear introduction to the basic concepts drawn from the principles of
Three-dimension Concurrent Engineering (3-DCE). Ultimately, this chapter has two main
objectives. Foremost, it endeavours to lay out a compelling argument for the manifest benefits
accrued by incorporating these principles into New Product Development (NPD) projects.
Subsequently, the chapter seeks to clarify the inherent limitations of existing academic
research on 3-DCE, along with pragmatic examples that demonstrate the challenges related

to its managerial adoption.

The motivation behind implementing 3-DCE in NPD is primarily to improve the performance
of NPD projects (Ellram et al., 2008). NPD projects are perhaps the most relevant set of
activities that organisations undertake to sustain competitive advantages (Koufteros et al.,
2010). Thus, Section 2.2 journeys into the streams of literature as organised by Brown and
Eisenhardt (1995) to grasp the success factors of NPD. Additionally, this section emphasises
the critical role of product design decisions and their interplay with manufacturing process

decisions.

In the path to understanding concurrent engineering (CE), Section 2.3 introduces two
important dimensions: the “people” side and the role of “time” in NPD projects. The former
focuses on the role of cross-functional integration in product development success. While the
latter reflects on the implications of including a lifecycle perspective in product development
decisions. Ultimately, the consideration of these two factors contributed to the widespread

adoption of CE in a number of industrial sectors (Abdalla, 1999).

The final section of this chapter brings together the previous dimensions of NPD projects to
explain the 3-DCE concept. Placing strategic supply chain design as a vital element to
successful NPD outcomes. Furthermore, this section frames the research problem, asserting
that, despite the tangible benefits of 3-DCE, organisations still struggle with its adoption,

establishing the Thesis’s relevance.
2.2 New Product Development

2.2.1 The Success Factors

New Product Development (NPD) represents a pivotal field of academic study that has
generated considerable attention throughout the years in various and distinct fields. These
span from an economical oriented tradition, such as research on innovation, to an

organisational oriented tradition, such as research on project management. This thesis



situations itself on the latter tradition, specifically on how organisations can generate sustained

value through their engagement in NPD initiatives.

Performance metrics commonly employed to measure NPD success are product quality,
associated with the ability to satisfy customer needs; product cost, the manufacturing costs of
producing each unit of the product; development cost, investment on the development of the
product; development time, which determines the ability to receive economic returns from the
team’s efforts, among others (Ulrich et al., 2020). The vast body of literature on NPD success

seeks to identify and explain the numerous factors that may influence performance.

This section goes back to the seminal work from Brown and Eisenhardt (1995). They
organised NPD literature into three streams of research: one perspective targets financial
success measured in product revenue or costs; another perspective concerns with the
perceptual success of the project, for instance the team and management rated performance
for quality or innovation, while the other focuses on operational success measured in terms of
speed and flexibility of development. Yet, they found that in their essence all streams
investigate how product decisions, people, processes, and structures affect performance.

Thus, complementing each other in the success factors of product development.

For one, Krishnan and Ulrich (2001, p. 1) first defined product development as ‘the
transformation of market opportunity and a set of assumptions about product technology into
a product available for sale”. This definition suggests a rational and systematic approach to
product development. This perspective places the success factor of NPD development into
the organisation’s ability to target marketplace advantages, while executing through excellent
internal organisation. This broad approach leads to an effort to have a comprehensive

understanding of product features as well as the product development process.

The product development process is a sequence of steps required to conceive, design, and
commercialise the product. Still, Ulrich et al. (2020, p. 13) offered an alternative view to think
about this process. They also view it as an information processing system, where “the process
concludes when all the information required to support production and sales has been created
and communicated”. This links with the second stream of literature proposed by Brown and
Eisenhardt (1995). Here, the premise is that communication leads to more successful
development processes. Ancona and Caldwell (1992), an established example of this stream,
focus on the structure of NPD teams, particularly the effects of cross functional boundaries to
improve performance. While acknowledging this research direction, Brown and Eisenhardt
(1995) pivoted their attention to the remain two streams for their NPD performance model.
Koufteros et al. (2010) confirm the same tendency by the academic community, perhaps since

this stream limits its study to a single dependent variable: communication. Regardless, this
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thesis considers important to retain the perspective of measuring the perceptual success of

the project to study these phenomena.

The third stream of research evolved from the Japanese product development practices, and
regards successful product development as “a balancing act’” between multiple trade-offs
(Brown and Eisenhardt, 1995, p. 359). This requires effective planning and a consistent and
articulate strategy that team members can understand (Rauniar and Rawski, 2012; Eisenhardt
and Tabrizi, 1995). This body of literature often acknowledges the role of senior management
support and concurrent development activities to face uncertainly and complexity in product
development (Song and Montoya-Weiss, 2001). For instance, Koufteros et al. (2010)
discovered that integration couple with the presence of heavyweight managers are
instrumental to avoid deviations from requirements that affect product development time.
According to Koufteros et al. (2010), these heavyweight product development managers are
integration agent that perform a similar role to the “Gatekeepers” introduced by Brown and
Eisenhardt (1995): performing individuals who bring information into the organisation and
dispersed it to their fellow members. They are responsible to facilitate cross-functionality,
provide leadership, spread communication and to bring about senior management support to
the NPD project.

In summary, cross-functionality, leadership, and communication combined with senior
management commitment to the project appear to be characteristics consistent with the ability
of different organisation to quickly respond to market needs and succeed in NPD projects
(Thomas, 1995). Ernst (2002) organised success factors in NPD projects into five broad
requirements: 1) a market orientated NPD process, with continuous commercial assessments
during all product development phases and excellent planning before entering into the
development phase; 2) an organisation with intensive internal communication from several
areas of expertise, cross-functional autonomy and a project leader with necessary skills and
holds sufficient power; 3) create a culture that incentivises new product ideas, where a
“promoter” contributes to overcame barriers that are blocking new products, 4) senior
management commitment by allocating resources into NPD projects; 5) a NPD strategy with
clear definition and communication of goals. More recently, a review from Hilletofth and
Erikson (2011, p. 266) indicate that “NPD success may result from numerous reasons arising

from market, product, strategy and process characteristics”.

The aim of this section is not to present an extensive literature review on NPD success factors
but to appreciate that given the uncertainty and complexity intricate to these projects, the
decision-making process requires a great deal of expertise, communication, strategic thinking,

and integration. The concept of 3-DCE evolves from the understanding that decisions in one
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dimension invariably influence the others and impact the outcomes of the projects. Therefore,
it is essential to comprehend how these dimensions are intertwined. The ensuing subsections
delve into relevant literature on product design decisions, product development processes,

and cross-functional integration decisions.

2.2.2 Product Design Decisions

From an engineering perspective, product design refers to the process of transforming “a
complex assembly of interacting components” into a physical product (Krishnan and Ulrich,
2001, p. 3). In this perspective, design decisions generally involve geometric models of
assemblies and components, a bill of materials and control documentation for production.
Often, the goal is to optimise the design parameters related to product size, shape,
configuration, and function. That is, product design involves making decisions about the

functionally and partitioning of components within product architecture.

Ulrich (1995) defines product architecture as the scheme by which the function of a product is
allocated to physical components. This concept is explained further by Fixson (2005), who
states that product architecture is fundamentally dictated by the function-component
interfaces. In fact, one of the critical decisions in defining product architecture involves
determining the degree to which the product exhibits a more modular or integral interface
between its components. Products with a modular architecture are characterized by one or
very few components that execute a well-defined function, underpinned by clearly delineated
interactions between those components. Conversely, integral-complex products comprise a
multitude of components that collectively fulfil a diverse range of functions, thereby resulting
in more intricate interactions between the components (Fixson, 2005; Ulrich, 1995). For a
visual representation of this product architecture typology see Figure 2.1, sourced from Fixson
(2005, p. 352), which used an example of two trailers with different architectures from Ulrich
(1995, pp. 421-422).
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Figure 2.1 — A modular trailer architecture vs an integral trailer architecture, with function-
component mapping
sourced from Fixson (2005, p. 352)

Cutherell (1996) posited that the selection of an integral architecture is often motivated by the
aim to enhance product performance or minimise system cost, whereas modular architectures
are driven by the team'’s flexibility to change the product and facilitate reversibility. Increased
modularity would enable the implementation of postponement strategies, increase product
variety, and improve delivery or service requirements. However, the benefits associated with
both modularity and integrity are not always unequivocal, and may result from different factors
such as technological availability (HoOItta-Otto and De Weck, 2007). Despite these
complexities, there is a consensus within the prevailing body of literature regarding the critical

role of correctly defining product architecture on NPD performance (Yin et al., 2014).

On a similar note, the distinction between modular and integral architectures bears significant
practical implications that can influence the configuration of the physical supply chain and the
type of process used to assemble the product. For instance, Sosa et al. (2003, 2004) studied
product architectures to identify the design interfaces between components and analysed its
alignment with team interactions, both within and across organisational boundaries. They
found a significant proportion of misalignment across boundaries. That is, teams often are
unaware of component interfaces across system boundaries, perceived them as noncritical

and, therefore, do not match the required level of team interactions for a successful NPD
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project. This underscores the vital importance of visualising the effects of product architecture

decisions, particularly as they transcend organisational boundaries.

Gokpinar et al. (2010) also studied the misalignment between product architecture and
communication patterns. Specifically, examining the effects of coordination deficits on product
quality within complex NPD projects. Their findings indicate an inverted-U relationship among
the number of interfaces a product sub-system shares with other sub-systems, high centrality,
and the occurrence quality problems. In other words, quality issues increase with sub-system
centrality up to a certain point. Sub-systems with high centrality could be part of both modular
and integral products. Nevertheless, in more integral product the sub-subsystems are usually
more interdependent, which could potentially lead to higher centrality. Their results suggest
that organisational coordination could be improved by identifying the pairs of sub-systems that
warrant more interfaces between them, and match those with the appropriate communication

patterns.

In another example, Yassine and Wissmann (2007) explored the way product architecture
influence the processes deployed to the development that new product. They recognise that
product variety can add significant manufacturing costs to producing a product (Child et al.,
1991). Product variety and product portfolio are strongly related to product architecture,
particularly when it comes to modularity decisions (Krishnan and Ulrich, 2001). Overall,
Yassine and Wissmann (2007) argue that the design of a manufacturing process is often
determined by the product architecture, as it significantly influences the flexible of assembly

processes in response to product or interface alterations.

It is now evident that while meeting customer needs is at the centre of product development
initiatives, product architecture holds a crucial role in product design decisions. Decisions of
architecture are typically made in the early phases of the NPD process due to their potential
sweeping implications. These impacts the include the flexibility to change the product, the
range of product models the organisation can produce, the component standardisation
options, the performance of the product, its manufacturability, and the organisational structure
by allocating design functions to the team (Ulrich et al., 2020). Figure 2.2, adapted from
Krishnan & Ulrich (2001, p. 14), illustrates this pivotal role of product architecture and its

overarching implications to other NPD dimensions.
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Figure 2.2 — Interdependencies in Product Decision Domain

The selection of product architecture is dictated by bringing together component design and
their interfaces, meeting functional requirements with the available technological knowledge.
Depicted in Figure 2.2 are the consequences of these choices. The product architecture
design should consider the significant trade-offs between the advantages of the product
platform, the component commonality between the new product and the organisation’s
portfolio, the number of product variants, and the differentiation of the new product (Crippa et
al., 2010).

Component design has particularly relevant Supply Chain implications. For instance, Huang
et al. (2005) developed a model using Generic Bills of Materials (GBOM) to represent
components that supports product design while minimising the total cost of the supply chain.
Their results suggest that product platform commonality has major implications on
performance by reducing overall inventory costs and supply chain configuration. This results
in reduced fixed costs for each product, from component sharing at the product level. Ramdas
et al. (2003) present optimisation models that determine the desired component sharing for a
product portfolio, concluding that consumers’ perceptions of product differentiation, and
component cannibalisation influences the gains of coordinated projects over project-by-project
approaches. Similarly, Yadav et al. (2011) used a GBOM representation to devise an

optimisation model to address the conflicting criteria of selecting the appropriate product
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portfolio. They argue that the issues that arise when designing a supply chain are often due

to sub-optimal product family selection.

On the other hand, Fixson (2005) developed a framework that uses product architecture as a
mechanism to coordinate product development decisions based on functional requirements.
That is, the mapping between components and their functions. This framework allows for the
definition of component and function hierarchies and set up a product platform strategy, by
measuring the scale of interaction between components, their reversibility and interface
standardisation. Such frameworks are particularly relevant in the development of product
portfolios since product functionality is a requirement for customer satisfaction (Jiao et al.,
2007). However, Jiao et al. (2007) warn that the technical feasibility of design parameters is

key to achieving that functionality.

For Ulrich et al. (2020) product architecture is contingent on technology knowledge.
Technological advances dictate if the product is fully defined during concept development or
system-level design. Technical capability must be translated into product features to meet
customer requirements, but according to Markham and Kingon (2004) many companies
overlook their technological advantages. Therefore, the gap between technology and product

design is not easy to fill.

Technology-to-product-to-market becomes a core capability for an organisation involved in
NPD initiatives. Particularly in complex engineering projects, technological maturity introduces
significant uncertainties in product development. Hence, the common employment of different

Technology Readiness Level (TRL) tools in their NPD projects (Khire et al., 2010).

In conclusion, product design decisions emerge as a critical element of NPD projects. As
explored in this subsection, product design considerably influences various aspects of such
projects and the organisations involved. However, it will soon become evident that the
activities related to the production of the product hold equal significance in the NPD process.
This happens due to the interconnected nature of design and manufacturing. With that in mind,
the subsequent subsection will engage in an examination of the decisions involved in the

manufacturing process.

2.2.3 Manufacturing Process Decisions

Prior to this discussion, it is important to distinguish between product development process
and manufacturing process decisions. According to Ulrich et al. (2020), the generic product
development process consists of six different phases and set of activities that enable to
conceive, design, and commercialise the new product. While, manufacturing processes are

the activities responsible to produce those tangible, physical products. Before focusing
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completely on the manufacturing processes, the phases of product development process are

introduced.

Product development processes are project management methods to achieve the desired
outcome. The phases presented by Ulrich et al. (2020), similar to Cooper’s (2008) stage gate
model, include planning, concept development, system-level design, detail design, testing and
refinement and production ramp-up. The first specifies objectives and assessment of
technology, key assumptions, and constraints. The second provides a description of the form,
function, and features of a product. The third usually includes the functional specification of
each of the sub-systems, and a preliminary process flow diagram for the final assembly
process. The fourth finalises the process plan and tooling for each part to be fabricated within
the production system. The fifth involves the construction and evaluation of multiple
preproduction versions of the product to identify necessary engineering changes for the final
product. The purpose of the sixth and final phase is to train the workforce and to work out the
remaining problems in the production processes for a successful product launch. Figure 2.3

illustrates Ulrich et al.’s (2020) six phases of the sequential process.

=3 =20 20 = =N

) Concept System-Level Detail Testing and Production
Planning "<>’ Development ’O’ Design "<>’ Design "<>'> Refinement ’<>’ Ramp-Up *O

Figure 2.3 — The generic product development process
sourced from Ulrich et al. (2020)

Hayes and Wheelwright's seminal HBR articles (1979b, 1979a) set the foundation for
manufacturing process decisions. Their work proposes the idea of process lifecycle just as the
product passes through different lifecycle stages. They introduced a product-process matrix,
later validated by Spencer and Cox (1995), which positions the manufacturing function in

relation to the product structure. This matrix aims to facilitate manufacturing decision-making.

The manufacturing process decisions include determining the appropriate mix of
manufacturing facilities, identifying the key manufacturing objectives for each plant, and
monitoring progress on those objectives at the corporate level. They also involve reviewing
investment decisions for plant and equipment in terms of their consistency with product and
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process plans, determining the direction and timing of major changes in a company’s
production processes, evaluating product and market opportunities in light of the company’s
manufacturing capabilities, and selecting an appropriate process and product structure for

entry into a new market.

Marsillac and Roh (2014) gives the example of sugar as a commodity and functional product
with high volume and high standardisation product requirements, which then fits well with a
continuous flow of production. Alternately, they use innovative products that with low volumes
and low standardisation product requirements, should consider a jumbled flow of production
or job shop (Marsillac and Roh, 2014). Figure 2.4 outlines the strategies firms should follow
considering the interrelationships between product and process structures. That is, firms
should compete in the diagonal of the matrix, where the process should become more

automated when the product evolves to a more highly-volume, highly standardise item.

Product Structure

| Low vol low . . | B j | High vol High
OW VO ume /. oW Mltinleproaiss. ew maJ.0r igh vo Lm?e/, igl
| Standardisation, @ | low volume | products, higher |  Standardisation,
Process one of a kind | volume commodity products
Structure e ol g
Flexibility /
Jumbled Flow :
None Qualit;
(Job Shops) 4
Disconnected
Line Flow
(batch)
Connected Line
Flow
(assembly line)
Continuous Nonhe N i Dependability /
Flow Cost
Flexibility / Quality Dependability/ Cost

Figure 2.4 — ‘Product-Process matrix’
sourced from Hayes and Wheelwright (1979a)

The matrix shows that operations managers need to strategically define manufacturing
processes concerning flexibility and dependability (Gerwin, 1993; Slack, 1983). Manufacturing
flexibility aims to help organisations cope with uncertainties such as market acceptance of the
products, length of product lifecycles, machine downtime, characteristics, and sourcing of
materials, among others. Anderson (2003, p. 158) states that flexibility has cost parallels with
quality, in the sense that most of the gains from flexibility operations can pay for the efforts of
flexibility. However, Gerwin (1993) argued that more flexibility is not always the solution, and
managers should analyse the discrepancies between required, potential and actual flexibility

and shouldn’t overlook the opportunity to identify and eliminate flexibility.
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Some of the main decisions in the domain of manufacturing process domain are
manufacturing methods, equipment, layout, capacity, scheduling, team organisation (Ellram
et al., 2007; Fixson, 2005). Olhager and Rudberg (2002) argue that these are strategic
decisions whose impact is present only at lower planning levels. They adapted Hayes and
Wheelwright’'s (1979a) original matrix to link market requirements, product, and process
characteristics to manufacturing planning control system. Their understanding is that
consistency between these three dimensions leads to better performance. Recently, Kumar
et al. (2020) proposed three strategies for distributed manufacturing, a paradigm where the
production process is geographically dispersed. The choice of strategy depends on the
product-process matrix and company characteristics. Their findings highlight not only the
importance of digitalisation but, most important for this research, the implications that aligning
product and process designs have for product customisation, reduced lead time for delivery,

and supply chain transparency.

The realisation of the intricate interdependencies between process and product structured
decisions transformed the nature of manufacturing process decisions. Initially, product
development projects were viewed as a relay race. The design, once selected, was passed
on to manufacturing for production, after which the new product would subsequently pass to
marketing for selling to customers (McDermott and Handfield, 2000). This sequential approach
was refined with the advent of ideas such as Design for Manufacturing (DfM) (Anderson, 2003;
Huang and Eastman, 1996) or Systems Approach (Clegg and Boardman, 1996), paving the
way for the emergence of Concurrent Engineering (CE) processes (Boothroyd et al., 2002). A

detailed exposition of CE will follow in the subsequent section.
2.3 Cross-Functional Integration

2.3.1 The Structure of NPD Teams

All three research streams introduced by Brown and Eisenhardt (1995) stress that having well-
coordinated cross-functional teams is fundamental for successful product development
results. Cross-functionality allows teams to play on existing synergies, enhancing internal
organisation. Cooper et al. (2004a) study of practices employed in NPD projects and the
resulting performance found that the way teams are organised strongly influence project
outcomes. In fact, they found that cross-functional teams are largely embraced among NPD

project teams and that is not enough to discriminate between best performers.

Dougherty (1992) reports on interpretive barriers to effective communication that result from
functional bias. For instance, product designers define the market based on what the product

does and may neglect certain business considerations such as how many customers are
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willing to for it”. They think: “...in a few months we could fix the problems, so let’s take a risk...
That helped push the technology...” (Dougherty, 1992, p. 189). While, manufacturing people
are concerned about the plant or operations, and feel that other function might not understand
their inflexibilities. They complain: “Sales and marketing live in the future and my needs are
today.” (Dougherty, 1992, p. 190).

Nevertheless, this paper also presents a clear description of functional conflicts: “... there are
six or eight decision makers. No one says yes but anyone can say no... The production guy
wants to know if his yield will be better... The quality control guy says, ‘will | have to change
my tests?’. The sales manager says, ‘will my customers like the finished product as well?"’.
The purchasing guy says, ‘what will you do for me?’...You need to work with all these guys
and their bosses.” (Dougherty, 1992, p. 190). This exchange clearly demonstrate the need for

those heavyweight product development managers, as indicated by Koufteros et al. (2010).

McDonough (2000) suggests that the effective use of cross-functional teams consists of three
internal elements. First, a stage-setting element, that should be completed early in the project.
Second, an enabling element, that facilitate the efforts of the team. Third, a behavioural
element, that facilitates trust and cooperation in the team. Later, Daspit et al. (2013) tested
this framework and concluded that the first element only indirectly influences cross-functional
team effectiveness, by impacting the other two elements. This framework offers a process-

orientated conceptualisation, as illustrated in Figure 2.5.
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Figure 2.5 — Conceptual model for cross-functional team effectiveness
adapted from McDonough (2000) and Daspit et al. (2013)
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In continuation of improving cross-functional integration, Haque et al. (2003) proposes a
methodology to develop social mechanisms that foster a collaborative environment. This
approach follows the call from Dougherty (1992) to design an innovative social order that
enhances integration. In their approach, they combined organisational theory with business
process re-engineering approaches. By studying organisational issues that occur in cross-
functional project teams, they found that project leadership, commitment, and strategic
positioning of geographically situated facilities are decisive to the integration success. Of
significant note for this Thesis is their fresh approach of considering human behaviour factors,
acknowledging that managers drive adoption of theoretical concepts. Such insights align with

the broader scope of this research.

The expansion of Volvo’s car assembly plant in Ghent, Belgium exemplifies the implications
of manufacturing processes design in teamwork structures. Van Hootegem et al. (2004)
studied the challenges posed by this expansion and takeover by Ford. The expansion and
takeover, will see the Ghent plant assemble at an annual outcome of 270,000 units, thus
turning into a high-volume assembly plant. Therefore, Ford would have the opportunity to

introduce a teamwork structure more in line with their own production system.

