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ABSTRACT
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Supervisor(s) at the university: Dr Janne Harkonen

As businesses are relying more on information systems to carry out therr processes, data
is becoming an increasingly important factor for success. In particular, product data is
necessary for tasks such as producing, selling, delivering, and invoicing a product within
these systems. In the past, studies on product data and product data management
management have primarily focused on product development and related activities, with

little emphasis on PDM in other stages of a product's lifecycle.

The aim of this Master’s thesis is to explain the contribution of PDM in enhancing a
company’s performance by improving its operational and business processes as well as
the difficulties and requirements nvolved i implementing Product Data Management
(PDM) practices in a Bangladeshi agrochemical company. The research encompasses
overall comprehension of PDM as a company-wide initiative and suggests possible

strategies for establishing company-wide PDM practices.

To mmprove therr data management practices for handling a broad range of varying
products, the case company was surveyed and analyzed in this study. The author utilized
a case study approach and conducted interviews to gather data from practitioners with
firsthand experience and perspectives. This empirical data has contributed to a better
understanding of company-wide PDM.



The findings of this research suggest that standardized understanding of products
throughout a company is necessary to facilitate effective management of product data. To
establish effective PDM practices throughout a company, it is crucial to have a
comprehensive understanding of the nature of product data, which encompasses both
product master data and general product data from different stakeholder viewpoints.
When dealing with a wide range of products that need to be effectively managed, higher-
level product decisions have a considerable influence on product data management, and
general guidelines may be vital for ease of management. The study emphasizes the
significance of adopting a top-down approach for creating effective PDM practices, and
the need for a generic product structure to facilitate consistent product management. The
main contribution of this research is its guidance for managers in establishing true

company-wide practices for managing product data.

Keywords: agrochemical, product data, product data management, product structure,
PDM, PLM, PDM system, operational excellence, business performance
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1 INTRODUCTION

1.1 Background and Research Environment

Dependency on data and mformation has been escalating due to their significance in every
business operation, from insights mto customers to product development and
management plans for the future (Laney & Jain, 2017). Modern technology enables
storing more data than a company can handle, and various enterprise solutions usually
result in confusion regarding data (Smith and McKeen, 2008). While erroneous and
inconsistent data definitions, data formats, etc. lead to lost opportunities, invoicing issues,
and nefficiencies, it is estimated that such circumstances in retail business costs $40
billion annually, and at the organizational level costs 10 percent of revenues
approximately (Silvola etal., 2019; Hannila et al., 2019; Snow, 2008; Batni et al., 2009;
Redman, 2001). According to Haug et al. (2009) and Dayton (2007), improved data leads
to better business decisions. However, despite being a strategic asset for companies, data
are not fully utilized (Weill and Woerner, 2018). While the amount of data have been
skyrocketing (Li et al, 2015), the usage of it is a challenge owing to information
reliability as it takes a longer time to find required accurate data (Aiken and Billings,
2013). Therefore, a PDM structure is needed. Furthermore, Porter & Heppelman (2014)
have recommended the need for a new mind-set in terms of customer relationship
mvolving intelligent and mntegrated products, which retrieve an extensive range of
customer data from product usage for refined market segmentation alongside product and

service customization and thereby for alternative pricing models.

In the era of highly competitive global market, companies are obligated to strive towards
continuous innovation of products to improve, or simply maintain, their market position.
In a work environment comprising multiple projects and culture across several sites, it is
imperative for organizations to specifically ensure that accurate product data (PD) are
flowing smoothly, ideally, automatically, between all stakeholders i the value chain

(Gime'nez et al, 2008). For any given product, an ample amount of product data and
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product-related business data are created throughout its entire lifecycle (Tao, Cheng, Qj,
Zhang, Zhang, & Sui, 2018). Typically, such data involve various stages of a product like
design, material procurement, manufacturing, distribution, sales, service, and
termmation. Each phase requires distinct data, which must be managed in a systematic
manner to provide correct mformation at the appropriate time to several stakeholders
(Yang et al, 2007; Rachuri et al, 2008). However, there are limited research articles
related to systematic utilization of data — facts, figures, and quantitative approaches — for
products to facilitate decision-making. Instead, companies rely on intuitions and
emotional response (Maitlis & Ozcelik, 2004) adopting a “who shout the loudest”
perspective often considering the opmion of the highest paid person (McAfee &
Brynjolfsson, 2012). On top of that, since data are siloed, too much manual work is
required to determine actual product costs (Jetson & Nelis 2008; Kumar Das & Mishra,
2011; Lans, 2012). Therefore, it is imperative to understand the significance and
desirability of genuine fact-based analysis on company products in identifying which
products are individually profitable, and which are eligble to keep as they generate
profitable business (Lahtimen, Mustonen, Harkonen, 2021). Connecting data sets to
company master data requires a magnified focus to provide an all-round view in
determining new business opportunities (Walker & Moran, 2017), necessitating
systematic data governance (Brous, Janssen, & Vilminko-Heikkinen, 2016; Fisher, 2009;
Lans, 2012; Thusoo & Sharma, 2017; Waddington, 2008).

Existing business environments, especially mvolving manufacturing, are heavily
dependent on data-systems because efficient data management practices have turned out
to be vital for business performance. Companies collaborating with partners, suppliers,
or subcontractors in relation to manufacturing are usually inclined towards data
management practices. Challenges for manufacturing companies in recent times include
shortening time-to-market, decreasing product lifecycles, increasing requirements for
legal and environmental concerns alongside necessity for continuous cost reduction and
operational excellence (Ameri & Dutta, 2005; Stark, 2005; Saaksvuori & Immonen, 2004;
CIMdata, 2002).



To overcome these challenges, conventional solutions are not sufficient. Product Data
Management (PDM) has turned out to be one of the most pivotal factors for companies,
especially n manufacturing industries. The utilization and possibilities of visualization
facilitated by PDM, as well as enhanced product data (PD) sharing come to considerable
benefit to design and manufacturing processes (Chan & Yu, 2007). To gain competitive
advantage, companies need a universal portrayal of PD that is electronically transferrable
across business functions and organizations (Saaksvuori & Immonen 2004), however, the
complete realization of this aspect is yet to be attaned (Abramovici, 2007). The essential
purpose of establishing PDM is to aid companies in streamlining their operations,
increasing their effectiveness and efliciency. Usually, PDM systems manage all basic
data mvolving design, maintain, and disposal of a product. Getting a product under
control will become a major drawback, if a company is not able to control product related
data (Stark, 2005). PDM facilitates in organizing and utilizing data, supporting the
acceleration of time-to-market owing to reduced lead-times (Huang et al, 2004;
Sulaiman, 2000; Philpotts, 1996). It has been put forward by numerous scholars that
company level data management practices (Schaffer & Leyh, 2017; Silvola et al., 2019;
Kropsu-Vehkapera & Haapasalo, 2011) is essential to make a company distinguished
(Allen & Cervo, 2015) and survive with competitors (Terz et al, 2010; Sriti et al., 2015).
Figure 1 demonstrates how the existing business environment influences product data

management in manufacturing companies (Modified from Kropsu-Vehkapera, 2012).
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Drivers Needs for PDM

Quick product development/changes
- more products in shorter time
- more product variations and

Amount of product data is increasing
Need for product configuration and

LA 4

versions change management

- complex material management, === (1) Need for product data model; (2)

supplier management, Product structure clearly defined; (3)

manufacturing, and sales Need for synchronization with all
stakeholders

Operational excellence

- reusing the existing design and === Reuse of product structure
documentation

- address the insufficient product === |Improve the quality and availability of
data in processes product data

- enhance effectiveness and volume === Need for product data model

by product configuration

Figure 1. Current business environment increasing the significance of
product data management in manufacturing companies.

1.2 Objectives and scope

The purpose of this thesis is to evaluate the existing product data management practices
in a Bangladeshi agro-chemical manufacturing company and provide recommendations

in this respect to enhance company performance in an increasingly competitive market.

The case company, established more than 50 years ago, reserves an immense silo of data.
Recently, it has adopted an Enterprise Resource Planning (ERP) system to streamline the
flow of transactional data across business functions but much work is yet to be done to
ensure operational and business excellence. It must be mentioned, by virtue of company's
age as well as a flourishing agrochemical industry in Bangladesh, the case company
appears to be running smoothly, however, owing to the entrance of global competitors
mto the market, the company must emphasize business and operational excellence to stay

mn business; for mstance, define and standardize product data management practices.
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Therefore, to tackle one aspect, the master’s thesis focuses on '"Product Data

Management” addressing the following research questions:

1) How can PDM practices improve company performance via business /operational
enhancement?

2) What PDM practices are utilized, and what are the prime PDM related challenges
in the case company?

3) Where to start the improvement scheme, and what should be the improvement

actions?

1.3 Research Process

The purpose of this thesis is to enhance understanding of product data management and
its significance in company performance by utilizing existing literature as key source. The
empirical study consists of industrial mterviews, based on which, improvement
recommendations have been proposed. Since prior comprehension is limited, the research

is qualitative i nature (Eisenhardt, 1989). The research process is portrayed in Figure 2.

The study involves reviewing present literature and analyzing product data manage ment
related practices in one agrochemical manufacturing company in Bangladesh. The
company was selected based on possibility to gain access, interest in product manage ment
and the fact that the author is a former employee. The company represents business-to-

business, and its products are physical in nature.

Empirical data have been obtained via semi-structured interviews (Bell et al, 2018). The
mterviewees were asked about the company’s products, amounts of products and
variants/versions, their understanding of product data and product data management
alongside related challenges, the enterprise applications i use, and their consistency

between different products.
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Two interviewees have been chosen based on the best possible knowledge on the
mterview topics and therr long tenure at the company of more than a decade. The
mterviewee  titles include Manager, Supply Chain, and Assistant Manager,
Administration. Both interviewees have played multi- faceted roles, hence they possess
the mnsights of the entire company and its data management practices. The interviews

were recorded when allowed and notes were taken.

The analysis was followed by inductive reasoning where the overall focus is pragmatic to
certain degree. Analytic generalization has been attempted. Conclusions are drawn based

on analyses, and implications are distilled.

Figure 2. The research process.
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2 LITERATURE REVIEW

2.1 Product

A product is the appropriate amalgamation of tangble and mntangible constituents
resulting in an offering to be sold to customers to satisfy their needs. It can be offered in
the form of a service, physical object, software, or acombmation ofthese (Karl & Steven,
2015). In the case of intangible products, customers’ needs are fulfilled without transfer
of ownership of a tangible asset - for instance, a software comprising data analysis tools,
computer programs, and associated documentation (Harkonen et al., 2017). Furthermore,
the process of deciphering, combming, and developing a suitable mixture of physical and
non-physical elements into a product is referred to as productization (Harkonen,

Haapasalo & Hénninen, 2015).

2.1.1 Product Variant and Revision

A product can be offered to the customer in the form of several variants or configurations
and delivered as per demand (Peltonen, 2000). Products can be interpreted with various
distinct terms like product version, product variant, product revision and product

configuration Kropsu-Vehkapera (2012).

