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SUMMARY

A company creates value through its processes; companies that do not manage and improve
their processes risk being out-competed by those who do. Process management aims to
improve processes’ efficiency by standardization, however, complex processes might demand
both efficiency and flexibility. This thesis investigates how to improve efficiency and flexibility of
a complex, multi-actor, inter-organizational process through process mapping and modularity
in a way enhancing perceived proximity. Consequently, a case study at a multinational
manufacturing company was performed where the process of producing CGls (Computer
Generated Images) for information and marketing purposes was investigated. A total of 20
unstructured and semi structured interviews were conducted, as well as two focus groups. The
respondents originated from different departments and organizations involved in the process.
In addition, one benchmarking interview was held.

Our analysis shows that the challenges of the CGl-process are a lack of structure, non-defined
responsibility, high product complexity, and non-optimal perceived proximity. Moreover, parts
of the process are shown to be suitable for modularization, but not all. Furthermore, the analysis
suggests that a modular, cross-functional process map can serve as a shared mental model
between the actors to facilitate quality communication and increase perceived proximity.
Furthermore, process map provides structure and defines responsibilities through mapping the
activities and roles/actors. Last, it copes with the high product complexity through adding three
modules.

Keywords: process modularity, process mapping, perceived proximity, shared mental models,
CGl.
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Introduction

This chapter serves as an introduction to the study, providing context and back-
ground information. A brief overview of the case together with the need for the
study will be discussed. Furthermore, the purpose and research questions will be
addressed in this chapter followed by its limitations.

1.1 Background

Balancing individual customer needs and at the same time maintaining an optimal
level of service efficiency is challenging as customer demands become more diversified
and complex (Bask et al., 2011). Standardization of service processes is a common
approach to achieve efficiency in service processes (Bottcher & Klingner, 2011; A.
Davies et al., 2007; Sundbo, 2002; Tuunanen & Cassab, 2011). However, establish-
ing a balance between efficiency and customization is challenging since these two
factors are often correlated (Rust & Huang, 2012), especially as customer demands
in service processes are diversified in nature (Rahikka et al., 2011).

As an answer to standardizing processes, firms have used process management as
a way to analyse, improve and control processes (Palmberg, 2009), while process
modularization has recently gained more researchers’ interest as a way to increase
customization without the drawback of inefficiency (Carlborg & Kindstrém, 2014).

Process management is used to increase the customer perspective within an or-
ganisation, thereby providing increased customer value. Moreover, since processes
works across functions and includes internal and external stakeholders, focusing on
the process enables functions that previously worked in silos to align their goals
(Gremyr et al., 2020). A process is characterised by transforming an input to an
output that bring value to a stakeholder, which can be an internal stakeholder or
the final customer (Palmberg, 2009). Furthermore, a process is repeatable, which
allows for learning and improvement (Gremyr et al., 2020). However, one critique
towards process management is that it sometimes fails to incorporate human and
organisational issues as a result of focusing exclusively on standardization. The pro-
cesses thus become rigid and does not fulfill the customer need (Vakola & Rezgui,
2000).

Modularization is a concept that has been proposed as a solution to ease the chal-
lenge of balancing customization with efficiency (Araujo & Spring, 2010). This
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1. Introduction

concept is mainly based on standardizing sub-processes and products (Jacobs et al.,
2007), while at the same time allowing a certain level of customization through its
modular design for individual customers (Bask et al., 2011). According to Campag-
nolo and Camuffo (2010), the majority of research on modularity has been focused
on product modularity. However, there is a growing interest in exploring its poten-
tial in other areas as well (Araujo & Spring, 2010). Adopting a modular approach
in businesses could offer cost efficiency and effectively address the growing diversity
of customer demands (Pekkarinen & Ulkuniemi, 2008). Nonetheless, the modu-
larization of processes is linked to the standardization of sub-processes. However,
maintaining a balance between standardization and flexibility remains a challenge,
particularly when multiple actors participate in the ordering process. Therefore,
comprehending and exploring the interaction between adjacent modules and other
aspects, such as the perceived cognitive level between actors becomes crucial as it
could influence the perceived proximity.

Originating from virtual teams, perceived proximity refers to how close one feels to
another, instead of only focusing on the geographical distance (Wilson et al., 2008).
Boschma (2005) argues that the five dimensions of perceived proximity is cognitive
proximity, social proximity, geographical proximity, institutional proximity and or-
ganisational proximity. Further, Wilson et al. (2008) defines communication and
identification as the core processes that affect perceived proximity, followed by in-
dividual and socio-organizational factors. Moreover, too much perceived proximity
has a negative effect on performance and can lead to frustration and inefficiency
(Boschma, 2005; Paananen et al., 2013; Wilson et al., 2008).

Building on Wilson et al. (2008) idea of communication and identification being
the core processes of perceived proximity, Zamani and Pouloudi (2022) argues that
shared mental models are a way to achieve just that. For instance, sharing an
understanding of the tools of communication and collaboration, which is usually an
information and communication technology (ICT) (Zamani & Pouloudi, 2022).

1.2 Case Company

The case is a multinational company that provides a diverse portfolio of products
for individual customer needs. The company has identified a process that is unclear
and leads to quality issues, higher cost and higher workload. This process is con-
nected to computer generated images (CGI), which in this case are 3D-pictures that
are mainly used for marketing purposes, product information and congfigurators.
The aim with ordering a new CGI is to be able to show different variants of prod-
ucts or new features that are not produced yet. These CGIs could therefore be used
instead of a real picture and still show the functionality and design to the customers.

Since the company manufactures a variety of products and different variants where
the customer can adapt and choose between many different features, it challenges the
way to bring forth CGIs for new design and functionality. The personnel recognizes
the need for clarification in several areas, such as defining the process, clarifying
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responsibilities, and creating mutual understanding among stakeholders.

The orderers of the CGI is part of the sales organisation, but the process requires
input from both the R&D organisation and an external supplier. The R&D organi-
sation for some products sits at the same site as the sales organisation, however, for
other products it is located abroad. In both instances, it is clear that the collabora-
tion and coordination is hampered by the difference in perspectives and proximity.
Recently there have been efforts made to improve the process which have had pos-
itive impacts, such as appointing a project coordinator, but the process still has
difficulties.

1.3 Purpose and Research Questions

Extensive literature exist on how process management and process modularity can
improve innovation and customer value. However, there exists a gap in the literature
on how improvements and redesigns of a process can be made to enhance perceived
proximity. All concepts strive to achieve increased performance, however, perceived
proximity has, to the knowledge of the authors, not been applied in the context of
process improvement outside innovation or productivity of virtual teams (Boschma,
2005; Wilson et al., 2008). As a result, the purpose of this study is:

Investigate how to improve efficiency and flexibility of a complex, multi-actor,
inter-organizational process through process mapping and modularity in a way
enhancing perceived proximity.

To fulfill the purpose, the thesis aim is to answer the following research questions:

RQ1: How can process mapping be used to increase understanding of work proce-
dures in a multi-actor process?

RQ2: How can process modularity be used to simultaneously improve efficiency and
flexibility?

RQ3: How can a process be designed to enhance perceived prozimity in a multi-actor
process?

1.4 Limitations

This study is limited to the CGl-process and does not take other processes into
account, in addition the study will only map the case company’s process, not the
supplier’s. The result will provide recommendations for internal improvement, but
does not include recommendations for external stakeholders. If the suggested rec-
ommendations are put into effect, there will be no measurement or evaluation of the
implementation outcome.
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Theory

The purpose of this chapter is to introduce the theoretical framework compiled
from the literature study, which will serve as a basis for analyzing the findings
in the following chapters. As the research focus on how to improve a complex
and multi-actor process and its efficiency and flexibility by process mapping and
modularization, there is a need to understand topics such as process management,
process modularity, and perceived proximity.

2.1 Process management

Process management within an organization have the purpose of enhancing the
customer-centric approach, and thereby improving efficiency and effectiveness (Gre-
myr et al., 2020). Process management use several perspectives to achieve the
purpose of having a customer view in the organization. One of those are process
mapping, used for visualizing a process by outlining the steps for the process and the
connection between them to increase understanding of the workflow (Damij, Damij,
et al., 2014). Moreover, process re-engineering and process improvement are slightly
different perspectives to achieve better performance. Process re-engineering means
to completely rethink a process and "start from scratch’, while process improvement
makes less drastic changes. An improvement can be e.g., elimination of bureaucracy
or simplification of methods (Davenport, 1993).

Processes can be defined in different ways, e.g., a group of activities that leads to
some sort of output or result (Harrington et al., 1994; Khoong, 1997; Madison,
2005; Palmberg, 2009) or a mechanism for creating and delivering value to cus-
tomers (Madison, 2005; Martin & Osterling, 2012). Hence, in short, processes are
how work gets done and by whom in organizations (Davenport, 1993; I. K. Davies,
1994; Madison, 2005; Martin & Osterling, 2012; Rummler & Brache, 2012). Fur-
thermore, workflow and information flow could be considered to be the two primary
processes that are involved in any organization (Madison, 2005), where workflow is
a systematic approach to handle processes and tasks which follow a specific order.
In the context of process management, the information flow could be considered the
exchange of information between people, organizations, systems or processes.

As processes form a fundamental part of an organization, understanding process can
be valuable in analyzing and diagnosing problems and find the root cause (Madison,

2005). The same author also highlights several crucial aspects for effective process

5
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management. First, to define the scope of the process clearly. Second, it is important
to identify all relevant stakeholders and process variations to ensure that the process
map is realistic. Moreover, in multinational organizations with complex processes,
these aspects can be challenging to address, as there may be many stakeholders
involved and assigning responsibilities can be difficult. Marriott (2018) stresses the
need to overcome these challenges and ensure that all stakeholders understand their
roles and responsibilities to achieve successful process management. According to
the same author, creating process maps aids in visualizing work procedures, which
enables understanding of what you are doing and overcoming the mentioned chal-
lenges.

Trkman (2010) provide a case study on a medium-sized bank to discover critical
success factors for process management. In line with the arguments provided by
Marriott (2018), Trkman (2010) also mention critical success factors such as stan-
dardization of processes, level of IT (information technology) investment and or-
ganizational changes such as structural changes. The main idea behind these suc-
cess factors were to create continuous improvement to sustain benefits from process
management, create a fit between business environment and business processes, and
construct a fit between available technology and the organization’s processes. More-
over, to be able to manage processes, an initial step is to map them to visualize the
activities involved and the work that gets done to deliver output in an organization.

2.1.1 Process mapping

Process mapping is a powerful tool for visualizing workflows and enabling teams
to gain a clearer understanding of processes and the steps involved (Damij, Damij,
et al., 2014; Kalman, 2002). Furthermore, process mapping is useful in communi-
cating processes to stakeholders and identifying areas for improvement (IBM, 2023).

There exist various form of process maps, such as cross-functional flowcharts, value-
stream maps, process flowcharts, workflow diagrams and deployment maps to name
a few. Moreover, a cross-functional flowchart (figure 2.1) inspired by Kalman (2002)
identifies the interrelationship between departments and stakeholders, and creates
potential improvement for simplifying the workflow, communication and coopera-
tion across functional boundaries. Damelio (2011) continues stating that a cross-
functional process map represent the workflow of an organization, and includes inter-
related work activities and resources that follow a specific path as inputs (resources)
are transformed into outputs that are valued by customers. Such a map demon-
strates that the end-to-end work process spans across multiple functions or other
organization entities and is useful for mapping complex processes with multiple ac-
tors involved from different areas (Damelio, 2011).

Regardless of the industry or setting, the fundamental principle of process map-
ping is that it is not possible to manage something that is not measured (Marriott,
2018). Without understanding the steps involved in a process and their sequence,
it challenges the decision of what and how to measure. Gremyr et al. (2020) state

6
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Available CGI for
markets, websites
Customer and fact sheets

Initiate need for

Sales organization e

Provide and

. . transfer engineering Review gate —
R&D organization data
Rendering CAD-
. modules and —
Supplier creating CGI

Figure 2.1: A simple cross-functional flowchart for the case company inspired by
Kalman (2002)

that inability to describe a process means that you do not know what you are doing,
which may lead to the risk of being outcompeted by other organizations that possess
the knowledge of what, when and how to improve.

The stakeholders that are involved in a process on a daily basis serve as the most
valuable source of information for providing a realistic process map (Graham, 2006).
These individuals are familiarized with the daily work and possess experiential
knowledge from observing instances of failure in the process. Therefore, they could
contribute to their resolution, or as mentioned, simplifying the workflow and improv-
ing communication and coordination between functions (Kalman, 2002). Further-
more, according to Graham (2006), there are three key factors to ensure successful
process mapping. First, the individuals performing the work that is being mapped
must provide accurate information and comprehend and support the rationale be-
hind the mapping. Second, the map must be structured in a way that enables
everyone involved to clearly understand the process. Third, the compiled informa-
tion to support the mapping must be valid.

It is essential to consider critical aspects such as individual’s concerns that the pro-
cess map could potentially eliminate their daily work, or their reluctance to delve
into minute details due to perception that such information is unnecessary (Graham,
2006). These aspects could be dependent on that employees experience concerns to-
wards a change in power dynamics, the requirement to acquire new skills, or the
potential stress of integrating into a new team (Kegan & Lahey, 2001). Moreover,
resistance to change does not solely rely on opposition or inertia, it is rather a
complex phenomenon where individuals, despite their genuine desire for change, un-
consciously channel their productive energy towards competing commitment (Kegan
& Lahey, 2001). Hence, this leads to a balance that might hinder progress and can be
misunderstood as resistance, but is, in reality, a manifestation of personal immunity

7
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to change (Kegan & Lahey, 2001). To clarify, the immunity is a hidden commitment
to change, e.g., when someone fears to complete the task at hand because s/he want
to avoid the next task due to the fear of failing or take on a tougher assignment.

2.1.1.1 Examples of process challenges

Within the healthcare sector, Marriott (2018) provides an example of a process
map for a clinic visit that illustrates its complexity and challenges. The more peo-
ple, groups, departments, and specialities, the more complicated the process map
become. Moreover, new technology and techniques do not always fit into exist-
ing process, which challenges the clarification of the process map (Marriott, 2018).
Hence, these factors needs to be considered when investigating and mapping pro-
cesses, not only within healthcare but also for other organizations that have complex
processes with similar or other critical aspects. Difficulties in clarifying the process
to increase understanding for the work that gets done (Damij, Damij, et al., 2014),
or to understand what organizational changes that needs to be done to achieve bet-
ter performance is therefore important to acknowledge (Davenport, 1993).

Another example is the design process of a product, which is a multifaceted process
that involves numerous integrated efforts. This includes generating ideas, developing
concepts, modifying details, and evaluating prototypes as pointed out by Hsiao and
Chou (2004). However, the complexity of designing complex products is not solely
dependent on technical engineering aspects (Seol et al., 2007). The managerial
complexity, which arises from managing collaborations among different engineering
disciplines, posses an additional challenge to the design process (Tang et al., 2000;
Yassine et al., 1999). To clarify, in other complex processes besides the design
process, these engineering disciplines could be equivalent to different departments for
example. To be able to tackle such complexity problems, it is essential to document
all constituent design activities and identify their inter-dependencies (Yassine et al.,
1999). Moreover, design process decomposition is a valuable technique for dividing
the workload between design teams and expediting the design process (Smith &
Morrow, 1999). By breaking down the components, the complexity of the design
process can be managed effectively and is the reason for why several studies have
embraced this approach (Seol et al., 2007). Even though this research is focused on
design processes, implications, according to Bask et al. (2011) could be drawn to
other areas to decompose processes into subsystems to achieve customization.

2.2 Process modularization

The following section offers an exploration of the concept modularization, including
its definition and purpose. Additionally, a framework for various classifications of
service process typology alongside a model which explains the potential benefits of
external integration in enhancing service performance is presented.