The Ford Production System is a version of lean production, characterised by standardisation
of the product and segmentation of work into specialised tasks. The system relies on the
transfer of “off-the-shelf” best practices from central task team to manage all its facilities. On
the other hand, Volvo’s model lies on the idea of “self-managing teams”, where the additional
transfer of indirect tasks and responsibilities is rotated between team members. The content
of these activities is derived from general targets of quality, cost, delivery, improvement,
safety, man and environment (QCDISME) unit level. Ultimately, manufacturing process design
decisions should consider the pressures between manufacturing efficiency and worker
motivation, stressing the importance of the social element to NPD projects (Angelis et al.,
2011; Pil and Fujimoto, 2007).

Cross-functional integration is fundamental to concurrent engineering practices. The premise
is that effective cross-functional teams improves communication flows which leads to more
successful development processes (Ancona and Caldwell, 1992). In contrast, sequential
product development often leads to inadequate communication which may result, for example,
in loss of abstract information, affecting the consistency of the product concept or
manufacturability (Forza and Salvador, 2001). The realisation that the need for communication
does not end at the firm’s boundaries accentuates the need for customer and supplier
integration (Stock, 2014; Salvador and Villena, 2013; Petersen et al., 2005). Further
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discussion on integration beyond organisational boundaries is presented in the subsequent

section, which focus on the 3-DCE concept.

2.3.2 Product Lifecycle Perspective

The incorporation of process lifecycle into Hayes and Wheelwright (1979a) model underscores
the importance of positioning product development on a lifecycle perspective. Lifecycle theory
is adapted from biological sciences that postulates the inevitable role of change in human
beings, organisations and products (Roscoe et al., 2020; Lester et al., 2003). The initial
adoption of the product lifecycle (PLC) concept in business research was established by
Marketing scholars following the American economy success in the aftermath of the Second
World War (Cao and Folan, 2012).

From a Marketing perspective, products progression through distinct life stages: development,
growth, maturity, and decline (Cao and Folan, 2012; Levitt, 1965). Product portfolio
management strategies were developed based on this perspective on PLC, notably the BCG
matrix (Hambrick et al., 1982). However, Cao and Folan’s (2012) review indicates a paradigm
shift in marketing research, where PLC is perceived as a useful metaphor than a hard-line
theory. This change in perspective can be attributed, in part, to critical observations such as
of Dhalla and Yuspeh (1976).

From an Engineering perspective, the PLC concept examines the complete life of a product,
instead of solely the market life. The product circles from conception, through definition or
design, to realisation or production, then service or customer use, and recovering or recycling
(Johnson, 2010, p. 2). Moreover, efforts were made to integrate product lifecycle analysis
(LCA) into the process and product development, mainly motivated by increased globalisation,

resource efficiency and environmental concerns.

This extended responsibility of organisations involved in NPD projects, lead to an increase of
thinking in terms of life cycles (Westkamper et al., 2001). Lee (2002) studied how the product
lifecycle is connected to demand and supply uncertainties that should be aligned with the
correct supply chain strategy. Khan et al. (2004) proposed an indexed system comprised of
different attributes to facilitate LCA application in decision-making. Kobayashi (2005)
developed a tool to assess appropriate lifecycle options for different components. Similarly,
Bevilacqua et al. (2007) used data from LCA both during NPD and in re-designing processes
to reduce the overall environmental impact of products. Noticeably in all these models is the
role collaboration and product-process integration as key elements of PLC management
(Johnson, 2010).
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In more recent research, PLC continues to be employed to study organisational complexities.
Specifically, focusing on devising efficient processes for increased collaboration, and resource
efficiency and supply chain agility. First, Nagashima et al. (2015) examines the impact of
collaboration on demand forecast accuracy in different product categories throughout the PLC.
Their findings suggest that higher investments in collaboration during introduction and growth
stages of a PLC are crucial for enhancing demand forecast accuracy. Also, Matopoulos et al.
(2015) emphasise that creating resource-efficient supply chains is deeply intertwine with PLC.
changes that occur over the lifecycle. Their review shows that LCA is clearly and its variations
are clearly the selected method to assess resource used and its impact. Furthermore, a
parallel study conducted a LCA to measure the environmental impact in an agri-food supply
chain (McCarthy et al., 2015). Finally, Roscoe et al. (2020) studied the effects of internal and
external process connectivity at German manufacturing firms. They acknowledge the need to

apply PLC theory as process-related enablers of supply chain agility.

Kriwet et al. (1995) introduced an integrated PLC design, between the product, its related
processes and its logistics support. Their aim is to integrate aspects of End-of-Life (EoL) into
the product design. They suggest that the planning of these three elements should be done
concurrently for an appropriate view of all the relevant parameters. Figure 2.6 depicts their

PLC system underscoring the importance of Concurrent Engineering.
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Figure 2.6 — Concurrent Product, process, and support lifecycles,
sourced from Kriwet et al. (1995)
The product lifecycle perspective is fundamental to the concurrent engineering concept. After
the integration of the “people” side, researchers understand the need to integrate time into
their NPD endeavours. In fact, Fine and Li (1987) worked to extend the Product-Process

Matrix precisely for their understanding of the importance of evaluation of PLC. They observe
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that process design is flexible, depending on the available technologies, and that products
have asynchronous lifecycles. Furthermore, they note that original the model is not open to
external elements, such as market competition. Unsurprisingly, Charles H. Fine would later
develop the idea of 3-DCE, by adding Supply Chain design to CE and therefore to the PLC

phenomenon.

2.3.3 Concurrent Engineering

In the context of concurrent engineering (CE), Winner et al. (1988, p. v), in a report
commissioned by the US Department of Defence (DoD), provide a seminal definition of this
approach. They articulate CE as “systematic approach to the integrated, concurrent design of
products and their related processes, including manufacturing and support. This approach is
intended to cause the developers, from the outset, to consider all elements of the product
lifecycle from conception through to disposal, including quality, cost, schedule and user
requirements.” It is worth noting that this report was not the originator of this concept (Khan,
2018, p. 100; Smith, 1997). Still, it provides an exact description of the CE concept. The
system lifecycle model delineated by Kriwet et al. (1995) clearly illustrates Winner et al.

(1988)’s definition, as depicted in Figure 2.6.

From this definition and other paper on CE, Valle and Vazquez-Bustelo (2009) came up with
an inspired view of the concept. They present CE as a method for dealing early with the
problems that arise in NPD endeavours, where all functions needed for this process are
considered simultaneously, so that “downstream” factors are incorporated into the “upstream”
phase of the project (Hatch and Badinelli, 1999; Lee, 1992; Shenas and Derakhshan, 1992;
Wheelwright and Clark, 1992). This approach would prevent continuous setbacks that arise in
different stages of product development, increasing flexibility improved time-to-marked and

internal communication.

Tangible benefits of CE practices were documented by Hoffman (1998) from a survey report
on US companies this concept. These benefits can be grouped into improvements in lead
time, quality, and process design. Similar advantages have been corroborated in other
publications (Khan, 2018; Valle and Vazquez-Bustelo, 2009; Boothroyd et al., 2002; Koufteros
et al., 2002; Kott et al., 1990). The tangible benefits presented by Hoffman (1998, p. 2) are as

follows:

o Development and production lead time:
o Product-development time shortened as much as 60%
o Production time shortened 10%
o Total process time shortened as much as 46%

o Measurable quality improvements:
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o Manufacturing defects reduced as much as 87%
o Yield improvements as much as 400%
o Field failure rates lowered as much as 83%
e Engineering process improvements:
o Engineering changes reduced as much as 93%
o Early production engineering changes reduced 50%
o Inventory items stocked reduced as much as 60%
o Engineering prototype builds reduced as much as 66%

o Scrap and rework reduced as much as 87%

The adoption of CE in NPD projects become a major breakthrough for manufacturing
organisations. The emergence of important manufacturing methodologies, including the
“House of Quality” (Hauser and Clausing, 1988), as well as various Design for “X” approaches
(Huang and Eastman, 1996), such as Design for Manufacturing and Assembly (DfMA)
(Boothroyd et al., 2002), contributed for its widespread adoption. According to Boothroyd et
al. (2002), DfMA is a driver for quality and cost improvements and is used as “the basis for
concurrent engineering studies to provide guidance to the design team in simplifying the
product structure, to reduce manufacturing and assembly costs, and to quantify the
improvements”. This notion aligns with Rungtusanatham and Forza (2005) view that these
manufacturing techniques fit under the broader umbrella of a concurrent approach to product

development.

The implementation of CE principles lies fundamentally in the early involvement of cross-
functional teams in a concurrent work-flow (Koufteros et al., 2001). In a book on DfMA,
Anderson (2003) elucidates the advantages of incorporating a complete cross-functional team
during the architecture phase. The case in point is Lexmark, a laser printer manufacturer,
which reported 40% reduction in real time-to-market. This substantial saving was attributed to
architectural optimisation that effectively minimise the necessity for revisions and redundant

interactions. These advantages are illustrated in Figure 2.7.
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As observed, CE practices appear to yield positive benefits. Particularly, they appear to be
connected to improved project management capabilities, such as the early identification of
design flaws. However, notably, McDermott and Handfield (2000) and Koufteros et al. (2002)
found that, in certain instances, this practice does not exhibit significant effects on product
innovation. For instance, McDermott and Handfield (2000) note that in cases of more radical
innovations, where technology is still unproven, the concurrent approach is not always the
most suitable. Nevertheless, computer-aided design (CAD) systems can play a vital role in
enabling cross-functional teams to attain higher levels of performance in these uncertain

environments (Koufteros et al., 2002).

Ultimately, concurrent approaches have a positive influence on NPD performance. The
emphasis on proactive issue resolution suggests a relationship between CE and risk
management, while the early involvement of cross-functional teams aligns CE to a people
dimension. These themes are recurrent throughout this Thesis. Staring by exploring, in
Chapter 6, the managerial behaviour towards the implications of concurrency practices.
Subsequently, in Chapter 7, by designing an artefact-solution in the form of a gamified
scenario that focus on improving visualisation of the risk due to lack of such behaviours in

product development projects.
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The scope of the last two sections was to capture the holistic perspective that NPD projects
require to succeed. In this section, a conscious effort was made to describe the critical role of
cross-functional integration for this success. However, the integration described thus far
concerns exclusively to the internal dimensions of product and process development, over
which the focal organisations maintain direct control. The next section underscores the
importance of incorporating the supply chain dimension of concurrent engineering,

recognising that in a globalised world, new products are not developed in isolation.
2.4 Three-Dimensional Concurrent Engineering

2.4.1 Incorporating Supply Chain Design

The idea behind 3-DCE can be summarise by this sentence from Fine’s book Clockspeed:
Winning Industry Control in the Age of Temporary Advantage: “...When firms do not explicitly
acknowledge and manage supply chain design and engineering as a concurrent activity to
product and process design and engineering, they often encounter problems late in product
development, or with manufacturing launch, logistical support, quality control, and production
costs...” (Fine, 1998, p. 133).

This section discusses Three-Dimensional Concurrent Engineering (3-DCE) practices, by
elucidating the dimension of the Supply Chain design. Fine (1998, p. 76) states that Supply
Chain design ought to be thought of as an assembling chains of capabilities rather than merely
collaboration between organisations. Echoing this sentiment, Petersen et al. (2005) contend
that beyond capabilities, the cultural attributes of a supplier exert significant influence on the
effectiveness of collaboration. In essence, 3-DCE advocates that a firm’s ultimate capability
hinges on its the ability to design for supply chain. This is because the double helix of
concurrent engineering, which primarily emphasises on aligning product design with internal
processes, is insufficient and only provides temporary advantages. As presented before, when
studying products with asynchronous PLC (Fine and Li, 1987), Fine understood that not all

industries have the same speed, so he deem vital to design Clockspeed-strategies.

Clockspeed relates to change during the product lifecycle, and the ability to maintain
competitive advantages. Fine (2000) refers to these strategies as the incorporation of the
strategic nature of supply chain design within product and process development based on the
necessity to adapt to the dynamics of fast-evolving industries. The change is organisational,
product and process, the first is about the response to changes in the overall business
environment, the second is the impact of market-wide changes in product development, and

lastly is the impact that changes in process development have on product terms.
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Fundamentally, the concept of 3-DCE is the integration of product, process, and supply chain
designs. Table 2-A is adapted from Ellram et al. (2007) and Marsillac and Roh (2014, p. 320)

for the concept definitions and a common understanding of these base concepts.

Table 2-A: Concept definitions of the core dimensions of 3-DCE

facilities, equipment, output

Core 3-DCE Concepts | Definition Contributing authors
Product Design Multitude of decisions regarding | (Hong and Roh, 2009;
product specifications intended to | Koufteros et al., 2002;
develop a tangible, physical product. | Krishnan and  Ulrich,
2001; Brown and

Eisenhardt, 1995)
Manufacturing Process | Methods and activities responsible to | (Yang, 2011; Hayes
Design manufacture the product, including | and Wheelwright,

1979a, 1979b)

Supply Chain Design

with

members of the supply chain with the

Complex interactions other
purpose of conveying materials,

products, information, and capital from

(Koufteros et al., 2010;
Choi and Hong, 2002;
2002;

Lee, Fisher,

1997)

source to consumer and back

Navigating the interdependencies between these core concepts is fundamental to the essence
of 3-DCE. First, the original ‘Concurrent Engineering’ term, discussed in detail in the previous
section, considers the trade-offs that arise from the influence of product on and the processes
required to produce them. Then, the interplay between product design decisions and supply
chain structure has important considerations for make or buy decisions and in building an
effective supply network (Fine, 1998). Ellram et al. (2007) incorporates this into three
additional literature streams: early supplier involvement (Koufteros et al., 2005), voice of
customer (Christopher and Towill, 2001) and channel structure (Williamson, 2008). Also, the
process-supply chain interchange underscores the importance of extending information
exchange beyond organisational boundaries. Overall, the 3-DCE model highlights the need
for proper integration among manufacturing, logistics, inventory, and information processes
from end-to-end in the supply chain. Figure 2.8, sourced from Ellram et al. (2007) perfectly
illustrates these interdependencies, providing the means to better envisage the 3-DCE

concept.
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Figure 2.8 — Interdependencies within 3-DCE
sourced from Ellram et al. (2007)

The cases of Intel and Chrysler were used by Fine (2000) to illustrate the ideas behind 3-DCE.
Intel’s rapid growth over less than a decade, resulted from its ability to execute new product
and process development with new suppliers at breakneck speed. While Intel integrated
product and process to dramatically reduce technical complexity, it was the link between
process and supply chain design that was integral for their success. Particularly regarding
supplier development, where Intel nurtured start-up companies to focus on developing
advanced technologies for their next-generation processes. Similarly, in the 1990s, Chrysler
managed to compete with much larger rivals by defining an outsourcing strategy that allow
them a much faster concept to car rating on the most desirable designs and features. These
lessons allowed Fine, other academics and practitioners to recognise the strategic role of

supply chain design.

With increased global competitive pressures, shorter product lifecycles, and radical
innovations, NPD decisions were deemed increasingly important for building sustainable
competitive advantage (Koufteros et al., 2002). The general scope of those design decisions
would initially concentrate on Design for Assembly, which coordinates engineering processes
with manufacturing processes, or Design for Manufacturing, adding the product component to
the mix. Ken Keys (1990) used the terminology of Design for Lifecycle, opening the scope of
DfX to other functions of design, planning and development such as customer support or
marketing. The argument is that for a product to successfully retain competitive advantage
throughout its lifecycle, the NPD decisions should open their scope to other functions. In the

case of 3-CDE, these decisions include the supply chain dimension as the ultimate capability
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of simultaneously designing the product, process, and supply chain, portrayed by the

conceptual framework in Figure 2.8.

Cross-functionality was perceived as an effective solution to implement CE practices in NPD
projects. While this remains true for 3-DCE, other articles place the emphasis on the
increasing collaborative processes external to the organisations. For instance, early supplier
involvement (ESI) is expected to improve the alignment between the product, process, and
supply chain dimensions (Binder and Clegg, 2008; Petersen et al., 2005). The rationale
remains the same as in cross-functional teams: an effort to solve problems in the earlier stages
of the product development process. Extensive literature shows that a successful
implementation of this collaborative process leads to product quality improvement, as well as
the reduction of development lead times and costs (Binder and Clegg, 2008; Petersen et al.,
2005; Caputo and Zirpoli, 2001). However, Suurmond et al. (2020, p. 39) conducted a meta-
analysis which found that ESI “is not always better’. They identify that the degree and
appropriate timing of supplier involvement is more positively related to higher levels of NPD
efficiency and effectiveness. Therefore, suggesting that supply chain decisions should be

taken in holistic way in relation to the product and process they serve.

The successful implementation of 3-DCE reinforces the long-term benefits of integrating the
diverse functional and organisational voices. These benefits can be understood in
conventional Quality, Cost, and Delivery (QCD) measures of NPD success (Fujimoto, 1999).
Table 2-B summarises the main benefits of 3-DCE, placing them into these three overarching
goals of product development. Further implications of thinking 3-DCE in NPD projects are
explored in the following subsections.

Table 2-B: Benefits of 3-DCE for Quality, Cost and Delivery performance,
adapted from Mombeshora (2016)

Balancing Goals Benefits of 3-DCE

» Improved product innovation
_ = Increased number of design iterations

Quality _ _
» Reduced post-launch engineering changes
= Reduced product development risks
» Reduced development costs

Cost = Improved inventory management

0s
» Less expensive products and components
= Lifecycle cost reduction
. » Time-to-market (lead time) reduction

Delivery o

= Improved channels of distribution
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» Higher accuracy of information
= Improved market adaptability

= Reduced relationship risks

2.4.2 The implications of 3-DCE

The message throughout this chapter has been to explore the wide-ranging implications of
including supply chain design to the product-process double helix. This subsection delves on
the implications on product characteristics, and the organisational structures of NPD teams.
These are particularly relevant implications for the study of managerial perception gaps,
conducted through a scenario-based experiment on Chapter 6. Still, similar concepts to 3-
DCE have overreaching implications to globalisation and environmental impact, resilience and

risk awareness, and innovation complexity to name a few.
On Product Characteristics

Pashaei and Olhager’s (2015) review on 3-DCE shows that the majority of the research
focuses on dyadic relationships. Some articles study primarily the alignment between product
design and supply chain, with an emphasis on product modularity and supply chain modularity
(Khan et al., 2008; Fine et al., 2005; Doran, 2003). Voordijk et al. (2006) propose an intriguing
approach to modularity by pairing manufacturing process design into time and space. That is,
a highly modular process is one very dispersed in both time and space. Similarly, highly
modular supply chains are geographically, culturally, or organisational dispersed measured
by the autonomy granted to suppliers. This approach to modularity is illustrated in Figure 2.9.
Voordijk et al. (2006) argue that three dimensions tend to reinforce each other, supporting the

causations in changes between product architecture and organisational structure.

The alignment between product and supply chain modularity is, arguably, a critical technical
implication of adopting a 3-DCE thinking. The concept of modularity adopts a systems
perspective to product design (Baldwin and Clark, 2003). The inclusion of a lifecycle
perspective, as suggested by Sako (2003) and Fixson (2007), highlight the temporal
dimension that supply chain design considerations bring to the product-component interface
strategy. In this sense, designing a product with process and supply chain implications in mind
can be seen as a risk management strategy of the product lifecycle with clear impact to the

product architecture.
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Figure 2.9 — Modularity in supply chain
adapted from Voordijk (2006)

The case for the impact of 3-DCE on product characteristics moves around modularity
decisions. Fine et al. (2005) developed a model that clearly identifies the advantages of
aligning modular products with modular supply chains. Likewise, Khan et al. (2012) studied a
fashion company that by aligning product and supply design improved supply chain resilience
and responsiveness and enable it to become a leading global retailer. Notwithstanding, Doran
et al. (2007) found that the benefits often associated with modularisation dissolve when it
moves to second and third-tier suppliers. Also, Fixson and Park (2008) indicate that, in their
case study, their tool called for a decrease in that firm’s product modularity based on its
industry structure and as a response to the new technological shocks. Later, Chiu et al. (2014)
show that modularity brings different gains to supply chain execution: a more modular product
improves the time-based performance of the supply chain network, whereas a less modular

product yields superiority in terms of cost performance.

The driving force behind adopting product modularity in various industries is due to its potential
benefits, such as flexibility, customisation, and cost reduction. The relationship between
supply chain design and product modularity often go hand in hand, particularly regarding make
or buy decisions. In the automotive industry, for instance, OEMs move towards modularisation
by relying on independent suppliers that pre-assembled and pre-tested modules such as doors
or cockpits (Campagnolo and Camuffo, 2010, p. 264). Thus, underlining the dependency of

supply chain coordination or organisational structure on product design choices.

On Organisational Structures
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Campagnolo and Camufffo (2010) reported on the tendency in many industries for more
modularity in product design. As seen, there is an unequivocal relationship between product
design and supply chain design. However, Sako (2003) suggests different paths to the way
product design influences supply chain decisions, in particular outsourcing strategy, as
depicted in Figure 2.10. Some authors state that the trend for more product modularity, forces
suppliers to shift their outsourcing strategies by seeking a position of more flexibility in the
organisational structure to capture more value (Fine et al., 2005; Doran, 2003). Whereas some
report that pressures for more outsourcing decisions and the adoption of postponement

strategies drive product modularity decisions (Christopher, 2016).

The path a-c-d, where the focal firm defines its product modularity prior to outsourcing
decisions, involves generally lower risks than a path a-b-d, where the firm first outsources
product components, then accepting the modularity architecture selected by the supplier
(Campagnolo and Camuffo, 2010). However, in mature industries is to be expected that firms
are already committed to outsourcing decisions, meaning that firms in these industries are
often conditioned to follow the second path towards modularity (a-b-d). The rational beyond
Fine’s 3-DCE concept is that product and supply chain decision go hand-in-hand and a
lifecycle perspective to product development is needed before committing to irreversible

decisions.
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Figure 2.10 — Paths towards module outsourcing
sourced from Campagnolo and Camufffo (2010), adapted from Sako (2003)

Frandsen (2017) confirms a change of perception in academic research regarding modularity.
He states that researchers stopped focusing exclusively on the product design, but rather

studying the impacts of modularity in other domains, particularly on organisational structures.
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To illustrate, Howard and Squire (2007) examined the impact of product modularisation on
supplier relationship management. Their results indicate that modularisation can lead to
greater levels of buyer-supplier collaborations, particularly when this relationship is mediated
by asset specificity and information sharing. This is because the development of modular
product often requires joint efforts, either in new technologies or process innovation.
Furthermore, they found that information sharing between the firm and the module supplier
increases throughout the different stages of product development, from design to delivery.
Howard and Squire (2007)’s findings suggest that modularisation lead to closer collaboration
to co-develop products and reduce interface constrains, going against a stream of literature
thinking which suggests that modulation creates arm’s-length relationships, due to increased

supplier independence.

