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ABSTRACT

Integration of substance compliance and a product lifecycle management system in case

organization

Kuisma Rautio

University of Oulu, Industrial Engineering and Management
Master’s thesis 2023, 128 pp. +2 appendixes

Supervisors at the university: Harri Haapasalo, Jaakko Kujala

Substance compliance is the field of identifying applicable product material regulations
and managing the product composition to match those regulations. As the various
regulations expand and new standards are added, manufacturers must take increased
precautions to ensure their products are in line with the latest regulations and standards

for example by developing system integrations to ensure better management processes.

This thesis aims to study the development and implementation of an integration of a
substance compliance management system with a product lifecycle management (PLM)
system in a case organization. The perspective is on identifying how an integration of
substance compliance and a PLM system can be conducted and what to take into
consideration when introducing such an interface to current operations. The research

methods used were two sets of semi-structured interviews and participatory observations.

The findings of this study indicate that substance compliance has connections to data
quality. In the case organization in particular, in order to fully grasp the benefits of the
integration, special care should be put into completing a three-step plan focused on
improving data quality management, using change management to introduce the
integration, and utilizing an early and proactive approach to substance compliance. The
study largely focuses on giving actionable improvement recommendations, but it also
contributes to the substance compliance literature by conducting a brief literature study

on the topic and showing the connection of product data quality with the field of study.

Keywords: substance compliance, material compliance, product lifecycle management,

PLM, change management



TIIVISTELMA

Aineiden  vaatimustenmukaisuuden  hallitsemisen  ja  tuotteen  elinkaaren

hallintajérjestelmin yhdistdminen kohdeyrityksessa
Kuisma Rautio

Oulun yliopisto, Tuotantotalouden maisteriohjelma
Diplomity6 2023, 128 s. + 2 liitettad

Ty0n ohjaajat yliopistolla: Harri Haapasalo, Jaakko Kujala

Aineiden vaatimustenmukaisuuden hallitseminen on ala, jossa tunnistetaan
tuotemateriaalien lainsdddannoéllisid vaatimuksia ja varmistetaan, ettd tuote ei sisdlld
vaatimustenvastaisia aineita. Tuotemateriaaleja koskevien sdddosten mairdn kasvaessa
elektroniikkavalmistajien on huolehdittava entistd tarkemmin, ettd heiddn tuotteensa
noudattavat viimeisimpid lainsdddant6jd ja standardeja. Yksi tapa tehdd ndin on

esimerkiksi panostaa systeemien yhdistimiseen, joka takaa paremmat hallintaprosessit.

Tdmén diplomityon tarkoitus on tutkia aineiden vaatimustenmukaisuuden ja tuotteen
elinkaaren hallintajérjestelmén yhdistdmistd kohdeyrityksessd. Pddpaino tydssd on
tunnistaa, miten kahden jarjestelmédn yhdistiminen voidaan toteuttaa, sekd mitd tulisi
ottaa huomioon yhdistetyn jirjestelmén kéyttoonotossa. Diplomitydsséd kaytettiin kahta

eri puolistrukturoitua haastattelua seké osallistuvia havainnointeja tutkimusmenetelmina.

Tutkimustulokset osoittavat, ettd aineiden vaatimustenmukaisuudella on yhteys
tuotedatan laatuun. Jotta kohdeyrityksessd voitaisiin ottaa tdysi hyoty yhdistetystd
jarjestelmistd, tulisi yrityksen toteuttaa kolmiaskeleinen parannussuunnitelma.
Suunnitelman  tavoite on parantaa tuotedatanlaadun hallintaa, hyddyntdd
muutosjohtamisen oppeja jérjestelmidn kehittimiseen ja kéyttdonottoon, ja edesauttaa
kohdeyritystd ennakoivaan aineiden vaatimustenmukaisuuteen. Ty0 keskittyy
suurimmaksi osaksi kohdeyrityksen parannusehdotusten antamiseen, mutta se myos
edistdd aineiden vaatimustenmukaisuuteen kohdistuvaa kirjallisuutta pienelld

kirjallisuuskatsauksella ja esittdmailld linkin tuotedatan laadun kanssa.

Avainsanat: materiaalien vaatimustenmukaisuus, aineiden vaatimustenmukaisuus,

tuotteen elinkaaren hallinta, PLM, muutosjohtaminen
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1 INTRODUCTION

1.1 Study background

In last few decades, there has been a big push for organizations in different fields to join
the “green” movement and operate in a more sustainable fashion (Duarte & Cruz-
Machado, 2013). In the electronics industry this has directly resulted in the creation of
various environmental regulations and standards such as the restriction of hazardous
substances directive or the registration, evaluation, authorization, and restriction of
chemicals regulation, which have the goal of eliminating harmful and hazardous

substances and materials from products entering the markets (Scruggs et al., 2015).

Substance compliance — or material compliance as it has been coined in some literature —
has risen as a field of study to aid organizations in complying with these regulations via
various means (Buckreus et al., 2021). As new regulations and standards are being added
each year, it has become increasingly important to conduct substance compliance
thoroughly and efficiently. As such, more and more organizations have started utilizing
external substance compliance solution providers or experimenting with various means
of making the process of substance compliance management more efficient. One of these
means is the introduction of integrating substance compliance management into another
integral enterprise system such as an enterprise resource planning system, product data
management system, or product lifecycle management system (Butler & McGovern,
2012). While the commercial development of these kinds of integrations and new
solutions has been ongoing for a while, the academic literature concerning the topic has
lagged behind and, as a result, research concerning integrating substance compliance
management systems with other more widespread systems is extremely scarce.
Furthermore, considering how increasingly important substance compliance is becoming

for various organizations, the literature surrounding it is relatively limited.

