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Abstract

While Virtual Reality (VR) is recognized as a promising technology for design
reviews, virtual prototyping and cross-functional collaboration, many manu-
facturing companies struggle to move beyond pilots and isolated use. A pro-
cess on the adoption of VR is lacking, stemming from organizational know-
how, process changes, and technology integration into existing systems. Prior
research often treats these people, process and technology dimensions sepa-
rately and offers limited insight into how adoption unfolds in practice over
time. Therefore, the purpose of this thesis is to facilitate the adoption of VR
technology into the New Product Development (NPD) process by holistically
considering the dimensions of people, process, and technology. The research
is based on two retrospective multiple case studies in two large manufacturing
companies in the automotive and heavy vehicle industries. Empirical data was
collected through a survey, semi-structured interviews, internal documents,
observations and informal discussions. This resulted in the study of VR adop-
tion at multiple organizational levels (e.g. strategic, tactical, and operational)
explored among three appended papers and this thesis.

The findings show that challenges related to VR adoption primarily concern
misalignments between people, process and technology across strategic, tac-
tical and operational levels. Identified challenges include a lack of clear own-
ership and roles, dependence on key users, lack of time to prepare VR and
standardized ways of working, unstructured VR use in the NPD process, cum-
bersome workflow surrounding VR software, and demanding VR preparation
and data handling. To address these challenges, the thesis identifies seven mit-
igations, including establishing dedicated facilitators and key user roles, se-
curing management commitment, establishing ownership of Virtual Reality
work, strengthening vertical alignment, reducing data complexity and plan-
ning VR adoption as a staged, long-term maturity process.

Overall, the thesis contributes a holistic, process-oriented, multi-organiza-
tional level understanding of VR adoption in NPD processes and provides em-
pirically driven guidance on how to design and steer VR adoption towards
sustained, value-adding use in manufacturing. Additionally, this thesis makes
theoretical contributions by investigating VR adoption through a multi-organ-
izational understanding of people, process, and technology dimensions,
thereby uncovering new challenges and mitigations. A VR adoption process
is also identified, bridging the gap between initial adoption and mature adop-
tion and a roadmap for VR adoption is presented, compiling a combination of
vital VR adoption variables, which had been previously presented as
standalone in literature.
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Sammanfattning

Virtuell verklighet (Eng: VR) ar idag erkidnt som en lovande teknik for
designgranskningar, virtuell prototypframtagning och tvirfunktionellt
samarbete 1 tillverkningsindustrin. Trots detta upplever manga
tillverkningsfoéretag utmaningar att, utéver i pilotprojekt och isolerad
anviandning, utnyttja VR. En process for VR-inférande saknas, vilket hérror
fran organisatorisk kunskap, processforidndringar och teknikintegration i
befintliga system. Tidigare forskning inom VR har hitintills oftast behandlat
aspekterna kring méanniskan, process och teknik separat och erbjuder darfor
begransad insikt i hur inférande utvecklas i praktiken 6ver tid. Dérfor ar syftet
med denna avhandling att underldtta inférandet av VR i
produktutvecklingsprocessen genom dimensionerna: ménniskan, processer
och teknologi. Avhandling dr baserad pd tvd retrospektiva fallstudier
genomforda pa tva stora tillverkningsforetag inom fordonsindustri. Empirisk
data samlades in genom en enkét, semistrukturerade intervjuer, interna
dokument, observationer och informella diskussioner. Detta resulterade i1 en
studie av implementering av VR pé flera organisatoriska nivaer (t. ex.
Stategisk, taktisk och operativ) som utforskades bland tre bifogade artiklar och
denna avhandling.

Resultat visar sig att de samtliga utmaningar vid VR inforande framst géller
skillnader i bristfélligt samspel mellan méanniskor, processer och teknik pa
strategiska, taktiska och operativa nivaer. Foljande utmaningar vid inférandet
av VR identifierades: brist pa tydligt dgarskap, brist pa tydliga roller,
personberoende knutet till nyckelanviandare, brist pa tid att forbereda sig for
VR och standardiserade arbetssétt, icke standardiserade arbetssitt i
produktutvecklingsprocessen, krangligt arbetsflode kring VR-programvara,
kridvande forberedelsearbete samt omfattande datahantering. For att hantera
dessa utmaningar identifierade denna avhandling sju &thérder: etablera
dedikerade facilatorer och viktiga nyckelanvéndarroller, sékra ledningens
engagemang, ectablera &dgarskap for VR-arbete, stirka den vertikala
anpassningen, minska datakomplexiteten och etablering av en etappvis och
langsiktig mognadsprocess for inférande av VR.

Sammantaget bidrar avhandlingen med en flernivd- och processorienterad
forstaelse av inforande av VR i produktutvecklingsprocessen samt ger
empiriskt driven véigledning for hur VR initiativ kan utformas och styras mot
en hallbar och virdeskapande anvédndning inom tillverkningsindustrin.
Dessutom bidrar denna avhandling med teoretiska bidrag genom att undersoka
inférande av VR genom ett ménniska-, process- och teknikperspektiv, och
dirigenom avsldja nya utmaningar och begrinsningar. En VR-
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inférandesprocess identifieras ocksa, som Overbryggar klyftan mellan initial
inférande och mogen inférande, och en fardplan for VR-inférandesprocessen
presenteras, some sammanstiller en kombination av viktiga VR-
inforandesvariabler, vilka tidigare presenteras som fristdende i litteraturen.
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1 Introduction

This section presents the research background, the problem statement, the re-
search purpose and research questions, and the scope of this thesis.

1.1 Background

Customer demands are changing in today’s manufacturing market, evolving
toward convenience and digital interactions while increasingly emphasizing
environmental changes, to name a few (Lundin & Kindstrom, 2023;
McKinsey, 2021; Steward et al., 2019). To remain competitive, manufacturing
companies must reduce time-to-market (TTM) for new products, which re-
quires adapting the new product development (NPD) process to shorten the
time from design to market while maintaining product quality (Lyu et al.,
2022; Wu et al., 2020). A common approach includes integrated product de-
velopment (Kang et al., 2022). However, the need to continue to decrease
TTM brings new challenges to manufacturing companies. Virtual reality (VR)
may be one technology bringing new opportunities to the forefront that man-
ufacturers can harness to continue their strategic approaches toward decreased
TTM (Freitas et al., 2022; Soori et al., 2024). VR-related research has steadily
increased across multiple areas, such as automotive, engineering, construc-
tion, and heavy machinery industries (Jalo et al., 2022; Saghafian et al., 2021;
Ventura et al., 2020). VR adds value through an increased ability for decision-
making (Berg & Vance, 2017; Sekaran et al., 2021), improves workflow effi-
ciency thereby accelerating design processes (Wolfartsberger, 2019), and in-
creases product quality through increased fault detection in early design stages
of the product (Wolfartsberger, 2019).

To achieve these benefits, VR, like any technology, must be adopted into the
organization in a way that enables performance increases (Kim & Chung,
2017). Among other adoption variables, the process through which technology
is adopted is vital for achieving the desired outcome of the task. The adoption
process is a sequence of phases that a potential adopter of a technology passes
through before the acceptance of the technology (Rogers, 2003). This process
of adopting technology, including VR, into a manufacturing company takes
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time, requiring that the technology work technically as well as provide bene-
fits to the company (Le et al., 2023; Voss, 1992). Arguably, technology adop-
tion is simply the continued usage of technology due to the added benefits,
performance, and impact it creates.

Technology adoption is based on the performance increase and the added
value it brings (Kim & Chung, 2017). Three dimensions: people, process, and
technology, are described as important dimensions to consider during technol-
ogy adoption. The people dimension incorporates the human aspect, which is
a key element that manufacturing companies should manage to successfully
transition toward using a new technology (Kaasinen et al., 2020). The process
dimension relates to the NPD process, including underlying sub-processes and
work procedures as well as the changes to be made. The technology dimension
refers to the tools and technologies already in use at the organization as well
as new incoming technology.

Manufacturing companies are becoming increasingly aware of the potential
that VR has to offer. In one study, approximately 60% of manufacturers sur-
veyed reported being well aware of VR’s potential, yet nearly 60% had also
reported never using the technology (Jalo et al., 2022). Although the previ-
ously mentioned capabilities exist and are known, a process on the adoption
of VR technology is lacking, including organizational know-how (Saghafian
et al., 2021), process changes (Delgado et al., 2020), and technology integra-
tion into existing systems (Sekaran et al., 2021).

1.2 Problem Formulation

The adoption of VR technology consists of a myriad of intertwined factors,
such as the technology and its integration into existing infrastructure, different
stakeholders using the technology, and work procedures, further adding to the
complexity. The adoption of VR technology into the NPD process causes in-
compatibilities in systems that affect people’s workflow between them (Jalo
et al., 2022). Workflow and data management challenges remain a large chal-
lenge (Berg & Vance, 2017; Delgado et al., 2020), thereby leading to lower
perceived performance and value of capabilities that VR technology provides.
Continued uncertainty in capabilities and value (Jalo et al., 2022; Delgado et
al., 2020) leaves a gap in what manufacturers should be aiming for in order to
utilize VR technology efficiently.

A holistic view of the VR adoption process is lacking (Saghafian et al., 2021).
Adoption factors such as technology, stakeholders, work processes, and value
are often investigated separately in the literature. For instance, work con-
ducted from a process view focuses on value and work procedures. Choi et al.
(2015) categorized and correlated VR usages along the NPD process,
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suggested which usages give the most value. Some literature has focused on
step-by-step procedures to carry out VR for design validation purposes (Berg
& Vance, 2017; Ventura et al., 2020). Berg and Vance (2017) covered proce-
dures from fully mature VR teams whereas Ventura et al. (2020) suggested
procedures for preliminary adoption attempts, although they did not follow up
on or validate these procedures. The problem lies in the gap between the two
sides of adoption maturity examples. For example, Berg and Vance (2017)
generalized the workforce roles involved in the VR usage; however, they did
not include the strategic level or how adoption was achieved.

Regarding the people dimension, the literature focuses on challenges facing
management related to technology maturity, communication, and support for
coordination (Saghafian et al., 2021) or enablers related to top management
knowledge and first-hand experience with VR, availability of resources and
personnel for VR, and facilitation of the initial adoption (Jalo et al., 2022). Yet
from an adoption process view, both fall short in describing how to achieve
VR usage within the NPD process in the first place. Regarding the technology
dimension, Sekaran et al. (2021) focused on technology by discussing chal-
lenges involving the lack of interoperability, poor data management, and the
low degree of immersion achieved, but did not explore non-technology solu-
tions such as upskilling champions (main new technology users) or forming
organizational teams to combat these issues. As can be ascertained, no work
encapsulates a holistic view toward describing VR adoption through all three
dimensions (i.e., people, process, and technology). Thus, further exploration
is needed to fully knit these dimensions together.

1.3 Purpose and Research Questions

The purpose of this thesis is to facilitate the adoption of VR technology into
the NPD process by holistically considering the dimensions of people, pro-
cess, and technology.

RQ1: What are the challenges when adopting VR in the NPD process?

RQ2: How can the challenges when adopting VR in the NPD process be
mitigated?



1.4 Scope of the Licentiate Thesis

This thesis explores the adoption of VR in the NPD process, with a focus on
the manufacturing industry. In earlier studies, the subject focused on extended
reality (XR) integration. The subject of XR was eventually deemed to be too
broad of scope and not mature enough for adoption, mainly regarding the aug-
mented reality portion. Thus, studies were narrowed to VR specifically. Inte-
gration was eventually deemed too narrow and was expanded to implementa-
tion and even further to adoption. The scope and lens of adoption (Rogers,
2003) were taken into account not only for technology integration and imple-
mentation, but also for initiating decisions and confirmations at the beginning
and end of each adoption stage as well. This approach allows for a wider scope
of literature to be considered, which in turn matched the themes being uncov-
ered. The even wider scope of the diffusion of innovation (DOI) (Rogers,
2003) includes additional phases such as knowledge and persuasion. Although
these phases are relevant to the work, a detailed exploration and discussion lie
beyond the scope of this study and can be a matter for future research. Regard-
ing the NPD process, the focus in this study has been the intertwined product
development and production development processes. Thus, market research
and aftermarket portions have been excluded.

This thesis focuses on the adoption of VR in the NPD process, including the
people from different organizational levels involved in the change. The flow
of data before and after VR usage is also included; as such, this work does not
limit itself to the usage of VR technology, but extends to other departments in
the organization. Finally, the VR hardware and software are included in the
work, primarily in terms of how they affect the usage of VR technology. The
development of hardware and software is excluded and is treated as a static,
unchanging technology when considering its adoption.

1.5 Outline of the Thesis

The remainder of this thesis is organized as follows. Chapter 2: Theoretical
Framework describes the current research on the subject. Chapter 3: Research
Methodology presents the methods that this research followed and how the
research was conducted. Chapter 4: Summary of Appended Papers presents a
summary of papers included in this thesis, and Chapter 5: Adopting VR in the
NPD Process offers an analysis and summary of the results. Finally, Chapter
6: Discussion and Conclusion summarizes concluding remarks, contributions
to theory and practice, and limitations and avenues for future research.



2 Theoretical Framework

This chapter presents the theoretical framework for this research. The theo-
retical framework is divided into three parts central to this research: the NPD
process, adoption of technology into the NPD process, and the effective ap-
plication of VR into the NPD process.

2.1 New Product Development Process

The NPD process is defined as the sequence of steps or activities that an en-
terprise employs to conceive, design, and commercialize a product (Ulrich &
Eppinger, 2016). The NPD process is a critical component for manufacturing
organizations and has become a strategic entity to improve as it is directly
related to the overall organizational performance and, thus, success of a new
project. Methods to enhance the performance of the NPD process include stud-
ies to quicken the process (Miiller-Stewens & Moller, 2017) or to bring a new
product to scaled production, increase product quality while decreasing over-
all cost (Yang, 2019), and enhance environmental and sustainability factors
(Buchert et al., 2017; Delaney et al., 2022).

Figure 1 presents Ulrich and Eppinger’s (2016) NPD process. It consists of
several phases: planning, concept development, system-level design, detail
design, testing and refinement, and production ramp-up.

K\
X (%) Q N .O
% X S O
& & & & & P e
& & R \\o_’,\’ ~ ‘\\6 N RO
S & @ S S @ S T K

Q® ® o Q

Figure 1: NPD process and accompanying phases based on Ulrich & Eppinger
(2016)

Throughout the NPD process, the production development process is per-
formed in tandem. The NPD process and production development process are
integrated processes significantly dependent on each other and work toward
bringing a product to realization (Bellgran & Séfsten, 2010). Such cross-
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functional integration is vital as it has the potential to lead to many operational
performance benefits, such as cost, conformance, quality, design flexibility,
volume flexibility, development lead time, and product innovativeness
(Turkulainen & Ketokivi, 2011).

