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Abstract

In a world of mass consumption, it is crucial for an organization to continuously
improve and adapt its products to meet changing market demands. Having an
efficient Engineering Change Management (ECM) process is therefore vital for com-
panies to stay competitive and manage product changes efficiently. The purpose of
this thesis was to investigate how manufacturing companies manage product- and
sales structure changes in a structured and quality-assured way. The aim was to
identify value-adding activities and suggest improvement areas to increase the effi-
ciency of the process. To investigate the Design Change Notice (DCN) process a
qualitative case study was conducted at Volvo Penta, including 21 semi-structured
interviews. The empirical data was analyzed through thematic analysis and two
value stream mappings (VSMs) of the investigated DCN process were constructed
to identify waste. Based on the qualitative analysis, it can be concluded that six out
of eight types of waste appear directly in the studied DCN process; overproduction,
unnecessary motion, transporting, waiting, extra processing, and unnecessary inven-
tory. This thesis presents four improvement areas to mitigate waste and increase the
efficiency of the process; system integration and automatization, collaboration and
sharing knowledge, standardized change information, and process visualization and
role clarification. Further, the study aimed to investigate possible KPIs to measure
the value of information, resulting in recommendations of specific measurements for
the studied process.

Keywords: Engineering Change Management, Process Optimization, Information
Management, Value Stream Mapping, Digital Waste, Performance Measurements.
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1

Introduction

In this chapter, the reader is presented with an introduction to this Master’s Thesis.
The background to the case study is presented followed by the problem statement and
purpose of the thesis. Based on the above, the research questions for this thesis are
presented. The chapter ends with an outline of the thesis limitations.

1.1 Background

In a society of mass customization of products, Jokinen et al. (2017) highlights the
importance of change management processes to improve products efficiently. The
purpose is to avoid unnecessary delays when managing Engineering Change Re-
quests (ECR). In a modern manufacturing industry, information is constantly gen-
erated when designing, producing, and delivering products (Madenas et al., 2014).
In many cases, the information is managed through IT systems such as Product
Lifecycle Management (PLM) and Enterprise Resource Planning (ERP). The abil-
ity to manage this change process efficiently sets the foundation for companies to
remain competitive and adapt to new market needs (Prasad, 1996; Wu et al., 2014).
Likewise, Stekolschik (2016) states that Engineering Change Management (ECM) is
a procedure that enhances and supports companies’ ability to track, evaluate, and
implement product changes based on ideas or solutions. On the contrary, a poor
functioning ECM process could lead to additional costs and delays in ECR imple-
mentations (Watts, 2011). Further, ECM is considered to be an important tool to
prevent waste when managing design changes in complex product structures (Joki-
nen et al., 2017). Therefore, companies must evaluate ECM and establish efficient
processes to manage ECR.

The importance of ECM has increased drastically in modern product development.
The reason builds on the increased volume of changes, product complexity, and cost
of engineering changes (Kattner et al., 2019). Likewise, manufacturing companies
face thousands of ECRs every year (Jokinen et al., 2017) and with increased product
complexity, it becomes harder to control product specifications since a single design
change could affect hundreds of units (Jaratt et al., 2011). Therefore, it is of high
interest for companies to determine the efficiency and measure the performance of
ECM. However, it is complicated to perform efficiency analysis of information flows
and studies confirm that it is difficult to apply in practice Kolinski and Jaskolska
(2018). According to Kolinski and Jaskolska (2018), the main challenge when mea-
suring efficiency is the lack of up-to-date information within the company.
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The ECM process builds on information and transferring data between systems
and functions can be challenging. The need for cooperative and cross-functional
teams is therefore of major importance to maintaining efficient information sharing
(Prasad, 1996). Even, if the aspect of information and communication is established,
organizations struggle to manage it efficiently (Baan, 2013). According to Baan
(2013), inefficient information flows is caused by two factors; an increased volume
of internal information and employees not having access to the right data. These
two aspects need to be considered to utilize the full potential of information flows.
This applies to ECM since a large amount of information is transferred throughout
the process. When an ECR is approved, the change information is captured in
an Engineering Change Notice (ECN). The purpose of an ECN is to inform other
functions about the upcoming change and trigger activities at affected departments
(Wuet al., 2014). Several types of waste could appear when information is not shared
efficiently in the process Roh et al. (2019). Therefore, it is crucial to investigate
how organizations handle ECNs and evaluate possible solutions to optimize internal
information flows. In Lean Management theory, Value Stream Mapping (VSM) is
often used to identify waste in both material- and information flows (Rother et al.,
2004; Pascal, 2015; Earley, nd). Previous research suggests that classic VSM theory
can be adapted to digital value streams and recent studies have used VSM for
Industry 4.0 (Hartmann et al., 2018). With a similar adaptation of VSM theory, it
could be possible to identify and address wastes in ECM processes.

1.2 Case Description

To address the area of information flow optimization, a study was conducted at
Volvo Penta. This company is currently investigating its internal ECM process to
increase the efficiency and robustness of the process.The investigated case company,
Volvo Penta is a manufacturing company that provides world-leading power solu-
tions for marine and industrial use. The company’s history goes back to 1868, and
ever since, Volvo Penta has been renowned for groundbreaking solutions with great
impact on the boating industry. To stay at the forefront of power solutions, a lot of
resources are spent on innovative product development, resulting in a large volume
of design and engineering changes. All change requests (CR) and the implementa-
tion of structural product changes are managed through an internal process referred
to as the Design Change Notice (DCN) process. These terms are equivalent to En-
gineering Change Request (ECR) and Engineering Change Notice (ECN) presented
in the previous research.

This case study was initiated by Volvo Penta requesting an evaluation of the com-
pany’s Design Change Notice (DCN) process. The focus was to investigate activities
involving the department of Global Supply Chain (GSC) and give recommendations
on how to improve efficiency in the process. During an initial meeting, the process
owner expressed the need to have robust processes as the volume of design changes
had increased over the last few years. Long lead times, increased workload, and
quality deviations are considered challenging in the current process. Further, the
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process owner also requested ways to measure the performance and efficiency of the
process. These parameters established the foundation for this thesis to evaluate how
Volvo Penta can improve the efficiency of the DCN process.

1.3 Problem Statement and Purpose

Design changes in product and sales structures entail large amounts of data and
information that need to be structured and distributed to different business units.
It is a complex, cross-functional process where information is gathered, and trans-
ferred between different departments. As the number of design changes increases,
so does the need for a standardized, quality-assured, and efficient way of managing
such information. Therefore, identifying challenges and areas of improvement to
efficiently manage design change structures are of high importance.

The purpose of this thesis is to investigate how manufacturing companies manage
product- and sales structure changes in a structured way, by using information
management. The thesis aims to identify value-adding activities in the process and
provide suggestions on improvement areas to increase information flow efficiency.
This includes research on how to measure the value of information and what key
performance indicators to use for a Design Change Notice (DCN) process.

1.3.1 Research Question

Following research questions have been determined to reach the aim of this study:

o What data and main activities are not value-adding in the DCN process of the
case company?

o How can an organization improve the efficiency of a DCN process?

o How can an organization use key performance indicators to measure the effi-
ciency of a DCN process?

1.4 Delimitations

This thesis investigates how Volvo Penta manages product- and sales structure
changes. The main reason is Volvo Penta’s interest in the scientific view on the
investigated area, and how it can be applied to their business. Therefore, this thesis
is limited to investigating a specific company and its process of managing design
changes.

The investigated DCN process is a cross-functional process that involves stakeholders
from several departments. The ownership of the process lies with the department of
GSC and the scope of this thesis was therefore limited to activities affecting GSC.
However, all functions involved in the process were examined on a general level
to investigate their impact and relations to GSC. Findings on internal processes
within these departments are considered secondary input for this thesis. Further,
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this study focus on product changes that affects the sales structure and is limited
to investigating design changes on physical products, since the process to manage
software is currently being evaluated internally at Volvo Penta.

1.5 Thesis outline

This section outlines the structure of the thesis with the purpose to support the
reader. The thesis is composed of six chapters and the content of each chapter is
described below.

Introduction - In the first chapter of this thesis this chapter, the reader is presented
with an introduction to the studied area. The background to the case study is pre-
sented followed by the problem statement and purpose of the thesis. Based on the
above, the research questions for this thesis are presented. The chapter ends with
an outline of the limitations of the study.

Theory - The second chapter presents findings from the literature review. First, a
brief introduction to Knowledge Management is presented. Second, literature find-
ings on information management are provided. Third, classic information waste
from lean management is presented from a digital perspective. In addition, the use
of Value Stream Mapping in digital information flows is described to identify waste.
Forth, the subject of Engineering Change Management is introduced, including a
framework to identify different activities in the change process. Lastly, literature
regarding performance measurements is presented together with a proposed frame-
work to determine different levels of performance indicators.

Methodology - In the third chapter, the methodology of the thesis is presented. In the
first part, the research strategy is outlined followed by the chosen research design.
Second, a brief description of the conducted literature review is defined. Further, a
description of the data collection and data analysis is presented, including details on
the case study. Lastly, the research quality and ethical considerations of this study
are discussed.

Results - The fourth chapter presents findings from Volvo Penta, and two other
companies within the Volvo Group. It starts with a presentation of existing process
documentation and data retrieved from Volvo Penta, followed by process visual-
ization based upon data extracted from mapping the process. Further, identified
challenges and improvement areas are presented. The findings end with a visual-
ization of respondents’ aspects of Key performance indicators and how the DCN
process appears at other companies within Volvo Group. All data except for the
section existing process documentation data are based upon the conducted inter-
views and one observation.

Discussion - A discussion and analysis of the results are presented in the fifth chap-

ter. It starts with a discussion regarding non-value-adding activities and identified
waste in the DCN process. Further, different improvement areas are debated based

4
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on indications from the results and previous ECM research. The chapter ends with
a presentation of performance measurements used at Volvo Penta compared with
recommended KPIs.

Conclusion and Implications - The final part of this thesis presents answers to the
research questions, including non-value-adding activities, improvements, and recom-
mended measurements for the DCN process. Further, implications of this study and
suggestions for further research are presented followed by specific recommendations
to Volvo Penta.



2

Theoretical Background

This chapter presents findings from the literature review. First, a brief introduction
to Knowledge Management is presented. Second, literature findings on information
management are provided followed by information waste from lean management from
a digital perspective. In addition, the use of Value Stream Mapping to identify waste
in digital information flows is described. Forth, the subject of Engineering Change
Management is introduced, including a framework to identify activities in the change
process. Lastly, the theory on performance measurements is presented together with
proposed levels of performance indicators.

2.1 Knowledge Management

According to Slack and Lewis (2019); King (2009), knowledge can be separated into
two distinct types of knowledge, explicit and tacit. First, explicit knowledge is the
most basic form of knowledge that can be stored and shared in definitive forms. For
instance, it can be knowledge in the form of instructions or documentation such as
process maps received from the organization. Second, tacit knowledge is knowledge
earned from experience. For instance, knowledge gained from several years within a
specific role or department (Slack and Lewis, 2019). Moreover, King (2009) states
that knowledge can be divided into three levels; know-what, know-how, and know-
why. Know-what considers what actions need to be performed when managing and
evaluating certain information. Know-how considers how to respond to the actions
that need to appear and know-why refers to the underlying parameters that moti-
vate the action.

According to King (2009), Knowledge Management (KM) refers to the process of ef-
fectively managing systems within organizations to secure that assets are improved
and available for all employees. The process involves planning, organizing, moti-
vating, and controlling that people within the organization maintain and increase
their knowledge continuously. Assets within KM refer to electronic databases where
employees can access information that is relevant to their work. This includes infor-
mation regarding the organizations’ products, processes, and relationships as well as
knowledge about ongoing issues and the progress on how to solve them (King, 2009).

Further, Slack and Lewis (2019) mention that the purpose of KM is to stimulate
the transaction of tacit knowledge into explicit knowledge. This can be done by
transferring tacit knowledge gained by the individual into explicit knowledge that

6
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can be reached and applied by other individuals within the organization. These
phenomena appear jointly, often through a common platform that supports inter-
action. An example of knowledge transfer is when certain insights are codified into
a common structure or database, to increase the accessibility of knowledge. Like-
wise, Lupanava (2017) highlights the relevance of KM and its essential role when
an organization faces challenges with frequent employee turnover. For instance, lost
knowledge when experienced employees leave the organization and fail to transfer
their tacit knowledge into explicit knowledge. This creates knowledge gaps and re-
sults in challenges when new employees join the team.

To create a platform that stimulates collaboration, knowledge sharing, and interac-
tion between people to maintain knowledge, Slack and Lewis (2019) mention Com-
munities of Practice (CoP) which sets the foundation of KM. CoP’s purpose is to
manage a common, interactive, and systematic platform of learning when system-
atizing KM. It collects and connects information to support collaboration when
transferring people’s tacit knowledge into explicit knowledge. Moreover, joint learn-
ing can be used both in live sessions and digital meetings. When collecting infor-
mation, individuals codify and classify knowledge into common databases. Further,
connections appear as a link between codified knowledge bound to the individuals
that possess the tacit knowledge. For instance, links to topic experts, knowledge
events, or routines of searching for knowledge within the platform. Collaboration
appears as a function where further cooperation can be generated, such as commu-
nities of practice and cultural support. In conclusion, CoP concertizes KM systems’
ability to support collaboration and knowledge sharing (Slack and Lewis, 2019).
Likewise, King (2009) states that computer-based communications and information
systems can support KM processes. Such a system could involve a platform where
documentation and "lessons learned" from previous projects are stored.

2.2 Information Management

Another way to address knowledge is through the hierarchy of data, information,
knowledge, and wisdom. The initial theory was presented by Ackoff (1989) who
argues that knowledge is retrieved from analyzing and synthesizing information and
data. The importance and volume of information in the business world continue
to grow exponentially. Having access to accurate up-to-date information has be-
come critical to business success (Wiley and Sons, 2009), and efficient information
flow is now a key aspect of decision making(Kolinski and Jaskolska, 2018). To fully
utilize the potential of information organizations must develop strategies for infor-
mation management. Before investigating the purpose of information management
one must address the interpretation of information. The term ’information’ does
not seem to have one widely-shared definition used for business research (Baan,
2013). Instead, a variety of definitions has derived from different perspectives over
the last decades. Some information scientists claim that an item of information is
a fact that is shared(Madden, 2000), while others refer to it as an influence that
leads to transformation (Baan, 2013). It appears that researchers within this area
prefer to discuss the concept of information rather than the definition. According

7
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to McCreadie and Rice (1999), the concept of information can be divided into four
categories: information as a representation of knowledge, information as data in
context, information as a part of the communication process, and information as a
resource. As a combination of the first two concepts, Wiley and Sons (2009), propose
a definition that information is the intelligence and knowledge derived from data.
Although the importance of information is established, many organizations struggle
to apply and use their information efficiently. Two aspects causing inefficiency in
information flows are the increased volume of information generated internally, and
employees not having access to the right data. Given these challenges, companies
must understand the importance of handling information to utilize the full poten-
tial of internal data (Baan, 2013). Hence, information management has become an
emerging field within business research (Wiley and Sons, 2009).

The concept of information management has evolved with the development of com-
puter technologies. Starting as the physical control of information and developing to
a broader perspective including knowledge management and decision-making. An-
other aspect of information management includes resources and one of the main
characteristics is the use of new technologies, such as artificial intelligence(Boaden
and Lockett, 1991). Today, information management can be seen as an infras-
tructure for how to collecting, storing, and communicating information within the
organization. The purpose is to manage and use information with insight as well
as create value for individuals and the organization (Editorial, 2021). According
to Baan (2013), information should be flowing freely within the organization and
continuously being used and maintained. In other words, information needs to be
alive to add value to the business (Baan, 2013).

The fundamental principle of information flows is that there is a system with sep-
arable parts in which the information passes. It is dependent on the structure of,
and relationships in the distribution system, and the process to manage information
must be reliable Bremer and Cohnitz (2004). Within the manufacturing industry,
information is generated daily when designing, producing, and delivering products.
In many cases, this information is generated using a wide range of digital systems
such as Product Data Management (PDM), Product Lifecycle Management (PLM),
and Enterprise Resource Planning (ERP) (Madenas et al., 2014). The use of dif-
ferent systems has created a landscape, which Madenas et al. (2014) refers to as
'Isolated Islands of Information" where information is stored in different silos. This
causes difficulties when sharing information across business units. While these sys-
tems evolve to support each other through integration, there is often an issue with
overlapping information stored in different systems Madenas et al. (2014). It is
therefore critical for organizations to develop mechanisms for internal collaboration
to fully utilize the potential of information flows. Likewise, Huet et al. (2010), sug-
gest that an interactive and effective bridge between design and manufacturing is
required to exchange information in a quality assured way. Likewise, Madenas et al.
(2014) concludes that the role of ERP systems is expanding to support manufactur-
ing processes. This is not only achieved by transferring data from one application
to another, but rather to integrate key processes in the organization. This adds to



2. Theoretical Background

the complexity of information flows between systems (Wu et al., 2014). Madenas
et al. (2014), argue that having standardized information is essential to achieve a
continuous information flow between different departments and systems. They also
empathize with the importance of recognizing all systems utilized in the process and
identifying integration points.