This thesis aims to shed light on the field of substance compliance and to further study
the topic of integrating substance compliance management into a product lifecycle
management (PLM) system both in theory as well as through a case study conducted with

a European electronics manufacturer case organization.



1.2 Research problem and questions

The aim of the thesis is to study the topics of PLM systems and substance compliance
systems in the electronics industry, how these two topics relate to each other, and how an
integration between the two could be handled successfully. The scientific interest in the
topic of the research could be deemed relatively high, as while the topics of product
lifecycle management and change management are widely studied on their own
(Saaksvuori & Immonen, 2008; By, 2005), there is a scientific gap of knowledge when it
comes to general frameworks for substance compliance management, the systems that are
used in such operations, and their integration with other organizational information
systems (Buckreus, 2021). In order to study the phenomenon, the following four research

questions have been set:

RQI: What connections does substance compliance have with product lifecycle
management?

RQ2: How can a PLM integration project be implemented, and the changes sustained?

RQ3: What is the current state of PLM, substance compliance, and the system
integration in the case organization?

RQ4: How can the case organization ensure successful use of a PLM-integrated

substance compliance system?

The first two research questions have the intention of guiding the construction of the
theoretical framework through the literature review. The first question focuses on
substance compliance and product lifecycle management, especially in the electronics
industry. It also has the goal of drawing connections between the two topics, as innately
the integration of substance compliance management and a PLM system interweaves
them together. In a way, the research question shows how the two systems are
fundamentally connected and provides a theoretical view on which elements could be

combined or enhanced through a system integration.

The second research question focuses on incorporating a change management aspect to
the literature review, as a technical- or process view on PLM and substance compliance
alone is not enough to analyze the implementation and deployment of the integrated
interface. By providing a theoretical foundation on how PLM integration projects can be

implemented, and the benefits sustained, the reader as well as the writer of this thesis are
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better armed to analyze the real-life integration happening in the case organization. Like

the first research question, the second one is answered in the literature review synthesis.

In contrast to the first two research questions, the third and fourth focus specifically on
the case organization’s circumstances rather than having a general viewpoint. The third
question aims to guide the current state analysis in the case organization, where the topics
at scope are the current practices and processes for both PLM and substance compliance,
but also the current state of the integration project. The answer to the third research

question is then presented in the synthesis of the current state analysis findings chapter.

The fourth research question aims to wrap all the parts from the previous research
questions together. The answer to it is formed by mirroring the findings from the current
state analysis with the theoretical framework built in the literature review and thus
uncovering topics and concepts to consider when trying to ensure successful use of the
PLM-integrated substance compliance management system in the case organization both
in the short- and long-term. The research question is first implicitly answered in the fifth

chapter, and then explicitly in the conclusion.

The justification for having four separate research questions comes from the nature of the
integration project. As the ultimate goal of the master’s thesis is to conduct a current-
state-analysis on product lifecycle management and substance compliance at the case
organization, while also analyzing how the integration project is conducted with the aim
of giving actionable recommendations on how to deploy the integration and sustain the
benefits it provides, the scope of the thesis is both multidisciplinary and particularly vast.
As such, the literature review cannot focus on just one specific focus area as is traditional
in master’s theses but must take into account three large concepts of product lifecycle
management, substance compliance, and change management. The four research

questions mirror this multidisciplinary and vast scope.

1.3 The structure of the thesis

The structure of the thesis is divided into six distinct parts. Firstly, the study background,
research problem and questions, the structure of the entire thesis, and the scientific impact
of the thesis are introduced in the introduction. Then, the second chapter — the literature

review — focuses on building a theoretical framework on the three topics of product
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lifecycle management, substance compliance, and change management. This theoretical
framework not only prepares the reader, but also the writer of the thesis to have the
adequate understanding of the three topics to be able to analyze the current state of the
case organization. Furthermore, the two first research questions are explicitly answered
in the synthesis of the literature review. The third chapter of research methods and process
describes the research process in detail, while also explaining the case context and case
organization. In the fourth chapter, the research findings from the current state analysis
are introduced and an understanding on the current processes of PLM, substance
compliance and the state of the integration project based on observations, interviews, and
technical analysis is presented. Likewise, the third research question is answered in the
synthesis of current state analysis findings. The fifth chapter of ensuring successful use
of the integrated system works as the discussion of the thesis, by mirroring the theoretical
framework built in the literature review to the findings from the current state analysis in
order to present ideas and concepts to take into consideration in the ongoing development,
implementation and introduction of the PLM-integrated substance compliance
management interface in the case organization. And then, in the sixth and final chapter —
conclusion — the key results of the thesis are presented, in addition to giving condensed
explicit answers to each of the four research questions. Additionally, the study limitations

and potential future studies are covered and explained in the last chapter.

