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Identi cation of user needs in visualisation tools
A Study Within the Automotive Industry

ARON ERIKSSON UGGLA & SIGRID WIRDHEIM
Department of Industrial and Materials Science
Chalmers University of Technology

Abstract

The successful integration of digital tools in complex product development is highly
dependent on understanding the diverse needs of users. As organisations adopt
advanced visualisation systems within Product Lifecycle Management (PLM) envi-
ronments, it is essential to understand how such tools are used across various roles
and areas of work to support e ciency, collaboration, and daily work. This study
has investigated the user needs associated with three-dimensional (3D) visualisation
tools in a complex product development context.

By conducting 17 semi-formal interviews, insight was gained into processes, current
issues, and potential areas of improvement. A comprehensive user need list, contain-
ing approximately 250 identi ed needs, has been created to summarise the needs
across all roles. The results highlight several recurring themes, including limited
knowledge of existing tool capabilities, instances where the same tasks are performed
in multiple teams, and varying expectations regarding usability and performance.
Despite di erences in tasks, many needs were found to be shared between di erent
roles and areas of work; hence a common solution, with possible minor adaptations,
will be possible.

Based on the ndings, several recommendations are provided that address both func-
tionality and implementation. These include tailoring education based on roles and
encouraging skill-sharing to improve user competence, incorporating user feedback
continuously to guide development and rollout, and addressing ine ciencies such as
duplicated work, manual data handling, and lack of trust in information accuracy.
Furthermore, the importance of intuitive design, adaptable tools, and transparent
communication was emphasised to ensure smooth adoption and to maximise long-
term e ectiveness of the new visualisation tool. Although the study was conducted
at Volvo Cars, the approach and the insights are considered broadly applicable to
other contexts that undergo similar transitions.

Keywords: PLM, Product Lifecycle Management, Visualisation, User Needs, System
Implementation, Automotive Industry.
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1

Introduction

In this chapter, the purpose and objectives of this master thesis are presented. Fur-
thermore, limitations and demarcations are described as well as research questions
that the study has aimed to nd answers to. Finally, how Arti cial Intelligence (Al)
have been used during the project is described.

1.1 Purpose

The purpose of this study is to understand the needs di erent user roles, involved in
the development of complex products, have in relation to the use of the visualisation
tool. By examining how the current tool is used at Volvo Cars, and interviewing
key users, a user needs list can be formulated for a new tool, 3D Experience (3Dx)
that will be implemented. In addition, the study aims to provide recommendations
for both implementation and work ow, which can improve e ciency and simplify
integration.

If a visualisation tool does not align with user needs and work ows, there is a
risk that the system will not be used as intended. This could result in ine ciencies,
continued reliance on parallel tools, and reduced trust in the system. Understanding
the user needs is therefore essential to ensure a successful transition with long-term
bene ts.

1.2 Objectives

The objectives of this masters thesis are to deliver;

A user needs list covering the desired functions of the visualisation tool

Recommendations regarding the desired functionality of the visualisation tool
in 3Dx

Recommendations about how the implementation of the new visualisation tool
should be handled



1. Introduction

1.3 Limitations and Demarcations

This study primarily aims to identify user needs related to the visualisation tool
Teamcenter Visualization (TC Vis). While tools used in conjunction with TC Vis
are not the main focus, existing use cases involving these tools will be reviewed to
explore potential new use cases for the new platform. Furthermore, Volvo Cars is a
large organisation and this study is carried out within one part of the organisation,
which is explained in more detail in Section 2.2.

Due to the early stage of implementation and limited access to the 3Dx platform,
this study does not include a detailed mapping or comparison of features and func-
tionalities available in 3Dx.

1.4 Research Questions

Two main research questions were formulated to guide this work. The rst questions
have four sub-questions that are more focused on the case studied at Volvo Cars.

What user needs exist for visualisation tools used in complex product devel-
opment?

Who is using the visualisation tool today?
For what purposes is the visualisation tool used?

How do needs relate between di erent users?
Are there potential new users?

N

What are additional problems that could be solved by the visualisation tool
in 3Dx?

1.5 The Use of Articial Intelligence

During the project, Al was used in three dierent ways. First, the built-in Al
transcription feature in Microsoft Teams was used to transcribe interviews. Second,
Writefull, an Al-powered tool integrated with Overleaf, was used during the writing
of the thesis to provide grammar correction and language enhancement. Third,
DALL - E, an Al image generation tool, was used to create an image that was used
to clarify a concept explained in the report.
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Background

This thesis is conducted within an internal project at Volvo Cars, called Next Me-
chanical Engineering (NME). The project aims to switch one of the PLM systems at
Volvo Cars, while this thesis focusses on the visualisation tool in the PLM system.
In order to give context to the more in depth introduction of the NME project, this
chapter will rst introduce the PLM market and its primary actors. Then a more
thorough description of the NME project will follow. Lastly, TC Vis, the tool that

is used for visualisation at Volvo Cars today, will be presented.