Creating value for individuals and organizations is an important aspect of informa-
tion management but analyzing the efficiency of information flows is not a simple
matter. Integrated information systems and dependency of the process generate
complex issues when measuring efficiency (Kolinski and Jaskolska, 2018). Further,
enhancing information sharing is often considered an important aspect of informa-
tion efficiency. However, according to Madenas et al. (2014) the majority of studies
in this area focus on exchanging engineering data between different systems, without
evaluating the information’s value to the process. Having a structured way of stor-
ing information in different systems is fundamental, but does not often contribute
to the real value of information (Baan, 2013). In addition, Baan (2013), proposes
an alternative approach to measuring the value of information. Instead of focusing
on the efficiency of information sharing, he suggests that the focus should be on
how information can contribute to the efficient behavior of people working in the
process. Moreover, Baan (2013) defines the concept of information productivity as
the value added from the efficient use of information. There are four factors that
have an impact on information productivity: availability, accessibility, relevancy,
and interpretability. The first factor, availability, can be seen as a fundamental
factor of information management. Information needs to be stored somewhere to
be managed. Once the availability of information is secured, the next step is to
ensure that the information is accessible to the right persons in the organization.
Sometimes, information is available in certain systems or silos but not accessible to
people in other departments. The lack of easy access to information often results
in unnecessary detours to find the right data, which in turn could cause inefficiency
in the process. The third factor, relevancy, determines if the information is helpful
to the people who have access to it. As an important aspect of relevancy, Baan
(2013) highlights the impact that information has on peoples’ behavior. Informa-
tion is considered to be relevant when it supports efficient ways of working and
smart decision-making. The fourth and last factor, interpretability, determines if it
is possible to make sense of the information provided. People in the process need to
be able to scan, understand, and act consequently on the information that they are
given. The first two factors are more general and can often be handled by the means
of I'T, while the third and fourth factors need to be evaluated for each organization
(Baan, 2013).

2.3 Information Waste

In contrast to value adding information presented by Baan (2013), waste often occurs
due to insufficient information flows (Hartmann et al., 2018). In Lean Management,
waste often refers to an activity that the customer is not willing to pay for, and
can therefore be seen as the opposite of value (Pascal, 2015). Furthermore, Klein-

9
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dorfer et al. (2005) highlights that organizations need to decrease operational waste
connected to the parameters of time, quality defects, and inventory to maintain
competitiveness and become more sustainable. In contrast to waste, information
can be seen as a valuable resource in operations management. Even if its value is
known as a reliable resource, many organizations struggle to manage information
and fail to utilize its full potential (Morin et al., 2021).

According to Roh et al. (2019), information waste can be described, divided, and
adapted to the common seven waste of Lean presented by Gopinath and Freiheit
(2012) and Hicks (2007). The seven categories of waste are overproduction, unnec-
essary motion, transporting, waiting, extra processing, unnecessary inventory, and
defects. The first category, overproduction, is described by Roh et al. (2019) as
waste generated from irrelevant information or data. It occurs when information
is not distinct or lacks a clear purpose. The waste of unnecessary motion is gener-
ated from a process structure and how employees handle different It-systems when
extracting information. Likewise, it considers the degree of working with different
and combined systems when extracting information. Waste regarding transporta-
tion appears when transferring information between different platforms or media.
The waste appears when the information is not transferred on a distinct and trans-
parent path. The fourth type of waste, waiting, is mainly based on consumed time
to receive information. For instance, the time it takes to download and extract
information from different servers.

Extra processing appears when information in the process needs to be manually
edited or clarified. Unnecessary inventory is a waste that considers storing non-used
data that is not required to perform activities in the process. The waste often ap-
pears when identical data is saved twice on different servers or stored in different
forms. The last category of the traditionally seven wastes is defects. Defects consider
information streams that are not complete or accurate in sense of incomprehensible
information (Roh et al., 2019). In addition to the seven wastes, Verrier et al. (2016);
Hicks (2007), mention an eighth parameter that considers losing people’s potential.
According to Verrier et al. (2016) it refers to the lost potential for improvement.
Moreover, it considers people’s decreased, or diminished ability to express ideas or
creativity for improving a process or practice (Hicks, 2007).

To avoid informational waste, Roh et al. (2019) highlights the need to detect and
decrease the affecting parameters which become the root cause of the waste. Like-
wise, Hicks (2007), align the importance of the seven waste parameters as a tool
to eliminate waste, with the purpose to increase informational efficiency within the
organization. Further, the seven traditional waste parameters and the additional
eighth waste of lean can be considered as strong parameters to work with to reduce
waste connected to them (Verrier et al., 2016; Hicks, 2007).

Waste connected to information streams is an ongoing debate, often it is connected
to the supply chain with different frameworks and methods to manage potential
advantages of efficient information flows. However, there is a lack of research re-
garding how to analyze the value of information streams. One commonly used tool
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to analyze informational waste in lean management is value stream mapping (VSM).
It is a method that explicitly structures and visualizes information connected to its
value-adding activities. Moreover, it gives organizations the possibility to track and
evaluate how the stream of information is flowing through different processes (Roh
et al., 2019).

2.3.1 Value Stream Mapping 4.0

VSM 4.0 can be seen as an expanded adaption of the classic VSM. The tool allows
organizations to process, visualize, and manage all kinds of information in a value
stream. It enhances organizations’ ability to visualize informational waste through
mapping of value- and non-value-adding activities in a digital process. VSM 4.0
was created with the purpose to manage the opportunities of digitalization and in-
tegrate information flows by reducing information logistic waste (Hartmann et al.,
2018; Meudt et al., 2017). Moreover, Meudt et al. (2017) describes information lo-
gistics as the procedure to manage, plan, control, and realization of processing.

According to Hartmann et al. (2018), mapping information flows is considered to
be complex and challenging. The reason for complexity builds upon the degree of
digitalization and the range of more extensive product variants. To manage the
complexity of information flows, it can be divided into a product- and process flows.
The product-based flow is strongly connected to product information, such as CAD
models and design parameters. Process-based flow is bounded to the activities be-
hind the product information flow and can for instance involve project progress and
product status. Generally, process information appears more independent compared
to product information.

According to Meudt et al. (2017), the process of VSM 4.0 can be divided into six
steps. The first step is to assemble a classic value stream map, to create a basic
understanding of the investigated process. This procedure maps all activities to
improve a production process in the sense of the classic 7+1 wastes. The second
step is to list all storage media used for the recording of data points and KPIs.
A storage media can for instance be an ERP system or other programs such as
Microsoft Excel. The third step is to collect all data points, and KPIs of the process
and connect them to previously listed storage media. The fourth step is to determine
the usage of data in the process. By mapping each data point with connections to
where the data is being used, it is possible to identify data that has been collected
without any direct usage. The fifth step is about defining informational waste in the
investigated area. To maintain objectivity, KPIs such as data availability (DA), data
usage (DU), and digitalization rate (DR) can be used to visualize the utilization
degree of information. The sixth step is to evaluate activities, create an action
plan and implement improvements. The improvement activities can be based on
the previously mentioned KPIs or bottlenecks in different processes (Meudt et al.,

2017).
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2.4 Engineering Change Management

Engineering Change Management (ECM) can be described as a coordinating pro-
cedure where management tracks, evaluates, and implement product changes based
on ideas or new solutions (Stekolschik, 2016). The implementation phase of ECM
involves a cross-functional collaboration (Wu et al., 2014), hence, ECM can be seen
as a part of concurrent engineering (CE) (Diprima, 1982; Jaratt et al., 2011). Ac-
cording to Prasad (1996), CE mainly builds upon a system that involves a holistic
view of integrated product- and process development. The purpose is to develop a
total product system that handles every aspect of an organization’s product port-
folio, for instance, product specifications and change requirements (Prasad, 1996).
Moreover, integration of a total product system enables companies ability to react
and act faster on customer requirements (Prasad, 1996). Furthermore, Jaratt et al.
(2011) support the fact that Product Lifecycle Management (PLM) and Product
Data Management (PDM) systems enable the integration of structure and product
specifications. Likewise, the systems act as a supportive function when conducting
product changes. According to Jaratt et al. (2011), these changes occur through
an engineering change (EC), which can be described as a product, or component
modification. For instance, it can involve material selections, dimension updates, or
product appearance. If a product composition is complex, it is harder to control the
structural impact of design changes. This phenomenon is problematic since engi-
neering changes and updates of components need to consider the whole scope of the
specific change. Further, it can be challenging to manage ECs if multiple PLM or
PDM systems are used in the organization. Therefore, companies should be aware
of the number of used systems for the reason that design systems are never fully
decomposable and it can create issues regarding dependencies between different sys-
tems and parts (Jaratt et al., 2011).

Further, it can seem problematic and challenging to continuously integrate all fac-
tors of product changes related to new, and adapted features (Shahin et al., 2017).
The CE process manages the overall quality aspects of the products and its process
both during the development phase and during changes when reducing lead time and
costs. The boundaries stretch over different departments and it can be considered
challenging to create cross-collaboration within the CE process. Hence, it can be
argued that certain support functions and methods are necessary to decrease the gap
between different functions to increase communication, and collaboration (Prasad,
1996). Since the ECM process builds on cross-functional collaboration with multiple
departments, it is important to clarify responsibilities in the process. To increase
the overall understanding, each department should have clear role descriptions and
outline responsibilities within the process (Watts, 2011). Further, Prasad (1996)
highlight the need for information modeling, arguing that affected functions need
to understand how they communicate with each other. Therefore, planning models
which involve design parameters are of great benefit when controlling products in
integrated product development processes. The importance of team awareness, com-
munication, and collaboration to manage integration challenges are also supported
by Shahin et al. (2017), especially when handling software integration.
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2.4.1 ECM Framework

According to Wu et al. (2014), Engineering Change Management constructs the
bridge between PLM and ERP systems. The integration of these two supports or-
ganizations’ ability to fulfill customer demands and find new market opportunities
(Prasad, 1996; Wu et al., 2014). Moreover, Wu et al. (2014) states that ERP sys-
tems mainly focus on production and manufacturing, while PLM systems focus on
design and development parameters. Both sides are integrated through ECM that
handles and systematize a total view of a product system. To concretize this pro-
cess,Wu et al. (2014), suggests an adapted version of the Configuration Management
IT framework. The original framework is constructed by the Insitute of Configura-
tion Management and provides guidelines to manage products and facilities. The
adapted and more advanced framework by Wu et al. (2014) considers the bridge of
integrating process domains between design and manufacturing. In Figure 2.1, the
different phases of the ECM framework are presented with corresponding activities
on the PLM and ERP side.

Problem report

In-depth analysis

Implementation plan

Validation and release

Engineering change

PLM captured in an ECR captured in an ECN of the ECN history
Phase 1 Phase 2 Phase 3 Phase 4 Phase §
ECM Identify the issue Conduct the analysis Plan the change Release the change Change product
configuration
ERP Customer requirement Business analysis Supplier Process Rel:ﬁ;sgpemducl Product traceability

Figure 2.1: Adapted visualization of the ECM framework presented by Wu et al.
(2014)

The advanced ECM framework presented by Wu et al. (2014) can be described in
five phases, each triggering activities on the PLM and ERP side. Information is
constantly processed and transmitted between the two, to move forward with the
product change. Hence, the framework considers the whole perspective from prod-
uct development to sales configuration.

Identify the issue - The first step is to identify issues with existing products. In
this phase, customer feedback is collected and analyzed on the ERP side to iden-
tify quality issues and customer requirements. Detected problems and improvement
suggestions are then sent to the design domain for further investigation. Once the
matter has been validated on the PLM side, a problem report, including relevant
information on the case, is filed and sent to the change administration for approval.

Conduct the analysis - If a problem report is approved by the change administration
an in-depth analysis of the problem will be conducted. This phase results in the cre-
ation of an engineering change request (ECR) capturing issues from one or several
problem reports. The request can also derive from quality issues in manufacturing
or ideas on design changes from product development. An ECR is a document or a
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transaction file that describes requirements that need to be evaluated for the prod-
uct change. Based on the ECR, experts within the area of problem control conduct
a business analysis on the ERP side, to identify feasibility and product impact based
on cost and business justification.

Plan the change - This phase processes a detailed plan to implement the actual
change through collaboration with stakeholders in the process. The planning starts
on the PLM side with detailed instructions on the change, production plans, and
product data structures. Once the ECR has been approved, and all details are
established, an engineering change notice (ECN) is sent out to inform different
stakeholders about the change. The ECN is sent to the ERP side where a supplier
process is initiated to find suitable suppliers and coordinate tasks between internal
manufacturing and purchasing. When this task is completed, supplier information
is added and the ECN is sent for a final review before releasing the change to the
rest of the organization.

Release the change - Once the complete ECN has been approved, the change is re-
leased to the rest of the organization. This triggers several activities in different
functions. On the PLM side, the product structure and master data are updated
based on the given information in the ECN. When all activities are completed the
EC as a whole is set up for a final audit to ensure that all data is in place and that
the information is clear before the EC is released in the ERP systems. After receiv-
ing the final approval, the ERP side administrates the physical implementation in
manufacturing and reviews the planned timeline vs. the actual change date.

Change product configuration - The final phases of the ECM framework assess the
product change history and traceability. All documentation from the change process
is recorded on the PLM side, including technical documentation, cost - and stock
analysis, and workflow roles that have been involved in the change. The change
history acts as a reference for the ERP side where serial numbers and production
dates are added to generate a traceability of the new products.

2.5 Performance Measurements

Measuring performance is a vital part of business improvement as it enables organi-
zations to evaluate if business objectives are being met. Hence, it is important for
organizations to be aware of different processes’ performance rates. Using perfor-
mance measurements helps organizations to identify poor performance and potential
improvements Lindberg et al. (2015).

There are endless types of metrics that can be used at different levels of the or-
ganization, both on a strategic-, and operational level. Some metrics have been
derived to maintain a certain level of performance while others are used to improve
efficiency (Okes, 2013). However, measuring performance can be considered chal-
lenging. Many organizations are working with the wrong measurements or have
simply stopped using measurements that were previously established. One com-
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mon issue is that organizations tend to select metrics based on simplicity rather
than the value it contributes with. For instance, to measure whether a task is com-
pleted or not, rather than how well it was performed Parmenter (2015). Another
common issue with performance metrics is that organizations often use too many
measurements, causing managerial overload. This makes it difficult for people in
the organization to distinguish what is truly important and information may lose
its value. There are also cases where people do not know how to respond to the
provided measures. FEither they find it hard to read the data, or they are unable
to act on the specific situation. It is therefore crucial for organizations to clearly
explain the purpose of the measurement, and provide appropriate training to read
and understand the data Okes (2013). To mitigate these challenges, it is crucial for
organizations to select the right metrics for their business. Both Okes (2013) and
Parmenter (2015) stress the importance to link performance measures to strategy,
and operational processes. If the strategic objectives are not clear, it is impossible
to know what to measure and why. It is therefore important for organizations to
understand the involved processes and the purpose of measuring. Parmenter (2015)
states that a major part of the work when developing performance measurements
lies within the preparations. Lindberg et al. (2015) adds that the purpose of metrics
is to create a mutual understanding of the situation and establish a culture that
promotes cause-and-effect thinking. When it is time to select metrics on a process
and project level, there should be a clear connection to the overall business objec-
tives and structures to different levels in the organization Okes (2013); Parmenter
(2015). This is where different kinds of performance measurements evolve.

There are lots of different indicators used to measure the performance of a business,
and its processes. Key performance indicator (KPI) is a well-known term in most
organizations but it is often confused with performance indicators (PI). Parmenter
(2015) explains that KPIs should be considered as measurements that are crucial
to the overall business performance. In contrast, a PI is described as a measure to
enhance the alignment between the team and the organization’s strategy. However,
PIs should not be considered less important as it helps improve daily operations.
This type of indicator should be non-financial, measured regularly, tied to a team,
and focused on a specific activity. In addition, all employees should understand what
is required to improve efficiency and be able to act accordingly Parmenter (2015).
There is no golden number of metrics that will ensure success for all businesses. It
all depends on the complexity and size of the organization Okes (2013). For large
organizations,Parmenter (2015) suggest different levels of measurements where the
highest level of KPIs should be limited to a maximum number of 10 metrics. In
addition, he suggest that an organization could have more than 80 Pls and that the
number could vary between departments. Especially in operations management,
KPIs have evolved to have a significant role when it comes to evaluating processes
and improving workflows. One common KPI used to measure process efficiency in
Lean Management is First Time Yield or First Time Through (Gijo et al., 2014). It
measures the number of units that pass through a process without any re-work or
adjustments needed (Zhu et al., 2018). Other commonly used KPIs are measures as-
sociated with lead time and delays in schedule. For instance, lead time for different
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phases in the process or downtime in manufacturing. According to (Kattner et al.,
2019), useful KPIs for the application in ECM can be derived from these general
metrics. In addition, Lindberg et al. (2015) supports that benchmarking KPIs from
other, similar businesses is one method of identifying improvement potential. How-
ever, Kattner et al. (2016) emphasize the lack of literature covering KPIs specifically
developed for, and used in ECM.