Production development refers to development and the operation of produc-
tion systems, whether new or existing ones. Production refers to the process
of producing products and services with support from different production
factors, such as labor, machinery, and raw materials (Bellgran & Séfsten,
2010). Thus, production is the process of producing the designed products at
scale. Among these two processes, several functions support the ongoing
work, including production engineering, quality, engineering material, pro-
cess development, and IT support (Gabrielsson, 2002). Product development
and production development have evolved to work simultaneously, where ac-
tivities are carried out in parallel (Ulrich & Eppinger, 2016). Thus, the phases
from the NPD process can also be used to describe the activities carried out
by production development stakeholders (Ulrich & Eppinger, 2016). Selected
NPD process phases are described further in Table 1 in terms of both product
development and production development activities.

Table 1: Description of product development and production development activities
based on Ulrich & Eppinger (2016).

NPD Pro-
cess Phase

Product development
activities

Production development
activities

Concept
development

Virtual product concepts are
generated and assessed. Afinal
product conceptis selected.

Initial production cost is
estimated based on virtual
product concepts.

System-level
design

Selected product concept is
further developed from a
sub-system view. A parts list of
the product is created.

Production and assembly
processes are elaborated (e.g.,
final assembly scheme).
Suppliers for key components
are investigated, and investment
cost is updated.

All parts of the product are
specified, and finalized drawings
with technical specifications are

Production process is defined
and necessary fixtures are
designed. The quality assurance

Detail . -
design made. process is defined, and the
g investment of equipment and
tools with a long lead time is
initiated.
Engineering prototypes are used Factory prototypes are used to
. to evaluate product functionality | verify and refine production
Testing and . . .
. and customer requirements. processes. Workforce is trained,
refinement

and quality assurance process is
tested.




2.1.1 Strategies to enhance NPD process competitiveness

Several approaches exist to restructure and enhance the NPD process, includ-
ing stage—gate process, front-loading (Thomke & Fujimoto, 2000), concurrent
engineering (Koufteros et al., 2001), lean product development (Salgado &
Dekkers, 2017), product platforms (Shamsuzzoha & Kekal, 2010), and addi-
tional hybrid approaches (Gomes, 2021), to name a few. These approaches
share similar purposes, including carrying out phases and activities in parallel,
creating interdisciplinary teams, integrating departments such as product de-
velopment and production to reduce NPD process lead time, and efficiently
utilizing resources. Ultimately, the approaches are found to be designed to-
ward specific parameters, including adaptability, flexibility, velocity, and in-
tegration (Gomes, 2021).

Perceived uncertainty on the market considerably influences an organization’s
structure and processes toward such integrated approaches (Sutcliffe &
Zaheer, 1998). Integrated product development is an approach to the NPD
process that integrates functions across the product lifecycle, such as product
development and production development. Integrated product development’s
approach steers different functions toward working more concurrently, such
as by involving production early in the NPD process. Early involvement gives
downstream participants input before decisions are finalized, enabling the
concurrent planning of product, process, and production, thereby addressing
manufacturability issues in the final design. This approach can significantly
speed up the production process development, whereas slow development can
negatively affect both the speed and quality of prototype development and
testing, which can lead to delays or repetitions of tests (Calantone, et al.,
2002).

To be successful, the approach requires integration, referring to an efficient
transfer of information across functions and the ability of the organization to
exploit such information (Galbraith, 1977). Such information channels must
be both established and deployed in an appropriate manner for such transfer
to occur (Daft & Macintosh, 1981). In relative terms, the timely and effective
transfer of product information (CAD data for example) from the NPD process
to the production development process is vital.

2.1.2 Complexities and mitigations of integrated product
development
The integrated product development approach creates new complexities in the

NPD process, especially in the management and coordination of the multitude
of stakeholders and the exchange of information. As previously mentioned,

7



the NPD process is no longer a single process, but a spliced process in which
functions across the product lifecycle work simultaneously. They are working
toward not only product development, but also production, quality, material
handling, process development, and IT support (Gabrielsson, 2002), leading
to a multitude of stakeholders and information to be considered. This context
leads to complexities, particularly in capturing and disseminating critical in-
formation to all necessary stakeholders (Idrees et al., 2023).

Integration by incorporating essential departments and stakeholders into the
early design phases greatly helps anticipate production concerns, enabling the
NPD projects to reach production, and thereby the market, faster (Kharub et
al., 2022). Boundary-spanning activities (interacting with stakeholders and
parties external to the team [Marrone, 2010, p. 914]) assist NPD process teams
in acquiring the needed resources, support, and guidance from external parties
(Carbonell, 2023). A key actor in boundary spanning is typically the project
manager, who receives and distributes information among intra-organiza-
tional actors (Jepsen, 2013). The project manager must guarantee that the in-
formation transferred is accurate and distributed to the right people. However,
intra-organizational actors increase during later NPD process phases, poten-
tially overloading the project manager with information. Additional chal-
lenges arise from spanning boundaries to other stakeholders, such as from one
NPD process team to other stakeholders in production, quality, service, etc.,
thereby creating further challenges, including identifying the specific stake-
holders, coordinating with them, identifying how they can help, and carrying
out the action (Edmondson & Nembhard, 2009). Once all stakeholders have
been identified and included, project managers then face challenges on how
to effectively respond to and resolve conflicting issues posed by all those in-
cluded (Barrane, et al., 2021), particularly as their issues may be in conflict
and, ultimately, need to be prioritized (Driessen & Hillebrand, 2012). Never-
theless, the adoption of integrated product development leads to competitive
advantages (Morash, et al., 1997). Some mitigations to these challenges in-
clude the acknowledgment of stakeholder issues, coordination mechanisms
such as written instructions or checklists, the use of multiple prioritization
principles, and the engagement of NPD process checkpoints (Driessen &
Hillebrand, 2013).

Traditional approaches to mitigating problems arising from boundary span-
ning, particularly between product development and production, include the
use of design for x (DFx) tools. DFx tools act as a set of guidelines and aid in
integrating requirements from other departments (e.g., production develop-
ment) into early design phases. DFx tools cover a vast range of usages, such
as design-for-assembly (DFA), -manufacturing (DFM), -maintainability, -ser-
viceability, and -quality, to name a few (Benabdellah, et al., 2019). More re-
cent design tools have emerged to incorporate the environment as well, such
8



as design-for-environment, -sustainability, and -remanufacture (Benabdellah,
et al., 2019). Overall, DFx tools enable more predictable products to better
meet customer needs, ensure a quicker and smoother transition to manufactur-
ing, and produce a lower total life-cycle cost (Kuo, et al., 2001).

DFA and DFM (more commonly known as DFMA) involve designing prod-
ucts with ease of assembly and manufacturing in mind. This practice focuses
on reducing the number of parts, simplifying assembly processes, and mini-
mizing the need for specialized tools or equipment. By prioritizing DFMA,
companies can lower production costs (Benabdellah, et al., 2019) as the tool
leads to fewer production delays, reduced waste, and higher overall product
quality. These tools are used between concept development and the later detail
design phase, although most studies on the subject have been conducted on
simple products (Formentini, et al., 2022) due to the noted challenge of utiliz-
ing DFMA on large complex assemblies, which require much more data for
such analysis. Thus, these tools are typically applied to product sub-systems
(sub-assemblies). The typical uses of DFMA during concept development in-
clude identifying installation and assembly issues among the sub-assemblies,
such as the interfaces among sub-assemblies and attachment points, as well as
the accompanying ergonomics analysis to carry out the assembly (Formentini,
et al., 2022). Yet DFx tools, including DFMA, are hardly used as they are too
complex or too time consuming (Benabdellah, et al., 2019). Additional chal-
lenges to their adoption include organizational barriers and simple resistance
to change (Kuo, et al., 2001).

2.2 Adoption of Technology into the NPD Process

2.2.1 The process of adopting technology

Adoption involves a series of decisions and actions over time, during which
an entity evaluates a new idea (innovation) and determines whether to inte-
grate it into ongoing practices. Technology adoption has been studied with the
help of different theories, like the diffusion of innovation (Rogers, 2003), the
technology acceptance model (TAM), and the technology—organization—envi-
ronment (TOE) model. The diffusion of innovation process is of particular
interest as it highlights how different attributes affect the decision-making pro-
cess of going forward with a specific technology and follows the approaches
to carry out that decision, thereby giving insights into the success or failure of
such a technology adoption event.

According to Rogers (2003), adoption is a component of a larger five-stage
innovation-decision process. The adoption process is divided into three stages:
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(1) decision, (2) implementation, and (3) confirmation, representing the be-
ginning, middle, and end of adoption. Roger (2003) defined the three phases
as follows:

e Decision: This phase occurs when an individual undertakes activities
that lead to a choice to fully adopt a new technology or reject it.

e Implementation: This phase occurs when a decision-making unit puts
the technology into use through various actions. Implementation con-
cludes when the technology becomes a regular part of the entity’s op-
erations and loses its novelty.

e Confirmation: This phase occurs when the decision-making entity
chooses to continue or discontinue the use of the technology. A deci-
sion to continue results in ongoing implementation, continuing the cy-
cle.

From the DOI theory, some attributes associated with a successful, and thus
continued, technology adoption are as follows: (1) the new technology needs
positive and valuable characteristics, (2) the new technology must have a rel-
ative advantage and lower complexity compared to technological alternatives,
(3) the adoption decision is made if the attributes mentioned promote change
in the preference of the manager responsible for making the adoption decision,
and (4) an adequate amount of organizational resources related to the innova-
tion adoption process is developed (Vagnani, 2019). Further adoption dimen-
sions include the adoption process itself (Langley, 1994) and the people who
carry out the process (Borkovich, et al., 2015; Pozzi, et al., 2023).

2.2.2 Technology adoption dimensions

Manufacturing companies and their products’ performance are considerably
affected when introducing and using new technology (Becker et al., 2005;
Durmusoglu & Barczak, 2011). Technology adoption is based on the perfor-
mance increase and the added value it brings to the NPD process itself. The
three dimensions of people, process, and technology are described as under-
lying elements to consider for forming an efficient process such as the NPD
(Liker & Morgan, 2006) and, as such, would be affected during a new tech-
nology adoption. Thus, it is the people, process, and technology dimensions
that are investigated to explore how to facilitate technology adoption in the
NPD process.

The people dimension refers to the workforce surrounding the NPD process,
from top managers to operational employees. General aims among people fac-
tors to aid in an efficient NPD process encompass the training and professional
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development of employees, leadership, organization, learning, and culture
(Liker & Morgan, 2006). Thus, when adopting a new technology, it is neces-
sary to consider the same factors. Becker et al. (2005) argued that the resulting
impact of new technology adoption is highly dependent on organizational and
management structures and is not a technical issue in itself. In addition, staftf-
ing of the adoption team is important, and the need to integrate different bodies
of knowledge pushes the adoption of not only multiple functional areas, but
also people with different experiential backgrounds (Becker et al., 2005).

The process dimension refers to workflow procedures and information man-
agement processes that serve as the foundations for knowledge transfer among
stakeholders. The adoption of new technology has a significantly positive ef-
fect on new product performance when used in the NPD process, as it can
enhance workflows and information management among different stakehold-
ers (Durmusoglu & Barczak, 2011). However, whenever a new technology is
adopted, new procedures will most likely also be required (Becker et al.,
2005). Becker et al. (2005) exemplified this by describing how the adoption
of testing through virtual predictions also necessitated the results to be com-
pared against physical test results to confirm reliability of the new virtual tool.
Information management processes include the storing and transfer of data.
Data transfer is needed when sending data between stakeholders or transfer-
ring data from one software to another. Related technology includes file trans-
fer protocols (networks for transferring computer files between a client and a
server), which enables the efficient sharing of engineering data (product de-
signs and other technical information) among storage servers and stakeholders
(Durmusoglu & Barczak, 2011). Durmusoglu and Barczak (2011)
demonstrated that file sharing technology is vital to product performance
overall as it affects all phases of a product’s development and the sharing of
data among all stakeholders.

The technology dimension refers to the tools and technologies used to develop
and build the product within the NPD process and beyond. From the infor-
mation technology and NPD process perspective, digital technology can be
further categorized as (1) communication and IT tools (email, group-ware,
video conferencing platforms for team interaction), (2) product design IT tools
(CAD, simulation modeling and analysis), (3) project management IT tools
(project management software), and (4) product data and knowledge manage-
ment IT (shared parts databases) (Marion & Fixson, 2021). Regarding product
design tools, virtual tools lead to substantial organizational changes (Becker
etal., 2005). However, the adoption of digital tools can lead to a lasting impact
on the NPD process in that they can integrate a broader group of stakeholders
into a process, help achieve higher performance such as knowledge generation
and design speed, allow a lower barrier to entry regarding the use of the tools,
and allow new ways of collaborating and doing work (Marion & Fixson,
2021). In contrast, adding technology to a fundamentally flawed NPD process
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will do little to help performance, and it is more important to ensure that the
technology fits and enhances an already optimized process along with highly
skilled people (Liker & Morgan, 2006).

Although performance increases are expected with any thought-out technol-
ogy adoption, certain challenges arise, especially with drawn-out adoption
processes. Sometimes new technologies are pushed through adoption merely
for the sake of supporting, instead of also simultaneously removing, technol-
ogy interfaces, thereby creating more overall work and waste (Thomke, 2006).
These added technologies may also require extended time to learn to use them
effectively, thereby delaying the adoption process (Thomke, 2006). Thus, uti-
lizing VR for integrated product development purposes should be carried out
in a thoughtful manner.

2.2.3 Adoption roadmap

It is imperative that the organization have a clear business value connected to
the to-be-adopted technology, which will outlast the additional work and ex-
pense brought about by the adoption (Ghobakhloo, 2020). To this end, a
roadmap can act as a blueprint of actions to ensure that the adoption delivers
its expected advantages (Ghobakhloo, 2020). A roadmap can be described as
a structured, visual, chronological plan with a strategic intent (Kerr & Phaal,
2022), connecting the short-term and long-term and aligning multiple perspec-
tives (Siebelink et al., 2021). In addition, the roadmap can take on various
scopes, such as from an organization-wide strategic perspective or from a
more specific, targeted perspective (Freitas et al., 2022). A roadmap can help
circumvent critical strategic challenges, such as keeping a joint short-term and
long-term perspective, aligning activities of various functional disciplines,
and communicating visions that are often too vague and abstract, making them
difficult for employees to understand in order to transform into action
(Siebelink et al., 2021).