2. Theory

2.2.1 Definition of process modularization

Tuunanen and Cassab (2011) define service process modularization as "the system-
atic combination of service encounter processes known to both the customer and the
firm that generates new, customizable service packages of increased utility to the cus-
tomer". The objective with modularization is to group individual functionalities into
modules, and therefore making them as reusable as possible (Hyotyldinen & Moller,
2007). Moreover, Bottcher and Klingner (2011) divide the aim with modularization
into five aspects; reduction of efforts, configuration, improved transparency with
reduced complexity, enhancements and improvements, and reusability. These mod-
ules can be useful in constructing complex processes from smaller, independently
designed sub-processes that could function together as a whole (Baldwin & Clark,
2003). Hence, process modularity could be used to break down processes into sub-
systems in order to achieve customization on a higher level (Bask et al., 2011).
However, in order to fully exploit the benefits of modularization, the modules must
be clearly defined (Carlborg & Kindstrom, 2014).

Clearly defining the modules is a task that is easier said than accomplished, but
as stated by Bottcher and Klingner (2011), two methods could be utilized for con-
structing service process modules. The two approaches are the creation of modules
that can be utilized for service offerings (creation), or dividing existing service of-
ferings into service modules (decomposition). However, it is essential to specify and
scientifically address the suitability of each method for the particular case. In order
to create a scenario with a useful method, aspects such as staff education (how to
work with the modules), organizational changes (restructuring departments), and
the creation of development methods have to be addressed sufficiently (Béttcher &
Klingner, 2011). Moreover, Burr (2016) states that the construction of modules is
dependent on the potential of the existing resources, thus emphasizing the signifi-
cance of evaluating the available resources before initiating process modularization.

2.2.2 Purpose of modularization

The advantages of using a modular strategy have been known for a relatively long
time in the area of software engineering, where reuse and variation of different soft-
ware modules aids in developing new functions in an efficient manner (Tuunanen
& Cassab, 2011). Furthermore, Bottcher and Klingner (2011) states that modular-
ization typically involves acknowledging three aspects: an architecture that outlines
the modules, an interface that explains the modules interaction, and standards for
testing a module’s suitability to the design rules. This perspective is also supported
by Baldwin and Clark (2003). To clarify, within software engineering, components
as modules are artefacts that are identified in the software system (Bottcher &
Klingner, 2011). According to Sametinger (1997), these components have an inter-
face, carry internal details, are documented separately to one another, and are char-
acterized by reusability, accessibility and encapsulation of functionality (Bottcher
& Klingner, 2011). Moreover, testing a modules suitability to the the design rules
means to investigate if module X function in the system or investigating how good
module X is compared to module Y, i.e., the relative performance (Baldwin & Clark,

9



2. Theory

2003).

The purpose of utilizing software modules is to simplify complexity, combine cus-
tomer specific and standardized software, eliminate redundant code, promote reuse,
and realize cost benefits (Czarnecki et al., 2002; Gao et al., 2006; Szyperski et al.,
2002). The advantages of modularization are pursued by both industrial engineering
and software engineering (Bottcher & Klingner, 2011). While there may be differ-
ences in how modularization is implemented, the basic methods are comparable in
both areas. Therefore the experience of industrial and software engineering can be
applied to benefit modularity of service processes. However, it is important to adapt
the modular approach to the specific context at hand (Bottcher & Klingner, 2011).

2.2.3 Framework for service typology

According to Carlborg and Kindstrom (2014), services as processes with respect to
the role of the customer could be divided into four different types (Figure 2.2). The
process could either be rigid or fluid, and the role of the customer could be either
passive or active. The characteristics of a rigid process are high formalization and
centralization, standardization and low task variety and relatively low information
exchange between actors. The fluid process on the other hand requires high level of
information exchange between customer and service provider, high level of technical
skills as well as several judgmental decision points in the process. As mentioned,
Carlborg and Kindstrém (2014) emphasize that the customer could either have a
passive or active role in the process, which is concerned with the degree of participa-
tion between the provider and customer. Active participation refers to a high level
of involvement or co-creation, while passive participation implies a low level of en-
gagement. However, according to Droge et al. (2012), the external integration in the
supply chain could either be a supplier or a customer. Hence, whether the supplier’s
role is active or passive in the process is of interest. Moreover, in processes where
there exist both customer and supplier interaction, creating different process paths,
Gronroos (2011) states that the processes are not two parallel processes working
independently of each other. This is an interactive, unified and coordinated process
that involves both the customer and the supplier contributions.
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ROLE OF STAKEHOLDER

PASSIVE ACTIVE
Type 1 Type 2
Modular strategy: Modular strategy:
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Relieving focus Relationship focused
[ FLUID
n

Figure 2.2: Different service process types influenced by Carlborg and Kindstréom
(2014)

When the stakeholder is inactive (i.e., type 1 and type 3), the modular strategies
are efficiency focus and relieving focus. Since standardization is important for type
1 processes, the modules also needs to be standardized. This leads to cost effective
processes. For type 3 processes Carlborg and Kindstrom (2014) suggests that there
needs to be a large number of modules to cope with the fluid service process. Fur-
thermore, a project coordinator role should exist to solve the individual customer
need.

In the cases of an active stakeholder role (i.e., type 2 and type 4), there are two
modular strategies suggested by Carlborg and Kindstrom (2014). First, for process
of type 2 where the stakeholder is active and the process is rigid, a customer ef-
ficiency modular strategy is suggested. This means to have standardized modules
but high customizability, so the customer can choose how to spend their resources.
Second, the modular strategy for a type 4 process is instead relationship focused.
Since this process requires resources/inputs from different departments, the actors
needs to understand each other and communicate well. The modules for this process
needs to be independent and combined into bundles (Carlborg & Kindstrom, 2014).

2.2.4 Framework for process integration

Droge et al. (2012) introduced a research model (figure 2.3) that explores the interre-
lationships between process strategy, external integration, and service performance.
This model also exhibit that changes in performance can be both directly and indi-
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rectly influenced by integration and process strategies. Droge et al. (2012) suggest
that process strategies can stimulate socialization (external integration) and hope-
fully impact service performance for the better. Moreover, the integration of the
supply chain is described as a process of redefining and linking entities through the
coordination and sharing of information and resources (Katunzi, 2011). Petersen
et al. (2005) defined supplier integration as a practice where suppliers provide in-
formation and directly participate in decision-making, which is characterized by a
cooperative relationship between the buyer and the upstream supplier. On the other
hand, customer integration involves the flow of products in the forward direction and
the flow of information in the backward direction, from the customer to the supplier
(Frohlich & Westbrook, 2001; Narasimhan & Carter, 1998). Therefore, successful
integration within the supply chain requires effective coordination and collaboration
with both customers and suppliers (Droge et al., 2012).

In the study conducted by Droge et al. (2012), various automotive manufacturers
were examined. The findings indicate that managers lacking the flexibility or fi-
nancial means to invest in supply chain integration can achieve service performance
enhancements by investing in modular architectures. First, product modularity
encourages integration within the supply chain. Second, since modular product
architectures have a noteworthy cumulative effect on both support and delivery per-
formance, investing in such architectures is likely to result in some form of service
performance benefit, either directly, indirectly, or both.

Indirect effects

EII:I‘:I External ED:'
Process strategy Service

integration

/ \ performance
Supplier
integration Delivery
performance
Process Customer
modularity integration Support
performace

a5

Direct effects

Figure 2.3: Research model inspired by Droge et al. (2012)
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2.2.5 Customers and suppliers role in processes

The customer “s role in service processes is crucial because they are often co-creating
the service alongside the provider (Carlborg & Kindstrom, 2014). However, most
studies on service modularity have focused on an internal supplier oriented perspec-
tive, ignoring the customer s co-production role (Tuunanen & Cassab, 2011). The
customers contributions to the service production process have in general been con-
sidered minor and supplementary (Xue & Harker, 2002). This narrow view of service
modularity is a result of its goods-centric foundation (Bask et al., 2011). Nonethe-
less, it is misleading to view customer as a non co-producer since they typically play
a significant role in service processes (Xue & Harker, 2002). Moreover, customer
integration also affects the organization “s performance, particularly in terms of op-
erational efficiency (Ostrom et al., 2010). Hence, understanding the customers role
in service modularity is critical, as the level of customer contact and understand-
ing of their needs influence the choice of a suitable modular strategy (Ulkuniemi &
Pekkarinen, 2011).

In sum, when complexity in the process increases, modularity can reduce the com-
plexity and increase flexibility by breaking down the process in sub-processes. How-
ever, when tasks in the process are uncertain and require coordination from several
stakeholder resulting in the heavy cognitive load mentioned by Droge et al. (2012),
it is difficult to break down and simplify them. Moreover, process management has
received critique for failing to capture the human and organisational aspects in a
process (Vakola & Rezgui, 2000). Therefore, perceived proximity is introduced in
the next section as a way to understand the reasons behind this complexity. Fur-
thermore, it can be put into consideration when designing a modular process.

2.3 Perceived proximity

In the following section, two theoretical models of perceived proximity will be pre-
sented. Next, the relation between perceived proximity and process management
and process modularity will be examined followed by a framework.

In contrast to geographical proximity, perceived proximity is defined as how close or
far one feel to another (Wilson et al., 2008). Although several decades of research
on geographical proximity held that you feel closest to those physically close to
you (Allen et al., 1984; Wilson et al., 2008), organizational and regional researchers
started to question this notion with the development of information and communi-
cation technologies (ICTs) started to be used by firms (Amason & Sapienza, 1997).
Several researches has since presented different complementary dimensions of prox-
imity (Bunnell & Coe, 2001; Kirat & Lung, 1999). Boschma (2005) was the first to
present a framework for proximity including the five dimensions Cognitive, Social,
Organizational, Institutional and Social, when studying proximity’s role in learning
with relation to innovation.

Another model was developed by Wilson et al. (2008) using perceived proximity

13



2. Theory

to explain the paradox of "far-but-close" in relation to virtual teams. In contrast
to Boschma (2005), this model shows how shared identification and communication
are the two main processes to achieve high perceived proximity. Furthermore, it ar-
gues that individual and socio-organizational factors also affects perceived proximity
(Wilson et al., 2008).

2.3.1 Boschma’s view on proximity

Drawing inspiration and building on the three dimensions of proximity: organiza-
tional; institutional; and geographical; presented by Shaw and Gilly (2000), Boschma
(2005) defines the five dimensions of proximity that affect how close one feels to an-
other. Arguing that perceived proximity reduces uncertainty and solves coordination
problems, the author applied the model to understand its effect on innovation within
firms. However, R&D does not work in isolation with innovation. Downstream ac-
tors are connected, and therefore, affected by the innovation process (Wheelwright
& Clark, 1992). As a result, a complex and multi-actor process also suffer from
uncertainty and coordination problem which can be understood and reduced by
applying Boschma (2005) proximity dimensions.

2.3.1.1 Cognitive Proximity

Cognitive proximity can be defined as to what extent two actors share the same
knowledge base. Without sharing a knowledge base, actors will be unable to effec-
tively transmit knowledge, which is needed to innovate (Boschma, 2005). In other
words, this means actors with non-overlapping knowledge bases do not understand
each other and thereby can not innovate.

Cohendet and Llerena (1997) highlights the importance of knowledge diversity to
foster innovation. In addition, the understanding that knowledge is spread inside
and between organizations makes it challenging for firms to bring this knowledge
together. Boschma (2005) means that cognitive proximity is a reason for these types
of challenges, sharing some parts of the knowledge base is required to effectively in-
terpret, exploit and transmit new knowledge and collaborate effectively.

As opposed to the other dimensions of proximity, the cognitive dimension is a re-
quirement to learning and can not be substituted. This means that no matter how
proximate two actors feel with regards to social, geographical, institutionally or or-
ganization proximity, it will not foster learning unless they share some knowledge
base (Boschma, 2005).

2.3.1.2 Organizational Proximity

In the work provided by Shaw and Gilly (2000), the cognitive dimension was a part
of organizational proximity. However, Boschma (2005) treats them as two separate
dimensions and defines the organizational proximity as the extent to which relations
is shared in an organizational arrangement. In the context of intra-organizational
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proximity, it refers to the relation between two units, for example R&D and sales.

Its effect on knowledge transfer and learning is that it reduces uncertainty and
opportunism. Having high organizational proximity leads to strong control measures
that actively reduces uncertainty and opportunism (Boschma, 2005). Furthermore,
the need for feedback advocates high organizational proximity. Feedback require
communication which is challenging to achieve when organizations does not share a
relationship (Hansen, 1999).

2.3.1.3 Social Proximity

Social proximity refers to the closeness of socially embedded relations between ac-
tors. To what level a relationship is embedded depends on trust, which comes from
friendship, kinship and experience according to Boschma (2005). Through high
social proximity actors are able communicate more open, which enables learning
(Lundvall, 1990).

Similarly to organizational proximity, social proximity can reduce the risk of op-
portunistic behavior. Through strong and committed relationships, actors are more
likely to solve problems as opposed to pure market based relations (e.g., on the spot
market) that dissolve when problems occur (Boschma, 2005).

2.3.1.4 Institutional proximity

Institutions are common habits, practices, rules and laws that regulate the rela-
tions and interactions between individuals and groups (Edquist & Johnson, 1996).
Boschma (2005) uses this definition to say that institutional proximity is to the ex-
tent these institutional attributes are shared between two actors.

In one way, especially formal institutions (laws and rules), can hamper learning
and innovation since they are regulating mechanisms. However, when focusing on
proximity, it is instead interesting whether or not two actors share these attributes
(Maskell & Malmberg, 1999). E.g., if two actors share the same law system, lan-
guage, and habits, it enables them to communicate effectively and learn. In addition,
it would secure intellectual property and other law related questions.

2.3.1.5 Geographical proximity

Simply put, geographical proximity is the spacial distance between two actors. It’s
effect on learning, economic value, and competitive advantage has been studied thor-
oughly before Boschma’s (2005) paper, but as previously mentioned, not considering
other dimensions of proximity. As a result, studies show that by literary bringing
actors together it increases the ability to transfer tacit knowledge, and thus facilitate
learning (Audretsch & Feldman, 1996).

15



2. Theory

2.3.1.6 Negative effect of too much proximity

Central in Boschma’s paper is that too little proximity is detrimental to learning,
collaboration and innovation, and too much proximity has negative effects as well.
The effects are summarized in the table 2.1.

Table 2.1: Key variables and consequences of too much and too little proximity in
each proximity dimension (Boschma, 2005).

Proximity dimen- Key variable Too little proxim- Too much proxim-

sion ity ity

Cognitive Knowledge gap Misunderstanding Lack of sources of
novelty

Organizational Control Opportunism Bureaucracy

Social Trust Opportunism No economic ratio-
nale

Institutional Trust Opportunism Lock-in and inertia

Geographical Distance No spatial externali- Lack of geographical

ties openness

Two reasons why being too cognitively proximate can be negative are highlighted.
First, as aforementioned, innovation requires knowledge from different sources and
backgrounds (Cohendet & Llerena, 1997), thus if two actors shared knowledge base
is too similar, this diversity is not present. Second, being to close cognitively limits
the team’s ability to view new technologies and markets, instead relying on what
has worked previously. This lock-in effect exist due to learned habits that is difficult
to unlearn and has become insufficient compared to newer developments.

High organizational proximity is related to a hierarchical organization structure
which also poses three issues. First, being locked in a specific relation or commu-
nication channel creates high dependencies on that single channel. Second, these
channels does not have mechanisms for feedback as a result of the asymmetrical
relations created in a hierarchical organization. Third, organizational flexibility is
needed for innovation (Blanc & Sierra, 1999), and too high organizational proximity
does not permit this flexibility.

Similarly to how high cognitive proximity can lead to lock-in scenarios, so can social
proximity. Long term and strongly committed relationships can lead to actors not
adopting new ways of working or new technologies. Moreover, although it might
seem contradictory, high social proximity can lead to underestimation of oppor-
tunism. This is true in a world of calculating actors and dynamic environment
(Boschma, 2005). It can be summarized as having a lack of economic rational when
dealing with close relationships (i.e., valuing the social relationship over the more
economically rational decision).

It is obvious that high institutional proximity can lead to lock in as it is under those
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laws and rules actors work in. However, since the institutional system is built up by
numerous, and sometimes independent parts, it can cause inertia when adjustments
needs to be made. These adjustments are frequent in the context of innovation or
dealing with anything novel (Boschma, 2005).