The pressure for outsourcing, both from a product architecture point of view but also
knowledge transfer requirements transforms supply chains into truly extended enterprises
(Jayaram and Pathak, 2013). Davis and Spekman (2004, p. 20) defines Extended Enterprise
(EE) as “the entire set of collaborating companies, both upstream and downstream, from raw
material to end-use consumption, that work together to bring value to the marketplace”. Dyer
(2000, chap. 8) provides another interpretation of EE, referring to a set of firms within a value
chain or production network that have established collaborative relationships, enabling them
to work together as an integrated team to produce a finished product. This concept is very
aligned with the 3-DCE, as it elevates supply chain decisions to a higher level of relevancy in
NPD projects. However, adopting a 3-DCE mindset does not always require the emergency

of extended enterprises.

These structures arise from the dynamic environment described in Fine’s book. They seek
cross-firm linkages to gain competitive advantages, they are non-hierarchical structures
concerned with managing the supply chain, that promote a win-win philosophy which has a
gain and risk-sharing system. The advantage of the EE derives from a firm’s ability to quickly

utilize the entire network of suppliers, vendors, buyers, and customers.

The traditional way of managing buyer and supplier relationships changes in EE. Traditionally,
the power in all aspects of decision-making rested solely with the prime contractor. There are
natural tensions between contractual relations and working relationships that are governed by

contractual manuals.

These new relationship structures require trust to function. Whipple and Frankel (2000)
identified two main sources of trust creation, one based on a character and the other based
on competence. The former refers to the partner's level of honesty and principles, the

identification of the partner strategic intentions, the consistency and predictability of their
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actions, the wiliness to be open about problems, and the ability to be maintain confidentiality
regarding common strategic plans. While the latter refers to specific operational knowledge
and skills, the ability to effectively perform their responsibilities and work well with others, the
competence in a broad sense beyond a specific area of expertise, and judgment or the

decision-making ability.

Despite understanding that trust is the “glue” beyond successful extended enterprises, the
development of strategies to build trust is still a challenge. Conversely, successful example
are Supplier Development programmes that improve the performance of a key supplier,
focusing on not only improving the technical capabilities and management skills but also
training the supplier to converge to their own quality, cost and delivery targets (Davis and
Spekman, 2004, pp. 173—174). Such programmes build trust given the emphasis on
communication and commitment to the proactive alignment of their overall business goals. In
the ensuing chapter 3, a research synthesis is conducted to explore case studies where similar
interventions were implemented. The aim of this synthesis is to understand the underlying

mechanism, such as trust building, beyond 3-DCE adoption.

The fundamental principle of 3-DCE finds parallels in various other concepts studied within
the field of O&SCM. Notably, the commitment to bringing together different functional and
organisational voices bears resemblance to the tenets addressed in Extended Enterprises. As
Spekman and Davis (2016) observed, these structures function as learning bodies, making
collaboration a cornerstone of their operational framework. So much so, they noted that the
term “collaborative supply chains” appears to have gradually replaced the term “Extended
Enterprises” in the span of the 12 years since their first work. The following section explores
some other concepts that are committed to paradigms such as the alignment and design trade-
offs inherent in NPD projects, ultimately culminated in the complete notion of “Design for

Supply Chain” to be formulated by the end of this Thesis.

2.4.3 3-DCE relationship to other concepts

Fine’s 3-DCE is a powerful yet simple concept, therefore is only natural that cannot cover all
the complex aspects mentioned in the organisational management of NPD projects. Voordijk
et al. (2006) pointed out some of the shortcomings of the concept such as the lack of
consequences on different levels of product architecture, unclear systems boundaries, and
unspecified governance structures. In fact, the understanding from the present review is that
3-DCE was developed as a concept to place Supply Chain on equal footing with the other
design domains in NPD projects. The complexity of NPD projects and the implications that 3-
DCE intended, urge a reflection on other topics that have been covered so far and constitute

the base of a future “DfSC” definition, namely, how to align supply chain activities in NPD, a
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“systems thinking” rationale, management of functional trade-offs, with a lifecycle perspective,
among others. In fairness the idea of extending the 3-DCE framework is not new, Pal and
Torstensson (2011) highlight the necessity of incorporating intangible value propositions into

the concept.
Supply Chain and NPD alignment

The idea of committing to the alignment of the supply chains involved in NPD projects has
been a subject of attention since Fisher's (1997) landmark article. Van Hoek and Chapman
(2006, 2007) explored how organisations can achieve greater market impact and revenue
growth by leveraging their supply chain capabilities. They come up with three steps to move
from a “get the product out there” into a more collaborative approach. First, improving basic
alignment between functions, individuals, management goals and NPD teams on an internal
level. In other to make progressive improvements in communication, training and planning are
needed. Second, improving supply chain readiness to reduce execution issues and put the
organisation in a position to be less affected by “last-minute” crises. The third step is
leveraging supply chain capabilities, this relates to Supplier Development programmes as
mentioned in EE. The goal is to create partnership arrangements to make sure that supply
chain considerations, NPD performance targets, and organisational goals are aligned. Figure
2.11 sourced from Van Hoek and Chapman (2006), highlights the path towards alignment as

previously described.
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Figure 2.11 — Aligning product development and supply chain
sourced from Van Hoek and Chapman (2006)

Innovation Ecosystems

50
F.S., PhD Thesis, Aston University, 2024



In a concept review, Granstrand and Holgersson (2020) includes both collaboration and
competitive relations together with the products and technologies that exist in the system in
their definition of innovative ecosystems. For them, an innovation ecosystem is defined as a
loosely interconnected network of companies and other entities that coevolve capabilities
around a shared set of technologies, knowledge, or skills, and work cooperatively and
competitively to develop new products and services. Their definition appears to be a broad
interpretation of Davis and Spekman’s (2004, p. 20) EE, building of the value creation in
network contexts (Autio and Thomas, 2014). Moreover, according to Pagani and Fine (2008,
p. 1103), 3-DCE builds on the dynamic complexity of the value network, based on the need to
augment traditional product-process engineering with value chain engineering or supply chain

design.

Fine (2000, p. 217) calls system complexity a key clock-speed damper, comparing the ability
of Dell to come out with new computer models, against new fighter jets from Lockheed-Martin
due to the former far more complex system. The complexity of the system will affect the
number of products developed in a given period, the types of relationships with suppliers, the
organisational structure of the Supply Chain and the functional goals of the project.
Nevertheless, delivery time is essential for any product development and such pressure for
speed highlights the importance of modularity and outsourcing. According to Fine (2000, p.
221), a well-executed 3-DCE strategy can significantly reduce the complexity at product
launch, as stated in the Intel example. However, conceiving the conceptual structure needed
to implement 3-DCE is a complex activity in itself. Caridi et al. (2009) study shows that higher
innovation levels, both in product and process innovativeness have particular demanding
consequences on the supply side with “suppliers asked to supply complete systems and sub-

assemblies and no longer just components” (Caridi, Pero and Sianesi, 2009, p. 394).

Boardman and Clegg (2001) have shed light on the intricate nature of dealing with such
complexities through the lens of “systems thinking”. They advocate the need for supply chain
actors engaged in NPD projects to develop “human activity systems” to enhance the
processes needed for establishing successful EE. While these processes operate
autonomously, they recognise the risks and benefits of participating within the system. To
navigate these challenges, Boardman and Clegg (2001) approach focuses on four
perspectives. Firstly, the “make versus buy” perspective, focusing on maintaining core
competencies while delegating peripheral ones. Secondly, the “meta-system” perspective that
perceives the EE or “collaborative supply chain” as a singular organisation. Thirdly, the
“strategy” perspective concerned with the evolving dynamics within the EE. Finally, the
“‘modelling” perspective that examines the structural architecture of the EE, subsequently

proposing visions for progressive improvements based on evolving environmental factors.
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Translating this multi-dimensional approach towards 3-DCE implementation, highlights the
need for a comprehensive roadmap for entities aiming to adopt such complex supply chain

scenarios.
Cross-Functional Trade-off Management

Navigating functional trade-offs within structures such as innovation ecosystems requires a
nuanced balance of cooperation and competition, as well as a clear understanding of the
shared objectives and individual goals of the participants in the project. Liu et al. (2022)
present a compelling case from the Ventilator Challenge UK. This unique initiative witnessed
the convergence firms across diverse section to establish a new network for the purpose of
creating ventilators in the fight against COVID-19. Interestingly, the tensions that normally
arise from participating in such ecosystems were mitigated based on the rapidly network
formation, and realisation of complementary benefits. At the heart of this accelerated
innovation, Liu et al. (2022, p. 88) identified four fundamental preconditions. Predominantly
pertinent to trade-off management in the context of 3-DCE is establishing a shared sense of
purpose. More tangibly, in the capability to share design and technical details among partners
and accessing manufacturing and operational flexibility, for instance, by sharing physical

resources, such as production line, or repurposing existing production processes.

Fine et al. (2005) offered a quantitative methodology or “modelling” perspective to manage 3-
DCE trade-offs, by exhibiting the potential conflicts among multiple objectives: sourcing of
components, capacity utilisation, batching strategy, and product quality. Their analysis
focuses on the strategic and tactical levels of decision-making, trying to provide a tool to
support those decisions. However, as the authors indicate the modelling tool deals with
matters of subjectivity and complexity that cannot be taken “off the shelf”’. Unfortunately, most
papers appear to approach those trade-offs with mathematical models focusing on the
optimisation of those decisions (Shekarian et al., 2020; Pullan et al., 2013; Nepal et al., 2011;
Yadav et al., 2011).

The benefits of 3-DCE can only be fully grasped if studied in the overall system (Matopoulos,
Tate, et al., 2015). With that in mind, Fixson (2005, p. 351) agrees that the alignment of the
three design domains “must capture all relevant dimensions of the product architecture
simultaneously, but show them separately”, allowing detection of the “cause-consequence
relationships”. However, Campagnolo and Camuffo (2010) discovered that “functional
perspective” studies are chronologically antecedent from those which consider a “lifecycle
perspective”, meaning that most of those studies pursue optimisation of the functional trade-
offs for a single phase of the product lifecycle. Thus, the development of a true DfSC behaviour

must capture functional trade-offs throughout the production lifecycle.
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Lifecycle Product Management

Throughout this chapter, the evolving landscape of NPD projects underscores a pressing
reality: projects demand complex adaptive systems that hinge on the intricate interactions
among a vast network of suppliers (Choi et al.,, 2001). As explained, the successful
management of these networks requires the balancing of inherent trade-offs. Yet, the
imperative notion that seems to escape in the 3-DCE concept is that these systems are not
static, they traverse a temporal dimension. Product development is characterised by a lifecycle
in which suppliers and service providers can change over time. Consequently, the
relationships established at a certain phase of the NPD project will not only influence the actors

and key functions involved in subsequent phases, but also could impact future NPD projects.

For instance, Johnsen et al. (2019) identified lifecycle as a significant dimension of NPD,
drawing from a case study in the offshore wind power industry where supply networks
frequently change from one project to the next. Nonetheless, this lifecycle dimension is not
confined to this specific case, it emerges across multiple industries albeit with different levels
of complexity. Yet, the holistic incorporation of the lifecycle dimension is somewhat sparse,
highlighting the need for a deeper exploration, particularly as a risk management strategy to
enhance visualisation of benefits and costs of decision-making throughout the different stages
of NPD projects. This gap offers an opportunity for academic research to place more emphasis
in the lifecycle perspective when assimilating DfSC behaviours. Indeed, an important
contribution of this research is the endeavour to amplify the range of the 3-DCE framework by

bringing this and other topics of interest to the forefront of the discussion.

The following section addresses the gaps uncovered within 3-DCE research and delineates

how this thesis seeks to address them.

2.5 Research gaps and how to address them

The concept arises from 3-DCE, which postulates that product, process, and supply chain
should be considered in NPD design decisions. The first part of the chapter introduced topics
related to product and process design, such as product architecture and concurrent
engineering. Those topics have extended research and were successfully incorporated by
practice. Then, the focus turns on integrating supply chain design into the mix by aligning
supply chain considerations into the NPD activities and transforming them into truly

“collaborative supply chains”.

Yao and Askin (2019) details the research landscape around the topics of 3-DCE principles.
The topics around the integration of supply chain management in NPD projects evolve from

supplier selection, supply chain configuration and supply chain design. They provide a visual
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representation of the efforts by the research community in this topic. The upper layer
represents product architecture via GBOM, while the lower layer adopts other product design
schemes. Figure 2.12 highlights the predominancy of multi-period, stochastic, sustainability

supply chain configurations in NPD projects.
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Figure 2.12 — Changes in the joint product-supply chain research landscape
sourced from Yao & Askin (2019)

Evidenced by Pashaei and Olhager’s (2015) analysis, research of the 3-DCE concept has
demonstrated notable patterns. They examined 56 articles, revelling that case study research
are infrequently employed to study 3-DCE. Likewise, Ellram et al. (2007, 2008) find 3-DCE
research excessively deterministic, with lacking of empirical testing. The emphasis of research
seems to lean heavily towards optimising design decisions using mathematical models to

navigate the intricate trade-offs.

However, it is alarming to note that, notwithstanding the significant strides in research, a
tangible gap persists in the practical realm: the adopting behaviour perspective. Many

organisations, including managers, persistently neglect such multifaceted elements
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influencing the consequences of their design choices, as noted by Hansen and Ahmed-
Kristensen (2011). According to their findings there is a clear gap between theory and practice
in the context of global product development. They observed a lack of embeddedness of the
proposed solutions into the organisation, its structures, processes, and procedures. The
persistence of this oversight may result in a practical disregard for the critical role of DfSC
behaviour in improving NPD outcomes as well as its role in risk mitigation through the product

lifecycle perspective.

In light of these observations, the driving force behind this Thesis is to fully grasp the practical
behaviour towards the 3-DCE framework. This begins by capturing the underlying
mechanisms that undermine or facilitate the successful incorporation of the concept. Then, by
developing a design-solution which supports the fostering of DfSC. Finally, by discussing the
novel idea of DfSC behaviour, one that expands on the 3-DCE framework and propels the
academic discourse towards new possibilities. As a testament to this, Table 2-C presents the

critical research gaps this study endeavours to bridge.

Table 2-C: Summary of the research gaps

Research Gaps

Addressed in this Thesis

Lack of consequence of the 3-DCE concept to capture

the complexity needed to reach its full potential

The research on the 3-DCE concept has been mainly
approached from a conceptual or design optimisation
position, struggling to grasp the behaviour of

participating actors

Lack of a coherent set of strategies that focus on

incorporating DfSC behaviour into NPD projects

This research advances 3-DCE by developing the

concept of DfSC behaviour that includes the
visualisation of functional perceptions and product

lifecycle implications

This research follows a Design Science Research
strategy that captures the underlying mechanisms that
shape the adoption of this concept, combined with

experimental research to measure perception gaps

Design and implement an artefact that supports the
embedding of DfSC behaviour within the organisations

responsible for designing complex products

The attempt to address the gaps in the literature is expressed by answering the two research

questions:

e How do key underlying mechanisms influence the successful implementation of

“Design for Supply Chain” in NPD projects within discrete manufacturing industries?

o How are changes in product, process and supply chain design perceived by

decision-makers within NPD projects?
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e How to facilitate the embedment of “Design for Supply Chain” behaviours in the teams

and organisations involved in NPD projects within discrete manufacturing industries?

2.6 Anticipating the Next Chapter

In summary, this chapter has provided an important exploration of the concepts necessary for
the understanding of the 3-DCE concept and its benefits. The chapter addressed two main
objects: the first, to provide a compelling argument for the tangible benefits of embracing
concurrent design of product, processes, and supply chain in NPD projects. The second, to
clarify the position this research work within the broader research on 3-DCE and similar
concepts, particularly focusing on the challenges of managerial adoption. This approach
enriches the understanding of 3-DCE by bringing a behavioural perspective into the scope of

discussion.

Transitioning to the subsequent chapters, the emphasis will be on the uncovering of
mechanisms related to 3-DCE documented in academic journal. Specifically, a research
synthesis of cases where implementations related to the topic were conducted and studied.
The placement of the chapter is a deliberate choice recognising the role of an exhaustive
literature review prior to bridging theory with practice. Yet, it is worth noting that this is not
merely an exploration of topics in the pursuit of research gaps. Instead, it is a systematic
review underpinned by a distinctive objective: to identify the mechanisms by those
interventions. The Research Synthesis represents the initial stage of the Design Science
Research (DSR) strategy, as detailed in Chapter 5, setting the stage for the subsequent

phases, and ensuring the alignment with the overarching goals set forth in this Thesis.

3 A RESEARCH SYNTHESIS AND CONCEPTUAL FRAMEWORK

3.1 Overview

This chapter intends to address the first research question, namely grasp the underlying
mechanisms for successfully incorporating DfSC in NPD projects, with the complementary aim
of understanding how the 3-DCE concept translates into practice. Rather than a mere
exploration of the literature, the approach should be an evidence-based review of the complex
interventions that synthesise what does and does not work, and under which circumstances.
In fact, Rousseau et al. (2008) advocate for the importance of making effective use of scientific
evidence in Management and Organisational science as well as backing the role of research

synthesis in that quest.

Deyner et al. (2008) warn that the outcomes of the proposed interventions do not happen in a
vacuum, meaning that they need to account for context and the mechanism that are triggered

by such interventions. First, the reviewer needs to identify the underlying mechanisms, namely
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the basic theory of the intervention. The intervention will succeed or not, depending on the
context. Then, the task is to “sift through the mixed fortunes” of the intervention and “discover
those contexts (C+) that have produced solid and successful outcomes (O+) from those
contexts (C-) that induce failure (O-)” (Pawson, 2002, p. 345). However, Pawson (2013) claims
that this logic has not always been fully understood, warning that social designs “do not come
in pre-ordained chunks called contexts, mechanisms and outcomes”. This synthesis seeks to
follow that same logic to fully grasp the critical mechanisms for the embedment of the
principles within the 3-DCE framework. Such mechanisms underpin the foundation for the

proposed conceptual framework of the Thesis.

The research synthesis follows a five-step process, as endorsed in academic guidelines and
textbooks (Denyer and Tranfield, 2009; Rousseau et al., 2008; Tranfield et al., 2003) and
applied in analogous reviews (Sawyerr and Harrison, 2019; Ali et al., 2017; Matopoulos,
Barros, et al., 2015; Thomas et al., 2014; Colicchia and Strozzi, 2012; Pilbeam et al., 2012).
To elaborate, the first step commences with defining the scope of the synthesis. This is
succeeded by a systematic search for relevant interventions within the literature.
Subsequently, there is a thorough screening and appraisal of the evidence, followed by a
critical extraction of the data that facilitates the synthesis of the findings. The final stage
involves the reporting of these findings which, in this case, constitutes the proposed
conceptual framework. The ensuing sections of this chapter provide a detailed explanation of

each step, considering its specific aim within the synthesis.

3.2 The scope of the Synthesis

The first step in research synthesis is to use the main research question as a guide. The
imperative is to ensure that the reviewer clearly defines the parameters of the research so that
directly comparations are possible (Pawson et al., 2006). At this stage, acknowledging the
uncertainty and iterative nature of the review process is paramount to this type of review. As
advocated by Pawson et al. (2006) and employed by Ali et al. (2017) and Pilbeam et al. (2012),
defining a range of sub-questions facilitates the affirmation of the purpose of the review.
Therefore, this Research Synthesis deconstructed the initial research question into sub-
questions formulated using the CIMO logic framework proposed by Denyer and Tranfield
(2009, p. 683).

Explicitly defining the terms under review is a critical part of the specification of the scope of
the synthesis. As stated, this review seeks to unpack and comprehend the underlying
mechanisms that shape the adoption of ‘Design for Supply Chain’ in NPD projects. The
concept of DfSC used in this chapter builds upon the 3-DCE framework discussed previously.

Consequently, DfSC, for the purposes of this chapter, is delineated as:
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“The design principle of concurrently account for the multifaceted functional (design,
engineering, manufacturing, logistics, procurement) and supply chain decisions in NPD
projects. These decisions, taken by multiple teams and organisations, should aim to ensure
mutual beneficial outcomes throughout the product lifecycle”. Here, “mutual beneficial
outcomes” are those where product and manufacturing performance gains from the design
decisions outweigh the end-to-end costs for the different stakeholders across the products’

supply chain.

The scope of the research synthesis focuses on a series of CIMO objectives to analyse
interventions linked to DfSC using NPD projects as the unit of analysis (C). At first, it aims to
identify the issues that are directly tackled by carrying out these interventions (I), examining
on both the successes and constraints faced within the wider context. The synthesis then
reviews the specific conditions necessary for the activation of DfSC’s underlying theoretical
mechanisms (M), highlighting factors that facilitate or hinder their adoption. Additionally, it aims
to understand the outcomes (O) valued by individuals involved in NPD projects. Together,
these objectives strive to offer an overview of how such interventions address Supply Chain

implications in NPD settings.

Pawson et al. (2006) promote a methodological review where programme theories are
prioritised. Specifically, their approach treads an explanatory path that compares official
theoretical expectations with the actual outcomes of the intervention, seeking to discern
underlying patterns that go behind the explanatory claims. Yet, Rousseau et al. (2008)
introduced alternative paths for research synthesis. One such approach, named “synthesis by
interpretation”, involves the re-evaluation and reinterpretation of existing studies, aiming to
discern fresh insights that can be useful to comprehend new or similar phenomena. This
approach, deemed appropriate for the current synthesis, aspires to repurpose the reviewed
case studies of interventions akin to DfSC, and re-categorise them into the underlying
mechanisms that are fundamental for a successful implementation. In essence, the path
pursued in this synthesis adopts an interpretative lens, although with some guidelines

Pawson’s explanatory synthesis.

3.3 Locating studies: selection and evaluation

Tranfield et al. (2003) outline a structured approach for conducting systematic reviews. Their
approach emphasis the need for a comprehensive and unbiased review, which they break
down into three distinct stages, encompassing nine phases. The phases pertinent to the actual
review process stage are labelled as identification, selection, and quality assessment of the
research studies. For the identification of research, it is crucial to provide explicit details of the

search strategy to ensure replicability. During the selection of the studies, a well-defined
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protocol expressing the inclusion and exclusion criteria is vital to obtain the best available
evidence. Regarding the quality assessment, decisions are taken to support the fit and “good”
quality of the selected studies. These decisions, however, come with further challenges that
should be mitigated by a detailed explanation of the reviewer’s actions to minimise biases or

errors. These initial stages lay the ground for a robust research synthesis.