The reason behind upgradation of products can range from quality or performance
enhancement to cost-reduction, usually resulting in product versions (Kropsu-Vehkapera
et al, 2011b), which can be further segregated into revisions (new version of a product
replacing the older one) and variants (Westfechtel, Munch, & Conradi, 2001). The
quantity of sellable products is not increased by new revisions (Kropsu-Vehkapera,
2012). In fact, the new product variants are introduced to address additional customer
requirements (McKay, Erens, & Bloor, 1996), which slightly vary from the original
product variant (ElMaraghy et al., 2013), leading to an increase in the number of product
variants (Kropsu- Vehkapera et al,, 2011b). Peltonen (2000) put forward some examples

of product variants like color change or electrical appliances with different voltage rating.
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A variant is important to keep separated from option, which can be either included or left
out (Kropsu-Vehkapera et al, 2011b).

It is tricky to consider if the new product version is a new variant or a revision. Typically,
new product revision is introduced if the fit, form and function remain the same,
otherwise, if either of these are altered, a new product variant is created (Peltonen, 2000).
Product configurations can be formed on the basis of a set of predefined components
(EMaraghy et al, 2013; Kropsu-Vehkapera et al, 2011b) for effective and precise
fulfillment of customer requirements (Kropsu-Vehkapera et al, 2012; Zhu, Wang, Yang,
Mo, & Zhao, 2008).

2.2 Product Data in Organizations

An extensive amount of product data is created, altered, transferred, stored and converted
during the product lifecycle while being used in daily operations (Lee & Suh 2009). The
definitions of a product data do not explain enough to describe the actual content of
product data (Sudarsan et al. 2005).

As per Saaksvuori & Immonen (2004), product data can be explained by dividing the

concept nto three groups:

e Definition data: Referring to fit, form and function of a product, this determines
the physical or functional properties of a product from the perspective of a
particular party (e.g., customer or manufacturer) and links the information to the
understanding of the party in consideration. In addition to specific technical data
alongside abstract information, this group also includes conceptual visualizations
that characterize a product, portraying a complete product definition (Kropsu-
Vehkapera & Haapasalo, 2011).

e The lift cycle data: This involves connecting the product with its phase in the

order-delivery process. Relevant information i this group comprises research,
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design and development, production ramp-up, maintenance, recycling, disposal of
the product and so on (Yang et al, 2007; Rachuri et al, 2008).

e Meta data: This group of information describes the product data — for instance —
the type of information, its location, who has recorded it and when or how it can

be accessed (Schrader, 2013).

Since product data is not a standardized concept spread out throughout an organization
and created and utilized in various business functions, it is difficult to define the its
contents (White 2007, Sudarsan et al. 2005). As one of the few scholars, Vroom (1996)
has proposed different attributes of product data:

e Product identification code and product name

e List of parts, materials, drawings, testing manual, technical design data

e Parts of product prototype

e Conception of production process design, tooling, inspection guidelines

o Logistics data, such as the number of products per box, transportation package,
description of packing materials, packaging mstructions

e Product target price.

In a manufacturing firm, nformation about a product is a foundation of the integration of
business functions and processes as the internal and external parties utilize and produce
data in their day-to-day activities. For instance, mternal functions are involved with
product data comprising design, planning, and engmneering connected with procurement,
manufacturing, and customer service whereas external functions are concerned with
collaborative stakeholders such as suppliers, maintenance services, etc. The control and
distribution of product data is emphasized by companies operating in a networked
environment, specifically, for business functions closely related to product process
throughout its lifecycle — e.g., design, production, after-sales service, etc. (Yang et al.,
2007; Rachuri et al., 2008; Saaksvuori & Immonen, 2004)
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2.3 Product Structure

A product structure describes a particular product component, product element, or
subsystem where the relation between various objects can be mutually hierarchical in
different levels (Saaksvuori & Immonen, 2004). In connection with the concept of
productization, product structure is a sequential representation of what the customer
purchases and a breakdown of its technical configuration in the form of two segments:
commercial and technical (Lahtinen, Mustonen, Harkonen, 2021). The commercial
portion is usually seen, chosen and bought by customers whereas the technical section

comprises unseen components contributing to the creation ofthose commercial offerings.

To explain further, product families, configurations and sales items form the commercial
structure while version items, components, sub-components, etc. build the technical
structure (Harkonen, Tolonen & Haapasalo, 2017). Following the establishment of a
product structure, relevant stakeholders i an organization gain a clear view of the
product. For example — as further elaborated by Harkonen, Tolonen & Haapasalo (2017)
and Lahtinen, Mustonen, Harkonen (2021); sales and marketing department is concerned
with commercial side, and departments like manufacturing, supply chamn, product
development, etc. are involved with technical aspects. In addition, by segregating
hardware, software, and service as separate sales items, they can be individually
addressed by respective technical departments. For instance, production personnel only
deal with physical sales items along with their technical structure. At the same time, if
service is a sales item (for a product delivery service provider), access to it will only be
provided to logistics providers. Therefore, the product structure facilitates the distribution
of specific product data to relevant stakeholders and avoids distracting employees with
unnecessary information (Harkonen et al., 2019). Figure 3 illustrates the potential view
derived from product structure. Item category views, and examples of stakeholder

specific views have been represented as per proposals by Kropsu-Vehkapera &
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Haapasalo, (2012); Jansen et al. (2005); Svensson & Malmqvist (2002); Andreasen et al.
(1996).

Commercial Portion

Technical Portion

Figure 3. Idea of product structure.

2.4 Company Data

Back in the 1990s, data infrastructures were built in accordance with transaction data
created by business applications like ERP and CRM, which were considered as the
majority of data in companies. Since the entrance of the internet, an increasing quantity
of global data have been generated via interaction between people, machines, social
media, and in various structural formats (Thusoo & Sarma, 2017). Hannila et al. (2019)
stated that data assets of an organization can be divided into three types: 1) Structured
data, which is stored and processed with respect to a data model and can usually be
managed or utiized with the help of Structured Query Language (SQL) (Vasarhelyi et
al., 2015; Beal W. Webopedia, 2022). It is simple to enter, store and analyze this type of
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data. As explained by Roger Wolter, Microsoft Inc (2006), structured data consists of the
following data types; Metadata is data about data stored in the form of report definitions,
XML documents i a log file within a data warehouse (Sadiq et al., 2017); Hierarchical
data s mvolved with storing relationships between other data, usually as separate
descriptions of real mformation, such as, product lines (Buneman et al, 2004);
Transactional data refers to data generated by business processes and business
applications. For example, orders, invoices, payments, etc.; Master data comprises vital
business information related to customer, vendor and product itegrated across the
company (kumar Das et al., 2011) and ideally, remains mostly unaltered (Silvola et al
2011). 2) Semi-structured data is structured data that does not have a strict data-
structure. 3) Unstructured data is the most common data category consisting of up to 90
% of the enterprise data. This includes data that does not abide by a particular arrangement
such as row-column tables — for mstance, multimedia content, magazine articles, etc.
(Laney, 2017). Collection and maintenance of these data with reliability and accuracy are
a necessity for all business functions within a company. Therefore, all functions within

an organization must be capable of creating and maintaining data with efficiency (Fisher
T., 2009).

In this paper, emphasis is put on the role of master data and transactional data in product

data management.

2.4.1 MasterData and Transactional Data

Master data explains the properties of data objects under the light of businesses as they
are used m different applications across a company in association with their definitions,
roles, connections, metadata, and taxonomies (Loshin, 2009; Dayton, 2007). Berson and
Dubov (2007) describe master data as data utilized across several business processes after
they are cleaned, verified, and integrated into an enterprise-wide system. Primary entities
mnclude groups (e.g., organization, customer, employees, suppliers, etc.), positions (e.g.,
locations, facilities, etc.) and facets (e.g., products or services, assets, accounts, policies,
etc.) (White et al., 2006; Moss, 2007). All the company data are not classified as master
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data but only the key business elements that have the biggest impact consisting of subset
of elements required for data sharing and standardization (Loshin, 2009; White et al.,
2006). The scope of master data is wide and may consist of product data, customer data,
supplier data, etc. Although, many master data related activities prioritize on product or
customer data, any business data can be master data (Berson & Dubov, 2007). Usually
referred to as “the single version of truth”, Berson & Dubov (2007) mentions that master
data is an imperative aspect to facilitate an organization to transform from account centric

business to agile customer centric business.

On the other hand, transactional data includes the relevant events generated by all
business processes in a company such as orders, invoices, payments, deliveries, etc.
(Haug et al, 2013). Since transactions usually utilize master data related to products,
customers, or suppliers in association with business applications like Enterprise Resource
Planning (ERP) and Customer Relationship Management (CRM), they are heavily reliant
on the high quality and consistency of master data throughout the product lifecycle (Haug
et al., 2013; Thusoo & Sarma, 2017; Silvola etal 2011).

2.4.2 Data Governance

Growing data volumes stored using modern technology and convulated business
environment are going beyond a company’s capability to handle (Smith and McKeen,
2008), raising the necessity for properly integrated processes, controlled data architecture
as well as consistent data and information management, for a company to survive (Chaki,
2015). Therefore nowadays, the task of data management has altered and entirely novel
technologies and processes are needed to govern data and guarantee data quality (Chaki,
2015). The burning requirement for data management is the consequence of data

explosion (Brous etal., 2016).

Data governance is the process of standardizing business data and related measures
throughout an organization, ivolving data defmition, distribution, ownership and quality
(Waddington, 2008; Fisher, 2009). It guarantees high quality, consistent, and appropriate
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data throughout the company (Bonnet, 2010). As per Brous et al. (2016), data governence
is unique for a particular company depending on its specific data. The foundation of data
governance includes availability, consistency, usability, data security and data integrity
(Korhonen et al, 2013). One primary function of data governance is assigning data
owners to every data element in the organization, which specifies who possesses the
authority to gather and manage certain types of data to ensure data quality and availability
(Silvola, 2018; Waddington, 2008; Fisher, 2009; talend, 2022). As put forward by Silvola
(2018), data governance includes defining, organising and implementing guidelines for
data management, and product data management functions based on the set guidelines,

which develops the foundation for data management.

2.5 Product Master Data

Product master data is one form of master data integrating critical business mnformation
(Kumar Das & Mishra, 2011) with respect to attributes of products distinguished by item
codes, classification, product structure, phase of life-cycle, supplier, mtended cost/price,
etc. generally stored in a PDM/PLM system or ERP system (Snow, 2008). In practice,
product master data is created once during the new product development (NPD) stage
before it is circulated across the company for use in other business functions and

processes (Ameri & Dutta, 2005; Hannila et al. 2019).

As explained by Silvola etal (2019) and Wu et al., 2014: product master data is inspected
and authenticated in several development phases through departmental and cross-
functional collaboration to ensure that the resultant data content abides by the
requirements for usability in the business processes. Therefore, a set of base data is
identified and mntegrated within an enterprise system to enable smooth and accurate data
flow by connecting company business process, master data, product data and enterprise
applications. As a result, correct information about a product can be quickly accessed,
which facilitates making the right decisions in the context of a product’s lifecycle stage

or change requirements.
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2.6 Business Processes

The principle behind business processes is to create value, both in primary and
supplementary aspects (Margherita, 2013; Neubauer, 2009). Primary value is produced
through product development, manufacturing, marketings and distribution as well as
services (Corallo et al. 2010; Gunasekaran & Sandhu, 2010; Margherita, 2013). The
structure of business processes can vary (Lin, Yang, & Pai, 2002), as company operations
are linked to customers’ requirements (Kock, 2005; Lee & Dale, 1998), to fulfill customer
requirements over organizational, cross-functional drawbacks (DeToro & McCabe,
1997). Since business results are ensured by cross-functional processes and individuals
m a company (Rummler & Brache, 1990; Womack & Jones, 1996), it is vital to
implement strong business process management, alignment with company strategy,

competent workforce and technology (Jeston & Nelis, 2008).

