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Abstract: The growing importance of product data management and master data necessitate
companies to have practices for deriving product master data from their corporate strategy.
Business drivers need to be understood from the perspective of corporate strategy to capture
product master data in relevant systems in a straightforward manner. Ideally master data is created
only once and used through the life-cycle of the product. This study clarifies the foundations for
determining one product data from corporate strategy. Data definitions are analysed to understand
its linkages to business drivers, whereas main business processes are used to support categorisation.
The practices of three companies are analysed to understand how business drivers for new products
impact product data requirements. The results highlight the importance of business drivers in
defining one product data based on the product master data, business-process related product data
and IT systems over the product life-cycle.
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1. Introduction

Master data management (MDM) focuses on business processes, data quality and
standardisation and integration of information systems (Joshi, 2007). MDM is defined as
an application-independent process that describes, owns and manages core business data
entities (Otto and Reichert, 2010; Smith and McKeen, 2008). Although MDM has been
one of the most topical issues in the field of information systems (Cleven and Wortmann,
2010), it has only recently started attracting the required scientific attention (Otto, 2012;
Vilminko-Heikkinen and Pekkola, 2017).

Master data represents a company’s key business objects that form the foundation of
the company’s business purpose and must be used unambiguously across the entire
organisation (Otto, 2012). High-quality master data, including supplier and customer
information, is necessary to meet strategic business goals, such as better decision making
(Haug et al., 2011), integrated customer management (Otto, 2012), compliance with laws
and regulations (Hiiner et al., 2011) and effective supply-chain management (Hazen et
al., 2014). Operating with valid master data helps improve company performance
(Arlbjern et al., 2007). Data quality, hence, is an important aspect of master data (Otto et
al., 2011; Silvola et al., 2016). Also, organisations’ capabilities play a factor in relation to
data quality (Caballero et al., 2008). Focusing on key business objects at different levels
and stages of the organisation can help practitioners to improve data quality (Ofner et al.,
2013; Shahin, 2014). Hence, master data and its quality has great importance for
companies, with true business value.

Product design phase is influenced by many business drivers, requirements that affect
operations, and therefore requires well-defined product master data. (Rumelt, 1980;
Stiles, 2001; Wu et al., 2014). Sales, after sales, manufacturing and logistics are some of
the business phases, like product design. Each of these phases can make master data
management very complex in real life (CIMdata, 2002). These complexities are due to
silos in the organisational structure, differing interests and lack of common processes or
practices (Cooper, 1997; Puzey and Latham, 2016). Fundamental to data management is
the alignment of business priorities and a business-specific flexibility without comprising
on data quality (CIMdata, 2002). A drawback with the discussions on master data is that
they do not emphasise one product data considerations (e.g. Silvola et al., 2011). That is,
ideally, the master data is created only once and used in business processes throughout
the life-cycle of the product. Thus, the benchmark of good master data is that it does not



require any modifications later. However, the literature does not address the holistic
considerations of product master data in the context of business processes and IT
systems.

A key problem with ensuring good product-related master data is that the holistic
practices of deriving master data from the corporate strategy are deficient in many
companies. Extant literature mostly focuses the alignment between data governance and
compliance with corporate strategy (Weber et al., 2009; Wende, 2007). Although Yeoh
and Koronios (2010) and Wynn and Brinkmann (2016) recognise the importance of
synergy with the corporate strategy, they do not discuss it in the master data context.
Some authors such as Schierholz et al. (2007) have addressed the design of customer
relationship management (CRM) solutions in conjunction with the goals defined by the
corporate strategy. However, not much literature is available on the best practices for
defining good data from different business perspectives, which include master data. This
is despite the fact that the importance of product data management (PDM) and master
data is growing steadily, in line with the focus on data (Saaksvuori and Immonen, 2008).

Many studies cover the corporate strategy process on its own, whereas others discuss
master data; however, few combine both the concepts. This study aims to show that when
business drivers are understood from the perspective of corporate strategy, setting up
master data for a product (in a PDM/PLM system) can become a straightforward process.
Sharing the most relevant data with operational systems, such as CRM, enterprise
resource planning (ERP), configurators and service business systems is a business-
enabling practice. Targets defined in corporate strategy are potentially the underlying
motivations for master data activities.

The above discussion can be consolidated into the following research questions:

RQI1. How are product data requirements defined for a new product from a business
perspective?

RQ2. How do product business drivers, requirements that affect operations, impact the
product data requirements of a new product?

RQ3. How can the concept of one product master data be defined to meet the business
drivers?

To answer these research questions, we first review the existing literature to gain an
adequate understanding of product master data and its sources. The practices of three

different types of companies are then analysed to further understand how new product
business drivers impact product data requirements.