The structured search is conducted using predetermined keywords and search strings. This
ensures the capture of relevant articles that have implemented the theoretical object of the
review (DfSC). Using a combination of keywords, as illustrated in Figure 3.1, search strings
were formed employing Boolean connectors. Several esteemed databases including EBSCO,
Scopus, Emerald, Web of Science and Wiley Online Library were primarily sourced for
research screening, while supplementary searches were conducted on platforms like Science

Direct, Google Scholar, and Taylor and Francis.

Theory (DfSC) Field (ABS) Implementation (TITLE-ABS)
(ALL)
“Supply Chain Design” Product* WITH Case* WITH
AND Development AND Stud*
AND OR OR
Concurr* Introduction Research

Note: ALL (search everywhere); ABS (search abstract only); TITLE-ABS (search title & abstract) /
*Truncation symbol

Figure 3.1 — Keyword string used in the screening of the articles

Keyword selection was a careful process. First, the term “supply chain design” was coupled
with variations of “concurrent”, and further refined by a combination of “product development”
in the abstracts, to ensure that the focus of the research article remains on NPD projects. An
additional criterion was added to filter for “case studies” since the aim of this review is on the
practical application of DfSC interventions. In terms of language and publication type, only
studies published in peer-reviewed scientific journals in English were deemed adequate for

this review.

Periodic updates to the search were integral to the review’s comprehensiveness. The initial
search commenced in September 2022 and revisited in December 2022, a strategy to adopt
an abductive approach post the empirical exploration of the subject. The selection criteria did
not specify any specific timeline. Yet, unsurprisingly, the results of the screen process wre
post-2000, as per the observation that the concept of 3-DCE only truly emerged in academic
research towards the end of the 1990s (Fine, 1998; Fisher, 1997).
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The selection process described earlier resulted in an initial screening of 141 articles after
removing duplicates, primed for abstract review. For a comprehensive coverage of relevant
articles for this Synthesis, these articles were uploaded into the Research Rabbit platform

(https://researchrabbitapp.com/home). This platform is an Al-powered literature mapping tool

that uses citation-based techniques to recommend new papers and establish connections
between the selected articles. The tool is starting to be used in academia, in such fields as
psychology and information management (Jacob et al., 2022; Sharma et al., 2022). Found et
al. (2024) present an early contribution to the supply chain management literature, employing

that the tool as a snowballing method for their literature review.

The output from Research Rabbit offered a vivid visualisation of interconnections within the
literature. The citation network, depicted in Figure 3.2, colours the initial articles in green and
connects them with similar work, marked in blue, based on their citation. Prominent academic
contributions by Ulrich (1995), Fisher (1997), Petersen et al. (2005), Van Hoek and Chapman
(2006), and Ellram et al. (2007) form the core of the network. Such linkages insinuate that the
articles pulled from the original keyword criteria are aligned with the 3-DCE theme explored in
Chapter 2.

Utilising Research Rabbit as a snowballing tool resulted in the addition of 33 articles for further
analysis. The articles were selected through their citation links to the initial set, thereby
incorporating relevant yet previously neglected studies into the review. This process not only
confirmed that the selected keywords matched well with the core literature but also enriched

the synthesis.
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Figure 3.2 — Visualisation of Citation Network from Research Rabbit

The purpose for employing this tool was to capture articles that resonate with the central topic
of the research. Based on its recommendations, an additional 33 articles were combined to
the initial set for further content analysis. To ensure the retained 174 articles meet the aim of
this review, they were subject to further inclusion and exclusion criteria. This approach
resonates with the guidelines suggested by Denyer and Tranfield (2009) to maintain
transparency, accuracy, and reliability. The protocol with a comprehensive enumeration of
these criteria can be found in Table 3-A.

Table 3-A: Inclusion and Exclusion protocol for the Research Synthesis

Inclusion criteria Exclusion criteria

Type: Conference proceedings, editorial

Type: Published in peer-reviewed journals opinions, book chapters and grey literature

Methodology: Goal programming &
simulation approaches, conceptual research
with limited empirical validation

Methodology: Case study, empirical research, or
another relevant implementation

61
F.S., PhD Thesis, Aston University, 2024



Relevance: Supply Chain (e.g. Supplier Relevance: Not related to NPD or SCM,
involvement) & other design domain considerations exclusive focus on topics outside the DfSC
(e.g. functional trade-offs) in NPD projects, Product definition (e.q. sustainability issues,
Lifecycle management under the DfSC definition knowledge transfer, target costing, marketing)

The decision to keep peer-review articles over other forms of literature was that the former
typically supersede the latter in terms of quality. By academic consensus, this distinction
elevates them above other sources such as conference proceedings, book chapters, or grey
literature, where detail could be lacking or not trustworthy (Ali et al., 2017; Pilbeam et al.,
2012). The goal of this Synthesis is not merely to gather data but to locate and integrate
insights regarding the underlying mechanisms trigged by an intervention around DfSC or 3-
DCE (Denyer et al., 2008, p. 408). Therefore, the focus of the review gravitated towards
articles that describe relevant implementations. This typically consisted of methodological
approaches that employed case studies or other forms of empirical research. Essentially, any
highlighter intervention should pivot around the fundamental themes of DfSC, which include
collaborative supply chains (SCs) or the integration of product design decisions, among

others.

Figure 3.3 illustrates the selection and evaluation process for the studies adopted for the
studies that constitute this Synthesis. From the original keywork criteria on the highlighted
academic databases, a total of 141 articles emerged after removing duplicates and title
relevance screening to the core objective of this review. Furthermore, an additional 33 articles
were added from the recommendations by the Al-tool, Research Rabbit. These articles were

transitioned to the reference management software, Zotero, for an intricate review.
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Keyword selection
In EBSCO, Scopus, Emerald, Web of Science and Wiley, Science
Direct, Google Scholar, and Taylor and Francis

141 articles

Include 33

based on Research Rabbit recommendations

174 articles

Inclusion criteria
Based on screening of Abstract & Methodology Exclude 125
Exclusion criteria

. Based on screening of Abstract & Methodolo
49 articles £ ut

Exclude 18
Exclusion criteria

31 articles

Figure 3.3 — Selection and evaluation process

The cumulative 174 articles were filtered for their publication type. Here, 13 articles were
excluded for not being published in pertinent peer-reviewed journals. The remaining articles
underwent an evaluation of the abstracts and methodological approach based on the inclusion
and exclusion criteria. In this step, a total of 46 articles were rejected since primarily their
methodological approach consisted exclusively of online questionnaires, or articles testing
models solely in hypothetical case situations, rendering them incompatible with the
established protocol. While three additional articles remained unobtainable due to access
restrictions, the preliminary assessment of its abstract suggested that their inclusion was not
significant. Beyond this, a group of 11 articles was discarded for replicating or echoing very
similar cases across different publications.

Following the final screening process, an additional 52 articles were excluded from a quality
assessment, based on Miles and Huberman (1994), around their content and relevance to the
main objective of this research synthesis. The main motives are delineated as follows:

o Articles that focus exclusively on a single dimension of the 3-DCE concept. Despite
only implementing the processes of DfM, the work of Mottonen et al (2009) was
included given its grand similarity to DfSC.

¢ Articles that, while addressing innovation, competitiveness, or SCM performance, do

not study these topics in NPD contexts.
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o Articles largely related to sustainability research. The work of Dekoninck et al (2016)
was included since the intervention on implementation of Eco-design could provide
important insights into the implementation of DfSC.

e Articles where the intervention was implemented only in sectors whose product or
manufacturing processes are not complex, such as the fashion industry.

o Articles focusing exclusively on Information Systems, Product Design, or other

research fields not offering relevant contributions to current topic.

This process returned a total of 49 articles for a comprehensive review of their case study
description and discussion chapters. Additional quality criteria resulted in a final sample of 31

articles selected for extraction of the data in the subsequent sections.

Prior to proceeding to the coding classification and data extraction of the reviewed case
studies, a descriptive analysis of the articles is provided. This preliminary analysis is critical
for placing the findings of this synthesis within its proper context. It has been observed that
the 31 articles are fairly distributed across the 22-year period under consideration, as shown
in Figure 3.4. Moreover, the articles in question were published by a total of 22 academic
journals, with a mere maximum of three articles published by the same journal, as detailed in
the overview of academic journals in Table 3-B. Such a distribution lends weight to the
previously noted scarcity of empirical research on the topic of 3-DCE, as was attested in
Chapter 2.
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Figure 3.4 — Distribution of the reviewed articles in the Research Synthesis
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Table 3-B: Journal outlets of the reviewed articles

Academic Journal No. of
articles
Industrial Management & Data Systems, International Journal of Operations & 3

Production Management, Journal of Technology Management, Journal of Purchasing
and Supply Management

International Journal of Production Research 2

Benchmarking: An International Journal, Business Process Management Journal, 1
Business Strategy and the Environment, CIRP Annals — Manufacturing Technology, E a
M: Ekonomie a Management, Human Factors and Ergonomics in Manufacturing,
International Journal of Physical Distribution & Logistics Management, International
Journal of Productions Economics, Journal of Cleaner Production, Journal of Engineering
and Technology Management, Journal of Operations Management, Production, Planning
& Control, Strategic Management Journal, Supply Chain Management: An International
Journal, The Journal of Supply Chain Management, World Academy of Science,
Engineering and Technology

Total 31

The contextualisation of the evidence remains a cornerstone of the realistic review as outlined
by the CIMO logic of Rousseau et al. (2008). Hence, characterising the industrial sector
pertinent to each case study assumes a particularly relevant component of this descriptive
analysis. Given the diversity inherent to the reviewed cases, this categorisation presents a
challenging process. For the purpose of the review, the various industry sectors have been
grouped into 13 coding classifications, as listed in Table 3-C. The total number of industry
sectors found in the reviewed articles stands at 45, with the occurrence of multiple industries
studied within a single article. Notably, the Automotive, Motor, Aerospace and Defence
Industries represent approximately 30 percent of the total number, a figure that aligns with
prior observations regarding the academic interest that characterises these two sectors
(Reitsma et al., 2023; Messina et al., 2020). The selected articles, nonetheless, represent a
very diverse set of industries, enhancing the potential to draw persuasive evidence towards

the objectives of this review.
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Table 3-C: Listing of the Industrial Sectors present in the Research Synthesis

Sector ID

Automotive & Motor Manufacturing Industry (8), Aerospace & Defence Industry (5),
Industrial & Consumer Manufacturing (4), Furniture & Home Appliances Industry (3),
Electronics Industry (3), SMEs Manufacturing Projects (3), Apparel Industry (3), Ship
Manufacturing Industry (2), Semiconductor Industry (2) Paper and Printing Industry (2),
Plastic Manufacturing Industry (2), Telecommunication Industry (2), Other Manufacturing

Industries (6)

NOTE: Other Manufacturing Industries comprises sectors such as Casting, Healthcare, Chemical,

Construction, High-Performance Manufacturing, and other Manufacturing Products

3.4 Extraction of the data and Synthesis of the findings

This section endeavours to capture the underlying mechanisms, both positive and negative,
inherent in the case studies of each article to discern their effects under various circumstances
(Tranfield et al., 2003; Pawson, 2002). Earlier it was noted that this review was conducted by
interpretation, a decision driven by the data and goal at hand. Specifically, the option to confine
the synthesis to peer-reviewed, published case studies, and not a more diverse range of data.
Such decision, however, did not impede the overarching objective: to reinterpret original cases
and generate fresh insights that bolster the understanding of DfSC adoption, all whist ensuring
the integrity of the initial studies, as advocated by Rousseau et al. (2008). Their paper
suggests that the aim of this form of synthesis is to build generalised themes, subsequently
classifying these into tentative categories based upon emerging patterns. Labelled as thematic
synthesis by Boaz et al. (2006), they warn that this form is intrinsically dependent on “primary
studies that provide a deep and rich description of the case”. Moreover, they highlight that the
coding system is deeply reliant on the research team’s skills, rendering reproducibility a
considerable challenge. Yet, the review selection is often moulded by the nature and
accessibility of primary research (Boaz et al., 2006). Consequently, given the premeditated
effort to focus on qualitative empirical studies, synthesis by interpretation emerged as the

method of choice.

Integral to this form of synthesis are elements of meta-ethnography, defined by Noblit and
Hare (1999) as the synthesis of interpretive research. This implies putting together the ideas
of the many case studies in an interpretive rather than aggregative way. Consequently, a
systematic extraction process for the selected 31 articles was deployed, wherein a summary
of the reviewer's own interpretation of each article was introduced into a spreadsheet. This

spreadsheet was organised under three primary headings: descriptive, methodological, and
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thematic. The descriptive section encapsulated details such as publication year, authorship,
title, academic journal, publisher, and the specific industry or sectors highlighted in each case
study. Under the methodological header, which played a pivotal role during the screening
phase, the primary focus was to detect the unit of analysis of the case studies: single or
multiple. Meanwhile, the thematic categories were mapped based on the sub-questions
presented earlier in this chapter. The five questions that shaped the forthcoming categories

are presented next.

What is the proposed intervention in this case study?
What was the expected outcome of the proposed intervention?
How successful or unsuccessful was the intervention?

What would be the required mechanisms for a successful intervention?

ok~ wDd =

What were the friction mechanisms or challenges identified in the implementation

process?

The coding process was meticulously undertaken by the author of this Thesis, in coordination
with the supervisory team, following similar standard practices used by Pilbeam et al. (2012).
The coding rationale is delineated in Table 3-D, in which two main categories emerge from
the process: methodological and thematic. Regarding the “methodological” category the
coding classification encapsulates the unit of analysis of the cases under scrutiny. That is,
single analysis which consists of articles that clearly limit their analysis to a single NPD project
or industry; and multiple analysis which are those that examine and compare different NPD
that may span diverse industries. Whereas the “thematic” category is organised into a coding
classification according to elements of the previous five questions: type of intervention,
expected outcome, the actual results of the intervention, the requirements for a successful

intervention, and the friction mechanisms or challenges in the intervention.

The type of interventions identified in the reviewed cases were divided into five coding
categories. The interventions ‘process redesign’, ‘technology support’, and ‘framework
adoption’ are intended to primarily impact the focal organisation, while ‘extended involvement’
places the focus of the intervention on the external dimension of the organisation, and
‘strategic alignment’ is a coding dimension where the focus intends to impact the balance of

both internal and external aspects of the organisation.

The distinction between interventions and expected outcomes is that the former relates to a
planned action or artefact in a specified area of the project, and the latter relates to the area
that is expected to be improved by the intervention. Nonetheless, there is an anticipation that
both categories would be aligned. The outcome of the intervention can be accomplished, not

accomplished, and partially accomplished. In articles with multiple units of analysis, partially
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accomplished outcomes can be those where not all the studied organisations successfully

achieved the expected outcomes.

Table 3-D: Methodological and Thematic Classification for the Research Synthesis, based on

Pibeam et al.(2012)

Methodological
Category

Coding
Classification

Rationale

Unit of analysis

Single analysis

Study of a single organisation, a single network, or a single
NPD project

Multiple analysis

Study of multiple organisations, multiple industries or multiple
NPD projects

Thematic Category

Coding
Classification

Rationale

Process Redesign

Putting in place new operational processes for the NPD
projects

Technology Developing new tools (such as IT systems) to enhance NPD
Support performance
Framework Adopting new Frameworks in NPD projects (internal to the
. Adoption focal company)
Type of Intervention P
Extended Implementing Collaborative Supply Chain principles in NPD
Involvement projects (External to the focal company)
Strategic Promoting the alignment of the NPD project goals with the
Alignment stakeholder’s long term strategy (not limited to collaboration)
Expected Outcome Upstream Improving NPD performance from the Supplier side
Downstream Improving NPD performance from the Customer side

Focal Company

Improving NPD performance of the focal company

Holistic

Improving NPD performance of the whole network chain

Outcome of the

intervention

Accomplished

The intervention was successful

Not accomplished

The intervention was not successful

Partially
accomplished

The intervention was partially successful

F.S., PhD Thesis, Aston University, 2024
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Table 3-E provides a summary of the underlying mechanisms identified from the research
synthesis, offering definitions and presenting evidence from the reviewed studies. Some
mechanisms were derived by the author from previous literature, while others were identified
during the reviewed process and are presented in the table. A comprehensive understanding
of these mechanisms is a critical initial step for addressing the implementation gap, as this

research attempts to do.

Table 3-E: Underlying Mechanisms identified in the Research Synthesis
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Underlying
Mechanisms

Definitions

Evidence from the Reviewed
studies

Perception
Asymmetries

The differences in perception about concepts and
cost-benefit trade-offs (Mena et al., 2020)

Golrizgashti et al., (2022);
Mikkelsen ~and  Johnsen

(2019); Mello et al. (2017)

Strategic Planning

Devised framework for aligning product
development  strategy and  business-level

competitive strategy (Brown and Blackmon, 2005)

Ellram and Stanley (2008);
Lee and Kim  (2011);
Boardman and Clegg (2001)

Organisational
Culture

The cultural and structural aspects in relation to an
organisation’s orientation towards competing
values and beliefs (Liu et al., 2010)

May et al. (2000); Mottonen et
al. (2009); Vayvay and Cruz-
Cunha (2016)

Collaborative
Orientation

Ensuring a guiding behaviour towards
collaboration at the appropriate time (Eng, 2005)

Eslami and Melander (2019);
Golrizgashti et al. (2022); Van
Echtelt et al. (2008)

Trust Mechanisms

Ensuring a level of trust among the project
stakeholders. (Fawcett et al., 2012)

Ates et al (2015); Eisto et

al.(2010); Caridi et al. (2017);
DeCampos (2022)

Incentive
Structures

Promoting incentives & risk sharing mechanisms
for supplier participation (Fawecett et al., 2012)

Mello et al. (2017); Hald and
Nordio (2021)

Khan and Creazza (2009);

Power dvnamics The effects of power imbalances between|Vayvay and Cruz-Cunha

y organisations (Cadden et al., 2013) (2016); Golrizgashti et al.
(2022)

Leverage Disseminating lessons learned (Emerged from|Boardman and Clegg (2001);

Learning Review) Sharifi et al. (2013)

Lifecycle Having a lifecycle or long-term view of the product Zs_ldlsn and Smith  (2005);
: : . Mikkelsen and  Johnsen

Perspective design process (Emerged from Review) (2019)

Visibility of SC|The degree of awareness regarding supply chain o

implications risks and implications (Emerged from Review) Sharifi et al. (2006, 2013

Communication
Systems

The data and information-sharing systems present
in the project (Emerged from Review)

Mottonen et al. (2009)

Knowledge Pool

The set of technical and organisational knowledge
required for the project (Emerged from Review)

Khan and Creazza (2009);
Parmigiani et al. (2022)

3.5 Thematic Reporting

This section summarises the thematic findings from the reviewed articles, thus complementing

the literature review on 3-DCE undertaken in the previous chapter. It specifically offers a

realistic synthesis of the case studies examined, delving into the type of interventions targeted

and the expected outcomes. Its purpose is to facilitate a nuanced understanding of the

dynamics driving the adoption of DfSC type of interventions. While a detailed examination of

the underlying mechanisms that comprise the proposed conceptual framework is reserved for

the following section, the insights provided here are important for the appreciation of the

contextual factors influencing these interventions. These insights, in turn, also support the

development of the “Powertrain Game”, which is presented in Chapter 7.
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The types of interventions reviewed within this synthesis have been grouped into five distinct
categories, each aimed at to improving or enhancing NPD performance outcomes. The first
category, “Product Redesign”, focuses on interventions aimed at the reconfiguration of the
operational processes. The second category, ‘Technology Support’, involves the development
of new technological tools that contribute to the stated aim. The third, ‘Framework Adoption’,
regards the application of academic framework as central to the intervention. In the fourth
category, ‘Strategic Alignment’, the emphasis is to promote the long-term strategic goals at
either a functional or organisational level. The fifth and final category, “Extended Involvement”,
primarily seeks to embed collaborative principles into the NPD projects. The distribution of
these thematic categories across the reviewed article is available for consultation in the
Appendix 11.2.

Process Redesign

The ‘Process Redesign’ category encapsulates primarily the actions of a focal company as
the single unit of analysis. A total of eight articles were included in this coding category.
Notably, intersections between this and other categories are evident, with two of those articles
concomitantly aligning with the ‘Technology Support’ category and another with ‘Framework

Adoption’.

These interventions often do not extend beyond the focal company’s point of view. Key among
these is the work of Ellram and Stanley (2008), who investigated five companies deploying
SCM interventions in conjunction with strategic cost management to bolster supply chain
responsiveness, diminish expenses, and ensure competitive advantages. These efforts were
essentially customer-driven, with only a small portion of the benefits passed on to the
suppliers. Moreover, the authors identified an implicit expectation placed upon these supplies
to synergise with upstream entities to amplify the advantages procured from these process

redesigns.

Johansson and Johansson (2006) scrutinised the processes of a manufacturer in the
automotive sector, particularly tracing material flows from suppliers to assembly lines. This
study found strategic dilemmas inherent in redesigning material supply systems to align with
new product development processes. Likewise, May et al. (2000), in a study of European
automotive supply chains, report on organisational barriers from divergent perspectives of

engineers across different supply tiers.

Meanwhile, Ketokivi et al. (2017) embarked on an extensive examination of 35 distinct value
chains to discern how product architecture and functional interfaces (coupling), investment
specificity, and standardised procedures influence location decisions. Their findings elevate

the coupling factor as a pivotal determinant in these decisions, suggesting a stronger influence
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of the product architecture on NPD decision-making. Similarly, Lau et al. (2005) explore
product modularisation at a multinational electronics firm. The study further highlights the
interplay between product characteristics and supply chain coordination, particularly for the
design of modular and innovative products that introduce additional supplier tiers and require

intensive communication.

In evaluating the adoption of DfM processes within an ICT company, Mottonen et al. (2009)
identified significant internal communication barriers. These were primarily attributed to a
fragmented understanding of the requirements among the various stakeholders as well as
cultural differences across the organisation. Also, Mikkelsen and Johnsen (2019) studied the
involvement of the purchasing function in technologically uncertain NPD projects. Particularly,
they observed that when redesigning their own processes by working closely with the R&D
department in new technology sourcing or breakthrough scanning the benefits were clear.
However, they emphasise the need for a mature and competent purchasing function within
the organisation to ensure a successful implementation. The reported functional dynamics, in
both cases, underpins the argument for fostering internal competencies and promoting an

openness to collaboration.