Finally, geographical lock-in is the main negative aspect of too much geographi-
cal proximity. This lock-in refers to the ability to look outside of your immediate
surroundings to find new technologies or solutions (Boschma, 2005). Imagine an
industry complex where a business only seeks for partners or supply inside the com-
plex, thus failing to spot a superior solution.

2.3.2 Wilson’s model for perceived proximity

The paradox that Wilson’s model of perceived proximity tries to explain is the "far-
but-close" or the opposite, "close-but-far" in virtual teams (Wilson et al., 2008).
Similarly to Boschma (2005), it means that the feeling of closeness does not corre-
spond to the spacial distance, the geographical proximity, but instead other factors.
In Wilson et al. (2008) model these factors are communication and identification, fol-
lowed by socio-organizational and individual factors. The advantages of increasing
perceived proximity in a virtual teams are reduced uncertainty, increased commit-
ment to the team (Wilson et al., 2008), growth and well being of team members
(Hackman, 1990). Thus it offers another perspective on perceived proximity not di-
rectly linked to innovation that, through combination with Boschma’s (2005) model
can lead to a more complete view on perceived proximity. Figure 2.4 shows Wilson’s
(2008) model.

Shared identity

Spatial Network Structural Perceived Relationship
distance structure assurance proximimty quality

Communication

Figure 2.4: Wilson’s (2008) model for perceived proximity

2.3.2.1 Communication

The first core process to increase perceived proximity is communication, which is
measured with regards to how frequent, deep and interactive it is (Wilson et al.,
2008). First, frequent communication increases cognitive salience, e.g., how often
and readily something comes to mind (Sutrop, 2001). As a result, it reduces the
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problem of out-of-mind-out-of-sight seen in colleagues who do not naturally meet
physically. Second, if the communication is both frequent and deep it allows actors
to visualise each other’s local situation better and therefore make informed decisions
(Wilson et al., 2008). Third, if the communication is also interactive it allows for the
optimal setting for communicating, thus reducing uncertainty further (Wheelwright
& Clark, 1992; Wilson et al., 2008). However, too much communication can have
negative impacts on relationship quality according to Wilson et al. (2008), hence
labeling it insufferable proximity. Similar to Boschma (2005), Wilson et al. (2008)
highlights that there exists an optimum where the level of proximity is just right.

2.3.2.2 Identification

The other core process that increases perceived proximity is identification, which
is defined as the process of self-categorization with others (Wilson et al., 2008).
Moreover, it affects perceived proximity through three mechanisms: establishing a
common ground, reducing uncertainty (as with communication), and trust. First, to
share a common ground you must share some social category, experience or entity.
Consequently, it will lead to more understanding of another person (Clark, 1992).
Second, through sharing an identity, it leads to uncertainty being reduced (Wilson et
al., 2008). By projecting positive traits on the person you experience shared identity
with, the person becomes more predictable (Cramton, 2001). Third, identifying with
another makes you give them the benefit of the doubt as a result of trust (Wilson
et al., 2008). Consequently, it is easy to fault a person’s, that one does not identify
with, motivations when data is absent (Cramton, 2001).

2.3.2.3 Socio-organizational factors

The two other factors from Wilson et al. (2008) model is structural assurance and
network structures since these also affect communication and identification. Net-
work structure is essentially the relationship ties to, in this case, team members.
Strong ties represent strong relationships that consequently lead to more frequent
and deep communication and identification (Wilson et al., 2008)

Structural assurance on the other hand refers to organizational safeguards like con-
tacts, regulations, guarantees and legal recourse (McKnight et al., 1998). Wilson
et al. (2008) makes an example where if the firm has rigorous hiring policies, it leads
to increased communication and identification because you trust the new hire to be
competent.

2.3.3 Achieve perceived proximity

Recent empirical studies based on Wilson’s (2008) model show that one way to
achieve quality communication (frequent, deep and interactive) is by having a shared
mental model between actors (Zamani & Pouloudi, 2022).
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2.3.3.1 Shared mental models

Mathieu et al. (2008) defines shared mental models as "an organized understanding
or mental representation of knowledge that is shared by team members'. Although
used most extensively to understand team effectiveness (Mathieu et al., 2008), it
can also be used to understand perceived proximity (Zamani & Pouloudi, 2022) and
therefore also understand process challenges experienced at the case company.

The shared mental model can be broken down into four sub-models; equipment
model; task model; team member model; and team interaction model. The definition
of the models are shown in table 2.2 (Cannon-Bowers et al., 1995). Consequently,
the more sub-models two actors share, the more of a total shared mental model
these actors have. Moreover, to have high perceived proximity in virtual teams, all
four models needs to be shared (Zamani & Pouloudi, 2022).

Table 2.2: The four sub-models of shared mental models (Cannon-Bowers et al.,
1995)

Models Definition

Equipment model Shared understanding of the tools necessary for the comple-
tion of the task.

Task model Shared understanding about what needs to be done for the
completion of a task or a project.

Team member Awareness of each other’s skills, desires, habits, beliefs etc.
model

Team interaction Shared understanding of what is known and/or believed about
model team processes.

2.3.4 Comparison and aggregated model

The models are different in three ways. First, the aim of the models are different.
Boschma’s model (2005) aims to understand what dimensions build up perceived
proximity. In contrast, Wilson’s model (2008) aims to understand what factors
directly affect perceived proximity. I.e., Boschma (2005) investigate the building
blocks of perceived proximity, while Wilson et al. (2008) investigate how to affect
perceived proximity. Second, the context of the models also differ. Boschma (2005)
studies perceived proximity’s affect on innovation and learning. This is slightly dif-
ferent from Wilson et al. (2008), which focuses on relationship quality in virtual
teams regardless of the activity of the actors (e.g., design, marketing, accounting
etc). Third, shared identity is one of the core processes, besides communication,
that Wilson et al. (2008) argues affects perceived proximity. Boschma (2005) on the
other hand, does not mention shared identity in neither of the five dimensions.
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Although differentiating in some areas, the models also overlap in three ways. First,
even though not highlighting as it as a factor or dimension, communication is
mentioned frequently in relation to cognitive, organizational and social proximity
(Boschma, 2005). Second, Boschma’s institutional proximity and Wilson’s struc-
tural assurance are similar except the former operates at the macro-level, while the
latter operates at the organizational-level. However, both deals with the rules and
policies the two actors operates under (Boschma, 2005; Wilson et al., 2008). Third,
social proximity and network structures both reflect how strong a social relation-
ship is between two actors. Thus, having high social proximity could be expressed
as having strong network ties or vice versa.

2.4 Framework

To summarize and connect the theoretical concepts process management, process
mapping, process modularization and perceived proximity, a framework will be pre-
sented in the following section.
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Process management
(Gremyr et al., 2020)

2

Process modularity
(Tuunanen & Cassab, 2011)

Process maps

Shared mental models
(Mathieu et al., 2008)

Sub-models

(Cannon-Bowers et al.,
1995)

Shared

identification/Communication
(Wilson et al., 2008)

< Cognitive XOrganizationalX Institutional X Social X Geographical >

Perceived proximity (Boschma, 2005)

Figure 2.5: Framework connecting the process management, process modularity,
process maps with perceived proximity and shared mental models

As aforementioned, process management is a way to achieve better performance in
the terms of efficiency and effectiveness (Gremyr et al., 2020). To make changes to
achieve a performance increase, understanding the process is a prerequisite, there-
fore, process maps can be used. Process maps serve as guidance for the stakeholders
to understand their task and responsibility related to the final goal (Damij, Damij,
et al., 2014). Moreover, process performance can be achieved through standardiza-
tion, with the subsequent trade-off with flexibility (Trkman, 2010). In a complex,
multi-actor and inter-organizational process, flexibility is necessary to cope with
customization. Hence, in the traditional sense of process management, only stan-
dardization can not satisfy the needs for the process.

Process modularity aims to push this trade-off between standardization and flexibil-
ity further, i.e., allowing for both increase efficiency and flexibility (Czarnecki et al.,
2002). It achieves this balance through creating or breaking down (creation and
decomposition) the process into modules. Each module needs to be clearly defined
and the users needs to be educated on how to use the modules. If done successfully,
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the process will consist of defined and standardized modules, that through the mod-
ule’s interfaces interact efficiently with each other and allows for customization and
flexibility (Bottcher & Klingner, 2011). However, when certain tasks in the process
are complex, uncertain and require input from several actors from different orga-
nizations, the corresponding module will also suffer from complexity (Droge et al.,
2012). As a result, it will not be standardized and act as a bottleneck, thereby,
reduce efficiency. To understand the nature of the complexity, one needs to under-
stand the relationships between actors and organizations to ultimately reduce the
uncertainty and improve efficiency.

Perceived proximity could help in understanding these relationships, furthermore,
designing a process to support perceived proximity can help decrease uncertainty,
which reduces complexity. Referring to how close two actors feel, as opposed to how
geographically close they really are; perceived proximity can be broken down into
five dimensions: Cognitive, social, organizational, institutional and geographical
(Boschma, 2005). In addition, the main factors that influence perceived proximity
is communication and identification (Wilson et al., 2008; Zamani & Pouloudi, 2022).
How proximate you feel to another actor is determined by the overlap in each di-
mension. Furthermore, quality communication and shared identification serves as
ways to impact at least cognitive-, organizational- and social proximity.(Boschma,
2005; Wilson et al., 2008)

One way to increase quality communication and shared identification is that the
actors have a shared mental model. By having a shared mental model of the equip-
ment, task, team members and interaction (team processes), the team will experience
high perceived proximity (Zamani & Pouloudi, 2022), and reduce the uncertainty
regarding complex modules/tasks. Furthermore, a process map could be used both
as a form of mental model per se, and to further increase the shared mental models
as it defines the process for all actors involved.
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Methods

In this section, the research methodology is described. The section describes the re-
search strategy and research design that this research is based on, including the data
sources and methods used. Additionally, trustworthiness is discussed to increase the
quality of the study as well as consideration of ethical principles.

3.1 Research Strategy

The choice of research strategy is determined by the suitability for the specific study
and could either have a qualitative or a quantitative approach (Bell et al., 2022).
The selection of an appropriate approach is based on its alignment with the purpose
of the study and the research questions under investigation. There is a notable dis-
tinction between the two approaches, and according to Bell et al (2022), quantitative
research relies on numerical data, while a qualitative research incorporates written
or spoken words and images. In this study, the CGI-process was investigated with
the purpose of improving the process by redesigning it with support from process
modularity and perceived proximity. To understand the CGI-process, what actors
that are involved, and the complexity of different needs, it was necessary to collect
data through verbal interaction and images. Hence, it was appropriate to use a qual-
itative approach since the understanding of the process was not based on numerical
data, but rather on text based data capturing experiences and views.

In traditional research, the connection between research and theory is commonly re-
vealed through the use of either inductive or deductive reasoning (Bell et al., 2022).
The two reasoning methods differ in their approach, as the deductive method aims
to test existing theories using research hypotheses, while the inductive method aims
to form new theories based on empirical data (Bell et al., 2022). However, in the
field of business research, abductive approach has emerged as an alternative to the
traditional methods of reasoning. This approach combines the elements of both
deductive and inductive reasoning by starting with observations, forming hypothe-
ses, and then comparing them with available information in order to arrive at a
conclusion (Bell et al., 2022). Mantere and Ketokivi (2013) explain that the ab-
ductive reasoning process involves identifying the conditions that would explain a
phenomenon and make it less mysterious, and hence, gradually transform unclear
facts into expected outcomes. In order to fulfill the purpose of redesigning the com-
plex multi-actor process, it was necessary to clarify the process through ongoing
data collection, i.e., through continuous interviews and discussions. As the pro-
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cess became clearer and the questions were answered, the process map served as
a foundation for transforming unclear aspects into actionable improvements as an
outcome. Therefore, an abductive approach was considered suitable for this study.

3.2 Case study

The proposed research design for this research was a case study, and as outlined by
Bell et al (2022) it is a method that involves a thorough and in depth analysis of a
particular case, and in this study a specific process at a specific organization. Fur-
thermore, qualitative case studies is a common approach for areas that previously
has not been studied (Barratt et al., 2011).

The topic within manufacturing strategies has been researched for several decades
(Hayes, 1979; Miller & Roth, 1994; Skinner, 1980), and it has been discovered that
qualitative case studies within manufacturing strategies are integrative in nature
(Barratt et al., 2011). For instance, when combining theories in manufacturing
strategies with other related areas such as modularity, a case study appears to be
suitable (Salvador et al., 2002). Even though this study did not investigate a tradi-
tional manufacturing process, implications could be drawn to other processes such
as producing CGI. The rationale behind using a case study as a research design was
due to the need to examine a particular phenomenon within a specific company.
This required thorough gathering and analysis of data specific to this case.

This specific case company suited the purpose of this study since it is a large en-
terprise that manufactures complex products. Therefore, the processes are also
complex which leads to several actors involvement is needed. Furthermore, due to
the size of the company, these actors are spread out in different departments or
organization. As a result, the purpose of investigating a complex, multi-actor and
inter-organizational process suits the case company well.

3.3 Data Collection

The basis for this case study was conducted through an exploratory phase, literature
study and an in-depth empirical study. The latter including interviews, focus groups,
benchmarking and observations. These formed the basis for fulfilling the purpose
of the study and answering the research questions. Figure 3.1 illustrates the data
collection procedure as a funnel, showing the data collection tapering off towards
the in-depth empirical study as a result of the previous steps.
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Figure 3.1: Data collection funnel

3.3.1 Exploratory phase

As mentioned by Bell et al (2022), at the starting point of a project, it is impor-
tant to conduct an exploratory phase to gain a comprehensive understanding of the
problem to be addressed, the project timeline, and available resources. Given the
complexity and comprehensive nature of the investigation in this study, it was nec-
essary to undertake an exploratory phase. Furthermore, this exploratory process
includes elements of learning, listening, and sharing (DiCicco-Bloom & Crabtree,
2006). Neglecting to acknowledge the aforementioned requirements could have re-
sulted in missing crucial information and making it challenging to execute the study.

The objective with the exploratory phase in this study was to gain a comprehensive
understanding of the process and workflow associated with CGIs at a multinational
company. In order to achieve this, the case company supervisors held an initial pre-
sentation of the problems they where experiencing with the process. Furthermore,
the researchers had opportunities to ask questions frequently during the first weeks
of the study both during meetings and through Microsoft Teams.

3.3.2 Literature Study

The literature study was conducted to understand what theories and concepts that
already been investigated and applied in similar business field. This made it pos-
sible to get a better understanding of the concept, patterns and themes that arose
in the case study as well as connecting these to other cases and contextualize possi-
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ble findings within a scientific frame. The literature study took place concurrently
with the exploratory phase and served as a tool to familiarize with the subject and
understand the advancement made by previous researchers (Séfsten & Gustavsson,
2019). Hence, through this process, crucial and relevant information about issues
or questions that could be useful throughout the study could be collected (Safsten
& Gustavsson, 2019).

The literature was mainly collected through search engines, such as Google Scholar,
Emerald insights, Chalmers Library’s database and other recommended websites
provided by Chalmers supervisor. Throughout the project, as more literature were
examined, the keywords for searching became clearer. Hence, adapting to more
specified and defined search was possible and enabled a deeper knowledge regarding
how to examine patterns in the research findings, which is a key aspect for later
interpretation of the material (Osanloo & Grant, 2016). Keywords such as Process
innovation, Process management, Perceived Proximity, and Process modularity was
used. In addition, relevant course literature in the master s program Quality and
Operations Management at Chalmers was used.

3.3.3 In-depth Empirical study

To gain a comprehensive understanding of the specific subject, this study was also
based on an empirical study, which utilize a diverse range of method including
interviews, focus groups, benchmarking and observations. The intent was to gather
valuable data and insights that enhanced the understanding of the specific case,
which facilitated the completion of the research study in a successful way. By
aggregating data from various sources with multiple point-of-views, it was possible
to gain a more complete understanding of the process.