2. Literature review

2.1 Company strategy



The competitive advantage of a company can stem from its products, technology or
customer orientation (Keshavarz et al., 2014; King et al., 2010). Each company should
articulate its competitive advantage as clearly as its company strategy, which is the basis
for performance management and business process alignment (Bai and Sarkis, 2013; de
Boer et al., 2015; de Lima et al., 2012; de Morais et al., 2014; Haapasalo et al., 2006;
Harmon, 2006; King et al., 2010). One of the key success factors for companies is how
they develop their corporate strategy. In practice, this means that the better the strategy
process, which includes execution, the more straightforward it is to achieve the set targets
(Drucker, 2011).

The strategy process includes the following three key elements: (1) corporate strategy,
which describes the direction of the company, influences the profitability and stability of
the company and how the management of the business units or lines will be organised
(Rumelt, 1980; Stiles, 2001; Sung et al. 2017); (2) business strategy outlines workflows
and processes within certain business units or product lines and also identifies
improvements for actions described in the business strategy (Rumelt, 1980; Smith and
Reece, 1999); and (3) functional strategy deals with managing certain functions,
maximising productivity and improving competitive advantage (Fine and Hax, 1985;
Rajarathinam et al., 2015; Rumelt, 1980). These strategy processes have dependencies
linked to hierarchy, where the top-down model is the standard execution model of the
strategy process (Varadarajan, 1994; Wheelen and Hunger, 2006).

In addition to the above elements, incorporating market strategy, product strategy and
IT strategy into the strategy process (Figure 1) provides a good framework to understand
the hierarchy of the data required for new product development (NPD) (Harris, 1996).
This ties in with the well-known triangle of processes, data and IT, which form the basis
of managing data (Kropsu-Vehkapera et al., 2009; Silvola et al., 2011). A balanced
triangle is necessary because, for example, IT alone cannot provide a sustained

competitive advantage (Arora and Rahman, 2017).
i
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Fig. 1. Business strategy is mainly executed in 3 functional strategies: Product, Market and IT.

H1: Determining one product data from corporate strategy requires considering the key
elements of the strategy process, where business strategy is mainly executed via three
functional strategies of product, market and IT, in line with the data hierarchy model in
NPD.



2.2 Business processes and product data requirements

Business processes create value (Addo-Tenkorang and Helo, 2014; DeToro and McCabe,
1997; Neubauer, 2009; Margherita, 2013) through activities such as product
development, marketing, sales, manufacturing, logistics and services (Corallo et al.,
2010, Gunasekaran and Sandhu, 2010; Malihi and Aghdasi, 2014; Margherita, 2013) in
order to meet customer needs and requirements (Kock, 2005; Lee and Dale, 1998). The
processes also respond to changing business requirements (de Morais et al.,, 2014;
Kohlbacher, 2010; Monk and Wagner, 2009; Neubauer, 2009) by setting common targets
(de Lima et al, 2012; Gardner, 2004; Hammer, 2002; Harmon, 2006; Kersten and
Verhoef, 2003; Madison, 2005).

According to Tolonen et al. (2015a), the role of product portfolio management (PPM)
is to define what the company products are according to PPM targets and key
performance indicators (KPIs) (Figure 2). Traditional business processes define how the
products are developed, marketed, sold, delivered, implemented and maintained (Tolonen
et al. 2015a). Today, business processes and PPM are interlinked, necessitating a
governance body for strategic product portfolio decisions to cover all key processes and
company functions as product decisions influence all aspects of the business (Cooper et
al., 2001; Meeamol et al., 2011).

Product Process > Marketing and Sales process >
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Fig. 2. The structure of the business processes and their relation to product portfolio management

In a product portfolio, which consists of all the company’s products, product data is
categorised by various parameters (“views”), such as customer segments; technology
generations; product families; product types such as hardware, software; and services
(Kropsu-Vehkapera and Haapasalo, 2011). Intangible service products are considered
heterogeneous because of the involvement of customer activities during the service



processes (Edvardsson et al., 2005; Lovelock and Gummesson, 2008; Kropsu-Vehkapera
et al., 2010). Because service products are experienced by the customer, the exact value
of a service product is difficult to determine (Johnston and Clark, 2001).

PPM collects data for analysis and decision-making by considering multiple factors
such as uncertainty, dynamic opportunities, markets, customers, technologies and
interdependencies between portfolio items. It helps obtain clear product decisions based
on strategic targets and criteria defined by the executive level cross-functional
management (Cooper et al., 1999; Haines, 2009; Leffingwell, 2007; Weerd et al., 2006).
Cooper (2008) emphasises the importance of the stage-and-gate approach to portfolio
management, where the gates have “teeth” to acquire better data, while the gates define
what information is required from the project team. One of the PPM targets is to extend
strategic decision-making over product generations by combining strategy, performance
management and business development processes (Bruch and Bellgran, 2014). In fact, the
best performing companies may direct about 40% of their product development
investments and resources to totally new products and innovations (Cooper et al., 2004).