In a study of ECM in manufacturing industries, Huang et al. (2003), uses three
measures to assess the volume of ECs. The first one is the number of active changes
in any phase of the process, excluding suggestions that have been rejected. The
second measure is the total time from creation to implementation and the last mea-
surement is active time spent per activity in the process. These measurements are
not specifically used as KPIs for the process but rather as an indicator to map the
current situation and create an understanding of the volume of ECMs that orga-
nizations are dealing with (Huang et al., 2003). However, there are other KPIs
used by manufacturing companies to measure the performance of the EC process.
According to Lundqvist and Mansson (2013), some commonly used KPIs are: lead
time per process step, total lead time, direct runners, punctuality, number of open
changes in total, and number of open changes per process step. Direct runners are
defined as changes that pass through the process without iteration or downstream
adjustments(Lundqvist and Mansson, 2013). In a broader perspective, this data
can also be used to identify product categories that are difficult to handle in the
EC process. For instance, if the number of rework iterations on a specific product
is higher compared to other objects Kattner et al. (2019). In addition, Riviere et al.
(2003) mention the number of documents impacted by the EC, and the number of
persons involved in the process, as two useful KPIs to measure the performance of
ECM.

According to Kattner et al. (2016) metrics in ECM can be identified on four differ-
ent performance levels, from a general overview to a detailed activity performance.
These levels are visualized in Figure 2.2. The highest level, general performance
includes all types of projects and changes. On this level, the objective is to ana-
lyze the role of ECM on a top-level and evaluate how it affects the organization.
The second level, focused performance, concentrates on a single project to assess the
impact that ECs have on the project performance. On this level, it is possible to
analyze the required level of resources to handle changes within projects of different
sizes. The next level specific performance is limited to a certain type of ECs such
as quality- or maintenance changes. On this level, it is possible to outline different
EC procedures and determine whether a certain type of change is causing issues
in the process. In the fourth level, detailed performance, the focus is on specific
process steps and activities in the ECM process. It is considered to be the most
sophisticated level since it allows deeper analysis of potential causes of performance
issues. This four-level framework can be used to categorize performance metrics
and understand interdependence in the process. Further, Kattner and Lindemann
(2017) argues that this framework can be used to choose a level of concentration in
the process, an important first step when developing performance metrics in ECM.
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By using this framework, Kattner et al. (2019) have identified several indicators
for the specific use to assess ECM performance. Some of these measures are the
quantity of active ECs, the interrelations between people, and the shortest path of
information in the process.

General Performance ECM top view

Project basis

Focused Performance

Specific Performance &———

Process steps — @ Detailed Performance

Figure 2.2: Four levels of performance indicators in engineering change manage-
ment presented by Kattner et al. (2016)
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Research Methodology

In this chapter, the methodology of this thesis is presented. In the first part, the
research strateqy is outlined followed by the chosen research design. Second, a brief
description of the conducted literature review is defined. Further, a description of
the data collection and data analysis is presented, including details on the case study.
Lastly, the research quality and ethical considerations of this study are discussed.

3.1 Research Strategy

According to Bell et al. (2019), a Research Strategy consist of the overall approach
toward the research area. Likewise, Saunders et al. (2016) align that Research
Strategy shall explain how the research questions should be answered and its overall
strategy to achieve that. This thesis started with challenges considering a DCN
process, received from the studied case company.

Research methods can according to Blomkvist and Hallin (2015); Bell et al. (2019)
be divided into qualitative or quantitative methods. A qualitative approach consid-
ers the art of data collection, which is based on written and spoken words rather
than numerical numbers. This thesis had a qualitative approach and is based on em-
pirical data from deep-focused interviews and existing process information. Using a
qualitative method is preferable when addressing complex research areas to capture
different individuals’ perspectives (Bell et al., 2019). Therefore it was considered a
suitable approach for this study.

Further, an abductive research approach was used to conduct this thesis. According
to Blomkvist and Hallin (2015), an abductive approach has higher transparency of
collected empirical data and connected theory of the area that is investigated. Thus,
the relation between theory and empirical data is less strict compared to an inductive
and deductive research approach. For this thesis, a more flexible and transparent
approach toward existing theory and empirical data within the applied research area
was considered to be beneficial. Likewise, Bell et al. (2019) state that abductive busi-
ness research is often used when the researchers need to involve a “back-and-forth”
engagement, considering the authors’ preunderstanding of the subject. This aspect
was considered necessary for this thesis to remain open-minded when investigating
the complexity of information flows and their value-adding parameters.
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3.2 Research Design

In addition to the research strategy, a research design is chosen to guide the exe-
cution of the research. It provides a framework for collecting and analyzing data
that is suited for the research question. Several research designs can be used for
qualitative research strategies, one of the most common is the case study design
(Bell et al., 2019). This approach is often used in business research, as it provides a
bridge between qualitative evidence and deductive research (Eisenhardt and Graeb-
ner, 2007). According to Bell et al. (2019); Astalin (2013), a case study focuses on
a limited situation such as a single organization, a person, or a single event and is
often studied using qualitative methods. It enables in-depth analysis of a unique
situation (Saunders et al., 2016), and the goal is to develop a deep understanding
of the case and its complexity (Bell et al., 2019). The context of this research is
limited to a single process in one organization and using a case study design was
therefore considered appropriate for this thesis.

Case studies are often conducted using qualitative methods to collect data, such
as observations and interviews (Saunders et al., 2016). Qualitative interviews focus
on the interviewee’s perspective and are in general more flexible than quantitative
methods. For this thesis, semi-structured interviews were used as the main method
to collect empirical data. This research method was chosen based on the nature of
the studied case, with a clear focus on investigating the DCN process at the case
company. Using semi-structured interviews also enables the possibility to make com-
parisons between the studied case and other companies within the same corporate

group.

3.3 Literature Review

A literature review was conducted to broaden the theoretical understanding of the
subject. The purpose of a literature review is to understand previous findings re-
lating to the research area, which can help interpret empirical findings (Bell et al.,
2019). For this study, several publications related to the research area were reviewed.
The following areas were included in the literature review, knowledge management,
information management, information waste, value stream mapping, engineering
change management, and performance indicators.

3.4 Data Collection

In qualitative research, several scientific methods can be used to collect data, such
as document reviews, observations, and interviews (Bell et al., 2019). In this the-
sis company documents and observations were used to create an overview of the
researched area. Further, semi-structured interviews were used to gather empirical
data.
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3.4.1 Documents and Observations

Participant observations can be described as the process of observing and collecting
data through interviews, visualization, and documents of a phenomenon or object
that is researched. In this type of observation, the observer can take on different
roles with different levels of involvement. One of these roles is observer-as-participant
where the observer interacts with the participant and asks critical questions during
the observation. Hence, the observer can be seen as a detachment that follows and
observes the phenomena (Bell et al., 2019). During this master thesis, one observa-
tion was conducted through interactive sessions where the researchers observed the
work of the DCN coordinator at Volvo Penta. This person was selected for the ob-
servation based on their central role and involvement in the process. While the DCN
coordinator was performing daily work tasks the researchers asked questions to gain
a deeper knowledge of their work procedure. The purpose of the observations was
to gather data on how central roles and activities appeared in the limited research
area and how they affected the DCN process overall. For instance, observations
generated data on what main activities in the process were essential for the DCN
coordinator.

In addition to observations, reviewing existing documentation is commonly used in
qualitative research. According to Bell et al. (2019), organizational documentation
provides case studies with essential background information on the research area.
Both in a historical aspect and in a current time frame. Moreover, documentation
gives the researcher insight into managerial decisions of why and when certain ac-
tions appear. Documentation can be viewed in two aspects, public and private Bell
et al. (2019). The documents used in this thesis were private, meaning that only
people in the organization had access to the documentation. The material included
organizational charts and process maps, which gave information on the investigated
process structure, and different stakeholders’ hierarchical positions. In addition,
company private documents such as emails were used to assess organizational com-
munication between different functions.

When using private documentation in business research it is important to consider
challenges regarding credibility. Corporate documentation is most likely reliable and
authentic. However, it needs to be evaluated against alternative documents which
can be considered more trustworthy or possess a higher degree of credibility (Bell
et al.,, 2019). To manage that, this thesis used Scott (1990) four criteria to eval-
uate documents: authenticity, credibility, representativeness, and meaning. Firstly,
authenticity involves authorship in sense of fraud. To manage that aspect, every
document was checked and controlled by different stakeholders to see if they had
different views on the collected document. The second criteria, credibility, concerns
accuracy of retrieved documents. This was handled by comparing each document’s
output with relevant scientific literature. This enhanced the perspective of how the
documentary described different processes and how the actual processes were. The
third perspective of evaluation considers the representativeness of documents’ ori-
gin. As many of the collected documents were process-oriented, it was challenging to
backtrack these documents’ historical origins. Therefore, the researchers reviewed
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these documents critically and compared them with data from conducted interviews.
The final criterion, meaning, concerns the understanding of the document’s purpose,
and its readability in sense of language and dating. The objective is to manage accu-
rate interpretation of the retrieved documents. To solve it Scott (1990) mention that
textual and content analysis can be considered. During this thesis, the researchers
compared the textual meaning of retrieved documents with their content.

3.4.2 Interviews

Semi-structured interviews build on qualitative, open-ended questions that the in-
terviewer uses as a guide to cover specific topics. The questions may not follow
a specific order and new questions may be added as the data collection proceeds
(Bell et al., 2019). According to Saunders et al. (2016), the benefits of using semi-
structured interviews in qualitative research are the flexibility of the process, and
the ability to adapt the interview to each situation. In addition, Bell et al. (2019)
argue that some structure is necessary to ensure cross-case comparability. The most
essential aspect when preparing an interview guide for semi-structured interviews is
that the questions focus on the interviewee’s perspective and that there is flexibil-
ity in the conduct of the interview (Bell et al., 2019). Using open-ended questions
is preferable in this case since it allows for the interviewee to express themselves
freely. The interview questions were based on the initial understanding of the DCN
process and divided into different themes to create structure. The interview guide
is presented in Appendix B.

The context of this research is limited to a single organization and interviewees
were therefore sampled purposely among employees working with the DCN process.
Purposive sampling is based on the research questions and is one of the fundamen-
tal principles in qualitative research (Bell et al., 2019). This sampling method is
effective only when a limited number of people can serve as primary data sources
(Saunders et al., 2016). The sampling was done in consensus with the process owner,
to identify key stakeholders with the ability to contribute to a deeper understand-
ing of the case. Sampling size can be problematic in qualitative research since it is
hard to tell how many interviews to conduct before theoretical saturation has been
achieved (Bell et al., 2019). However, Bell et al. (2019) suggest one guideline for
sampling size: the wider the scope, the more interviews will need to be carried out.
Since the scope of this thesis is narrow, the sample size is limited to employees that
are working with or are affected by the process. To reduce the subjective impact,
people from different departments were interviewed. The purpose was to gather
perspectives from different business functions and create a wider understanding of
the process.

All interviewees were sent a personal invitation where the purpose of the study was
explained. The invitation did not include specific interview questions, but the gen-
eral layout of the interview was outlined. All interviews were held digitally, using
Microsoft Teams, to ensure equal conditions for all participants. The interviews
were, after the consent of the respondent, recorded to facilitate the transcription.
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By doing so, the authors were able to focus on capturing, and understanding the
interviewee’s perspective and ask follow-up questions instead of focusing on taking
notes. The interviews were conducted in both Swedish and English, depending on
the preferred language of the interviewee. There are challenges with cross-language
qualitative studies, including the risk of misinterpreting data when translating in-
terviews (Squires, 2009). However, since it is the native language of both authors,
the benefits of conducting interviews in Swedish were considered to outweigh the
risk of misinterpretation when translating to English.

The interviews were conducted in three rounds, starting with the stakeholders at
the department of Global Supply Chain, followed by interviews with employees from
other departments involved in the process. At least one representative from each of
the following departments was participating in this study; Product Development,
Purchasing, Manufacturing, Global Supply Chain, Sales information, and Global
Aftermarket. The main purpose of these interviews was to map the DCN process at
Volvo Penta and capture perspectives from different stakeholders. The third round
of interviews was conducted with people from other companies within Volvo Group.
In contrast to the interviews conducted at Volvo Penta, only one interview was held
at each external company. The people at Volvo Group were selected through the
network of higher management at Volvo Penta. The participants were primarily
working with the creation and reviews of DCNs with several years of experience in
the process. The purpose of the third interview round was to gain a perspective of
how Volvo Penta performs in comparison to other companies within Volvo Group.
Dividing interviews into batches allows researchers to adjust questions for upcoming
interviews and focus on underrepresented topics (Condens, nd).

After conducting all interviews the researchers followed up with specific questions to
key persons in the process in order to clarify information when needed. This included
clarifying emails and short follow-up meetings. The objective was to generate a
deeper understanding of activities from people with the most experienced in the
DCN process. The information was also used to verify the value stream mapping
of the process and identify potential problem areas. In total 21 interviews with 25
participants were conducted, excluding sessions with the process owner. Out of the
total. Five interviews were conducted at GSC, 14 interviews at other departments at
Volvo Penta, and two interviews with companies within Volvo Group. The average
duration of each interview was 60 min. Detailed information on the conducted
interviews are presented in Appendix A.

3.5 Data Analysis

The data analysis was conducted in four steps. The first three steps consider the
thematic analysis of the interviews and documents retrieved from Volvo Penta. The
fourth step was to conduct two VSMs to visualize the process based on the thematic
analysis.
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3.5.1 Thematic Analysis of Interviews and Documents

Thematic analysis is a common way to analyze data in qualitative research as it
allows researchers to analyze a wide range of qualitative data flexibly. This ap-
proach is often used within qualitative research to explore common themes of data
between conducted interviews and received information from the studied company
(Bell et al., 2019). Importantly, a negative aspect of thematic analysis is that it is
based on the interpretation of a specific topic to a higher extent. Hence, interpre-
tation could create bias within the phase of data analysis Saunders et al. (2016).
To reduce the potential bias, both authors conducted the analysis and all data was
reviewed jointly with thorough discussions. The thematic analysis for this study was
constructed on a digital collaboration board to enhance the visualization of a large
amount of data. The analysis was divided into three phases, coding, clustering,
and identification of relations. These three phases are an adaptation of the the-
matic analysis method presented by Braun and Clarke (2006) including six steps to
conduct a thematic analysis. These six steps are: Familiarizing yourself with your
data, Generating initial codes, Searching for themes, Reviewing themes, Defining
and naming themes, and Producing the report. The three phases used in this thesis
and corresponding steps from Braun and Clarke (2006) are presented in Figure 3.1
and described in detail below.

1 2 3 4 5. 6.
Familiarizing Generating Searching for Reviewing Defining and Producing the
with the data initial codes themes themes naming themes report

L J L J L J
T T T

Phase 1. Phase 2. Phase 3.

Figure 3.1: Three phases of the thematic analysis an adaptation based on the
method presented by Braun and Clarke (2006)

Firstly, all interview transcripts and retrieved documents were summarized and cod-
ified to familiarize with the empirical data. Digital notes were created in different
colors to differentiate data from different stakeholders and departments. Initially,
the data were sorted based on key questions from the interview guide presented in
Appendix B. Once all data had been transferred to the digital collaboration board,
the authors analyzed each note and defined initial segments to structure the data.
The second step of the analysis was to identify themes among the data. According to
Bell et al. (2019), there are different criteria to identify a theme such as repetitions of
answers, transitions, similarities and differences, and linguistic connectors. Further,
the authors reflected on potential missing data that had not been retrieved from the
interviews. Where information gaps were been identified, the researchers followed
up with specific questions to key persons in the process. Likewise, the authors con-
sidered how the interviewed respondents’ answers and arguments differed regarding
specific topics. Based on these criteria, all data were clustered into different themes
and further divided into three main categories: problem areas, improvement areas,
and process information. The third step of the thematic analysis was to find rela-
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tions between the different themes and identify cause and effect correlations. The
aim was to identify root causes to identified problem areas and connect challenges
with potential improvements. All data regarding process information was segmented
to be used as input for the VSM analysis.

3.5.2 Value Stream Mapping

As a fourth step in the analysis, a VSM was conducted to further analyze the data
from interviews and documents received from Volvo Penta. The reason was to create
a holistic perspective of the process and determine the value of different activities.
Data from the thematic analysis was structured by different elements needed in a
VSM, such as activities, systems, and transportation. VSM is a Lean tool that
originally maps processes from input to output with a lead time for each process
step. It is used to identify activities, potential waste, lead time, and backlogs in
the process. The purpose of the VSM is to visualize a current state of a value flow
combined with its processes of value-adding and non-value-adding activities (Earley,
nd; Pascal, 2015; Rother et al., 2004).

In this study, the classic VSM was adapted to digital information flows aligned with
the theory on VSM 4.0 presented by Hartmann et al. (2018). Two VSMs were cre-
ated, one from a holistic perspective, where empirical data was mapped towards the
ECM framework presented by Wu et al. (2014). The purpose was to see if Volvo
Penta fulfilled certain vital functions according to previous research on ECM. The
second VSM focused on the detailed perspective of GSC. The purpose was to visu-
alize and see the current state of the investigated DCN process. Furthermore, the
detailed VSM structure was discussed with an external and independent specialist
within the area, to ensure that the adaptation was within the limits of VSM theory.
This was done to validate the use of VSM in this thesis.