In synthesising the articles grouped under this thematic category, certain underlying
mechanisms critical to successful interventions have begun to emerge. Notably, there is an
indication of the necessity for a strong collaborative orientation alongside the need to bring
the gaps in functional perceptions. The collaborative orientation, in particular, is coming
through as a significant factor in enhancing performance outcomes, pointing towards the value
of cultivating cooperation among stakeholders involved in the NPD process. Equally,
addressing perception gaps across different functions emerge as a crucial element, hinting at
the need for a more integrated understanding of roles, processes, and goals within NPD.
These insights highlight the complex interplay inherent to these projects, and signal how such

mechanisms can be consciously cultivated and embedded within NPD practices.
Technology Support

The employment of technological tools into NPD is an important strategy to bolster
performance, as evidenced by the ‘Technology Support’ category. This category grouped a
total of six reviewed articles, including three previously mentioned works (Mikkelsen and
Johnsen, 2019; Lau et al., 2005; May et al., 2000), underscoring the multifaceted role
technology plays in product development.

Specifically, Appelqvist et al. (2004) underline the significance of incorporating supply chain
modelling early in product development. By examining an aircraft component manufacturer,

their research demonstrates the benefits of employing technology to capture the advantages
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of concurrent engineering. For instance, their simulation model allows for optimally scheduling
investments in costly manufacturing equipment. This approach stems from decision-making
processes that consider the entire product lifecycle, extending from the initial design concept

to full-scale production.

In the same category, DeCampos et al. (2022) studied the dynamics of collaboration and
transparency within integrated NPD projects across six case studies. They employed an
assessment tool which measure the gaps in collaboration expectation, particularly through the
lens of the purchasing entity. The core finding suggests that the strategic timing of supplier
involvement is more critical for enhancing NPD performance than the mere act of early
inclusion. Moreover, Golrizgashti et al. (2022) introduce a strategic tool aimed at determining
product deletions with particular emphasis on environmental factors. This tool is based on a
three-phase Quality Function Deployment (QFD) framework, integrating the customer's voice
into the data to address the complexities brought about by the focal company's extensive
product variety. Both cases highlight the benefits of technological support in enhancing NPD

outcomes.

Collectively, the reviewed studies under this thematic category illustrate that the employment
of technology into NPD projects is not isolated, but rather it is intrinsically connected with other
categories. These tools enable early discernment of product visibility, support appropriate
timing for collaboration, and promotes a product lifecycle perspective along with strategic goal
planning. Thus, this category reveals similar underlying mechanisms inherent to these types

of interventions, further elucidating their embedment in NPD projects.
Framework Adoption

Whitin this thematic category, the imperative of integrating theoretical frameworks into
organisational processes is paramount. This review encompasses nine articles, five of which
are cross-referenced with other categories. Specifically, Marsillac and Roh (2014), grounded
in the 3-DCE framework, investigate process and supply chain redesigns resulting from
product design alterations in four firms. Their findings reveal the profound influence of product
design alterations in the manufacturing processes and supply chain designed to serve the new
product. Additionally, they reveal that these changes are often preceded by external

constraints such as competition, consumer trends or technological advances.

Khan and Creazza (2009) advocate for a framework of organisational change, encapsulating
co-location, cross-functional teams, a champion for the product range, and cooperation within
the extended enterprise, to address downstream supply chain issues and propel the move
towards a "design-centric business" approach. Additionally, Mello et al. (2017) apply the

CATWOE soft-systems method to a complex shipbuilding collaboration, enhancing clarity in
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role delineation and system structuring. In parallel, Hald and Nordio (2021) tackle the tension
between creativity and efficiency, revealing a framework based on five factors: supplier
integration, reward structures, absorptive capacity, alignment strategies, and NPD project
organisation. This framework, evidenced through a case study in a healthcare organisation,
underscores the need for meticulous risk assessment and the delicate balancing act required

for successful interdepartmental collaboration.

Furthermore, Pero et al. (2010) contribute to this category by analysing an electrical appliance
multinational's challenge in adapting its supply chain to a new product line. Their proposed
NPD-SCM alignment framework correlates NPD variables with SCM intricacies, highlighting
that judicious product design can mitigate supply chain complexity and improve performance.
Conversely, Sharifi et al. (2006) focus on strategic and operational levels with their own DfSC
framework, which they validated against four SMEs producing bespoke products. This
analysis revealed a significant reliance on suppliers and highlighted the importance of

integrating NPD and SCM processes to navigate dynamic markets effectively.

Finally, Van Echtelt et al. (2008) conduct an in-depth study of Dutch manufacturers, applying
an activity-based framework to elucidate strategic and operational supplier involvement in
NPD. Their findings accentuate the critical nature of planning activities in risk management

and the essential role of product management in leveraging supplier technologies.

Again, the reviewed studied reaffirm the emergence of mechanisms in programmes for
enhancing NPD efficiency and fostering robust interorganisational dynamics, with long-term
collaboration, risk assessment and continuous alignment being pivotal within this thematic

category.
Strategic Alignment

The reviewed cases, under this category, do not confirm their scope to a singular NPD priority
but rather a broader spectrum of product development decisions. Consequently, the unit of
analysis often encompasses on multiple cases, each bearing holistic implications. Six articles
follow under this theme, with three, those by Van Echtelt et al., (2008), Dekoninck et al.,
(2016), and Hald and Nordio (2021) having been previously addressed.

For instance, Sharifi et al. (2013) outlined a growth strategy implemented across four SMEs
manufacturing companies, integrating both short and long-term SCM strategies with market
and product strategies. The study underscores the consequences of not proactively
considering SCM implications in NPD, indicating considerable missed opportunities and
potential for incurring additional project costs. Initially, proactive supplier engagement could

have prevented reactive problem-solving and associated development delays. Subsequently,
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early-stage communication might have spared one firm from relinquishing IP rights to a
component design partner. However, the absence of robust absorptive technology and
knowledge processes was seen to hinder early supplier involvement in the growth strategy,

culminating in missed opportunities.

Similarly, Caridi et al. (2017) investigated, through an analysis of seven NPD projects, the
interdependencies between information dissemination to partners during NPD and the
subsequent outsourcing decisions. Contextual factors such as the location of partners, the
degree of their integration, mutual trust, and ICT support, were identified as critical elements
in shaping the visibility of the design chain. All in all, they find that early supplier involvement
in product design does not affect node visibility. Instead, it is influenced by the level of trust,

mechanisms for sharing risks, and the partners’ requirements for information exchange.

Ultimately, the study by Parmigiani et al. (2022) offers a unique angle, concentrating on the
effort of the motorhome industry, as a whole, to develop “greener” innovative products. This
review examines the interplay between the firms’ technical expertise, their relationship
management capabilities with their ability to innovate and respond to disruptions. The dynamic
synergy between supplier relationships and manufacturing capabilities is posited as a strategic
advantage for the development of comprehensive products and component-based innovations
alike. However, it is imperative for firms to carefully consider their innovation trajectories when
investing in capabilities: superior supplier relationship management is crucial for innovative
component development, while robust manufacturing capabilities are indispensable for full

product innovation.

Under the umbrella of ‘Strategic Alignment’, several new underlying mechanisms have
emerged. These mechanisms relate notably to the leveraging and investment in stakeholders’
capabilities, the development of trust mechanisms, and establishment of incentive structures
that encourage risk sharing. Yet, certain mechanisms continue to exert influence over these
strategic interventions, among them are the necessity for a collaborative orientation and risk

visualisation across the supply chain.
Extended Involvement

The aim of this last thematic category is to implement collaborative principles in NPD projects.
Given the nature of the research synthesis, it is not surprising that this category encompasses
the majority of the reviewed articles, with thirteen studies falling under this theme. Therefore,

the remaining eleven studies are described here.
Commencing with Ates et al. (2015), the research uncovers the intricate dynamics of design

agencies, buying firms, and component suppliers, offering an extensive evaluation of inter-
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organisational coordination in a triadic setting. Their findings underscore the necessity of
understanding partner interactions, influenced by factors such as novelty, design approach,
partner involvement, and communication intensity. Similarly, Boardman and Clegg (2001)
pioneer the study of the "extended enterprise" concept, applying the EE grid to Rolls-Royce,
to enhance the product introduction process and supplier relationships. This strategic
advancement underscores the value of cross-boundary collaboration and well-established
processes to achieving stronger relationships with suppliers. Also at Rolls-Royce, Zsidisin and
Smith (2005), advocate for early supplier involvement as a means to mitigate supply risk and
ensuring the alignment of capabilities within the design cycle, emphasizing the need for

meticulous planning and management.

In the realm of sustainable innovation, Dekoninck et al. (2016) emphasise the critical need for
both internal and external collaboration, urging businesses to change the nature of buyer-
supplier relationship for improving the environmental performance of their organisations. Eisto
et al. (2010)'s examination of the casting industry reinforces this perspective, highlighting the
imperative for clear NPD processes and early supplier engagement to facilitate high-quality
information exchange and trust-building. Often customers contacted foundries too late due to

a lack of trust between the parts, causing poor quality of information exchange.

Eslami and Melander (2019) scrutinise the collaboration between two leading technology
firms, unveiling challenges like product complexity and knowledge transfer. Specifically, the
study highlights the buyer’s lack of organisational structure for cross-functional teams to
operate. Their findings underscore the importance of establishing communication systems
between the departments involved in the project. While, Vayvay and Cruz-Cunha (2016)
highlight the strategic importance of supplier engagement in NPD within the semiconductor
industry, revealing a trend towards joint R&D activities that enhance resource efficiency and

cost management.

In a shift towards consumer-focused value, Hilletofth and Eriksson (2011) document a
Swedish furniture company's strategic pivot, intertwining SCM with NPD to enhance market
responsiveness. In another case, Lee and Kim (2011) study eight green innovation projects
within the semiconductor industry, delineating the critical nature of problem definition and
supplier capability in achieving successful outcomes. Furthermore, they found that
establishing partnerships with supplier with capabilities becomes a critical for competitive

advantage.

Moreover, Tuli and Shankar (2015) evaluate product development approaches in the
automotive industry. Particularly, they conducted a value stream mapping to compare

conventional lean to new collaborative approaches. Their findings demonstrate that the
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success of the novel approach depends on the stakeholder willingness to collaborate and
mitigate inter-organisational barriers. In a similar vein, Vancza et al. (2011) address the need

for a socio-technical framework, striving for equilibrium between conflicting perspectives.

In essence, these studies reinforce the premise that successful NPD interventions are
intricately linked to underlying mechanisms such as quality and depth of collaboration.
Moreover, the synthesis of these articles underlines a distinct spectrum of mechanisms that
advance this effort. Central among these are the formulation and execution of strategic plans,
the development of knowledge pools that strengthen partners’ capabilities through the
diffusion of lessons learned. Furthermore, these collective findings suggest that the
fortification of relationships is predicated upon the established of mutual trust. The subsequent
section will explore the interplay between these fundamental mechanisms, devising a

roadmap for the implementation of DfSC principles.
3.6 Conceptual Framework

3.6.1 The underlying mechanisms in DfSC implementation

The previous section outlined the thematic categories that emerged from the type of
interventions of the reviewed studies. Such interventions aimed at enhancing NPD
performance outcomes either by redesigning processes, devising technological support tools,
applying theoretical or conceptual frameworks, aligning operational and strategical
dimensions, or extending the scope beyond the focal company. Yet, all reviewed cases
displayed a common effort, which highlights the importance of DfSC for successful
implementation. The previously identified common factors are the underlying mechanisms that

the first research question seeks to uncover.

The compilation of the reviewed cases is a rich source of insights into a variety of interventions
and outcomes that are trigged by those mechanisms. As described before, many of these
studies revolve around the topics of early supplier involvement and collaboration across
various stakeholders in the design and production process, as well as the application of
specific strategies to enhance the performance of NPD projects. The task now is to identify
the outcome of those interventions. This is not a straightforward task as in many cases the
results are not always discussed and reporting on failures is very scattered (Sternberg et al.,
2022). However, the work of synthesising the outcomes of the case studies can provide useful
cues the allow the reviewer to understand the connections between mechanisms and in what

contexts are they prompted.

The overall findings appear support that the message that promoting a collaborative

orientation within NPD projects often lead to efficiency gains, meaning successful
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interventions. For instance, Eslami and Melander (2019) found that successful NPD projects
were those that only involved technical experts but also included functions such as purchasing
and sales. Furthermore, Golrizgashti et al. (2022) emphasised the importance of cross-
functional collaboration for aligning business and supply chain strategies. Particularly, Van
Echtelt et al. (2008) highlight that the firm's ability to achieve both short-term targets and long-
term benefits is contingent on the success of involving suppliers in product development. This
reviewed case studies reflects that the predisposition to timely engage with suppliers provides
valuable inputs for products design and manufacturing planning that mitigates future risks

throughout the product lifecycle.

The concept of “orientation” refers to the guiding behaviour towards a given phenomenon or
philosophy, and research has shown an important role in the implementations on the supply
chain management domain. For example, going back to the literature review of the previous
chapter, Eng (2005) found that a firm’s cross-functional orientation is a critical factor in
achieving customer satisfaction and supply chain responsiveness. The synthesis in this
chapter suggests a similar narrative: that cultivating collaborative orientation is instrumental

for the adoption of DfSC principles.

Yet, fostering a collaborative orientation appears to be subject to another important
mechanism: organisational culture. According to Liu et al. (2010) organisational culture
could be categorised in relation to their orientation towards competing values and beliefs, such
as internal or external focus. Some studies confirm that organisational culture has an impact
in supply chain integration (Dadzie et al., 2017; Ganbold et al., 2017). Hence, it was
considered relevant to acknowledge the role of organisational culture in the orientation

towards DfSC principles in the reviewed cases.

Organisational culture encapsulates a range of norms and behaviours, for instance how
information is shared, and decisions are made within the teams involved in the NPD projects.
Mottonen et al. (2009) illustrate how cultural differences impact the implementation of DfSC,
hinting at challenges posed by changes in the organisations. These changes entail a culture
of adaptability and learning for successful communication. Equally, May et al. (2000)
understood that cultural shits and organisational restructuring towards collaboration would be
required before the implementation of their proposed system. To sum up, the case presented
in Vayvay and Cruz-Cunha (2016) shows how increasing the joint activities between the
different participants in NPD projects shifted the embedded culture towards openness and
support. This transformation allowed the case company to rapidly adapt to technological

changes that characterise the semiconductor industry.
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The cultural transformation of organisations is not, by its own nature, an easy process. As
point out by Khan and Creazza (2009), the fear of losing control over their processes
particularly in smaller organisations can be a significant impediment to embracing a culture
that promotes collaborative orientation. There is a need for a conscious strategy for this
transformation to happen, a planning that is based in other mechanisms such as knowledge
creation and leverage the created learning. Therefore, strategy planning is, yet, another

underlying mechanism that impacts successful DfSC interventions.

Strategic planning in the realm of NPD is paramount for guiding the intricate network of
activities and decisions that lead to successful product launches. This sentiment is echoed by
Ellram and Stanley (2008), which asserted the benefits of integrating strategic cost
management with 3-DCE principles for a deeper understanding of cost drivers and a value
chain analysis, underscoring the strategic nature of cross-functional teams and supplier
development in NPD activities. The challenge, however, as identified by Tuli and Shankar
(2015), lies in establishing and maintaining governance mechanisms that foster collaboration.
Particularly, they mentioned the need to create collaborative databases for joint benchmarking
efforts. The role of strategic planning is thus not only to steer the project but also bridge the
gaps between various stakeholders, including suppliers, as demonstrated by Lee and Kim’s
(2011) on the significance of supplier capabilities and relationships in strategic decision-

making.

Likewise, Boardman and Clegg (2001) describes the “us and them” syndrome, which presents
a friction mechanism towards DfSC thinking that strategic planning must address. They argue
that the incorporation of holistic thinking and constant promulgation of lessons learned can
mitigate such challenges, reinforcing the efficacy of strategic reviews and mature internal
processes. Sharifi et al. (2013) further elaborate on this mentality and struggles to align diverse
functional responsibilities. Particularly, in SMEs that tend to overestimate their own ability to
deal with potential supply chain problems, which, if not strategically managed, can derail the
NPD process. In conclusion, the research synthesis underscores that strategic planning in
NPD projects is not merely about setting objectives but rather anticipating and mitigating

challenges.

The "us and them” syndrome encapsulates a recurring theme of this synthesis, that is the
existence of perception asymmetries or mismatches in understanding project objectives.
There are many trade-offs to consider in NPD projects: from balancing cost, quality,
development speed, innovation, and risk, or focusing on the current market demands versus
future opportunities. Furthermore, aligning all stakeholders on how these trade-offs are

managed as well as their understanding of the concepts can lead to diverting priorities and
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potential conflict or inefficiencies. Hence, understanding and closing perception gaps in the
development of new products is an essential mechanism for incorporation DfSC principles.
For instance, in the Golrizgashti et al. (2022) study, product variety was seen by some
departments as a source of differentiation and value, but for other as a source of complexity
and cost, underscoring an important gap around what constitutes cost or value in product

development decisions.

Another significant mismatch arises from the distinct perception of capabilities. Companies
may underestimate or overestimate a supplier’s ability to contribute to the project, leading to
gaps in expectations and outcomes. Mello et al. (2017) and Mikkelsen and Johnsen (2019)
provide clear evidence of the impacts of perception asymmetries. Mello et al. (2017) highlight
how reluctance to acknowledge capability limitations or to communicate errors can erode trust
over time. On the other hand, Mikkelsen and Johnsen (2019) demonstrate the disparities in
partners’ perceptions regarding the strategic significance of various investment cycle stages.
Additionally, Zsidisn and Smith (2005) offer an interesting contribution to this discussion. They
argue that mismatches in the partners’ perception of supply chain risk constitute a potential
friction point. In sum, distinct interpretations or estimations of threats related to cost, quality,
or delivery, as well as different reactions to change and leadership issues can potentially

cause serious disruptions to NPD projects.

Building on this synthesis, it becomes evident that in the context of DfSC interventions,
addressing perception asymmetries requires strategic planning to change organisational
culture and cultivate a collaborative orientation. These four mechanisms identified in this
section are essential in guiding the successful adoption of DfSC interventions. However, their
implementation is complex, involving persistent efforts to navigate its intricacies and
interdependencies. Beyond these four, additional underlying mechanisms, initially introduced
in Table 3-D and depicted in Figure 3.5, play a significant role in determining the success of
these interventions. As the discussion transitions to the final section of the Research
Synthesis, the interdependencies between these mechanisms are explored, employing a Soft-
Systems approach. This will lead to the proposal of a roadmap for DfSC implementation, which

forms the conceptual framework of this Thesis.
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Figure 3.5 — Emerging mechanisms from the Research Synthesis

3.6.2 A Roadmap for DfSC implementation

The fundamental conclusion from the review of selected case studies is that the successful
implementation of DfSC is a complex process, where a substantial number of friction
mechanisms are activated. The framing of this problem as a system approach can assist
organisations in their pursuit for the understanding of the interdependence between these
mechanisms. Boardman (1995) captures this sentiment, recognising in a system the concept
of hierarchy that is characterised by different levels of complexity within the system, and the
concept of boundary, which relates to the limits of the systems under consideration. The
process of uncovering the underlying mechanisms in this Research Synthesis is in a way a

form of boundary construction in systems thinking.

This resonates with the near-decomposability idea of Simon’s (1969) science of the artificial.
By using Sarasvathy (2003) paper to explain this idea, it states that a complex system should
be constructed as a ‘box-within-boxes’ form. That is, one should decompose the whole system
into hierarchies, semi-independent components corresponding to its many functional parts. In
a nearly decomposable system, each component subsystem is approximately intendent to the
other components in the short run, this is important because it provides a level of specialisation
and for a specific problem a solution can be focus on a single component. In the long run the
behaviour of any one of the components depends in only an aggregate way on the behaviour
of the other components, meaning that you cannot eliminate any of the components of the
system, and a complete description of the system is necessary for theory building. In fact, this
need to synthesise and analyse the complexity behind DfSC implementation is at the core of

the design-science research strategy of this Thesis, presented in Chapter 6.
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Checkland (2000) proposed a Soft-Systems methodology, which is a form of human activity
systems thinking that assumes the word as a learning system. The process is characterised
by activities such as rich picture building, which involves making drawings to indicate the many
elements in the complex system. According to Checkland and Poulter (2020) the purpose of
this method is to learn about a situation, create activity models to ask questions and ultimately
finding desirable and feasible changes. Two of the reviewed articles from this synthesis
employed similar methods to structure their case problem (Mello et al., 2017; Boardman and
Clegg, 2001).

Drawing from this methodology, Clegg (2007) developed a technique, labelled process
oriented holonic (PrOH) modelling, for real-life application of systems thinking in business
process design. The name originates from the term “holon”, or a part of a larger system,
described by Clegg and Shaw (2008, p. 449) as a model of a human activity system (e.g. a
business process) that contains all the fundamental systems thinking principles. The
advantage of using PrOH modelling is that addresses the inherent insufficiencies of soft to
explain the relationships between sub-systems, by building holonic descriptions from lower-
level systems to higher-level models. Those descriptions allow the researcher to create a

storyboard that can be re-interpreted, and re-contextualised by the relevant stakeholders.

In this case, the storyboard structures the identified mechanisms into a roadmap for DfSC
implementation that will be validated in the ensuing research activities. The proposed model,

which constitutes the conceptual framework of the Thesis, is depicted in Figure 3.6.

Boardman (1995) proposed a soft-systems framework that consists on the following concepts:
partness, wholeness, emergence, and hierarchy. The PrOH modelling proposed by Clegg and
Shaw (2008) incorporate some of these concepts, such as resource entities and activity
descriptions represented within graphical templates. Albeit they build a holarchies rather than
hierarchies, meaning that they avoid a top-down, reductionist view of systems and embrace a
more interconnected and emergent view. Each element of the proposed framework exists in
abstraction to fulfil the purpose of DfSC embeddedness into NPD projects, starting from a
place where DfSC was not yet implemented. Thus, the holonic template was employed to

organise and illustrate this roadmap.

The individual resources of the system are the underlying mechanisms uncovered in the
review synthesis, with the four previously explained mechanisms playing a pivotal role in the
system. The emergence refers to the behaviours or feedback loops that emerge from the
interactions within the systems, as represented in the connected arrows. While the holarchies
are represented by the different layers. For instance, collaborative orientation is observed at

a lower level of organisational culture with trust mechanisms completing the sub-system.
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Nevertheless, each resource exists in abstract, that is, it exhibits properties that cannot be

omitted from the conceptual framework.
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Figure 3.6 — A proposed roadmap for DfSC implementation

Organisational culture, as illustrated by Liu et al. (2010), shapes the company’s values and
beliefs. Nested within those is the concept of collaboration orientation which, as pointed out
by Patel (2013) and Eslami and Melander (2019), is essential for successful DfSC
implementations. Completing this hierarchical structure are the trust mechanisms, which act

as enablers for a collaborative orientation.