Within the strategic roadmap, phases may include (1) define, (2) measure, (3)
evaluate, (4) optimize, (5) develop, (6) validate, and (7) implement (Butt,
2020). Although perceived benefits of the technology are a key determinant
of initial adoption (Ghobakhloo, 2020), continuous improvements enable fur-
ther adoption (Pozzi, et al., 2021) or continued usage.

2.2.4 Adoption teams

A multitude of people in the organization become involved when adopting
new technology, and several different classifications exist to describe the dif-
ferent organizational levels involved. Frambach and Schilewaert (2002) found
that technology adoption takes place at two levels: the organizational adoption
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level and the individual adoption level. At the organizational level, adoption
involves the entire entity, such as the company choosing to implement new
strategies or technologies, whereas individual adoption refers to a single per-
son deciding to make a change in behavior. Other literature expands the levels,
describing that adoption must be a coordinated and aligned effort between
several levels of workforce roles, ranging from upper management down to
the general user of the technology itself (Nayernia, et al., 2021; Szasz, et al.,
2020). A third classification is to state specific adoption roles that are taken
on during technology adoption. Some of these roles include the driver, the
facilitator, and the champion (Johnsson, 2018).

A fourth view is to view an organization from strategic, tactical, and opera-
tional levels (Schmidt & Wilhelm, 2000), where decisions would take place
regarding technology adoption. Personnel at the strategic level design the en-
vironment in which tactical and operational levels must perform and may deal
with a relatively long planning horizon of 5 years. For instance, the strategic
level may choose and acquire software, integrate software to streamline work-
flows, ramp up and provide support through training courses, and establish
user networks for collaboration and knowledge sharing. Personnel at the tac-
tical level prescribe management policies, distribute work, and may deal with
mid-range horizons of 6—24 months. For instance, the tactical level may in-
volve managing specific NPD processes among specific sites and acquiring
resources such as software or hardware for a specific site. The operational
level schedules operations to ensure the delivery of final products to customers
and, thus, adheres to a daily schedule relative to current projects in process.
For instance, the operational level may carry out work within the NPD process
and utilize the available resources (e.g., software).

The latter three classifications are of interest here as they describe roles for
individuals and capture the multitude of existing levels within an organization
that individuals may be part of.

Different roles have key differing responsibilities as well. From an organiza-
tional level, management should drive adoption through not only support, but
also commitment to the technology’s adoption as well as setting the strategy,
providing training and educational programs, and empowering employees to
use the technology (Virmani & Salve, 2023). Employees should have spaces
and support for knowledge sharing and adaptive learning that allow for their
development during work on their specific task (Kaasinen et al., 2020). From
specific adoption roles, the driver must have a holistic overview of the com-
pany’s situation and be familiar with innovation strategies, product portfolios,
and changing management. The facilitator educates, advocates, and advises.
The driver and facilitator raise organizational awareness about adoption,
standardize and communicate related vocabulary, provide tools, and develop
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training activities (Andrew & Sirkin, 2008). They also guide the complex
adoption process involving many individuals, teams, divisions, and depart-
ments (Hunter & Cushenbery, 2011). The champion actively promotes tech-
nology adoption during an organization’s existence (Howell & Boies, 2004).
The individuals not only have specific roles during adoption, but also form an
adoption team, which is key for aligning the technology adoption among the
different organizational levels (Butt, 2020).

During adoption, the strategic vision from the driver must be translated
throughout the organization, which is also referred to as alignment. Alignment
includes understanding the strategic importance of the technology’s benefits
(Virmani & Salve, 2023). Overall, implementing parallel changes should be
coordinated so as to not increase the workload for those affected (Saghafian
etal., 2021).

2.3 Effectively Applying Virtual Reality into the NPD
Process

2.3.1 Value and usage of VR in the NPD process

Integrated product development practices such as concurrent engineering can
be supported by leveraging advanced technologies to enhance the rate at
which development issues are detected and resolved through three key con-
cepts: simultaneous work on various NPD process phases, integrated teams,
and early stakeholder involvement (Koufteros et al., 2001). In terms of inte-
grated teams and early stakeholder involvement, VR allows stakeholders or
an NPD process project team to visualize, interact with, and analyze machine
concepts together, long before any physical prototypes need to be made. En-
gineers from both product development and production development can be
involved. In this case, the technology may then enhance the team’s decision-
making at earlier stages in the NPD process (Berg & Vance, 2017; Sekaran,
et al., 2021). Overall, the adopted VR technology has the potential to acceler-
ate the design review process by improving workflow efficiency through en-
hanced common understanding (Wolfartsberger, 2019). Continuous improve-
ment by increasing VR user capabilities allows for the added performance at-
tribute to compound (Jalo, et al., 2022).

VR applications range across the spectrum of the NPD process as well as the
simultaneous production development process. Some applications have been
tied directly to the different phases of the NPD process (Choi et al., 2015; Choi
etal., 2010). In addition, the review by Choi et al. (2015) included quantifiable
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evidence as to which NPD process phases experienced the most and least us-
age of VR (Table 2).

Table 2: Implemented usages of VR across NPD process phases. Adapted from Choi
et al. (2015)

200 185
149 149

100 75

According to Berg and Vance (2017), VR is used in the concept development
phase in efforts such as testing driver visibility, testing ergonomics and reach-
ability, and evaluating aesthetic qualities such as lighting. Berg and Vance
(2017) further touched upon VR in production development, where VR is used
as part of the planning for the organization of large spaces, such as production
layouts. Ventura et al. (2020) also described how VR is used within produc-
tion development to analyze the usability of sections in a factory, including
assembly, ergonomics, layouts and maintenance, as well as training. Among
these usages, several capabilities can be derived as the underlying functions
that provide value to the user, no matter what phase or side they are on.

VR capabilities cover a range of categories. Choi et al. (2015) categorized VR
capabilities as expression, interaction, authoring, and collaboration. Expres-
sion is defined as usages that stimulate humans’ senses (i.e., sight, hearing,
touch, smell, and taste) while interaction refers to usages that interface with
humans through motions, symbols, and biosignal means. Authoring refers to
technology to generate VR content and a supporting database, and collabora-
tion refers to networking in a VR environment with multiple participants. The
same study (Choi et al., 2015) found expression to be the most used type, fol-
lowed by authoring, interaction, and, lastly, collaboration. Berg and Vance
(2017) categorized capabilities as visibility/viewability, ergonomics/reacha-
bility, abstract data visualization, and communication. The authors identified
visibility as the most common type; it includes evaluating human visibility,
such as with vehicle drivers, and for production ergonomics purposes, like
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understanding operator perspectives during tasks such as transmission dock-
ing. Ergonomics/reachability usage involves testing different persons’ heights
to assess the safety of assembly tasks. Other VR applications include commu-
nication across disciplines, departments, and hierarchies. Finally, Horvat et al.
(2022) identified eight categories of VR software capabilities specifically for
design reviews: input, representation, navigation, manipulation, collaboration,
editing, creation, and output. The authors further highlighted the importance
of capabilities being related to design flows. A capabilities framework adapted
from Choi et al. (2015) and Berg and Vance (2017) is displayed in Table 3.

Table 3: VR technology capability classification, adapted from Berg and Vance
(2017) and Choi et al. (2015).

VR Capability Description

Technology related to human sensory systems. Includes
evaluating the visibility of a human and understanding
Visibility others’ perspectives. Examples include driver visibility and
understanding operator perspectives.

Technology used to interface humans and computers
through motion, symbols, and biosignal means. Examples
include human posture, reachability, and access/removal
of parts.

Ergonomics/
reachability

Technology that generates VR content and a supporting
database. Examples include designing hoses and cables

Authori
uthoring within the VR space.

Refers to using the technology for communicating across
disciplines, departments, and managers. Also includes the
collaboration of multiple participants, in the form of
avatars, in the same VR environment.

Communica-
tion

Refers to visualizing data that does not have a real-life
Abstract data representation. Includes visualizing various forms of
visualization simulation data, such as for wind and fluid dynamics and
lidar scans of geospatial information.

2.3.2 VR adoption in the NPD process

The procedural approach to VR adoption has been studied in a range of ways,
from the wide scope of technology digitalization, including all “new” technol-
ogies, to singular technology adoption such as VR.
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According to Frank et al. (2019), technologies can be categorized among
smart manufacturing, smart products, smart supply chain, and smart working;
the sub-technologies are then ordered in terms of adoption sequence. VR falls
under the smart working technologies umbrella, referring to the new ways
workers perform their activities with the support of emerging technologies.
VR is recorded as being used either for workers’ training or for visualizing for
NPD process purposes. According to Frank et al., among all the technologies,
VR usage for smart working is typically adopted by companies last, if at all.

From the singular technology standpoint, VR adoption has been examined
from a procedural standpoint, detailing the step-by-step process to execute a
VR session. Ventura et al. (2020) elaborated on the procedures, phases, and
activities required for conducting a design review of architectural projects.
The outlined process comprises seven stages: (1) preliminary (planning) ac-
tivities, (2) objectives of the session, (3) introduction to the project, (4) intro-
duction to the technology, (5) alignment of perspectives, (6) design review
session, and (7) collection of feedback. Berg and Vance (2017) similarly de-
scribed the general VR usage process employed by various manufacturing or-
ganizations through seven stages: (1) VR request, (2) model acquisition, (3)
model preparation, (4) virtual environment build, (5) proof-of-concept demo,
(6) VR session, and (7) outcome summary. Both Ventura, et al. (2020) and
Berg and Vance (2017) addressed scenarios in which the individuals experi-
encing or using the VR (i.e., users) are distinct from those responsible for pre-
paring and maintaining the VR technology.

2.3.3 Challenges of VR adoption in the NPD process

Adopting VR for purposes such as increasing integrated product development
comes with many challenges, including those related to the organization,
changes to people’s work procedures to affect the flow of information, and
integrating the VR technology itself.

Regarding the people dimension, challenges relate to top management’s lack
of knowledge and awareness regarding the details for such a VR roadmap
(Jalo et al., 2022) as well as communicating and supporting the coordination
of workload from a multi-stakeholder perspective that is needed for VR
(Saghafian et al., 2021). General people-related challenges during adoption
include lacking a clear project vision to which to align and facing set-up prep-
aration difficulties among management as well as skill development issues
and individual resistance among employees (Stornelli et al., 2021).

In terms of the process dimension, adapting an NPD’s process to adopt VR
has continued to prove challenging, especially as simply demonstrating added
value to others can be challenging due to difficulties in measuring return on
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investment (Berg & Vance, 2017). Changing the NPD process to support the
use of VR has also proven challenging, as the way forward to changing work-
flows and data management processes remains unclear (Delgado et al., 2020).
Difficulties also arise surrounding the VR facilities themselves, as simply
starting a VR facility from the ground up is difficult, as are operating and
maintaining it (Berg & Vance, 2017). These factors have contributed to the
overall challenge of facilitating the initial adoption of VR overall (Jalo, et al.,
2022).

Regarding the technology dimension, challenges relating to compatibility
(e.g., standardization in data formats and protocols) are still common. Addi-
tional challenges stem from the fact that the sense of immersion and interac-
tion is not enough to mimic real life scenarios, and the interfaces toward the
VR software are unintuitive (Sekaran et al., 2021). Overall, some experts ar-
gued that the VR is simply not technologically mature enough to handle the
workload (Saghafian, et al., 2021).

2.3.4 Summary

The presented theoretical framework culminates in the adoption of VR in the
NPD process, particularly from the DOI perspective. VR technology is distin-
guished as a tool that supports integrated product development, particularly
by integrating stakeholders into the NPD process and production development
process through the unique capabilities that VR offers. Challenges related to
the adoption of VR are noted, especially among the people, process, and tech-
nology dimensions. The discussion has highlighted the importance of adop-
tion teams among different organizational levels and a clear roadmap to pro-
cess changes in order to secure the continued adoption of the technology, de-
spite adoption challenges.
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3 Research Methodology

This section presents the research method and design, a description of the two
case studies, and a description of the joint analysis carried out on these case
studies. Finally, this section presents factors related to the quality of case
study research.

3.1 Research Method and Design

The research presented in this thesis, covering VR adoption in the NPD pro-
cesses, has taken an explorative approach, particularly when studying RQI.
Adopting the explorative approach aims to develop propositions for further
inquiry in order to define the necessary questions for developing consecutive
studies (Yin, 2014), such as for explaining links between concepts. This ap-
proach has been chosen because available knowledge on the topic of this thesis
has been limited and concepts such as VR adoption challenges and mitigations
have not been well defined regarding the purpose of this thesis. In RQ2, the
links between challenges are inferred in order to propose mitigations. The pur-
pose is to describe how or why some conditions came to be, such as a why a
sequence of events did or did not occur (Yin, 2014).

The research method and design have been formulated based upon the RQs,
which were defined and iterated upon after reviewing the relevant literature.
A multiple case study method was chosen for this research pertaining to VR
adoption in the NPD process within two manufacturing companies. An initial
context-seeking case study was also utilized to gain a preliminary understand-
ing of and determine the context of the same phenomenon. The case study
method is defined as an empirical inquiry that (1) investigates a contemporary
phenomenon in depth and within its real-world context, especially when (2)
the boundaries between the phenomenon and context may not be clearly evi-
dent (Yin, 2014). This method was selected as it helps understand decisions,
their implementation, and the results obtained (Schramm, 1971) during real-
world phenomena such as the focus of this thesis. Furthermore, the case
method suits studies that are early, exploratory investigations in which the
variables are still unknown and the phenomenon is not at all understood
(Meredith, 1998). Other focuses of the study may include individuals, organ-
izations, and processes. As the focus of this research is VR adoption in NPD
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processes (including decisions and their implementation) by individuals
within an organization, the method is appropriate.

This research utilizes a retrospective multiple case study design. The multiple
case study design increases the generalizability of the cases, compared to a
single case study, however it also requires more resources, and less depth is
garnered per case (Voss, et al., 2016). Retrospective cases allow for the col-
lection of data on historical events and give the possibility of identifying cases
that reflect either success or failure in retrospect; however, it may be difficult
to determine cause and effect, and participants may not recall important events
(Voss, et al., 2016). This thesis’s empirical findings are based on survey data,
semi-structured interviews, internal documents, observations, and informal
discussions. Table 4 presents an overview of the research design, including
the studies, resulting papers, and relation to the RQs.

Table 4: Overview of research design, including studies, resulting papers, and relation
to the RQs. ‘RQ’ denotes a strong correlation while ‘RQ’ denotes a lesser correlation.