Company business processes are related to productization, product structure and
enterprise  applications, describmg how products are developed, manufactured,
maintained, marketed, ordered, sold, supplied, delivered, mnvoiced, etc. (Tolonen et al.,
2014; Tolonen, Harkonen, et al., 2015; Hannila, Tolonen, et al., 2019; Harkonen et al.,
2017; Kuula etal., 2018). Based on explanations put forward by Lin et al. (2002), Jeston
& Nelis (2008) and Tolonen et al. (2015a), the idea of business processes within a
company has been developed (Figure 4).
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Figure 4. Business Processes.

2.7 Enterprise Applications

CIMdata (2001) states that in an ideal business scenario, Product Data Management /
Product Lifecycle Management (PDM/PLM) system is an enterprise application utilized
to manage the product structure. The essential data comprising design, maintenance and
disposal of a product, without which, product management by companies would become
a challenge, are incorporated nto PDM systems (Stark, 2005). The enterprise application
facilitates in organizing and utilizing data to enable a product to reach the market faster
(Huang et al, 2004; Sulaiman, 2000). PDM systems, as explained by Hannila et al
(2019), Silvola et al, (2019), Stark (2005) and Svensson (2002), are IT systems fulfilling
the purpose of a central database for history and process of products in a company while
expediting integration via smooth sharing of information across relevant business
functions / processes like sales, manufacturer, product manager, etc., nvolved with the
product. The product master data (created once during new product development phase),
is usually reserved in PDM/PLM systems before being distributed for utilization in other
business functions/processes (CIMdata, 2002; Stark, 2005; Hannila, Tolonen, Harkonen,
& Haapasalo, 2019; Svensson & Malmgqvist, 2002; Silvola et al., 2019).
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PDM system links product data in relation to product and process management,
incorporating an infrastructure for sharing and managing data for stakeholders alongside
a related user mterface (Rueckel et al., 2005; Stark, 2005). PDM systems consist of at
least the following fundamental modules (Kumar and Midha, 2006; Stark, 2005):

e Information warehouse or data vault

e Information warehouse management: tracing any data related actions
e Document management

e (Configuration management (CM)

e Product structure management

e Product and workflow structure: definition modules

e Workflow and process management

e System administration management.

With reference to above list, an essential element of PDM systems is compatibility with
other IT systems (Wei et al., 2009; Maletz et al., 2007). Design and model data created
by Computer Aided Design (CAD) software along with engneering data and
supplementary documents are stored and managed n PDM/PLM system, and other
enterprise applications retrieve relevant information from them. For example: in case of
purchasing, manufacturing orassembly ofa product, Enterprise Resource Planning (ERP)
system obtains data related to manufacturing instructions, Bill-of-Material (BOM),
supplier mformation, etc. from PDM/PLM system. In addition, the Customer
Relationship Management (CRM) system collects data in relation to product family,
configuration, sales items, customer data, etc. from PDM/PLM system to support the
work of marketing and sales departments. As an overview, the vital contribution of a
PDM/PLM system is its integration with all business processes to share accurate and live
mnformation to the right place throughout the organization Harkonen et al. (2019) and
Stark (2005).
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2.8 Integration of Product Data Management into Business Processes

2.8.1 Product Data Management

The product structure plays a pivotal role in product data management (Boton et al,
2016). The structure also contributes to the management of bills of materials as well as

numerous product configurations, offering functionalities for version items and linked

parts (Eynard et al., 2004).

Product data, product structure and enterprise applications can also be managed by
adopting standards such as STEP (Standard for the Exchange of Product Data Model)
(Pratt, 2001). Different functions, such as design, production, procurement, order
management, maintenance, etc. usually work mn different systems because of their
changing needs for the breakdown of product structure and functionality of enterprise
applications (Svensson & Malmqvist, 2002). With respect to technical composition in
manufacturing related activities, bill-of-material (BOM) is the most common product
structure (Wu et al., 2010) usually stored n PDM/PLM system, or in ERP system and is
freely transferred to other enterprise applications (Hannila et al, 2019; Svensson &
Malmqvist, 2002).

On the other hand, Tolonen et al. (2014) explained that even though commercial aspects
are linked with customer, sales, marketing, and product management, it is usually not
connected to enterprise applications in companies. Hence, the commercial structure can
include entities like product families, product configuration and sales items (Harkonen et
al, 2017, 2018; Tolonen et al. 2014, 2018) formed between different companies to
cooperate commercially (Mustonen et al., 2019). Ideally, relevant data is stored in and
retrieved from a Customer Relationship Management (CRM) system as it assists sales
and marketing in their work (Harkonen et al., 2019). To clarify further, establishment of
product structure facilitates relevant stakeholders to gain a clear perspective of the
product. For instance, sales and marketing departments only deal with commercial side,

while product development and manufacturing departments are concerned with technical
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aspects. In addition, by differentiating hardware, software and service as individual sales
items, they can be distinctively addressed by respective technical departments (Harkonen
et al, 2017; Lahtinen et al., 2021).

The idea of product structure and related master data is aimed towards data consistency
to allow fact-based analysis (Hannila et al.,, 2020). For instance, real-time evaluation of
product profitability by comparing revenue and cost information can be performed with
the help of data, enterprise applications and product structure (Hannila et al, 2019),
necessitating the use of both commercial and technical structures (Harkonen et al., 2019).
The technical product structure is not rigid and requires updates in enterprise applications
with respect to data and product structure (CIM Data, 1998; Hannila, Tolonen, et al.,
2019; Pinqui¢ et al, 2015). According to Svensson & Malmqvist (2002) changes in
technical product structure can take place due to engineering change manage ment
throughout a product’s lifecycle as well as activities related to cost reduction or quality

improvement.

2.8.2 Integration with Business Processes

To manage product master data within large volumes of company data, companies
implement specific applications (Silvola, Jaaskelanen, Kropsu-Vehkapera, & Haapasalo
2011), utilized over the life-cycle of the product (Stark, 2011; Silvola, Tolonen,
Harkonen, Haapasalo, & Ménnistd, 2019; Hannila, Tolonen, etal., 2019). Das and Mishra
(2011) highlighted how master data links business processes and enterprise applications,
while Silvola et al. (2011) have connected the data, process and IT applications and
portrayed the significance of master data qualty by comparing it with human DNA.
Figure 5 illustrates the combination of business processes and product data manage ment

by utilizing business IT tools.
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Figure 5. Incorporating Product Data Management into Business
Processes by utilizing business IT tools.

In an ideal situation, product data would flow smoothly through the primary enterprise
applications and essential business processes (Silvola et al., 2019). Integration of business
process and functions of a company are affiliated with information about the product,
while the factors of creation, management and distribution of data connect the expertise
of the organization (Sadksvuori & Immonen, 2008). The purpose of master data is to
mtegrate the business processes and the information system tools, hence highlighting the
necessity of considering data as a strategic asset (Aiken & Billings, 2013), ncluding
product master data throughout the entire product lifecycle (Silvola et al., 2019). Product
master data is created during the new product development phase before being distributed
to other business functions and processes, further enriching, and supplementing it with
other product-related business data based on changing functional needs. However, the
missing link is the mutual agreement on who owns and manages the data within
organizations (Aiken & Billings, 2013). To prevent data quality issues, data flow across
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the business process and business IT systems must be systematically governed i relation
to corporate strategy (Gao et al., 2010; Haider, 2015; Otto et al., 2007; Schaffer & Leyh,
2017; Silvola et al., 2019). A standard master data architecture facilitates the utilization
of data to aid in decision-making within business process interfaces (Baghi, Schlosser,
Ebner, Otto, & Oesterle, 2014). In complicated business scenarios, real-time nformation
is required, and can be the only entity to bring competitive advantage, which highlights
the significance of product data management in the management of a company (Chaki,

2015).

2.8.3 Challenge in integrating PDM into Business Processes

It is not possible to attain accurate product data management without first comprehending
the product and relevant data from a business perspective. The understanding of product
data is a challenge due to the complex arrangement of various stakeholders. Scattered
throughout the organization and managed individually, product data are complicated and
have varying meanings (Snow 2008, Saaksvuori & Immonen 2008, Boyd 2006, Sudarsan
et al. 2005). Furthermore, product data exists in various forms in different applications
(Feng et al. 2009; Lu & Xu 2001), usually in inconsistent formats due to little or no
standardization (Baina et al. 2009, Lee et al. 2006), resulting in discrepancy in business
concepts and object definitions (Moss 2007). Therefore, integration of applications, data
and process throughout companies is challenging to implement (e.g. Qu & Wang 2011,
Silcher et al. 2010, Shu & Wang 2005).

2.9 PDM and Company Performance

Today’s business environment, with its fierce global competition, raises the necessity for
companies to continuously find innovative methods of reducing cost and enhancing
operational efficiency to ensure a sustainable business. In our current business scenario,
competitive advantage is typically dependent on data-systems, especially in
manufacturing companies where efficient data management practices have become

pivotal for business efficiency. Some of the challenges mfluencing change in processes
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and the steep increase in the amount of product data (Li et al, 2015) include growing
competition and tighter budgets, internationalization of business, shortening delivery
times, common industry standards, increase in legal and environmental requirements, etc.
alongside demand for cost reduction and higher productivity. This complex business
environment has made it more difficult to find and maintain the right product-related
mformation, leading to sluggish retrieval of data because the information is scattered
across different systems. As a result, stakeholders cannot trust the product data in the
company information system, which makes them establish their own documentation
methods. This brings a huge drawback in the work of other stakeholders, who need the
mnformation, leading to a vicious cycle of product management. To break this vicious
cycle causing hindrance in all operations and overall business performance, the
implementation of PDM practices and a PDM/PLM system is imminent. (Saaksvuori &
Immonen, 2008; Ameri & Dutta, 2005; Stark, 2005; Saaksvuori & Immonen, 2004;
CIMdata, 2002). PDM/PLM has a pivotal role to enterprise sustainability. The
revolutionary steps in relation to PDM/PLM implementations are to eradicate
fragmented, convoluted, and opaque company activities, such as design (e.g., mechanical,
electrical and software development), production, supply chain management, logistics,

and services. (CIMData, 2015).