Trust, as discussed by Fawcett et al. (2012), is a catalyst to building and sustaining
collaborative relationships. The cases of Ates et al (2015) and Eisto et al. (2010) demonstrate
how trust is essential for effective collaboration, leading to successful NPD outcomes. As
highlighted by Lee and Kim (2011), without trust, the potential of collaborative orientation and
its position effect in implementing DfSC in NPD project would remain unrealised. Ultimately,
Caridi et al. (2017) and DeCampos et al. (2022) suggest that building trusts requires both
partners to understand the benefits, risks and costs of the collaboration. Hence, the

emergence of an interaction between trust mechanisms and incentive structures.
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Fawcett et al. (2012, p. 172) advocate that collaborative trust require partners to share risks
and rewards and that partners’ needs are taken into account in the decision-making process.
Yet, despite this requirement for trust-based relationships, they found that organisations do
not actually cultivate such incentive structures. For instance, in the reviewed cases, Mello et
al. (2017) established that understanding partners’ needs is not sufficient, contractual
arrangements that warrant risk-sharing should be re-thought to encourage collaborative
working. Moreover, Hald and Nordio (2021) advocate for the creation of joint reward structures
internally and with suppliers. They argue that often internal misalignments of those structures

originate frictions that produce considerable setbacks in the project.

The existing power dynamics are a conditional factor to the relationships between the
participants in NPD projects. The effects of power dynamics on trust and organisational culture
are well documented. Ireland and Webb (2007) promote balancing trust with power, however
Pulles et al. (2014) yield that the interplay between the two is often more complex than
expected. Moreover, power can shape and reinforce organisational culture by influencing the
values and behaviours that are rewarded or punished, with Cadden et al. (2013) stating that
values such as organisational empathy and accountability can help to mitigate the effects of

power imbalances between organisations.

In the synthesis, Khan and Creazza (2009) demonstrate the effects of these power dynamics
in fostering collaboration, particularly with smaller organisations fearing loss of control over
their processes. In this case, these power dynamics act as a barrier to collaboration.
Conversely, Vayvay and Cruz-Cunha (2016) shows an organisation whose dependency to a
limited number of raw material suppliers promote the development of strong partnerships and
collaboration. Golrizgashti et al. (2022) recognise that a marginalised voice in the decision-
making process, can lead to suboptimal implications in the product lifecycle. Hence, despite
the existing power dynamics, balancing the diverse voices involved in the NPD team should

be a priority.

Strategic planning is another one of the key underlying mechanisms identified in the system.
This strategic approach is crucial in orchestrating the complex interplay of activities and
decisions essential for successful product development. This planning process, underscored
by Ellram and Stanley (2008), involves formulating clear plans that strengthen suppliers’
capabilities, incorporating existing knowledge within the project. Therefore, inside this
dimension three other mechanisms play integral roles: communication systems, knowledge
pools and leverage learning. These parts, each significant in its own right, interconnect to

contribute to the overall success of the intervention.
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Communication systems, as a part of strategic planning, act as conduits for the flow of ideas
and decisions in NPD projects. May et al. (2000) highlight how these systems, particularly
computer-supported platforms, support collaborative working between product development
team members. Similarly, Boardman and Clegg (2001) underscores the necessity of
transparent and efficient communication for overcoming organisational barriers. This aligns
with Mottonen et al. (2009) insights on the necessity of standardised communication systems
for effective product development projects. Moreover, these systems allow for the creation of
knowledge pools, another key mechanism under strategic planning. These essentially
guarantee accessibility to a common understanding of capabilities and objectives present
within the project. Lastly, applying the knowledge from one project to the next is critical to
enhance the strategic and operational capabilities of the organisation involved. This
mechanism, as illustrated by Khan and Creazza (2009) and Parmigani et al. (2022), underlines
the implications of not developing fine-grained routines for sustaining strategic capabilities.
Therefore, in this context, strategic planning is about cultivating an environment where

learning, communication, and knowledge sharing are seamlessly integrated.

Fundamentally, this synthesis shows that the implementation of DfSC in NPD projects is
intrinsically dependent of capturing, understanding, and closing perception gaps, both
functional and organisational. This would not be possible without a strategic plan that
cultivates the learned environment, previously described. Conversely, this endeavour is
needed to promote behavioural change in the organisational culture, leading to greater
collaboration. This mechanism is intertwined with the degree of visibility of supply chain risks
and uncertainty throughout the product lifecycle. That is, the stakeholders involved in NPD

projects should understand the future impact that their decisions have on the supply chain.

Sharifi et al. (2006, 2013) provide compelling cases where perception gaps stem from limited
visibility of potential supply chain disruptions. They elucidate the challenges posed by a lack
of pre-emptive consideration of supply chain design. The absence of a clear understanding of
supply chain implications, compounded by an adversarial relationship with suppliers, and
overestimation of organisations capabilities, exacerbated the perception gaps. Here, it is clear
that visibility into future supply chain problems and a lifecycle view towards product

development can mitigate these asymmetries.

In this research synthesis, the cases examined highlight the emergence of frictions or
disruptions. These are typically triggered by the limited understanding of perception
asymmetries. For instance, the creation of functional guidelines that overlook their impact on
other design areas, as noted by Johansson and Johansson (2006), or the inconsistencies in

how firms engage with suppliers on a project basis (Van Echtelt et al., 2008). As such, the
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significance of his perception mechanism, along with its connection to the other components
of the suggested roadmap, is clearly demonstrated. Consequently, the focus of the
forthcoming research work is to grasp and design a solution to close the perception gaps in
product development, in the journey towards embedding DfSC behaviours. To this end,
Chapter 6 presented a scenario-based experiment to pinpoint these perception asymmetries
within the original 3-DCE concept. Following this, Chapter 7 proposes a gamified version of

the scenario, serving as a tool to effectively address these gaps.

3.7 Anticipating the Next Chapter

Soft-Systems methodologies are applied in a broad range of areas, from organisational
structure to policy assessment (Mello et al., 2017). In this chapter it was used to guide the
debate of DfSC implementation using a structured model to identify its underlying mechanisms
so that actions can be taken. Therefore, despite the alignment with Design Science Research,
it is important to note that this is not the overall research methodology used to solve the
research problem. As stated by Checkland and Scholes (1999), this approach facilitates the
improving of perceptions about the problems, which is at the core of the overall approach
taken in this Thesis. In fact, the proposed conceptual framework is used to guide this research

towards tacking the perception gaps inherent in NPD projects.

Ultimately, this research synthesis developed a conceptual framework that, largely,
encourages organisations to address the diverse perspectives, leading to a shared
understanding of the product development process. In short, the synthesis demonstrated that
comprehending the decision-making behaviour of the actors involved is critical for the success
of intervention that aim to the incorporation of DfSC principles in product development.
Therefore, well-established theories of organisational behaviour are needed to explain those

behaviour, as discussed in the ensuing chapter.

4 THEORECTICAL PERSPECTIVE

4.1 Overview

Thus far, this research has asserted that grasping managerial decision-making behaviour in
relation to the adoption of DfSC principles equip organisations with useful insights to effectively
integrate these principles into their routine activities. In fact, the proposed conceptual
framework underscores the importance of identifying and addressing perception asymmetries,
both within functional domains and across organisations. Consequently, the aim of this chapter
is to identify well-established theories of organisational behaviour that can enrich this research

and emerge as a fitting theoretical foundation for addressing the research problem at hand.
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The chapter is structured into two parts. The following section engages with a set of well-
established theories of organisational behaviour in the field of Operations & Supply Chain
Management (O&SCM) that can be applied to understand how individuals behave in
operational settings, with the aim of identifying the most pertinent theoretical approach for
tackling the research question. The final section elaborates on the pragmatic application of
boundary objects and serves as an effective theoretical lens to facilitate the practical and
political adoption of DfSC principles. Moreover, this final section highlights how a Design
Science Research (DSR) strategy enhances the development of the proposed boundary

object, setting a solid foundation for the forthcoming Research Methodology chapter.

4.2 Forms of Theory

A theory contribution is at the core of academic research. The development of concepts and
ideas that are rooted on “a systematic body of knowledge grounded in empirical evidence”
and can be confirmed, refined or contradicted is an essential element of the academic work
(Saunders et al., 2023, pp. 47-50). Influential works from Whetten (1989), Sutton and Staw
(1995) or Weick (1995a) shaped the forms of making a solid theoretical contribution.

In the field of organisational sciences, Whetten (1989) argues that a complete theory should
likely influence the area of interest by containing four essential elements. The first element are
the concepts that the theory examines. The second element are the relationships among those
concepts. The third element seeks to justify those relationships. The fourth element regards
the context in which this theory applies. These elements are better summarised with the
following questions: 1) “what are the concepts that the theory examines”; 2) “how are these
concepts related”; 3) “why are the concepts related”; 4) “who does this theory apply to / where

and when does this theory apply” (Saunders et al., 2023, p. 49).

Sutton and Straw (1995) offer another important contribution to theory building by defining
what theory is not. They argue that references, data, variables, diagrams, and hypotheses do
not constitute theory. In fact, the authors argue that to produce strong theories academics are
required to focus on a small set of conceptual statements and build a logically detailed cases
that is both simple and interconnected. Ultimately, their perspective is that strong theories

need to reach the underlying mechanisms for the particular phenomena that they study.

Conversely, Weick (1995a) complicates this debate stating that theory is a complex and
nuanced process that is often uncompleted. Taking a closer look at this process, he (Weick,
1995a, p. 389) writes that “theorising consists of activities like abstracting, generalising,
relating, selecting, explaining, synthesising, and idealising”. The main argument is that a
complete theory is unlikely to be developed in a single manuscript, and that the process of

theorising should be shared in the organisational science field.
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A recent article from Cornelissen et al. (2021) understands that despite the previous definitions
of theory as an explanation for set of relationships is valuable, there are distinct forms of
theoretical contributions. However, they argue that conceptualisation is the building block for
all these forms. Conceptualisation consists of an activity that frames a “topic” that exists in the
real world in terms of a theoretical “resource”. For instance, the study of concurrent
engineering adoption through the lens of operational behaviour. In short, the different forms of
“theorising” relate to the distinct ways researchers achieve the integration between topic and

theoretical resources.

Cornelissen et al. (2021) identified three forms of theorising. The first form is a more traditional
style, branded explanatory theorising concerned with identifying and exploring the underlying
processes and structures. The second form is a more pragmatic style, branded interpretive
theorising that should read into the context of the topic. The third form refers a more political
style, branded as emancipatory theorising, which is concerned with bringing critical forces
upon ideals and values in theory and practice. Again, regardless of their distinctions the
authors advocate for pluralism in the forms of theorising. They defend that different forms are
rotted in different aims and knowledge interests that can lead to better research and

broadened usefulness.

Maintaining a pragmatic approach to the research problem, the theoretical style of this thesis
is an interpretive one. As such, the aim of this section is to identify opportunities for knowledge
development from operational behaviour theories in O&SCM. The ensuing subsection
provides an argument for the need of understanding organisational behaviour, followed by
briefly acknowledging the theories that were considered to support a pragmatic approach to

boundary objects as tools for developing the suitable theoretical perspective.
4.3 Theories of Organisational Behaviour in SCM

4.3.1 The case for including a Behavioural Perspective

Previously, this research has expressed that its primary focus is to solve the research problem
as the examination of decision-making processes through the lens of decision-making
behaviour. Organisational behaviour, as a subject of academic interest, as a rich history of
interdisciplinary research domains that examine the influence of individual and group
behaviour on organisational performance, decision-making paradigms and team dynamics
(Buchanan and Huczynski, 2019; DuBrin, 2013).

Within the broader field of management science, several seminal works have underscored the
importance of organisational behaviour. For instance, Forrester’s (1965) pioneering work

advocated for a new type of enterprise, leveraging then-contemporary electronic technologies
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to enhance information flows that allowed behavioural changes. With similar importance, Kurt
Lewin contributed to the wide range of social and organisational interventions on
organisational change (Burnes and Bargal, 2017). Additionally, Woodward (1994) conducted
studies in multiple British industries on the interrelationships among organisational structure

and behaviour, particularly aligning process manufacturing to structural characteristics.

Miner (2006) highlights the essential theories pertinent to organisational decision-making,
from Simon and March’s administrative behaviour and organisations theory, Cyert and
March’s behavioural theory of the firm, March’s theory of organisational learning, and Weick’s
theory of organisational sensemaking. Central to Simon and March’s (2015) theory are
variables such as motivation, group behaviour including intergroup conflict, and leadership
dynamics. Cohen (2007) indicates that Cyert and March’s behavioural theory of the firm, as
articulated in 1963, represents a culmination of Simon’s seminal work, incorporating elements
of bounded rationality, goal formation, expectations and choice, alongside mechanisms for
learning and conflict resolution. Similarly, Miner (2006) interprets March’s organisational
learning as “in fact another extrapolation from his behavioural theory of the firm”. Particularly,
focusing on the dynamics of rules that regulate individual behaviour, their interactions with
other inside the firm, as well as retaining organisational lessons learned from past experiences
(Miner, 2015). Furthermore, Miner (2006, p. 87) describes Weick’s sensemaking theory as
diverging into a distinct “world” within the domain of organisational decision-making, a theory

that will be covered later on in this chapter.

Moving towards the context of concurrent engineering, Haque et al. (2003) assert that
understanding organisational behaviour is crucial for managing and improving the overlapping
tasks and dynamics of the collaborative effort. In fact, their analysis proceeds to identify that
the root cause for difficulties or problems in the collaborative effort steam from missing
organisational behaviour information. For them, organisational behaviour is intertwined with

individual and organisational response to change.

In a similar fashion, Collins and Browning (2019) explored the transfer and implementation of
process improvement programs through the organisational behaviour literature stream. They
conducted an in-depth field study and examined how the engineers experienced the change
message and which of those factors impeded implementation. They cite several human
behaviour factors as a primary reason for failure in process improvement implementation, with
particular emphasis in creating a culture for change. A framework for successful
implementation was then developed, drawing upon Levin’s (1951) three-phase change
sequence of unfreeze, change, and refreeze. Their framework, depicted in Figure 4.1,

establishes the need to reduce conflicting environmental interpretations, adjust tailored
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principles to new context, reduce distant believes to close perception gaps between symbolic

and substantive success.
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Figure 4.1 — Organisational Behaviour factors impacting process improvement programmes
sourced from Collins and Browning (2019)

Inspired by the theoretical contributions of Haque et al. (2003) and Collins and Browning
(2019), it becomes apparent that the successful application of DfSC principles in product
development contexts is predicated upon a sound foundation of organisational behaviour
theory. Subsequence sections will investigate established theories that align with this

conceptual orientation.

4.3.2 Sensemaking Theory

As previously mentioned, Weick’s organisational sensemaking is regarded by Miner (2006, p.
91) as a controversial and intricate theory of organisational decision-making. Distinct from
other theories of organisational behaviour, Weick asserts that organisational actions often
precede goal formulation. He underscores the importance of understanding small groups
within the organisation as a critical element in comprehending broader organisational
behaviour. Thus, Weick (1995b) endeavours to provide a bridge between the small-group level
to the organisation by emphasising the need to grasp coordinated actions alongside the
intersubjective understandings of the people within the organisation, with the aim of minimising
the loss of these shared understandings. Miner (2006) reviews this approach, highlighting the
necessity for a reconciliation processes, achievable through well-established routines and
action patterns, as well as through continuous communication activities within the

organisation.
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A growing body of research drawing on sensemaking theory has been established in O&SCM
(Comes et al., 2020; Skowronski et al., 2020; Wang et al., 2019; Bendoly, 2016; Gralla et al.,
2016). In the sensemaking process, individuals or organisational members, seek to clarify and
“make sense” from cues in their environment, based on past experience with similar cues, and
through which they take appropriate actions that continue to generate This theoretical

proposition by Weick (2005; 1995b) is also referred to enacted sensemaking.

Sensemaking and problem-solving are deeply interconnected. In fact, the iterative process of
problem formulation and the unidirectional process of sensemaking, where the actions taken
produce new cues that modify the initial state, are based on similar self-reinforcing learning
cycles (Maitlis and Christianson, 2014; Rudolph et al., 2009). Moreover, sensemaking does
not functions in isolation but rather is influenced by emerging coordination structures and

fluctuating information flows, as highlighted in Figure 4.2 from Comes et al. (2020).

The stream of information shapes the ongoing decision-making processes and by, extension,
the coordination structures, and roles within an organisation. As a result, organisations are
required to adapt and continuously collect new information. Hence, enacted sensemaking is
not just a mechanism for action but a dynamic cycle involving the formulation of priorities,
mandates, and responsibilities (Comes et al., 2020, p. 2487). The cycle depicted in Figure 4.2

captures this ongoing interplay between sensemaking processes and decision-making.
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Figure 4.2 — Cycle of Sensemaking
sourced from Comes et al. (2020)

According to Gralla et al. (2016), the application of sensemaking is particularly useful to solve
urgent and ill-defined O&SCM problems. In such scenarios, goals and constraints are
ambiguous, and actions must be both formulated and executed swiftly. This is notably evident
in humanitarian response settings. Also, Wang et al. (2019) argue for sensemaking in contexts
where organisational members encounter new and unexpected situations, especially where
the tangible benefits are unclear, as in the case of adoption of new disruptive technologies.
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For these reasons, sensemaking theoretical concepts appear to be a reasonable avenue to
explore the incorporation of DfSC principles into managerial decision-making. However,
Sandberg and Tsoukas (2015), in their critical review on the sensemaking perspective, point
to important limitations. An important limitation for this research is the exclusive focus behind
disruptive episodes over more mundane. It is worth remembering that the adoption of
concurrent engineering is a well-established practice with routine activities between the
members of the project. Hence, a distinct theory to understand and modify the behaviour of

organisational members could be better suited in the proposed research problem.

All'in all, Weick (1995b, p. 110) explains sensemaking as a “cue within a frame, not the cue
or the frame alone”, signifying that sensemaking is rooted equally in internal aspects of
individual reasoning and in the external factors that shape the sensemaking processes.
Showronski et al. (2020) further elucidate this by explaining how published narratives, whether

in popular or academic literature, exert a substantial influence on individual perceptions.

As mentioned in the literature review chapter, there exists a plethora of publications highlight
the tangible benefits of 3-DCE with detailed models for its successful adoption. Hence, viewed
through the lens of sensemaking theory and based on these existing narratives, the
implementation of similar principles should, theoretically, already be a well-embedded
practice, as is the case with concurrent engineering. The observation, in Chapter 3, of the
struggles of adopting DfSC principles, appears to suggest that an alternative theoretical
perspective is required to untangle the complex behavioural decision-making that restrain their

implementation.

4.3.3 Prospect Theory

Prospect theory, originally formulated by Kahneman and Tversky (1979), serves as a pivotal
framework for understanding individual risk-taking behaviour within the context of decision-
making processes that involve both gains and losses. The findings of prospect theory support
the claim that people exhibit “loss aversion”, meaning that they are more sensitive to losses
than to equivalent gains, often leading to behaviours that seek to minimise such losses relative
to a reference point (Hoskisson et al., 2017). As described in Chapter 3 of this thesis, the
successful incorporation of DfSC principles is critically shaped by underlying mechanisms
such as functional trade-offs and accurate risk visualisation. Therefore, this theory which
describes how individual decision-makers select between alternatives that involve risk and

conflicting behavioural biases could provide a solid basis for addressing the research problem.

Developed as a counterpoint to Expected Utility theory in decision making, prospect theory
features an S-shaped utility curve that encapsulates complex risk-taking behaviours (Shimizu,
2007). In this curve, the concave section represents risk-averse disposition when faced with
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potential gains, while its steeper convex section represents a tendency for risk-seeking when
confronted with potential losses. An illustration for this is provided by Collman (2015, p. 608),
who describes experimental data from Tversky and Khaneman to reveal that 84% of
undergraduate students opted for a certain gain of $240 over a gamble with a 25% change of
gaining nothing, this manifesting risk aversion for gains. Conversely, 87% of the same
students favoured a gamble that posed a 75% change of losing $1000 over and a 25% change
of avoiding any loss, over a certain loss of 7509, thereby revealing risk-seeking tendencies

when faced with potential losses.

Craighead et al. (2020) point out that prospect theory is well-suited for explaining supply chain
decisions under uncertainty, such as those taken during and after the COVID-pandemic.
Consistent with this theory, supply chain managers are more likely to make risk-seeking
choices when confronted with situations involving potential losses, particularly during a
pandemic where the losses can be enormous. In these circumstances, Craighead et al. (2020)
underscore the role of positive and negative frames. They argue that “the use of lose frames
may be warranted to galvanise managers to take the aggressive actions necessary to combat
a pandemic’s extreme effects” (2020, p. 856). Similarly, the consideration of different frames
can influence managerial behaviour for inter-organisational and functional cooperation. For
instance, describing the potential supply chain costs that the organisations can incur if cross-

collaboration is not achieved.

Nonetheless, while prospect theory appears to be well suited to explain the adoption of DfSC
principles in an isolated project, its fit for the research scope of this thesis may be less
straightforward. In fact, when considering the broader research focus, namely the embedment
of supply chain design into the behavioural rationale of team members engaged in product
development projects, a more tacit explanation is due. However, this theory has been found
applicability in O&SCM mainly to study specific phenomena, such as buyer abusive behaviour
(Kim et al., 2022), optimal inventory decisions (Bai et al., 2021; Schultz et al., 2018), or
consumer acceptance of remanufactured products (Wang and Hazen, 2016). So, to capitalise
on the strengths of this theory to explain decision-making processes under uncertainty, and in
alignment with recommendations from Craigstead et al (2020) and Wang and Hazen (2016),
Chapter Six of this thesis will employ a vignette-based experiment to assess the behavioural

perceptions of decision-makers in product development.

4.3.4 Theory of Planned Behaviour

The problem of adopting new practices can be investigated through the lens of the theory of
planned behaviour (TPB). A theoretical endeavour by Fishbein and Ajzen (1985, 1991) to

predict and explain human behaviour. The theory postulates that individuals hold salient
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beliefs that determine their intentions and actions. These beliefs are distinguished as
behavioural beliefs that influence attitudes towards the behaviour, normative beliefs that
constitute the underlying mechanisms for subjective norms, and control beliefs that are the
basis of perceptions of behavioural control (Ajzen, 1991, p. 189). The evolution of the theory
has led to a dual conceptualisation of normative beliefs, distinguishing between injunctive
norms, which reflect what individuals perceive as appropriate societal behaviour, and
descriptive norms, which capture what individuals perceive other are actually doing (Gold,
2011).