Interviews

To gain knowledge and get a deeper understanding of the subject, a snowball sam-
pling technique was used. This technique entailed that a limited group of inter-
viewee candidates were collected and interviewed that had a relevant connection
to the research. Subsequently, these individuals nominated additional participants
they believed possessed experiences or characteristics relevant for the research, and
this chain of nominating other candidates maintained iteratively, which is the char-
acteristics of the snowball sampling technique (Bell et al., 2022). For this study,
the researchers were given a list of people that were considered as suitable intervie-
wee objects at the beginning of the research, and they in turn recommended others.
Having a predetermined list from the beginning could challenge the evaluation if the
candidates is truly the right people to talk to. Especially when the list was provided
at such an early state when the researchers were not familiar with the subject yet.
However, this list had a particular advantage in that it allowed the researchers to
schedule interviews early without the need to identify relevant individuals, resulting
in potential time savings. However, with a snowball sampling technique, where a
group of people nominate others, uncertainty about the relevance of a respondent
could be reduced as the iterative technique provided the interviewers with relevant
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candidates.

Both unstructured and semi-structured interviews were conducted throughout the
research process. During the opening weeks, unstructured interviews were favoured,
allowing for a dynamic questioning approach (Bell et al., 2022). These interviews
was used to understand the background to the CGl-process, the stakeholders in-
volved and the organizational structure. There was a total of three unstructured
interviews. Additionally, the research also included semi-structured interviews. In
these interviews, the interviewers had a set of pre-determined questions, but the
questioning order varied to better suit the flow of the conversation (Bell et al.,
2022). The three sections of questions used was understanding the current state
of the process (process management/process map), understanding the condition for
modularity (process modularity) and prozimity between actors and organizations
(perceived proximity). Furthermore, to increase the ability to go back to what was
said during the interviews, substantial notes and transcriptions were done when the
respondent gave the permission to do so.

21 semi-structured interviews were held with respondents from different depart-
ments, organizations and with different roles in the CGI-process (figure 3.2). The re-
spondents most frequently chosen for interviews worked at departments such as mar-
keting and sales and product information. The interviews were performed through
digital interaction and face-to-face interviews with around 50% distribution and
both researchers present. When the interviews were conducted digitally, Microsoft
Teams was used to transcribe and record the interviews. However, during on-site
interviews, phone recording was utilized and transcription was performed manually
after each interview. Moreover, the interviews was mainly lead by one researcher
when the other took notes and added additional questions when needed. Each in-
terview was booked for one hour and lasted, on average, the same time.

21 Interviews

4
7 Groups
4 Organization

Product Product Marketing Design Engineering Other Supplier
owner Information

w

N

=

o

Figure 3.2: Summary of the interviews and number of concerned groups and
organizations
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Focus groups

Focus groups served as a basis for validating the results from the literature study
and empirical study, but also to explore preliminary results and create discussion.
A crucial aspect for a successful focus group lies in fostering opportunities for deep
discussions and sharing individual perspectives through interactive engagement be-
tween participants on a shared topic (Carter, 2014). Bell et al. (2022) also em-
phasizes the interaction between the participants in the focus group and the joint
construction of a mutual meaning. Furthermore, involving the right people from
various departments aided in determining how to implement the findings to improve
the process while having all the stakeholders in consideration.

This study included two focus groups with four participants in each, where the
chosen participants were based on the involvement in the process. One of the
participants were the one who produced the prerequisites to make an order of a
CGI (product specialist), the second participant was the actual orderer (product
information /marketing), the third was connected to design and engineering data
(R&D/other), while the fourth was the coordinator of CGI. To create discussion,
emphasize interaction, and create mutual understanding between participants as
mentioned by Bell et al. (2022), the focus groups were organized with a two hour
slot with a 15 minute break in the middle. The first half were focused on the intro-
duction and presentation of the process map based on the data collection from the
interviews. It also included the possibility for each participant to write down the two
main problems they thought could appear in the presented process map discussed
in the group afterwards. The second half of the focus group included discussion
regarding where each problem could be placed in an impact feasibility matrix, and
furthermore, discuss and go through the propositions and summarize the result.

The reason for conducting focus groups, was as mentioned, to create mutual un-
derstanding and creating discussion regarding the issues involved in the process.
However, it was also a possibility to create a sense of ownership for the organiza-
tion and participants connected to the produced process map. Hence, it enabled
visualization of the issues within the workflow and created a clearer understanding
of the steps involved as stated by Damij, Damij, et al. (2014). Moreover, it also
contributed to a further understanding of who was and should be involved in the
process.

Benchmarking

This study also included benchmarking after all the internal interviews and focus
groups were done. The benchmarking involved an interview with another company
in similar business field regarding their work with CGI to gain insights into their
practices, thereby inspire improvement suggestions. This provided the opportunity
to assess the internal effectiveness for the case company but also gave an indica-
tion of the companys’s competitiveness (Zairi, 1994). Furthermore, benchmarking
provides momentum to quality programs and inspires organizations to continuously
maintain an external focus while identifying performance gaps and developing ef-

28



3. Methods

fective strategies to close them (Zairi, 1994). Since the sample of benchmarking
interviews was low compared to interviews at the case company, insights gained
regarding the benchmarking company’s operations was low. However, since the pur-
pose was to inspire improvement suggestions the low relative low sample still serves
the aforementioned purpose.

Observation

The possibility to attend bi-weekly meetings between the external stakeholder that
creates the CGI together with the case company were given throughout the project.
These meetings served as a basis to understand how the context of the meetings
were set up as well as observing and listening to what issues that often occurred.

3.4 Data analysis

This section describe how the data analysis were done for the collected data. First,
the collected and transcribed data were structured and analyzed with the software
program Nvivo. The tool was used to organizing what was said during the inter-
views regarding specific questions or topics and how respondents answers deviated
from each other. Initially, a deductive approach was taken to derive codes based on
the theory. Examples of such codes used include: Process variation, communication,
coordination, perceived proximity high, perceived proximity low and CAD-data. After
starting to code, an inductive approach was used to add codes based on the data
at hand. Examples of such codes included Process complezity, consequences, and
variance. Second, the data from the two focus groups were analysed by grouping
the 13 improvements discussed in the focus groups into themes. These themes were
based on the problem the solution was trying to address, e.g., communication, CAD-
data quality and structure. Third, data from observations were structured as notes
and was segmented based on relevance. The observations that was deemed relevant
was inserted as codes in the same topics as the interviews using Nvivo. Forth, as
the benchmarking only contained one interview, that interview was transcribed and
analysed through Nvivo as well.

A result from the collected data was the process map for CGI (see figure 4.1), which
was a key factor in understanding the workflow and information flow, therefore it
was also a way to analyze the data. The program used to visualize and create the
process map is called Freeform and was used throughout the whole project, during
the interviews and focus groups. Moreover, both the process map used in the focus
group and the process map used as a final result were based on the interviews.

3.5 Research quality

Trustworthiness serve as an evaluative criterion in qualitative studies (Bell et al.,
2022) and is divided into four aspects; credibility, transferability, dependability and
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confirmability which are described in this section. Furthermore, how this research
took these aspects into consideration will also be discussed.

3.5.1 Credibility

Credibility in business research corresponds to internal validity, i.e., the extent to
which the research findings can be considered trustworthy and aligned with the the-
oretical concepts developed in the study (Bell et al., 2022). Moreover, credibility is
achieved through ensuring that the research design and methods are rigorous and
appropriate for the research questions. Two tactics were used to increase the cred-
ibility in this study. First, while using Nvivo as a tool to analyze the findings, the
transcriptions of interviews enabled the collected data to be reexamined, hence mit-
igating the risk of misinterpretation, and enabled pattern matching. Second, during
the data analysis, the possibility to connect and further build on the explanation
from one respondent to another made it possible to create a realistic image of the
process.

3.5.2 Transferability

Transferability corresponds to external validity and refers to whether the outcome of
a study can be applied beyond the particular research in which is was executed, i.e.,
if it is possible to generalize to other research contexts (Bell et al., 2022). Lincoln
and Guba (1988) argue that a descriptive background serves as a base for individ-
uals to make judgement regarding the potential transferability of findings to other
contexts. Hence, this study offers a comprehensive description and background of
the examined case, enabling other researchers to evaluate its transferability and gen-
eralizability. The findings and analysis is the basis for the conclusion. Furthermore,
the constructed framework based on the theoretical and empirical evidence suggest
that the result could have practical implications for other organizations. However,
Yin (2003) mentioned that one limitation in case studies is that they often focus on
a single case and involve small samples, which may not provide a reliable founda-
tion for generalization. However, for this case study, where the theoretical pillars
are connected to a process at a multinational company with competitors all over the
world, it could be considered to have helped to increase the generalizability.

3.5.3 Dependability

Dependability corresponds to the aspect reliability and refers to whether the same
conclusion would be reached if another researcher replicated the same operations
and conducted the same case study (Bell et al., 2022). To increase reliability for
this study, it was beneficial to have an academic supervisor that was consulted
in matters of how interview question should be asked and what the focus groups
included. This could arguably enhance a study s dependability, hence, the reliability
for a case study according to Bell et al. (2022). Moreover, Yin (2003), advocates
that a case study protocol should be created to guarantee the reliability of the data
collection. As a result, this research present a table of the interviewee participants
under the empirical study (figure 3.2).
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3.5.4 Confirmability

Confirmability refers to the objectivity of the research findings, meaning that they
are not influenced by the researchers s biases or values (Bell et al., 2022). To comply
with this, several individuals were identified as key informants for the progress of this
study, which were the academic supervisor and the three supervisors affiliated at the
organization. Furthermore, the opportunity to attend a mid meeting was provided
for all the key informants to discuss and arrive at current consensus, thereby reducing
researcher’s bias. Moreover, the academic supervisor engaged in ongoing review of
selected sections of the report as well as a more thorough review near the finalization
of the report. Additionally, weekly reconciliation meetings with the supervisors at
the case company were held to keep everyone in the loop. Hence, all key informants
were offered the chance to provide ongoing feedback and insights to the progress of
the study, thus reducing the chances of only the researcher’s values being considered.

3.6 Ethical considerations

Since the case company is a multinational company and have trade secrets, the
ethical considerations became important. Moreover, the case company and the re-
searchers signed a non-disclosure agreement which allowed the researchers to gain
access to a broader range of internal documents and discussions. However, bias
is an important aspect to consider when gaining access to internal documents and
discussions related to an organization. E.g., not understanding the context of such
data could lead to misinterpretation. Therefore, interviewing multiple people with
various responsibilities related to these documents and discussions helped the re-
searchers reduce this bias. In addition, to reduce the risk of leakage of trade secrets
and other confidential information, the researchers kept such information on the
case companies servers and work computers. Furthermore, through frequent com-
munication with the organizations supervisors lead to increase understanding about
the sensitivity of information. As a result, the researchers were able to approach the
information with reasonable caution.

The case study was steered by the ethical principles for conducting business re-
search articulated by Diener and Crandall (1978), which include avoidance of harm,
lack of informed consent, invasion of privacy and deception. Harm to participants
could involve a number of aspects, such as harm to participants development or
self-esteem. It could also concern stress factors, such as harm to individuals ca-
reer or future employment. Lack of informed consent refers to situations when a
participant is not fully informed or does not provide voluntary agreement to partic-
ipate. Moreover, invasion of privacy refers to the violation of an individuals right
to control their personal information and under the circumstances which that in-
formation is shared. Furthermore, when researchers misrepresent their research as
something other than its true nature, it constitutes deception (Bell et al., 2022).
To comply with these principles, all respondents were guaranteed anonymity and
were informed beforehand about the purpose of the study and the researchers back-
ground. By maintaining the anonymity of respondents and emphasizing the study “s
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agenda, the researchers believe that the research has fulfilled and followed the ethical
principles.
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Results

This chapter presents the results of the investigation carried out on the CGI-process
for the case company. The practice-oriented objective of this study was to improve
the multi-actor inter-organizational CGI-process. The result is broken down to three
parts. First, the process is described with current roles and ways of working. Second,
the challenges of the CGIl-process is divided into practical- and process challenges
and organizational challenges, followed by consequences. Third, the result from the
focus groups are presented which covers both challenges and improvement sugges-
tions from the respondents, followed by the result from the benchmark interview.

4.1 Process map

The CGI-process has been formed on a ad-hoc basis as the demand for CGI has
increased over time. As a result, there did not exist a process map before this study.
The process map in this study is a result of the data collection and is presented in
figure 4.1. In order to enhance comprehensibility, the process has been categorized
into four distinct phases: A - The need phase, B - CAD-extraction and dispatch
phase, C - Rendering phase, and D - Review and finalizing phase.
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A - The need phase

The initial need for a CGI may arise for several reasons. These reasons could be
due to new designs, updated versions of parts or a specific CGI requirement from
an individual, department or organization for various purposes including but not
limited to campaigns, marketing, product information sheets or new launches. The
initiation of the process begins with the involvement of product management and
commercial managers, who are responsible for introducing and distributing product
news. Furthermore, there are mainly three orderers in the CGI-production. These
individuals work closely to each other but with different purposes in relation to the
CGl-production. The first orderer is mainly responsible for producing product in-
formation content, the second is involved with a website that is linked to marketing
purposes, and the third works with both photos and films, such as posters and videos
for marketing purposes.

If product information content is going to be produced through CGI for a new
launch, it is the responsibility of the first orderer to understand the need based on
the product news. To clarify, nobody will inform the orderer about what kind of
product information content that need to be produced. Rather, the orderer needs
to interact with the nearest manager to find out the need, which is also based on
experience. Moreover, connected to quarterly updates, there is a pre-release and
a release meeting where the news are compiled into a document. This document
include features/parts that are new and the orderer thereafter uses this information
to decide if there is a need for a new CGI. The second orderer rely on information
from quarterly updates. This include input on what and how the news should be
presented based on the commercial plan and a product news document. The latter
document originates from the R&D organization and is used to communicate what
the next updates will be. In addition, the second orderer gets the strategic commu-
nication plan which include news and communicative extraction of necessary CGlIs.
The third orderer follows a similar process as the first orderer for recognizing the
need for CGI. Hence, identifying the need on their own or obtaining information
from a project or website.

Once the orderer has identified the need, one of the product owners and CGI order-
ers collaborate to determine what should be incorporated in the CGI. Thereafter,
the product owner creates a sales tool specification which include all necessary infor-
mation about specific parts that suppose to be included in the finalized CGI. Sub-
sequently, the first or second orderer utilize this specification and sends it through
an ordering system to the CAD-extractor.

B - CAD-extraction and dispatch phase

The CAD-extractor extract the details based on the sales tool specification from
the engineering data which is provided by the R&D organization. As a result, a
CAD-module is created and the extractor uploads a low quality screenshot of this
CAD-module to the ordering system. The orderer which placed the order then
decide if the screenshot is approved, if the orderer can not approve the screenshot
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due to uncertainty, a problem solving phase starts to find someone who is able to
approve. The process for resolving problems in this phase can be iterative and
is experienced as unclear, as there are uncertainties about who is responsible for
verifying and providing correct feedback. Consequently, a considerable amount of
inquiry through mail, phone calls and Microsoft Teams messages are necessary to
identify relevant individuals that could verify. Eventually, when the screenshot is
approved, the CAD-extractor take the CAD-module and converts it to the correct
format and send it to the supplier.

C - Rendering phase

The supplier in turn unpack the files which could take up to a few hours depending
on the number of parts and level of complexity. Next, the supplier review the
unpacked file, if there is an issue, they contact the case company. The individual
whom the supplier typically contact is either a product owner or an orderer, and the
communication often occur through email, phone calls or reoccurring meetings. This
results in another problem solving phase to rectify the issue, and this phase could
be an iterative process depending on how much effort is required. Eventually, when
the supplier have the correct CAD-data, they start working on the CGI based on
information regarding CMF (Color Material Finish) and the document with product
news. Moreover, CMF refers to the surface treatment or coating applied to an object
or material to give it a particular color and texture.

D - Review and finalizing phase

When the supplier have finalized their work or need input from the case company,
they contact them for the final review steps. The number of iterations needed to
fully review an image varies. First, a more technical review takes place with the
product owners. Second, a design review is done with the CMF responsible or head
of designs. However, both of these review steps are sometimes iterative as well
since there are uncertainties regarding who should verify specific parts of the CGIL.
If everything is approved, the CGI is used for the intended purpose within the case
company. Moreover, the use of the produced CGIs could be distributed to different
channels, so one CGI is not necessarily used for only one purpose.