2.9.1 Operational Performance

Nowadays, although many manufacturing companies are internally networked with CAD
systems, ERP systems, sales systems, etc., their heterogeneous nature demands
mtegration for smooth mformation transfer. PDM/PLM systems can be utilized to
improve direct communication, transfer of files and conversions between different file
formats (Saaksvuori & Immonen, 2008). Design and manufacturing processes are highly
benefited by sharing of product data as well as usage and visualization functionalities
offered by PDM (Chan and Yu, 2007). The main purpose of ntroducing PDM is to
facilitate electronic transfer of product data across organizations to manage their

operations electronically, making it more efficient and effective (Saaksvuori and
Immonen, 2004; Stark, 2005).
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For instance, to aid in collaborative engmneering and management of product development
projects, product structures, documents and quality, enhanced solutions for managing
product data are required (Yang et al., 2007; Rouibah and Ould-Al, 2007). At the same
time, supply chain performance is heavily reliant on product related data handling, as
adopting appropriate PDM practices can help: 1) Reduce inventory tied capital: better
management of component information and suppliers reduces component stock by
expanding the convertibility of components; 2) Improve employees’ productivity:
individual knowledge is converted mto intellectual capital available to the whole
organization, hence reducing the resources used to retrieve and manage product related
data; 3) Improve quality and reduce cost of re-work: fast, efficient and traceable change

management due to streamlined product processes. (Saaksvuori & Immonen, 2008;

(Huang et al., 2003, 2005; Johansson & Medbo, 2004).

2.9.2 Business Performance

At present, companies are obligated to prioritize information about markets and
competitors alongside mternal data on products and processes to improve, or simply
maintain, their position in the market. The importance of product data has grown due to
complexity in products and demand for product variations while companies face
challenges related to product data because the required information is scattered and is
usually located in different parts of the organization and n multiple data bases with

varying file formats (Gimenez et al., 2008; Kropsu-Vehkapera, 2012).

PDM enables quicker time-to-market due to reduced lead-time by helping to organize and
utilize data (Huang et al, 2004; Sulaiman, 2000; Philpotts, 1996). In recent times, to
enhance business performance, companies are seeking company-wide solutions through
better product data management (CIMdata 2002). The existing approach in discussion
about PDM comprise the entire product lifecycle in data management stressing more on
mtegrated lifecycle management (e.g, Giménez et al. 2008, Sudarsan et al. 2005).
Consequently, product lifecycle management has become a predominant concept now
and also covers PDM activities. (Stark, 2005, Sudarsan et al. 2005, CIMdata 2002).
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2.10 Synthesis of literature review

Based on the literature review, the sequence of relationship between three factors has
been explamed in Figure 6 as answer to the first research question; 1) product data,
necessitating, 2) product data management, to, 3) enhance company performance. These
factors comprise several concepts connecting the entire idea of product data manage ment
and how it improves performance of a company. The iterlinked concepts include e.g,
product structure, product master data, data governance and enterprise applications. After
developing the product structure, company has a clear idea of product in accordance with
relevant stakeholders in commercial and technical aspects, which is then incorporated
mto product master data while all related data are stored and transferred using enterprise
systems. At the same time, a holistic data governance idea has been put forward to
combine the concepts together by enabling the regulation of high-quality product-related
business data. All these concepts must be managed systematically and synchronized with

each other to derive the best results from product data management practices.
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Figure 6. Product Data Management leading towards enhanced company
performance.

To summarize: with the help of PDM, it is possible to undertake product development or
incorporate product changes smoothly to introduce the offerings to the market at a quicker
pace than competitors. Furthermore, owing to faster accessibility of real-time PD, change
or improvement schemes can be performed with mmimum attempts, as re-works would
be reduced. This will also bring down supply chain-related costs as well as enhance the
productivity of employees because of the elimination of manual work. The overall
circumstance will not only improve operational performance but will also have positive

impact on business performance of a company.
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3 CURRENT STATE ANALYSIS

3.1 Case Company

The case company has been established and operational for over five decades and reserves
an immense silo of data. The company is characterized as Business-to-Business (B2B)
representing mature operations with a long business history and an annual turnover of
around 52 million euros. With respect to literature review, case interviews and
understanding of author, the offerings of the company are crop protection chemicals
comprising several pack-sizes (or variants) usually having long lifecycles, and training
for usage of these chemicals. In this circumstance, the sales items are various
agrochemicals in specific sizes of bottles or packets available in cartons whereas the
technical components include chemicals as well as packing materials such as high-density
polyethylene (for bottle caps), low density polyethylene (for bottles), labels, glues, seals,
etc. The other sales item is service to train farmers to use these chemicals. However, the

product structure is not defined as such, as explained in the following section.

The finished products are transferred to distributors or resellers (customers) spread out in
several locations across the country who would then sell to farmers (end-users). In the
business process, marketing and sales promote the products in relevant regions while they
determine the demand and sell the products to distributors; and supply chain is nvolved
with importing the agro-chemicals i bulk quantity followed by re-packaging i the
manufacturing unit based on required pack-sizes, before distributing the finished products
to various branches across the country. At the same time, services in the form of training
and development are offered by marketing teams to farmers to teach them about the usage
of chemicals. Notably, the offered pack-sizes, chemicals and outlook designs of many
products must be altered from time to time because of changing nature of demand,
effective/appropriate chemical formulas and growing competition leading to requirement
for cost optimization, reformulation of chemicals, and new promotional activities,

respectively. In particular, a common phenomenon is, if an agro-chemical product is
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found to be too harmful for the environment or less effective, it is brought back from
market, reformulated with other chemicals before re-dispatching to customers, hence

resulting in several changes.

Recently, the company has adopted a new Enterprise Resource Planning (ERP) system to
streamline the flow of transactional data across business functions alongside a strong
dependency on Microsoft Word and Excel as well as the previous ERP system, but much
work is yet to be accomplished to facilitate product data management.

3.2 Current PDM practices and prime challenges

3.2.1 Current PDM practices

During the interview sessions, PD have been defined by the mterviewees to mvolve all
the data in relation to a product. It can be the technical formulation, quality / safety related

PD, production, supplier, or sales.

PDM was viewed as organizing all the product related data, with particular emphasis on
ensuring that all data were shared and available at the right time for stakeholders who
needed the information. A major part of PDM, as understood by interviewees, was the
efficient and effective utilization of controlled data. Furthermore, PDM comprised
systematization of processes with regard to data management and product changes
maintaining a record, which enable standardized methods of working, facilitated by

enterprise applications.

On the other hand, based on the responses from interviewees, it was not possible to
conclude on a common definition for PLM. Typically, the understanding of PLM was
narrowed down as the length of time from introduction of a product till its removal, but
the activities dedicated towards every phase of PLC were not specifically considered.

Moreover, there was little or no knowledge about PDM/PLM systems.
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3.2.2 Challenges in PDM practices

The interviewees were asked about the challenges they experienced in the existng PDM

practices within the company and their responses have been explained below:

Lack of mutual understanding of the company’s products. The mterviewees’
mterpretation of company’s products had been queried from different angles to determine
the consistency of their understanding. As per the responses, it was clear that n addition
to absence of a common viewpoint of products, there was also a deficiency in clarity as
to who the customer was — distrbutor or end-user. While BOM was organized and
managed by supply chain department, a deficit in uniformity between products or other
departments was observed. For instance, both interviewees had opposing views of service
being a sales item. It was obvious that different business functions perceived the products
differently; e.g. view on products possessed by sales functions varied from that of finance,
production or inventory, leading to fragmentation of product-related information. Some
of the product related data were based on customer information or individual preference
(usually influenced by top-management), which was the reason behind inconsistent data
format. Case-by-case configuration of products (varying pack-sizes) without a strategy
was a key contributor in the mix-up as product level analysis was not performed due to
scattered and confusing data as well as an ineffective sales structure. On top of that, sales
item level analysis required arduous manual work. Overall, this scenario was a major
obstacle in developing a product master data and product data model, which further

jeopardized communication and data quality.

Product Structure. 1t was observed that the case company did not have a defined product
structure, but reporting methods using business IT systems were derived from a half-
formed commercial and technical product structure. Concepts of product configuration
and sales item were partially understood as outlook of products in the market while sales
tems were perceived as the commercial product structure. Moreover, only physical
products were considered sales items, not services. Although sales figures were
monitored on a daily or scheduled basis, it was not possible to track cost of goods sold
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without unnecessary manual effort. Consequently, technical product structure was viewed
as BOM only. Despite the presence of BOM, it was unclear as to which components
should be considered as part of the product due to inconsistency in logic between products

or business functions.

On the other hand, the company considered commercial and technical portions of
product structure as isolated entities. The aspect of version items as portrayal of product
versions was somewhat clear, but more than one simultaneous version items hampered
the entire reformulation process due to inefficient management in changeovers. At the
same time, renewal or removal of old products was viewed as a huge burden due to non-
uniformity in technical structure of old products, resulting in stockpile of materials and
data related to discontinued products from several years ago. It is imperative to have a
vivid and mutual understanding of products to create a product master data, calculate total
product cost and efficiently incorporate changes in configurations, while both commercial

and technical product structures must be aligned.

Product data management process. This section emphasizes a fundamental factor of
PDM; data governance, which includes data ownership, data mantenance and
availability. Despite some comprehension of data ownership within the case company, it
was observed that data were siloed, and data ownership was not specified, which led to
waste of resources, lack of clarity in managing data and determmning which data must be
synchronized between IT systems. Furthermore, a defined data strategy and structured
corporate-level data model were non-existent as data ownership was found to form
naturally based on seniority level or responsibilities — the person who created a data
became the ievitable owner of it. Additionally, every department manages their data in
their own preferred way. In a particular circumstance, one batch of products was
repeatedly failing and was returned from the market, but it was a challenge to identify the
specific lot of imported chemicals that was defected, hence it required six months to
resolve the issue and send the products back to market. In another example, procurement

manager was responsible for PD related to material requirement planning (MRP) —
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however, owing to lack of defined data ownership, the MRP data were sometimes sought
by other departments from distribution or warehouse personnel who subsequently had to
turn to procurement manager for the data, unnecessarily delaying the overall process.
Moreover, PD for sales analysis and forecasts were separately maintained by supply chain
and sales departments and periodically distributed to top-management, which engaged an
additional employee and also compromised data quality. On top of that, while some data
such as “material safety data sheet” were restricted within product development and
quality control teams, flow of data was also hindered due to employees’ tendency to keep

their respective data to themselves to prove therr individual significance within the

company.

Due to deficiency in accountability, data generated were sometimes erroneous, which
hampered the work of the stakeholder who utilized that incorrect data. This not only led
to extra work and cost but also resulted in loss of trust from top management, who later
decided to cross-check the data almost every time before approval, in spite of verification
from respective department head. Recently, because of mismatch in communication with
supplier in terms of technical specification, a machine was returned after it arrived in the
factory. On top of that, owing to a lack of uniform product structure, data mamntenance
was difficult and time consuming because of huge amount of PD and manual work. In
case of changes i configuration of products over theirr lifecycle, change data were
mcorporated based on ambiguous rules. As a result, extra effort was directed towards
continuous monitoring and verification of data quality. In addition, PD were available on
both, new ERP and old ERP, and searching and managing the relatively unorganized data

was time consuming,

Information systems. The mterviewees responded that the case company did not utilize a
separate PDM/PLM system. The primary mnformation systems in use were a recently
mplemented ERP software as well as the old ERP alongside Microsoft Word and Excel.
A CAD application was used as an isolated system for product design or changes, and

related files were manually transferred from one department to another while ERP was

37



used to store the files. A manufacturing module, incorporating the BOM, built in with the
ERP system was used for production execution as well as to generate and circulate
production reports from factory. Furthermore, the ERP system also consisted of a CRM
module, which facilitated activities related to sales items, which was viewed as
commercial structure by the company. Although CRM would generate customer-related
data and sales figures, additional excel files were maintained by assigned personnel.
However, the nterviewees commented: “Same data entry work is done multiple times, in

Excel as well as ERP”, “Data sources are both ERP systems, old and new”.