2.1 The PLM Market and Trends

One of the main vendors on the market of PLM systems is Dassault Systéms, who
o er the system 3Dx. Dassault Systéms presents 3Dx as a platform that provides
companies with a "holistic, real-time vision of their business activity and eco-system.
You can work "anywhere, anytime, on any device' and it is stated that it will connect
people, ideas, data, and processes on a single, uni ed platform (Dassault, n.d.). One
of these companies is Jaguar Land Rover, a producer of premium vehicles, similar to
Volvo Cars. However, when further looking into the Jaguar Land Rover transition
to 3Dx, one can nd that the journey has not been straightforward and that it has
taken 15 years (Grealou, 2024), which indicates that switching PLM systems can be
a di cult process.

Another of the main vendors is Siemens, who o er the system Teamcenter. Presented
as a Reason to use' Teamcenter, it is stated that one can "Resolve problems before
they become real' while using digital twins to connect and optimise processes, for
example, within design, software, and visualisation. Furthermore, one can read
that companies can connect people across their business, automate and streamline
product lifecycle processes, and make innovative product decisions by providing
visibility for everyone (Siemens, n.d.).

It is important to note that there are other options in the PLM industry, for example,
SAP IPPE, PTC Windchill, and Autodesk Fusion360. The company BMW, for
example, uses a combination of SAP IPPE, PTC Windchill and Siemens Teamcenter
(Ogewell, 2024). However, the most common PLM systems among brands in the
automotive industry seem to be Teamcenter and 3Dx. A mapping of some companies
that use each system, carried out in the NME project, can be seen in Figure 2.1.

3



2. Background

Figure 2.1: A visualisation of which vendors some big companies have chosen.

Collaboration, connection, real-time, and web-based/cloud appears to be the words
trending in the PLM industry when looking at two of the main vendor websites.
For example, according to Shilovitsky (2025), companies are believed to be creating
unbroken digital threads that will connect all product data, from concept to end
of life. In addition, he mentions the use of digital twins, virtual representations of
systems that are designed to accurately represent a physical object. Another idea,
for example, discussed by Kasper (2024), is that digital twins will shorten feedback
cycles and improve product lifecycle management, the core of PLM. Technology will,
as has been done before, continue to push the edge of what is possible (Shilovitsky,
2025). In relation to this Shilovitsky (2025) believes that the adoption of Software as
a Service and the shift to cloud-based PLM solutions will continue to be important
factors in 2025. Furthermore, Al will be used in PLM systems for things like op-
timising supply chains and design, as well as automating quality control processes
and predicting maintenance. The extended use of Al will also lead to the need
to prioritise data management, which prepares for Al integration and allows more
informed decision-making (Shilovitsky, 2025).

Finally, Shilovitsky (2025) mentions the change management aspect when changing
or updating the way of working and systems. Large companies, particularly those
who work with complex products, such as cars, must prioritise user adoption and
training, as well as maintaining data quality and consistency.

2.2 Next Mechanical Engineering Project at Volvo
Cars

Volvo Cars has historically utilised the "Best of breed' strategy, choosing the best
software from each vendor when it comes to their computer-aided design (CAD)
and PLM systems. For PLM the Siemens systermieamcenteris used and for CAD
the Dassault Systéms systenCATIA V5. In a fast-changing industry where new
technology is constantly introduced, it is becoming more and more important to have

4



2. Background

integrated systems that allow for real-time collaboration. This is di cult when using
multiple tools, from di erent vendors, that need to function together. In addition,
when vendors update and introduce new features, they do it mainly in their latest
software. Therefore, older software is soon becoming outdated. Volvo Cars has
therefore started the multi-year project NME with the vision Unleashing the power
of collaboration by bringing data and engineers togetherThe goal is to reduce
complexity and to be able to use the latest software, which is enabled by decreasing
the number of vendors. In order to decide the vendor, Volvo Cars conducted a
thorough feasibility study which, for example, included that 140Subject Matter
Experts participated in scenarios related to important Volvo Cars processes and
tested solutions from the di erent vendors available. Finally, Dassault Systéms was
selected along with their PLM system 3Dx and CAD systenCATIA V6. The
decision was made based on eight criteria with di erent prioritisations and how well
each solution ful lled the criteria.