To conclude, the duration of the entire process from A to D varies depending on the
complexity of the CGI as well as the purpose. First, for a large project the CGI-
work is estimated to take a year. However, it is not something that the actors devote
all their time to. Furthermore, this project include 16 full renders of the different
product variants, which result on 100+ total CGls. Second, CGIs produced in
relation to the quarterly updates can take from one week up to six months depending
on complexity and issues occurring in the process. The aim regarding these updates
is to get them done by the quarterly update (i.e., within three months). Third,
orders outside the two former cases have even higher variation and the respondent
being unable to specify an approximate duration.
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4.2 Practice - and process challenges

In this section the challenges regarding extraction of CAD-data, the product com-
plexity, structure of the process, the geographical location and variation between
different CGls is presented.

4.2.1 CAD-data

It is a common issue that there occur deviations/errors when the CAD-modules are
extracted from the engineering data (CAD-data). This could be due to incorrect
placement of a part in relation to others, missing or old versions of parts. Some-
times it is possible for the CAD-extractor or supplier to rectify these issues, but
it is essential to ensure accuracy from the outset to minimize the workload. Even
apparent errors must be corrected by the case company, which require significant
effort and repetition since these issues occur often, which is also emphasized by the
quote below. And according to one of the head of designs, it is a drawback to not
have accurate data from the start.

“It is almost always something wrong when the data is extracted, such as parts
being placed incorrectly” - CAD-extractor

The process performance relies on having accurate and up to date engineering data
that adheres to the sales tool specification. Therefore, the accuracy of the data
depends if the part, placement or version is correct. In addition, it is essential to
recognize that creating CGIs can be expensive, particularly when outsourcing the
work to a supplier if the data is incorrect and the budget is reported to be exceeded
in most cases. Related to this, several stakeholders mentions that it is crucial to
ensure the accuracy of the data before the supplier commences their work. Consider
an analogy of building a house, it would be unwise to begin construction only to
realize halfway through that you have used the wrong bricks stated one of the order-
ers. Moreover, garbage in, garbage out, as one of the head of designs said. However,
a respondent form the engineering unit, which is a part of the R&D organization,
was not surprised that there was issues in the CAD-data. This was because there
was no requirement to have every product variant to be quality checked.

“Many hours are devoted into rectifying things that went wrong” - Orderer

The case company may only be aware of the CAD-data issues after the supplier
has received, unpacked and reviewed the CAD-data sent by the CAD-extractor. As
a result, the supplier could spend several hours unpacking flawed CAD-modules,
leading to unproductive work and additional time spent resolving issues, which
results in unnecessary expenses. Consequently, the supplier inform the case company
that something went wrong, however, it is unclear who the point of contact is and
it differs from time to time. Typically, it is one of the product owners or orderers
that receive information via email or during bi-weekly meetings held between the
supplier and the case company. However, it is not always the contacted person at
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the case company who is responsible for verifying. Therefore, an iterative process
of finding the correct individual occur in many cases which is time consuming.

4.2.2 Product complexity

All respondents agree that the product complexity is affecting the CGI-production.
The product has a high customizability, which creates many possible variants. In ad-
dition, there are different product series that further extends the number of possible
variants. Respondents say that this directly affects the reliability of the CAD-data
and the ability to review both CAD-data and finished images since no one has the
competence to do so.

“The product is a world of it’s own!” - CAD-extractor

Moreover, the two product series can be described as a larger and smaller series,
when it comes to volumes. The development of the larger product series is co-
located in the same city as the sales organization, however, the development of the
smaller product series is located abroad. Both product series are in need of CGls
but the engineering data originates from the two different R&D sites. Furthermore,
there are slightly different team setups for producing CGIls depending on product
series. The larger has a project coordinator, which is elaborated on in the following
section. In contrast, the smaller product series does not have this role, instead these
responsibilities are put on the product owner.

4.2.3 Structure

The individual (CAD-extractor) that possess the knowledge of how to extract and
convert the CAD-module to the correct format and send it to the supplier is limited
to one person. Hence, if the CAD-extractor is out of office, there is nobody who
manage this work. The respondents in the interviews pointed out their concerns
regarding relying on only one person for this crucial work task, claiming it being
too vulnerable. Furthermore, the CAD-extractor have the possibility to look at
the extracted data and check for obvious mistakes before it is sent to the supplier.
Nonetheless, the role description for the CAD-extractor does not encompass that
task. Instead, it pertains to extract the CAD-data and create a CAD-module and
then send it to the supplier if authorized by the orderer.

In addition, as of today there is not any documented process for producing CGIs.
Several respondents say that the process feels unstructured and they do not know
the entire process flow. Moreover, this production takes place between different
business areas and there is nobody who have the overall responsibility.

“There is no process for producing CGIs” - Orderer

Frequently mentioned during the interviews were that there is no one who is re-
sponsible for being the contact person towards the supplier. The supplier usually
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contacts one of the product owners and orderers if needed. However, the afore-
mentioned project coordinator was added to the ordering process for CGIs recently
turned out to benefit the process through decreasing ordering mistakes such as du-
plicated orders. The coordinators role is to ensure that all CGlIs, especially for the
larger product series are aligned. If a certain orderer needs to s/he can use same CGI
for other purposes. Hence, this is an example of what the coordinator could provide
with in terms of connecting different stakeholders involved in the CGI-process. In
contrast, these responsibilities are put on the product owner when it comes to the
smaller product series.

4.2.4 Geographical distance

Defined as the spatial distance between actors, the results show that the majority
of the CGI-process’s actors are located within a relatively short distance. The sales
organization and the R&D organization for the larger product series are co-located
in the same company complex. It is walking distance between the offices. However,
the CAD-extractor is working off the complex due to capacity restrictions, but still
being within a 10 minute car ride. Similarly, the supplier is based in the same city as
the case company, also being located approximately 10 minutes away by car. This
leads to on-site visits from the supplier both easy and reoccurring.

In contrast, the R&D organization responsible for the development of the smaller
product series is located abroad in Europe. This makes face-to-face meetings infre-
quent. The only actor that has frequent communication with the abroad unit is the
product owner responsible for the smaller series. As a result, if anything needs to
be checked with this unit it passes through that actor.

“I'm the one that checks the drawings (CAD-modules), if I'm unsure I need to check
it with the abroad unit” - Product owner of the smaller product series.

4.2.5 Variance

Target products is used within the R&D organization. The purpose of target prod-
ucts is to establish a common specification for a product, on which various customer
feature evaluations, such as cost, weight, and other factors are conducted. These
target products usually have the correct engineering data with updated versions of
parts at the correct place, but is not used in relation to CGI. Moreover, a project
could include multiple target products and an quarterly update on average have five
target products for the R&D organization. These projects have an assigned individ-
ual who is responsible throughout the project for ensuring that the target product
is correct with updated data.

“Having a target product for a specific sales tool specification would probably create
a basis for a good outcome of the CGI” - Engineering unit respondent.

“It roughly takes one day for one person to create a complete target product” -
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Engineering unit respondent.

The CGIs could be divided into different categories based on level of complexity
and quality. E.g., a picture on a part with no specific color might not need as high
resolution and quality as a CGI which represent the whole product and is used for
marketing purpose. Furthermore, the same applies to website pictures and larger
physical prints. The latter needs to be high resolution and high attention to detail,
on the contrary, website pictures are lower resolutions.

It is mentioned that it is challenging to establish a CGI standard when the role
description is unclear and employees have varying perceptions of the expected CGI
quality and appearance. How good is good enough, and who is responsible for
deciding what is good enough is a question brought up by one of the head of designs.

4.3 Organizational challenges

In this section the challenges regarding communication, knowledge sharing and or-
ganizational relations are presented.

4.3.1 Communication

Communication regarding the CGI-process can be divided into communication within
the sales organization (intra-organizational), and communication outside the sales
organization (inter-organizational). The latter being with the R&D organization
and the supplier.

Intra-organizational communication

Within the sales organization, the marketing department and the product informa-
tion department have similar needs of CGls, but for different purposes. Furthermore,
they are co-located in the same building and floor along with the product owners.
The four main actors from the case company, the three orderers and the project
coordinator are part of one of these two departments.

The communication, relating to the CGI-production, between these four actors are
something that is discussed frequently both during meetings and informal office con-
versations. The meetings consists of a reoccurring weekly status meetings and other
scheduled meetings when issues arise. In addition, Microsoft Teams is used for com-
munication within this group as well. As the delivery draws closer, often connected
to a launch or quarterly update, the frequency increases further, which can mean
several interactions per day.

As aforementioned, the two product series have slightly different setups as the project
coordinator is only formally a part of the larger product series. Instead, the product
owner of that series is partly taking that role with help from the project coordi-
nator. Not having this role in the smaller product series reduces the frequency of
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communication says the current project coordinator.

There are instances of actors that are not directly connected to the process that
take part in certain activities. One respondent says this is due to their previous
experiences and therefore ability to help.

“I'm not formally a part of the CGI-process, however sometimes I'm part of meetings
to help solve problems. The reason is that I have previous experience with the
department.”

Inter-organizational communication

As aforementioned, the process involves three organizations, the sales organization,
the supplier and the R&D organization. First the results regarding communication
with the supplier will be described followed by communication with the R&D orga-
nization, which consists of design and engineering units.

As mentioned in the Structure section, the supplier does not have one single contact
person at the case company, instead the communication takes place through differ-
ent channels and people. First, there is the ordering system used by the orderer,
which the supplier is invited into after the CAD-data has been sent to them. Here,
comments can be made about the order and files can be uploaded. Second, there
is a weekly status meeting with the supplier, a bi-weekly supplier-lead meeting, a
weekly meeting between product information department and the supplier, and a
bi-weekly budget meeting with one representative from the supplier and the project
coordinator. Furthermore, other people are sometimes invited depending on the
purpose of the meeting, e.g., if a certain knowledge is needed to make a decision.
Third, a SharePoint is used to store documents related to CGI-production like time
plans, quotes and meeting notes. Fourth, the supplier has direct contact with several
actors at the case company depending on their need. One supplier respondent says
that they have an easier time finding the right person to talk to than the company
itself. The quote below also highlights this. Moreover, this contact is usually done
through mail, phone calls or text messages. According to the project coordinator,
the smaller product series has more direct contact points then the larger one due to
not having a project coordinator. In total there are 12 people that have some direct
contact with the supplier.

“They probably contact me or the orderers, it is a miss match that we need to look
into” - Product Owner

There are four actors that is connected to the process from the R&D organization,
namely the CAD-extractor, the CMF-responsible and head of design. The product
can be split into two design parts, hence there are two heads of design. First, none of
these four actors have the production of CGIs as their main workload. It is limited
to some hours per week. Second, when there is uncertainty about either the CAD-
data or the CMF, the communication path to find a solution to these problems are
unclear.
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“Finding the right person is easier said than done because the actual part of the
product have a specific responsible individual” - CAD-extractor

The individual mentioned in the quote, is usually not co-located to other actors in
the process and belong to the engineering unit. As a result, the person tasked with
finding the information regarding CAD-data or CMF has to ask colleagues or other
organizations until they find an answer. For some orderers orders it have proven
so difficult to locate the information that it took several months or was ultimately
canceled. Third, many channels for communication is used including phone calls,
text messages, mails, Microsoft Teams, and the ordering system.

The engineering unit of the company is not directly involved in the CGI process,
however they are the creator of the CAD-data. The communication with this unit
is infrequent. One respondent of this unit says.

“It feels like the CGI-process is very far from us (R&D organization), not many
know about it existing” -Engineering unit respondent.

Similarly, a respondent from the sales organization says that the engineering unit
does not think they(sales organization) have any interest in knowing about how and
when updates are made to the CAD-data. In contrast, both the manufacturing and
aftermarket organizations are part of quarterly update meetings earlier than the
sales organizations where for instance CAD-data is discussed.

4.3.2 Knowledge sharing

Knowledge sharing between the organizations and actors are described in this sec-
tion. The knowledge sharing between the design unit of the R&D organization and
the sales organization is described, followed by the knowledge sharing between the
engineering unit and the sales organization.

Between the sales organization and the R&D organization, the knowledge sharing is
low. Respondents from the design unit, providing input on both CMF and feedback
on image accuracy, have knowledge regarding those subjects. Consequently, this
knowledge is not shared with the sales organization. Similarly, the CAD-extractor
is the only person that currently has the know how to extract the CAD-modules
and format them into the desired format and send to the supplier.

“No one else on design can do it (extract and convert CAD-data). If T get sick, there
won’t be any CAD-data.” - CAD-extractor.

Furthermore, this view is shared by the sales organization with respondents express-
ing they do not have insight into the R&D organization. This is exemplified both
with knowledge about the system used by the R&D organization which the sales
organization is affected by, and the development process. However, exceptions exist
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with three respondents having previous experience of either working at the R&D
organization or working in a technical role at another company. One of these actors
are, as of recently, involved in the CGl-process as a product owner.

“People working here (Marketing) are not product focused, even if they need to
understand what the product is” - Long time employee.

Both actors interviewed from the engineering unit share the perception of low knowl-
edge sharing both ways. As aforementioned with regards to communication the
CGlI-process feels far away from this unit. The feeling of low understanding is high-
lighted in the quote below.

“I understand they want better CAD-data quality, however I am not sure they
understand how we work” - Respondent from the engineering unit.

4.3.3 Organizational relations

As organizational relations is defined as to what degree two actors share relations in
an organizational arrangement, the result will again be divided in within the sales
organization, as well as between the sales organization and the supplier and the
R&D organization.

First, all actors connected to the CGl-process that works in the sales organization
has a high degree of shared organizational relations. Examining the organizational
chart it can be concluded that these actors (i.e., project coordinator, orderer and
product owner) share the same third level manager (manager’s manager’s manager).
However, since the project coordinator was introduced recently, the actors and re-
spective departments have worked cross-department since they share the need for

CGIs.

Second, the supplier and sales organization does not share the same relations as
within the sales organization. However, the supplier has worked with the case com-
pany for many years and, accordingly, has developed relationships. As mentioned
in the Communication section, the supplier is integrated into the case company to
the extent that they are able to directly contact people if issues arises.

Third, the degree of shared relations between the sales organization and R&D organi-
zation is low. The CEO is the first common responsible looking at the organizational
chart, corresponding to the sixth hierarchical level. Moreover, the development for
the smaller product series is part of an entirely separate unit making it more orga-
nizationally distant.

4.4 Summary of challenges and consequences

In this section a summary of the challenges from the interviews are outlined in table
4.1. Moreover, the consequences of these challenges are described and exemplified.
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Table 4.1: Summary of the challenges from the interviews

Practical- and pro-
cess challenges

Summary

CAD-data

Product complexity

The CAD-data is frequently incorrect, resulting in extra work, delays
and expenses.

Two product series exist, in both cases there are large customization
and many possible variants.

Structure Unclear process description, role descriptions and responsibilities.

Geographical dis- The sales organization and the R&D organization are located in the

tance same complex, while the supplier is in the same city. The development
unit of the smaller product series is located abroad.

Variance Different complexity and purposes of CGIs increase the ambiguity and
quality assurance.

Organizational Summary

challenges

Intra-organizational
Communication

Inter-organizational
Communication

Knowledge sharing

Frequent communication through meetings and office conversations. No
coordinator in the smaller product series.

No single point of contact with supplier. Unclear communication path
when uncertainty arises. Engineering unit not involved in CGI-process.

Low knowledge sharing between the sales organization and the R&D

organization.
Organizational rela- High degree of shared organizational relations within the sales organiza-
tions tion. Medium and low between the sales organization and the supplier,

and R&D organization respectively.

The first consequence of the challenges described above is the impact it has on lead
times. E.g., if time is spent to extract a CAD-module that is proved to be insuffi-
cient by the supplier, another CAD-module is needed and time is wasted.

Second, as a direct affect of increasing lead times is that cost increases. Whenever
the supplier spends time to fix an issue as a result of the case company’s error, they
get billed for those hours. Furthermore, as part of recent delays the project coor-
dinator estimated the total extra time spent to fix the issues. The result show the
project was already 10 percent over budget, although still being in an early stage of
the project.