Cost calculation and data analysis were performed manually on Excel by downloading
the data from ERP, but the absence of an appropriate commercial structure made it
difficult to compare costs of individual sales items when numerous ones were added. On
the other hand, information sharing with customers were undertaken via email or phone
calls because neither distributors nor farmers were accustomed to any information system,
which is why Excel files were manually maintained before updating the data n ERP. The
unfavorable circumstances linked with customers’ capability did not allow enhancement
of the communication process in this regard. At the same time, the company did not
openly share PD with suppliers and all relevant correspondence were manually performed
via email based on documents and data obtained from ERP. Therefore, design files,
specifications, purchase orders, etc. were created in ERP and sent to suppliers via email,
while data were stored in company’s database for indefinite duration of time. On top of
that, for example, data for suppliers specified to what products they offered were not
smoothly available at the click of a button and manual work were required. This process
was perceived as: “new ERP system is not user-friendly as data is not always available
and integration is still ongoing”. It must be pomted out; despite all drawbacks, the
mtegration between the ERP modules; procurement, CRM, manufacturing, human
resource, etc., could be slightly more efficient if additional obstacles would not be raised
due to lack of mutual understanding of products as well as an absence in defined product

structure and data governance.
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3.3 Synthesis of current state analysis

With respect to the factors explained in previous chapter, the current state of the company

has been analyzed to derive a synthesis summarized in Table 1.

Table 1. Synthesis of current state analysis.

Mutual
understanding

of products

Product

Structure

Product Data
Management

Process

Information

Systems

Lack of common perception.
Fragmented product information.
Inconsistent data format.
No product master data / data model.
Case by case configuration mstead of configuration strategy.

No defined product structure.
Difficulty in defining products.
Arduous work in tracking cost of goods sold.
Poor clarity of relevant components.
Managing product changes.
Commercial and technical structures are isolated.
Stockpile of discontnued products’ data.

Data ownership not defined.
No data strategy / model.

Ownership forms naturally based on responsibilities or seniority.
Little accountability leading to mferior quality data.
Searching and managing data from multiple platforms - manual and
time consuming.

Continuous validation of data quality.

No dedicated PDM/PLM system.
One fundamental system, ERP.
CAD is separate software.

Manual PD analysis and cost calculation using Excel.
Extra work — using both old and new ERP systems, converting to
Excel format and uploading into ERP.

Information exchange with customers and suppliers is not
streamlined, occurs over phone calls or email
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To summarize: it has been observed that the lack of common understanding of products
is the biggest challenge leading to fragmented product information and inconsistent data
formats. Furthermore, the absence of a defined product structure and data strategy has
made it even more difficult to perform day-to-day operations because of manual repeated
work and little or no accountability resulting in poor quality PD. On top of that, only one
enterprise system is in use, which does not facilitate quick simple accessibility of data
and cost calculation. Overall, the current practices and challenges of the company and the
connection with inadequate PDM practices are clear and has been addressed in the

following section.
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4 RECOMMENDATIONS

From the literature review and empirical study highlighting the current business
environment and imbalanced business processes of case company, it is clear that there is
a need for development of PDM practices or implementation of a PDM system to
facilitate integration with existing CAD and ERP systems. However, it must be
understood that only introducing a PDM system will not solve everything, and a several

other factors must be taken care of simultaneously.

4.1 Development proposals

Based on the analysis of existing challenges and consideration of literature review, it was
possible to propose some improvement schemes to the case company and explain where
to start and what should be the actions to enhance their practices related to product data
management. The research indicates that the case company must first abide by a top-down

approach to enhance therr product data management practices.

Top-down approach. To iitiate the improvement scheme, the top-management must start
by considering product data management with strategy rather than focusing on micro-
level aspects. For instance, when dealing with numerous products comprising many
configurations, common understanding of products should begin from product design
phase. Therefore, a product strategy must be developed, which specifies the mechanisms
and rules for handling and defining products. This will ensure that every product is
mamtained by the same logic and guarantee harmony across the company. Furthermore,
it is imperative to grasp the high-level idea about how changes in configuration affect
operational processes and how a particular mechanism for managing and defining
products impacts information systems. At the same time, a PDM culture must be
embraced i connection with company’s mission or goal to spark the people’s mnterest
and facilitate the adaption of this approach, which is new to the majority of employees.
The concept of PDM and how it makes everyone’s lives easier must be clearly explained
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to all employees to positively influence their view and attitudes towards utilization. In
particular, people must comprehend how entering accurate data in a standard format can
avoid unnecessary challenges in change management and day-to-day operations. On top
of that, mamtaining product data in relation of its lifecycle and relevant responsiilities

of the personnel must be clarified.

As the subsequent step in the improvement scheme, the results highlight that the company
needs a defined generic product structure to facilitate product data management. In
addition to supporting the standardization of products and how they are viewed across the
company, this will aid in cost calculation of individual products and help characterize all
product variants to smoothen the incorporation of configuration changes. Since the
company is already partially familiar with the concept of product structure, their
perception must be reformed by combining the commercial and technical product
structure. As a result, distinct views of separate stakeholder groups can be created, which
will develop a mutual understanding of the company’s products and relevant data. In
particular, sales and marketing will only be involved with descriptions of saleable entities,
both physical and training services, while procurement, supply cham, production and
mventory will cover technical product aspects such as BOM, raw material, production
process, workers, etc. Outlining stakeholder-specific views on related PD has a huge
impact on enhancing product handling and product data management practices.
Consequently, an approach towards developing a product master data can be considered

by determining the fixed basic PD of each product.

Fmally, to make effective progress towards appropriate PDM practices, relevant
mnformation systems, specifically, a PDM system, is required to enable integration of CAD
and ERP. PDM systems can guarantee an organized way to manage PD, including
relevant processes, standard operating procedures and applications. The interviewees
agree that smooth availability of high-quality up-to-date data is a necessity to ensure
operational excellence, optimized decision-making, cost calculation as well as quick

resolution of issues related to product quality, market complexities, supplier
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collaboration, etc. In this respect, all PD must be gathered i a single platform to build a
single source of truth. At the same time, compatibility of different applications for
uninterrupted data transfer must be ensured. PDM systems are capable to flexibly respond

to changes in business practices.

43



5 DISCUSSION

This study is related to the field of product data management contributing to the research
stream mnvolving management of product data throughout aproduct’s lifecycle. Extensive
research has not been conducted concerning product data management mn general.
Furthermore, no reliable publications have been found on PDM concerning agro-

chemical industries. Notably, PDM is still an alien concept in Bangladeshi industries.

5.1 Key Results

The research paper has identified the significance of PDM i the performance of a
company. From empirical study, it is clear that the case company, despite holding along-
term business record, is ata rudimentary level in terms of PDM practices. However, the
mterviewees have alevel of perception regarding the concepts and benefits of appropriate
PDM in the company and are positive about the contribution it can bring, if implemented.

Therefore, the key results have been summarized as follows:

- Effective PDM is vital in enhancing operational excellence and business processes
of companies, especially manufacturing types.

- Huge change is needed in people’s, especially top-management’s behavior
towards utilization of PDM practices to spark their interest and understanding of
the topic. Hence, “PDM culture” must be adopted in company’s strategy.

- Initiating PDM practices by utilizing a top-down approach is needed in case
company.

- Defining a consistent standardized idea of product data throughout the company
by product structure modelling is a necessity.

- Identifying key stakeholders and their specified needs for data facilitates data
flow.

- A PDM system is required to integrate other enterprise applications.
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5.2 Scientific Implications

The results include different descriptions and models deriving the significance of PDM
in improvement of operational and business process of a company. This study's main
contribution is to provide a broader view of product data management in the context of
the agro-chemical industry. This includes theories on product data, product structure, data
governance, master data, enterprise applications, etc. Empirical evidence on existing
PDM related challenges is exploited to further clarify the need for a strategy and data
ownership, harmonized product data representation and stakeholder-specific views based

on defined product structure.

The paper complements previous PDM literature (e.g. Harkonen et al, 2019; Hannu
Hannila et al, 2019; Kropsu-Vehkapera, 2012; Kropsu-Vehkapera et al, 2009;
Saaksvuori & Immonen, 2008; Stark, 2005; Sudarsan et al, 2005) by describing
generically, the product structure, PD handling, data ownership and modelling, and

linking these to operational excellence as well as business processes.

This paper highlights the significance of top-down approach from a higher level and
stakeholder-specific views to ensure harmonized PDM practices throughout a company.
In addition, the importance of product structure and data-driven decision making has been
put forward. Therefore, the findings of this research clarify and contribute to previous
studies (e.g Harkonen et al, 2019; Hannu Hannila et al, 2019; Kropsu-Vehkopera,
2012).

This research creates new theoretical knowledge by describing the implementation of
PDM practices in agro-chemical industry where frequent version changes are undertaken
due to changes in chemical formulation or promotional reasons. Furthermore, a proposal
has been put forward to adopt a “PDM culture” and utilizing product structure model to
specify stakeholders’ views on product data, hence combining with previous literature

(e.g. Harkonen et al., 2019; Kropsu-Vehkopera, 2012; Saaksvuori & Immonen, 2008;
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Svensson & Malmqvist, 2002) to provide a more evident example of how these concepts

can be realized.

Overall, the Master’s thesis provides a clear definition of product data and suggests a
suitable model for enhancing the management of product data across the organization. By
doing so, it contributes to the unification of a disjonted domain of product data.
Furthermore, the research demonstrates that companies will be benefited from adopting

a more business-oriented perspective when analyzing and handling product data.

5.3 Managerial Implications

The purpose of this Master’s thesis is to describe the impact of PDM in a company’s
performance and evaluate the current state of the agro-chemical case company to identify
challenges followed by proposing solutions and a way forward. Agro-chemical products
must be reformulated from time to time to make them more effective and environmental
friendly; moreover, new promotional activities are adopted requiring different packaging
materials - both circumstances result in several product variants. On top of that, little idea
on PDM at a company-level as well as undeveloped PDM practices have led to lack of
mutual understanding of products, absence of master data and a silo of data individually

managed by stakeholders in their own way, further complicating the adaptation of PDM.

The practical implications of this paper include providing older agro-chemical companies
in Bangladesh that are still adopting outdated processes with an overall perspective of
PDM-related challenges and potential solutions, as well as pointing out where to mitiate
the whole implementation process. In addition, other ndustries m Bangladesh can benefit
from the results, especially when harmonizing therr products, developing product

structure and utilizing a PDM system.

This research presents novel insights for Bangladeshi managers who seek new

perspectives on PDM, as relying solely on technical product data is madequate to
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establish PDM across the entire organization. The study suggests that PDM managers
must broaden their purview to encompass the complete product lifecycle, rather than
solely focusing on product development and manufacturing. While it may not be feasible
to provide customized guidelines for other companies because of lack of empirical data,
a general set of challenges and possible solutions can be identified that enhances product
data quality and accessibility throughout a product's lifecycle. Therefore, this paper offers
useful recommendations to managers seeking to implement comprehensive PDM

practices across the entire company.