1.4 Scientific impact

The scientific impact of the master’s thesis could be seen as one of the first steps in
invigorating studies focused on PLM-integrated substance compliance systems, where a
more diverse and interdisciplinary view on substance compliance can be reached. The
master’s thesis also additionally offers a new perspective on the use of the PLM system,
as the substance compliance integration is the first of its kind in the specific PLM system
and therefore can be seen as a unique addition. The topic of PLM-integrated substance
compliance systems or interfaces is also rather new, and as such only few commercial
examples exist, and the literature concerning such integrated systems is near nonexistent.
It could be a fair assumption, that after the integration project and the publishing of this
master’s thesis, the use of integrated substance compliance becomes more widespread
across companies already utilizing PLM software, similarly as how the use of supplier
relationship management has become more widespread in many PLMs after the

introduction of supplier relationship management system integration.
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2 LITERATURE REVIEW

The literature review has the aim of providing a concrete foundation for the study as well
as give the reader the readiness to understand the interplay of the integration’s topics. As
the implementation project of integrating a substance compliance management system
with a product lifecycle management system can be seen as a multi-disciplinary endeavor,
the readiness to analyze it must be equally multi-disciplinary. As such, the literature
review aims to shed light on three separate topics of product lifecycle management,
substance compliance, and change management, that are ultimately linked in the

integration project.

Firstly, the theories of product lifecycle management are presented. In order to better
understand the concept, the preliminary topics of product structure, life cycle and product
data are explained. Then, the focus is shifted into the technical implementation of product
lifecycle management systems, where the underlying theorems of data quality, data

governance, and system connectivity are addressed.

Secondly, the literature on product substance compliance is approached — similarly as
with PLM — from the viewpoint of technical implementation. The basics of material
compliance and substance compliance management are presented in addition to the most
prominent compliance standards and -requirements in the electronics industry. The
different ways of implementing substance compliance management — with some added
focus on substance compliance systems — in electronic manufacturer organizations are

also examined.

Thirdly, after the building the big picture, as well as the technical view for the theoretical
framework, the more humane side is explored through change management. The
inclusion of the topic is well justified, as being able to analyze the timeline of a change
project — which a system integration project undoubtedly is — and acting accordingly can
be beneficial and prevent issues down the timeline. The focus is majorly on the change
management process and more specifically on how to implement change and how to

sustain the change efforts.

Then finally, the first two research questions which had the aim of guiding the literature

review are explicitly answered in the literature synthesis. Some connections between the
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topics are drawn to better highlight how they are connected in the light of this study. A
complete visualization of the topics introduced in the literature review is presented in

figure 1.

Defining substance
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Figure 1: Visualization of the structure of the theoretical framework.

2.1 Product lifecycle management

As according to the prevalent literature, product data management — shortly put PDM —
is the slightly smaller field of study found within the predominant field of PLM (Sudarsan
et al., 2005). While PLM focuses on managing the product throughout its entire life cycle
via processes, systems, guidelines, and other methods, PDM has the singular focus of
aiding product development through the management of data (Philpotts, 1996). A
prerequisite to understanding PDM — and by extension, PLM — is to understand the life

cycle, data, and structure of a product.
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2.1.1 Product data

Creating, manufacturing, marketing, and selling products creates a huge amount of
various data and knowledge (Patil et al., 2005). As such, it is imperative to be
knowledgeable on what exactly is product data and how it can be classified. As explained
by Silvola (2018) “product data broadly covers all the data related to a product”. This
means that each piece of data that is connected to a product in any stage of the product’s
life cycle can be classified as product data. The data can be in physical or — much more
commonly — digital format, and can be for example specifications, test reports, purchase

orders, or CAD drawings (Stark, 2005).

Product data and its use can be understood through diverse types of views depending on
the perspective. One way is to look at all the operations of different departments and
divisions of an organization and see how they create and utilize product data. Product
development for example is often the essential division that creates new product data,
marketing division uses product data to visualize the appeal and cost of a product, and
manufacturing utilizes product data to manufacture products while also potentially adding
new product data, for example, through manufacturer test data (Peltonen, 2000). Another
viewpoint is to categorize product data. Saaksvuori and Immonen (2008) divide product
data into three categories: data that defines the product, life cycle data of the product, and
data about other data i.e., meta data. The definitive data completely describes the product
as well as it is functional and/or physical attributes. The product’s life cycle data consists
of product data that is functionally attached to a certain stage the life cycle or supply
chain, for example recycling or maintenance data at the end-of-life of the product. Meta
data is the descriptive data about other data, such as the date, time, and author of test

reports (Saaksvuori & Immonen, 2008).

Another important aspect of product data in relation to product data management is the
prevalence of product master data. According to several studies (Kropsu-Vehkapera,
2012; Kropsu-Vehkapera & Haapasalo, 2011; Silvola, 2018) product development
practitioners perceive product data as a combination of product master data and other
generic product data with a more functional role. Product master data is understood as the
data that is born in the product development phase, for example the definitive data of a
product, along with the products name and stock-keeping-unit. Additionally, Otto, Hiiner
and Osterle (2009) describe that product master data differs from other data in four

distinct means:
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e Unlike transaction data (e.g., invoices, orders, or delivery notes) and inventory
data (e.g., stock on hand, account data), master data describe always basic
characteristics (e.g., the age, height, or weight) of objects from the real world.

e Pieces of master data usually remain largely unaltered. For example, as the
characteristic features of a certain material are always the same, there is no need
to change the respective master data. And while during the lifecycle of a product
various attribute values are added over time (dimensions and weight,
replenishment times etc.), the basic data remain unaffected.

e Instances of master data classes (data on a certain customer, for example) are quite
constant with regard to volume, at least when compared to transaction data (e.g.,
invoices or purchase orders).

e Master data constitute a reference for transaction data. While a purchase order
always involves the respective material and supplier master data, the latter do not

need any transaction data in order to exist.