The last similar project, or transition, that Volvo Cars went through was in early
2000 when they transitioned from Virtual Product Management (VPM) to Team-
center, which enabled the transition from CATIA V4 to CATIA V5. That transition
was conducted because of pressure from Ford. Their goal was to make all the com-
panies within the group work in the same way, with the same systems. At the time
Volvo Cars was at the forefront of visualisation, so Ford wanted to apply Volvo
Cars way of working, but with their choice of system; Teamcenter. The transition
from VPM to Teamcenter went relatively smoothly, while the transition from CA-
TIA V4 to CATIA V5 took more time and e ort. Today, almost 20 years later,
some functionalities that Volvo Cars had in the systems they used before are still
compromised.

NME is now in the early stages, and the needs di erent user groups experience in
their daily work is investigated, while the possibilities and tools within 3Dx are being
examined. The project has been divided into sections that cover di erent areas. One
of these sections is the visualisation within the PLM tool, today primarily solved
by the software TC Vis. The use of visualisation is not limited to one user group
or department, but instead spans over a large part of the organisation within Volvo
Cars with a total of approximately 4500 users and potential for more. The needs
of these, both current and potential new users, therefore need to be mapped. As a
rst step, Volvo Cars aims to reach the same functionality as the one that exists in
TC Vis today. However, in the future, it would be of signi cant interest to expand
the use areas. Some of the areas where improvement is expecteldnse to Market,
Collaboration and Accessibility, as presented in Figure 2.2.

The organisation in Volvo Cars can be divided into two “circles', where the rst circle
covers research and development, while the second covers production and mainte-
nance. The NME project will focus on the research and development circle, blue
in Figure 2.3. This study is conducted with the base in the Hardware Methodolo-
gies & Strategies group within Vehicle Engineering at Volvo Cars. Their focus is to
develop processes, methods, and standards for CAD-based work. They support the
concept phase, mechanical integration, and detailed design. In addition to creating



2. Background

Figure 2.2: Areas Volvo Cars expect to see improvement in throughout the NME
project.

the processes, they also prepare and arrange educations within the di erent areas
to facilitate a common way of working.

Figure 2.3: A visual representation of the organisation at Volvo Cars.

2.3 Teamcenter Visualisation

In order to provide context for what is found in the interviews, TC Vis, a Siemens-
provided tool that is used at Volvo Cars today, will be described in this section.
Some of the di erent tools and functions will be presented, as well as the overall
look and functionality of the software. This tool is likely the “foundation' for the
opinions of the interviewees as it is what they work with today.

6



2. Background

Layout Overview

Like many other software, TC Vis o ers customisation of its layout and appearances.
However, upon initial startup, it has a standardised interface, which remains the
default con guration for most users. As shown in Figure 2.4, the interface is divided
into three main segments: the project workspace (highlighted in red), the 3D viewer
(in green), and the tool ribbon (in blue). These three segments together form the
core environment in which all work within TC Vis is carried out.

Figure 2.4: The layout in TC Vis divided into three di erent segments.

Segment 1 - Project Workspace

Project Workspace provides a hierarchical tree structure that represents the loaded
models, serving as the main navigation tool within the open les. Users can expand
or collapse models, toggle visibility by checking or unchecking boxes, and view the
names of individual elements. In addition to navigation, this section also includes a
set of tools for organising and preparing geometry for presentation or further work.
Among these are theSnapshotand Groups tools. The snapshot feature allows
users to capture and save the current state of their workspace, including all active
attributes and tools. For example, a snapshot might preserve the viewing angle,
component colour, and any measurements in place at that moment. TH&roups
functions allow the user to save groups of selected components; for example, it can
be that you save aDoor which would be a group that you populate with all the
components that are in a door, that otherwise would be dispersed across various
areas of the structure such as the frame, isolation, and cables.

Segment 2 - Tool Ribbon

The second segment, highlighted in blue, displays all the tools available in TC Vis.
These tools are divided into di erent ‘ribbons' correlating to the function of the
tool. All ribbons and the key functions located in them can be seen in Table 2.1.

7



2. Background

The available tools for the loaded le are shown in colour, whereas the unavailable
ones appear in grey, making it easy for the user to see which feature they can access.
Certain functions, such as3D Measurements must rst be activated before they
become available, as shown in Figure 2.5. If one "hover' over an icon, a description
appears. However, it is somewhat underwhelming and sometimes is just the same
as the name.