Additionally, this thesis emphasizes that PDM entails the amalgamation of product
management, data management, and organizational functions responsible for product
mformation. As a result, developing effective solutions for PDM cannot be accomplished
by individual organizational units in isolation; instead, it necessitates cooperation across
the entire company. Senior managers responsible for decision-making must recognize the

significance of such collaboration.

There are a variety of challenges associated with PDM, and many of them cannot be
addressed solely by mplementing a PDM / PLM application. Consequently, company
managers need to abandon therr conventional perception of PDM as merely an IT
problem. One effective approach to mitiate IT projects is for the company to establish a
common and comprehensive understanding of its products, which can serve as a

requirement list for IT solutions.

There are numerous internal stakeholders in companies, all of whom require access to
product data, albeit from different perspectives. Companies aim to establish a shared
understanding of their products and the associated data across the entire organization.
This research recommends using product structure as a foundation for this harmoniza tion
effort. By leveraging a general product structure, organizations can ensure that products
and therr attributes are comprehended consistently throughout the company. Furthermore,
a general product structure reduces the number of new products and related data, and also

aids in defining product variations, which clarifies the final offering. However, managers
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should be aware that the requirements for product structure are highly specific to each
company. The research demonstrates that product structure is a suitable framework for
describing all product types, as well as any possible combinations thereof. In order to
manage products systematically in data systems, product structure should encompass all
diverse product types. Moreover, the study reveals that a well-designed product structure
not only enhances the efficiency of product data management, but also facilitates the
mtegration of different data systems. Managers can leverage a general product structure

to enable multiple perspectives on product data among various stakeholders.

It is important for managers to understand that any development process takes time, and
it would be unwise to endanger current business relationships, functioning operations, or
existing product portfolios. This also applies to improving product data manage ment

practices.

5.4 Assessment of Results

The objective of this research is to explore the management of product data across the
entire company, and to achieve a deeper understanding of this phenomenon. The insights
and perspectives of practitioners from a practical perspective have contributed to the
knowledge in this area. Hence, the use of qualitative research methods is deemed
appropriate for this study. The case study method was selected because it has the potential
to offer a comprehensive perspective on the subject matter. According to Bryman & Bell
(2003), the reliability and validity of qualitative research can be evaluated by addressing

the following questions:

1. How trustworthy are the results?
The degree to which research findings correspond with the actual world can be
considered as the trustworthiness of the results. Although two personnel from
different business functions have been interviewed, it must be noted that both have

been working there for a long time and have been assigned with multi-faceted
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2.

3.

roles, which provided them with mnsights of almost all aspects within the company.
During the nterviews, a semi-structured approach was used to allow for a flexib le
and mteractive discussion between the researcher and the interviewees, giving the
mterviewees the opportunity to elaborate on the issues in the way they deemed
best. Although the nterviewers did not attempt to mnfluence the responses of the
interviewees, it is still worth considering their impact on the iterview, as the
topics discussed were somewhat ambiguous and required further clarification in
some questions. Moreover, since once researcher has undertaken the interviews,
there may have been a degree of researcher bias. However, it is worth noting that
the researcher was a former employee of the company and already possessed
significant insights, which increases the reliability of results.

Are the results valid in another environment?

The studied case represent only one Bangladeshi agro-chemical company, which
cannot be a portrayal ofthe entire agro-chemical industry. The selection was based
on the fact that the author was a former employee and had easier access and better
understanding if company’s information. Furthermore, the case company has
implemented an ERP software, which is a decent yet unintended progress towards
PDM. Therefore, the author planned to show a way forward in terms of PDM.
Are he findings likely to occur at other times?

The research setting is unique and it is unlikely that another researcher would be
able to replicate it exactly. The findings are based on the conditions that existed
at the time of data collection, which mmplies that the replication of the research is
limited. It is believed that companies will continue to evolve their practices,
making it impossible to replicate the research. Furthermore, each mnterview was
unique, so even if the same questions were asked, full replication would not be
feasible.

To what extent have the researcher’s own values influenced the results?

The researcher's prior experience working in the case company has shaped his
perspective on the topic under investigation to some extent, but the presumptions

and value judgments are primarily based on the literature review and the
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experience gamed during the preparation of the research project. However, since
there was a single researcher involved, some bias may have occurred, even though

he tried to remain neutral

5.5 Limitations and Future Research

This Master’s thesis aims to improve the perception of company-wide product data
management as a method of improving PDM practices in one agro-chemical company.
Generally speaking, there have been limited research to fully comprehend product data
across an entire company. This qualitative study aims to explain this research area and
offer a solution for organizing product data to support company-wide PDM. The study
identifies the prerequisites for PDM at the company level and provides practical
descriptions and models for achieving consistency in PD representation throughout the
organization. The findings are preliminary and highlight the factors that should be
considered to take a holistic approach to managing product data. Further research is

recommended to confirm and expand upon these findings.

The study suggests a top-down approach to iitiating implementation of PDM alongside
adopting a product structure that incorporates the perspectives of relevant stakeholders to
achieve a standardized product concept across a company. Moreover, it recommends the
utilization of a PDM application. However, since these solutions have not yet been tested
extensively in the case company as well as among different audiences and industries in
Bangladesh, further research is necessary to evaluate its effectiveness. Additionally, the
general product structure model requires validation in various scenarios and more precise
explanation to facilitate easier application for companies. Furthermore, potential future

research could explore incorporating external stakeholders in the stakeholder analyses.

Companies usually search for established methods that can expedite the implementation
of new mitiatives. Therefore, it would be beneficial to perform a longitudinal study to

monitor companies that have already employed the top-down, product structure and
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stakeholder-specific views approaches over an longer period of time. Hence, further
research could involve descriptive case studies that examine the process of establishing a

PD strategy / model as well as identifying stakeholders and their viewpoints.

The study has been conducted on one medium-sized agro-chemical company, which
ndicates that the applicability n small companies or other companies in the agro-
chemical industry is unclear. Nonetheless, accurately defining products and their
associated data is a significant concern for all companies. To avoid challenges with
product data management, greater understanding is required regarding when it is crucial

for a company to adopt a more organized approach to managing product data.

To describe some inevitable situations leading to an adaptive approach: it must also be
understood that ERP integration in the case company is a work-in-progress and any
company struggles with its day-to-day operations during these phases, let alone, PDM
practices. Furthermore, it is not possible to develop the supplier and customer
communication systems for the case company because of lack of capabilty in both
external stakeholders. At the same time, n some circumstances of new agro-chemical
products, there is no previous data related to its compatibility with the soil composition
of local regions or with existing packaging materials, which necessitates iterative
experimentation to find the appropriate chemical formulation or packing material

respectively.

This section proposes numerous promising areas for future research to advance product
data management practices. Although the study was performed in the agro-chemical
sector, the recommended research directions are not industry-specific and can be applied
in other sectors where better product data is critical for ensuring and enhancing

operational and business efficiency.

51



6 REFERENCES

AbramoviciM. (2007), “Future trends in product lifecycle management (PLM)”, in
Krause, F.-L. (Ed.), The Future of Product Development: Proceedings of the 17th
CIRPDesign Conference, Springer, Berlin, pp. 665-74./ methods used to collect PD from

middle and end-of-life phases are incomplete.

Aiken, P. & Billings, J. (2013). Monetizing data management. Unlocking the value in
your organization’s most important asset, Technics Publications, LLC USA.

Allen M, Cervo D. Multi-domain master data management. Advanced MDM and data
governance. Waltham (MA): Elsevier; 2015.

A. McAfee, E. Brynjolfsson, “Big data: the management revolution”, Harv. Bus. Rev.,
pp. 61-68, October, 2012.

Ameri, F. and Dutta, D. (2005), “Product lifecycle management: closing the knowledge
loops”, Computer-Aided Design & Applications, Vol. 2 No. 5, pp. 577-90. / Significance

of data management practices.

Andreescu, A. and Mircea, M. (2008), “Combining actual trends in software systems for
business management”, Proceedings of the 9th International Conference on Computer
Systems and Technologies and Workshop for PhD Students i Computing,
CompSysTech’08, 12-13 June, Gabrova, Bulgaria.

Baghi, E., Schlosser, S., Ebner, V., Otto, B., & Oesterle, H. (2014). Towards a Decision
Model for Master Data Application Architecture. Proceedings of IEEE Computer Society.

47th Hawaii International Conference on System Science.

52



Batmi, C., Cappiello, C., Francalanci, C. and Maurino, A. (2009), “Methodologies for
data quality assessment and improvement”, ACM Computing Surveys, Vol 41 No. 3, pp.
1-52.

Beal W. Webopedia. [accessed 8.5.2022]. Available:
https//www.webopedia.com/TERM/S/structured data.html.

Berson, A. and Dubov, L. (2007), Master Data Management and Customer Data
Integration for a Global Enterprise, McGraw-Hill, New York, NY.

Bonnet P. Enterprise data governance: reference and master data management semantic.
Hoboken (NJ): John Wiley & Sons; 2010.

Boton, C., Rivest, L., Forgues, D., & Jupp, J. (2016). Comparing PLM and BIM from the
product structure standpomt. In R. Harik, L. Rivest, A. Bernard, B. Eynard, & A. Bouras
(Eds.), Product lifecycle management for digttal transformation of industries (pp. 443—
453). Cham, Switzerland: Springer.

Boyd M (2006) Product information management — forcing the second wave of data
quality. URI: www.thecopywritingpro.com/pages/samples assets/2nd-wave-DQ.pdf.
Cited 2010/4/27.

Brous, P., Janssen, M., & Viminko-Heikkinen, R. (2016). Coordinating Decision-
Making in Data Management Activitiess: A Systematic Review of Data Governance
Principles, 5th International Conference on Electronic Government and the Information
Systems Perspective (EGOV), Sep 2016, Porto, Portugal. in Lecture Notes n Computer
Science, Vol.9820, Springer International Publishing, 115-125.

Bryman A & Bell E (2003) Business Research Methods. New York, Oxford University

Press.

53



Buneman, Peter & Khanna, Sanjeev & Tan, Wang-chiew. (2004). Why and Where: A
Characterization of Data Provenance. LNCS. 10.1007/3-540-44503-X 20.

Chaki, S. (2015). The expert’s voice in information management. Enterprise Information
Management in Practice, Springer, New York, NY.

Chan, E. and Yu, K.M. (2007), “A concurrency control model for PDM systems”,
Computers in Industry, Vol. 58 Nos 8/9, pp. 823-31./ benefit to design and manufacturing
processes due to PDM.

CIMdata. (1998). Product data management: The definition. Ann Arbor, MI: CIMdata.

CIMdata. (2001). Collaborative product definition management (cPDm): An overview of
a collaborative approach to managing the product definition lifecycle. Ann Arbor, MI:
CIMdata.

CIMdata (2002), Product Lifecycle Management: Empowering the Future of Business, a
CIMdata report, CIM Data, Ann Arbor, MI. / PLM definitions.

Corallo, A., Margherita, A., Scalvenzi, M., & Storelli, D. (2010). Building a process based
organization: the design roadmap at Superjet International Knowledge and Process

Management, 17(2), 49-61.

Das, T. K., & Mishra, M. R. (2011). A study on challenges and opportunities in master

data management. International Journal of Database Management Systems, 3(2), 129—

139.