People who create product master data should understand that their actions affect a
number of people as well as downstream life-cycle phases in the organisation (Kropsu-
Vehkapera, 2012). They should understand the product data they are working with. If the
product data content is not understood, the quality or purpose of using the product data
across IT systems for other business processes is adversely affected (Kemppainen, 2010).
Key internal stakeholders for creating product master data are (1) sales and marketing
(sales and sales support), (2) supply chain (SC) (demand/supply planning, sourcing,
manufacturing, delivery and billing), and (3) after-sales (Kropsu-Vehkapera and
Haapasalo, 2011). In this study, the after-sales product data is defined as service and care
process related product data.

H2: PPM supports the one data idea by promoting the understanding that ideally the
master data is created only once and then used by multiple business processes and IT
systems. Thus, PPM has an important relation to product master data via business
processes.

2.2.1 Product data requirements for marketing and sales

For product data to be used in the sales and marketing context, it should be easily
accessible when providing an offering (Table 1). If a product is technically complex or if
there is variation in the product offering, a sales configurator is used to support the
product data definition (Salonen, 2006; Salvador and Forza, 2007). To ensure customer
buy-in and to support marketing, NPD often relies on data from sales and customers
before the starting of actual development.

Table 1. Examples of product data requirements for sales and marketing

Sales & Product Data Source

Marketing

Sales and Sales package description of sales item combinations  (Baghdadi, 2014; Kropsu-Vehkapera, 2012;

marketing ) Kropsu—Vehkaper_a and Haapasalo, 2011)
Marketing & sales plan; customer demand (Cooper, 2001; Liet al., 2011; Pan et al., 2014;

Tao etal., 2017)
Marketing and sales material (commercial and (Cooper, 2001; Kropsu-Vehkapera, 2012;




technical) & their legal approvals

Product/service pricing and customer deal
instructions

Launch plan for commercial partners
Promotion and launch material

Customer requests for product improvements
(product change requirements)

Saaksvuori and Immonen, 2008; Kropsu-
Vehkapera and Haapasalo, 2011)

(Cooper, 2001; Baghdadi, 2014; Kropsu-
Vehkapera, 2012; Saaksvuori and Immonen,
2008; Sajadfar et al., 2014; Sharma and Shah,
2015)

(Cooper, 2001)
(Kemppainen, 2010)
(CIMdata, 2002)

Configuration

Configuration guidelines: recommended
configurations, marketing/sales limitations, properties
and features, customer-specific configurations,
price/cost information

Pre-set configuration rules

Delivery times and sales channels for saleable
products

Specific customer discounts (Customer contracts as a
reference)
Customer service descriptions

(Do et al., 2002; 2008; Kropsu-Vehkapera,
2012; Saaksvuori and Immonen, 2008)

(Jinsong et al., 2005; Li et al. 2016; Saaksvuori
and Immonen, 2008)

(Kropsu-Vehkapera, 2012; Silvola et al., 2016;
Tu et al., 2006)

(Kropsu-Vehkapera, 2012; Kropsu-Vehkapera
and Haapasalo, 2011)

(Kropsu-Vehkapera, 2012; Kropsu-Vehkapera
and Haapasalo, 2011)

Sales support

Internal work instructions for product-specific
questions

Internal product guidelines, system and realisation for
reconfiguring products

(Kropsu-Vehkapera, 2012; Kropsu-Vehkapera
and Haapasalo, 2011)

(Kropsu-Vehkapera, 2012; Kropsu-Vehkapera
and Haapasalo, 2011)

H3: Product data requirements for marketing and sales can be divided into sales &

marketing, configuration and sales support.

emphasised in the marketing and sales context.

Opportunities for swift access are

2.2.2  Product data requirements related to the supply chain process

In the SC context, product master data is needed to execute various processes (Table 2)
such as sourcing, buying, storing, manufacturing, delivering and invoicing (Ofner et al.,
2013). From an IT perspective, new SC-related product data attributes are needed, and
sometimes the data is revised to ensure optimised actions. For example, lead-time or
supplier record are relevant for optimum actions. SC-related product data has
considerable impact on the master data, which in turn implies that SC information should
be integrated early into the NPD process (Leser et al., 2005). This is because once
product design phase is completed, much of the master data cannot be changed from the
SC perspective.