Table 2.1: Table describing the tabs in the ribbon in TC Vis.

Tab Key Functions

File Open, save, import, export; manage global preferences.

Home Visual report (metadata colour coding), markup, image cap-
ture, snapshots, presenter, groups.

View Preset orientations; auto-spin.

Render Edit colours and transparencies.

Analysis Single/double measurements; section creation.

Review Tricolour comparisons of two models (identical/similar/di er-
ent surfaces).

Assembly Apply constraints; align parts; part-manipulation mode.

Animation Kinematic presentation material of the scenes chosen in TC
Vis.

Manufacturing Toggle the Product and Manufacturing Information (PMI) and
the Geometrical Dimensions and Tolerancing markup (GD&T)
as well as the extent of the visible contents of each.

Jack The digital human modelling provided by Siemens. It is used
mostly for ergonomical analysis, but can come in handy when
needing help with sizing the components.

Help Host Siemens Help website with documentation of the software.

Figure 2.5: 3D measurements in TC Vis toggled o to the left and on to the right.

In the lower part of the ribbon some smaller icons are available. These are, for
example, di erent lters that decide which type of geometry can be selected when
using the di erent tools. By enabling or disabling these options, you can choose, for
example, to make only edges, circle centres, or surfaces selectable. Multiple of these
Iters can be activated at once to enable selection of di erent types of geometry.

In this lower part, Leaf Structure can also be activated. This enables more details
in the Tree Structure in segment 1, for example, if the complete emblem previously

8
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has been shown as "Emblem’, the Leaf Structure will break down the geometry to
its smallest parts. It could then consist of “Iron Symbol', "Background' and the
di erent letters in the word Volvo.

Segment 3 - 3D Viewer

The 3D viewer is used to display the models that are loaded into TC Vis. It is also

in this window where all the interaction with the model takes place. Here, the user
can orient the model and use tools such as a visual report or sections. Several tools
can be used at the same time, for example, one can take a section and measure
simultaneously, as shown in Figure 2.6.

Figure 2.6: Section of seats in EX30 shown in 3D viewer.
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Theoretic Foundation

This chapter presents the theoretical background relevant to understanding user
needs in visualisation tools as well as aspects that could be important for the imple-
mentation. The literature studied includes, for example, perspectives on how such
tools support product development, collaboration, and decision-making, as well as
how they are integrated into existing processes and systems.

The chapter is structured around two main themes. The rst focusses on the role
of visualisation and PLM systems in engineering work. The second addresses key
organisational aspects such as change management, user involvement, intuitiveness,
data quality, and knowledge sharing. Together, these areas provide a foundation for
analysing the needs identi ed in this study.

3.1 Visualisation and PLM systems

Understanding user needs starts with the tools they use and how they interact
with them. This section introduces key technologies in product development, such
as visualisation tools and PLM systems, and highlights how user experience and
interface design in uence e ective use.

3.1.1 Visualisation in Virtual Product Development

Virtual visualisation tools and physical representations have long been used in prod-
uct development to gain an understanding of a product before it reaches the cus-
tomer. Over time, the methods of visualisation have evolved from hand-drawn
sketches and physical models to advanced digital 3D tools and immersive technolo-
gies such as Virtual Reality (VR). In industries such as automotive, clay prototypes
remain a common way to visualise the exterior of a product, although they are
time-consuming and costly to produce and o er limited functionality (Kirpes et al.,
2022).

Today, 3D visualisation tools and digital twins are integral to the product develop-
ment process. These tools support a comprehensive understanding of a product or
its subsystems and are widely used for tasks such as measuring, creating cross sec-
tions for analysis, or testing functionality in virtual environments. By embedding
metadata into 3D models, it is possible to distinguish between reused and newly

11



3. Theoretic Foundation

developed components, thereby enhancing traceability and design e ciency (Lo et
al., 2021). Furthermore, materials and surface nishes can be applied digitally to
create photorealistic or semi-realistic renderings, which assist in evaluating design
alternatives and making early decisions. Compared to physical prototyping, such
visualisation methods o er signi cant savings in time and cost, particularly in the
iterative development phases (Korkut & Surer, 2023).

3.1.2 PLM Systems

In the late 1980s engineers in manufacturing industries saw a growing need to keep
track of the increasing amount of CAD les, which led to the emergence of Engi-
neering Data Management (EDM) and Product Data Management (PDM) systems,
and later also PLM systems. PLM facilitates the creation, preservation, and storage
of information related to companies' products. For example, it created an oppor-
tunity to standardise parts, store les, immediately see relationships between parts
and assemblies, and more easily have control over revision levels (Saaksvuori and
Immonen, 2008).