Dayton, M. (2007), “Strategic MDM: the foundation of enterprise performance
management”, Cutter IT Journal, Vol. 20 No. 9, pp. 13-17.

54



DeToro, 1. & McCabe, T. (1997). How to stay flexible and elude fads. Quality Progress
30(3), 55-60.

Bell, E., Bryman, A., Harley, B., Business Research Methods, 5th ed. Oxford: Oxford
University Press, 2018.

Brous P, Janssen M, Vilminko-Heikkinen R. Coordinating decision-making in data
management activities: a systematic review of data governance principles. Sth
International Conference on Electronic Government and the Information Systems
Perspective (EGOV); 2016; Porto, Portugal. in Lect. Notes Comp. Sci. 2016;9820. 115—
25.

Eisenhardt, K., “Building theories from case study research”, Acad. Manage. Rev., vol.
14, no. 4, pp. 532-550, 1989.

EMaraghy, H., Schuh, G., EMaraghy, W., Piller, F., Schonsleben, P., Tseng, M., &
Bernard, A. (2013). Product variety management. CIRP Annals - Manufacturing
Technology, 62(2), 629-652.

Eynard, B., Gallet, T., Nowak, P., & Roucoules, L. (2004). UML based specifications of
PDM product structure and workflow. Computers in Industry, 55(3), 301-316.

Feng G, Cui D, Wang C & Yu J (2009) Integrated data management in complex product
collaborative design. Computers in Industry 60(1): 48—63.

Fisher, T. (2009). The Data Asset: How Smart Companies Govern Their Data for
Business Success. Hoboken, NJ: John Wiley & Sons.

Gao, J., Koronios, A., Kenneth, S. & Scott, H. (2010). Business Rule Discovery Through
Data Mining Methods, in Amadi-Echendu J., Brown K., Willett R., Mathew J. (eds),

55



Definitions, Concepts and Scope of Engmneering Asset Management, Springer, London
1, 159-172.

Gime'nez, D.M., Vegetti, M., Leone, H.P. and Henning, G.P. (2008), “PRoduct
ONTOlogy: defining product-related concepts for logistics planning activities”,
Computers i Industry, Vol 59 Nos 2/3, pp. 231-41. / Accuracy and flow of PD in

businesses.

Gunasekaran, A. & Sandhu, M. (2010). Handbook of business information systems.
World Scientific publishing lItd, Singapore.

Haider, A. (2015). Asset Lifecycle Data Governance Framework, in Lee W., Choi B., Ma
L. and Mathew J. (eds), Proceedings of the 7th World Congress on Engineering Asset
Management (WCEAM 2012). Lecture Notes in Mechanical Engineering. Springer, 287-
296.

Hannila, H., Koskinen, J., Harkonen, J., & Haapasalo, H. (2020). Product level
profitability: Current challenges and preconditions for data-driven, fact-based product

portfolio management. Journal of Enterprise Information Management.

Hannila, H., Silvola, R., Harkonen, J., & Haapasalo, H. (2019). Data-driven begins with
DATA; potential of data assets. Journal of Computer Information Systems, 62(1), 29-38.

Hannila, H., Tolonen, A., Harkonen, J., & Haapasalo, H. (2019). Product and supply chain
related data, processes, and information systems for product portfolio management.

Journal of Product Lifecycle Management.

Harkonen, J., Mustonen, E., & Haapasalo, H. (2019). Construction-Related Data
Management: Classification and Description of Data from Different Perspectives.
International Journal of Management, Knowledge and Learning, 8(2), 195-220.

56



Harkonen, J., Tolonen, A., & Haapasalo, H. (2017). Service productisation: systematising

and defining an offering. Journal of Service management.

Harkonen, J., Tolonen, A, & Haapasalo, H. (2018). Modelling of construction products

and services for effective productisation. Management, 13(4), 335-353.

Harkonen, J., Mustonen, E., & Hannila, H. (2019). Productization and Product Structure
as the Backbone for Product Data and Fact-Based Analysis of Company Products.
10.1109/IEEM44572.2019.8978845.

Harkonen, J., Haapasalo, H. & Héanninen, K. (2015). Productisation: A review and
research agenda. International Journal of Production Economics. 164. 65-82.

10.1016/j.iipe.2015.02.024.

Haug, A., Arlbjorn, J.S. and Pedersen, A. (2009). A classification model of ERP system
data quality, Industrial Management & Data Systems, Vol 109 No. 8, pp. 1053-68.

Haug A, Arbjorn JS, Zachariassen F, Schlichter J. Master data quality barriers: an
empirical  mvestigation.  Indust Manage Data  Syst.  2013;113(2):234-49.
doi:10.1108/02635571311303550.

Huang, G.Q., Lau, J.S.K. and Mak, K.L. (2003). The impacts of sharing production
mformation on supply chain dynamics: a review of literature. International Journal of
Production Research, Vol 41 No. 7, pp. 1483-517. / PD enhancing supply chain

performance.

Huang, G.Q., Zang, X.Y. and Liang, L. (2005). Towards integrated optimal configuration
of platform products, manufacturing processes, and supply chains. Journal of Operations

Management, Vol. 23 Nos 3/4, pp. 267-90.

57



Huang, M.Y., Lin, Y.J. and Xu, H. (2004). A framework for web-based product data
management using J2EE. International Journal of Advanced Manufacturing Technology,

Vol. 24 No. 11, pp. 847-52.

Jetson, J. & Nelis, J. (2008). Business process management: practical guidelines to

successful implementations. Amsterdam: Elsevier.

Li J., Tao, F., Cheng, Y. & Zhao, L. Big Data in product lifecycle management. The
International Journal of Advanced Manufacturing Technology, Vol 81, pp. 667-684
(2015). https//doiorg/10.1007/s00170-015-7151-x

Johansson, E. and Medbo, L. (2004). On the use of product data in the design of the
material supply system. Journal of Manufacturing Technology Management, Vol. 15 No.
7, pp. 641-50.

Karl, T. & Steven, D., (2015). Product Design and Development. 6th Edition. New York:
McGraw-Hill Education. (423) p. 978-0-07-802906-6

Kock, N. (2005). Business process improvement through e-collaboration: knowledge
sharing through the use of virtual groups. IGI publishing global, London.

Korhonen, J. J., Melleri, I., Hiekkanen, K., & Helenus, M. (2013). Designing Data
Governance Structure: An Organizational Perspective. GSTF Journal On Computing,
2(4). https//doi.org/10.5176/2251-304.

Kropsu-Vehkapera, H. (2012). Enhancing understanding of company-wide product data

management in ICT companies. Doctoral Thesis. University of Oulu.

Kropsu-Vehkapera, H. and Haapasalo, H. (2011). Defining product data views for
different stakeholders. Journal of Computer Information Systems, Vol 52, No. 2, pp.61
72.

58



Kropsu-Vehkapera, H., Haapasalo, H., Jaaskelainen, O., & Phusavat, K. (2011b). Product
Configuration Management i ICT Companies: The Practitioners’ Perspective.
Technology and Investment, 2(4), 273-285.

Kumar R & Midha PS (2006). An intelligent web-based expert system for analysing a
company’s strategic PDM requirement. International Journal of Product Lifecycle

Management 1(3): 230-248.

Kuula, S., Haapasalo, H., & Tolonen, A. (2018). Cost-efficient co-creation of knowledge

mtensive business services. Service Business, 12(4), 779-808.

Lahtmen, N., Mustonen, E., Harkonen, J. (2021). Commercial and technical
productization for fact-based product portfolio management over life-cycle. IEEE

Transactions on Engineering Management, Vol 68, No. 6, pp.1826-1838.

Laney D, Jan A. 2017. 100 data and analytics predictions through 2021. Gartner report
ID: G00332376. Gartner;

Lans, R.F. (2012). Data Virtualization for Business Intelligence Systems. Revolutionizing
Data Integration for Data Warehouses, Elsevier, Morgan Kaufiann Publishers in an
Imprint of Elsevier, Waltham, MA, USA.

Lee B-E & Suh S-H (2009). An architecture for ubiquitous product life cycle support
system and its extension to machine tools with product data model. International Journal

of Advanced Manufacturing Technology 42: 606—620.

Lee HJ, Ahn HJ, Kim JW & Park SJ (2006). Capturing and reusing knowledge in
engineering change management: A case of automobile development. Information

Systems Frontiers 8(5): 375-394.

59



Lee, R.G. & Dale, B.G. (1998). Business process management: a review and evaluation.

Business process management journal, 4(3), 214-225.

Lin, F.R., Yang, M.C., & Pai, Y.H. (2002). A generic structure for business process

modelling. Business Process Management Journal, 8(1), 19 —41.

Lu DT & Xu XW (2001) A review of web-based product data management systems.
Computers in Industry 44(3): 251-262.

Loshin, D. (2009). Master Data Management. Morgan Kaufmann, Burlington, MA.

Matitlis, S. & Ozcelik, H. (2004). Toxic Decision Processes: A Study of Emotion and
Organizational Decision Making. Organization Science, 15(4), 375-393.

Maletz M, Bloun J-G, Schnedl H, Brisson D & Zamazal K (2007). A holistic approach
for integrated requirements modeling in the product development process. In Krause F-L
(ed.) The future of product development: Proceedings of the 17th CIRP design
conference. Berlin Heidelberg, Springer: 197-207.

Margherita, A. (2013). Business process management system and activities, Two
mtegrative definitions to build and operational body of knowledge, Business Process
Management Journal, 20(5), 642-662.

McKay, A., Erens, F., & Bloor, M.S. (1996). Relating product definition and product
variety, Research in Engineering Design, 8(2), 63—80.

Moss, L. (2007). Critical success factors for master data management. Cutter IT Journal,

Vol. 20 No. 9, pp. 7-12.

60



Mustonen, E., Tolonen, A., Harkonen, J., & Haapasalo, H. (2019). Constructing a joint
product portfolio to support commercial cooperation. International Journal of

Management, Knowledge and Learning, 8(1), 3—23.

Neubauer, T. (2009). An empirical study about the status of business process

management. Business Process Management Journal, 15(2), 166-183.

Otto, B., Wende, K., Schmidt, A., & Osl, P.(2007). Towards a Framework for Corporate
Data Quality Management, in ACIS 2007 Proceedings of 18th Australasian Conference
on Information Systems. Toowoomba, Australia, 916-926.

Billings, Juanita & Aiken, Peter. (2013). Monetizing Data Management: Unlocking the
Value in Your Organization's Most Important Asset.

Peltonen, H. (2000). Concepts and an Implementation for Product Data Management.
Helsinki University of Technology.

Philpotts, M. (1996). An introduction to the concepts, benefits and terminology of product
data management. Industrial Management & Data Systems, Vol. 96 No. 4, pp. 11-17.

Pratt, M. J. (2001). Introduction to ISO 10303: The STEP standard for product data
exchange. Journal of Computer and Information Science in Engmneering, 1(1), 102—103.

Pinqui¢, R., Rivest, L., Segonds, F., & Véron, P. (2015). An illustrated glossary of
ambiguous PLM terms used in discrete manufacturing. Journal of Product Lifecycle

Management, 8(2), 142—-171.