“There is of course a lot of money spent on CGlIs if there are delays.” - Orderer

Several examples showing the consequences of failed orders were presented during
the interviews, often sharing similar characteristics. One of the examples was in
regard to producing a CGI for product information content. Although only showing
a limited part of the product, the uncertainty of the CAD-data lead to continuous
loops attempting to find correct information. Actors from different departments
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and organizations was included but could not solve the issue. As a result, several
hours were spent both within the sales organization, the R&D organization and
the supplier resulting in increased lead time, cost and no finished content. In the
end, another low quality picture was used as substitute. The total duration from
inception until the decision was made to use a low quality picture was five and a
half months.

4.5 Benchmark interview

As mentioned, an interview was conducted with a company operating in the similar
business field to gain insights into their CGl-process. This company has a dedi-
cated department that manages all aspects of their CGI projects to keep everything
consistent and under the same umbrella. The department possess the knowledge to
oversee the various stages of the CGI-production and strive to maintain a standard-
ized approach. In addition, this department is responsible for the entire CGI budget.

To mitigate the risk of discovering errors too late in the process, technical reviews
are done regularly throughout a project. This approach aligns with the earlier men-
tioned quote from one of the orderers, who stressed the importance of starting with
the right bricks when building a house, rather than having to start over halfway
through due to wrong bricks.

The challenges for this company arise when there are new products or features, and
when the website need to be updated or if there are any last minute changes. This
results in unnecessary time added into the project and repetition of reviews which
is costly. However, the process works rather well when there is an existing product,
i.e., not a product that is just under development.

This company has the same supplier as the case company. However, the contact
between the supplier and this company is mainly done between another department
at the benchmarking company, i.e., not the department responsible for the CGI
projects. Mainly because they have similar understanding and vocabulary, and
could therefore have deeper conversations which makes it easier to understand each
others needs. They also have a design team who is responsible for the CAD-modules,
and these represent a complete file with versions of the product which could be used
as a CGI. However, this early stage CAD-module only have the correct geometry
with correct textures but everything else is built up in subsequent steps.

4.6 Focus groups

This section include the results from the two focus groups, which are challenges
and actions for improvements. The mentioned challenges and improvements con-
cerned three areas, namely CAD-data quality, the need for a structured process
and integrated communication. These challenges and suggested improvements are
also visually presented in table 4.2 and 4.3. Excluding overlaps in the two focus
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groups regarding challenges and improvements, it resulted in 13 challenges and 13
improvements.

4.6.1 Challenges

Some challenges brought up at the focus groups are similar to the ones provided in
the interviews, such as unreliable CAD-data extraction from the engineering data,
unclear responsibility and role description. However, it was brought up that not
all CGls are produced through the use of a sales tool specification. Moreover, the
ordering system does not have the prerequisites for creating possibilities for good
review as a first step. In regard to the first review step there seems to be a flaw in
the working methods, which further down in the chain make it more time consuming.

There are different ways to extract the geometry connected to the CAD-data, fur-
thermore, to verify the data one needs to extract it as opposed to only looking at
the sales tool specification. However, it is possible to manually compare the sales
tool specification with the information provided by the R&D organization but is
not a sustainable work task in the long term. Furthermore, the two product series
also have different project layouts which is more described in the section Product
complexity and create a sense of uncertainties. Moreover, the extracted engineering
data from the R&D organization lacks a specific timeline for delivering the finalized
geometry of the parts requested from the sales tool specification.

Two additional challenges were discussed during the second focus group. First, it is
difficult to verify color, material and texture for the rendered CGIs due to different
environments at the supplier compared to the case company. E.g., using different
monitors or lights in different rooms plays a critical role in how the CGI is perceived
since these factors affect the color. Second, the setting or environment in which
the product is situated in the CGI is not explicitly stated in the beginning of the
production. To clarify, different settings or environments could be in different con-
ditions, such as weather, countries or contexts. If this information is provided in a
later stage, rework might be inevitable.
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Table 4.2: Summary of the challenges from the focus groups

CAD-related Challenge description
1. No clear timeline for deliveries/releases from the R&D organization.
2. Low virtual trust when extracting CAD-modules which leads to insuffi-

cient CAD-modules.

3. Hard to verify colors due to differences in equipment (e.g., screens).
Communication
4. Only possible to verify CAD-modules after extraction.

ot

The ordering system can not handle some functionalities (e.g., reviews)

6. The needs are identified too late in relation to the development process.

7. Changes during the project and finding information regarding those
changes leads to difficulties in verifying CAD-modules and images.

Structure

8. Several pathways to order CAD extraction, feels unstructured.

9. Inadequate working methods in the first review step.

10. Unclear needs, responsibilities, requirement and orders. (Especially in
the smaller product series)

11. Different team structures for the two product series

12. A sales tool specification is not done for every CGI.

13. No requirement to put the product in context after the image is pro-

duced, which also does not get reviewed before publishing.

4.6.2 Improvements

The groups’ discussions and insights informed several key actions for improving the
CGl-process. Specifically, make the R&D organization aware about the use of CGI
and the impact of their work, hence, understand the necessity for providing dates
for when the correct engineering data is available. This improvement was meant
to be accomplished by communicating its importance with the R&D organization.
They also highlighted the need to define each stakeholders role and responsibility
and implement a review process to reduce ambiguity. The groups’ input also led to
the decision to integrate a receive system confirmation for the sales tool specification
so the extracted data is proved to be correct before subsequent steps are executed.

An improvement suggested was also to specify the ordering systems limitations and
thereafter introduce features or changes to improve the system. Another long term
improvement was to synchronize the R&D organization with the sales organization.
Furthermore, the group ‘s perspective were crucial in comparing the project orga-
nization and working methods between the product series to find an optimal work
procedure. Lastly, ensure the geometries quality, aggregating CGl-orders and intro-
duce review gates to the ordering system.
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Invest in monitors and set up the same lightning and environment as the supplier
have when reviewing the CGIs would make it easier to verify the images was brought
up by the second focus group. Furthermore, it is also mentioned that the necessity
to add a role that thoroughly could verify the CAD-data is important. This would
ensure the correctness when the supplier unpack the files.

Table 4.3: Summary of the suggested improvements from the focus groups

CAD-related

Improvement description

1. Create an overview of the CAD-systems and the construction system*

2. Equip the case company and supplier with an identical monitor to im-
prove CMF review accuracy.

3. Understand what dates parts are updated in the CAD-data to be able
to extract products with updated parts.

4. Create a method for receiving receipt of part status when making a sales
tool specification.

5. Define specific product variants to be made into correct CAD-modules
by the R&D organization.

Communication

6. Introduce a role that specializes in reviewing CAD-modules to ensure
correctness.

7. Improve the ordering system with new functionalities.

Structure

8. Define clear role descriptions and a clear process map

9. Define clear delivery descriptions towards the R&D organization

10. Make the working methods of the smaller product series resemble the
larger product series.

11. Make the team structure of the smaller product series resemble the
larger product series. (e.g, introduce a project coordinator)

12. Aggregate all orders and introduce gates to the ordering system.

13. Make a sales tool specification for each CGI to ensure the product can

be built.

In figure 4.2, the improvements are placed in an impact/feasibility matrix. The
higher an improvement ranks on each axis, the better. l.e., an ideal improvement
would be in the top right corner while a poor one would be in the bottom left corner.
Improvement number (1) and (6) were mentioned by both groups and therefore show
up in both matrices. Moreover, the arrangement of the suggested improvements in
the matrices was determined through discussions between the participants in the

focus groups.
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Focus group 1 Focus group 2

Impact a Impact

Feasability Feasability

Figure 4.2: Improvements placed in an impact /feasibility matrix

In sum, the case company experiences several challenges related to process- and
practical challenges and organizational challenges. The former including CAD-data,
product complexity, structure, geographical distance and variance. Furthermore,
the latter including communication, knowledge sharing and organizational relations.
These challenges lead to increased lead time and cost. In addition, the benchmark
interview showed differences in roles, responsibility, communication and reviews.
Moreover, through the focus groups, challenges and improvement suggestions were
collected and finally placed in a matrix depending on the impact and feasibility of the
improvement. To fulfill the purpose and thereby answering the research questions
the results needs to be analyzed. This is the focus of the following chapter.
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D

Analysis

This section analyses the findings from the study, starting by reintroduce the frame-
work provided in the Theory chapter. This is followed by analyzing the findings
regarding challenges and suggested improvements connected to process manage-
ment and process mapping. Subsequently, the different phases in the process map is
analyzed and put in relation to different process types and their potential for mod-
ularization. Furthermore, the findings regarding the different proximity dimensions
are analyzed. Lastly, the shared mental model is analyzed followed by how a process
map could serve as a shared mental model.

5.1 Framework

The framework provided below (figure 5.1) restate how the theoretical concepts
connect to each other. This will be used as a basis for analyzing the findings.
The aim of this study was to investigate the multi-actor CGI-process and how it
could be improved through support of process modularity and perceived proximity.
Specifically, the study sought to answer three research questions. First, RQ1 focused
on how process mapping could be used to increase understanding of work procedures
in a multi-actor process. Second, RQ2 examined how process modularity could be
used to improve efficiency and flexibility. Third, RQ3 elaborated on how a process
can be designed to enhance perceived proximity in a multi-actor process.
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Process management
(Gremyr et al., 2020)

v RQ1: How can process mapping be used to
increase understanding of work procedures in
L a multi-actor process?

Process modularity
(Tuunanen & Cassab, 2011)

RQ2: How can process modularity be used
to simultaneously improve efficiency and
flexibility?

Shared mental models
(Mathieu et al., 2008)

Sub-models
(Cannon-Bowers et al.,
1995)

Shared

identification/Communication
(Wilson et al., 2008)

( Cognitive XOrganlzatiunalX Institutional X Social X Geographical )

Perceived proximity (Boschma, 2005)

RQ3: How can a process be designed to
> enhance perceived proximity in a multi-actor
process?

-~

Figure 5.1: Research questions’ relation to the framework, which connects process
management, process modularity, process maps with perceived proximity and shared
mental models

5.2 Process management

According to Gremyr et al. (2020), the aim of process management is to enhance
the customer-centric approach and thereby increase efficiency and effectiveness. One
way to achieve this goal is through process mapping. As noted by Damij, Damij,
et al. (2014), process mapping is a technique to create a visual representation of
the process, which tends to increase understanding of processes and the steps in-
volved. However, the case company lack a visual representation of the CGI-process.
Moreover, the findings about current challenges implies that the overall understand-
ing for the workflow and information flow is limited. Specifically, the mentioned
challenge regarding unclear process description, role description and responsibilities
provided in table 4.1 entails this. Hence, there exist a knowledge gap within the
CGl-production both in relation to the visual aspect of how the process looks like
and the understanding of how things are done, including responsibilities and roles.

Madison (2005) argues that two factors influence effective process management.
These are defining the scope clearly, and identifying relevant stakeholders and pro-
cess variation to ensure that the view of the process is realistic. However, the findings
indicate that both of these aspects are disregarded by the case company in relation
to the CGI-process. The scope is broad and not clearly defined and there are many
stakeholders, which makes it harder to understand who should do what. Also, due
to inability to clearly define the responsibilities it is difficult to define and identify
who is involved and should be involved. Furthermore, the involvement could vary
depending on the purpose of the CGI. Moreover, it has been demonstrated that due
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to different demands of CGlIs, variation in judgmental decisions could occur from
one CGI to another. In addition, the absence of a documented process for producing
CGls is an additional factor that complicates the case company “s CGI operations.
As mentioned by Gremyr et al. (2020), inability to describe the process implies a
lack of understanding regarding the task at hand. Due to the lack of process de-
scription, role description and variation of involved stakeholders from one CGI to
another imply an inability to clearly understand how things is done.

The case company experiences that the time used when producing CGlIs varies to
a great extent. This is due to several factors, such as the CAD-data is known to
frequently be incorrect, requiring time consuming problem solving. Moreover, the
time aspect is also affected because of the lack of delivery timelines from the R&D
organization regarding when correct data is ready for extraction. Hence, the sales
organization are unaware of when and if the extraction of CAD-data based on the
sales tool specification is correct. Consequently, there is low trustworthiness in the
accuracy of CAD-modules when the sales organization extracts CAD-data from the
R&D organization. Furthermore, improving communication and coordination be-
tween functional boundaries is an important aspect (Kalman, 2002). Having a clear
description of the steps and their sequence in the CGl-process could improve the
aforementioned aspects as stated by several respondents. Moreover, the absence of
a process description of the CGl-process complicates the actors’ understanding of
the work procedures.

To ensure successful process mapping, three critical factors are necessary to con-
sider according to Graham (2006). First, accurate data must be provided from the
involved individuals. Second, the map must be structured so everyone understands.
Third, the collected information must be valid. The first aspect for acquiring cor-
rect data is assumed to be fulfilled based on the current process image (figure 4.1)
and that the individuals provided as correct information as possible since it is in
their interest to improve the process. However, the challenges highlighted by the
focus groups, such as inefficient working methods during the initial review stage and
difficulties in verifying CAD-modules due to changes made during projects speaks
against the second factor. Furthermore, if a clearly defined process map would be
created, it could improve the shared understanding of the CGl-process. To clarify,
using the process map could enhance the shared understanding of how necessary
tools are used, about what needs to be done and awareness of each others’ skills
(Cannon-Bowers et al., 1995). The third aspect relies on the verification from the
case company on whether the process map visually represent how the stakeholders
involved experience the workflow. This is also assumed to be fulfilled since the case
company has verified the current process map (Figure 4.1).

Throughout the various stages of problem-solving and reviews, it may be necessary
to go through several iterative steps to determine the right person with the required
expertise to grant authorization. The authorization may pertain to the approval of
a functional, technical, or design aspect of the CGI, or alternatively, the final image.
Moreover, without a clarified role description, the time variation could be signif-
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icant for these iterative steps which for some cases increase delays and expenses.
Hence, due to many stakeholders from different areas, Damelio (2011) suggest a
cross-functional flowchart as a suitable process map in order to understand a com-
plex process such as the CGI-process.

According to Trkman (2010), standardization of processes is a success factor with
the main idea of creating continuous improvement to sustain benefits within process
management. Although, standardizing the whole CGI-process is proven to be diffi-
cult since the variation of CGlIs is high. However, it is noteworthy that some aspects
of the process can still be standardized. Furthermore, the high product complexity
is affecting the CGI-production to a great extent due to high degree of customiz-
ability. This relates to the challenge of variance, which results in ambiguity and
quality assurance problems regarding who should be responsible for verifying and
determining when the CGI is good enough. Therefore, an alternative perspective to
determine how to create an efficient and effective process is necessary.

5.3 Standardization vs modularization

A complete standardization of the complex CGIl-process is judged to be difficult.
Hence, using sub-modules when suitable could be useful in constructing a complex
process from smaller; independently designed sub-processes that could function as
a whole (Baldwin & Clark, 2003). The product at the case company is described as
a world of its own and the complexity and customizability of the product affect the
CGl-production. Furthermore, breaking down these modules into smaller systems
could achieve customization on a higher level (Bask et al., 2011), which in the case
of the complex CGI-production could be beneficial.

When modelling the structure of the sub-systems, having the benefits of modulariza-
tion in mind, the modules need to be clearly defined (Carlborg & Kindstrom, 2014).
Otherwise, the objectives with process modularization such as reducing complexity
and efforts, and improving transparency is difficult to fulfill. As mentioned, the case
company does not have a documented process description or a process map of the
CGlI-process. This lack of visual or descriptive representation of the process makes
it difficult to realize how different modules could be connected to each other as well
as not being able to reach the aim with modularization. Two methods could be
used for creating modularized offerings according to Bottcher and Klingner (2011),
these are the creation of new modules or decomposing existing offers/modules. The
method choice is based on the suitability in a particular case. Modularizing parts
of the CGIl-process has been mentioned as a possibility. Furthermore, the R&D
organization use target products, which has been proven to provide more accurate
CAD-data. This leads to the consideration of possibilities to use sales tool specifica-
tions to develop a comparable target product, but for CGls. Hence, adding a work
method which entails that the sales tool specification is put into a project which is
reviewed from the beginning to make sure that the underlying CAD-data is correct.
Moreover, this would also make the R&D organization aware of how important cor-
rect CAD-data are for other departments and how their work is used in subsequent
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steps. This would increase the time and therefore money spent on making these
target product. However, since the cost is for fixing poor quality CAD-modules is
high there is a possibility that it would save money in the long run.