Moreover, the detailed VSM created for this study did not consider cycle time as
a metric. The reason builds upon that time stamps for each process step did not
exist in the system and was therefore not retrieved during the data collection. In-
stead, respondents were asked to estimate the time to manage a single, or batch
of DCNs to indicate a potential timeline. Moreover, the conducted VSM mapped
touchpoints where data was transferred between different functions with reason to
see the potential quality deviation of transferred information. For instance, if the
same information was sent twice, or if the information was adjusted downstream it
was considered a non-value adding activity and waste in the process. All processes
shall strive for the highest possible percentage of “first time through” to avoid in-
formation waste (Sharma, nd; Ottinger, 2021). In contrast, if the same information
was managed directly without the need for clarification and adjustment, it was con-
sidered value-adding.
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3.6 Research Quality

The three most common criteria for assessing the quality of business research are
reliability, replicability, and validity. These criteria are derived mostly from quan-
titative research characteristics and researchers suggest that other criteria should
be used for qualitative research (Bell et al., 2019). For instance, Lincoln and Guba
(1985) propose an alternative way of evaluating qualitative studies. They introduce
the concept of trustworthiness which is made up of four criteria: credibility, transfer-
ability, dependability, and confirmability. These four criteria were used to evaluate
the research quality of this study.

The first criterion, credibility, is the most important aspect of trustworthiness in
qualitative research (Bell et al., 2019). It refers to the truthfulness of the study and
is used to link research findings with reality (StatisticSolution, 2020). There are
two main techniques to establish credibility: triangulation, and member validation
(Bell et al., 2019). The first technique involves utilizing different sources or meth-
ods to collect data. For this study, semi-structured interviews were chosen as the
main data collection method, which could affect credibility negatively. However, the
data collection included interviews with stakeholders from different departments to
generate a broader understanding of the research area. In this study, triangulation
of sources was established by utilizing different sources of information within the
same method. The second technique to establish credibility is member validation.
This is a process where researchers validate their findings by sharing results with the
participants. It allows interviewees to review and confirm that their answers have
been interpreted correctly. Hence, it allows the respondent to clarify and correct
misinterpretation if necessary (Bell et al., 2019).To enhance the credibility of this
study, all participants were given access to their interview recordings, transcript,
and summaries of the research findings.

The second criterion, transferability, considers the ability to generalize findings from
the research. The issue with transferability when using a single case study design
is that the study is limited to a single situation (Bell et al., 2019). On the con-
trary, Flyvbjerg (2006) states that findings from a single case study are, to a certain
degree generalizable. The transferability of this thesis can be questioned since it
is based on a case study with semi-structured interviews as the main method to
collect data. However, the purpose of this study is to investigate a specific process
at a single company with a focus on understanding the uniqueness and complexity
of the case. The intent was not to generalize conclusions to more than this case and
transferability was therefore not considered to be an issue for this study. However,
this thesis outline some general findings that could apply to other manufacturing
companies similar to the studied case company. The implications of this study are
further discussed in chapter 6
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The third criterion, dependability, is used to ensure that the research process has
followed proper procedure (Lincoln and Guba, 1985). It is an important criterion
since it establishes the consistency and repeatability of research findings. To enhance
dependability, all phases of the research process should be carefully documented and
reviewed by an external auditor (Bell et al., 2019). To ensure that a proper research
methodology has been followed and that the research findings are consistent, this
thesis has been critically reviewed by a supervisor at Chalmers University of Tech-
nology as well as two opponents.

The final criterion, confirmability, refers to the objectivity of research, and findings
deriving from it. Although complete objectivity is impossible to establish, it is im-
portant that researchers do not allow personal values to affect the study (Bell et al.,
2019). To establish confirmability, a detailed method for the collection and analysis
of data was outlined at an early stage of the project. As described in chapter 3.5,
having a structured method helped mitigate personal bias when analyzing empirical
data.

3.7 Ethical Considerations

According to Blomkvist and Hallin (2015), ethical considerations build upon a nu-
anced praxis regarding scientific behavior, information, consent, utilization, and con-
fidentiality requirements. Therefore, behavior and ethical correctness based upon
the authors’ research independence were considered. This thesis follows four ethical
perspectives presented by Bell et al. (2019); avoidance of harm, informed consent,
privacy, and preventing deception.

Firstly, avoidance of harm refers to participants’ development of self-esteem, avoid-
ance of stress, harm to career prospects, and negative aspects of future employment.
Moreover, the AOM Code of Ethics and Market Research Society Code of Conduct
(2014) states that the researchers shall minimize any potential harm to involved
personnel participating in a study. The reason builds upon that, interviews possess
a high risk of disclosing personal information especially since sample sizes within
business or employee research often are smaller (Bell et al., 2019). Therefore, the
authors of this thesis have been aware to avoid the identification of responding
individuals within the studied case company to maintain anonymity and decrease
potential harm. Secondly, to manage the perspective of informed consent, all inter-
viewees received a detailed, written explanation of the interview’s purpose and the
overall empirical data collection procedure. The purpose was to provide the par-
ticipants with enough information for them to decide whether to participate in the
study. Thirdly, in terms of privacy, the interview invitation stated that all answers
will be anonymous to avoid the identification of respondents. The purpose was to
ensure that their opinions would not affect them negatively during or after they
participate in the interview. The respondents were also asked for recording permis-
sion before each interview session to maintain individual privacy. Moreover, all data
collected during this thesis was managed and used with confidentiality accordingly
to the purpose of this thesis. To enhance these aspects, all recordings were erased
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after the essential information was extracted. The fourth perspective, deception,
refers to when researchers are misleading people by not sharing the true purpose
of a study (Bell et al., 2019). It often occurs when participants are not being fully
informed and are therefore deceived into participation. To prevent deception, the
previous information was repeated before every interview session to ensure that each
participant understood the purpose of the interviews.
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Results

In this chapter, findings from Volvo Penta, and two other companies within Volvo
Group are presented. It starts with an outline of specific terminology used in this
study. Next, existing process documentation and data retrieved from Volvo Penta are
presented, followed by process visualization based on data extracted from mapping
the process. Further, identified challenges and improvement areas are presented.
The findings end with a visualization of respondents’ aspects of Key performance
indicators and how the DCN process appears at other companies within Volvo Group.
All findings, except for the section on existing process documentation data, are based
on data from the conducted interviews.

4.1 Systems and Terminology used at Volvo Penta

To increase the understanding of the results a short description of terminology used
throughout the study is presented below. There are two main I'T systems used in
the DCN process. The PLM system, KOLA, is used to store product information
and manage design changes from the department of product development. The main
ERP system, E1, is used to manage order books and product forecasts. To set up
sales item structure in the ERP system, an additional application called IPA is used.
Further, the findings in this study are focused on design changes that affect the sales
item structure. These specific types of changes are referred to as K-DCNs within
Volvo Penta.

4.2 Process Documentation and Data

Extracted data, received from the DCN log at PD, implied that the number of
DCNs has increased over the last years. In the year 2021, Volvo Penta managed
and released 2237 K-DCNs. In contrast to the year 2016 when 1413 K-DCNs were
released and managed in the DCN process Furthermore, data indicated that the vol-
ume of DCN varies over the year, with significant peaks during spring and autumn
and lower volumes during the summer. When comparing data over the years, an in-
creasing trend of fluctuations in the volume of DCNs on monthly basis was identified.

The DCN process at Volvo Penta is described in a detailed process map, and ad-
ditional process description documents. The process map includes information on
general activities and visualizes functions and departments involved in the process.
Findings showed that specific details of certain activities are missing in the current
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process map, such as set sourcing when an item is introduced in the main ERP
system called E1. Further, the process map does not include information regarding
responsible roles for each process step. Some role descriptions were found in other
documents including responsibilities and descriptions of certain work tasks. Due to
the many activities in the DCN process, findings indicated that the process map
was considered to be complex and challenging to understand. In addition to process
documentation, Volvo Penta provides education material through a Volvo Group
shared training platform. However, the training material was general and not very
detailed in contrast to the complexity of the process. There was also documentation
from a DCN-game used by Volvo Penta to educate employees. The DCN-game was
constructed as a workshop, where all involved functions were invited to participate.
The purpose was to increase the holistic understanding of the process and the ed-
ucation was found as value-adding when learning how a DCN flows through the
process.

4.3 Value Stream Mapping of the DCN process

The DCN process at Volvo Penta is visualized and described in two different VSMs
based on data extracted from interviews, existing process data, and observations. In
this chapter, one holistic and one detailed VSM are illustrated and described. The
holistic VSM, presented in Figure 2.1 illustrates the DCN process at Volvo Penta
in a general perspective adapted to the ECM framework by Wu et al. (2014). The
purpose of the holistic VSM is to give a broad overview of the existing DCN pro-
cess and its current state. The detailed VSM focus on a specific phase of the DCN
process from the perspective of GSC.

Within the change organization at Volvo Penta there are different types of design
changes. The responsibility for each design change differs depending on the un-
derlying cause of the change. It can be managed through a project group with a
Project Manager, a DCN intro block engineer, or individuals responsible for the
engine type. The main PLM system used at Volvo Penta and in the DCN process
is KOLA. However, there are several sub-systems connected to the PLM- and the
ERP system used by different functions. These systems are described in the detailed
VSM presented in section 4.3.2.

4.3.1 Holistic view of the DCN process at Volvo Penta

Findings show that activities in the DCN process at Volvo Penta align with all five
phases of the ECM- framework presented by Wu et al. (2014) in Figure 2.1. Hence,
the general steps in the DCN process are mapped according to the framework and
visualized in a VSM illustrated in Figure 4.1. Each process step is described below.

Identify the issue - Firstly, a need for a change appear. The need occurs from one of
three cause segments; Quality, Maintenance, or Project. Quality and Maintenance
changes are based upon both internal- and external demands. These changes are
often based on a quality deviation or maintenance issue at the production plants.
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Project-based changes are to a higher degree based on external triggers from cus-
tomer demands or new innovative ideas from the department of product develop-
ment. For instance, it can be a new engine combination that the customer desire.
However, findings show that triggers for change appear both by internal- and exter-
nal pressure regardless of cause segment. The information is transferred into their
PLM system where the department of product development or a project group iden-
tifies the issue and sets up system support in KOLA to follow up on the change
procedure.

Conduct the analysis - Secondly, the project group analyzes the change request. De-
pending on the type of change, different functions get involved in this stage of PD.
In many cases, design engineers analyze the change request to conclude whether
the change is feasible or not. For instance, if it is possible to construct this new
engine combination, or if it is possible to replace an old part with a new one without
compromising manufacturing processes. If the change is considered to be feasible,
the request is transferred into the planning phase of ECM.

Plan the change — Thirdly, the creation of DCN documentation at Volvo Penta
starts with setting up a D-DCN in the PLM system. This is the first initiation of
the change where item structure and item numbers are created in KOLA. It also in-
cludes CAD drawings and other technical documentation important for the change.
The D-DCN is reviewed and sent to purchasing to trigger the process of choosing
a supplier. Later, it results in a contract order involving manufacturing to manage
material. For design changes that affect the sales structure, an additional K-DCN
is created by engineers at PD. The purpose of a K-DCN is to describe changes in
the sales structure and transfer the information to other departments in the orga-
nization. According to respondents, there are standardized templates that specify
what information to include in the K-DCN when creating it in KOLA. The primary
scope of this thesis is to investigate K-DCNs. Therefore, further activities involving
D-DCN were not considered in the VSM.

Release the change— Fourthly, before releasing the change to other departments out-
side PD, a review session is conducted. Document specialists reviews and control
the change according to standards from the KOLA template. The review appears as
a quality gate to ensure that all necessary information is included in the DCN to de-
crease the risk of rework later in the process. If a K-DCN is approved and released,
it triggers different activities at the departments receiving the information. The
function of manufacturing prepares for production at specific plants. For instance,
plant preparation involves toolsets, instructions, and material logistics. Further, a
K-DCN also triggers activities in the department of global aftermarket and sales
information. Global aftermarket analyzes the change and prepares the logistics of
spare parts. Sales information registers all sales items and sets up the structure in
the sale systems. Further, this triggers activities at GSC to transfer the item to
the ERP system, collect master data and enable order management. Findings show
that these three procedures appear in parallel including some sequential activities
that are dependent on other functions. Once all process steps are completed, the
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manufacturing site is ready for production, all spare parts are available in the after-
market catalog and the item has been opened for sales.

Change product configuration — the last phase of the ECM framework by Wu et al.
(2014), illustrated in Figure 2.1, does not appear as the last phase of the DCN process
at Volvo Penta. Instead, findings showed that documentation and traceability of the
change is an ongoing activity throughout the DCN process.

Quality Journal,

Maintenance,
or Project

PLM system

SN

|dentify the issue Conduct the analysis Plan the change Release the change

Receive change request Analyze the change request Capture change in a D-DCN DCN review and approval

Choose supplier Prepare manufacturing
l I Capture change structure I Set up sales item structure
ina K-DCN
Aftermarket analysis

Thoughput time: ~ 30w

] ] ] ]

Figure 4.1: A holistic Value Stream Mapping of the DCN process, with activities
based on the ECM framework presented by Wu et al. (2014)

4.3.2 Detailed DCN process at Global Supply Chain

The DCN process at Volvo Penta consists of several parallel processes triggered by
the same change request. The detailed VSM, presented in Figure 4.2, focuses on the
process step Set up sales item structure. This process is triggered by K-DCNs and
involves several stakeholders in different departments. The process is supported by
information from the PLM system used to set up sales item structure in correspond-
ing ERP systems. The lead time for each process step was estimated by respondents
during the interviews. In most cases, respondents estimated a minimum and maxi-
mum time spent per activity. Hence, two different lead times are displayed for most
activities in Figure 4.2. Further, lead time for some activities and backlogs are miss-
ing in the detailed VSM, since this data was not identified during the interviews.
These lead times were therefore left as unknown, marked with "XXX’ in the figure.
A detailed description of empirical data connected to lead time and total throughput
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time is found in section 4.4. The detailed VSM consists of activities, systems, and
backlogs found in the DCN information flow. In addition to standard VSM sym-
bols, dashed arrows are used to visualize communication channels and information
sharing between different stakeholders. Green arrows symbolize information that
is automatically sent through a system and blue arrows represent communication
through Email and Microsoft Teams. Red arrows symbolize unnecessary communi-
cation in terms of rework or clarification of information from previous process steps.
Below is a detailed description of process steps and activities presented in Figure 4.2

Create DCN - As described in section 4.3.1, a design change can be initiated by
three categories, quality, maintenance, and projects. Each initiated change request
results in DCNs that trigger activities in different functions. The setup of the sales
item structure is triggered by a K-DCN created by design engineers at PD. This type
of DCN describes product structure and defines relationships between components,
kits, and engine specifications. Standardized templates are used when creating a
DCN to ensure that all necessary information is captured in KOLA. Meetings with
stakeholders are sometimes held during the creation phase to involve other depart-
ments in the upcoming change. The review group, consisting of document special-
ists, is supporting the design engineers throughout the creation phase. Respondents
described it as an iterative process to trim the DCN information before the review
process. The lead time to create a DCN varies based on the change characteristics
and can also be dependent on the engineer’s previous experience.

Review - Once the K-DCN is finalized it is sent to a document specialist for review.
The review group receives the information via Email and logs all DCNs in a separate
Excel list. The goal is to manage all DCNs within 2 weeks, but according to respon-
dents, the lead time is currently 3-4 weeks. The review process can be divided into
three different phases. Firstly, the 2D illustrations and CAD drawings are controlled
to verify that all documents have been updated with the new changes. Secondly,
the description and structure of the change are reviewed. This includes control of
the body text information, object numbers, headings, and other data needed in a
DCN for others to understand the purpose of the change. If the information is not
sufficient, the DCN is sent back to design engineers at PD for clarification. Once
the structural review is finalized, the DCN is sent for final approval. This is the
last phase of the review process where certain people need to approve the final DCN
version before it is sent out to other departments.

Set up sales structure - Once the K-DCN has been released, information is sent
through email to the sales information unit. All incoming DCNs are stored in an in-
ternal Excel backlog and distributed to the responsible sales structure specialist who
registers the sales item. The item structure is set up in a sales system called PMDM
and is based on the DCN information found in KOLA. The red dashed arrow sym-
bolizes additional communication between the departments of sales information and
PD when the information in KOLA is insufficient and needs to be clarified in order
to proceed. Once the item is set up in PMDM, information is sent automatically
to another system called IPA, where GSC proceeds with the next activity. Infor-
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mation is also sent to a second system where the sales structure specialist continues
to prepare the item setup in parallel to GSC. For instance, engine specifications are
updated to feed the sales system with correct information. These activities are not
shown in the detailed VSM but are necessary steps for the process in general.

Set up item in E1 - When the sales item structure has been set up, the DCN is
sent to a system called IPA, an application connected to the ERP system E1. All
DCNs are stored in the IPA inbox at GSC and are often handled within one week.
It is the DCN coordinator’s responsibility to create an IPA case for each DCN to
set up the item in E1. Some information is automatically populated from PMDM,
while other data needs to be manually added based on the information in KOLA.
In some cases, information needs to be clarified by engineers at PD or the Supply
Chain Planning Manager (SCPM) at GSC. The additional communication is visu-
alized with red, dashed arrows in the detailed VSM. According to respondents, the
setup in IPA takes approximately 5 minutes to perform if all necessary data is avail-
able. However, some DCNs can take up to several days to complete if clarification
or additional information is needed. To follow up on active DCNs, all records from
IPA are exported to a separate Excel sheet that is updated once a week. This excel
is connected to E1 and is used to track the progress of master data collection and
DCN-status. The last step of the item set up in E1 is to set sourcing. The IPA
case is signed over to an SCPM who decides what manufacturing plant the item
should be sourced from, and if existing components should be used up or scraped.
According to respondents, IPA cases are sometimes assigned to the wrong SCPM
and need to be reassigned by the DCN coordinator. When the sourcing is completed
and the DCN-status has been updated it is time for the next step in the process.