Overview of research design
Study Case study 1 Case study 2
Gain initial context from broad Deeply explore VR adoption to
Purpose
scale of VR adopters understand the process
Research Retrospective multiple case Retrospective multiple case
Method study study
Data Survey, internal documents, ob- | Semi-structured interviews, in-
Collection servations ternal documents, observations
Resulting
Papers
Paper Paper | Paper I Paper Il
Explore the current Explore teams Identify key
approaches to implementing VR decisions and
integrating XR tech- | within the NPD implementation
Purpose nologies into the process and identify | activities that
product realization the barriers impact VR adoption
process as well as influencing them in the NPD process
the accompanying
challenges
Relationto RQ | RQ1, RQ2 RQ1, RQ2 RQ1, RQ2
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3.1.1 Research timeline

Figure 2 presents a timeline of the studies conducted toward this licentiate
thesis, including the multiple case studies (Case study 1 and Case study 2), the
dates the resulting papers were submitted, and the licentiate thesis defense.

PhD
start

study 1

Case ‘ Case study 2 ’

< | | | | >
>

L I I I I I
2021 2022 2023 2024 2025 2026

PI PII PIII

Figure 2: Timeline of the research covered in this thesis.

3.1.2 Role of the researcher

Throughout the case studies, the author was granted access to the companies,
typically onsite. The author engaged in ongoing, weekly dialogues with per-
sonnel connected to the VR adoption within the company, such as the produc-
tion preparations director and VR champions among multiple sites. Additional
dialogues were held with IT personnel connected to VR adoption within the
companies, the VR software supplier, and directors of VR adoption among
two other regions.

As a precursor to the case studies, an ongoing dialogue was maintained be-
tween the author and personnel at Company 2. Discussions surrounded the
current state of VR adoption and usage at the site as well as questions regard-
ing what information was missing. During these preliminary discussions, con-
ducting a global company-wide survey to gain a contextual understanding of
the state of VR adoption and to deepen the knowledge about where to go next
became a topic of interest. The survey was then created jointly with personnel.

In August 2024, the author became employed by Company 2, where Cases A
and B occurred (Case study 2). This greatly increased the casual dialogues
held between the author and VR users at the site (2—3 times/week), leading to
the author’s deeper understanding.

21



3.2 Case Study 1: Contextual Study

The purpose of Case study 1 was to gain contextual understanding from a
broad scale of VR adopters regarding their approach to driving the adoption,
the usage of VR technology, and the challenges and enablers impacting the
adoption.

3.2.1 Case selection

Based on the purpose of the case study, two manufacturing companies were
selected: Company 1 and Company 2. The companies were selected based on
the following criteria: (1) undergoing integration of XR technologies; (2) be-
longing to the manufacturing industry and, thus, following a product realiza-
tion process; and (3) being similar in company size, thereby necessitating sim-
ilar organizational levels and technology visions for the future.

Both case companies belong to the same group, strive to adopt VR within their
NPD processes, and have defined visions and roadmaps for technology adop-
tion. VR adoption was first initiated within both companies in 2019 using
company-wide standardized VR software; its usage continues today. The par-
ticipants in the studies were positioned at either the global or local levels. Both
companies have developed a vision for the future factory and specified ad-
vanced digital technologies to be implemented. To actualize this vision, dedi-
cated teams were established to oversee digital transformation across all pro-
duction sites. These teams are frequently tasked with conducting pilot projects
that develop and evaluate new technologies. The two companies were deemed
suitable for the study as well as for comparison due to these multiple similar-
ities. Table 5 presents an overview of the companies.

Table 5: Overview of companies included in the studies (Data from 2024)

Company 1 Company 2
Employees 11500 15000
Turnover (MSEK) 360,610 88,305
Industry Automotive Heavy vehicle
No. of sites 12 15
Type OEM OEM
NPD process
management Stage-gate Stage-gate
model

3.2.2 Data collection

The purpose of the data collection was to gain an initial understanding of the
overall context and current state on how the adoption of VR was progressing
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across Companies 1 and 2. Data was collected from a range of data sources,
including a survey, internal documents, informal discussions, and observa-
tions. Table 6 summarizes all collected data within Case study 1.

Survey

The survey was distributed digitally to 58 potential respondents in 2022.
Twenty-two respondents answered, resulting in a 38% response rate. The sur-
vey was divided into two parts; the first section focused on open-ended ques-
tions, and the second part focused on rated questions. The survey covered top-
ics such as adoption approach, adoption maturity, and resulting challenges.
The survey results provided an initial understanding of the phenomenon being
studied, which was subsequently explored further through the case study. The
survey questions can be found in Appendix A: Survey Questions.

The survey respondents were employees from Companies 1 and 2 who had
worked with VR technology or had participated in its adoption. Participants’
roles included heads of product and production preparation processes, project
managers (from both product development and production development),
product development engineers, production development engineers, service
engineers, and IT personnel responsible for the integration of VR software
into existing software infrastructure as well as the development of the VR
software. Participants also came from a range of levels in the organizations.
Some participants held a strategic level view, in which they develop and exe-
cute long-term plans for the organization, including sites globally. Other par-
ticipants held a local view level, meaning they carry out their roles and re-
sponsibilities at a single site. The participants also held roles across a range of
managerial and operational levels.

Unpublished data from the survey has been added and is presented in 4.4 Sup-
plementary Data and Analysis. The data is mostly nominal in character and is
represented in bar charts and pie charts.

Internal documents

Internal documents covered both case companies and included their strategic
technology roadmaps (which included VR), numerical data pertaining to us-
age of VR per site, and development models for VR software integration into
existing software architectures.
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Informal discussion and observations

Informal discussions were held weekly with those working with the VR tech-
nology at Company 2. Discussions explored general challenges to VR work,
experiences when conducting use cases in design reviews, and visions for fu-
ture VR usage. During this time, observations were conducted since video
footage of design reviews were shown. Many VR environments were also
shown, giving insights into the complexity of the data included and the han-
dling of the VR software.

Table 6: Summary of data collected within Case study 1

Company 1 2

10 responses 9 responses

Heads of product and production preparation processes
Project managers (from both product development and

Survey .
production development)

responses and .

Product development engineers
respondents . .

Production development engineers

Service engineers

IT personnel responsible for VR software integration
I L Technology roadmaps
nterna Usage of VR per site
documents . .

VR software integration models
Informal VR ways of working

General experience from conducting VR use cases
Visions for future VR usage

Video footage of ways of working

Observations VR environments, showing data complexity
Handling of VR software

discussions

3.2.3 Data analysis

In Case study 1 (Paper 1), a thematic analysis was used to analyze the data
(Braun, 2006). The analysis began with a within-case analysis of each case;
the results were then compared to find integration approaches, integration ma-
turity levels across sites, and reoccurring challenges. Internal documents and
informal discussions were used to find integration approaches and integration
maturity levels. Integration maturity levels were then grouped by number of
hours of software used per site and, consequently, level of technology ma-
turity. The survey and observations were used to find reoccurring challenges.
The initial codes for the thematic analysis were data driven, which led to the
selection of the themes. Drawing inspiration from other integration studies,
themes were then assigned to people, process, and technology dimensions
(Liker & Morgan, 2006). A cross-case analysis (Eisenhardt, 1989) was con-
ducted to compare cases in terms of similarities and differences in the
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identified themes. The analysis of the empirical data was supported using
NVivo to structure and code the data throughout the analysis.

A portion of the supplementary data provided (as seen in 4.4 Supplementary
Data and Analysis) originated from the survey. Table 11 data was analyzed
according to an adapted VR capability classification, as seen in Table 4 (Berg
& Vance, 2017; Choi et al. 2015).

3.3 Case Study 2: Retrospective Multiple Case Study

The purpose of Case study 2 was to explore the VR adoption phenomena in
more depth, which allowed for both a deeper understanding and inferences to
be made.

3.3.1 Case selection

Case selection for the multiple case study was carried out by choosing three
cases overall: two of similar character (where the technology adoption was
largely discontinued) and a third with an opposing outcome (where the tech-
nology adoption continued), as proposed by (Eisenhardt, 1989). The outcomes
of all cases were known as they were studied retrospectively, allowing for the
selection of both replications as well as opposing cases. The case selection
was based on the following: (1) The NPD project incorporated VR technol-
ogy; (2) VR usage was initiated from the same top-down strategic decision;
and (3) the cases represented different stages of the NPD process to ensure
variety. Consideration (2) enabled a known shared vision and purpose for the
VR technology usage among the cases. Furthermore, each case represented
the VR adoption process carried out among the subsequent adoption teams
within the NPD process.

The three cases were selected from Company 2, as described in Section 3.2.2.
The cases are all located in Sweden, where Case A took place at Production
site 1 and Cases B and C took place at Production site 2. These production
sites were chosen as they both carried out both product development and pro-
duction development. The VR technology was used in early concept develop-
ment phases among all cases, ranging from concept development to system-
level design and finally detail design. A further description of the three in-
stances of VR adoption follows, referred to as Cases A—C.

Case A followed a VR adoption process initiated at the VR technology’s first
introduction in 2019 until early 2021. The technology was used primarily for

ergonomics testing with a sub-assembly of a larger product.
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Case B followed a VR adoption process initiated in 2022 that continues today
(studied retrospectively). The technology has been used primarily toward de-
sign for assembly, manufacturing, and service within the full product.

Case C followed a VR adoption process initiated in 2019 that continues today
(studied retrospectively) The technology has been used within production de-
velopment, primarily for validating ease of assembly, manufacturability, and
production floor layout. Case C followed the technology adoption through
three consecutive NPD projects. An overview of all adoption cases is pre-
sented in Table 7.

Table 7: Overview of cases in Case study 2

Case A B (]
Years 2019-2021 2022-2025 2019-2025
NPD Concept System-level design Concept development,
Phase development system-level design,
Scope detail design
VR Driver Design for assembly, Design for assembly,
Usage ergonomics manufacturability, manufacturability, and

and service production floor layout
(Product (Production development
development view) view)

3.3.2 Data collection

Data was collected to gain a deeper understanding of the adoption of VR
among the three cases. Therefore, the data was collected from a range of data
sources, including semi-structured interviews, internal documents, observa-
tions, and informal discussions. Table 8 provides a summary of all collected
data within Case study 2.

Interviews

The purpose of the semi-structured interviews was to form a deeper under-
standing of the results of the survey, such as key challenges found, and to
understand the VR adoption process taken. Data was collected in 2023-2024.
Semi-structured interviews were conducted with all of those who had taken
part in VR usage during the VR adoption attempts among the selected cases
(See Appendix B for Interview Questions). The interviews followed an inter-
view protocol, using a combination of closed- and open-ended questions, fol-
lowed up by “why” or “how” questions. Questions pertained to the interview-
ees’ initial role before adoption and their additional role during the team’s VR
transition. Questions also covered the context in which the technology was
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applied (e.g., NPD process phase) and procedural events of the technology
adoption within the case (e.g., decision to start or continue with the technol-
ogy, all implementation activities carried out, and reasons for continuing or
stopping the usage), as well as possible mitigations. Finally, questions covered
the relationship between the individual and their VR adoption teammates. Par-
ticipants’ roles included two site managers positioned at the tactical level and
three project managers and three engineers positioned at the operational level.
Conducting interviews at the tactical and operational levels was pertinent to
understanding how VR adoption was driven at the sites from a tactical view
and then how it was accepted and used by the operational level. Table 8 sum-
marizes the interviews.

Internal documents

Internal documents included VR kickoff presentations from all cases that fo-
cused on the desired impact and vision of the VR usage, in terms of both cost
savings and advantages of usage. Internal documents also included VR vali-
dation process presentations and data regarding number and type of product
faults found from Case C. These included stakeholders involved, step-by-step
work processes, and recorded impact of VR usage from the number of product
faults found.

Observations and informal discussion

Throughout the multiple case study, several VR environments were observed
from all cases used during the VR adoption process (approximately 5 total),
giving insights into the use cases and types of VR capabilities the teams were
trying to achieve and how. Informal discussions occurred with those working
with VR technology, project managers, and the head strategic driver of VR at
varying intervals, starting when interviews were ongoing and continuing until
the submission of this thesis. Informal discussions were held alongside inter-
views with Case A. During Cases B and C, discussions were held two to three
times a week. Discussions included experiences when conducting ongoing use
cases, challenges surrounding VR usage, organizational challenges, and pos-
sible mitigations.
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Table 8: Summary of collected data within Case study 2

Case A

CaseB

CaseC

Production
site

1

Interviewees

Site manager (2h)
Project manager (2h)
Engineer (1h)

Site manager (2h)

Project manager
(2h)
Engineer (1h)

Project manager
(2h)
Engineer (1h)

Internal
documents

PowerPoint presen-
tation: step-by-step
VR validation
process

Review of all design
faults found

PowerPoint for VR
kickoff including
impact and vision

PowerPoint for VR
kickoff including
impact and vision

Observations

Experienced VR
environment with full
assembly

VR studio visit

Recorded video:
VR session con-
ducting validation
of full sub-assem-
bly with more than

Experienced differ-
ent iterations of
assembly (approxi-
mately 5) in VR to
understand VR us-

20 stakeholders ages

VR studio visit VR studio visit
Discussions held with VR personnel
2-3/week

Informal
conversations

Every 2 weeks along-
side interviews

3.3.3 Data analysis

In Case study 2 (Paper II and Paper III), the data analysis was based on inter-
views, internal documents, observations, and informal conversations. The in-
terviews were first transcribed and read systematically. In both Paper 2 and
Paper 3, the analysis began with a within-case analysis; these analyses were
then compared.

In Paper II, a theory driven analysis was first carried out to identify roles
within the VR adoption team. Interviews and internal documents were then
used to determine the roles of the VR adoption team members. First, roles
within the VR adoption team were identified and grouped into managers and
users and further refined into four specific roles. Then, a data-driven analysis
was carried out to find reoccurring barriers affecting team members. Reoccur-
ring barriers were mapped to people, process, and technology dimensions
(Liker & Morgan, 2006). Finally, the relationship between roles and barriers
was inferred (based on the data) to understand how barriers propagate through
the adoption structure. All data types were used toward this endeavor.

In Paper 111, the analysis followed Rogers’s (2003) DOI process, structuring
the empirical material into decisions, implementation activities, and confirma-
tion steps for each case. Once the material was structured among the three
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steps, the material was further coded and set into data-driven themes (Braun,
2006). In one case (Case C), this process was carried out for three consecutive
DOI processes. All data types were utilized throughout this process. A cross-
case analysis (Eisenhardt, 1989) was conducted to compare cases in terms of
similarities and differences in the identified themes. Findings from the case
studies were also compared to existing theories (Maxwell, 2013).

3.4 Joint Analysis

In this thesis, the data analysis was based on the three appended papers and
the supplementary data to determine challenges and mitigations.