Table 2. Examples of product data requirements related to the supply chain

Production Product Data Source

process phase

Demand/Supply  Planning frames and product allocation preferences (Kropsu-Vehkapera, 2012; Kropsu-
planning Vehkapera and Haapasalo, 2011)

Prioritisation instructions (Brettel et al., 2014; Kropsu-Vehkapera,

(Work instructions) 2011)

Information on planned volume ramp-up/ramp-down (Kropsu-Vehkapera, 2012; Kropsu-

2012; Kropsu-Vehkapera and Haapasalo,

Vehkapera and Haapasalo 2011; Tolonen



etal, 2014)

Sourcing Purchaser of an item, vendor, lead-times, lot size, order ﬁ)lfsw\’ehli:llﬁera, 20112; 53;){981;- .
: . ehkapera an aapasalo. 5 lerzi e
frequency, purchasing price al. 2010, Xiang et AL 2017)
Mode of purchasing of original equipment (Kropsu-Vehkapera, 2012; Kropsu-
manufacturer(OEM) Vehkapera and Haapasalo, 2011)
Delivering plant with outsourced service: service (Kropsu-Vehkapera, 2012; Kropsu-
descriptions and local costs Velikapeta and Haapasalo, 2011)
Material Component data (Jolianzsggz a}ld Johailssz%nl,720194; Siddil(qui
etal. ; Taoetal. ; Terzietal.
management 2010: Xiang etal, 2017) |
Geometrical-dependent data: dimensions (Johansson and Johansson, 2004; Terzi et
al., 2010; Johansson and Medbo, 2004)
Geometrical and material data: weight, sharpness, (Johansson and Johansson, 2004;
handling requirements Johansson and Medbo, 2004)
Material data: sensitivity to surface material, dust and (Johansson and Johansson, 2004; Tao et
temperature, ecological impact, inflammable/explosive 5200
Others: electrostatic discharge (ESD), identifiable, (Johansson and Johansson, 2004)
liable to theft
Product structure groups (Johansson and Johansson, 2004;
Johansson and Medbo, 2004; Tao et al.,
2017)
Component variants (interchangeable component in (Johansson, 2007; Johansson and
different Variants) ; c())l(l)ix;sson, 2004; Johansson and Medbo,
Parts materials and generic item data (Lietal., 2011)
Parts batch and number, craft parts information (Lietal, 2011)
Production Instructions: manufacturing process guidelines, item girlﬁfsu—Vehlnga;ra, 20 112; ?0?11)51}_
- ehkapera and Haapasalo ; Tao et
Methods ERITE EIE. al., 20 {37; Xiang et 'cﬁ, 201’7) ’
Assembly and parts manufacturing methods, (Lietal, 2011)
component assembling process
Final producing methods, processing equipment, (Lietal, 2011)
tooling
Parts, computer-aided process planning, parts (Lietal, 2011)
processing operations, parts assembly sequences (Fujimoto etal., 2003)
Production outline and plan, production type, working ~ (Lietal, 2011)
hours
Manufacture resource and workshop (Lietal, 2011)
Delivery Packing instructions: compliance and document (Baghdadi, 2014; Kropsu-Vehkapera,
requirements, package identification marking ggﬁ) Suggen-Veilapsn oudl Bhagecls,
Information on shipping lot size and guidance for pick-  (Baghdadi, 2014; Kropsu-Vehkapera,
up 2012; Kropsu-Vehkapera and Haapasalo
2011)
(Service Guidance for service implementation: roles and gfr;lfsu-\’ehlzalﬁera, 20112; 53;)11381%-
dehvery/prqect responsibilities ali 5 (?F;fi{?:ng e??ﬁsgooﬁ) 5 IEDEE
execution)
Pricing reference material for profit calculations (Kropsu-Vehkapera, 2012; Kropsu-
Vehkapera and Haapasalo, 2011)
Billing Price list, price item and product catalogue (Baghdadi, 2014; Kropsu-Vehkapera,

2012; Kropsu-Vehkapera and Haapasalo,
2011)

H4: SC-related product data has considerable impact on master data, which highlights
the importance of early inclusion of SC requirements in NPD. The importance of SC
process related product data is emphasised by the product master data directly linking to
the execution of various vital processes.



2.2.3  Product data requirements related to the service and care process
Much of the product data related to service and care is derived from the previous product
life-cycle phases (Table 3). If the product data from the previous phases is up-to-date, it
facilitates easier after-sales transactions (Terzi et al., 2010). It is essential to define the
product data related to service and care during the product development phase (Kropsu-
Vehkapera, 2012). There is often a link between the master data of the SC phase and the
service and care phase.