Update master data - Once the item has been set up in E1 it is possible to update
product master data. This activity involves stakeholders from three different depart-
ments and is administrated by the DCN coordinator. The information is initially
sent out by email (Mail 2) and followed up by weekly communication and meetings
with all stakeholders involved. First, the responsible prep engineer at the manufac-
turing site needs to update the cost of all components or products affected by the
change. Second, based on the cost, a price coordinator at the department of sales in-
formation calculates and updates the price package. Lastly, a custom case manager
reviews transfer codes and country of origin for each product together with internal
and external suppliers. For each update, a confirmation email is sent to the DCN
coordinator to keep track of the progress. Each data entry can also be monitored
in Excel since the follow-up list is updated with the latest data directly from E1.
The total lead time for this process step varies since each stakeholder is dependent
on the previous activity being completed. Further, the lead time depends on the
number of items included in the DCN and the type of change. At the shortest, each
data update only takes a few minutes. However, it can also take weeks to determine
the cost or transfer codes if new suppliers are involved in the change request.
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Mail 2 is also sent to responsible demand managers who update demand plans and
forecasts for all items involved in the DCN. This activity is not monitored by the
DCN coordinator and is therefore not included in the detailed VSM. However, it is
an important activity in the overall DCN process.

Control master data - To ensure that all master data is in place, the DCN coordina-
tor regularly controls the progress in the Excel follow-up list. If any data is missing,
the DCN coordinator sends reminders to the concerned stakeholder. Since this ac-
tivity is performed continuously, it is not possible to estimate the lead time for the
current state analysis. Once the DCN coordinator has assured that all master data
is in place, the DCN is put on hold until the start of ordering (SOO) approaches.
In some cases, a DCN can be ready months in advance while others are ready just
in time before the items should be opened for sale.

Open item for sales - One week before SOO, the DCN coordinator sends an email
(Mail 4) to the department of sales information, confirming that the item is ready to
be opened for order. A sales structure specialist then opens the item in ProBuilder
so it will be available for customers to order in ProSales. This is done through a
system update each Sunday, where all ready items will be opened for ordering the
following Monday. Therefore, the lead time to open an item for sales varies from
days up to one week.

Update start of ordering - Mail 4 is also sent to the SCPM who updates the final
SOO in E1. This date is used to confirm the start of production (SOP) and trigger
activities on the manufacturing side. According to respondents, E1 is limited to one
SOO for each item regardless of how many plants the item should be sourced from.
In some cases, this generates extra lead time since all sourcing plants are restricted
to the same opening date.

Update order book - When the final SOO is decided, information is sent to the people
at the front office. As a final step in the DCN process at GSC, the Supply Chain
Coordinator (SCC) updates all existing customer orders in E1 with the new item
numbers. In this process step, the order book can therefore be seen as a backlog un-
til all orders have been updated. According to respondents, the number of existing
orders affected by a DCN varies from a few up to hundreds. Hence, the lead time
for this activity is difficult to estimate. In some cases, orders have been updated by
people at the front office, even though it falls under the responsibility of SCC. This
has resulted in a lot of rework and caused confusion according to respondents.
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Figure 4.2: A detailed Value Stream Mapping of the process to set up sales item structure, involving activities at the department
of Global Supply Chain
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4.4 Identified Challenges

During the interviews, participants were asked to describe challenging aspects of the
DCN process and specific situations when the process was not optimal. A majority
of the challenges were experienced across departments in all steps of the process
while others were identified as department-specific issues. Some areas were not di-
rectly stated as challenging by the participants but rather mentioned as a cause or
effect of other activities. Each identified challenge area with corresponding causes
is described below.

Working in Silos - When asked about the DCN process as a whole, only a few em-
ployees stated that they had a complete, end-to-end understanding of the process.
The reason behind this was explained by years of experience within different func-
tions in the organization. All respondents were able to describe the purpose of the
process and DCN activities on a general level. They expressed a great understanding
of the process steps within their department and activities performed by the closest
stakeholders. To some extent, the respondents also had a decent knowledge of previ-
ous and upcoming activities in the process connected to their work. However, most
people lacked knowledge of specific activities performed in other departments and
agreed that most work is performed in organizational silos. Not having a detailed
understanding of the process as a whole was expressed as a statement rather than
an issue by most of the respondents. Likewise, working in silos was not necessarily
seen as a negative aspect since people at each function are experts within their or-
ganizational area. One interviewee stated that "We need to allow working in silos
since the expertise is within the functions. However, we will not succeed if we work
completely separate, the functions are interdependent’. Due to the silo-based work
environment, several respondents expressed that they are dependent on others to
perform their work. This builds upon the process design where some activities must
be performed sequentially. However, several respondents stated that these depen-
dencies did not necessarily prevent them from doing their work as long as everyone
completes their activities on time.

Cross functional process - The DCN process involves several departments across the
organization and cross-functional collaboration is required to manage activities ef-
ficiently. Most respondents stated that it was easy to get in contact with people
from other departments and the general impression was that people reached out
and offered help if needed. However, multiple activities involving several depart-
ments make this process complicated and several respondents perceived the process
as complex. Many of them stated that it was difficult to understand the process
when they first started working at Volvo Penta. Some respondents argued that it
took up to one year to fully understand the activities that they were managing and
even longer to get a holistic perspective. A lot of the knowledge was retrieved from
experience acquired from implicit learning. All respondents agreed that previous
experience within the company is beneficial when working with the DCN process.
Due to the long learning period, several respondents stated that the work becomes
inefficient when a lot of new employees are involved in the process. At the same
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time, they were understanding and showed patience when new employees joined the
team. Some respondents raised concerns that knowledge gaps might increase when
experienced people leave the company since a lot of process information and knowl-
edge has not been entirely documented.

Workload - Based on documentation and raw data from the process, it was estab-
lished that the total number of DCNs has increased over the last years. This was also
confirmed during the interviews as many respondents had experienced an increased
workload connected to DCNs. Some respondents stated that the workload was man-
ageable while others, especially respondents from GSC, stated that the workload is
currently exceeding 100%. These respondents clarified that the workload varies
based on the ongoing projects where DCNs are often released in batches according
to the project time plan. Respondents at GCS specifically raised concerns regarding
the variation of DCN volume and stated that there was no way to predict when the
workload would increase. During the interviews, several respondents commented on
the high level of manual work required to perform DCN activities. Most of these
respondents referred to manual data entry transferring information from one system
to another, or copy-pasting information to excel. One example of such activity is
when a DCN is set up in the ERP system, which requires manual data entry with
input from several different systems. This was considered to be time-consuming and
some participants raised concerns about the risks of human errors.

Missing data and information - Most respondents stated that they had access to all
necessary data and information to perform DCN activities. Meaning that data is
available in Volvo Penta’s I'T systems, and accessible to the right people in the or-
ganization. On the contrary, several respondents mentioned that DCN information
is not always complete and data is sometimes missing. Most of the cases referred
to a lack of or unclear DCN information in KOLA. Some respondents stated that
the quality of information varied depending on the person writing the DCN. Ac-
cording to respondents at the department of PD, there are standardized templates
used when creating a new DCN to ensure that all necessary information is included.
However, one respondent stated that "Fven if we follow the template, it’s difficult
to know if all necessary information has been included’. Several respondents based
these differences on previous experience and process knowledge, claiming that expe-
rienced people often know what information is vital to other functions and therefore
include it in the DCN. According to other respondents, the right information is often
captured in KOLA but the receiving part might not interpret it correctly due to a
lack of product- or system knowledge. Another concern raised during the interviews
was unclarity regarding SOO, SOP, and SOD. According to some respondents, the
different dates sometimes create confusion and misunderstandings as people from
different functions refer to different dates. Likewise, there seemed to be a lack of
consensus regarding the time between order dates and production dates. According
to some respondents, this information is not always available at the beginning of the
process and therefore needs to be decided at a later stage.
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Information chasing - Several respondents experienced that there is a lot of unnec-
essary communication when trying to clarify and collect information on a DCN.
In many cases, respondents were asked questions outside their responsibilities to
which they did not have the answer, or the same question was asked several times.
According to respondents, the chasing of information is both time-consuming and
creates a stressful work environment. Further, findings indicate that there is a clear
connection between lack of communication, missing data, and chasing information.
Misunderstandings often occur when the DCN information has not been established
with all stakeholders before it is released. Some respondents also mentioned that
the lack of visibility in the process entails extra communications in terms of status
checkups.

DCN throughput time - Almost every respondent stated that it is impossible to es-
timate how long it takes to perform each activity in the process. They referred to
the wide range of design changes resulting in different types DCNs. Even within
the same category of change, the number of affected items in a DCN could vary
between 3 and 300 and most respondents answered the question regarding lead-time
with "It depends”. Some participants were able to estimate a range from minimum
to maximum time spend to perform a task. The range often varied between minutes
if the respondent had all prerequisites, to weeks if the change required further in-
vestigation. When asked about first time though, or direct runners, all respondents
agreed that in a perfect scenario, a DCN should run through the process without
any disruptions. However, respondents from all departments described situations
where information needed to be clarified or an entire DCN needed to be reworked
from previous process activities. Some respondents estimated that up to 40% of
DCNs needed some sort of clarification. The need to clarify information and addi-
tional communication between departments was not considered as rework but rather
a natural part of the process. In some cases, rework was done due to human er-
ror when manually adding data to different systems. If a DCN is considered to be
critical or urgent there are ways to speed up the process. For instance, such DCNs
are classified with priority 1 in KOLA to inform other functions that the change is
urgent. According to respondents at GSC this prioritization is not transferred to the
ERP system and is therefore not used as a guideline in their daily work. According
to respondents from Product Development, DCNs with priority 1 sometimes has a
longer throughput time than those with priority 2. This is due to the risk of missing
vital information when a DCN is ruched through the process, which in turn results
in rework. Moreover, respondents from other departments stressed the importance
of DCNs being released on time. If a DCN is released too early, it might trigger
activities in manufacturing on a change structure that will later be adjusted. On
the contrary, if a DCN is released too late, there may not be enough time to perform
each activity with high quality. Another factor affecting the total throughput time
is the backlogs between activities. Most respondents stated that work connected to
the DCN process is only one part of their total responsibilities. Some respondents
worked with DCNs daily while others handled DCNs in batches. Since a lot of the
information in the process is sent via email to a personal inbox it is difficult to
remove these backlogs.
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System limitations - When asked about system access all respondents stated that
they had access to all systems and information needed to perform their work. How-
ever, several respondents from different departments had experienced issues with
the IT systems used in the process. Some mentioned concrete system errors that
affected their daily work but most of the examples brought up during the interviews
had been or will be resolved with ongoing improvement projects. Respondents at
GSC specifically mentioned issues regarding IPA,| where users need to sign in and
out from the ERP system to start the application. In general, people at GSC expe-
rienced that this application was not optimal to work in and one respondent stated
that "We still find bugs in IPA that needs to be fized. Another concern regarding
system limitations was the level of integration. According to respondents, the same
information is stored in several different systems, and data is often added manually.
While some respondents suggested a higher level of integration as a solution, a few
respondents were also concerned about the consequences of integration due to legacy
systems. For instance, one respondent stated that systems at different departments
do not have the same constraints, making integration more complicated. Another
respondent also raised concerns regarding integration based on a previous attempt
with an undesired outcome. This situation was also said to affect the DCN process,
as the master data structure is built on dependencies between different attributes
and system constraints need to be accounted for when a new change is released.

4.5 Identified Improvement areas

The following section describes the respondents’ perspectives when asked about im-
provement areas of the DCN process. These areas were often connected to the
challenges identified in the process.

System integration and automation - During the interviews, several respondents
claimed that there is a lack of visualization of data in the master data system. For
instance, the cost setting procedure from the factory is managed through an excel
sheet which only the concerned functions at the factory can access. Likewise, the
department of sales information and other connected functions to GSC have their
systems where the DCN progress is manually controlled. In these cases, respondents
suggest improvement to integrate all functions of different excel lists into one com-
mon platform. Accordingly, it would decrease the number of emails and support data
overview in the process. Moreover, respondents clarified that different subsystems
are already partly connected to KOLA. For instance, some system improvement
has increased the automatic data extraction from KOLA into E1 with digital tools.
Moreover, there are ongoing projects to integrate information exchange automati-
cally between the different systems to remove additional lists with DCN information.
According to respondents at GSC, DNCs from both the marine and industrial seg-
ments are currently mixed and hard to separate in the IPA inbox. Respondents
suggest that the system could be improved by splitting these segments directly in
IPA to avoid misunderstanding. Further, if “Mail 2” was sent automatically by the
system after the sourcing was managed it would decrease the workload of certain
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respondents. However, other respondents were concerned with the risks of system
integration. There is an awareness from previous unsuccessful integration projects
that resulted in more manual work because it was not functional or efficient. Ac-
cordingly, respondents from the department of Parts and Services, stated that an
unsuccessful integration project increased the time to perform a certain task by 50%.
Further, respondents argued that an increased degree of integration between subsys-
tems and KOLA could be challenging, due to system structure. However, findings
show that the extraction of data automatically between systems would enhance the
system efficiency and decrease manual work.

Collaboration and sharing knowledge - During the interviews, respondents implied
that it is challenging to share, and extract needed data in the DCN process. In-
formation is stored in different sub-systems and separate excel sheets. Therefore,
respondents highlighted a need for shared and updated lists with DCN informa-
tion. One respondent stated that “Information is just flying everywhere and it is
often hard to capture and process everything”. Likewise, data indicated a need for
a broader picture of the direct- and indirect value of information. Different func-
tions need different DCN information to perform activities in the process. Further,
in-direct connected functions are not aware of how their work affects other stake-
holders in the process. There was consensus among respondents that it is necessary
to evaluate how to share information from a more holistic perspective of the pro-
cess. Moreover, findings showed that respondents have a high awareness of the
importance of communication and collaboration in the process. Some stated that
system integration and automatizing cannot solve every issue, the process need to
involve cross-functional collaboration between departments. Respondents implied
that there is a decent exchange of collaboration across departments but it can be
improved regarding the accuracy of the shared information. Findings also indicated
that the current system makes it hard to track and find correct stakeholders in dif-
ferent departments when searching for information. The complexity of information
sharing in the process lies within the variation and type of DCN. To manage the vari-
ation, standardized preparatory meetings, similar to project-based DCN meetings,
were suggested for K-DCNs derived from maintenance and quality. This procedure
should involve a time frame for the DCN release and information on what data is
needed by different functions. Even if following-up meetings appear in the current
process, they could be more standardized and structured to avoid rework to a higher
extent. To support collaboration, respondents enhanced the perspective that strong
ownership enhances the responsibility of different activities in the process, which
supports collaboration.

FEducation - In terms of improvement areas regarding education, respondents im-
plied a need for better education in the system KOLA, and the overall DCN process.
Training should be offered to new employees as well as existing employees. Respon-
dents argued that courses and education on the process would increase the holistic
understanding of the DCN process and its different activities. Further, respondents
who had participated in the workshop, referred to as the "DCN-game", were positive
about the educational impact. The workshop was held during a development day
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and all employees were invited to participate. Even respondents with long experi-
ence in the process stated that their general understanding of how to manage DCNs
increased as a result of the workshop. Further, respondents highlighted that system
education in KOLA could decrease the need to clarify information. This implies that
employees from other functions lack general knowledge of how KOLA is structured.

Standardized KOLA information - Respondents from all functions clarified a need
for an improved standardized KOLA template. Findings implied that DCN descrip-
tions from PD are sometimes challenging to understand when irrelevant or insuf-
ficient data is included. For instance, the template should include clarification of
business segments and product specifications such as hardware or software. Further-
more, the respondent implied that years of experience do affect the efficiency of the
DCN description as design engineers at PD include different information in KOLA.
When respondents were asked about potential improvements to solve the variation
of information, some implied that DCN information needs to be optimized, more
compact, and more concrete. Likewise, it was stated that the body text in KOLA
needs to be standardized and include important data such as SOO. Updating the
KOLA template would reduce the need to clarify information later in the process.
Further, one respondent stated that the standardization should be a collaboration
where all stakeholders need to communicate what data they need to have in the
KOLA template. Otherwise, it will be challenging to update the template accu-
rately.

Process visualization and role clarification - Most respondents implied that the im-
portance of process visualization is crucial to be able to understand the different
activities and current positions when following-up DCNs in general. For instance,
receiving suggestions involved an easier holistic overview of the DCN process with
each function’s activities and actions. Moreover, respondents argued that there is
a need for role clarification. One respondent stated that “clarity regarding what
you shall do in your specific role and what fields that should be filled in”. Find-
ings showed that role descriptions are missing, and the owners need to be enhanced
with improved communication. One respondent implied that it is challenging with
integration and focus shall rather be on visualization. Another respondent stated
“where does the maintenance responsibility for the whole picture appear, and who has
the responsibility to see that all parts work together and do not collide?”. Further,
respondents stated that there is a need for clarified ownership within PD. Further,
respondents clarified that there is a responsibility for certain product types, but no
one owns the combination or the holistic perspective on it. For instance, hybrids
when the hardware is mixed with software.