For RQ1, the empirical material underlying each paper—namely, challenges
(from data collection methods ranging across a survey, semi-structured inter-
views, internal documents, observations, and informal discussions)—were ex-
tracted across all three studies. These empirical excerpts were then recoded to
themes and mapped across the three dimensions (i.e., people, process, and
technology) as well as the organizational levels (i.e., strategic, tactical, opera-
tional [Schmidt & Wilhelm, 2000]) where the challenges were experienced.

For RQ2, the same empirical material underlying the papers was used as the
base, which follows an approach that allows for links to be formed between
concepts. Thus, the links between concepts, such as mitigations of challenges,
were inferred with the support of multiple data sources and supporting theory.
Results from Paper 111, particularly the adoption process, were utilized for a
cross-case synthesis to further validate the proposed mitigations. These mul-
tiple viewpoints strengthened the picture of the phenomenon (in this thesis,
the VR adoption process), thereby allowing for the information to converge
and reach a higher clarification (Voss, et al., 2016). Explanation building and
cross-case synthesis methods were utilized to avoid incorrect inferences. The
cross-case synthesis was carried out by comparing two similar cases (Paper
II) while also contrasting these to a third case in Case study 2 (Paper III).
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3.5 Quality of Case Study Research

The quality of case study research can be assessed using the variables of con-
struct validity, internal validity, external validity, and reliability (Yin, 2014).

3.5.1 Construct validity

Construct validity is the extent to which correct operational measures for con-
cepts are being studied. Construct validity is supported by using multiple
sources of evidence, establishing a chain of evidence, and having key inform-
ants review draft cases and study reports (Yin, 2014). All three of the afore-
mentioned methods were utilized in this thesis. In terms of the multiple
sources of evidence, the range extended among utilizing internal documents,
interviews, observations, and informal discussions. A chain of evidence was
also established, from data collection to conclusions, to keep the process trans-
parent. Finally, study reports were presented to key informants in group meet-
ings, and full papers were reviewed with the purpose of validating that the
findings and impressions were congruent with the views of the research par-
ticipants, further strengthening construct validity (Bryman, 2016).

3.5.2 Internal validity

Internal validity is relevant to research specifically when seeking to establish
causal relationships (Yin, 2014), as in when explaining how and why event x
led to event y. The case study method provides a good understanding of the
“why,” enabling the establishment of theoretical relationships (Karlsson,
2016). This is enabled by the strength of qualitative research, which allows
for the prolonged participation in the studied group over a long period of time,
further enabling the research to develop congruence between concepts and ob-
servations (Bryman, 2016). Throughout this research, the researcher was in-
volved in the studied group by being on site one to three times per week for
several years, deepening the understanding and allowing for congruences to
be made. In terms of establishing internal validity, challenges relate to incor-
rect inferences being made when an event is not directly observed (Yin, 2014).
Methods to mitigate this include pattern matching, explanation building, ad-
dressing rival explanations, using logic models, and conducting a cross-case
synthesis. In this thesis, explanation building and cross-case synthesis meth-
ods were utilized to establish internal validity and attempt to avoid incorrect
inferences. Cross-case synthesis was carried out by comparing two similar
cases while also contrasting these to a third case in Case study 2.
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3.5.3 External validity

External validity deals with the notion of the generalizability of a study’s find-
ings, determining the extent to which the findings can be analytically general-
ized to other situations. Achieving external validity represents a noted chal-
lenge for qualitative research as the tendency is to employ case studies on
small samples (Bryman, 2016). Utilizing replication logic is a method to en-
sure external validity within multiple case studies specifically (Yin, 2014).
This approach was incorporated into this research as a multiple case study
method was used throughout this thesis, leading to increased generalization.
Furthermore, the initial case study (Case study 1) integrated cases from two
separate manufacturing companies, thereby allowing for increased variance
among the cases and leading to increased generalizability.

3.5.4 Reliability

Reliability is the consistency and repeatability of the research procedures used
in a case study, with the goal of minimizing errors and biases (Yin, 2014).
Reliability can be increased by keeping a case study database, maintaining a
chain of evidence (Yin, 2014), and using multiple sources of data on the same
phenomenon (Karlsson, 2016) to mitigate biases. All three methods were used
in this thesis to ensure the reliability of the results. Multiple data sources on
the same phenomenon were used to increase the contextual understanding of
the cases. Data that led to understanding ways of working was first gathered
from respondents’ descriptions during interviews. However, the weaknesses
of interviews include the possibility of bias due to poorly articulated questions
and response bias. To expand upon the picture of ways of working, observa-
tions in the form of video recordings and documentation from those same de-
scribed meetings were reviewed. As the meeting was recorded, the data col-
lection method weakness of reflexivity was mitigated. The resulting contex-
tual understanding was strengthened as the use of multiple data sources helped
mitigate bias.
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4 Summary of Appended Papers

This chapter presents an overview of the findings within the appended papers
and describes how they contributed to the thesis. It also presents supplemental
unpublished survey data.

4.1 Paper I

Title: “Integrating XR Technologies in the Product Realization Process: Cur-
rent Approaches and Challenges”

Research gap: Descriptions of overall approaches to XR integration from an
organizational perspective are lacking.

Purpose: To explore the current approaches to integrating XR technologies
into the product realization process as well as the accompanying challenges

Research method: A retrospective, multiple case study was conducted, cou-
pled with a survey. Data were collected between 2022 and 2023. The timespan
of the studied cases occurred between 2019 and 2022.

Findings: The study of current approaches to XR integration revealed key
components of an approach and the resulting impact of said approach on the
outcome of the integration. Key components included the ownership of the
VR work within the manufacturing company, such as toward product devel-
opment departments or production development departments. Another key
component included how to structure the technology competence within the
organization, such as either creating a large team of VR experts at one site and
additional VR experts at remaining sites or training all employees within the
organization at the same base level of VR competence. The outcome of these
approaches led to a noticeable difference in the level of integration between
the two manufacturing companies. The approach giving ownership of the VR
work to product development and focusing on creating expert competence
with a select few resulted in a higher level of VR integration overall when
compared to the other approach. Furthermore, the ownership type had a direct

33



impact on types of technology usages carried out: Product development own-
ership led to VR usages mainly within product development and vice versa.

The paper then explored overall challenges that arise during XR integration
and further differentiated the challenges according to the different approaches.
Overall, 10 challenges were found, which were categorized among people,
technology, and process dimensions. The approach taken seemed to mainly
influence the people dimension of challenges and, to a lesser extent, the tech-
nology and process dimensions. Among the people dimension, the challenges
included difficulty matching VR education to needs (including workflows and
software), a lack of adequate VR software skills, and a lack of collaboration
among other stakeholders. Technology challenges included inadequate soft-
ware/hardware stability and cumbersome workflow between CAD systems
and VR. Process challenges included difficulty changing ways of working,
imbalanced CAD maturity and quality compared to VR needs, a lack of time
to prepare VR, a lack of purpose, and a lack of dedicated roles and support.

4.2 Paper 11

Title: “What Not to Do: VR Implementation Teams and the Barriers that In-
hibit them”

Research gap: General studies to understand workforce roles at different or-
ganizational levels toward the implementation of VR in the NPD process are
lacking.

Purpose: To explore teams implementing VR within the NPD process and
identify the barriers influencing such efforts

Research method: A retrospective, multiple case study was conducted. Data
were collected in 2023. The timespan of the studied cases occurred between
2019 and 2023.

Findings: The study of VR implementation teams revealed that specific roles
emerge within the team, including two main categories and four sub-catego-
ries. The roles included the main roles of manager (top driver and gatekeeper
sub-roles) and users (key user and general user sub-roles). Overall responsi-
bilities included carrying out and sustaining implementation (top driver), plan-
ning and carrying out VR activities within NPD processes (gatekeeper), being
responsible for the VR lab and keeping software updated (key user), and gen-
erally using VR in their work (general user).
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The study further revealed eight barriers that the team faced, which were fur-
ther categorized among people, technology, and process dimensions; most
barriers fell within the people dimension. Barriers were also correlated to the
role they influenced the most. This analysis revealed that technology barriers
affected only the general users, process barriers affected all other role types,
and people barriers affected a mix of all role types. The study suggested that
key users are a vulnerable link within the team, as the rest of the team depends
on them. Thus, sites should focus more on expert competence among key us-
ers and less on training new general users.

4.3 Paper III

Title: “Adoption of VR in the New Product Development Process: Key Deci-
sions and Implementation Activities”

Research gap: Information regarding how to adopt VR in NPD processes
(e.g., decisions and implementation activities to carry out those decisions) is
lacking.

Purpose: To identify key decisions and implementation activities that impact
VR adoption in the NPD process

Research method: A retrospective, multiple case study was conducted. Data
was collected between 2023 and 2026. The timespan of the studied cases oc-
curred between 2019 and 2026.

Findings: The study of VR adoption, particularly decisions and implementa-
tion activities performed, revealed distinct choices made that led to the con-
tinuation or discontinuation of the technology within a given team. Key
choices included whether to allow for structured or ad-hoc exploration of the
technology within the NPD process and what level of VR complexity to at-
tempt first. The study showcased that the key choices to carry out structured
exploration at low VR complexity levels led to the continued adoption of one
case. On the other hand, an ad-hoc exploration at medium VR complexity lev-
els led to a discontinued adoption in two cases.

The study further revealed which variables were pertinent to the continued
adoption within one case to mature over time and the degree of value added
to the NPD process as a result. These variables included adding additional
resources (e.g., personnel) to work with the technology, increasing VR usage
difficulty and data complexity, and continuing to develop and adapt ways of
working. The study suggested that teams should first start at low complexity
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levels of VR usage to gain a foundational understanding of the technology,
even if they generate a lower resulting value for the NPD process. Over time,
if adoption continues, the VR usage can mature, resulting in more value being
experienced from the NPD process in terms of both shortened time spans and
increased quality.
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4.4 Supplementary Data and Analysis

The following supplemental, unpublished data was retrieved from Case study
1, which was a contextual study. A portion of the data was further categorized
or analyzed (Tables 10 and 11). All survey questions can be found in Appen-
dix A: Survey Questions.

Table 9 is based on the response from survey questions 7 and 8. The results
show that VR adoption in the NPD process affects roles differently among
organizational levels (operational, tactical, strategical) while also causing
challenges in the people, process, and technology dimensions. The operational
level personnel were most affected by the challenges, followed by the strategic
level, whereas the tactical level did not experience any of these challenges.
This result suggests that there is a lack of coordination among the three organ-
izational levels (Nayernia, et al., 2021).

Table 9: Adoption challenges and influenced organizational level roles.

Influenced
organizational role
o - ®
Dimen- ET? _8 §
. Challenges 5 5 s
sions pid =4 o
o = S
Difficulty matching VR education
o to needs, including workflows and X
§ software
o Lack of dedicated VR role and «
support
Difficulty changing way of working X
§ Imbalanced CAD maturity and «
o quality to VR needs
a Lack of time to prepare VR
Lack of purpose
Inadequate software/hardware «
stability
@ Cumbersome workflow between «
° CAD systems and VR
£ Difficulty readying software/ .
2 hardware infrastructure
Difficulty integrating due to «
security policies
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Table 10 is based on the responses from survey question 17. The results high-
light in which NPD process phases VR was used by different organizational
functions. The results show that VR was mainly used in the concept design
and system-level design phases, followed by the detail design and testing and
refinement phases. Interestingly, mostly product development engineers (i.c.,
NPD process engineers) utilized VR predominantly in early NPD process
phases (concept design and system-level design), but then usage tapered off.
This result may be due to the fact that the engineers shifted to relying on the
physical prototype for later phases. Comparatively, production development
engineers utilized VR relatively equally among all phases. This result may be
due to the fact that the VR has capabilities suited for work to be carried out in
these later phases, such as tool design, quality assurance, and assembly pro-
cess refinement (see Table 1 [Ulrich & Eppinger, 2016]). Interestingly, these
results differ from the extent of VR usage in NPD process phases that Choi et
al. (2015) found.

Table 10: Phases of NPD process in which VR was used.
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10

1 11
7 7
6
4 4
3 3 3
2
1 1 1 I
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Concept design System-level Detail design Testing and
design refinement
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B Product development Production development ™ Service M Total
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Table 11 is based on responses from survey questions 19-20. The responses
were further analyzed and categorized among the adapted VR capability clas-
sification found in Table 3 (i.e., expression, interaction, authoring, and collab-
oration). The results show which VR capabilities were used most and least
often, as well as the amount of usage among different organizational func-
tions. The capabilities of expression and interaction were mostly used within
the VR, whereas authoring and collaboration capabilities were used sparingly.
This result may suggest that certain capabilities are easier to carry out and,
thus, are used more often. This result may also indicate a gap in software func-
tionality when it pertains to capabilities for certain organizational functions
and the work they are carrying out.

Table 11: VR capabilities used by different organizational functions.
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Table 12 is based on responses from survey question 21. The results show the
extent to which different organizational functions were aware of their depart-
ment’s VR roadmap. Assuming that “No” and “Don’t know” responses both
translated to not having knowledge of a roadmap, most stakeholders were not
aware of a VR roadmap for their department. This situation would be disad-
vantageous for the department as a roadmap could help guide stakeholders in
the form of definitive actions to ensure that the adoption of VR would deliver
its expected advantages (Ghobakhloo, 2020).

Table 12: Awareness of a VR roadmap among organizational functions.
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Table 13 is based on responses from survey question 22. The results show the
extent to which different organizational functions were aware of their depart-
ment’s 3-year future vision of VR. Most stakeholders responded that they
were aware of the 3-year future vision for their department, suggesting that
the vision had indeed been pushed successfully through the organization and
the organization was aligned on the strategic importance of the VR technol-
ogy’s benefits (Virmani & Salve, 2023).

Table 13: Awareness of a 3-year future vision among organizational functions.
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5 Adopting VR in the NPD Process

This section analyzes and discusses the findings in order to answer the re-
search questions.

The purpose of this thesis is to facilitate the adoption of VR technology in the
NPD process. This licentiate thesis identifies VR adoption challenges and mit-
igations to those challenges, as presented in 5.1 and 5.2, respectively.

5.1 Challenges When Adopting VR in NPD Process

RQ1 asks: What are the challenges when adopting VR in the NPD process?
This section presents a summary of the challenges related to VR adoption
within NPD processes, organized among people, process, and technology di-
mensions. The challenge is correlated to the organizational level role of the
respondent who experienced the challenge, not where it originated. A sum-
mary of the 19 challenges is presented in Table 14.