2.1.2 Product life cycle

An important factor in determining the right product development strategies and gaining
competitive advantage is the clear understanding of product life cycle (PLC). The term
was first introduced by Theodore Levitt in his publication “Exploit the product life cycle”
(1965), where he went on to describe how the life cycle of a new product can be split into
four distinct stages. These four stages — market development, market growth, market
maturity, and market decline — are often visualized in the context of sales volume likewise
on figure 2. In the market development stage, a brand-new product is introduced to the
market with low — but rising — demand (Levitt, 1965). In the second stage — market growth
— the product starts to take off economically and users start adopting the products in a
widespread manner. Usually this is the de-facto situation where new users get introduced
to new products, and where the probability of a new customer entering the product
ecosystem is the highest. The third stage — market maturity — marks the start of an end to
the life cycle of a product, as the market demand starts to decrease, and the competition
gets fierce, as potentially better, and cheaper products start entering the market. Usually
in this stage the product still has some minor growth in terms of sales, but it is nowhere
as explosive as in the stage of market growth. And finally in the market decline stage the
demand for the product gets incrementally lower each day, and eventually the product

reaches the state of obsolescence, where competing products have passed the product
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either via superior styling changes or via quality improvements and thus have made the
original product inferior to the point where new customers have no reason to even think

about purchasing it (Levintha & Purohit, 1989).

Sales volume

(dollar index)
20 +
Stage #1: Stage #2: Stage #3 e #4
MARKET GROWTH MATURITY DECLINE
DEVELOPMENT ]
15 T / T —
™~
10 +
5 L
0 I I .
Years 1 2 3 4 5 6 7

Figure 2: The product life cycle (modified from Levitt, 1965)

After the introduction of the original product life cycle model presented by Levitt (1965),
different variations of it also started to come to light. One of these variations is to divide
the products life cycle into three main phases: beginning of life (BOL), middle of life
(MOL), and end of life (EOL) (Kiritsis et al., 2003). In comparison to Levitt’s model, the
beginning-, middle-, and end of life model takes a more product development focused
perspective to the products life cycle. Planning, design, and production take place in the
BOL, distribution, service, and maintenance in the MOL, and recycling, refurbishing, and
retiring the product in the EOL. As is apparent, some PLC models focus more heavily to
the profitability and market aspect of products, while others lean more heavily into the
development and engineering side of product life cycle. As such, Cao and Folan (2012)
divide product life cycle models into two categories: the more traditional models that are
marketing focused (marketing product life cycle model or M-PLC) and the more
engineering and product development focused models (engineering product life cycle
model or E-PLC). Levitt’s original four-staged PLC model is an excellent example of a
M-PLC. Some other M-PLC models tacked on a fifth stage such as pioneering or
saturation, but usually they all have the visualized bell-curve and high relation to the sales

volumes. For E-PLC’s, a good example is the model by Kiritsis et al. (2003), where the
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product’s life cycle was divided into BOL, MOL, and EOL. Basically, taking the original
PLC’s stages and repurposing them for a broader view outside of just marketing. Other
E-PLCs follow the same formula of identifying the products life cycle in the context of
their own — such as engineering, manufacturing, or logistics — rather through marketing.
While Cao and Folan (2012) divided the two types of PLC models into M-PLC and E-
PLC, the use is not widespread in literature and as such the terminology is often used
interchangeably as the product life cycle. Going forward in the literature review, the
perspective of engineering product life cycle model is taken if not specifically mentioned

otherwise.

A very important factor aiding product development is the field of product lifecycle
management, or PLM for short. As defined by Stark (2005) “PLM is the business activity
of managing, in the most effective way, a company’s products all the way across their life
cycles; from the very first idea for a product all the way through until it is retired and
disposed of”. PLM is very closely tied to the engineering life cycle of a product (E-PLC)
and incorporates many different software tools, databases, and management techniques
within itself. At the core of PLM is the management of product related information, which
is often the backbone of product related decisions and processes. Still, categorizing PLM
as just the management of product related information seems dismissive, as it — depending
on which definition is used — engulfs the whole of the product development process in
addition to portfolio management, supply, and EOL management among many others
(Ming, 2005). It is also important to differentiate the business strategy of PLM — which
is the management of products through their life cycle — from the systems that are used
to implement PLM. The distinction is important, as in literature both the business strategy

and the systems use the same PLM abbreviation (Saaksvuori & Immonen 2008).

2.1.3 Product structure and productization

While very basic structures of products — such as that of a chocolate ice-cream with
whipped cream in an ice-cream store — are easy to visualize and model, more complex
ones — such as the manufacturing of a brand-new car — are not. To help with this end
comes the concept of a product structure which has the aim of modeling manufactured
products through representing the product, information linked to it, and the relation
between different components within the product (Saaksvuori & Immonen, 2008). Each
family, offering, assembly, sub-assembly, and component of a product can be modeled

through the product structure, so in other words the configuration of a product should be
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clearly visible. The modeling of generic product structures is standardized by the
International Organization for Standardization as the STEP — Standard for the Exchange
of Product model data — standard ISO 10303 (Pratt, 2001). Furthermore, Tolonen (2016)
divides the concept of the product structure into two; firstly, there is the commercial
product structure, which consists of the product solution, product family, different
product configurations, and sales items. The commercial product structure can be
conceived as the part that is “visible” to the customer. Then there is the technical product
structure — which is also commonly referred to as the bill-of-materials (BOM) — which
consists of all the things that are under-the-hood of the product offering i.e., not visible
to the customer. These contain the components, sub-assemblies, main assemblies, and
version items among other things. A visualization of a generic product structure can be
seen in figure 3. The product structure — and especially the technical product structure or
BOM - forms the backbone of both PLM and PDM as many of the functions of these
systems are built upon the product structure and it’s connected items (Hannila, 2019;

Saaksvuori & Immonen, 2008).