Release of DCNs and lead-time - When respondents were asked questions about
DCN release and lead-time, they stated the importance of DCNs being released at
right time. For instance, respondents implied that the countdown calendar should be
followed more strictly to avoid urgency in the process. Further, respondents claimed
that SOO, SOD, and SOP need to be synced more efficiently to match the change
release with the project time plan. Moreover, a respondent argued that DCNs are
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sometimes released from PD before the change details are complete. Respondent
implied that this creates a need for clarification work when the information needs to
be added and changed throughout the process. In contrast, one respondent stated
that even if the K-DCN is not completed, there is a need to see the structural
changes in an early stage. This would ease the work for other departments such as
purchasing and project managers. Respondents stated that the lack of capacity in
the review process at PD results in longer lead times for the DCN release. Further,
respondents implied that the lack of resources might cause quality deviation in the
sense of incorrect information on released DCNs. Likewise, one respondent implied
that quality deviation often is based on a tight schedule for projects, and argued
that information takes time to transfer. One improvement suggestion was to adapt
the project plan and account for the transaction time. Further, findings showed that
joint planning for all upcoming releases from PD would enhance and support the
work of other functions later in the process.

Resource utilization - Respondents claimed that some bottlenecks in the process
are caused by lacking capacity in certain departments. Further, findings from the
interviews indicated that there is a need for more resources to increase capacity to re-
duce lead time in the process. Respondents from different departments experienced
a high workload due to the increased volume of DCNs and many of them worked
more than 100% to manage their work tasks. According to some respondents, the
planned workload should not exceed 90% to make time for learning and improve-
ments of the process in general. One respondent stated, “The current structure at
Penta, does not include time for personal development”.

4.6 Key Performance Indicators

According to respondents, there are no general KPIs used to measure the overall
performance of the DCN process but rather department-specific measurements and
internal goals to assess performance. For instance, at the department of PD, a DCN
should be reviewed within 3-4 weeks after it has been released. Some respondents
were keeping track of the total number of DCNs handled per year, mainly for their
interest. In general, most respondents were positive towards KPIs, stating that
measurements could be valuable for the DCN process. However, several of them
commented that KPIs need to have a clear purpose to add value to the process.
Likewise, some respondents raised concerns that KPIs are often not used correctly
or tend to lose value over time. During the interviews, previous attempts at applying
KPIs to the DCN process were mentioned. One example of such measurement was
rating implementation success in the factories. Some participants considered this
ranking to be a subjective assessment and the trustworthiness of the metric could
be questioned. Another example was the attempt to measure how often rework was
required based on mistakes in the process. However, this KPI was considered chal-
lenging to measure and interpret. According to one respondent, it was not possible
to distinguish rework due to mistakes from rework due to changed project condi-
tions.
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During the interviews, several respondents proposed potential KPIs that could be
used to measure the performance of the DCN process. Some of these suggestions
were not considered to be typical KPIs but rather general measurements that could
help clarify the holistic perspective of the process. Tracking lead time for each pro-
cess step was one of the most common suggestions discussed during the interviews.
Several respondents stated that having a correct throughput time for different types
of DCNs would ease the project planning and thereby improve the punctuality of
the process. Currently, the planning is based on estimated lead time for different
project sizes and does not consider different types of design changes. Other respon-
dents raised concerns about using lead time as a KPI. They claimed that the focus
should not be on reducing the lead time as it might affect the quality of a DCN.
Another measurement addressed during the interviews was the volume of active
DCNs in each process step. This measurement would help employees to predict the
number of incoming DCNs and thereby manage the workload.

4.7 The DCN process at other companies within
Volvo Group

The DCN process used at the two studied companies A and B, within Volvo Group,
was described as similar to the one used at Volvo Penta. One of the participants
explained that the overall purpose, to implement a design change, is the same even
though single activities may differ. In both companies, a design change is released
from product development and the structural changes are captured in a K-DCN.
The change is reviewed before approval which then triggers activities in other parts
of the organization such as operations and aftermarket. Since the two companies are
a part of the same corporate group as Volvo Penta, the core PLM system, KOLA,
is primarily used to handle DCNs at both companies.

Company A - A description of the DCN process at company A was included in the
general management manual for the company. During the interview, the respondent
showed how to navigate the manual to get information about each process step.
However, the respondent also stated that this tool was not exclusively used for the
DCN process and detailed activities were not included.

At company A it is the design engineer who is responsible for writing the K-DCN
and the document specialist is responsible for reviewing and approving it. According
to the respondent, it is an iterative process where document specialists are support-
ing design engineers before a K-DCN is released. The respondent also stated that a
certain level of product knowledge is required to create a sufficient DCN, knowledge
that most people obtain from years of experience within the company. At com-
pany A, the names of all stakeholders affected by the change are included in the
DCN body text in KOLA. Before releasing the change, all stakeholders should be
contacted to facilitate the change and ensure that all functions have been informed.
After a change has been released, a product architect is responsible to control master
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data and update the order system. When asked about system support the respon-
dent explained that there are several systems used throughout the DCN process at
company A, which includes a lot of manual data entry. Even though a higher de-
gree of system integration was requested the respondent also stated that no system
can eliminate all errors. According to the respondent, company A handles approx-
imately 4500 K-DCNs per year and the number has been relatively stable over the
last three years. The respondent estimated the throughput time for a K-DCN to
be 12 weeks but the aim is to release a structural change approximately 1 year be-
fore SOD. There are currently no KPIs used to measure the efficiency of the DCN
process at company A. Instead of using KPIs the respondent suggested looking at
trends over time to evaluate the process. It was also stated that KPIs should not
be connected to incentives such as salary or other personal gains.

Company B- At company B, it is the document specialist who writes the K-DCN
and ensures that necessary information is included. This procedure differs from the
other studied companies, where the design engineer creates DCNs. According to
respondents, this division of roles was made to increase the quality of DCN descrip-
tions in KOLA. This requires close collaboration between product development and
the document specialist before a DCN is created. When asked about DCN quality, a
respondent stated that the given information is sometimes inadequate but the over-
all collaboration works well. Further, the respondents stated that most engineers
have a close collaboration with stakeholders in other functions, such as manufac-
turing and aftermarket. The holistic perspective and general understanding of the
process were considered to be based on previous experience within the organization.
At company B there is no available process map specifically developed for the DCN
process. Instead, the respondents referred to the general project handbook. The
review process at company B is divided into two phases. First, all involved func-
tions, including manufacturing, review, and approve the change before sending it for
a second review and approval by the product owner or higher management. After
the change has been approved the K-DCN is released to the rest of the organization
where operational activities are handled by another company within Volvo Group.
At company B, several systems are used in the DCN process and the respondents
requested system integration to minimize the manual work and reduce the risk of
entering incorrect data into the system. To educate new employees, company B has
special training programs for the DCN process and specific systems that are used.

The respondents were only able to estimate the number of K-DCNs handled within
their specific segment, around 3000, but the total number of K-DCNs for company
B was unknown. According to the respondents, the throughput time for a K-DCN
varies but the aim was to release a K-DCN 1-2 years before SOD. When asked
about KPIs, the respondents confirmed that no KPIs were currently used for the
DCN process at company B. A previous attempt to measure punctuality in the
process was made, to control if a DCN was released on time or not. However, as one
participant expressed "Since the release date was adjustable this KPI was pointless”.
The respondents also raised a concern regarding KPIs losing value over time and
that KPIs should serve a clear purpose.
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Discussion

In this chapter, a discussion and analysis of the empirical findings are presented.
It starts with a discussion regarding non-value-adding activities and identified waste
in the DCN process. Further, different improvement areas are debated based on
indications from the results and previous ECM research. The chapter ends with
a presentation of performance measurements used at Volvo Penta compared with
recommended KPIs from previous ECM research.

5.1 Non-value adding activities in the DCN pro-
cess

The DCN process at Volvo Penta is primarily following the steps in the ECM frame-
work presented by Wu et al. (2014). The deviation is mainly regarding the last phase,
Change Product Configuration, where the change is documented for traceability in-
cluding cost analysis and serial numbers. At Volvo Penta, these tasks are conducted
in parallel throughout the process, and not as a final step after the change has been
implemented. Moreover, considering the aspect of how data is transferred between
the PLM and ERP system at Volvo Penta, it can be argued that Volvo Penta’s cur-
rent DCN process is functional and fulfill the purpose to satisfy customer demand
and find new market opportunities. Likewise, the structural changes investigated in
this study, considering hardware, which is aligned with Prasad (1996); Stekolschik
(2016); Wu et al. (2014) purpose of ECM.

The two studied companies within Volvo Group followed a similar DCN process as
Volvo Penta with some differences. For instance, Company A possesses similar pro-
cess maps and descriptions over their DCN process. In contrast, Company B did not
have a classic process map or description of the DCN process specifically. Instead,
they relied on the corporate project handbook that includes some information on
when to release DCNs based on decision gates. Even though company B lacked
a detailed description of the DCN process, the process steps described during the
interviews were similar to the ones mentioned in Wu et al. (2014) ECM framework.
The greatest contrast compared to Volvo Penta was that Company B uses a docu-
ment specialist to create the DCN in KOLA instead of a Design Engineer. It can be
argued that this appears more proactive to avoid waste as overproduction according
to Roh et al. (2019), since the document specialist is an expert on how to manage
documentation in KOLA. Likewise, it can be argued that the Design Engineer is
not objective toward the holistic perspective of how a DCN affects other functions
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and what data is relevant to include. Findings from Volvo Penta showed that the
variation in DCN information is based upon the degree of previous experience and
organizational knowledge. There are benefits to using both approaches mentioned
above, and this study does not indicate that one solution is superior to the other.
Instead, it can be argued that the differences when creating a DCN are mainly based
on different organizational structures. Moreover, due to the limited sample size, the
interviews with companies A and B were focused on the creation and review of a
DCN rather than GSC or operations. Therefore, it can be argued that these findings
appear biased compared to findings at Volvo Penta.

5.1.1 Identified waste

According to Baan (2013) information needs to be alive in order to add value to
a business organization. Likewise, the information should continuously flow, be
used, and maintained throughout the process. Based on empirical findings, that
is not always the case in the DCN process as several bottlenecks were identified.
For instance, information is stored in different backlogs resulting in disruptions in
the information flow. Kleindorfer et al. (2005) states that organizations need to
decrease waste connected to time quality, defects, and inventory to remain compet-
itive. Therefore, it can be argued that there is a huge benefit to optimizing internal
information flows such as the DCN process and removing parameters that create
waste.

Referring to the detailed VSM presented in section 4.3.2, Figure 4.2, and identified
challenges presented in section 4.4, several non-value-adding activities were iden-
tified in the DCN process. Non-value adding activities can be divided into seven
different wastes presented by Gopinath and Freiheit (2012); Hicks (2007); Roh et al.
(2019) including the additional eighth waste presented by Verrier et al. (2016); Hicks
(2007). From the analysis of the detailed VSM, six out of eight wastes were directly
identified in the process; overproduction, unnecessary motion, transporting, wait-
ing, extra processing, and unnecessary inventory. Simultaneous, the waste of Defects
and Losing people s potential appeared as indirect effects of the waste parameters
mentioned above.

QOverproduction — Respondents argued that a lot of the information shared in the
DCN process was irrelevant or unclear, and sometimes, the necessary data was miss-
ing in KOLA. This results in a lot of unnecessary communication between different
stakeholders to clarify information in several process steps. Further, It can be ar-
gued that these events trigger a chasing behavior among employees when they need
to clarify or process the information. The need to interpret a lot of information
prolongs the total throughput time for a DCN and could harm the quality of infor-
mation. According to Roh et al. (2019), information needs to be distinct with a clear
purpose to avoid overproduction. For the DCN process, this applies to the DCN
description in KOLA which needs to include detailed information without adding
irrelevant data.
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Unnecessary motion - Email is the primary communication channel when sharing
internal information in the DCN process. Respondents claimed that a lot of infor-
mation needs to be clarified to manage different activities which can be classified
as unnecessary motion. This waste appeared mainly in the process step of updat-
ing master data since this step involves several stakeholders in other departments.
However, this type of waste was also detected in the other parts of the process. The
waste of unnecessary motion appears when stakeholders need to send clarification
emails back and forth in the process to maintain the progress of the value stream.
It can be argued that knowledge of how employees extract data is crucial to main-
taining efficiency within information flows. Stakeholders in the DCN process use
different methods when extracting the same data, which indicates that there is a
lack of a standardized procedure for handling information in different I'T systems.
Likewise,Roh et al. (2019) mentions that waste within this category appears from
process structure and employees’ ability to handle different I'T-system when extract-
ing information. This applies to Volvo Penta since several respondents mentioned
challenges when extracting information from and between different systems. For
instance, different excel sheets are used to extract information from IPA and El.
Likewise, respondents implied that KOLA templates were not followed by everyone,
indicating that stakeholders have different work procedures when creating a DCN.
Therefore, it can be argued that waste appears when extracting and interpreting
data received from different stakeholders, based upon unstandardized procedures of
collecting and extracting information. It can be argued that this waste connects
to the waste of overproduction in sense of the need for distinct information with a
clear purpose mentioned by Roh et al. (2019). Further, Roh et al. (2019) also states
that waste within this category is generated based upon the degree of working with
different, and combined systems when extracting information. It can be argued that
the more systems a company use to manage a process, the higher risk of unneces-
sary motion. At Volvo Penta, there are multiple systems used in the DCN process
generating waste in most process steps. Therefore, a need for standardized work
procedure and process structure is essential to avoid waste in sense of unnecessary
motion.

Transporting — Information in the DCN process appears in several forms in different
systems. For instance, product data and change information are stored in KOLA,
Excel lists, and different web-based SharePoint. During the interviews, a respon-
dent stated “Data is flying everywhere, and it is often hard to capture and process
it”. According to Roh et al. (2019), waste in the sense of transportation appears
when data is transferred between different systems or media platforms. Likewise,
this waste appears when information is not transmitted on a direct path. It can
be argued that this waste is closely connected to the waste of unnecessary motion
and its aspects mentioned above. The IT infrastructure at Volvo Penta has devel-
oped over several years, resulting in multiple systems used in different departments.
Based on the empirical findings, some level of integration has been incorporated into
the DCN process. However, in several process activities, employees are manually
transferring data between different systems. It can be argued that this does not
only affect the lead time but also increase the potential risk of transferring data
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incorrectly. Empirical findings indicate that some systems are more atomized than
others. For instance, some data is automatically transferred between PMDM and
IPA as described in the detailed VSM. Furthermore, digital information stored in
different DCNs is increasing and data storage strategy will become an important
area for Volvo Penta to consider. The digital infrastructure of how to collect, store,
and communicate information efficiently is of high importance for the DCN process.
The purpose is to avoid waste of transportation and increase the efficiency of the
information flow. Likewise, it can be argued that increased integration between sys-
tems also decreases the waste of transportation.

Waiting — The waste of waiting, is according to Roh et al. (2019) the time it takes
to receive information. In the case of Volvo Penta, this waste appears mainly in the
process step of updating master data, since it is a sequential process involving stake-
holders from different departments. For instance, product price cannot be calculated
before the cost for each component has been uploaded and HS codes are entered
once all other master data is in place. This type of waste can appear internally while
waiting for other functions to finalize their activities, but it could also be connected
to lead time for external suppliers. For instance, the process of collecting HS codes
from new suppliers could take several weeks resulting in unnecessary stand-by in
the process. This results in a lot of waiting and extra communication which in turn
affects the total lead time for this process step.

Extra processing — The waste of extra processing appears information or data needs
to be manually edited Roh et al. (2019). During the interviews, respondents claimed
that several activities in the DCN process require manual editing of information
and data. The lack of system integration and insufficient excel tools are factors
contributing to the waste of extra processing. Likewise, findings imply that manual
work makes the process inefficient and increases the risk of adding the wrong data.
In contrast, findings also indicated that manual work enhanced the feeling of control
for some employees. However, in terms of extra processing, manual editing is always
considered to be a waste. A high level of manual editing could also result in longer
lead times for each activity compared to automatic data transfer. The current pro-
cess is built upon manually transferring data to different systems, which makes it
challenging to avoid extra processing. Further, it can be argued that this waste
closely appears as an indirect consequence of unnecessary motion and transporting.

Unnecessary inventory— According to Roh et al. (2019), the waste of unnecessary
inventory appears when identical data is saved twice in different systems or stored
data that is not used in the process. The process structure at Volvo Penta includes
multiple systems where information is stored in both PLM and ERP systems. Based
on the detailed VSM, unnecessary inventory appeared in several steps of the DCN
process. Hence, it can be argued that a lot of waste is generated when data is trans-
ferred between different systems to manage design changes. Findings indicate that
the main reason for storing data twice is limited system integration and challenges
connected to legacy systems. The waste of unnecessary inventory is connected to
the waste of extra processing required when manually adding data in several systems.
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Defects and Losing people’s potential— According to Roh et al. (2019), defects appear
when information streams are not complete or accurate in sense of incomprehensible
information. In this study, empirical findings did not identify any direct causes of
defected information streams in the DCN process, but rather as an indirect conse-
quence of unnecessary inventory, extra processing, and unnecessary motion. Even
if the DCN process appears complex and challenging, findings indicate that the
process is comprehensible, complete, and functional with enough information and
systems to maintain a constant flow of information. It can be argued that the pro-
cess fulfills the purpose to handle structural design changes and share information in
DCNs even if different types of waste have been identified. Likewise, Losing people’s
potential appears as an indirect effect of all waste described above. According to
Verrier et al. (2016); Hicks (2007), it refers to the lost potential for improvement
when people’s ability to express creative ideas decreases. It can be argued that the
waste of losing people’s potential appears as a side effect of other wastes in the
process. For instance, when employees need to spend time on extra processing and
manual editing of data, the time to elaborate on improvements decreases.