The challenges were further categorized into seven themes. Challenges were
divided equally among the people and process dimensions, closely followed
by technology. The operational level roles experienced by far the most chal-
lenges, followed by the strategic level role and, lastly, the tactical level role.
After accounting for the three dimensions, the strategic level was mostly af-
fected by technology challenges whereas the tactical level was affected by
people and process challenges. The tactical level was not affected by technol-
ogy at all. However, the experienced challenges did not uncover the source of
the problem. No evidence indicated that work was taken away in lieu of the
new technology, which in turn just created more overall work for operational
level stakeholders, as corroborated by Thomke (2006). The added technology
also required an extended time to learn to use effectively, which would also
extend the duration of increased levels of work (Thomke, 2006).
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Table 14: List of challenges found among the people, process, and technology dimen-

sions
3] - =
kS < £
Dimen- & o S
|!'nen Themes Challenges % B ®
sions i e ]
i o
2] = o
Difficulty matching VR educa-
tion to needs, including work- X
flows and software
Upskilling Lack of adequate VR software X
° Challenges skills among users
-3 Skill development issues M
§ related to VR software usage
Distrust of technology X
Lack of dedicated role and X
Lack of role/s support
on user level Loss of VR key user X X
Lack of critical mass using VR X X
Lack of time to prepare VR
Lack of standardized way of
Challenges . . R
- working when using VR in NPD X X
structuring VR
work process
Difficulty changing way of <
§ working in NPD process
9 -
8 External NPD Imbglanced CAD maturity and X
a rocess phase quality to VR needs
P . Lack of other stakeholders’ X
commitment .
collaboration
Vision/value Lack of purpoise for using VR- X
L Lack of perceived value of using X
misalignment
VR
Inadequate software/hardware M M
Difficult VR us- | stability
2 age dueto Cumbersome workflow .
% technology im- between CAD systems and VR
£ maturity VR set-up preparation
X
9 difficulties
Difficult ft /
Challenges ifficulty r.eadylng software M
intesratin hardware infrastructure
g g Difficulty integrating software
software X

due to security policies
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5.1.1 Challenges related to the people dimension

Among the people dimension, two overarching themes were identified: up-
skilling challenges and lack of role/s on user level.

In the upskilling challenges, four sub-challenges emerged: difficulties match-
ing VR education to needs, including workflows and software as experienced
by strategic level roles; a lack of adequate VR software skills among users;
skill development issues related to VR software usage; and distrust of the VR
technology, as experienced from the operational level roles. Developing VR
skills among the operational user group, including employee resistance, is a
known challenge (Stornelli et al., 2021). However, what is not apparent is the
equally difficult task from top management’s side to provide appropriate tech-
nology education in both the technology itself as well as communicating new
workflows to match users’ needs. This challenge needs support, as inappro-
priately implemented technology such as VR in the form of incorrectly
matched training may lead to added waste due to the overly long time required
to learn and use the technology effectively (Thomke & Fujimoto, 2000),
thereby leading to user development issues and resistance.

The theme lack of role/s on the user level consists of a lack of dedicated VR
roles and support, the loss of VR key users, and a lack of critical mass using
VR, which affect both mid-level management and project leads at the tactical
level as well as the VR users at the operational level. Although seemingly
obvious, the challenges relating to the lack of onboarding VR users and key
users are not found in the VR literature and need further investigation. What
is found, however, is that an adoption team in general should comprise of ex-
perienced personnel who should be further trained to become digital key users,
or champions (Butt, 2020). Either lacking a dedicated person, or champion,
for the VR technology or having one and then losing the champion leads to a
stop in the usage of the technology altogether in that specific team. Indeed,
the challenge is that there is a lack of VR champions altogether. Furthermore,
there is a lack of general users as well, who would feed the pool of champions.

Finally, an additional incident was observed such that the people dimension
generally affects the operational level roles the most, followed by the tactical
management level, and, lastly, the strategic level. Ultimately, all stakeholders
are challenged in various ways throughout adoption, suggesting that the coor-
dination of such efforts across various workforce levels adds an additional
layer of complexity, which is in line with the literature (Saghafian et al., 2021).
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5.1.2 Challenges related to the process dimension

Among the process dimension, three main themes emerged: challenges struc-
turing VR work, external NPD process phase commitment, and vision/value
misalignment.

Among challenges structuring VR work, three underlying challenges were
found: a lack of time to prepare VR, a lack of a standardized way of working
when using VR in the NPD process, and difficulty changing the way of work-
ing in the NPD process. These results suggest that there is no set standard for
what the new work for VR should look like, much less how to make the
changes needed to get there, nor do users feel like they have the time to use
the technology itself, let alone develop these work procedures. This result re-
lates to the challenge found in the literature that changing processes to support
VR is challenging as workflows and data management processes remain un-
clear (Delgado et al., 2020). However, the challenge related to time to prepare
(VR environments) was not found. This result may suggest that it is an under-
lying issue causing difficulties in changing way of working in the NPD pro-
cess, stemming from workload overload from the added VR technology
(Saghafian et al., 2021). Additional overload without also removing work
simply adds more wasted time due to preoccupation with yet another support
tool, especially when neither the work itself nor people’s behaviors have
changed (Thomke, 2006). Thus, the challenge of time needs further explora-
tion. All challenges affected the operational level users; however, the lack of
a standardized way of working when using VR in the NPD process also af-
fected the tactical level role. This result may be due to this stakeholder finding
it difficult to manage this change over multiple different stakeholders, as VR
demands. This result is in line with the literature stating that managerial chal-
lenges include challenges related to spreading the workload across stakehold-
ers (Saghafian et al., 2021).

Among external NPD process phase commitment, two underlying challenges
were identified: imbalanced CAD maturity and quality to VR needs and a lack
of collaboration from other stakeholders. In this case, “other stakeholders™ re-
fers to personnel from other functions within the company; such functions are
upstream or downstream from where the VR work is taking place (e.g., CAD
delivery from product development over to production development, where
the VR work is taking place). This theme was not found in the literature spe-
cifically, which may be due to the fact that this comes from the perspective of
the operational user team using the VR. From a wider perspective, the litera-
ture does describe how the VR workflows and data management process re-
main unclear (Delgado et al., 2020). As the challenge comes from the opera-
tional level team, this result may shed light as to why this is so, being that the
workflow mentioned covers a range of departments; there is also a lack of
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coordination and alignment among them. This understanding is supported by
the challenges in the literature regarding difficulties managing multiple stake-
holders, including through communication and coordination (Saghafian et al.,
2021). However, these challenges are from a management perspective, and
the listed challenges highlight how the operational level team is experiencing
the issue, which has not been mentioned in the literature.

In terms of the vision/value misalignment, two underlying challenges were
defined: a lack of purpose for using VR and a lack of perceived value in using
VR, both of which are described from the operational level view. These new-
found challenges have not been specifically listed in literature. What the liter-
ature does mention are the challenges related to proving the added value of
VR to others (Berg & Vance, 2017); however, that is from the sense that a
purpose is known for VR usage and then perceived value was gained from that
usage. Therefore, vision/value misalignment warrants further exploration.
Furthermore, from a strategic and tactical level perspective, there are exten-
sive vision and expectations for what VR technology should achieve. How-
ever, as seen here, this information was not being translated down to the op-
erational users. This result might give insights into the challenges related to
communication and coordination (Saghafian et al., 2021) as well as an overall
lack of alignment among the organizational levels (Nayernia et al., 2021;
Szasz et al., 2020).

5.1.3 Challenges related to the technology dimension

Among the technology dimension, one main theme was defined: difficult VR
usage due to technology immaturity. This theme comprises several sub-chal-
lenges, including inadequate software/hardware stability, cuambersome work-
flow between CAD systems and VR, and VR set-up preparation difficulties.
As Saghafian et al. (2021) pointed out, challenges in VR usage still arise from
the immaturity of the VR technology itself, as the software is still unintuitive
in itself, and data formats and protocols for exchanging data among different
data storage centers have not been standardized, leading to low levels of in-
teroperability (Sekaran et al., 2021). These challenges may be the culprit lead-
ing to set-up difficulties during preparation phases of adoption (Stornelli et
al., 2021).
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5.2 Mitigating VR Adoption Challenges

RQ2 asks: How can the challenges when adopting VR in the NPD process be
mitigated?

This section summarizes the mitigations inferred as solutions to the challenges
listed in Section 5.1, organized among people, process, and technology dimen-
sions. Table 15 presents a summary of all mitigations. As others have corrob-
orated, the number of people mitigations and type (pertaining to organiza-
tional and management structures) are important during such technology
adoption (Becker, et al., 2005).

Table 15: Presents all mitigations identified, themed according to the people, process,
and technology dimensions.

Dimensions Mitigations

Dedicated facilitator role

Increase number of key users of VR
technology

Management commitment to using VR in NPD
process

Establishing ownership of VR work

Vertical alignment among organizational
Process levels

Roadmap to VR adoption

Decrease data complexity for advanced VR
usage

People

Technology

5.2.1 Mitigations related to the people dimension

Having a dedicated facilitator role is a mitigation as it fills the need for provid-
ing additional in-depth training, specifically toward work procedures for team
workshops and specific competence expertise. As described in Paper 111, one
priority is developing the ways of working to incorporate VR into ongoing
work processes. In this case, this priority was addressed by the software sup-
plier. However, this priority can also be achieved by the additional role of a
facilitator, which could mitigate the challenge of the difficulty in matching
VR education to needs, including workflows and software. It would also mit-
igate the lack of adequate VR software skills, as concluded in Paper 111, de-
scribing that the lack in a specific role led to a lack in sufficient knowledge to
manage and support not just the technical skills, but also the soft skills such
as ways-of-working. Incorporating a dedicated support role or facilitator is
further strengthened by the literature (Johnsson, 2018), which noted that
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communication and support for the coordination of workload from a multi-
stakeholder perspective is needed (Saghafian et al., 2021).

Increased number of key users for VR technology (technology champions) is
another mitigation as increasing the number of key users on the same team to
match the increase in the work is related to higher levels of VR adoption
within that team. As presented in Paper III, “the number of key users was
increased after every adoption cycle to match the increase in VR work needed
to be carried out.” The VR team is wholly dependent on the VR key users, and
an increased amount of work can overload a key user if there are not enough
such users to meet the growing work demand. This was discussed in Paper 11,
which concluded that key users were the bottleneck of VR work. Increasing
the number of key users for VR technology mitigates several challenges, in-
cluding the loss of a technology champion and the lack of critical mass. In the
loss of a technology champion challenge, having additional key users as a
back-up would enable the VR technology to survive on that team, whereas
otherwise it would easily spell the end of the usage of VR within the depart-
ment, as described in Paper II.

Management commitment to using VR in the NPD process is also vital to the
success of the VR adoption, and not just within the department that owns the
VR team, but also within those in other, integrated departments (e.g., product
development and production development). From the VR team perspective,
the project manager (gatekeeper) needs to commit to using the technology by
scheduling VR checks in the NPD process, as described in Paper I1I: Managers
are needed to transform project processes to include and call for virtual proto-
type validations. Indeed, “if the managers do not push for this, then the virtual
prototype will be deprioritized by the engineers.” This conclusion is directly
supported by the literature stating that management should drive adoption
through not only support, but also commitment to the technology’s adoption
(Virmani & Salve, 2023). Management commitment to using VR in the NPD
process mitigates challenges related to structuring VR work, as in the lack of
a standardized way of working and difficulty in changing the way of working.
Such scheduling would allow deadlines for multiple departments and stake-
holders to be prepared for an analysis using the VR technology. Adding this
responsibility is strengthened by the literature stating that a key actor in
boundary spanning is typically project management, who receives and distrib-
utes information among intra-organizational actors (Jepsen, 2013). Yet iden-
tifying the specific stakeholders, coordinating with them, identifying how they
act, and carrying out the action are challenges themselves (Edmondson &
Nembhard, 2009). One way forward can be for the (project) managers of both
departments to lead the efforts, as Paper 11l demonstrated: The continued VR
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team’s project manager (in production development) coordinated with the pro-
ject manager from product development.

Establishing ownership of the VR work, or to a specific operational level team,
is vital. The research covers VR adoption from different steps throughout the
NPD process and, hence, from different stakeholders. As seen from both the
survey and case studies, VR use varied among the different stakeholders, in-
cluding product development engineers and production development engi-
neers. Table 9 highlights how different stakeholders utilized VR among NPD
process phases at different rates. Product development engineers used VR in
earlier phases whereas production development engineers used VR evenly
throughout all NPD process phases. This finding suggests that the engineers
use the VR for different purposes within the software. Thus, if one was to
consider the users of the VR, or who “owns” the work, then more specific
training could be matched to those users, which would mitigate the challenge
of the difficulty matching VR education to needs, including workflows and
software. The education would be tailored to a specific purpose for those us-
ers, thereby helping to mitigate the challenge of the lack of purpose among
users. In addition, a tailored roadmap to VR work and, thus, towards the vision
would be useful. As seen in Table 12, not all stakeholders were clear on what
the vision was for using VR, and Table 11 demonstrates that not all were
knowledgeable about their department’s roadmap, if there was one.
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Figure 3 displays the utilized roles during the investigations of VR adoption
into the NPD process, identified in the results of Papers I, II, and III. These
roles proved to be key in the success of continued adoption. These roles have
been categorized among three organizational levels: strategic, tactical, and op-
erational levels. The strategic level consists of the strategic driver, the tactical
level consists of the tactical driver, and the operational level consists of the
gatekeeper, key user, and general user.

Strategic
level I~

‘(5 Strategic driver

Tactical l

level Tactical driver

Figure 3: Identified roles during VR adoption.

Table 16 presents a detailed list of utilized roles and a description of their
responsibilities, identified in the results of Papers I, I, and III. Also included
is the mitigation of an additional role: the facilitator. The operational level was
categorized as such as these roles have direct contact with VR usage, whether
they make the VR themselves (key user), use the information gained from the
VR usage within the same NPD process phase, or directly manage the project
in that NPD process phase (gatekeeper). The drivers were themed as such as
these roles had direct influence on the adoption of VR technology usage as
their responsibilities entailed making decisions and carrying out activities di-
rectly toward this endeavor (strategic driver and tactical driver). An additional
facilitator role was highlighted as a mitigation to several challenges, supported
by findings in the literature (Andrew & Sirkin, 2008; Hunter & Cushenbery,
2011; Johnsson, 2018).