Table 3. Examples of product data requirements for service and care process

Product data

Source

Product error correction plans and roadmaps

Service levels
Instructions for troubleshooting, testing and system set-ups

Secure access to information for local contracting partners

User privileges and information security (second sources product
specifications data etc.)

Customer service documentation/information

Customer’s product structures

Item bill of materials (BOMs) for material orders, spare parts, remote
maintenance, technical support

Spare part manual

Technical manuals

Sales or delivery project documents for modernisations

Accessories sales information

Product documents and manuals for technical support

Maintenance handling tools and needed skills

Field data management

Maintenance plans, warranty issues

Performance data maintenance for preventive maintenance plan
Software correction packages and information on new software releases

Change information for products and supporting infrastructure

Information about the versions of manufactured and delivered products
original equipment manufacturer, manufacturing data, bills of materials,
operational conditions, usage plans

Prior service data

(Kropsu-Vehkapera, 2012; Kropsu-
Vehkapera and Haapasalo, 2011)
(Ala-Risku, 2009)

(Kropsu-Vehkapera, 2012; Kropsu-
Vehkapera and Haapasalo, 2011)

(Saaksvuori and Immonen, 2008)
(Saaksvuori and Immonen, 2008; Stark,
2004)

(Li et al., 2011; Saaksvuori and Immonen,
2008)

(Li et al., 2011; Saaksvuori and Immonen,
2008)

(Ala-Risku, 2009; Saaksvuori and
Immonen, 2008)

(Saaksvuori and Immonen, 2008)

(Pham et al., 1999; Stark, 2004)
(Ala-Risku, 2009)

(Lietal., 2011)

(Ala-Risku, 2009)

(Stark, 2004)

(Stark, 2004)

(Ala-Risku, 2009; Stark, 2004)

(Stark, 2004)

(Kropsu-Vehkapera, 2012; Kropsu-
Vehkapera and Haapasalo, 2011)
(Kropsu-Vehkapera, 2012; Kropsu-
Vehkapera and Haapasalo, 2011)
(Saaksvuori and Immonen, 2008)

(Ala-Risku, 2009)

(Ala-Risku, 2009; Xiang et al., 2017)

H5: Product data relevant to the service and care process covers product installation
and the care and repair life-cycle. It highlights the importance of providing up-to-date
data to support service and care transactions. Acknowledging the needs of service and
care during NPD is also essential.

2.2.4 Functional and technical requirements for product data
Actual product data requirements (Table 4) can be divided into two main categories: (1)
functional and (2) technical (Nilsson and Fagerstrom, 2006). Functional product data
requirements refer to the ability of the product data to support value creation and business
optimisation, and they are influenced by the life-cycle of the product. Technical product



data requirements are derived from IT system requirements and from data quality

principles to facilitate functional product data requirements.

Table 4. Universal product data quality requirements towards realising one product master data

Universal, product data quality requirements

Source

Data accuracy and objectivity, reliability and reusability

Data accessibility and availability (privileges, protection), data security, data
authentication and encryption

Data believability and reputation
Data consistency (well organised and structured, levelled)

Data context, format and meaning

Data control: master for a piece of data; change and product configuration
management

Data system integrations and closed-loop information flow (transparent and
bidirectional), data links and relationships to source and derived data,
navigation through links

Data interface management, interoperation of data representations with
standardised data between devices

Maintenance and documentation issues of data

Data ownership issues: roles, rights and responsibilities, definitions

Data is presented in the correct view and form, different representations for
different users

Standard underlying data: consistent, uniform definition of product, unified
data model

Data processes are clearly defined

Data storable in different formats, in different systems
Proactive data surveillance

Important system component in place

Data traceability

Real-time data acquisition, up-to-date data through updates, correct data
versions

Data usability and usefulness, data retrieval

(Saravanan and Joseph, 2016; Stark,
2004)

(Chauhan and Jaiswal, 2015;
Kropsu-Vehkapera, 2012; Lee and
Suh, 2009; Philpotts, 1996; Stark,
2004; Wang and Strong, 1996)
(Silvola et al., 2016; Wang and
Strong, 1996)

(Philpotts, 1996; Sharma et al.,
2016; Stark, 2004)

(Wang and Strong, 1996)

(Stark, 2004)

(Lee and Suh, 2009; Philpotts,
1996; Saaksvuori and Immonen,
2008; Stark, 2004)

(Lee and Suh, 2009; Stark, 2004)

(Stark, 2004)
(Kropsu-Vehkapera, 2012; Otto,
2012; Silvola et al., 2011; 2016;
Stark, 2004)
(Kropsu-Vehkapera, 2012; Stark,
2004)

(Kropsu-Vehkapera, 2012; Lee and
Suh, 2009; Silvola et al., 2011;
Stark, 2004)

(Silvola et al., 2011)

(Philpotts, 1996)
(Silvola et al., 2011)
(Stark, 2004)

(Lee and Suh, 2009; Li et al., 2011;
Stark, 2004)

(Lee and Suh, 2009; Philpotts,
1996; Saaksvuori and Immonen,
2008; Stark, 2004)

(Philpotts, 1996; Strong et al.,
1997)

H6: Ensuring that data supports value creation and business optimisation (functional
data requirements) and that the IT system requirements and data quality principles
(technical product data) enable such support are vital for one product data.