Product Family aducE
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Figure 3: A generic product structure (modified from Mustonen et al., 2019)

A continuum from the topic of modeling the product structure is productization (or

productisation). While Simula et al. (2008) argue that the literature has not yet come to
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an understanding on what exactly is the specific definition of the term, Harkonen et al.
(2015) define productization as “the process of analyzing a need, defining and combining
suitable elements, tangible and/or intangible, into a product-like defined set of
deliverables that is standardized, repeatable and comprehendible”. While the term
originated from the needs of intangible products, i.e., services, it has also become
widespread in manufacturing industries, where a more technical and product centric
viewpoint is taken. At the heart of productization is the use of modular product
components which are product components that can be used interchangeably from one
product to another (Rajahonka, 2013). Through productization, modular product
structures also allow for configurability and customizable products, where customers can
choose the right product configuration depending on their wants and needs. An example
of this could be a customer choosing a smartphone with a certain color and extra in-built
memory. As with the product structure that can be divided into the technical and
commercial, so too can the concept of productization be divided into the commercial and
technical. On one hand, productization supports new product development via
systematically enabling efficiency, scalability, and understanding the voice of the
customer, but on the other it also goes beyond engineering aspects by connecting other
activities — for example marketing — that make the product easier to understand, tangible,

and more valuable to the customer (Harkonen et al., 2015).

2.1.4 PDM and PLM systems

PDM systems — or shortly PDM as referred to as in literature — emerged in the 1980s as
the de facto product data management tool when the design data amounts used in CAD
(Computer Aided Design) systems started to grow into unmanageable portions (Lee &
Chen, 1996). Back then the primary aim of PDM was to conveniently store and share
CAD design data, which while not untrue in today’s PDMs, is a far cry from all the
different applications of modern day PDMs. While the literature has varying views on
what exactly the basic functionalities of PDMs are, the following functionalities are

typically found in every PDM (Liu & Xu, 2001; Stark, 2005; Philpotts, 1996):

e Data vault/information warehouse and document management
e Workflow and process management

e Product structure and configuration management

e Parts management

e Program management
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As is apparent from these five qualities, a high connectivity and compatibility with other
IT systems is a must for any PDM, as without it the information flow is impeded and the
natural aim of PDMs — i.e., “ensuring that the right information is available to the right
person at the right time and in the right form” (Liu & Xu, 2001) — cannot be reached (Wei
et al., 2009).

The first important functionality of any PDM is secure storage of documents and other
files, i.e., the data vault. Through the data vault users can retrieve, store, and reference
via metadata any product data safely and be sure that the data can easily be found, even
though the exact path to it may not be known (Peltonen, 2000). Importantly, the access
rights also come into play with the data vault, as not all users should have the same rights

to modify, delete, or cross-reference all data.

Continuing from access right, the workflow and process management is also an important
aspect of PDMs. As changes to product data can have multiple effects on other
data/systems, the changes should always be approved before submitting. Workflow and
process management ensure that each change is authorized — sometimes through multi-
step approval process — or unauthorized. Additionally, each change is saved as a previous
iteration or level so that the entire change history can be seen at all times and — if necessary

— the data can be rolled back to an earlier version (Philpotts, 1996).

Product structure and configuration management functionality forms the technical
structure of the product by handling BOMs, product configurations, and design versions
as well as linked variations (Liu & Xu, 2001). Handling the product structures includes
creating and maintaining attribute, instance, and location information in addition to the
traditional BOM data. Linking or associating test reports and other types of data to the
product structure should be possible as well (Philpotts, 1996). Additionally, the product
structure and configuration management functionality allow the automatic generation of
generic BOMs from the product structure, which can be used for a multitude of tasks such

as prototyping, design, testing.

Parts management in PDMs reference the ability to group and find specific parts
according to entered specifications. For example, if a mechanical engineer is searching
for a specific type of a gear to use in the next prototype, the parts management
functionality would let the engineer easily find gears suited to that purpose. The searching

criteria can also be the manufacturer of the component, its latest data modifier, or weight
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for example (Peltonen, 2000). Having a component library where different kinds of parts
can be found facilitates the re-use and standardization of product components and

decreases the time needed for product design (Philpotts, 1996).

Program management — or project management in some literature as described by
Philpotts (1996) — in PDMs aims to facilitate coordination between different processes,
resource scheduling and project tracking, in addition to providing work breakdown
structures (Liu & Xu, 2001). Combining resources with managed data creates a functional
network to observe the completion of different tasks in the product development process,
which — with the addition of an approval system — provide an added level of planning and
tracking (Philpotts, 1996). Program management also gives individual users a good grasp
of who is responsible of which task, as tasks and approvals can be assigned to specific

users.

In modern PDM literature, the topic of PLM systems often comes up. While hugely
similar — to the point where in some literature the terms are used interchangeably — the
two types of systems are not identical and should not be mixed up, as while all PLM
systems can be used for the same purposes as PDMs, PDMs potentially cannot perform
all the necessary tasks required from PLMs. This is because PDMs are engineering
focused information systems that manage and store product data and facilitate different
processes through the use of product data in the new product development process, while
PLMs on the other hand aim to track and manage the product data along the entire product
life cycle and enhance it via offering “a set of tools and technologies that provide a shared
platform for collaboration among product stakeholders” (Ameri & Dutta, 2005). In other
words, the functionalities of PDMs should be always included in PLMs, as product data
management is but one of the functionalities that full-blown modern PLMs offer. This is
also apparent when the typical features of PLMs are discussed; often the same five
functionalities — albeit with different terms or categorizing — that were crucial for PDMs

are listed a la Saaksvuori and Immonen (2008).