51



Table 16: VR adoption roles and their responsibilities

Role

Responsibilities

Creating VR technology roadmap and incorporating it into
technology-wide strategic roadmap
Identifying potential use cases and forecasting impact on

§ Strategic driver NPD process
% . Committing to, acquiring, and supplying standardized
'go = software to sites
§ 5% . Communicating strategic importance, use cases, and
] forecasted impact on NPD process
. Creating and carrying out training material and ongoing
support networks
. Acquiring initial funding for equipment
. Communicating strategic importance, use cases, and
§ Tactical driver forecasted impact on NPD process
2 . Creating and maintaining continuous improvement
73 through local support networks
B U . Committing resources for increased personnel
e . Committing to increased virtual testing events in NPD
process
Gatekeeper . Planning and carrying out VR events within the NPD
process
. Communicating NPD process updates to other
stakeholders
. Keeping up VR lab and software updates
5 Facilitating VR usage to others
3 . Following work procedures for creating VR environments
= Key user for operational team
_5 - o Help plan events in NPD process
'é — | o Prepare and carry out VR events
Q ' e} Record results from VR events
o o Reflect and make improvements to ways of working
. Committing to increasing VR skills and capabilities
User
Receiving and responding to results from VR events
a . Using VR in own work
o - . Educating, advocating, and advising on VR adoption
° Facilitator . Raising organizational awareness about adoption
‘é” 2 °® . Standardizing and communicating related vocabulary
go ?/\g . Providing tools and training activities
E & . Guiding the adoption process involving individuals, teams,

divisions, and departments
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5.2.2 Mitigations related to the process dimension

Strengthening the vertical alignment among organizational levels is a mitiga-
tion indicating the need for the strategic vision to be translated to the opera-
tional level. In the case of the continued VR adoption team (Paper III), the
message to utilize and develop their usage toward increased DFMA purposes
and the removal of early physical prototypes was clear. As described in Paper
111, the top driver of the VR usage in the organization had initially decided to
go forth with the VR technology as “it would theoretically align with the com-
pany’s strategy toward model-based manufacturing, virtual prototyping, and
increased concurrent engineering between departments” (head of production
preparation processes), translated into increased DFAM and the removal of
early physical prototypes. The VR team at the operational level eventually
achieved both of these goals in their later NPD projects using the VR. Other
teams who discontinued VR adoption described the vision as unclear when
presented to them (see Paper II). Thus, aligning the vertical strategy with the
operational strategy is paramount and mitigates the lack of purpose challenge.
Indeed, the literature concurs, stating that alignment among all stakeholders
includes understanding the strategic importance of the technology’s benefits
(Virmani & Salve, 2023), meaning that the benefits need to be translated di-
rectly to the operational team’s needs. In addition, the alignment effort takes
place among several workforce roles, ranging from upper management to the
general user of the technology itself (Nayernia et al., 2021; Szasz et al., 2020).

Having a roadmap to VR adoption is another mitigation, which refers to a plan
describing the roles of people, responsibilities, and actions to take during each
adoption phase of the new technology. None of the studied cases had such a
roadmap, which may suggest why certain challenges arose, such as difficulties
in changing the way of working and a lack of a standardized way of working.
The roadmap would remove confusion related to what to do and help reach
adoption more quickly. Figuring out the way forward with VR adoption takes
considerable time. For example, in Paper I, “respondents described needing
the time to develop a new work process, adjust the work descriptions accord-
ingly, and allow space for this adjustment.” In Paper III, the continued VR
adoption team took approximately 5 years to reach a higher level of maturity.
A noted argument in the literature is the lack of top management’s awareness
of the details necessary to create such a roadmap (Jalo et al., 2022). However,
this challenge can be mitigated, as in Paper III, by striving for certain NPD
process design parameters during various adoption phases (e.g., incorporating
DFAM or boundary-spanning initiatives).

Furthermore, the roadmap should act as a blueprint of actions to ensure that
the adoption delivers its expected advantages (Ghobakhloo, 2020) while help-
ing overcome common challenges related to strategic visions often being too
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vague and abstract (Siebelink et al., 2021). Having distinct goals to reach
within the roadmap during adoption phases can further support efforts to ad-
dress the challenges of a lack of purpose and a lack of perceived value as it
would include design parameters to reach. A noted argument is that measuring
return on investment has proved challenging regarding VR adoption (Berg &
Vance, 2017); however, it could be better measured if data is collected accord-
ing to the design parameters (e.g., theoretical time saved and faults found
among the additional included stakeholders). The roadmap would also act as
a communication tool, enabling other stakeholders (e.g., managers) to under-
stand the capabilities their team can achieve at a given adoption phase. The
roadmap directly coincides with vertical alignment as clear purposes should
be translated to the operational level.

During the investigation of VR adoption in the NPD process (Paper III), a VR
adoption process was identified (Figure 4). The adoption process was mapped
over the course of three consecutive NPD projects. Within each project, the
roles made decisions and carried out specific activities (as described in Table
5). These decisions and activities took place in consecutive adoption pro-
cesses: initial adoption and then continued adoption. As displayed, the entire
adoption started with the strategic driver, followed by the tactical driver. The
entire VR usage pitch was then given to the gatekeeper, the project manager
of the NPD project. This person initiated the use among their team, including
the key user, who carried out the VR usage procedure (plan, prepare, record,
reflect). Once work procedures were finalized and the results communicated,
the initial adoption process ended. Based on the results of VR usage within
the NPD project, the tactical driver made the decision to continue using the
VR in the next NPD project, and the adoption process continued, with addi-
tional developments. Additional developments included an increased commit-
ment to the technology usage by the tactical level driver, increased capabilities
to be carried out by the key user, and a feedback loop from the upstream/down-
stream stakeholders. Developments in the second adoption iteration of VR us-
age led to increased value back to the team because they had more resources
and skills to carry out more complicated tasks. The adoption process was again
confirmed to give enough value to make the decision to continue its usage and
develop it further through even more increased commitment (resources and
virtual testing) and increased capabilities.

The mapping presented in Figure 4 showcases how the team was steered to-
ward integrated product development approaches, such as simultaneous work,
integrated teams, and early stakeholder involvement, which is important to
deliver the expected advantages (Ghobakhloo, 2020). The mapping also
shows how more stakeholders from upstream and downstream NPD phases
were included over time. An increase in the coordination of workflows also
occurred over time, such as CAD packages being delivered to work
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concurrently, as seen in the later adoption phases. The occurrence of these
developments tended to occur after the initial adoption phase. Although not
specifically stated, this example may be a deeper descriptor of what Pozzi, et
al. (2021) alluded to—namely, that continuous improvements enable further
adoption.

Figure 4 displays the mapping of the roles, decisions and activities, and devel-
opment through iterative adoption phases; such mapped out procedures has a
likeness to how a roadmap can be formulated, thereby can serve as a de-facto
roadmap. A portion of the mapping is in line with roadmap literature, specifi-
cally the work procedures carried out by the key user (i.e., plan, prepare, rec-
ord, reflect), which reflect the work procedures outlined by Ventura (2020).
However, the mapping displayed here highlights adoption at a larger, organi-
zation-wide scope. The mapping seemingly coincides with many of the phases
mentioned in the existing literature (Butt, 2020), although not in the same or-
der or at the same scale. According to Butt (2020), the mapping should include
the phases of (1) define, (2) measure, (3) evaluate, (4) optimize, (5) develop,
(6) validate, and (7) implement. In the mapping (Figure 4), phases 1-3 occur
during the implementation phase itself, phase 6 occurs at the end of each adop-
tion phase, and phases 4—5 occur among the iterative adoption processes as
they continue. Furthermore, in accordance with the literature, this mapping
(Figure 4) describes the characteristics of work in each adoption phase (Butt,
2020); it is structured, visual, and chronological and steers toward a strategic
intent (Kerr & Phaal, 2022).
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5.2.3 Mitigations related to the technology dimension

The mitigation to decrease data complexity for advanced VR usage refers to
decreasing the number of individual components being utilized/validated
while carrying out advanced VR usages (e.g., assembly sequence validation
or other simulations). More specifically, data complexity refers to the number
of individual components in the machine assembly/sub-assembly that should
be reduced before attempting more complex VR usages on it. This factor is
highlighted in Paper III, where the continued VR adopter team eventually fine-
tuned their way of working with the VR assembly capability, resulting in them
carrying out analyses on only sub-assemblies. However, to achieve this, their
journey with VR for assembly purposes transitioned during three consecutive
NPD projects, from smaller sub-assemblies with low component counts (10—
30 components, for example) to the full machine/product assembly (thousands
of components) and finally full sub-assemblies (dozens to hundreds of com-
ponents). This mitigation concurs with the DFMA literature, noting that the
additional challenges of utilizing DFMA on larger, more complex assemblies
require much more data for the analysis and, as a result, the tools are typically
applied to product sub-systems (sub-assemblies) (Formentini et al., 2022).
DFx tools such as DFMA are already considered to be too complex and time-
consuming and, therefore, are hardly used (Benabdellah et al., 2019); thus, if
the VR is to add value, it should not add to the already perceived complexity
of DFMA.

This mitigation supports the challenges of a lack of perceived value, as de-
scribed in Paper III from the discontinued VR adopters. The project managers
in both cases described the VR tool as “too complex” and “not worth the ef-
fort” after the decision was made to discontinue its usage. Both teams had tried
using advanced VR, such as interaction, on a full machine model.

This factor also helps mitigate the challenges stemming from inadequate soft-
ware/hardware stability, as component count directly relates to the number of
assembly actions to analyze. It decreases the amount of processing power the
computer requires, thereby helping to avoid crashes and, thus, increase the
stability of VR sessions. Interestingly, this approach enabled an additional
change toward working in a more agile manner, thereby increasing the coor-
dination among upstream CAD stakeholders over time. This situation was also
described in Paper III: Product and production development teams had
planned and increased the coordination of delivery of CAD sub-assembly
models. Thus, VR test cycles were carried out more often, in shorter sprints
for visualization, communication, ergonomics and interaction. Therefore, the
mitigation further addresses the challenge a lack of collaboration from other
stakeholders. In addition, the CAD models themselves were more ma-
ture/complete and less cumbersome to work with, partially mitigating the
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challenges of imbalanced CAD maturity and quality to VR needs and cumber-
some workflow between CAD systems and VR (Paper I).

5.3 Roadmap to VR Adoption: Overview of Challenges,
Mitigations, Roles, and Adoption Process

Table 17 presents 19 challenges and 7 mitigations related to VR adoption in
the NPD process. These are later placed throughout Figure 5 according to the
adoption role and adoption phase in which they take effect.

Table 17: Summary of challenges and mitigations

Challenges
C1 Difficulty matching VR education to needs, including workflows and software

C2 Lack of adequate VR software skills among users

C3 Skill development issues related to VR software usage

C4 Distrust of VR technology

C5 Lack of dedicated VR role and support

C6 Loss of VR key user

Cc7 Lack of critical mass using VR

C8 Inadequate software/hardware stability

C9 Cumbersome workflow between CAD systems and VR

C10 VR set-up preparation difficulties

C11 Lack of time to prepare VR

C12 Lack of standardized way of working when using VR in NPD process

C13 Difficulty changing way of working in NPD process

C14 Imbalanced CAD maturity and quality to VR needs

C15 Lack of collaboration from other stakeholders

C16 Lack of purpose for using VR

C17 Lack of perceived value of using VR

C18 Difficulty readying software/hardware infrastructure

C19 Difficulty integrating software due to security policies
Mitigations

M1 Dedicated facilitator role

M2 Increased number of key users for VR technology

M3 Management commitment to using VR in NPD process
M4 Establishing ownership of VR work

M5 Decrease data complexity for advanced VR usage

M6 Vertical alignment among organizational levels

M7 Roadmap to VR adoption
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Figure 5 presents a roadmap for adopting a VR process in the NPD process.
The framework displays how VR adoption can mature over the course of three
consecutive adoption phases. The framework is a culmination of a range of
interconnected variables that include the following:

e Maturity level and subsequent impact on the NPD process
VR capabilities that can be achieved
e Roles of personnel involved in the adoption and their subsequent de-
cisions to make and activities to carry out
Challenges experienced by the roles along different adoption phases
e Proposed mitigations that can be applied among the roles along dif-
ferent adoption phases

The roadmap incorporates people, process, and technology dimensions that
are essential to consider. It also describes how these dimensions are simulta-
neously developed over time to reach heightened adoption and, thus, increased
value from the VR technology. Table 18 displays the resulting challenges and
mitigations from the work, which are then included in the framework. The
challenges have been assigned to the role according to who experienced the
challenge during the specific adoption phase. Mitigations have been proposed
under specific adoption phases and assigned to the roles that would be affected
by them. The majority of challenges were experienced during the initial adop-
tion phase; however, the challenges may continue throughout the phases if not
mitigated appropriately. The overwhelming number of challenges in the first
phase typically led to teams ending the adoption; as a result, ongoing chal-
lenges were difficult to trace.

By including this range of variables, future adopters can gain a deeper under-
standing of the intricacies at play among the different organizational level
stakeholders and be better prepared to communicate the upcoming adoption
journey through the artifacts presented, such as the framework, which can also
work as a roadmap.
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6. Discussion and Conclusion

This chapter discusses the insights gained from the research as well as the
theoretical contributions and practical implications. The limitations and po-
tential trajectories for future research are also presented.

6.1 Discussion

This thesis aimed to facilitate the adoption of VR technology in the NPD pro-
cess. The insights from this work present several points of discussion.

The first insight questions whether VR adoption really does decrease TTM as
theorized. Generally, new technology adoption has been shown to have a sig-
nificant positive effect on the NPD process as it can enhance workflows and
information management among different stakeholders (Durmusoglu &
Barczak, 2011). However, according to the current research, the moment at
which VR impacts the NPD process in a meaningful way, and thus TTM, oc-
curs after several iterations of VR adoption, which takes considerable time
and is a known phenomenon among new technology adoption in general
(Voss, 1992). In initial adoption phases, VR usage causes more added work
(especially for workflows and information management) than the NPD pro-
cess impact, which is difficult to overcome for new users. One solution could
be to assign dedicated personnel/teams to carry out VR work and then, through
a change management perspective, communicate to different NPD process
functions how the VR should be utilized. The stage in which integrated prod-
uct development has been adopted would also affect VR adoption impact,
which may in itself be the driving force in reduced TTM (Kang et al., 2022;
Turkulainen & Ketokivi, 2011).

Second, VR usage among people engaged in engineering work is not as simple
as implementing the software. More realistically, VR adoption requires ad-
justments to processes such as changes in the development of data manage-
ment processes and the standardization of data formats to simplify the usage
of complex CAD data. These known weaknesses still plague VR technology
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usage (Delgado et al., 2020; Sekaran et al., 2021) and, thus, VR adoption.
Furthermore, VR adoption entails coordination among functions along the
product life cycle, such as between new product development and the product
development process to streamline deliveries of CAD data. This aspect is de-
pendent on the maturity of integrated product development practices among
the functions; as such, this needs to be addressed first or simultaneously with
VR adoption. Ignoring any of these factors would likely lead to the failure of
mass VR adoption within a large manufacturing organization.