5.2 How to improve the DCN process

As presented in section 4.4, several challenges in the DCN process have been iden-
tified from empirical data. Some of them can be classified as digital waste, while
others are factors from the complexity of the process. Based on literature and em-
pirical findings, there are several ways to reduce the impact of those challenges and
improve efficiency in the DCN process.

5.2.1 System integration and automatization

The use of multiple systems throughout the process entails a lot of manual work
when transferring data and information between different media. Storing infor-
mation in different systems is a common challenge for companies worldwide, and
Madenas et al. (2014) refers to it as ’Islands of information’. Not only is it time-
consuming to add data manually but it also increases the risk of human error. Using
multiple systems enhance the risk of storing the same information twice, creating
unnecessary inventory in the process. As discussed above, transferring information
is considered to be one of seven wastes according to Roh et al. (2019). This waste
could be reduced by integrating and automating the systems and media used in the
process. Further, empirical findings indicate that manual work, unnecessary com-
munication, and system errors were common challenges in the process, especially
in activities performed at GSC. Some of these wastes would be reduced by further
integrating the PLM- and ERP systems. For instance, if data would be automati-
cally fetched from KOLA the lead time for setting up items in E1 would decrease
drastically. This argument is supported by Wu et al. (2014), who states that ECM
should be the bridge between PLM- and ERP systems, and Madenas et al. (2014)
who stress the importance of system integration to utilize information efficiently.
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System integration could also increase information productivity in the process, in
terms of data availability and accessibility (Baan, 2013). According to respondents,
data availability and accessibility were not considered to be an issue in the DCN
process. On the contrary, some respondents stated that information is owned by
other departments which sometimes creates issues with the data structure. In those
cases, information was available somewhere, but not accessible to the right person.
Hence, system integration could enable accessibility, increase information produc-
tivity, and decrease the negative aspect of information silos mentioned by Madenas
et al. (2014). Further, there are always risks when integrating multiple systems,
especially when the systems have been modified to fit department-specific needs.
This concern was raised by a few respondents who had previous experience with
unsuccessful integration projects. However, there are minor changes in terms of
automation and visualization that could benefit the DCN process, without risk-
ing integration issues. One example could be automatizing Mail 2 by sending out
notifications from IPA instead of sharing information via email.

5.2.2 Collaboration and sharing knowledge

Empirical findings indicate that working in silos diminished the holistic understand-
ing of the DCN process. On the contrary, respondents implied that it has to be
a certain degree of silo-inspired work in the DCN process since the expertise lies
within each function. Likewise, Madenas et al. (2014) states that it is common for
companies to have informational silos in processes where information is stored both
in PLM and ERP systems. This indicates that it is challenging to share informa-
tion and knowledge between different functions when working in silos. It can be
argued that working in silos is efficient when performing a task to maintain focus
but platforms for collaboration, and information sharing become crucial to decrease
the negative aspects of silo-based work.

To increase knowledge sharing in organizations, Slack and Lewis (2019) states that
it is important to build a common platform to enable collaboration. In the case of
Volvo Penta, collaboration appears in meetings, both live and digitally, with sev-
eral stakeholders present. Even though information and knowledge are spread on
different media platforms it seems to be inefficient. Findings implied that some
necessary data and information were difficult to find and process. In these cases,
missing information was mainly based upon un-complete or missing data in KOLA.
Also, respondents claimed that it is challenging to understand how the DCN pro-
cess connects to direct and indirect stakeholders and their need for data. It can
be argued that an improved joint platform, where different functions collaborate
through workshops or weekly brainstorming sessions, could be beneficial to manage
the negative aspects of information silos. Likewise, these sessions should appear in a
creative environment to stimulate interaction and problem-solving. It can be argued
that a jointly developed learning platform could enhance the degree of collaboration
and decrease quality deviation within the DCN process. Further, Madenas et al.
(2014) argue that information needs to be structured, and standardized to support a
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continuous information flow between different departments and systems. Hence, the
output of this platform for joint learning needs to be available with clear instructions
to invite learning and information sharing. Additional to this joint platform it is
important to provide employees with proper training. As respondents mentioned, a
DCN game has previously been held at Volvo Penta where stakeholders from con-
cerned departments followed a DCN through each process step. It can be argued,
that this type of workshop is an appropriate way to further educate and maintain
knowledge of the process.

Further, findings implied that the correctness of data can be derived from years of
experience and process knowledge within Volvo Penta. Lupanava (2017) stresses the
importance of KM to avoid knowledge gaps caused by frequent employee turnover.
Moreover, the purpose of KM is to avoid the failure of transferring tacit knowl-
edge into explicit (Slack and Lewis, 2019). It can be argued that the outcome of
information, its accessibility, and its accuracy seems to be the product of years of
experience within Volvo Penta. Indicating that, the fewer years of experience within
Volvo Penta, the higher risk of inaccurate DCN data and information. Therefore, it
can be argued that KM fulfills an important function when minimizing knowledge
gaps when new employees join an organization. To avoid certain risks connected to
employee turnover and employees lacking experience, information sharing needs to
be standardized to a higher degree.

Moreover, empirical data implied a need for preparatory DCN meetings to avoid
misinterpretation of information. By involving all stakeholders in an early stage
of the process, waste connected to rework and clarification could be reduced. For
instance, set up pre-preparatory meetings with concerned functions considering spe-
cific DCNs where involved stakeholders can discuss ideas, challenges, and different
needs to manage the DCN. It can be argued that such meetings would enhance
information and knowledge sharing, and result in higher collaboration. To increase
efficiency, these preparatory meetings should be standardized with a clear agenda.
For instance, by a using standard template for each meeting that is based upon
DCN type or the three cause segments project, maintenance, and quality. Further,
it should involve key aspects of what information to include, planning procedures,
and potential release dates to increase awareness and facilitate resources. One of the
studied companies within Volvo Group included all names of the involved stakehold-
ers in the DCN body text in KOLA. Before releasing a DCN, the design engineer
needed to establish the change with all stakeholders involved. Implementing a sim-
ilar system at Volvo Penta could enhance information sharing in the preparatory
phase, thus ensuring that all departments are aware of, and have approved the
upcoming change.
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5.2.3 Standardized information in the Product Lifecycle Man-
agement system

Empirical findings indicated that the need to clarify or add additional information
in KOLA is common in several steps of the DCN process. Hence, it is unlikely
for DCNs to be direct runners in the process. The information captured in a DCN
serves several purposes for different departments and the information must be shared
efficiently. According to Baan (2013), data does not only need to be available and
accessible to people working in the process but the information also needs to be
relevant and interpretive. Based on empirical findings, that is not always the case in
the DCN process. Some respondents stated that they only needed specific data on
each DCN to perform their activities. This indicates that the information provided
is not always relevant to the receiver. However, it would be highly insufficient to
send customized DCNs to each department and it would complicate the traceability.
Hence, it is not considered an option for Volvo Penta. Instead, the focus should be to
optimize the information in KOLA based on input from each department. Further,
all employees must be able to understand the DCN information in KOLA. Empirical
findings indicate that there are cases where the correct DCN information has been
provided but the receiver was not able to interpret the data. This highlights the
importance of system education.

Further, findings indicate that previous experience is an important factor in the
DCN quality. For instance, respondents at PD stated that they sometimes include
information because they "know" what the other departments need, regardless of the
DCN templates. For new employees, it could therefore be challenging to know what
information is necessary or not. Even respondents from the review group stated that
it is difficult to determine whether the DCN information is sufficient. The DCN is
supposed to describe the change and includes as many details as possible, without
being superfluous. At the same time, it should be factual and easy to assimilate.
Finding the balance between these two aspects can challenging. Therefore, it can be
argued that optimization of the DCN information must be cross-functional where
each department states what specific information they need, and why it is essential
for the different activities in the process. If all departments agree on a standardized
KOLA template it would mitigate the risk of missing information. Further, if all
necessary information is included in the DCN description, it would reduce the need
to clarify information later in the process. At the same time, it is important to
provide system training in KOLA to ensure that all stakeholders will be able to
interpret the information from PD.

5.2.4 Process visualization and role clarification

According to Hartmann et al. (2018), information flows are considered complex and
challenging to map. The reason for complexity builds upon the degree of digital-
ization and the range of more extensive product variants. During the interviews,
respondents confirmed that the investigated DCN process is complex and hard to
grasp. Likewise, respondents implied that it is challenging to interpret and visualize
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process steps and activities. Therefore, it can be argued that there is a need for a
more adapted and user-friendly process visualization. When empirical findings were
compared to current documentation, it was discovered that responsible roles were
not included and certain activities were missing. For instance, the process step of
setting sourcing in IPA was not included in the current process map. The detailed
VSM presented in Figure 4.2 gives a more comprehensive description of how different
activities and stakeholders are connected at GSC. Furthermore, the detailed VSM
lacks data on lead time for different activities in the process since that data was
not found during the data collection. Therefore, it can be argued that the detailed
VSM is incomplete according to the classic description of VSM presented by Rother
et al. (2004); Pascal (2015). However, it provides value in form of a current state
analysis of the DCN process at GSC where waste has been identified. Moreover, re-
spondents claimed that a lack of overall visualization of the process made it difficult
to know what person to contact when looking for specific information. Including
responsible roles and stakeholders in a future process map could help mitigate this
issue. Literature on VSM 4.0, where classic VSM has been adapted to digital flows
is a good way to map the value and non-value of information. The first three, out
of six steps presented by Meudt et al. (2017) was followed in this case study when
adapting the detailed VSM. The purpose was to show the complexity of visualizing
digital information flows, aligned with Hartmann et al. (2018) theory on information
management. The remaining steps in Meudt et al. (2017) method for VSM 4.0 focus
on calculating data usage and identifying potential future storage systems. These
steps were not applicable for this case study since no quantitative data was collected.
However, the conducted VSM can be used as a foundation for future improvement
projects at Volvo Penta.

According to Watts (2011), it is of essential value that different functions in the
change processes know their roles and responsibilities. In terms of ownership, all
respondents stated that they felt responsible for their work and activities in the
process. At the same time, empirical findings implied that there was a lack of clarity
regarding role descriptions in general, and how different stakeholders’ responsibility
connects to other departments. Moreover, empirical data indicated that most roles
in the DCN process are broad and include several responsibilities. This could be a
contributing factor to why areas of responsibility in the process are experienced as
unclear. Although it would not eliminate the problem, having clear role descriptions
for each function involved in the process would make it easier to know whom to
contact and could therefore reduce unnecessary communication.

5.3 Performance Measurements

During the interviews, respondents stressed the importance of reducing lead time
and improving resource utilization in the DCN process. For some activities, such as
the review process, data indicated that the current lead time had increased from 2
weeks to 3-4 weeks. However, the empirical data showed that lead time is not cur-
rently measured in all process steps and respondents found it challenging to estimate
the time and resources needed to perform each activity. In terms of resource utiliza-
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tion, it is also difficult to estimate the impact of an extra workforce. For instance,
how many more mistakes would be discovered in the review process? Implying that
there is an offset in terms of impact and cost. Further, according to Lindberg et al.
(2015), performance measurements help organizations to identify poor performance
and potential improvement areas. In the current situation, it is difficult to define and
visualize the actual problem, since the available data is incoherent. It can therefore
be argued that using basic measurements is the first step in improving lead-time
and resource utilization in the process.

Measuring the performance of the DCN process can be challenging and several
aspects need to be considered before implementing KPIs. Literature in the area
suggests many KPIs that can be used to measure performance in similar processes.
Several of these measurements are not currently used at Volvo Penta, thus creating a
potential opportunity that the company can benefit from. However, each KPI needs
to be evaluated to determine if it applies to the DCN process or not. A summary
of KPIs presented by theory, KPIs used at Volvo Penta, and suggestions of KPIs
to implement is presented in Table 5.1. Further, the term KPIs is often confused
with Pls, or measurements in general. Based on the measurement theory presented
by Parmenter (2015), one can argue that measurements suitable for the DCN pro-
cess should not be classified as KPIs since the metric is not crucial for the overall
business performance at Volvo Penta. Another important aspect to consider when
choosing measurements for the DCN process is the different levels of PIs. According
to Kattner et al. (2016), there are four levels presented in Figure 2.2 which can all
apply to the process at Volvo Penta. The different levels will be considered for each
suggested KPI and further discussed below.

Table 5.1: Summary of Key Performance Measurements presented in the theory
chapter and findings at Volvo Penta

Key Performance Indicator Theory Volvo Penta Suggested
Experienced DCN quality X
First time through / Direct runners X
Lead time per process step X

Total throughput time

Open changes per process step
Open changes in total

Punctuality

Documents impacted by the change
Persons involved in the process
Data availability

Data usage

Digitalisation rate

S B I

T T R A s B T

The first measurement Ezperienced DCN quality was an internal measurement previ-
ously used at Volvo Penta’s manufacturing sites to evaluate the implementation of a
design change. Empirical findings show that the respondents had different opinions
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regarding this measurement and some argued that the assessment was subjective.
Measuring quality is not an easy task in general, and measuring experienced im-
plementation success might be even harder. Further, this type of measurement has
not been suggested by any of the studied literature in the area. It can therefore be
argued that this measure does not add any value to the process and could be an
example of a KPI that has lost its value over time.

One recurring KPI in ECM theory is First Time Through or Direct runners. It
measures the number of changes that pass through the process without iteration or
downstream adjustments (Gijo et al., 2014; Zhu et al., 2018; Lundqvist and Mans-
son, 2013). This measurement is also common in VSM theory to reduce waste in the
process (Sharma, nd; Ottinger, 2021). According to findings from the case study,
there have been previous attempts to use such measurement in the DCN process,
with the purpose to measure how often mistakes were made. However, there was no
efficient way to distinguish rework due to changed conditions in the projects from
rework due to mistakes in the process. Based on the interviews, cross-functional
communication and clarification of information seem to be standard practices in
the current DCN process. This makes the measuring even more complicated since
there is no clear definition of rework when it comes to clarifying information. Even
though this KPI is recommended by several researchers within the ECM area, it is
not considered to be a good fit for Volvo Penta in the current situation. The system
support needed to define different types of rework and clarifications is not sufficient
enough and the value of such measures can therefore be questioned.

Lead time and Total throughput time are two of the most common measurements
used in lean management and according to Kattner and Lindemann (2017) it is
highly applicable in the area of ECM. As previously discussed, lead time is only mea-
sured for certain steps of the DCN process at Volvo Penta and the total throughput
time for a DCN is estimated based on project size. The detailed VSM, see Figure 4.2,
clearly shows the gap in lead time for different process steps, making it impossible
to calculate an actual throughput time. Another important aspect that needs to be
considered is the trade-off between lead time and quality. Empirical findings indi-
cate, that DCNs with solid preparatory work often turn out to have a higher quality
and require less rework. It can be argued that more time spent on preparatory work
might reduce the number of DCNs since the need for additional correcting DCNs
would decrease. In this case, an increased lead time might result in less rework,
which in turn, would be positive for the process in general. However, measuring
lead time has several other benefits, such as detecting bottlenecks and identifying
waste in the process. Studies of the ECM process confirm that lead time is a KPI
used by several manufacturing companies to measure the performance of the process
(Lundqvist and Ménsson, 2013; Huang et al., 2003). Connected to the levels of per-
formance indicators presented by Kattner and Lindemann (2017), shown in Figure
2.2, lead time should be measured on a detailed level for each activity in the process.
This implies that lead time should be measured for different types of DCNs within
each activity. At Volvo Penta, it could be equivalent to measuring lead time for
different types of DCNs separately. For example, mapping new parts and existing
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parts as two different DCN categories. Based on these arguments, introducing lead
time as a measurement would be highly valuable for Volvo Penta. Updating the
count-down calendar with correct lead times for different types of DCNs would ease
project planning, balance the workload, and reduce the number of urgent DCNs. At
this point, however, lead time should not be used as a KPI until enough data has
been gathered to set reasonable target values for the process.

Open changes per process step and Open changes in total are two measurements used
to assess the volume of ECs (Huang et al., 2003; Lundqvist and Mansson, 2013).
These measurements could be used on different performance levels but would be
most suitable on a general level, including all types of projects. By measuring the
total number of open changes, it would be possible to plan the required level of
resources needed to manage the current volume of DCNs. The same goes for open
changes per process step, where it would be possible to plan resources needed in
each department. Measuring DCNs per process step would also help employees pre-
dict their workload. For example, if people at GSC were able to see the number of
opened DCNs in the review process, it would be possible to estimate the workload
for the upcoming month. In a future state, these measurements could be used as
KPIs if the organization decides on a maximum number of DCN that could be han-
dled per process step. This would help to control the workload for each function and
could relieve stress for the people working in the process. According to the empirical
findings, it would ease the workload for some respondents if they knew how many
DCNs were to be released in the upcoming month. One respondent, in particular,
stated that there should be a limit on DCN releases per week. By measuring open
changes per process step it would be possible to fulfill these requests.