This theory extends their (Fishbein and Ajzen, 1977) original theory of reasoned action (TRA)
by adding perceived behavioural control, this enabling prediction to be made of actions that
are not entirely within one’s conscious control. Fishbein and Ajzen (2011) proposed a further
extension to TPB by incorporating background factors into the model. These are a multitude
of variables that can potentially influence people’s beliefs. Notably, these factors are not
identified by the theory but rather by the examined behaviour, giving a contextual dimension
to the theory. In fact, different backgrounds can form different beliefs with respect to one
behaviour but the same with respect to another. The schematic representation of this new
theory dubbed Reasoned Action Approach is depicted in Figure 4.3. All in all, at the core level
the TPB and its variants seek to distinguish the individual beliefs and background factors to

design effective behavioural interventions to perform the practice of interest.
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Figure 4.3 — Reasoned Action Approach model
sourced from Fishbein and Ajzen (2011)
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The TPB is an instrumental theoretical framework for understanding behavioural intentions at
the individual level, with background factors shaping the individual intentions in distinct ways
towards the behaviour of interest. Its overall proposition is that human behaviour can be best
predicted from a person’s intentions. This theoretical model has garnered widespread
attention in various domains. For instance, in the domain of information technology studies
have explored consumer intent to use personal computers (Venkatesh et al., 2003, 2012) or
engage in online-baking (Yousafzai et al., 2010). Likewise, this theoretical model was modified
to analyse environmental consciousness among managers (Mancha and Yoder, 2015;
Cordano and Frieze, 2000). Straatmann et al. (2018) extended its applicability to
organisational change, suggesting that change-supportive behaviours are largely dependent
on the employees’ behavioural intentions regarding the required changes. Next, in the field of
O&SCM, Arellano et al. (2021) utilised TPB to investigate the factors that drive operation

managers commitment to adopt new operational practices.

In essence, the TPB framework has proven its efficacy and versatility to explain the central
role of behavioural intentions in guiding operational practices adoption. By considering 3-DCE
as an operational practice to be implemented by individual members of a team, this theory
might offer explanations about the intentions of managers and those individuals involved in
the NPD project to adopt 3-DCE principles in the first place. As mentioned above, Arellano et
al. (2021) show that managers have individual and multidimensional belief configurations that
often contribute to their engagement towards implementation of new concepts. From a fsQCA
(fuzzy set qualitative comparative analysis) they categorised different profiles of highly
committed managers regarding practice adoption as Followers, Pragmatist and Reformers.
Table 4-A presents the descriptive analysis of the three categories from Arellano et al. (2021)
and Netland et al. (2021).

Table 4-A: The belief profiles for high levels of practice adoption commitment,
adapted from Netland et al. (2021) and Arellano et al. (2021)

Type of Main Exhibited oy Quotation from Netland et.
. . Description
Profile Beliefs (2021)
Primarily motivated by “This is modern production best
Normative beliefs | external pressures both practice. We have come a short
(Legitimacy- injunctive (coercive way in our journey (...) but the
. s fi il I . Th
related beliefs) pressures) and descriptive benefits will undoubtedly come. The
Followers . S working environment is changing
Control beliefs norms (mimetic pressures) o ] )
] ] . ) visibly, and attitudes are changing
(self-efficacy- but confident in their own too. | have litlle doubt that all this
related beliefs) abilities to adopt the new work will pay off in the long term.”
practice.
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Primarily concerned with “The new corporate  boards

the value and the fit of the required us to get rid of the old. But
this is no problem; we can place our

Control beliefs given practice. They have a
Pragmatists | (efficacy-related utilitarian approach to old figure on our new boards. This
. . way, we achieve renewed visibility
beliefs) supporting change as

and support for my strategy and can

potential gains for the team boost performance further.”

and/or for them.

Primarily driven by a desire | “Improvement with or without the

to improve operations as corporate  board template is
honestly the same. We would have

Behavioural

beliefs (belief in _ .
gi ) they believe that change is
iscrepancy i . -
Reformers . necessary and, further, that done it anyway. We come up with a
Control beliefs . project idea and work it out.”
] they possess the skills and
(self-efficacy- .
) knowledge required to
related beliefs) ) )
implement the new practice.

Likewise, adopting a TPB perspective to categorise managerial beliefs towards DfSC
principles could improve its implementation process. The merit of such categorisation lies in
the insights these categories provide into the different ways managers approach such
concepts across various departments or organisations. Specifically, exploring the perceived
attitudes and intentions that managers have towards the core dimensions of product, process
and supply chain design could help understand the varying levels of readiness different teams
or organisations have for the incorporation of DfSC. Armed with this understanding,
organisations involved in the NPD projects could devise bespoke adoption strategies to meet
the unique needs of their teams. This perspective will be revisited in Chapter 9, in which the

results and contributions of this research work is discussed in detail..

For now, however, the focus remains on the research aim of facilitating the practical
incorporation of a DfSC behaviour among the team members engaged in NPD projects.
Earlier, it was highlighted the essential role of cross-functional integration for successful
implementation of these principles. Consequently, relying solely on a theory like TPB, that
primarily explains behavioural at an individual level, seems insufficient to achieve this broader
aim. Subsequently, a complementary theoretical tool is required, one that transcends

individual beliefs and focus on ways to foster interconnectivity among team members.

4.3.5 Boundary Object Theory

The concept of boundary object can be traced to Star and Griesemer (1989), as they sought
to balance heterogeneity and cooperation in a team. These objects “allow different groups to
work together without consensus” (Star, 2010, p. 602), as they are “plastic enough to adapt to

local needs and constraints of the several parties employing them, yet robust enough to
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maintain a common identity across sites” (Star, 1989, p. 46). Consequently, the concept of
boundary objects in theory has been employed by researchers across different disciplines as

a mechanism for communication (LindI6f, 2014).

Of particular relevance to NPD projects is the work of Carlile (2002, 2004), exploring the role
of boundary objects in managing and transforming knowledge across different functions like
engineering, marketing and production. Effective boundary objects possess both practical and
political attributes, whose applicability is context dependent. On the practical side, these
objects establish a shared language that enables individuals to represent their knowledge
while specifying differences and dependencies at functional intersections. On the political
front, the deployment of boundary objects creates a process of transforming embedded ideas
from each function into new forms of knowledge capable of resolving the negative
consequences within the changing process. Types of tools that Carlile (2002) identifies as
pragmatic boundary objects include visual and computational models, such as sketches,
mock-ups or computer simulations as well as organisational maps, such as process maps,
workflow matrices or Gantt charts, all of which serve to clarify the interdependencies between

different cross-functional objectives and project outcomes.

The approach to boundaries rotted in Carlile (2002, 2004) assumes a pragmatic process of
transformation set on understanding the differences, dependencies and novelty of the
generated knowledge. Furthermore, this approach recognises the importance of pragmatic
capacity. That is, the need to build common ground for the object to have the capacity to
represent the novel knowledge. This perspective requires significant practical and political
effort but is well-suited for the DSR strategy of this Thesis. Carlile (2004, p. 563) developed a
framework to support the design of effective boundary objects, so that the common knowledge

is generated and transmitted across boundaries, as illustrated by Figure 4.4.
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Figure 4.4 — Framework for Pragmatic Boundary Capability
sourced from Carlile (2004)

Recently, Fabbe-Costes et al. (2020) employed a boundary objects perspective to examine
the usefulness and value of supply chain (SC) mapping. They recall that the function of the
SC map as a boundary object is to overcome syntactic, semantic, and pragmatic boundaries.
To them, SC map is a systems of boundary objects, socially constructed to represent “an
enacted common ground for coordinating the groups’ work in absence of consensus” (2020,
p. 1480). Their study of Renault Group’s outbound SC map finds that this map has
characteristics of a syntactic boundary object, as it eases communication for their common
lexicon. However, they are not considered an efficient boundary object, since the map does
not clearly reflect the different stakes investigated in the focus group. From this study, Fabbe-
Costes et al. (2020) derives an important proposition: encourage a pluralist and participative

approach to boundary object development, where no voice is louder than others.

Norman and Prataviera (2023) added their support for the increased need of effective
boundary objects to face the challenges of cross-functional decision making. Their insights
from a case where an organisation implemented a novel boundary object to improve the
communication of tax implications across strategic, architectural and execution boundaries
show its capability to create a common ground where “risks can be minimised and compliance
maximised”. However, a word of caution is owed regarding the successful outcome of these
objects; although they may facilitate collaboration in some contexts, given their paradoxical
nature they can constitute roadblocks in others (Oswick and Robertson, 2009; Carlile, 2002).
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4.4 Deployment of Boundary Objects to solve the Research Problem

4.4.1 Artefact design and Gamification debate

Within the context of Design Science Research (DSR), which is set to be expanded in the
following chapter, the employment boundary objects as artefacts emerges as a particularly
appropriate approach for addressing the complex challenges, such as facilitating the
embedding of DfSC behaviour. The adoption of artefacts as problem-solving tools can be
traced back to Simon’s (1969) seminal work on the creation of the artificial. Such an approach
sets DSR apart from methodologies like action research, as outline by Holmstrom et al. (2009).
Van Aken (2004, p. 226) eloquently emphasises the role of artefacts, indicating that they
should be a “representation of a system or process to be realised”. Like boundary objects is

the advancement of these artefact to be functional tools for professionals.

Building on this premise, Naim and Gosling (2022) advocate for the “V-model” conceptualised
by Stevens (1998, p. 8) as an exemplar for artefact development. Cavalieri and Pezzotta
(2012) describes this model as a sequence of steps in a product development process.
Beginning with requirements and system specification, these elements are broken down into
individual parts and represented on the left side of the “V”. The right side is then dedicated to
the integration and verification of these parts. Carlile’s (2004) boundary object development
framework parallels this, endorsing an interactive approach that follows a V-diagram. Figure
4.5 provides a visual representation of the necessity of designing artefacts that effectively

bridge the intricate boundaries that span the 3-DCE model.
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Figure 4.5 — Using Pragmatic Boundary Capability to connect 3-DCE dimensions
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Recently, Wiegmann et al. (2023) illustrated the application of DSR in developing prescriptive
knowledge for social-political work in the Dutch Geothermal Energy (GE) niche. Central to
their approach was the deployment of boundary objects to translate knowledge between
research and practice. In the context of DSR, they distinguish between two levels of boundary
objects: design principles and design solutions. The former, design principles, serve to
structure knowledge into generic solutions which are relevant for relatively broad context. On
the other hand, design solutions draw on such principles to apply this knowledge to a specific
context where the field problem occurs. In the case example, Wiegmann et al. (2023) crafted
CIMO-based design principles by synthesising existing articles on the methods of socio-
political work within niches and refining these findings in light of the Dutch GE context,
achieved through semi-structured interviews and extensive analyses of relevant documents.
Their work culminated on an evidence-based self-assessment tool; a design solution
developed to facilitate the application of the knowledge embodied in the design principles. In
practice, this solution clarifies the stakeholders involved in the niche network, pinpoints the
activities of social-political work that can be undertaken and evaluates the perceived

performance of each activity.

Likewise, the “Powertrain Game” emerges as a design solution, drawing from the underlying
mechanisms of DfSC implementation delineated in Chapter 3’s Research Synthesis and
corroborated by the scenario-based experiment in Chapter 6. The purpose of the design
solution is twofold: First, the participants will have an individual understanding of the
consequences their decisions for product, process, and supply chain designs. This can help
managers identify their own behavioural beliefs towards these concepts. Second, to spark the
debate within and across the organisations involved in the NPD project about their cross-
functional integration needs. This can allow the development of bespoke strategies for team
and partner selection in NPD projects. In sum, drawing from the TPB, this boundary object

offers a solution to the problem of embedding DfSC into teams involved in NPD projects.

Games can serve as a powerful boundary object, seamlessly integrating diverse functional
voices and fostering consensus aligned with the 3-DCE approach. In a related way, Sydelko
et al. (2023) introduced a board game to facilitate the design of a collaborative interagency
organisation. Conducted within a workshop setting, senior managers participated in this game
to co-design their interagency. According to this study, the game enabled inclusiveness of all
necessary perspectives, cultivating cross-agency learning as well as a shared understanding
of their intricate challenges. Similarly, Van Pelt et al. (2015) elucidate how game used as
boundary objects can bridge different social worlds, allowing participants to share experiences
and discuss lessons learned. Their findings reported changes in the participants’ perception

of uncertainties, underscoring its potential for enhancing science-practice communication.
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Following this line of thought, Whalen et al. (2018) argue that games serve as an appropriate
tool as facilitators of systems thinking. Such objects allow participants to think holistically,
recognising the importance of multiple actor perspectives when addressing issues such as
material criticality. Thus, these examples strengthen the rationale for developing the

“Powertrain Game” in the journey of enabling a DfSC behaviour.

4.4.2 Development path and Theoretical discourse

For the purpose of this Thesis, the research follows a design-oriented and theory informed
strategy for problem solving in organisations. The present subsection outlines the path from

artefact design towards theoretical discourse, rotted in a design-science paradigm.

The development path in DSR follows a Bunge’s logic of technological rule, that is “performing
a finite number of acts in a given order and within a given aim” (van Aken and Romme, 2009,
p. 8). The process of artefact designing in management fields, such as O&SCM, is referred by
Van Aken and Berends (2018) as social system design. The main characteristic of this
systems is the amount of realisation freedom of the actors in the system. In other words,
human agency plays a significant role in the artefact contributions towards real-world
solutions. That been said, Van Aken and Berends (2018) mentions tow redesign levels, the
first is a representation of the new formal system, while the second is an appropriation of the
system by the actors involved. Managing the second redesign involves intense communication
and persuasion from the designer to make their second redesign accord with the first. Finally,
since the artefact influences behaviours, dealing with political and ethical issues is a key part

of the design process for social systems.

In information systems research the balance between artefact design and theory in DSR is a
topic of ongoing debate (Baskerville et al., 2018; Gregor and Hevner, 2013). Baskerville et al.
(2018) understands that theory is embodied within the artefact, thus the dissemination of the
artefact is a vehicle for knowledge generation. This type of theoretical discourse is of a
prescriptive taxonomy, which emerges from a process of maturation in a body of knowledge
(Gregor and Hevner, 2013). According to Van Aken and Berends (2018, p. 232), in
management, “generic solutions are the end of DSR”. Specifically, the core of generalisation
in DSR is determined by the strength of the body of knowledge, presented to support the claim

and the rigour of the process of collecting this body of evidence.

The research paradigms that this thesis wants to address justifies a theoretical discourse
based on DSR. The research is driven by the problem of facilitating the incorporation of DfSC
behaviour in NPD projects. Hence, the artefact solution as the gamification of a scenario
comprised on decision around the 3-DCE concept is intertwined with both boundary object
theory and theory of planned behaviour.
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4.5 Anticipating the Next Chapter

The foundation of the research problem at hand lies in the diverse functional and
organisational voices in product development design decisions. This research work has
emphasised the importance of understanding the practical decision-making behaviour of
cross-functional teams in NPD projects. Therefore, this chapter necessarily maintains that an
organisational behaviour perspective is crucial for grounding the theoretical positioning of the
research. Specifically, the application of boundary object theory to facilitate cross-boundary
consensus among varied actors, alongside a theory of reasoned behaviour aimed at predicting

and explaining the individual behaviour behind these decisions.

The subsequent chapter argues that the adoption of a DSR strategy, rooted in a pragmatic
philosophical perspective to problem solving, as well as an addictive approach to theory
development is best positioned to translate the theoretical contributions into practical
solutions. The focus will be on designing an artefact-solution that incorporates DfSC principles,

with the aim of improving NPD outcomes.

5 RESEARCH METHODOLOGY

5.1 Overview

The purpose of this research is to facilitate the adoption of DfSC principles by focusing on
closing managerial perception gaps and enhancing the visualisation of supply chain
implications throughout the product lifecycle (PLC). Moving from the specific research
problem, this chapter explains the research methodology that guided this study and provides
a clear understanding of DSR as both a strategy for producing solution-oriented knowledge,

but also as a pragmatic philosophical approach for problem-solving.

The chapter starts with a general discussion of the importance of philosophical assumptions
in the research work, as well as the justification for the philosophical stance considered best
suitable to address the research problem. Afterwards, the fundamentals of the research
process lead towards the debate between relevance versus rigour in academic knowledge
generation. Then, the DSR strategy is expanded alongside examples in the Operations &
Supply Chain Management (O&SCM) literature and a proposed framework for the
implementation of this research strategy. Next, the adopted research methods are explained
in line with the previous framework, together with the data collection process and measures
implemented to ensure validity and reliability. Finally, the ethical considerations that govern
the research methodology are presented to conform with the agreed standards of good

practice in academic research.
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5.2 Philosophical Positioning

The philosophical assumptions of the researcher are a fundamental part of the research
strategy as they guide the way evidence is gathered and interpreted to respond to the research
questions. Huff (2009), for one, states that these assumptions are deeply rooted in the
researcher’s own experiences, its views about the problem at hand, as well as the scholarly
field in which the researcher inserted. Similarly, to assist researchers situate the philosophical
assumptions that inform their decisions, Creswell and Poth (2016) advises the researcher to
reflect on the perspectives and experiences that are brought towards the research process

and how those beliefs guide their actions.

Specifically, these beliefs are about the nature of reality, or ontological assumptions, what
constitutes acceptable knowledge, or epistemological assumptions, the values and ethics
within the research process, or axiological assumptions. Saunders et al. (2023) names
positivism, critical realism, interpretivism, postmodernism, and pragmatism as five major
philosophies in business and management. Table 5-A captures the assumptions and research

methods typically employed and the contribution of each of these philosophical approaches.

Table 5-A: Philosophical positions in management research
sourced from Saunders et al. (2023)
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The classic pragmatism paradigm was established by the work of Charles Pierce (1839-1914),
William James (1842-1910) and John Dewey (1859-1952), suggesting that “reality can and
should be changed through reason and action” (Kelemen and Rumens, 2008, p. 40;
Cherryholmes, 1992). Kelemen and Rumens (2008) point out that the central concern of
pragmatic research is on the usefulness of the generated knowledge, particularly on two
accounts. First, knowledge should be credible, well-founded, reliable, and relevant. Secondly,
the generated knowledge should help advance theory by improving the chances of solving the

research problem.

Furthermore, pragmatism is a research philosophy that focus on understanding social
relationships in various contexts. It is rooted in a social model of knowledge where truth is not
theoretical but practical, focusing on the impact that generated knowledge has on future
experiences (Elkjaer and Simpson, 2011). Pragmatic research challenges universalistic
assumptions, encouraging research to use various methods and strategies to handle situation
“situational indeterminacy” (Creswell and Poth, 2016; Kelemen and Rumens, 2008). However,
as stated by Saunders et al. (2023), this does not mean that multiple methods must be used,
pragmatists can choose methods that enable credibility and are well-founded with reliable
data. Pragmatic research also emphasises emancipatory ethics, in which pragmatists “have a
moral responsibility in presenting knowledge that has consequences for future applications”
(Kelemen and Rumens, 2008, p. 43). Finally, the pragmatic paradigm embodies rationality
with experiences, a recuring theme of this thesis where the aim is to better understand

behaviours and interrelationships that occur in the context of NPD projects.

5.3 Modes of Knowledge Generation

The next step to define the research strategy is to determine ways to generate knowledge.

Gibbons et al. (1994) wrote a manifesto where they proposed a new mode of knowledge
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generation. This new form was branded Mode 2 in contrast to the established form or Mode
1. As displayed in Table 5-B, Mode 2 goes from being governed by the academic context to
the context of application or shaped by a disciplinary approach to a transdisciplinary one. This
new form is to be characterised by heterogeneity, organised in heterarchical structures,

accounted by the researcher’s reflexibility, and controlled by multidimensional criteria.

Table 5-B: Mode 1 vs Mode 2 of Knowledge Generation

Mode 1 Mode 2
Governed by Academic Context Context of Application
Shaped by Disciplinary approach Transdisciplinarity approach
Characterised by Homogeneity Heterogeneity
Organised in Hierarchical structures Heterarchical structures
Accountability Autonomy Reflexivity
Quality control by Peer Review Multidimensional Criteria

The characteristics of Mode 2 knowledge generation emerge as a clear inclination for the
pragmatic paradigm. For instance, Hessels and van Lente (2008) argue that this mode allows
for the creation of a knowledge system that is “socially distributed” towards some practical
goal. Furthermore, research must be reflexive on the impacts that the knowledge creates on

all social actors.

However, some critics argue that scientific research cannot directly impose organisational
change (Kieser and Leiner, 2009; Godin, 1998). In a critique of Mode 2 research, Kieser and
Leiner (2009) expresses that because of the inherent differences between scientific and
practical systems, communication elements of one system cannot be authentically integrated
into the other, suggesting that researchers and practitioners can only provoke each other. That
is, they argue that types of Mode 2 research, such as Action Research, cannot possibly
succeed in producing research that is both rigorous and relevant. Contraposing, Hodgkinson
and Rousseau (2009) challenge this assertion by referencing Simon’s (1969) characterisation
of management as a science of the artificial, meaning the design of something human-made.
Thus, supporting the idea that a scientific system can in fact gain both quality and relevance
with a more practical orientation. Building on these insights, they advocate that a design
science perspective allows researchers to generate knowledge that acts as boundary objects

that narrow the communication gap between science and practice.
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The exploration of this pragmatic stance to knowledge generation led this Thesis towards a
Design Science Research (DSR) based on an abductive reasoning approach to design better
boundary objects that manage to bridge the gap between the tangible benefits of 3-DCE with

the struggle of practical DfSC implementation.

5.3.1 Abductive Reasoning Approach

Before delving into DSR as the selected research strategy, defining the logic of the research
inquiry is needed to explain the approach to knowledge development. The logic of abductive
reasoning is “known premises are used to generate testable conclusions” (Saunders et al.,
2023, p. 153). Contrary to the deductive approach where the research strategy starts by
testing a theory, or the inductive approach where the research starts by collecting data to build
theory, the abductive approach seeks to modify existing theory with additional data collection.
Adopting an abductive approach fits the research strategy, since DSR promotes the back and
forth between theory and data with generalisations being made from the interactions between

the specific and the general.

Furthermore, abductive reasoning gives the researcher flexibility to “suggest” general rules,
focusing on the particularities of the specific context rather than determining what conclusions
are generalisable (Kovacs and Spens, 2005). This is particularly useful in situations where
there is theoretical knowledge in place but limited capabilities to explain the practical
observations, such as in the research problem, where despite the considerable research
around the topic of 3-DCE its practical implementation is still lacking as seen in Chapter 3.

Figure 5.1 depicts the reasoning behind the abductive approach.
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Figure 5.1 — The abductive research process
sourced from Kovacs and Spens (2005, p. 139)
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5.4 A Design Science Research Strategy

5.4.1 A Hybrid mode of knowledge generation

The complexity and dynamism of O&SCM urges academics to develop new knowledge that
produces practical solutions supporting practitioners in their problem-solving efforts
(Holmstrém et al., 2009). With Governments and practitioners trying to build back more
resilient post-Covid 19 supply chains, academics are also called to create not just more
knowledge in the field, but knowledge that matters and that can make a difference (Knight et
al., 2022; Sharma et al., 2022).