The strategic vision of VR usage for a fully virtual prototype may be unreal-
istic. The overall vision with VR usage, along with other virtual prototyping
and simulations, has been to decrease the need for physical prototypes in the
hopes of saving substantial time. However, many stakeholders, including en-
gineers, have relied upon the physical prototype to validate early concepts for
many years. They can physically feel the prototype, climb into it, and see sizes
and distances. The introduction of VR has resulted in some mistrust of the
virtual build compared to the physical build; therefore, a quick transition or
the full removal of physical prototypes could result in negative consequences.
Alternatively, VR could be earmarked for products undergoing improvement
as opposed to an entirely new product (Liker & Pereira, 2018), or an integrated
approach could be investigated, using portions of a virtual and physical pro-
totype in tandem (Choi & Chan, 2004; Snider et al., 2022).

Interestingly, the adoption process and iterative cycles were largely based
around the NPD processes. Instead of a steady continuation of adoption over-
all, it was the NPD processes that marked the beginning and end of a new try
and continuance of the adoption, as seen in Paper I11. This may have occurred
because the case team who continued with adoption was simultaneously up-
skilling themselves. This may be due to the case team being from production
development; thus, the continuous improvement practices they carry out (e.g.,
planning) reflect on and carry over to lessons learned for the next project,
which is a hallmark of continuous improvement (Pozzi et al., 2023). Compar-
atively, the other cases may not have implemented such robust continuous im-
provement practices (Nilsson-Witell et al., 2005).

Adoption may not need to be driven from a top-down approach, as witnessed
in these cases. It could start anywhere, such as from bottom-up VR enthusiasts
who are engineers within a given NPD project and from the NPD project man-
agers themselves. However, there are still advantages to having a roadmap at
the strategic level as it guides sites toward a common larger envisioned goal
that they may not realize themselves. On the other hand, the individual sites
may come to other larger visions more tailored to their needs. A disadvantage
of driving adoption from the bottom up is that it may be more difficult to get
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buy-in from higher managers for resources or commitment from other depart-
ments.

Lastly, VR adoption should be considered a tool in the toolbox, where other
simulation tools are also kept. Thus, VR adoption should be considered among
a wider scope, especially within a virtual verification adoption, where several
tools are adopted simultaneously. According to Frank, et al. (2019), VR usage
is primarily used for smart working and is typically implemented last, after
other technologies.

Considering the discussions thus far, this thesis concludes with theoretical
contributions and practical implications, offering valuable perspectives to fu-
ture VR adoption endeavors throughout the NPD process.

6.2 Theoretical Contributions

This thesis contributes to research within the field of technology adoption in
the NPD process, specifically VR, by identifying challenges and mitigation
from a joint people, process, and technology dimensions perspective. A list of
19 overall challenges that affect VR adoption and 7 mitigations to address said
challenges have been found (see Table 14). Previous research has described a
gap within organizational know-how (Saghafian et al., 2021), process changes
(Delgado et al., 2020), and technology integration (Sekaran et al., 2021), albeit
mostly from a narrow individual lens. By analyzing the results from RQI
through a joint people, process, and technology dimension perspective and
simultaneously looking at the organizational/process change/technology inte-
gration gaps, new results have emerged that contribute to supporting VR adop-
tion. Notable challenges in the people dimension reveal a serious gap between
the training being provided (in terms of software and workflows) and the up-
skilling challenges facing VR users. This gap provides insights and expands
upon listed challenges, such as employees resisting VR usage (Stornelli et al.,
2021). The more apparent reason is that training does not cover what is needed
in terms of both software and workflow procedures. This finding overlaps an-
other previously unlisted challenge of onboarding enough users to sustain VR
usage for an NPD process. Notable challenges previously unmentioned in ex-
isting literature among the process dimension include a lack of purpose for
using VR and a lack of perceived value of using VR from operational level
users. These challenges represent the initial hurdle that VR adoption must
overcome and can be seen as an extension to the challenges Saghafian et al.
(2021) found within communication and coordination as well as those found
by Berg and Vance (2017) related to challenge of proving the added value of
VR to others. These findings clarify that operational teams need significantly
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more detailed knowledge on what to use the technology for (such as specific
requirements’ validations), which has been lacking during the spread of
awareness. These gaps offer future opportunities for researchers to explore.

The second theoretical contribution is identifying a VR adoption process (Fig-
ure 4). Previous work on VR adoption simply listed challenges (Saghafian et
al., 2021) or enablers (Jalo et al., 2022), falling short in describing how to
achieve VR adoption from a process view. Other work has shown a process
view, but focused only on initial implementation procedures (Ventura et al.,
2020) or skipped to the VR being fully adopted (Berg & Vance, 2017). The
VR adoption process found herein bridges the gap between these two extremes
while simultaneously revealing that adoption increases over time. Further-
more, the process view is presented from the perspective of several organiza-
tional levels, including the strategic level, the tactical level, and the opera-
tional level. Previous research has described only the VR team roles included
(Berg & Vance, 2017). By expanding the range of organizational levels and
roles included, additional findings came to light, such as the interplay among
the levels. This interplay and the identified challenges expand upon the previ-
ously mentioned challenge of coordinating VR adoption (Saghafian et al.,
2021) as well as the notion that adoption takes place at different organizational
levels (Nayernia et al., 2021). By exploring the development of the adoption
process over time, a myriad of causes and effects to decisions made were
found, especially changes that occurred to the operational team from each con-
secutive project. The development and interplay of the operational level team
and the tactical level driver proved to be key during VR adoption in the NPD
process, specifically how the value showcased by the operational team led to
an increase in commitment from the tactical level driver, leading to more re-
sources, more key users, and thus more value output.

The third contribution is the development of a roadmap for VR adoption
within the NPD process. The roadmap describes how VR adoption can be de-
veloped over time, thereby acting as a blueprint of actions to ensure that the
VR adoption delivers its expected advantages (Ghobakhloo, 2020). The
roadmap presented herein contributes to the literature by unveiling a combi-
nation of vital VR variables determined to be necessary to take into consider-
ation when adopting VR. Such variables include VR capabilities that can be
realized and the development of stakeholder roles that need to take place (e.g.,
increased commitment by tactical level drivers through increased resources
and increased upskilling of key users, which gives operational teams the abil-
ity to carry out more advanced capabilities). These variables were previously
presented as standalone factors in the literature (capabilities: Choi et al.
[2015]; management commitment: Jalo et al. [2022]; stakeholder involve-
ment: Kharub et al. [2022]). The variables are further described among three
maturity levels of VR adoption, which are designed to steer the usage of VR
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toward increased integrated product development practices. In line with Siebe-
link et al. (2021), the roadmap helps circumvent critical strategic challenges,
such as aligning the activities of various functional disciplines and making it
easier for employees to understand so they can transform their knowledge into
action. Furthermore, by utilizing the adoption process for the roadmap, phases
undergo iterative states of decision—implementation—confirmation, decision—
implementation—confirmation, and so on, which contrasts with the existing
roadmap literature (Butt, 2020); however, it automatically incorporates the
paradigm for continuous improvement, which ultimately enables further adop-
tion (Pozzi et al., 2023).

6.3 Practical Implications

The findings presented herein have practical implications. The main implica-
tion is that VR should be seen as a support tool for a direct reason for a specific
team, coalescing into a larger vision. An example includes utilizing VR to
support boundary spanning during integrated product development, as it can
act as a coordination mechanism. As described in Paper II and Paper 111, re-
quirement validation meetings were held with a multitude of stakeholders.
Everyone was able to experience the same life-sized 1:1 scale machine design
and “be on the same page” in terms of information through the support of the
visualization tool. Therefore, the different stakeholders would be on a more
even understanding of what they are discussing and making decisions about,
even if the group consists of design engineers, production engineers, manag-
ers, material procurement, and aftermarket. In Paper 111, the validation meet-
ing with many stakeholders occurred in the second iteration of adoption and
was enhanced in the third iteration. Checklists should be prepared to coordi-
nate what to validate and test in the virtual environment and then discussed
among the different stakeholders.

The second implication is that commitment is needed from many levels in the
organization for VR adoption to succeed. Commitment translates to allocating
funds for adoption (for software, hardware, and the assignment of workers to
dedicated VR roles), allotting time for VR preparation, and coordinating to
improve CAD readiness. Alternatively, the software can be distributed in the
hopes that engineers pick it up to use. The results from this approach can be
ascertained from the challenges detailed in Paper I, including a lack of a ded-
icated role, a lack of time to prepare VR, imbalanced CAD maturity, and a
lack of collaboration from other stakeholders.

The third implication revealed is that many aspects related to VR adoption
need to be more tailored to the specific stakeholder compared to how it is
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implemented today. As Paper I demonstrated, VR is implemented in a blanket
fashion, where the same education is given to learn the software, yet no train-
ing is provided to change one’s way of working. Many experienced challenges
can be tied back to this issue, such as difficulty matching VR education needs
(including workflows), a lack of adequate VR software skills, and skill devel-
opment issues. These challenges act as a barrier to new users, causing adoption
to fail in initial tries. Alternatively, education can occur in greater depth with
a smaller scope for specific users. For example, hose design can be limited to
design engineers in installations whereas assembly simulations can be limited
to production engineers.

Finally, a contribution of this thesis for practitioners are the description of
roles and responsibilities, the mapping of work showcasing the flow of deci-
sions and activities, and finally the roadmap summarizing a multitude of vital
variables across three adoption phases.

6.4 Limitations and Future Research

Future work can be motivated by the limitations of this thesis. This work has
focused on VR adoption in the NPD process in two large manufacturing com-
panies in the automotive and heavy vehicle industries, with an emphasis on
internal engineering stakeholders. The studies were qualitative and retrospec-
tive, and the identified challenges, mitigations, and adoption process were not
systematically validated. These limitations point to several directions for fu-
ture research.

First, there is a need to expand and test the results in other contexts. The iden-
tified challenges and mitigations could be explored in other industries (such
as aerospace, process industries) or additional manufacturing organizations
with different product complexities or organizational structures. Such exami-
nations would provide insights into which challenges and mitigations are con-
text-specific and which are more generic. Similarly, the focus has been on
internal NPD process teams; thus, future work could expand to more functions
to include marketing and customers to understand how these stakeholders in-
fluence VR adoption and value creation.

Second, the proposed VR adoption process and roadmap need to be empiri-
cally validated, which could be carried out through quantitative studies utiliz-
ing surveys across a larger sample of manufacturing sites or sample compa-
nies. Such work could help further test and develop the relationships among
adoption stages, maturity attributes, and perceived NPD process performance
effects.
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Finally, future research should continue to explore the technological and data
management aspects of VR usage. This thesis has highlighted data complex-
ity, software integration, and data management as vital challenges, but tech-
nical solutions were not specified. Future research could investigate methods
for simplifying data for different VR use cases and guidelines for selecting
VR use cases for different NPD process activities. These solutions could be
further extended to broader extended reality technologies, such as augmented
reality.
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Appendix A: Survey Questions

—_

11.

12.

13.

What is your job title and you role?
What division/department do you work in? Check all that apply.
a. Technology
b. Operations
c. Service
d. IT
At what site are you stationed?
At what levels are you working?

a. Local
b. Global
c. Both

How long have you worked at Volvo?
a. 1-3 years

b. 3-5 years
c. 5-10 years
d. 10+ years

How do you use VR? Check all the apply
a. I make strategic decisions about VR
b. Iimplement and support VR
c. Icreate VR
d. T useinformation from VR in my work
e. 1do not create or use VR in my work (go to question 9)
How often are you involved with VR in your work?
a. Daily
b. Weekly
c. Monthly
d. Quarterly
How long has VR been involved in your work?
a. 1-3 years
b. 3-5 years
c. More than 5 years
Describe how you were first introduced to VR.

. Describe the type of activities you have partaken in to learn more on

VR.

Describe who drives the VR implementation in your department and

how they drive it.

Choose a specific case where you worked with VR in the past and
considered it a success. Describe the experience and why you think of

it as a success.

Choose a specific case where you worked with VR in the past and
considered it a failure. Describe the experience and why you think it

was a failure.



80

14.

15.

16.
17.

18.

19.

20.

21.

22.
23.

24.

What are the largest challenges for you when involving VR in your
work?
What are the largest enablers for you when involving VR in your
work?
Give 3-5 keywords that summarize your view of VR in your work.
If you currently work with VR in the Development process or Produc-
tion preparation process, where do you use VR in your work: (if no,
g0 to question 19)

a. Technology Creation (Advanced Engineering)
Feasibility Study
Concept Development
Solution Development
Final Verification

f. Industrialization & Commercialization
Please describe further the sub- process/activity which you use VR
(the sub- processes would be included under the Development pro-
cess, Production preparation process, etc.)
If you currently use VR in your daily work, please describe what you
use VR for and in what type of project/tasks? (If no, go to question
20)
If you have worked with VR in the past, please describe what you
used VR for and in what project/tasks you used it. (If no, go to ques-
tion 21)
Does your department follow a road-map for the implementation of
VR?
What is your vision for the use of VR within the next 3 years?
What is your department’s vision for the use of VR over the next 3
years?
Please set a grade that you feel your team is at for the following di-
mensions (1-5):

o0 o

a. Trust h. Process

b. Time i.  Roles

c.  Education j- Software

d. Usefulness k.  Acceptance

e. Teams 1.  Organizational culture
f.  Management m. Support

g. Senses



Appendix B: Interview Questions

General

1. What is your job title and what is your role at the site?

2. Are you involved in the new product development process? Responsible
for?

3. Do youuse VR as a tool in the new product development process? For
what and in which phases?

4. Do you make decisions on VR implementation? Describe your role in the
implementation.

5. Who decided to implement VR here? Was it mandated?

Vision and Roadmap
6. Do you have a vision for what you want to achieve with VR?
7. Do you follow a road map for VR implementation?
8.  Were there any factors that needed to be fixed first before VR could be im-
plemented into the NPD process?
a. Other I4 technologies?
b. Global vision and roadmap?

VR into NPD process

9. How do you determine that this stage of the NPD process is suitable for im-
plementing VR?

10. What steps do you take to integrate VR into the existing product develop-
ment workflow?

11. How do you identify and prioritize the steps needed to be taken for VR im-
plementation?

12. How does/does not VR influence and improve decision-making within this
stage of the NPD?

13. What challenges or limitations did you have when implementing VR in the
NPD process, and how did you address them?

14. How do you ensure that the costs associated with implementing and main-
taining VR are justified by the benefits it brings to the NPD process?

15. What metrics of KPIs do/would you track to evaluate the success and im-
pact of VR on the NPD process?

Collaboration within NPD process

16. What type of collaboration was needed from other teams in the NPD pro-
cess?

17. How do you facilitate collaboration and communication among different
teams, such CAD managers and engineers, when using VR in the NPD pro-
cess?

18. What challenges did you have when collaborating with other teams in the
NPD process?

What were the factors for success to collaborating with other teams in the
NPD process?
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