5.3.1 Modularization opportunities

The created process map (figure 4.1) alongside the current process description indi-
cates that there exist opportunities for modularization. Moreover, certain steps in
the process are consistently performed in a similar manner, while other parts of the
process vary from time to time. Carlborg and Kindstrom (2014) categorize service
processes into four distinct types (figure 2.2), depending on whether the process is
fluid or rigid or whether the customer have an active or passive role, or if a sup-
plier s role is active or passive according to Droge et al. (2012). Additionally, it is
possible to categorize the CGl-process into these types based on the process phases
being analyzed separately. In turn, these types have a proposed modular approach
for optimal operation. Furthermore, the modules for the CGl-process can be seen
in Figure 5.3 where the variation in demand for CGI is the variable affecting the
working procedure and actors involved. For this specific case company this will be
elaborated on in the Managerial implications chapter.

ROLE OF STAKEHOLDER
PASSIVE ACTIVE

Type 1 Type 2

Process phase:

RIGID @

Modular strategy:
Customer efficiency

Type 3 Type 4

Process phase:

FLUID @ @

Modular strategy:
Relationship focused

SERIVE PROCESS

Figure 5.2: The phases of the CGI process in Carlborg and Kindstrom (2014)’s
model for different types of service processes

The A-phase is characterized by relatively low information exchange compared to
the other phases where the orderer is seen as the customer to the sales tool specifi-
cation and have an active role. The tasks in this phase does not vary significantly,
since updates/news are provided by product management, which the commercial
managers collect and distribute into projects. These tasks are the basis for the sales
tool specification and the orderer uses this specification to place an order. Hence,
phase A can be considered to be categorized as a type 2, where the process is rigid
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and the role of the customer, in this case the orderer is active. For type 2, accord-
ing to Carlborg and Kindstrém (2014), a modular approach that combines a higher
degree of customization with standardized process modules is required. It is impor-
tant to adopt a strategy that prioritize the customer efficiency and consider their
available resources. Moreover, at the beginning of the process, the provider plays
a crucial role in preparing and informing the customer about the necessary efforts
and competencies required.

The B-phase on the other hand is characterized by more information exchange be-
tween different departments, where the CAD-extractor gets involved as well as the
supplier towards the end of the B-phase. Moreover, there are several judgemental
decision points which also require higher level of technical skills. Hence, high level
of information exchange and technical skills alongside several decision points char-
acterize a fluid process where both the CAD-extractor together with the orderer
have an active role in the process with back and forth communication. Therefore,
this phase is considered to be of type 4. These types are often complex and context-
dependent, involving multiple resources from different departments within both the
provider and the customer organization. According to Carlborg and Kindstrom
(2014), it is important to create a good relationship, face-to-face interaction, and
communication skills and build further on the already existing relationship between
the customer and provider when the process is considered type 4. A modular ap-
proach with independent modules is needed for this type, as the customer requires
a different combination of modules. The provider must also be aware of module
interactions and resource requirements.

The C-phase have similar characteristics as the B-phase where different depart-
ments are involved during problem solving phases, providing input regarding CMF
and product news document from the case company to the supplier. Hence there
are several decision points and different technical skills needed with several steps
of communication with high level of information exchange. Therefore, this phase
could also be considered a type 4 and the modular strategy for this phase is similar
as for phase B, where the strategy is relationship focused. Hence, the actors need
to understand each other and communicate well and include independent modules
which are combined into bundles (Carlborg & Kindstrom, 2014).

Lastly, the D-phase involve several review steps which could be seen as several
judgemental decision points where the need for high level of technical skills and
involvement from different departments is necessary. There is high level of informa-
tion exchange between the supplier and the different individuals or departments that
need to be involved when verifying the CGI. Therefore, this phase is also concerned
a type 4 process. Hence, the modular approach need to concern good relationship
between the stakeholders involved and have modules which are independent as the
customer requires a different combination of modules (Carlborg & Kindstrom, 2014).

56



5. Analysis

5.4 Perceived proximity’s effect on process per-
formance

Although not being spatially close to another actor, one can feel close through
other dimensions of proximity (cognitive, organizational, social and institutional)
(Boschma, 2005), as well as by having quality communication and shared identity
(Wilson et al., 2008). In the case of the CGI-process, actors experience high per-
ceived proximity to some actors, but not to other, which affect the performance of
the process.

Since cognitive proximity cannot be substituted by other proximity dimensions, it is
a requirement for learning, reducing uncertainty and solving coordination problems
(Boschma, 2005). Actors in the CGl-process show high cognitive proximity with
actors that work in similar domains. Within the sales organization, the actors have
overlaps in their knowledge base making it easy for them to understand each other.
Similarly, the supplier and the design department experiences high cognitive prox-
imity as a result of being on a similar technical level. In both cases, it allows for
information to be communicated and understood, which is in line with Boschma’s
(2005) arguments.

Where the cognitive distance instead hampers the process is between the sales or-
ganization and the R&D organization, specifically the engineering unit. Unlike the
design unit, the engineering unit is not a part of the process but they provide the
CAD-data. Although struggling with the insufficient CAD-data and being aware of
the consequences it brings, the sales organization is unable to pinpoint reasons for
the issue and solve it. This can be explained through the views’ of both Boschma
(2005) and Wilson et al. (2008) on too much and too little cognitive proximity
as well as infrequent communication. First, between the organizations, too little
cognitive proximity leads to misunderstandings (Boschma, 2005). In this case, the
interactions that do happen between engineering and the sales organization does
not result in apparent improvements. In addition, many actors from the sales or-
ganization say that they do not know what the R&D organization does, a sign
of misunderstandings. Second, too much cognitive proximity can lead to lack of
sources of novelty (Boschma, 2005; Cohendet & Llerena, 1997). This is apparent
in the sales organizations efforts to improve the CGI-process. Although achieving
improvements when, for instance, introducing the project coordinator, finding novel
solutions to the problems of the CAD-data has proved difficult. Two actors having
a similar knowledge base in relation to the CGIl-process limits their ability to learn
and innovate. Third, since there is no actor representing the engineering unit in
the process, there is limited communication. One of the consequences of this is the
out-of-sight-out-of-mind problem of low cognitive salience (Wilson et al., 2008). Le.,
actors of the engineering unit does not think about or know about the struggles of
the CGI-process. Only recently did the actors of the engineering unit became aware
of that the CGI-process existed.

In contrast to most research on perceived proximity which features virtual teams
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(Mathieu et al., 2008; Wilson et al., 2008; Zamani & Pouloudi, 2022), the majority
of the case company’s actors are spatially close to each other. All actors of the
process are located in the same complex or same part of the city (supplier), except
for the development unit for the smaller product series. Within the sales organi-
zation, where the actors work in the same building, this closeness does seem to
improve coordination and problem solving. This is in line with the traditional view
of geographical distance’s affect on the ability to transfer knowledge (Audretsch &
Feldman, 1996). However, the other actors in the process rarely meet face-to-face,
instead they use Microsoft Teams to meet remotely. Even though only being sepa-
rated by a few kilometers at most, there is no apparent positive effect of being close
geographically. In contrast, the development team for the smaller product series
does seem to suffer from being located in another country, but not necessarily from
being far apart when it comes to distance. Boschma (2005) and Wilson et al. (2008)
offers two explanations to this. First, institutional proximity refers to, for example,
shared habits, language, and laws (Boschma, 2005). In the case of the development
organization abroad, they do not share neither habits, practises or native language,
which results in low institutional proximity. Furthermore, the same low cognitive
proximity that exists between the R&D organization, also exist in the development
unit abroad. Second, quality communication and shared identity are the two vari-
ables affecting perceived proximity according to Wilson et al. (2008). In the case of
the development unit abroad, close to all communication goes through the product
owner of the smaller product series. Furthermore, this communication is frequent
and rich according to that product owner. However, the other actors in the process
does not have direct contact with the development unit making their communica-
tion both infrequent and second-hand. Moreover, the absence of interaction leads to
low shared identification (Wilson et al., 2008), since the actors does not even know
what person is responsible for what in the development unit, apart from the product
owner.

The actors in the sales organization was shown to share organizational relation, thus
experiencing high organizational proximity. This reduces opportunistic behaviour
and facilitates feedback (Boschma, 2005). The same cannot be said about the ac-
tors in the R&D organization and the actors in the sales organization. The closest
organizational tie they share is through the CEO. It could explain the insufficient
CAD-modules the sales organization tries to extract from the system is a result of
opportunistic behavior. However, the results rather shows that there is no prerequi-
site to have updated CAD-modules of every product variety. Another consequence
of the low organizational proximity is the absence of communication channels. Since
several steps in the process require input from people not directly connected to the
process, such as someone to verify CAD-modules, there is no clear way of both find-
ing and contacting that person. This relates to feedback being difficult to achieve
when the organizations do not share relationships (Hansen, 1999).
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5.5 Shared mental models

One way to achieve quality communication and shared identity, thus increasing the
perceived proximity between actors is by establishing a shared mental model of the
CGlI-process (Cannon-Bowers et al., 1995; Zamani & Pouloudi, 2022). The four

sub-models to achieve a shared mental model are presented in table 5.1.

Table 5.1: The four sub-models of shared mental models (Cannon-Bowers et al.,
1995)

Models Definition CGI-process

Equipment model Shared understanding of the CAD system is not shared, but the
tools necessary for the comple- ordering system is shared on a basic
tion of the task. level.

Task model Shared wunderstanding about Shared between the active actors,
what needs to be done for the but not the inactive.
completion of a task or a project.

Team member Awareness of each other’s skills, Shared by actors that work together
model desires, habits, beliefs etc. closely, but not between all actors in
the process

Team  interaction Shared understanding of what Not shared, as a result of not having
model is known and/or believed about a clear process.
team processes.

First, in the case of the CGl-process the tools necessary to complete the task of
producing CGlIs (equipment model) are the ordering system, the sales tool (to create
specifications) and the system used to extract CAD-modules. The ordering system
is understood by all actors on a basic level, furthermore, the orderers and the CAD-
extractor has a deeper understanding due to both extensive use and coming with
suggestions on how to improve it. The sales tool is only fully understood by the
product owners, however, it is not a part of the process that experiences difficul-
ties as opposed to the system used to extract CAD-modules. The latter system is
only used and partly understood by the CAD-extractor. Although having the most
knowledge about the system, the CAD-extractor does not comprehend why some
errors occur. Hence, the equipment model is not shared between the actors of the
process

Second, the task model refers to understanding what tasks or steps is required to
produce CGlIs, but not in what order or how they are done. That is instead the
team interaction model. The actors in the sales organization that work close to the
process have a shared understanding of the tasks needed. However, the actors not
directly connected to the process (e.g., the engineering unit or development unit
for the smaller product series) are not aware. In addition, actors only participating
for reviewing content are not aware of tasks outside the ones they participate in.
Moreover, the absence of a process map contributes to some actors not sharing the
understanding of the tasks in the process (Damij, Damij, et al., 2014). In sum, the
actors most active in the process share an understanding, while the less active does
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not.

Third, the team member model is about knowing your peer’s competences. In the
context of the actors in the CGI-process, there exist both high and low awareness.
Competences are well known between the actors that work closely together (e.g.,
the orderers and the project coordinator, or the CMF-responsible and the heads of
design), but not between organizations (e.g., sales and R&D). Zamani and Pouloudi
(2022) say that it is crucial to understand each others’ competences, and this moti-
vates the difficulties in verifying CAD-modules and reviewing renderings. However,
since the process is characterized by a large number of actors it differs from the
studies by Zamani and Pouloudi (2022) and Cannon-Bowers et al. (1995), which
examined smaller size teams. The number of actors limits the ability for each actor
to be aware of all other actors competences simultaneously.

Fourth, as aforementioned the team interaction model refers to the actors’ shared
understanding of the team processes, in this case it refers to the entity of the CGI-
process. The result show that their process is perceived as unclear both in structure
and responsibilities. Moreover, this is further highlighted by the absence of a docu-
mented process or process map.

The more shared understanding the actors have, the better they will communicate,
thus increasing perceived proximity. In the case of virtual teams, all sub-models need
to be shared to have a shared mental model (Zamani & Pouloudi, 2022). However it
is unclear if that is the case for actors in a complex, multi-actor, inter-organizational
process. Cannon-Bowers et al. (1995) argues that the equipment model only needs
to be understood at a basic level. In the case of the CGI-process, the CAD-system
in the equipment model is not shared and the task model is shared by the most
active actors but not the less active ones. Furthermore, the team member model is
not shared with actors that do not work closely together, although the large number
of actors might limit the possibility to achieve this awareness. Finally, the team
interaction model is not shared between actors since the process is thought of as
unclear.

Cross-functional process map and perceived proximity

A process map enables teams to gain a clearer understanding of the process and
steps involved (Damij, Damij, et al., 2014; Kalman, 2002). Understanding the
steps/tasks and the process corresponds to the task model and the team interac-
tion model (Zamani & Pouloudi, 2022). Hence, the introduction of a process map
that fulfills those requirement would increase the shared mental model of the ac-
tors and thereby improve communication and perceived proximity. Moreover, the
cross-functional process map is suitable for complex processes involving multiple
actors and organizations (Damelio, 2011). Moreover, understanding an organiza-
tion “s/actor’s capabilities in a specific step in the process, increases the under-
standing of their skills and competences. As a result, it would also increase the
team member model.
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5.6 Synthesis

In sum, the challenges reported for the CGl-process are a result of lack of struc-
ture, non-defined responsibility, high product complexity and non-optimal perceived
proximity. Furthermore, the low perceived proximity between some actors and or-
ganizations contribute to the difficulties in solving upcoming challenges (e.g., CAD-
data problems). The challenges are not independent, but rather a breakdown of the
challenges discovered in the Result Chapter. A cross-functional process map could
increase the perceived proximity through establishing a shared mental model. In
addition, it would also contribute to clearer structure and responsibility. Finally,
modularity allows for flexibility and efficiency to cope with high product complexity.
A summary of this reasoning is found Table 5.2 as well as the purposed modular
and cross-functional process map in Figure 5.3. Further detail about the changes in
the process map can be found in Chapter 8, Managerial implications.

Table 5.2: The envisioned impact of a modular, cross-functional process map on
the challenges of the CGl-process

Challenges A modular, cross-functional

process map’s envisioned

Contributions of process map-

im- ping

pact

Lack of struc-
ture

Non-defined re-
sponsibility

High  product
complexity

Non-optimal
perceived prox-
imity

Mapping the process leads to an in-
creased understanding of the steps
involved, thus providing structure
(Damij, Damij, et al., 2014).

Recognizing the cross-functional na-
ture of the process and defining re-
sponsibility accordingly in the pro-
cess map, leads to increased respon-
sibility of the actors in the process
(Marriott, 2018).

A modular process allows for cus-
tomization and flexibility (Bask et
al., 2011), while being efficient as a
whole (Baldwin & Clark, 2003), thus
coping with the complexity of the
product and CGI-demands.

Having a shared mental model in-
creases quality communication and
shared identification, hence a better
state of perceived proximity (Zamani
& Pouloudi, 2022).

Figure 4.1 and Figure 5.3 show how
the current structure looks like and
purposed structure could look like re-
spectively. Thereby visualizing the
path of the process and reducing un-
certainty.

Formalizing the process steps and as-
signing responsible actors leads to
higher accountability. Especially in
the case of the R&D organization
which are not direct users of the out-

put (CGI).

Choosing modules depending on the
CGI-need allows for coping with the
demand efficiently. Also, introducing
modules that address the CAD-data
problems in phase-B further increases
process performance.

By actors using the process map
shown in Figure 5.3, they will share
more of a mental model of the CGI-
production, which facilitates qual-
ity communication. Consequently, it
will increase the perceived proximity
where it is low (e.g., between the sales
and R&D organization).
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Discussion

This chapter answers and discusses the three research questions. Furthermore, it
presents the limitations and areas for future research.