According to Saaksvuori and Immonen (2008), PLM is a holistic business concept
that manages products and their lifecycles. This includes items, documents, and
bill of materials (BOM), but also test speci cations, change orders, manufacturing
procedures, and more.

3.1.3 User-Centered Design and Intuitiveness

For engineers, the focus is usually to create a product as good as possible for cus-
tomers. A lot of research has been done on, for example, Human Machine Interface
(HMI) and information perception to make it as easy as possible for customers to
interact with the product. In this thesis, the aim is to give recommendations for

a visualisation tool that will be used by engineers; hence the engineers will be the
customers. Therefore, theory on topics such as HMI and information perception can
be applicable.

E ective information perception in new software relies on how intuitively users can
understand and interact with the interface. According to Blackler et al. (2005),
intuitive interaction is based on users applying past experience to new systems. An
interface that uses familiar symbols, a consistent layout, and meaningful metaphors
helps the user recognise functions faster and reduce learning time. Their research
shows that appearance, such as shape, labelling, and icons, has a greater impact
on intuitive use than feature location. Familiar visual signs enable faster and more
con dent user interaction, especially for those with less technical experience. Intu-
itive design principles in new software not only improve usability but also support
smoother implementation and better information understanding.

In addition to intuitive design, usability principles from human factors engineering
o er valuable insight. According to Nielsen and Molich (1990), factors such as con-
sistency, feedback, and error prevention help reduce user frustration and learning
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time. Designing interfaces that align with user expectations and previous experi-
ences can make tools feel more predictable and easier to use. These considerations
are particularly relevant in engineering, where users range from specialist to occa-
sional users, and where tool complexity can otherwise prevent e ective use.

3.2 Implementation of New Methods and Tools

The implementation of new digital tools and methods in product development is
often associated with both technical and organisational challenges. It is not only
a matter of introducing new functionality, but also of changing established ways of
working and ensuring that the tool is integrated into existing processes. According
to Rogers (1993), the adoption of innovations depends on factors such as perceived
usefulness, ease of use, and compatibility with current work ows. If a tool is seen
as complex or disconnected from daily user work, there is a high risk it will not be
used as intended.

Introducing new tools in product development requires that they t well with the
way engineering work is already done. As Bergsjo (2009) highlights, one of the
key challenges in implementing PLM systems is that disciplines such as mechanical,
electrical, and software engineering follow di erent practices, use di erent tools, and
have di erent expectations. Each area can have its own methods for version control,
data handling, validation, and other procedures. To succeed, a new system must
respect these di erences rather than trying to force all teams into the same process.
Rather than standardising everything, PLM systems should allow di erent methods
to work side by side, for example, allowing step-by-step releases in mechanical de-
sign while supporting ongoing changes in software. This requires a exible structure
that can handle di erences in the detail, traceability, or development of informa-
tion between teams. According to Bergsj6 (2009), many PLM challenges come not
from technical problems but from mismatches between the system and how people
actually work in their roles.

Adopting new methods in product development is rarely straightforward, especially
in large organisations with diverse roles, tools, and work ows. According to Mal-
lalieu et al. (2024) it is rarely a “plug-and-play' activity. Implementation must align
not only with technical processes but also with organisational norms and human
behaviours. The author also highlights the importance of contextual understanding
and adaptations. Contextual problems vary between di erent companies and could,
for example, be related to linking tools to information or adapting them to already
existing ways of working. It is therefore important to understand the individual
context where tools or processes should be implemented.
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3.3 Change Management and Stakeholder
Involvement

According to Moran and Brightman (2000), e ective change includes multiple e orts

to improve, in dierent areas such asimproving and managing work processes
strengthening employee involvemen€Change e orts in one area can create the need
to initiate change e orts in other areas. They state that there is no right answer, but
that multiple e orts are required for companies to achieve the changes they want
to, in order to remain competitive in the future. Furthermore, they mention that
changes must be made both top-down and bottom-up. By this they mean that one
single part of an organisation can not conduct a change on their own, but the whole
organisation needs to work in the same direction, towards a common vision. By
working top-down to provide structure and a common vision, and bottom-up to get
support and encourage participation in the change, the best opportunities for success
can be created. E ective collaboration among individuals and groups is critical for
organisations in order to achieve goals. E ectiveness comes from both processes,
people, and organisational culture (Burnes, 2017). Hence, a holistic perspective is
needed.