The similarities and connections of PLMs and PDMs to other information systems is also
highly discussed, as the first evolutions of proper PLMs came out nearly concurrently to
the first batch of enterprise resource planning (ERP), customer relationship management
(CRM), and supply chain management (SCM) systems (Ameri & Dutta, 2005). From
those three, the ERP system is historically seen as the most similar to PLMs/PDMs as it



21
too has the objective of managing all data enterprise-wide, but with the small difference
of having the major focus be on manufacturing rather than on the product itself (Peltonen,
2000). Still, as the systems are similar in a lot of ways, they do of course have some
overlapping features and functionalities, and as such some organizations might ponder
about implementing PLM functionalities in an ERP or vice versa. Historically though,
this is seen as a bad move, as both systems serve different purposes and thus cannot be
used as a replacement for on another. Saaksvuori and Immonen (2008) worded the
difference of ERPs and PLMs the best: “PLM is the system for product data producers,
ERP in turn is a system for product data consumers”. PLMs/PDMs relationship in regard
to CRMs and SCMs is quite straightforward. CRM and SCM focus on improving the
business practices of an organization either through the customer via CRM (e.g., customer
analysis, relationship management, marketing) or through the supply chain via SCM (e.g.,
logistics oversight, inventory management, total pipeline coordination) (Chalmeta, 2006;
Misra et al., 2010). Incidentally, as both systems rely heavily on product data, they should

be well integrated — or at least communicate in some manner — with PDMs/PLMs.

The literature on how to implement a new PLM — or PDM — system seems plentiful (e.g.,
Batenburg et al., 2006; Schuh et al., 2008), but unfortunately the aspects of how to
implement an integration to an already ready and utilized system are usually not
considered in this type of literature. Still, some important points can be drawn from the
literature, such as the notion of PLM maturity as defined by Nolan (1979). While the term
was firstly used in the context of IT-adoption, it suits the implementation of PLMs as well
due to general view on the topic. In broad strokes, PLM maturity describes how far an
organization 1s in its PLM implementation in contrast to full PLM implementation
(Kérkkdinen & Silventoinen, 2015). PLM maturity also considers the goals that need to
be reached for perfect implementation. The technical steps on what to improve of course
vary greatly depending on the organization, it’s processes and PLM maturity, but a
general framework defining and improving PLM maturity can be identified. Batenburg et
al. (2006) define such a general framework as the PLM roadmap process, where the
organization’s PLM maturity is analyzed in five steps. (1.) Analyze the current PLM
maturity and alignment, (2.) benchmark maturity, (3.) identify the desired PLM maturity
and alignment, (4.) identify items to be improved, and (5.) define the PLM roadmap. The
PLM maturity analysis similarly has five categories on which the state of the PLM is
measured, which are information technology (IT), organization and processes (OP),

management and control (MC), people and culture (PC), and strategy and policy (SP). A



22
full visualization of this can be seen in figure 4. The roadmap defined in the fifth step can
be seen as an actionable plan to improve the PLM with a schedule. The process is also
described as an iterative one, so the people in charge of the PLM integration should come

back to the PLM roadmap process time and time again in order to optimize the process.

SP ' Curmrent PLM
maturity and
alignment

Sp , Desired PLM
maturity and
alignment

lterative process

Identify items to
be imrproved

Figure 4: PLM roadmap process to improve PLM maturity (modified from Batenburg et al., 20006)

The benefits to utilizing PLMs are numerous, but also vary in nature depending on the
organization and the way the system is used. It should also be noted that PLM systems
are often uniquely integrated to the business processes of an organization, and as such the
concrete benefits of PLM are rarely the same from one organization to another
(Silventoinen et al., 2009). Still, some general benefits of PLMs — and by extension PDMs
— can be listed, such as (Stark, 2005; Liu & Xu, 2001; Hadaya & Marchildon, 2012):
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e Faster and less complex access to product information
e (Generating more innovative product ideas and delivering them to markets faster
e Improving business processes
¢ Aiding collaboration between disciplinaries and teams
e Better overall quality on products through less defects and mistakes
¢ Enhancing project management via more precise project schedule
e Promoting the use of previous product knowledge and utilizing modular product
structures
e Better recycle processes for products

e Improving relationships with supply chain partners

Of course, not all of these benefits can be realized if certain functionalities of PLMs are
not utilized. For example, if an organization only uses their PLM as a glorified data bank
for CAD structures and nothing else, it could be near impossible to gain the benefit of
improved project management through it. In addition to the generic benefits, other
demonstrable benefits have been identified in case studies (Saaksvuori & Immonen,
2008) or empirical PLM studies (Schuh et al., 2008). Saaksvuori and Immonen divided
the benefits into three categories of “saving time, improvement in quality, and reduction
of tied-up capital”. Better access to product structures, reduction in overlapping work,
and historical data on product information among others saved time, electrical acceptance
processes, easy access to standards, and improved information security etc. improved the
quality, and standardization of product items, management of smaller stock inventories,
and improved production planning via correct product structures reduced the tied-up
capital within the case organization. In the case of the empirical study conducted by Schuh
et al. (2008), the benefits were too numerous to list comprehensively, but improved the
processes of idea management, requirements management, product structuring, product
program planning, change management, project controlling, risk management and quality
controlling directly for example by higher innovation productivity, fostering continuous
improvement, improving decisions-making, identifying quality problems earlier, and
reducing development costs through modular products among others. As is apparent, the
implementation and correct utilization of a PLM system offers numerous benefits which
have a direct effect on various processes and not just the ones in product design for