2.3 Business process applications and the nature of the data

Business processes require integration of information systems to ensure process control,
performance management and updating internal and external stakeholders (Genaroro and
Lourero, 2015; Tian and Quan, 2008). PDM systems can be used efficiently for the
creation of configurable and modular products by the automation of the product data
integrations (Ulrich and Eppinger, 2012; Williams, 2008), enabling a number of different
solutions for customers through a minimum number of items in the portfolio (Gosling



and Naim, 2009; Hvam et al., 2008). The ability to manage key data is critical (Mani et
al., 2013). The preconditions for company-wide MDM include product data models and
nominated product data owners who ensure controlled product data quality (Silvola et al.,
2011). The existing IT-based product life cycle management (PLM) solutions are
designed to provide better support to data management activities during the NPD phase
than over the entire life-cycle (Saaksvuori, 2011). However, product data attributes are
managed not only by PDM systems but also systems such as ERP (Gomez et al., 2014;
Sonzini et al., 2015; Sriti et al., 2015; Tidstam and Malmqvist, 2015).

The main IT systems needed during the product life-cycle include the CRM, ERP and
service/care systems. A CRM system maintains records of interactions with current and
possible new customers (Gomez et al., 2014; Meyliana et al., 2016; Silvola et al., 2011;
Saaksvuori, 2011; Stark, 2004; Tian and Quan, 2008). Data stored in the CRM system
covers the life-cycle of the interactions. An ERP system covers the main business
processes such as manufacturing, planning, marketing, sales, shipping and invoicing.
ERP is a core system for the business transactions (Jain, 2016). Service/care systems are
used to offer customer support and maintenance services, typically for after-sales
purposes. Examples of after-sales services include scheduled maintenance, providing
spare parts and upgrades (Stark, 2004).

H7: One product data considerations can benefit of the effective use of information
systems to integrate business processes. PDM, PLM, CRM, ERP and service/care
systems have clear roles in the creation of product master data.

2.4 Synthesis

Product master data refers to data that is produced during the NPD phase—it is then
released for use in other corporate functions and business processes. Common data, on
the other hand, is the data that is often discussed in literature—whose relationship with
the business processes varies to a great extent. Common product data should, however, be
maintained in PDM/PLM systems and should be shared by all the business processes to
ensure that it is uniformly used. (Figure 3).
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Fig. 3. The role of the common — harmonised one product data for business processes.

Scheidt and Zong (1994) state that product data can be either static or dynamic by its
nature. Static data merely has a longer life-cycle than the dynamic data. Crnkovic (2002)
talks about business drivers that are maintained and stored in the PDM/PLM solution.
Alignment between strategy, business drivers, and product master data is vital for the
business performance (McGrath, 2001; Tolonen et al., 2015b). Figure 4 shows a
simplified process flow illustrating how product master data can be derived from
customers and corporate strategy. The process flow indicates that repeated
discontinuations in the flow will adversely affect the product master data, the
performance of the product and thus the company in the later phases of the product life-
cycle.

Customer
needs
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1
1
1

Business Product Static Dynamic
Product : i ; i
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=LEMEEy Creation Creation

Product
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properties

Fig. 4. Simplified process flow from corporate strategy to product master data management

HS8: The concept of one product master data can support the understanding of common
product data. Further, it supports the development of links between strategy, business
drivers, and the product master data.

3. Research method and description of case
companies

The study uses two qualitative research methods: extensive literature review and
interviews with relevant company representatives. Figure 5 illustrates the research
process. Firstly, an initial literature review was conducted on the topics of MDM, PDM,
PLM, business drivers, strategy and product design to understand how one product data
can be determined from corporate strategy. Relevant hypotheses were developed. The
literature analysis also helped conceptualise product master data and the business factors
that require master data. An overview was obtained about how different authors view
corporate strategy as the source of the business drivers of product data.