According to Ford and Ford (2010) "everybody knows that people resist change’, and
therefore it has become socially acceptable for managers to blame resistance when
changes are not going as planned. This is also mentioned by Mallalieu (2024) who
states that it is "human' to resist adoption. One of the most e ective strategies for
overcoming resistance is the inclusion of organisation members directly in both the
planning and the implementation of change. Including those who will be a ected by
the change can increase the likelihood that their needs are taken into account, which
can make people more committed to the change. In addition, people resist change
once they are uncertain about the consequences that may come from the change.
It is important to communicate properly, both before and during the change, since
lack of proper communication can lead to speculations, rumours, and resistance
towards the change (Cummings and Worley, 2008). Ford and Ford (2010) also
mention that those who are outspoken about objections are often the same people
that care about getting things right, and see possible pitfalls. This goes in line with
what Cummings and Worley (2008) states; that members can help identify possible
pitfalls and barriers that could hinder the implementation of change. The following
guote from Ford and Ford (2010) highlights how important it is to listen to those
who will be a ected by the change;

"The process of working with individuals and groups to change systems
and practices has no simple recipe, but people's objections, worries, and
fears are likely to contain valuable information that can be used to ac-
celerate and smooth the process. - Je rey D. Ford & Laurie W. Ford

A mistake often made by managers is the “overselling of changes' By exaggerating
the bene ts that will come while understating the possible downsides, the risk of
employees feeling tricked, or that an agreement has been broken, increases. When
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these promises are broken or deadlines are not followed, it will be more di cult to
follow through with the changes (Ford and Ford, 2010).

3.4 Data Quality and Handling

High-quality data is a key requirement for e ective use of digital tools, especially
within PLM environments. The integrity, completeness, consistency, and accuracy of
the data a ect how product information is interpreted, shared, and used throughout

the di erent stages of product development.

Product data, such as 3D geometry and metadata, is used by many departments
across an organisation. It is therefore important that the data are structured in
a way that enables cross-functional use. According to Saaksvuori and Immonen
(2008), it is not only the geometry of a component that is important, but also the
information connected to the geometry. Attributes such as material, revision status,
or supplier must be available and correct for the data to be useful in downstream
applications. Redman (1998) states that poor data quality can lead to signi cant
ine ciencies in organisations, including unnecessary rework, delays, and incorrect
decisions. Therefore, the e ort put into ensuring high data quality is often justi ed
by the long-term bene ts. This includes having clear procedures for naming conven-
tions, standardising metadata formats, and ensuring that the most recent version of
the data is accessible to everyone who needs it.

Another important part of ensuring high data quality is to establish a single source of
truth. As product information is often spread across several systems, such as CAD,
simulation, and document management, it becomes critical that these systems are
connected and kept up-to-date. A single source of truth means that users get access
to the correct and updated data, regardless of which system it comes from originally.
Gopsill et al. (2024) describe how this can be achieved through the use of a digital
thread, where changes are shared between systems to maintain consistency. This
enables users to feel con dent that the information they are working with is current
and that di erent teams base their work on the same data.

As the use of simulations, automation, and Al tools increases in product develop-
ment, the quality of input data becomes even more important. These tools rely on
structured and correct data in order to function properly. If incorrect or outdated
data are used, the results of simulations or calculations can be misleading, which can
a ect decision making and delay the development process. Thus, ensuring consis-
tent and high-quality data through digital thread practices is essential to e ectively
support these modern technologies (Gopsill et al., 2024).

3.5 Knowledge Sharing and Collaboration
In organisations, it is important that knowledge is shared and integrated to a col-

lective level. When individuals share their knowledge with a group, they can realise
the value of knowledge. It is therefore important that individual knowledge is sys-
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tematically shared and integrated at higher organisational levels, from teams to
the entire organisation. By doing this, e ective use of knowledge can be enabled
(Okhuysen and Eisenhardt, 2002). Knowledge sharing can, for example, help in-
crease productivity and make employees more innovative and creative (Razak et al.,
2016).

As Okhuysen and Eisenhardt (2002) point out, there is an important distinction
between sharing knowledge and integrating it. Sharing involves making information
accessible and transferring it between people, for example, by explaining or com-
municating expertise. Integration refers to the process of drawing on that shared
knowledge and combining it. Both knowledge sharing and knowledge integration
are important in teams: sharing provides access to information, while integration
ensures that the knowledge is used e ectively.

Attitudes and social norms can signi cantly in uence people's willingness to share
knowledge (Razak et al., 2016). According to Bock and Kim (2001), people are more
likely to share knowledge in an environment where a mutual give-and-take attitude
exists. Furthermore, they state that those who believe that what they know can
contribute to the success of the company's performance also are more likely to share
their knowledge.