Punctuality is another KPI mentioned in ECM literature and previous case stud-
ies(Lundqvist and Méansson, 2013; Kattner et al., 2019). The purpose is to measure
if a change notice is released on time according to the project plan. During the
interviews, this measurement was also suggested by respondents at GSC as a good
fit for the DCN process. The main benefit of using punctuality as a measurement
would be to prevent the urgency that occurs when a DCN is released later than
planned. For such measures to be sufficient, they should be applied on a specific
level according to Kattner et al. (2016) framework, concerning different DCN cate-
gories. Measuring punctuality of DCNs was previously tested at one other company
within Volvo Group, Company B. According to respondents, it was not a successful
implementation since the planned introduction date could be adjustable in KOLA,
resulting in misleading output. Hence, this measurement did not add any value to
the process at Company B at the time. Based on this information, it is important
to ensure that the planned implementation date is fixed, or that the system enables
backtracking of the change history.

Measuring the number of documents impacted by the change, and the number of
people involved in the process are two measurements presented by Riviere et al.
(2003), used to evaluate the performance of ECM processes. These measurements
are valuable if different types of change requests have a different impact on the
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organization. However, this is not the case at Volvo Penta, as all types of DCNs
involve several functions across the organization. The output from such metric would
therefore be similar for all types of DCNs. Hence, these metrics are not considered
to be valuable for the DCN process at Volvo Penta. The last three KPIs presented
in Table 5.1 are measurements suggested by Meudt et al. (2017) to visualize the
utilization degree of information. Using these measurements and calculating the
utilization rate is considered to be an important step in VSM 4.0. Empirical findings
imply that the data needed to perform such calculation is not currently available
at Volvo Penta. Further, these KPIs would not indicate the overall efficiency of the
DCN-process and other measurements are considered to be more valuable for the
process. However, these measurements could be useful if the company decides to
evaluate information utilization as a further step of the information management
strategy.
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Conclusion and Implications

This chapter presents answers to the research questions of this master’s thesis, in-
cluding non-value-adding activities, improvements, and recommended measurements
for the DCN process. Further, implications of this study and suggestions for further
research are presented followed by specific recommendations to Volvo Penta.

6.1 Answers to the research questions

The purpose of this thesis was to investigate how manufacturing companies manage
product- and sales structure changes in a structured and quality-assured way. The
aim was to identify value-adding activities and suggest improvement areas to increase
the efficiency of the process. Based on the qualitative analysis, it can be concluded
that several types of waste appear in the studied DCN process and the thesis presents
different improvement areas to mitigate waste and increase efficiency. Further, the
study aimed to investigate possible KPIs to measure the value of information which
has resulted in recommendations of specific measurements for the studied process.

6.1.1 What data and main activities are not value-adding
in the DCN process of the case company?

Non-value-adding activities in the DCN process can be seen as different types of
waste with a negative effect on the process efficiency. This thesis outline eight
different wastes and through conducted VSMs, six out of eight wastes were identified
in the DCN process. This thesis concludes that a single type of waste may directly
or indirectly affect or cause other waste parameters. Further, this study supports
that classic VSM can be adapted and used on digital information flows to identify
non-value-adding activities. Irrelevant or unclear information exchange between
different stakeholders in the process creates waste in form of Ouverproduction and
Unnecessary motion. It can be argued that unnecessary communication appears as a
consequence of these. Further, this study implies that the use of multiple I'T systems
without integration may increase waste in sense of Transporting, Extra processing,
and Unnecessary inventory. It results in unnecessary manual data entry due to a
lack of system integration. Likewise, it can be concluded that the waste of Waiting
appears as a bottleneck considering when information is stored in backlogs as an
effect of sequential work. As a consequence, it affects the total throughput time of
the DCN process. The last two wastes Defects- and Losing people’s potential was
not directly identified in the process but appear as side effects of the other wastes.
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6.1.2 How can an organization improve the efficiency of a
DCN process?

There are several ways to improve the investigated DCN process, both by reducing
waste and increasing knowledge. This study outline four improvement areas for the
process in general to increase the efficiency of a DCN process. The findings of this
study suggest that System integration and automation would reduce the need for
manual data entry and can therefore decrease the risk of human error. Further, in-
tegrated systems would make the data transfer more efficient and reduce lead time
for process steps that requires a lot of manual input. The study also supports that
Collaboration and knowledge sharing can improve and support the DCN process by
avoiding negative aspects of silo-inspired work. By adopting a joint learning plat-
form to share knowledge through brainstorming sessions and educational workshops,
it would be possible to secure knowledge sharing in the DCN process. Moreover,
it could increase the overall understanding of the process and encourage future im-
provements. Expanded collaboration secures knowledge sharing in the DCN process
and increases the affected employees’ ability to understand and contribute to future
improvement of the DCN process. Likewise, the study concludes that knowledge
sharing through joint learning decreases the risks of knowledge gaps within the or-
ganization. Another important aspect to increase cross-functional collaboration is
preparatory meetings, where all functions can discuss and prepare for upcoming
changes. Further, this thesis identifies Standardizing KOLA templates as an im-
provement to ensure that all necessary information is included in the DCN. This
would reduce the need for rework and additional clarification, thus avoiding unnec-
essary communication in the process. Lastly, this study concludes that an update of
current process documentation and role descriptions would improve Process Visual-
ization and Role clarification. It would increase the holistic process understanding
as employees would, to a higher degree, know whom to contact when searching for
certain DCN information.

6.1.3 How can an organization use key performance indica-
tors to measure the efficiency of a DCN process?

By using carefully selected measurements, such as KPIs, an organization can mea-
sure the efficiency of a process. This study implies that not all measurements recom-
mended by previous ECM research are applicable for the investigated DCN process,
confirming that measurements need to be evaluated for each organization. Further,
organizations need to consider what could be measured with available resources and
what value it would add to the process. Further, the purpose of the measurement
needs to be communicated throughout the organization to ensure that all employees
understand the objective.

This thesis outline three categories of measurements that are considered to be ben-
eficial for the DCN process at Volvo Penta. Further, these measurements should
not be introduced as KPIs, but rather as a way to collect necessary data to under-
stand the current state of the process. The first measurement, lead time, should
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be measured in each process step for different categories of DCNs. Based on the
gathered data it would be possible to summarize the total throughput time. This
data can be used to update the countdown calendar and result in a more accurate
time frame. The second measurement is volume of open DCNs, which quantifies the
volume of active DCNSs in different process steps, and for the process in total. This
measurement, would facilitate resource planning and support a balanced workload.
The third measurement recommended for the DCN process is punctuality, which
evaluates if a DCN has been released according to plan. This measurement can
be used as an indicator for urgent DCNs and thereby focus attention on resource
utilization.

6.2 Overarching Theoretical and Practical Impli-
cations

All manufacturing companies working with engineering changes have some kind of
process to handle product design and structural changes. The degree of complexity
may vary compared to the studied DCN process, but in one way or another, change
information needs to be distributed and managed throughout organizations. The
findings of this study provide insights into the area of ECM by identifying digital
waste, improvement areas, and possible measurements in the process. Moreover, the
study confirms previous research on necessary activities presented in previous ECM
research, and some of the suggested informational waste in such a process. Further,
the outline of the detailed VSM created for this thesis could be used as a foundation
when evaluating similar information flows and processes. Previous research suggests
several KPIs used to measure the efficiency of information flows and ECM processes.
Although many KPIs have been used by different organizations, each measurement
needs to be evaluated for each unique situation. KPIs that are crucial for one process
might not add any value to another. Therefore, the measurements recommended for
Volvo Penta do not necessarily apply to other manufacturing companies.

6.3 Recommendations to Volvo Penta

As a concluding part of this case study, specific recommendations to Volvo Penta
are presented as an addition to previous conclusions. These recommendations are
directed toward the department of GSC based on empirical findings and qualitative
analysis.

As previously mentioned, standardized information in KOLA would improve work
efficiency in several parts of the process. Specifically, at GSC, this includes clarifica-
tion of data that is transferred from KOLA when items are set up in IPA. The next
step would be for employees at GSC to specify what DCN information is required
and request an update of existing KOLA templates. Further, it would be beneficial
to integrate KOLA and IPA to reduce manual data entry when items are set up
in E1. Another recommendation is to automate the function of 'Mail 2’ to reduce
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additional communication and minimize the risk of losing important information
in personal inboxes. Based on the interviews, this procedure was considered to be
time-consuming and insufficient by respondents who sent and received the informa-
tion. Therefore it is considered to be value-adding to the process in general if Mail
2 could be removed without compromising the outcome. The details of a system
adaptation need to be further investigated but the status of a DCN case in IPA
should be able to trigger automatic notifications. Instead of emailing information
on each IPA case, all stakeholders would be able to see when a new item has been
set up in the system. An expansion of IPA could also enable the procedure of con-
trolling DCN master data to be managed directly in the system, instead of manually
exporting data to excel. An alternative, short-term solution, to reduce unnecessary
communication could be to expand the use of existing follow-up lists. By inviting
other stakeholders to engage with existing information, the collection of master data
could be performed without sending information via email.

Based on empirical findings, the way to prioritize DCNs vary throughout the pro-
cess. In the initial phases, creation, review, and release, DCNs are handled based on
prioritization in KOLA. However, at GSC DSNs are managed in a continuous order
and further prioritization is based on SOOQO. Hence, the collection of master data
is conducted without regard to the prioritization in KOLA. It is therefore highly
important that SOO is clearly communicated and that the date corresponds to the
project plan. According to respondents, SOO is sometimes included in KOLA if
the data is available when the DCN is created. Otherwise, it is up to the Project
Manager to set SOO later in the process and provide GSC with an updated date.
Since several stakeholders in the process prioritize their work based on SOOQ it is im-
portant to provide information early in the process. Further, findings indicated that
relations between SOO, SOP, and SOD caused unclarity and confusion in the pro-
cess, as people from different functions often refer to different dates. A standardized
way to update and communicate SOO/SOP/SOD to all stakeholders would ensure
that the right DCNs are prioritized and reduce the risk of urgent DCNs.

Furthermore, the results from this study imply that the workload connected to the
DCN process has increased over the last years and several respondents stated that
they often need to work extra hours to manage the workload. When employees are
forced to manage a large volume of DCNs in a limited time, the risk of manual
errors increases, and the quality could be affected. Therefore, it is recommended
that management at GSC evaluates the resource utilization in the DCN process
to ensure that all employees have the right conditions to perform their work. For
example, one way to balance the workload could be to limit the number of DCNs
released per week. Another suggestion is to demand a DCN release forecast from
PD each week, which gives GSC the ability to plan for upcoming weeks.
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6. Conclusion and Implications

6.4 Further Research

To validate the findings from the DCN process at Volvo Penta, it would be relevant
to conduct a multiple case study. By comparing processes at similar companies it
would be possible to identify common wastes in the ECM process and decide on
a best practice. Future research could also include a longitudinal study at Volvo
Penta to assess the long-term effects of using measurements and KPIs in the DCN
process. Mapping lead time for different types of DCNs over a longer period would
improve the accuracy of the total throughput time and enhance resource utilization.
Such a study could also quantify the non-value adding time in different activities
and identify bottlenecks in the process. The scope of this study was limited to
physical design changes affecting the sales structure. If the area of ECM is to be
moved forward, a better understanding of software changes needs to be developed.
It would therefore be of interest to investigate how ECM theory could be adapted to
software changes, to produce findings that account for digital products and services.
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A

Interview List

Interviews conducted during the case study with respondents from Volvo Penta and
other companies within Volvo Group

’ Volvo Penta

No. | Role Department Date

1 DCN coordinator GSC 2022-02-25
2 DCN coordinator GSC 2022-03-07
3 SCPM GSC 2022-03-07
4 SCPM GSC 2022-03-08
) Price coordinator Business unit Marine 2022-03-08
6 Product prep documentation engineer | Vara Operations 2022-03-09
7 Sales structure specialist Business unit Marine 2022-03-09
8 BDP and Custom case manager Process development 2022-03-10
9 Project Manager GOQ Industrial Development | 2022-03-14
10 Chief Project Manager Projects and execution | 2022-03-14
11 Director Parts & Services 2022-03-15
11 Product planner Parts & Services 2022-03-15
11 Product planner Parts & Services 2022-03-15
12 Project Manager Purchasing Purchasing 2022-03-15
13 DCN specialist Product Development | 2022-03-16
14 Supply Chain Coordinator GSC 2022-03-16
15 Project Manager Purchasing Purchasing 2022-03-17
16 Product Development Engineer Product Development | 2022-03-21
17 Project Manager Design Product Development | 2022-03-23
18 PDM specialist Product Development | 2022-03-24
19 Product Manager D17 Product Development | 2022-03-31

’ Volvo Group

No. | Role Department Date

20 Senior product document specialist Platform Development | 2022-03-28
21 Manager product documentation Powertrain engineering | 2022-03-28
21 KOLA & Product structure specialist | Powertrain engineering | 2022-03-28




B

Interview Guide

Profile of the Sample
o What role do you possess at Volvo Penta?
— What business area/department?
o What activities do you manage in the DCN-process?
— What part of the process?
« If you estimate, what percentage of your role involves working with DCNs?
e Years of experience in DCN process?

Identify activity in DCN-process
o Can you describe the activities that you perform in the DCN process?
— What data/information do you add to the DCN?
o In your experience, do you feel that you have all prerequisites to perform your
work?
— Do you have access to all data to manage your tasks?
— How are you notified that you received a DCN that you shall work on?
— Do you have system support to manage your task?
o How do you prioritize different DCNs?
— If an urgent DCN occurs, how do you handle it?
o Can you describe how you work with other people in the DCN-process?
— What information do you receive/share with these people and why?
— How does your work in the DCN-process depend on these people?
— How do you communicate with these people (E-mail, Teams, face-to-face,
ERP system etc.)?
— Have you ever needed to redo a DCN or contact other people to clarify
the information that you received?
o How would you estimate the time required to perform your work tasks in the
DCN-process in total per week?
— Can you estimate the time required for each article in a DCN?
— How do you manage the DCN workload over the week (daily/batch)?
— Do you consider it a manageable workload in order to handle all DCN
with high quality?
o Can you describe the DCN-process as a whole?
— In your experience, do you have a good holistic understanding of the
process?
— Who is responsible for your part of the DCN process (ownership)?

IT



B. Interview Guide

Identify problem areas
e Could you describe a situation when the DCN-process was challenging?
— Why was this challenging?
— How did you solve it?
« Have you experienced any blockers considering your work in the DCN process?
— How would you suggest removing these blockers?
o Based on your experience, what parts of DCN process work well?
— Why does it work better than other parts of the process?
— Would you argue that these differences appear based on years of experi-
ence in the DCN process?
o Are there any parts of the DCN process that you consider critical in order to
perform your work -Have you experienced issues with?
— Follow-up lists?
— Communication with the DCN-coordinator?
— Communication with CPMs?
— Functions in IPA/E17
— Prioritization/Classification?
— Working in Silos, no holistic perspective?

Identify improvement areas
e In your point of view, what would a best practice DCN process look like?
— What improvement areas do you consider important for the process as a
whole?
— What improvement areas do you consider important to support your role
in a better way?
o Based on your experience, what impact would KPI’s have on the DCN process?
— How would the use of KPI’s in the DCN process affect your work?
— What type of KPI's would ease your work?
— Do you consider KPI’s as positive or negative?

ITT



DEPARTMENT OF TECHNOLOGY MANAGEMENT AND ECONOMICS
CHALMERS UNIVERSITY OF TECHNOLOGY

Gothenburg, Sweden
www.chalmers.se

CHALMERS

UNIVERSITY OF TECHNOLOGY


www.chalmers.se

	List of Acronyms
	List of Figures
	List of Tables
	Introduction
	Background
	Case Description
	Problem Statement and Purpose
	Research Question

	Delimitations
	Thesis outline

	Theoretical Background
	Knowledge Management
	Information Management
	Information Waste
	Value Stream Mapping 4.0

	Engineering Change Management
	ECM Framework

	Performance Measurements

	Research Methodology
	Research Strategy
	Research Design
	Literature Review
	Data Collection
	Documents and Observations
	Interviews

	Data Analysis
	Thematic Analysis of Interviews and Documents
	Value Stream Mapping

	Research Quality
	Ethical Considerations

	Results
	Systems and Terminology used at Volvo Penta
	Process Documentation and Data
	Value Stream Mapping of the DCN process 
	Holistic view of the DCN process at Volvo Penta
	Detailed DCN process at Global Supply Chain

	Identified Challenges
	Identified Improvement areas
	Key Performance Indicators
	The DCN process at other companies within Volvo Group

	Discussion
	Non-value adding activities in the DCN process
	Identified waste

	How to improve the DCN process
	System integration and automatization
	Collaboration and sharing knowledge
	Standardized information in the Product Lifecycle Management system
	Process visualization and role clarification

	Performance Measurements

	Conclusion and Implications
	Answers to the research questions
	What data and main activities are not value-adding in the DCN process of the case company?
	How can an organization improve the efficiency of a DCN process?
	How can an organization use key performance indicators to measure the efficiency of a DCN process?

	Overarching Theoretical and Practical Implications
	Recommendations to Volvo Penta
	Further Research

	Bibliography
	Interview List
	Interview Guide