Secondly, empirical data collection was carried out to better understand the business
drivers emerging from corporate strategy. A formal and an informal interview guide were
developed based on the literature findings and used for company selection and the
interviews. Company A was interviewed first and the relevant confidential data were
obtained. We analysed company A first because it is a leading player in its field and



possibly has advanced master data and product data practices. The data from company A
were carefully analysed to understand how new product business drivers impact the
product data requirements. The analysis included identifying and analysing business
drivers, and further noting the commonality and impact on product data requirements.

Two additional companies (B and C) were selected from different sectors, they were
interviewed and confidential material was obtained. The empirical results of these
interviews were carefully analysed, and the practices were compared to those of company
A. Next, the findings were analysed in light of existing literature. This was followed by a
second set of interviews with company A representatives to confirm the earlier findings
and to obtain further insights into the practices of the other two companies. Final analyses
were conducted using all the obtained material and conclusions were drawn.

Literature Review

/N

Comparing the 2 / Interviews with

findings against 4 the middle
| the practices of 2 management of
| other companies 6 case company A. |
3 7 8
p . P
Analysis _— Conclusions

Fig. 5. Research process of this study

A sample size of three companies was considered adequate to the aims of the study
(Patton, 2002; Siggelkow, 2007). Company A was intentionally selected as the main
case while the others played the role of reference points (Table 5). The quality of the
input data was an important criterion for selecting the companies, along with some
access to influential individuals within.

Table 5. Characteristics of the companies.

Company Product type Business Business Markets # of interview sessions
life-cycle type and informants
stage
A HW, Services Growth B2B Global 5 sessions, 12 informants
B Services Mature B2B, B2C  Regional 1 session, 2 informants
C Food Growth B2B, B2C  Regional 1 session, 2 informants

Company A is a leading global manufacturer of heavy machinery. Headquartered in
Finland with over 10,000 employees worldwide, the company was an appropriate



case for the study as its product portfolio and service offerings suggest that data
issues are highly relevant to it. Company A operates in business-to-business (B2B)
and business-to-consumer (B2C) markets, providing equipment and services to a
variety of companies and has a revenue of several billions. Data relevant to company
A’s products and services is tracked and controlled by IT processes. The company has
witnessed several major business process and IT renewal programmes in the past five
years. Interviews with company A covered members of the middle management:
product managers (4), research and development (R&D) managers (3), chief
engineers (3), architects (IT), and PLM concept owners.

The other two companies in this study are reference points. They were included to
better understand whether the findings from company A are indicative of a larger
trend. The companies were selected such that none are in direction competition with
the other, which allowed for open discussion on topics.

Company B operates in the service sector, undertaking many internet of things
(IoT) initiatives. Its operations are limited to Scandinavia but it provides large
complex IT services to both B2B and B2C customers. Two middle management
employees were interviewed in company B: a product manager (1) and a R&D
manager (1).

Company C operates in the food manufacturing sector, selling its products to tens
of countries and has a revenue of a few billions. The company’s business offerings
include product and technology exports and significant innovations. We interviewed
a product manager (1) and a R&D manager (1) at company C.

The interviews were semi-structured, allowing respondents to explain the topics
as entities (Merton et al., 1990). Interviews were supplemented by personal
observations, confidential company material and secondary data. The availability of
abundant analysed material enabled triangulation and cross-verification of findings
(Yin, 2003). Triangulation of data improved the reliability of the research
(McCutcheon and Meredith, 1993). Versatile data sources linked together with a
clear chain of evidence helped establish construct validity. Although the same
research protocol was used in the interviews, the focus of each interview was
somewhat influenced by the respondent and their perspective. The content and logic
of the interviews were reviewed before and after the interviews to establish a chain
of evidence. Responses were recorded and transcribed to enable thorough analyses,
while a research protocol and the development of a case study database helped
ensure the reliability of the study (Yin, 2003).

4. Empirical analysis of the business drivers
(requirements) for product data

Company A

Business drivers were analysed to understand how they impact product data
requirements (Table 6). Further analysis showed that 17(63%) business drivers were
common (Fig 6) to all the product categories and should be defined clearly during the
NPD phase. Changing these drivers later is not possible as they define the product



itself - “the DNA of the product”. Noteworthy is that these drivers apply across all
the product categories.

Company A has three different types of operational models: engineer-to-order
(ETO), configure-to-order (CTO), and make-to-order (MTO) and related products.
Four (15%) of the company’s business drivers were category-specific, i.e. ETO,
CTO or MTO. Six (22%) had low impact on NPD and could be added, or changed in
the later phases of the product life-cycle (Fig 6). In total, 27 business drivers were
identified in the interviews with company A.

Table 6. Business drivers identified in interviews with company A.