RQ1 - How can process mapping be used to in-
crease understanding of work procedures in a multi-
actor process?

Our study confirms that process maps could help in visualizing the work that gets
done in an organization. Furthermore, visualizing processes proves to increase the
understanding of the steps involved (Damij, Damij, et al., 2014). Moreover, having
a clear process description in the form of a process map clarifies the process respon-
sibilities in each step, which results in improved clarity of how communication and
coordination between functional barriers should be handled (Kalman, 2002). There-
fore, in terms of the case company “s challenges regarding inadequate work methods,
unclear needs, responsibilities and requirements it could be argued that a process
map clarifies the multi-actor CGI-process. Hence, increasing the understanding be-
tween stakeholders, including the degree of cognitive proximity, especially between
the R&D organization and the sales organization. Since the current knowledge
sharing is low, a cross-functional process map contribute to identify who possess the
necessary and wanted information. Therefore, it is reasonable to assume that the
organizations increase knowledge sharing of roles, which could contribute to that
an actor in previous steps know how their outcomes is utilized in subsequent steps.
However, an important aspect before using the proposed cross-functional process
map as a work method is to make sure that all steps in the process map is verified
regarding responsible individuals or departments. Otherwise, the multi-actor CGI-
process will remain ambiguous, leading to uncertainties in identifying appropriate
individuals in cases when problems occur. Furthermore, Graham (2006) emphasized
the three key factors for successful process mapping: obtaining accurate information,
ensuring that the structured map is understood by everyone, and the the compiled
information must be valid. These factors could be considered a prerequisite for
leveraging process mapping to enhance understanding of the CGl-process.
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RQ2 - How can process modularity be used to si-
multaneously improve efficiency and flexibility?

This study shows that either modularizing or standardizing a whole process is chal-
lenging. However, the use of different service process types mentioned by Kalman
(2002) allows for segmentation of the different phases in the CGl-process, thereby
enabling modular strategies for each phase. Thus, with regards to the challenges
for structure, product complexity and considerable variation in CGls, it is assumed
that enhanced efficiency could be achieved by breaking down specific segments of
the process into modules. Hence, decomposing certain process steps into modules
or creating new steps for ensuring the possibility to have accurate requirements
and prerequisites from the beginning could improve the efficiency while allowing
a high degree of flexibility. Moreover, before constructing the modules in each
phase, the existing resources (e.g., systems and personnel) must support the new
modular process, hence evaluating the existing capacity for the affected individual,
department or organization is needed before implementation. Also, findings from
the study provided by Droge et al. (2012) support modular architectures to enhance
service performance, and modularity to enhance integration within the supply chain.
Therefore, we can assume that a modular strategy can have a positive effect on the
delivery performance of the CGIs towards the supplier, given that resources are
available. Hence, by increasing the level of performance, subsequent steps could
lead to improved quality, reduced iterations for problem solving and decreased costs
for unnecessary corrections in late stages.

RQ3 - How can a process be designed to enhance
perceived proximity in a multi-actor process?

The study confirms and extends the understanding of how perceived proximity affect
an organizations performance, through understanding how it affects the performance
of a multi-actor, inter-organizational process. First, the study confirms the theory
of Boschma (2005) that different dimensions affect perceived proximity other than
geographical, and that cognitive proximity is a requirement for coordination and
problem solving. This is evident when actors in the R&D organization and sales or-
ganization experience high geographical proximity but low cognitive proximity and
being unable to coordinate and solve issues related to the process together. Fur-
thermore, as Boschma (2005) suggests, all dimensions are not independent. This
study exemplifies this by showing that geographical proximity is linked with in-
stitutional proximity in the case of the development unit of the smaller product
series experiencing low institutional proximity as a result of being located abroad.
Second, the study confirms the model purposed by Wilson et al. (2008) on qual-
ity communication being a factor in perceived proximity. Quality communication
was observed between the actors that also experienced higher perceived proximity,
consequently, in the cases where perceived proximity was low, the communication
was also infrequent and poor. In addition, shared identification between the actors
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was shown to be low where the perceived proximity was low, however, the study
does not show that the shared identification was high when perceived proximity was
high. Third, the study extends the knowledge on how perceived proximity can be
enhanced using a modular, cross-functional process map to establish a shared mental
model. Having a shared mental model facilitates quality communication and thus
increases perceived proximity (Zamani & Pouloudi, 2022). This study shows that
the degree of how shared the task model, the team interaction model and the team
interaction model are increases by having a modular-cross functional process map.
By having this shared mental model, the actors are able to convey rich and frequent
communication, since they share understanding of the process. However, Zamani
and Pouloudi (2022) argue that also the equipment model needs to be shared be-
tween actors to experience perceived proximity. On the one hand, our finding show
that the lack of shared understanding of the tools necessary to complete the task
is a limitation in the CGI-process. On the other hand, whether all actors in the a
multi-actor process needs to share this understanding remains unclear.

Summary

In sum, process maps increase understanding, clarify responsibilities, and improve
coordination across functional barriers. Implementing a cross-functional process
map can address challenges in the case company, such as inadequate work meth-
ods and unclear needs. It promotes knowledge sharing, identifies key individuals,
and reduces ambiguity in the multi-actor CGI-process. Furthermore, modularizing
or standardizing the process is challenging, but segmenting phases with different
service process types enables different modular strategies for each phase. Breaking
down process segments into modules could therefore improve efficiency and flexi-
bility. Moreover, the study emphasizes the importance of cognitive proximity for
coordination and problem-solving. Quality communication and shared mental mod-
els contribute to increased perceived proximity.

Limitations

This study did not involve the implementation of the cross-functional process map.
Consequently, there is lack of empirical evidence of the impact of implementing this
process map at the case company. Moreover, there was a lack of insights in the R&D
organization regarding working methods and respondents due to the focus on the
internal process at the sales organization. In addition, only one case was examined
which makes it hard to generalize. Furthermore, this study did not cover the entity
of the CGIl-process which spans across approximately one year, while this study
was performed during five months. Also, the respondents were more focused on the
current phase in the process, which could limit the possibility to follow the complete
progression of the CGI-process. No respondents from the abroad development unit
was interviewed. Lastly, since it is a large multinational organization, a limitation
lead to that the sample of respondents could be consider small in relation to possible
respondents.
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Future research

Due to limitations in the insight in the R&D organization, one future research area
is to study the perceived proximity between organizations. Furthermore, Balland et
al. (2015) has suggested a dynamic framework of the proximity dimensions, which
could be the basis of such research. Several authors discuss the importance of
obtaining the optimal level of perceived proximity (i.e., neither too much or too
little proximity) (Balland et al., 2015; Boschma, 2005; Wilson et al., 2008; Zamani
& Pouloudi, 2022), however, how to achieve this level of proximity has not been
studied. Therefore it also serves as an area for future research. Last, this report does
not study the actual impact on perceived proximity from implementing a modular,
cross-functional process map. As a result, future empirical research in this area is
of interest.
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Conclusion

The purpose of this study was to investigate how to improve efficiency and flexibility
of a complex, multi-actor, inter-organizational process through process mapping and
modularity in a way enhancing perceived proximity. Introducing a modular cross-
functional process map could enhance mutual understanding amongst the actors
regarding work procedures and the handling of steps in the process. This improve-
ment in understanding leads to increased efficiency both within and between process
steps. Since visualizing the process facilitates comprehension of the performed work,
it thereby offer the possibility to develop a modular strategy to further improve ef-
ficiency while still having the flexibility aspect in mind.

Another conclusion is that modularizing specific parts of the process, achieved
through decomposing and creating modules, will bring significant benefits. How-
ever, it is crucial to establish a clear understanding of the activities occurring at
each step and assign responsibilities in advance. This is where the cross-functional
process map proves valuable, as it establishes clarification of work procedures and
responsibilities. Moreover, a complex process might need different modular strate-
gies depending on the phase of the process. Depending on the process being fluid or
rigid, different strategies can be applied to the same core process. As a result, the
modules for one part of the process might differ from another due to being derived
from a different modular strategy. An example of this is first module in phase-B
and the technical review in the final phase. The former module contains moves a
large part of the work from the sales organization to the engineering unit, to be able
to save cost and increase efficiency. As a result it is a large change in the current
working methods. However, the latter is a simple module used to increase the qual-
ity of the final image through an extra review, thus not being as large a change.

The conclusion regarding perceived proximity is that the cognitive level needs to be
raised, as the current level results in coordination issues and problems with collab-
orative problem-solving. It can be concluded that the quality communication were
higher in relationships when the cognitive level was high. Furthermore, when the
cognitive level was low, it resulted in low quality communication. Therefore, uti-
lizing a cross-functional process map that enhances understanding also leads to the
development of a shared mental model. This, in turn, improves the quality commu-
nication and consequently enhances the perceived proximity, foremost in terms of
cognitive and organizational proximity. Moreover, when utilizing a cross-functional
process map, it becomes easier to establish a shared understanding of which tools
to use, what tasks that need to be accomplished, who possesses specific knowledge,
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and different actors’ needs.
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Managerial implications

The multi-actor and inter-organizational nature of the process leads to complexity.
Without a clearly defined process map, there is low level of understanding and a
lack of clarity regarding the process flow. To address this, the first recommendation
is to create a cross-functional process map that identify all relevant stakeholders
and organizations involved. This map specifically focus on the people or depart-
ments closest to the process. Moreover, the ambiguous steps in the process should
be highlighted for further clarification, and clear responsibilities should be assigned
to individuals or departments for each step to promote accountability and efficient
execution.

With regards to complex processes, it is important to recognize that they often re-
quire a balance between efficiency and flexibility. Therefore, it is recommended to
explore modular opportunities to achieve this balance. In the case of processes with
a large number of steps, a one-fits-all approach may not be suitable and it becomes
crucial to avoid both over-standardization or excessive modularization. To tackle
this, the second recommendation is to categorize the process phases according to
service typologies and then modularize according to the modular strategy feasible
for the specific service type. Furthermore, it is essential to provide education to
users of the modules, ensuring they have a comprehensive understanding of how to
effectively utilize the modules in the process. This approach will enable organiza-
tions to optimize their processes, balancing efficiency and flexibility while promoting
engagement.

If a process step is complex and requires input from multiple actors, it becomes chal-
lenging to modularize the step. In such cases, it is necessary to consider a change
in approach. This complexity can often be connected to low perceived proximity
among the involved actors. To address this, the third recommendation is to re-
design the process, aiming to increase the cognitive proximity and other dimensions
of perceived proximity that may be low and achieve this through quality commu-
nication and identification. However, some types of proximity is difficult to affect
such as institutional proximity, which is low in the case of the development unit of
the smaller product series and the sales organization. In these cases our recommen-
dation is to focus on the dimensions you can affect making them act as a substitute
. Through increasing the degree of proximity and collaboration, the complexity of
the process step can be reduced, assumingly leading to better overall performance
and outcomes.

69



8. Managerial implications

Example for the case company

As the process for producing CGIs is complex, the first recommendation is to map
the process to increase understanding. This mapping corresponds to Figure 4.1,
showing what actors are involved in each step. In addition it shows ambiguous steps
by labeling the actors involved in those steps as unclear (e.g, the problem solving
steps following a insufficient review). Without visualization it is hard to both pin-
point challenging steps and solve the issue that causes the challenges. Furthermore,
it is necessary to examine if the process is suitable for modularization.

The CGI-process is divided into four phases: A,B,C and D. These phases correspond
to the need phase, the CAD-extraction and dispatch phase, the rendering phase and
the review and finalizing phase respectively. As aforementioned, phase A is catego-
rized as a type 2 process, while the subsequently phases are categorized as type 4
processes. As a result, different modular strategies needs to be applied depending
on the phase.

First, the modular strategy for phase A is customer efficiency. In the case of the
CGl-process, the customer is the orderer. Moreover, the amount of CGIs needed de-
pend on the amount of updates coming form the R&D organization. These updates
either comes from quarterly updates or larger projects, the latter usually result in a
high demand of CGIs. Therefore, two modules can be applied here depending on the
amount of news introduced. The first would be used when the demand for CGlIs is
high and include both orderers and 1-2 product owners. The second would be used
when the demand for CGI is low and only include one order and product owner.
Both modules result in the sales tools specifications to cover the need of CGlIs.

Second, the modular strategy for phase B is relationship focused and is also where
the struggles with the CAD-data occur. The problems concern both the correctness
of CAD-modules and difficulties in reviewing them. This is an example where the
perceived proximity needs to be increased (see recommendation three). When the
need for CGIs are high, which can be the case for a larger project, the first module
should be used. The first module would include "CGI-target products' in the de-
velopment projects to facilitate the CAD needs of the CGI-production. As a result,
more resources would be needed from the R&D organization but the overall cost of
the process would decrease since less time would be spent reviewing and correcting
CAD images. The second module is to be used when there is a low demand or
specific needs. In this case a technical responsible would be included in the "Review
of CAD" step to verify things that the product owner and orderer cannot verify
themselves. Otherwise the process looks like it does today.

Third, the changes in phase B would result in the reduction on time spent "Problem
solving to adjust CAD" in phase C. The other issue in this phase is sending the "New
release information", which is addressed through standardization of that step. This
would include a member of the product management team sending a stripped down
version of the "New release information" to the supplier. This clarifies responsibility
and effectiveness.
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Fourth, phase D should also have the modular strategy relationship focused. In this
case, the two review steps can be modularized depending on the need for review.
L.e., having one module for the "Product review" and one for the "Design review".
This would prepare the actors that needs to review the images (Product owner,
CMF-responsible, and Heads of design) on the extent of the review work. More-
over, it would also make the actors look at the same images at the same time and
reach consensus, instead of having, e.g., two separate technical reviews with product
owners that have different opinions. Also, a third module is added if needed called
"Technical review", which should be used when the product owner cannot verify the
module. The technical responsible is included in this step for the part of the product
that is difficult to review.
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Appendix 1

Introduction:
What is your role at the company?

What are your background at the company and previously?

Explain what we are investigating, and limitations.

Explain anonymity, right to record and transcribe.
What is the concrete output of your work, do you have anything you could show us?
Questions regarding process management/mapping:

How would you describe the process to product CGIs?
What is your connection to the process?

In what steps are you active in?

What and who are you dependent on, and vice versa?
How often do you interact with the process?

Can you describe what steps in the process you know well?

Questions regarding process modularity:

to produce CGIs vary or does it always stay the same? How does the complexity

di er?

Does the proc

between order;
Can you describe a situation or example when an order worked well and reasons?
Can you describe a situation or example when an order worked poorly and reasons?

What steps in the process works well and what works poorly?
Questions regarding perceived proximity:

Social: How is the social relations between actors in the process? (Meetings, friends, AW)
Cognitive: How much knowledge overlap do you feel exist between you and other actors connected

to the process?

Institutional: How well do you feel like the reliability to other organizations in the process is in

terms of deliveries and following what has been agreed on?

Organizational: How close are you to the other actors in the process organizationally? Are you

part of the same group, department or organization?

Geographical: Where are you located in relation to the other actors in the process? How much do

you meet face to face, and with who?

We have discussed the process, variants, the collaboration between the actors of the CGI-process.
Is there anything you would like to add, or anything you would like to emphasize?
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Table B.1: Respondent table

Appendix 2

Role Department Organization

Orderer Product Information  Sales organization
Orderer Marketing Sales organization
Orderer Marketing Sales organization
Product Owner Commercial Sales organization
Product Owner Commercial Sales organization
Product Owner Commercial Sales organization
Product Owner (smaller product series) Commercial Sales organization

CAD-extractor
CMF-responsible

Head of design 1

Head of design 2

User of CGI

Project Coordinator
Head of CAD-assembly
Product integrator
Supplier

Senior engineer

Content creator

Product information administrator

Project leader

Design unit
Design unit
Design unit
Design unit
Marketing
Markering
Engineering unit
Engineering unit

Product Information
Product Information

Commercial

R&D organization
R&D organization
R&D organization
R&D organization
Sales organization
Sales organization
R&D organization
R&D organization
Supplier

Aftermarket organi-
zation

Sales organization
Sales organization

Sales organization
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