example.
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There are also clear challenges in utilizing PLMs/PDMs. While the PLM literature often
focuses on the issues related to the implementation of a PLM/PDM system from scratch
— such as the lack of training on the use of the system, initial cost of implementation,
embracing product engineers as implementation team members, or the ever-elusive topic
of customization — there is not a clear consensus on what the most prominent challenges
are in the use of these systems (Hewett, 2010; Saaksvuori & Immonen, 2008). Liu and
Xu (2001) refer to the usability of a PDM system to being one of its greatest challenges,
as most PDMs do not have the most user-friendly interface. One explanation for the low
usability is arguably the fact, that since PDMs evolved from systems that were strictly for
the use of engineers, to systems that are being used throughout the organization, the
engineer-centric viewpoint to user interfaces — high functionality overall, including
usability — has stuck with the systems. The challenge with usability is also not just related
to bad user-interfaces, but also to such things as hard-to-use operations resulting in a steep
learning curve (Liu & Xu, 2001). Additionally, in a case study by Kropsu-Vehkapera et
al. (2009) four high-technology organizations’ use of PLMs/PDMs were evaluated and
the contender for most problematic issue was how to get the employees to comprehend
product data coherently and to utilize standardized processes to avoid faulty or incomplete
data. Other issues were the lack of a technical product structure and the lack of nominating
a product data owner/responsible. Unsurprisingly, the biggest identified issues on the use
of PLMs/PDMs are somewhat human centric; either based on the usability of the system
via non-user-friendly interfaces or steep learning-curves or based on the users’
(miss)understanding relating to product data, managing its quality over time, and lack of

a data governance network (Liu & Xu, 2001; Kropsu-Vehkapera et al., 2009).

2.1.5 Data quality and governance

In modern product data- and life cycle management, arguably one of the biggest issues is
keeping the quality of data high. While at first glance the topic might seem trivial — just
use accurate data and keep it up to date? — there are many nuances to data quality (DQ),
such as the fact that the same data might be used for different purposes by multiple users
resulting in a situation where from the perspective of the original intended use the data’s
quality might be high, but from the perspective of another could be lacking (Tayi &
Ballou, 1998). The management of data quality is also an intricate concept, as it is not
only interested in data cleansing or improvement, but also on the gathering of the data,

measuring its quality and continuously monitoring that the DQ also stays high (Ehrlinger
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& WoB, 2022). A prerequisite to understanding DQ management is to understand the

concept of data quality as well as the measurable dimensions of it.

Data quality as a concept goes all the way back to the 1950s where data issues were
studied in relation to product data, but it was not until the 1980s where the first definition
of data quality was coined as “the degree to which a set of inherent characteristics fulfil
the requirements” (Deming, 1982). From then on, the concept has evolved to have
multiple different definitions over time, but the most fitting and modern view is, that DQ
is dependent on the real-life use of the data, and as such when the data is fit for use — in
any given scenario — it is of high quality (Wang & Strong, 1996; Wand & Wang, 1996).
Of course, having data that is perfect — i.e., accurate, timely, and consistent at all times
from any user’s perspective — is entirely impossible and as such there should not be any
efforts to reach that. The focus instead should be on having data that is accurate enough,

timely enough, and consistent enough from the relevant users’ perspective (Orr, 1998).

In order to manage the quality of data, the dimensions of DQ must first be understood, as
they give a description and a reference frame for data quality measurement which is an
intrinsic step in DQ management. The role of DQ dimensions is to “describe and classify
measurable aspects of data quality” and similarly to present the characteristics of high-
quality data (Silvola, 2018). The original — and the most prominently used — four main
dimensions to DQ are accuracy, timeliness, completeness, and consistency (Ballou &
Pazer, 1985). Additional dimensions have been presented to accompany the original four,
such as the numerous ones introduced by Wang and Strong (1996), which together offer
a broader view to DQ than the conventional four-dimensioned view, as seen in table 1. In
this model each DQ dimension correlates to one of four DQ categories: intrinsic DQ,
accessibility DQ, contextual DQ, and representational DQ. The dimensions are all from
the data consumers’ — i.e., anyone who sees, edits, creates, or interacts in any way with
the data — perspective. Intrinsic DQ is of course interested in the accuracy and
believability of data, but also on the objectivity and reputation of it. Contextual DQ
focuses on the context of the data usage, where important dimensions are the added-value,
relevancy, timeliness, completeness, and appropriate amount of data. To combat the issue
of low-quality un-contextualized data, the contextual dimensions could be parameterized
for each task, resulting in data that specifies which type of task it is useful for.
Representational DQ dimensions are interpretability, concise and consistent

representation, and ease to understanding, which either relate to the format or meaning of
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the data. As such data must be in the correct format, interpretable and consistent (e.g.,
component measurements are reported with the metric system in a clear and concise way
in European databases rather than with empirical system) to be considered high-quality
by the representational dimension. Accessibility DQ dimensions relate to the accessibility
and access security of data, and since the widespread use of numerous IT systems has
only become more important (Wang & Strong, 1996). In addition to Wang and Strong’s
DQ dimensions, a number of other potential dimensions have been identified and
introduced in literature (e.g., Shanks et al., 2000; Kahn et al., 2002), but still the most
widespread dimensions — at least in data quality measurement — are the original four:

accuracy, timeliness, completeness, and consistency.