Porter ME, Heppelmann JE. How smart, connected products are transforming
competition. Harv Bus Rev. 2014;92:64—88.

61



Weill, P., Woerner, S.L., 2018. Is your company ready for a digtal future? MIT Sloan
Management Review, vol. 59, no. 2, pp. 21-25.

Qu WG & Wang Z (2011). Impact of experience on open inter-organizational systems
adoption. Industrial Management & Data Systems 111(3): 432-447.

Rachuri, S., Subrahmanian, E., Bouras, A., Fenves, S., Foufou, S.and Sriram, R. (2008).
Information sharing and exchange in the context of product lifecycle management: role

of standard. Computer-Aided Design, Vol. 40 No. 7, pp. 789-800.

Redman, T. (2001), Data Quality: The Field Guide, Digital Press, Boston, MA.

Rouibah, K. and Ould-Al, S.(2007). Dynamic data sharing and security in a collaborative
product definition management system. Robotics & Computer-Integrated Manufacturing,
Vol. 23 No. 2, pp. 217-33.

Rueckel V, Koch A, Feldmann K & Meerkamm H (2005). Process data management for
the shortening of the whole product creation process. In Shen W, Chao K-M, Lin Z &
Barthés J-P A (eds.) Computer supported cooperative work in design II. 9P International
Conference, CSCWD 2005, Coventry, UK, May 24-26, 2005, Revised selected papers.
Berlin Heidelberg, Springer: 616—625.

Rummler, G.A. & Brache, A.P. (1990). Improving Performance. How to manage the

white space on the organization chart. Jossey-Bass Publishers, San Francisco, California.

Saaksvuori, A.and Immonen, A.(2004). Product Lifecycle Management. Springer, New
York, NY.

Sadksvuori, A., & Immonen, A. (2008). Product lifecycle management. Berlin, Germany:
Springer.

62



Sadiq, Shazia & Indulska, Marta. (2017). Open data: Quality over quantity. International
Journal of Information Management. 37. 150-154.10.1016/j.jinfomgt.2017.01.003.

Schaffer, T. & Leyh, C. (2017). Master Data Quality in the Era of Digitalization — Toward
Inter-organizational Master Data Quality in Value Networks: A Problem Identification.
In F. Piazolo et al. (Eds) Innovations in Enterprise Information Systems Management and
Engineering. ERP Future 2016. Lecture Notes in Business Information Processing, Vol
285. Springer, Cham, 99-113.

Schrader, M. (2013). Metadata management and data governance. Fidelity Investments,
Evergreen, CO, United States. 43-64.

Shu Q & Wang CH (2005) Information Modeling for Product Lifecycle Management. In
Bernus P & Fox M (eds.) Knowledge Sharing in the Integrated Enterprise:
Interoperability Strategies for the Enterprise Architect (IFIP International Federation for
Information Processing). 183/2005: 409—416. New York, Springer.

Silcher S, Minguez J, Schebler T & Mitschang B (2010). A Service-Based Approach for
Next-Generation Product Lifecycle Management. Proceedings of 11th IEEE International
Conference on Information Reuse and Integration (IEEE IRI 2010). Las Vegas, Nevada,
USA: 219-224.

Silvola R, Jaaskelainen O, Kropsu-Vehkapera H, Haapasalo H. Managing one master data
— challenges and preconditions. Ind Manage Data Syst. 2011;111(1): 146—-62. doi:
10.1108/02635571111099776.

Silvola, R. (2018). One product data for mtegrated business processes. Doctoral
dissertation. University of Oulu.

63



Silvola, R., Tolonen, A., Harkonen, J., Haapasalo, H., & Méannistd, T. (2019). Defining
one product data for a product. International Journal of Business Information Systems,

30(4), 489-520.

Smith, H.A. and McKeen, J.D. (2008). Developments in practice XXX: master data
management: salvation or snake oil? Communications of the Association for Information

Systems, Vol. 23 No. 4, pp. 63-72.

Snow, C. (2008). Embrace the role and value of master data. Manufacturing Business
Technology, Vol 26 No. 2, pp. 38-40.

Sritit MF, Assouroko I, Ducellier G, Boutunaud P, Eynard B. (2015). Ontology-based
approach for product information exchange. Int J Prod Lifecycle Manage. 8(1):1-23.
doi:10.1504/ IJPLM.2015.068011.

Stark, J. (2005). Product Lifecycle Management: 21st Century Paradigm for Product
Realisation. Springer, New York, NY.

Stark, J. (2011). Product lifecycle management: 21st century paradigm for product
realisation (2nd ed.). Cham, Switzerland: Springer.

Sudarsan, R., Fenves, S.J., Sriram, R.D. and Wang, F. (2005). A product mformation
modeling framework for product lifecycle management. Computer-Aided Design, Vol.
37 No. 13, pp. 1399-411.

Sulaiman, R. (2000). Change and delay. Manufacturing Engneer, Vol. 79 No. 3, pp. 122-
3.

Svensson, D., & Malmqvist, J. (2002). Strategies for product structure management at
manufacturing firms. Journal of Computing and Information Science in Engneering,

2(1), 50-58.

64



talend (2022). [GDPR Step 3] How to Confrm Data Owners. Available:

https//www.talend.com/resources/gdpr-comp liance-assigning-data-owners/

Tao, F., Cheng, J., Qi, Q., Zhang, M., Zhang, H., & Sui, F. (2018). Digital Twmn-driven
product design, manufacturing and service with big data, International Journal of

Advanced Manufacturing Technology, 94(9-12), 3563-3576.

Terzi, Sergio; Bouras, Abdelaziz; Dutta, Debashi; Garetti Marco; Kiritsis, Dimitris
(2010). Product lifecycle management &ndash; from its history to its new role.
International Journal of Product Lifecycle Management, 4(4), 360.

Thusoo A, Sarma JS. Creating a data-driven enterprise with DataOps. Insights from
facebook, uber, linkedin, twitter, and eBay. Sebastopol (CA): O’Reilly Media; 2017.

Tolonen, A., Harkonen, J., & Haapasalo, H. (2014). Product portfolio management-
governance for commercial and technical portfolios over life cycle. Technology and

Investment, 5(4), 173—183.

Tolonen, A., Harkonen, J., Haapasalo, H., and Hannila, H. (2018, February). Performance
management of the manufacturing services product portfolio. Paper presented at the 20th

International Working Semmar on Production Economics, Innsbruck, Austria.

Tolonen, A., Harkonen, J., Verkasalo, M., & Haapasalo, H. (2015). Product portfolio
management process over horizontal and vertical portfolios. International Journal of

Product Lifecycle Management, 8(3), 189-215.

Vasarhelyi, Miklos & Kogan, Alexander & Tuttle, Brad. (2015). Big Data in Accounting:
An Overview. Accounting Horizons. 29. 150227131932006. 10.2308/acch-51071.

Vroom RW (1996) A general example model for automotive suppliers ofthe development
process and its related mnformation. Computers in Industry 31(3): 255-280.

65



Waddington, D. (2008), Adoption of Data Governance by Business, DM review, 18(12),
1-5.

Walker, S. & Moran, M. (2017). Create Powerful Customer Experiences With a 360-
Degree View of Your Products. Gartner report, ID: G00328027.

Wei Z, Tan J] & Feng Y (2009). Integration technology of ERP and PDM based on
business remote function call International Journal of Advanced Manufacturing

Technology 40(9): 1044—1052.

Westfechtel, B., Munch, B. P., & Conradi, R. (2001). A layered architecture for uniform
version management. IEEE Transactions on Software Engmneering, 27(12), 1111-1133.

White, A., Newman, D., Logan, D. and Radcliffe, J. (2006), “Mastering master data
management”, available at:
http//kona.kontera.com/IMAGE DIR/pdf/MDM _gar 060125 MasteringM DMB.pdf
(accessed 12 April 2010).

White C (2007) Using Master Data in Business Intelligence. BI Research, Version 1
March 2007. URIL: http//www.broadstreetdata.com/images/pdf/fMDM/Using-Master-
Data-in- Business-Intelligence.pdf. Cited 2009/7/3. Wolter, Roger., Haselden, Kirk.
(2006), A White paper on MDM, Microsoft Corporation.

Womack, J., & Jones, D. (1996). Lean thinking. Banish waste and create wealth in your

corporation. Simon & Schuster, New York.

Wu, J.-Z., Chien, C.-F., Huang, Y.-S., & Huang, H.-Y. (2010, July). A multi-period
inventory model to incorporate with inventory age, accounting principle, and product
structure: A case study in a make-to-stock semiconductor mntegrated device manufacturer.
Paper presented at the 40th International Conference on Computers & Industrial
Engineering, Awaji, Japan.

66



Wu, 2.Y., Ming, X.G., Wang, Y.L. and Wang, L. (2014). Technology solutions for
product lifecycle knowledge management: framework and a case study. International

Journal of Production Research, Vol 52, No. 21, pp.6314—6334.

Yang, X., Moore, P.R., Wong, C.-B., Py, J.-S. and Chong, S.K. (2007). Product lifec ycle
mformation acquisition and management for consumer products. Industrial Management

& Data Systems, Vol. 107 No. 7, pp. 936-56.

67



Appendix 1: Interview Questionnaire

Part A. Company information

1)
2)
3)
4)

Name of Company.

Primary products; main customers.

Year of establishment, number of employees and annual turnover.

Names of interviewees; job titles; years of experience in industry and tenure at the
company.

Part B. General questions on Product Data Management (PDM)

1)
2)
3)

4)
5)

Please describe your perspective on product data.

What is PDM? What is a PDM system?

What are the major challenges in the area of PDM in your company? Product
structure and/or data related limitations, process related problems and/or information
system weaknesses.

What are the benefits of a PDM system?

What would be a genuine contribution of PDM to make a big impact on your
company’s success?

Part C. Product structure and Product Lifecycle Management (PLM)

)
2)
3)

4)

S)

What is PLM?

How do you define a product structure?

What are the reasons for changes in product structure throughout a product’s
lifecycle?

Do you offer different product variants/versions to your customers? If yes, how do
you utilize product variants? Is the number of product variants limited or
uncountable?

What does product traceability mean to your company?

Part D. PDM processes and data ownership

)
2)

3)

Is it difficult to manage and mamntain product data (PD)?

How are the PD mantained within the organization in practical level? (Description

of the operational model of the data maintenance).

How is the ownership of data defined in different business functions / departments

throughout the company (for example, in product development, procurement,

manufacturing and sales operations)?

e Who/which department owns the PD that you (your department) utilize? (Who is
the responsible personnel to sustain the data)?
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e Can you identify, who is delivering/creating the PD that you use?
e How do you use PD and/or product structure (in which operations/tasks)?

e From your operation pomnt of view, what kind of changes have an impact on the
PD?

Part E. Information systems

1) Which tools do you have for PDM and/or PLM activities? Can you describe the
solution/application/system you have? Is the system customized for your needs or
are you using a standard version? Do you have some other administrative tools in
use for that purpose like MS excel, etc.?

2) What is the level of integration between PDM and/or PLM system (if any) and
systems like computer aided design (CAD), manufacturing resource planning
/enterprise resource planning (ERP), etc.?

3) Do you have separate systems to share/transfer PD information with suppliers and/or
customers?

4) Any additional comments/suggestions related to the topic?
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