The focus on managerial implications is nothing new in O&SCM research. Academics in this
field recognise that relationships in the field are more complex than simply claiming that ‘a
leads to b’ (Helmuth et al., 2015) as reminded during the pandemic. This complexity requires
a shift in research strategy and Van Aken (2004) calls for facing the relevance problem in
O&SCM research by using ‘design sciences” like engineering and medicine as an attractive
proposition. Design Science Research (DSR) is an approach that seeks to produce practical
solutions that improve the problem-solving process in the broad field of O&SCM (Holmstrom
et al., 2009). Van Aken (2005) supports the potential of DSR to create solution-oriented
knowledge that allows both the creation of good theories and relevant knowledge for

practitioners, urging O&SCM research to produce more solution-oriented knowledge.

The features of DSR are connected with Gibbons et al.’s (1994) proposal of Mode 2 research
as a research approach that focuses on transferring knowledge to different contexts, aiming
to create knowledge that can be used in designing solutions to field problems. It follows the
action research of Eden and Huxham (1996) and aims to create knowledge that can be used
in designing solutions. Van Aken's (2005) design science perspective emphasises the
importance of a transdisciplinary approach involving connections across disciplinary and
hierarchical boundaries. He also emphasises the importance of cross-case analyses and
improving communication with practitioners. Reflexivity is a key aspect of DSR, as it allows for
the transfer of general rules and solution concepts based on observable patterns of behaviour.
The quality of field testing determines the scientific rigour of DSR research, and its production

is judged by editors, reviewers, and academia, as well as its broader social impact.

Overall, despite moving closer to Mode 2 knowledge generation important features of Mode 1
research are not abandoned. In fact, DSR should be regarded as complementary to
explanatory research, having both descriptive/explanatory and design/testing components,
and the outcome validity should incorporate both explanations of the truth and effectiveness
of the design (Van Aken et al., 2016). Hence, DSR could be considered a hybrid mode of
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knowledge generation. Perhaps, DSR can be viewed as a Mode 1.5 of knowledge generation,
described by Huff (2000a, 2000b) to tackle the limitations of both modes.

5.4.2 Design Science position for theory building

In their discussion on the modes of knowledge generation, Hessels and van Lente (2008, p.
757) understands that scientific practice does not occur in either Mode 1 or 2 forms, rather
those are “extremes of a continuum” not “two mutually exclusive categories”. Likewise, DSR
positioning for knowledge generation appears in the continuum between “pure” explanatory
research and action research, as depicted in the figure fellow. As stated by Holmstrom et al.
(2009, p. 67) “design science is research that seeks to explore new solution alternatives to

solve problems, explain this explorative process and improve the problem-solving process”.
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Figure 5.2 — Positioning of DSR in the continuum of Knowledge Generation

Action research is described as the ‘science of the particular’. Researchers that pursue this
mode of research are concerned foremost with the implications of their research project. Eden
and Huxham (1996) indicates six outcome and process characteristics that represent this
strategy. Notably, the presentation of the research should be appropriate to the consumer and
their interpretation must contemplate the context of the intervention. However, they do warn
researchers to be aware of the key validity issues, and the design of methods must be related
to the theory. Their core point is that although action research is, by its very nature, an
experimentation that cannot be repeated in the same context, each intervention must draw

new knowledge and from that make emerge theories that go beyond the domain of the project.

There are some common ideas between DSR and action research, as proposed by Eden and
Huxham (1996). Both seek to intervene in a specific field problem, but ultimately move its
outcomes from the particular to the general. However, the formulation of Van Aken et al.
(2016) design propositions follows the so-called “CIMO” logic, as presented by Denyer et al.
(2008). This means that in DSR, an understanding of the initial case context (C) is needed, for
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which the design proposition suggests a certain intervention (1), to produce, through specified
generative mechanisms (M), the intended outcome (O). This logic has some parallels with

research strategies that employ middle-range theory (MRT) to generate knowledge.

According to Russo et al. (2021), “middle-range theorising produces a detailed narrative of
causal processes and the conditions under which those processes generate outcomes”. For
them, the main elements of this approach consist in using empirical evidence as to the starting
point to ground theory, providing a detailed casual narrative that links context with
mechanisms and outcomes. However, contrary to DSR, Stank et al. (2017) state that the
starting point for MRT is not necessarily empirical evidence. Knowledge may be deduced from
research that was originally motivated by general theory. General theories are framed in
abstract terms and intend to explain regularities (Pawson and Tilley, 1997), meaning that any
subject in a particular discipline can be explained through the lens of that theory. Those
general theories are critical if one needs to understand how the mechanisms work and conduct
rigorous research. As noted, “good” theory is crucial for any prescriptive research, as it is in
DSR, since accurate prescription can only be based on sound understanding. Without it,
researchers would most likely end up with incomplete solutions or counterproductive results
(Fawcett and Waller, 2011). Therefore, DSR can be viewed as a combination of the
explanatory power of MRT with the interventionist nature of action research while feeding on
established knowledge developed by general theories to create new design-orientated

knowledge. These interrelationships are represented in the Figure 5.3.
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Figure 5.3 — Theory Building in DSR strategy
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To defend a middle-range approach in supply chain management research, Stank et al. (2017)
reference Fawcett and Waller (2011, p. 5) call for “research that accurately and confidently
describes the world around us, explains how key relationships work, prescribes appropriate
strategy and behaviour, and sets the stage for further inquiry”. The belief when selecting DSR
as the appropriate research strategy of this Thesis was that given its characteristics, a design
science approach is best to allow both explanations regarding the underlying mechanisms of

3-DCE adoption, but also influence behavioural change in practical projects.
5.4.3 DSR in O&SCM research

Van Aken et al. (2016) offered advice on how researchers might approach DSR. They
advocate the natural approach should “analyse a problem, design a solution, develop in further
cycles of testing and redesign it” (2016, p. 2). Nevertheless, they avoid delineating specific
research methods for applying DSR, empathising that DSR serves more as a research
strategy rather than a concrete methodology. Hence, to identify a suitable framework for
applying DSR in this Thesis, a systematic literature review (SLR) of DSR in O&SCM research

was conducted.

The SLR followed the guidelines introduced by Tranfield et al. (2003), then adopted by other
authors (Matopoulos, Barros, et al., 2015; Seuring and Miller, 2008). Figure 5.4 explicitly
states the review process. This review included all articles published until the end of 2021 on
the databases illustrated in that figure. From a very early review, it was understood that a
significant number of articles referenced Hevner et al. (2004) and Peffers et al. (2014). Those
articles were removed from the final selection due to being from the Information Systems field.
To guarantee high quality of information and minimise errors, only scholarly peer-reviewed
articles written in English were included. A full analysis of the final 16 articles was conducted
to identify the main methods employed in DSR strategies in O&SCM, as well as the main
problems and opportunities that were tackled. The analysis of the selected articles can be

consulted in the Appendix of this Thesis.

110
F.S., PhD Thesis, Aston University, 2024



15t String:
“Design Science Research”
OR “Design Science

Review conducted on
December 2021

Approach” AND * Supply
Chain Management”
n > 3000
Databases: l
“Scopus Elsevier’; “Google i o
Scholar”; “Web of Science”; Ke ds: Inclusion criteria:
ywords: )
“Emerald Insight”; “IEEE “Supply Chain" OR “Logistics” . Employment of a DSR Strater,
Xplore” AND “Design Science + Focus on s_qlvmg a OSQM
Research” OR “Design Science problem or seizing an opportunity
| Approach” AND NOT “Hevner”
AND NOT “Peffers”
Leaving 139 articles
Exclusion criteria:
l « The content mentions DSR
without applying it;
E::slrrztgg l;yni;izr;;)f + The article aims to develop an
Full-articles analysis leaving 65 artifact related to the Information
- Description of the OSCM Systems field
problems & opportunities; l
+ CIMO logic framework; Read and analysed the full-
+ Technigues employed text available e
leaving 16

Figure 5.4 — Systematic Literature Review on DSR in O&SCM

The number of articles using a DSR strategy to solve real O&SCM problems. The use of DSR
frameworks is providing impactful intervention outcomes that are be grounded in existing
theory. Still, Van Aken et al. (2016) warned that using DSR requires particular effort on the
part of the research team. Moreover, the correct philosophical assumptions are critical for the
successful implementation of this strategy. Above, the argument for the selection of this

strategy in this research project was clearly established.

As expected, no fixed set of methods were identified in the reviewed studies that followed a
DSR strategy. Nevertheless, a significant number followed some combination of a literature
review on the topic at hand, complemented by a stage of in-depth interviews with participants
involved in the researched problem, and setting up some type of case research to field test
the designed intervention. Some of the selected articles elected to conduct collaborative
research under the umbrella of DSR (Wang et al., 2021; Akkermans et al., 2019; Chaudhuri
et al., 2013). Others did not label their methodology selection as DSR, but their research
strategy followed a design science philosophy (Messina et al., 2020). Most reviewed articles
only reported their field test in one context, raising concerns about generalisation or the validity
of their grounded technological rules. Particular exceptions are Wagner and Thakur-Weigold
(2018) who implemented their educational intervention for a period of three years in ten
different locations and Messina et al. (2020) who collected data from three different
organisations in from different sectors. However, it is important to note that the reality of

academic publication can lead to this outcome. For instance, the reviewed article of Kunz and
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van Wassenholve (2019) is the final part of a full DSR project that was first published

elsewhere (Kunz et al., 2015).

As discussed, the DSR strategy is particularly well-suited to devise scientific solutions for
problem solving. The main problems tackled in the reviewed articles can be defined as ill-
structured problems. Those are problems that are not encountered in the same form, for which
there is no definitive formulation, and their solutions are either good or bad based on their
unique outcomes (Wagner and Thakur-Weigold, 2018; Mintzberg et al., 1976). This finding is
consistent with Holmstrom et al.’s (2009, p. 67) understanding of design science, “which
specifically focuses on tackling ill-structured problems in a systematic manner”. In their journey
to solve these problems the researcher needs to address the underlying systems and

behaviours that led to the problem.

Therefore, the CIMO logic presents a valuable means for conducting DSR. Yet, distinguishing
between context and mechanisms is not straightforward. Well defined contexts and
mechanisms will help that the design interventions can produce the desire outcomes (Denyer
et al., 2008; Pawson and Tilley, 1997). However, this logic does not follow a fixed direction.
For instance, Akkermans et al. (2019) first reviewed the outcomes and then they analysed the
mechanisms when applying this logic. Their approach is aligned with Dunbar and Starbuck
(2006) claim that the designers should let themselves be surprised with the outcomes before
making any assumptions about the components of design. Furthermore, the context is not the
sector of activity but rather the dynamics that existed prior to the intervention and would be

changed by the former action on the mechanisms, as clearly shown by Reich et al. (2021).

Reich et al. (2021) designed an intervention by understanding the mechanisms, constructing
the design framework, field-testing, feedback, and refinement. Furthermore, Naim and Gosling
(2022) consider a systems approach to design science embracing methodological pluralism.
Adapting their views on DSR, a framework was developed based on the CIMO logic to
operationalise the research strategy in this Thesis. The framework consists of four pillars.
Starting with a reasoning approach for this type of research strategy. Then, the identification
of the context and mechanisms of the research problem. Followed by the development of an
artefact or design to solve the problem. Finally, the combined research findings are grounded
in technological rules or instructions for embedding DfSC behaviour into NPD projects. Figure

5.5 depicts the proposed research strategy framework.
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Figure 5.5 — Framework for DSR operationalisation

5.5 Operationalising DSR

The research methods to operationalise this research strategy were selected based on each
stage of the framework depicted in the figure above. The proposed solution for DSR strategy
works through an iterative-creative process, in which the researchers combine literature with
their observation in case contexts to prescribe propositions for practitioners (Busse et al.,
2017). Thus, the research strategy comprises different research methods structured in a multi-
stage format to address the complexity of 3-DCE in the pursuit for a solution to the research

problem.

Introduced in Chapter 3, the first stage comprises a comprehensive synthesis of case studies
related to the scope of this research that elucidate the mechanisms that trigger the research
problem, thus offering preliminary insights into RQ1. Simultaneously, Chapter 6 details a
vignette-based experiment founded on a product development scenario where variables
related to product, process and supply chain design decisions are manipulated. This
experimental approach enables the investigation of managerial perceptions of 3-DCE trade-

offs and their implications for decision-making.

Following this, the methodology enters the artefact design stage with the gamification of the
previous scenario. This stage is presented in Chapter 7, elaborating on how the gamified
elements shape the psychological experiences and states of the participants, thereby exerting
a direct impact on their behavioural decisions. In addition, two workshops were delivered

centred on both the initial scenario and its gamified counterpart.

The final stage of this research aims to extend or generalise its contributions beyond the
immediate context, targeting the advancement of a general theory for practical adoption.

Specifically, Chapter 8 proposes a revised roadmap for “Design for Supply Chain” implement
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and how organisations can embed such behaviours within their teams, which is posited as a

pivotal addition to the existing body of knowledge around 3-DCE research.

Next in this section, the rationale behind the selected research methods is explored,
delineating the general principles of each method. The specific details pertaining to the data
collection process, as well as assessments of reliability and validity, are presented within the

respective chapters.

5.56.1 Research Synthesis

The research synthesis is a systematic review methodology developed by Pawson (2002),
referred to as realist review. At its core, this method aims to focus on understanding the
mechanisms through which a programme or intervention works, as well as the contexts in
which it is successful or unsuccessful. The process is methodologically structured by Pawson
et al. (2006) into five key steps. The method starts by clarifying the scope of the review, which
frames the review question, refining the purpose of the review, and articulating the key
intervention to be implemented. Next, the searching for relevant evidence ensues, involving a
thorough search for evidence that contributes to the understanding of the intervention. Also,
the researcher involves appraising the quality of the evidence, meaning testing its relevance
and rigour. The fourth step is the synthesis and extraction of the findings, ensuring that they
resonate with the purpose of the review. Finally, drawing from these findings, the research
should provide actionable conclusions and recommendations. Emphasising its utility, Pawson

states that such reviews should be made relevant for decision-making.

Traditional systematic reviews and Pawson (2002)’s realist reviews bear differences in their
purpose. While the former aims for completeness and comprehensiveness, the latter adopts
search strategies designed specifically to make deliberate use of purposive sampling, aiming
to retrieve materials purposely to answer the specific research question. The appropriateness
of this type of review for a DSR strategy lies in its interactive or abductive reasoning, constantly
weaving between literature and the research problem. Denyer et al. (2008) capture this
argument, by emphasising that this approach is a valuable way of conducting literature
reviews, for their ability to integrate diverse information sources, thereby providing an effective

analysis of the interventions.

Despite its merits, conducting research synthesis is a challenging process. For instance,
Denyer et al. (2008) suggest that given the diversity or content and methodology in
management and organisation studies, achieving synthesis through aggregation can be a
daunting task. Nevertheless, drawing on Pawson (2006) key steps, Denyer and Tranfield
(2009) offer general guidelines to assist researchers in this task. The first step is to formulate
review questions using the CIMO logic. That means, identifying the aspects of an
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organisational setting that are of interest; defining the intervention of interest; to identify the
reasons that certain mechanisms are activated or not, and what are the relevant outcomes in
reference to the setting. They advise that the location of the studies needs to be reported in
some detail, reporting on the databases and Boolean logic for the searching process.
Furthermore, the criteria for inclusion and exclusion must be communicated. Finally, the
analysis step should provide a comprehensive summary of the studies, by cross tabulating

the studies and identifying key issues that emerge.

Moreover, there are different forms that have been developed to help research cope with this.
Rouseau et al. (2008) name four forms of research synthesis based on the aim, method, and
data required for the synthesis. The aim of synthesis by aggression is to combine effects to
increase sample size and reduce bias in answering specific questions. The aim of synthesis
by integration is to synthesise across different methods to answer specific questions and to
explore when interventions are more likely to succeed. The aim of synthesis by interpretation
is to synthesise and interpret research to build higher-order constructs, including patterns of

social construction. The aim of synthesis by explanation is to create explanations and generate

theory. Table 5-C presents these forms including their strengths and weaknesses.

Table 5-C: Forms of Research Synthesis
adapted from Rousseau et al. (2008, pp. 492, 493)

F.S., PhD Thesis, Aston University, 2024

Synthesis by | Goal Method Data Strengths Weaknesses

Aggregation Predict Combination of Published Minimal Not useful in
intervention primary studies and method bias, | complex/
results; unpublished precise, diverse
Reduce bias studies systematic, contexts

replicable

Integration Explore the Triangulation, Typically Highlights Difficult to
appropriate Reviewer published promising replicate
contexts of an | judgment studies interventions
intervention

Interpretation | Create Compilation of Published Takes context | Coding relies
tentative studies, studies with into account, on reviewer
theories of transform qualitative using multiple | skills
the existing data on the qualitative
phenomena concepts into subject studies

new categories

Explanation Generate Discern patterns | Multiple forms | Pragmatic Highly

theory behind of evidence focus on why | dependent
accepted and where
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explanatory interventions | on reviewer
claims lead to skills

outcomes

The research synthesis conducted in Chapter 3 to uncover the underlying mechanisms of
DfSC implementation follows mainly a synthesis by interpretation. That is, a process of
reinterpretation of the existing case studies in the pursuit of a new understanding of the
challenges and requirements for the successful implementation of similar practices to the
proposed DfSC concept. An illustrative example of this type of synthesis is Campbell et al.
(2003). They conducted a meta-ethnographic analysis in health research, that preserves the
interpretive qualities of the original data, still leading to an extension of the studies’ findings.
Similarly, this review analysed different case studies in NPD projects with different purposes,
extending the original qualitative data to grasp the pivotal mechanisms for the effective

introduction such behaviours in organisations.

The primary goal of the research synthesis was to propose roadmap for DfSC implementation,
thereby establishing the conceptual framework that underpins this Thesis. To organise the
underlying mechanisms into this proposed roadmap, a Soft-Systems Methodology (SSM) was
employed. Specifically, the holonic template of the PrOH modelling technique were used for
this purpose. Echoing the research synthesis by interpretation, Clegg and Shaw (2008) state
that enrichment or re-interpretation is an essential property of this method. Furthermore, the
construction of a PrOH model follows a process orientated philosophy similar to the DSR
strategy. In essence, this approach encompasses defining a process objective, gathering, and

enriching the data, then implementing changes that improve the original process.

In conclusion, Checkland and Poulter (2020) endorse SSM as an effective approach to unravel
complex, “messy situations” across various contexts. This endorsement underlines the soft
system’s capacity to facilitate learning that guides practitioners towards behavioural change.
Hence, the utilisation of a SSM technique to construct the conceptual framework aligns with
the objectives of this research. The effectiveness and applicability of this framework will

subsequently be affirmed through the upcoming research stages.

5.5.2 Scenario-Based Experiment

The conceptual framework, in the research synthesis, underscores the importance of grasping
the perception asymmetries of the individuals involved in product development projects.
Hence, the next phase of the DSR strategy is to conduct a vignette or scenario-based
experiment. Rungtusanatham et al. (2011) supports that these experiments are particularly
well suited to understand how and why managers, when dealing with complex issues, form
their judgments and behaviours that impact their decision-making processes. This method
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introduces an event or scenario to the participants while manipulating the variables the
research aims to study. In this research the manipulated variables are the three dimensions
of the 3-DCE model. Eckerd et al. (2020) warn that any manipulation of different scenarios
should be realistic, therefore there is a clear connection between the use of this technique and

realistic evaluation goals.

Lonati et al. (2018) offers a constructive criticism for experiment research, particularly by
identifying the several threats to internal and statistical validity. Foremost, they doubt the ability
of experiment research, such as vignettes, to determine if the decision-making of its
respondents would translate into real actions. For one, they argue that participants often make
decisions that have no real-world consequences. Likewise, they stress the importance of
considering demand effects, those are “changes in behaviour by experimental subjects due to
cues about what constitutes appropriate behaviour” (Zizzo, 2010, p. 75). In other words, the
effects where participants change their behaviour based on what they believe the researcher

wants to see.

Nevertheless, Lonati et al. (2018) concede that researchers can mitigate demand effects by
using non-consequential manipulation checks conducted after the measurement of the main
experimental outcome. Furthermore, researchers should make an effort to improve realism
and avoid confusing the participants. In practice, what they are saying is when conducting a
vignette study, researchers must correctly design their experiments and take into

consideration the best practices and their trade-offs (Eckerd et al., 2020).

Eckerd et al. (2020) suggest addressing the challenges raised by Lonati et al. (2018) by
applying the appropriate experimental methodology for the specific research question. In
terms of designing a scenario-based experiment, the scenario needs to contain the essential
information for the participants to understand the context, to avoid the participant to project
their own experiences or prior knowledge to fill in the gaps. Regarding the effective
manipulation of the variables, they advocate to keep the different treatments as similar as
possible, while making the manipulations salient to the participants. They referenced Sommer
et al. (2020) as a well-designed research experiment: they kept the research context as
simple, they provided live feedback to enhance the realism process, and they clearly justify
the target population. Eckerd et al. (2020) recommend reading Rungtusanatham et al. (2011)

for further guidance on the best practices for conducting a vignette study,

Rungtusanatham et al. (2011) constructed a three-stage method for designing and validating
a scenario-based vignette. Their work has influenced researchers that used scenario-based
techniques (Mena et al., 2020; Wiedmer et al., 2020; Murfield et al., 2016). This research will
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consider this method for the design of the vignette of the Powertrain Scenario. Figure 5.6

illustrates the stages and their connections.

Pre-Design Stage — Design Stage — Post-Design Stage
“Information-Gathering" "Structured Creative-Writing” "Vignette Validation™
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Figure 5.6 — Stages of Scenario-based Experiment design
sourced from Rungtusanatham et al. (2011)

In the pre-design stage, the researcher needs to collect information on the topic that will be
investigated, as in the theoretical design of evaluation research. In this phase, the researcher
will establish familiarity that will resonate with the subjects of the experiment. The literature

review on the topics addressed in Chapter 2 was critical to gain this familiarity.

In this stage, the researcher needs to understand how it will measure the results of the vignette
experiment. Rungtusanatham et al. (2011) advised researchers to consult other academic in
the relevant field that employed the same type of experimental studies. Following this advice,
some studies that employed scenario-based experiments in O&SCM research were explored
to determine how to treat the manipulated variables in the Powertrain scenario. Table 5-D

summarises the consu