Table 1: The categories and dimensions of data quality (modified from Wang and Strong, 1996)

DQ Category DQ Dimensions

Intrinsic DQ Accurary, Objectivity, Believability & Reputation

Accessibility DQ Accessibility & Access security

Relevancy, Value-Added, Timeliness, Completeness &

Contextual DQ Amount of data

Interpretability, Ease of understanding, Concise

R ional D ; . .
epresentational DQ representation & Consistent representation

Like the multiple interpretations on DQ dimensions, data quality management (DQM)
has gone over a few revisions as well. The most common definition for it comes from the
Data Management Association (DAMA), that define data quality management as the
analysis, improvement, and assurance of data quality (Otto & Osterle, 2016). In
surrounding literature, the methods for DQM are also numerous, as methodologies such
as total data quality management (TDQM), methodology for information quality
assessment (AIMQ), and data quality assessment methods have been introduced over the
years (Wang, 1998; Lee et al., 2002; Pipino et al., 2002; Maydanchik, 2007). The different
perspectives to DQM of course have different emphases, omit certain activities, and
include some additional ones, but even then, they often are not contradictory. As
demonstrated by Ehrlinger and W68 (2022) in data quality literature the following four

characteristics can often be found in nearly all DQM methodologies: state reconstruction,
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DQ measurement or assessment, data cleansing or improvement, and the establishment
of continuous DQ monitoring. As such, these four activities could be called as the “core

activities” of data quality management and can be used as a starting point to a general

DQM process.

The first core activity of DQM is the reconstruction of a current state, where “contextual
information on organizational processes and services, data collections and related
management procures, quality issues and corresponding costs” is collected (Batini, et al.
2009). This activity can also be skipped if sufficient previous documentation already
exists, although the timeliness and extensiveness of it should be evaluated or at least kept
in mind. The second core activity is the DQ measurement or assessment depending on
which terminology is used. Both the measurement and assessment of data quality have
been described as the most problematic concepts in the literature as the question on how
to measure or assess the quality of data is often difficult to answer (Sebastian-Coleman,
2012). This is the reason why the dimensions of DQ are so important to identify, as they
give measurable values and metrics that can be used to assess the DQ. As explained by

Batini et al. (2009) the measurement phase can be further divided into five steps:

e Data analysis, which examines data schemas and performs interviews to reach a
complete understanding of data and related architectural and management rules

e DQ requirements analysis, which surveys the opinion of data users and
administrators to identify quality issues and set new quality targets

e Identification of critical areas, which selects the most relevant databases and data
flows to be assessed quantitatively

e Process modeling, which provides a model of the processes producing or updating
data

e Measurement of quality, which selects the quality dimensions affected by the
quality issues identified in the DQ requirements analysis step and defines
corresponding metrics; measurement can be objective when it is based on
quantitative metrics, or subjective, when it is based on qualitative evaluations by

data administrators and users.

The third core activity of DQM is the cleansing of data. In this process the inaccurate,
flawed, or unfinished data is fixed and corrected through different automated or manual

methods. Data cleansing can range from correcting a few dates on an excel sheet to
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running highly sophisticated algorithms that correct and format entire databases based on
preset requisites. The fourth core activity of DQM is the monitoring of data quality. In
this phase, the focus is not only on the monitoring aspect per se, but also on creating

iterative procedures to keep monitoring and constantly evaluating the quality of data

(Ehrlinger & Wo8, 2022).

Having a thorough DQM process is often overlooked in many organizations as a waste
of resources, but unsurprisingly the effects of low-quality data are numerous and, in some
cases, even financially devastating (Wang & Strong, 1996). First off, as stated by Moges
et al. (2016), if an organization utilizes data that is of bad enough quality, the first direct
result is poor decision making. This is only natural, as the more accurate, timely, and
specific the utilized data is, the more accurate and better decisions can be made with it.
In addition to poor decision making, negative effects of poor data quality include lessened
customer satisfaction, increased running costs, lower performance, lower employee
satisfaction, and increased operational costs (Haug et al., 2011). Poor-quality data might
even affect the organizational culture, as trusting the organization and its decisions
becomes more and more difficult. Of course, the costs and negative effects due to poor-
quality data do not end there, as Eppler and Helfert (2004) collected a list of 23 different
costs that result from low quality data. The list contains costs such as “excess labor costs”,
“data re-input costs”, “time costs of viewing irrelevant information”, “costs due to
tarnished image or loss of goodwill”, and “costs due to increased time of delivery”. So,
as the results and effects of having poor quality data in use are as numerous, it could be

perceived to be justified to conduct DQM i1n at least some degree.

While data quality management is a good tool for improving data quality, it alone is often
not enough; guidelines and processes to govern data quality management are needed.
According to Thomas (2006) data governance is important, since data is incapable of
managing itself, it is entirely reliant on the people and tools that are connected to it,
therefore making data governance not only the governance of data itself, but its related
technology and people as well. In their comprehensive literature review on data
governance, Abraham et al. (2019) take this definition even further: “Data governance
specifies a cross-functional framework for management data as a strategic enterprise
asset. In doing so, data governance specifies dec