According to Nguyen et al. (2018), four key mechanisms exist when it comes to co-
ordination within companies,formalisation, informal networking, shared visionand
lateral relations. All of these mechanisms can positively a ect the cross-functional
knowledge sharing, but the authors especially emphasises the importance of the
last three mechanisms and their impact on improving cross-functional knowledge
sharing. They explain that informal relationships can be created through various
activities, for example company events or parties, but also through mutual under-
standing, or when the formal relationships are not enough to solve a task. These
informal relationships can then positively a ect the cross-functional knowledge shar-
ing and collaboration between di erent areas of the organisation. A shared vision
is an important aspect when it comes to cross-functional knowledge sharing. Ac-
cording to the authors, people with a shared vision are more likely to share and
exchange resources and learnings since the shared vision promotes both cooperation
and willingness to share information. Cross-functional connections in the lateral
direction can reduce the risk of con ict between di erent parts of the organisation.
Furthermore, it can facilitate knowledge integration and make it easier to work to-
wards common goals. Ruggles (1998) states that knowledge is di cult to manage.
He argue that even though technology and formalisation can help, the challenge of
knowledge management is primarily about content and context, and those who can
put the pieces together. It is therefore more about people than about technology
and formalisation, which goes in line with what Nguyen et al. (2018) states about
the mechanisms.

Companies should have a shared vision, encourage a culture of teamwork and build
strong lateral connections throughout the organisation. Formalisation can help, but
the people, relations and attitudes are more important.
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Research Approach

In this chapter, the methods used in this project are described in detail. This
includes motivations for the methods selected, the procedures followed, and any
adaptations made throughout the process. The methods are discussed with reference
to their relevance and contribution to the study. An overview of the process can be
seen in Figure 4.1.

Figure 4.1: A visual representation of the study approach.

4.1 Literature Search

Literature was found using keyword search in mainly Google Scholar, but also
Google. In addition, a snowball approach was used, in which references in the
literature already identi ed were reviewed to uncover other relevant sources (Green-
halgh and Peacock, 2005). Articles and books suggested by the project supervisor
were also studied. The literature studied consisted of peer-reviewed articles and
publications, books, and some other sources that were found to be relevant.

4.2 Review of Internal Courses

To understand the minimum level of knowledge that employees are expected to have
about the visualisation tool and to see what is taught, internal courses in TC Vis
were attended. The aim was that this would help to see correlations and understand
the problems that could be described during the interviews. The courses exist on
di erent levels and are aimed at teaching methods and skills used in TC Vis.
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4.2.1 Teamcenter Viewer

The most basic course that one can take ifeamcenter Viewer This course was
attended during an ordinary course instance as participants. However, during the
course, notes were taken regarding what was taught, how it was taught, and other
things that were deemed relevant. After the course, the notes were compared and
summarised. Another course that exists, but was not attended during this project,

Is Teamcenter Author. Teamcenter Author covers Teamcenter more thoroughly, but
has the same TC Vis content and hence was not deemed relevant. It is mandatory to
take one of these courses to get access to Teamcenter, and which course one has to
attend depends on what type of access you need. Neither of the courses are focused
on TC Vis, but both include some introduction.

422 TC Vis Level 1l & 2

In addition to the mandatory courses that one has to take to receive access to
Teamcenter and TC Vis, there are two voluntary courses in TC Vis available. Instead

of attending both of these, which are not held often, the courses were combined into
one day, where one of the teachers went through the content of both courses. During
this, it was an open discussion in which the teacher went through the course material
and demonstrated the di erent functions that they teach how to use in each of the
courses. Usually the course also contains practice exercises; however, these were
skipped to t all content in one day. During the course, questions were asked about
both the content and what people who take the course are usually interested in or
ask about.

4.3 Preparatory Meetings

In order to get a deeper understanding of the problem and what the situation looks
like today, several informal interviews were held. The people who participated in
these interviews were experts and knowledgeable persons from di erent areas within
Volvo Cars. Some of these individuals were met with regularly throughout the
project, while others were only consulted once. The aim was to have a free- owing
discussion, but in case that would be di cult, questions were prepared to serve as
support to get the discussion going.

These discussions were also part of the re nement of the protocol, which will be
further described in Section 4.4.2, for the semi-formal interviews that would later be
held. Participants were asked if there were any topics they thought were relevant.
Furthermore, at the end of each discussion, the protocol was presented with the aim
of receiving feedback.

4.4 Interview Study

The main data collection method has been interviews. The interviews were con-
ducted at Volvo Cars in Torslanda. A semi-formal structure has been used and
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the interviewees have been encouraged to freely elaborate and mention things even
though they are not explicitly asked about them. A total of 17 interviews were
conducted over a ve-week period.

4.4.1 Sampling of Interviewees

The primary method of participant selection was purposeful sampling, which is a
non-probability sampling strategy designed to identify and recruit participants who

are especially knowledgable or experienced in the visualisation software TC Vis
(Creswell, 2014). To nd the rst interviewees, former colleagues, acquaintances,
and the Volvo Car supervisor were consulted. All potential interviewees were listed.

To ensure the appropriateness of the participants, the following three inclusion cri-
teria were established:

1. Relevance to the study Participants must work within research and develop-
ment at Volvo Cars. In addition, participants were required to either have
direct knowledge related to the use of visualisation tools or be potential new
users.

2. Availability and willingness to participate Participants must be available
within the study time frame and willing to participate in an interview.

3. Diversity of perspectives  To capture a wide range of points of view and use
cases, the study included participants of varying backgrounds, roles, and con-
texts relevant to the research.

The purpose of the sampling was to include a diverse range of roles and depart-
ments to comprehensively map all needs within the development process, which
Is shown in a simpli ed version in Figure 4.2. In addition, the sample aimed to
capture participants in various stages of development and with various educational
backgrounds. This was done to determine whether visualisation needs and functions
change through the di erent stages of development. To expand the pool of partic-
ipants, the snowball sampling approach was used. In this process, the interviewees
were asked to recommend other potential participants who could also meet the study
inclusion criteria (Denscombe, 2018). The snowball approach is particularly e ec-
tive in reaching people with relevant experience and unique perspectives who may
not be identi ed through direct outreach alone (Séafsten and Gustavsson, 2020).

Figure 4.2: Simpli ed visualisation of the development process at Volvo Cars.

Given the qualitative nature of this research, the objective with the sample size was
to reach data saturation. Data saturation occurs when no new signi cant themes or
insights emerge from fresh data (Creswell, 2014).
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4.4.2 Interviews

As mentioned above, a total of 17 interviews were conducted. Each interview was
between 45 minutes and one hour long and the interviews were recorded. Before
each interview, an invitation with location and time for the interview was sent to
the interviewee. In this invitation, some demographic questions were also included.
This was done to allow for the interview time to focus on questions regarding their
use of the visualisation tool rather than basic questions about the interviewee. At
the beginning of each interview, the interviewee was asked if they wanted to add or
clarify anything about the demographical questions.

A standardised protocol, as suggested by Creswell (2014), was used for the inter-
views. The protocol was created and re ned with an iterative approach. Firstly, the
basic format was brainstormed, based on suggestions from Creswell (2014). This
version was then revised and re ned on the basis of feedback from the supervisors
and the input from the preparatory meetings. During the interviews, one asked the
guestions while the other acted as secretary and took notes in the protocol. The pro-
tocol contained instructions for the procedure to keep the interviews standardised,
an introduction presenting us and the project, followed by the interview questions,
and probes for follow-up questions. During the interviews, the secretary highlighted
interesting areas in the protocol, and at the end of the interview the secretary asked
further questions regarding these areas. Safsten and Gustavsson (2020) suggest that
when creating an interview guide, one should rst make a list of the themes that the
interview should cover, this process was followed. The questions were both about
how the interviewee had been introduced to TC Vis, what they use it for, and if
there is anything they would like to improve or miss in the current tool. The main
focus was to get an understanding of what they use the tool for and thereby also
what functions and information in the tool they use or wish they could use. The
protocol template can be found in Appendix A. Throughout the study, some minor
adaptions were made to the protocol and some questions were reformulated, but no
major changes were made.

During interviews, the questionCould you describe your work brie y? was used
as a way to gain insight into the daily work of the interviewee. The interviewer
took notes on the themes that the interviewee mentioned that could be used as
prompts to get the interviewee to think and elaborate on the questiots there any
speci ¢ metadata that you use often/wish were availablePlaving prompts, adapted

to the interviewees' work, on this question was suggested by one of the experts that
participated in the preparatory interviews.

4.4.3 Transcription

To record and transcribe the interviews, the O ce online meeting system Teams was
used. Teams have an Al-based built-in transcribing tool in the meeting recorder, in
order to make the transcription procedure more e cient, it was decided to use this

tool. However, when using Al-based tools, there is always a risk that the content
contains faults. Therefore, all transcripts were read while listening to the recording
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