Business Drivers

Execution extremes
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Product branding
Design point for additional/ changeable features

Multiple / one brand strategy
Before launch / after launch

Multi-location product design Yes / No

Product design ownership (PDCP) Intellectual property rights not owned / Owned
Level of purchased PMCPs in product High / Low

Make or buy In-house / Outsourced
Product modularity incl. Utilised / Not utilised
Utilisation of scale tech parts Utilised / Not utilised
Custom requirements High / Low

Final assembly plan Needed / Not Needed
Specified transportation concept Needed / Not Needed
Cost control criticality (Product) Critical / Non-critical
Product design upgradability later during life- High / Low

cycle

Product manufacturing location
Invoicing possibilities

Execution of customer-specific product
requirements

Product volume

Multi-location / One location
Multiple / One
High / Low

Volume / Unique

Customer-specific documentation requirements High / Low
Customer documentation creation Automated / manual
Product configuration and automation Needed / Not needed
Manufacturing documentation creation Automated / manual
Product traceability requirements High / Low
After sales possibilities incl. High / Low
Product modernisation possibilities High / Low
Spare part management possibilities High / Low
Global technical support requirements High / Low
Possibilities/ Offerings for remote monitoring High / Low

services
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Fig. 6. Common business drivers, category-specific business drivers and low impact drivers.

In company A, some business drivers were well recognised by all the interviewees as
they featured repeatedly in their comments (Figure 6, common business driver category).

The interviewees explained that the process of product data definition was somewhat
unstructured and non-directed. Product data creation required considerable effort and had
to be undertaken separately for several isolated IT systems. Overall, respondents did not
seem to understand the gravity of not identifying or achieving the business drivers early
in the NPD process. The links between business drivers and master data definition were
not well acknowledged.

Clear links between engineering bill of material (BOM), sales BOM and
manufacturing BOM were missing in company A; thus, business drivers were not secured
prior to product launch. Data reaching the service BOM, especially the master data
definitions related to the services and care process, based on business drivers, were not
clear from product master data perspective: the links to the original product data were
loosely defined. Interviewees from company A recognised the need for improvements in
their data processes and were working on them in their ongoing projects (Figure 7).



w ( Technical
L Product

Design Data
J Data

PLM

T Not clear l Not clear T

Sales &Marketing Supply chain Service & Care
CRM ERP CRM

Fig. 7. Categories of main product data in company A

The main product data categories in company A included the most mentioned data
elements and how they were linked. Respondents at company A also referred frequently
to product documentation, which was a clear customer requirement. Empirical analysis
suggests that the actual business drivers in company A are linked, and as with common
product data structures, these drivers should be described. The analysis clearly identifies
the need for a framework to managing the product master data once the product has been
launched.

Finding 1. Technical perspectives, to a certain extent, are not enough for one product
definition, where the master data is created once.

Finding 2. Effective use of information systems is necessary to integrate business
processes and to obtain adequate support for determining one product data from the
corporate strategy.

Company B

Company B was selected mainly for its superior capability to launch new services.
Although companies A and B were not competitors, the latter was much faster at
developing new services. During the interview, the R&D manager explained, “a new
service can be launched in a week when it is based on an existing technology.” To a
certain extent, clear links were evident to the service strategy of the company. However,
the links were not fully optimised as the company was renewing its internal IT systems at
the time of the interviews. Both the interviewees said that “IT system silos make the
comprehensive service business challenging to manage internally.” Some common
service product data elements were already in use and had been productised. However,
the service product data was not well managed as the related data ownership was not
fully clear. The product manager explained, “The monitoring operations of big customers
have been taken care of with real time monitoring. What is being monitored is the service
master data used for running the service.” The manager added, “Sales people have only



price data monitored, but link to the service operations side master data and offered
services is not tight.”

Company B has a large footprint in the field of digitalisation of services and is a first-
mover in Finland. Because B’s service business was not well productised and structured,
the applicability of the results was limited. The role of the business drivers was minimal
and mainly visible at the lowest levels of the service BOM, at standardised levels. The
reasons for standardising the lowest level of the services better than higher levels were
possibly service reliability and cost optimisation. This were identified in both the
interviews.

Finding 3. Adequate consideration of product data is also significant for services, which
suggests that product type is not a major factor for one product data considerations,
where the master data is created once.

Finding 4. Clear structure and adequate ownership are needed for effective product data
considerations.

Company C
Company C was chosen to be a part of this study because of its mature process

framework, which implied that product data formed the core of the company’s business
processes. Cross-industry learning opportunities were particularly attractive in this case.

Company C had a clear model of roles and responsibilities, which was derived from
the corporate product strategy (Figure 8). The global product strategy covered and
integrated all the business functions into one strategy document. The R&D manager
explained, “the journey has been ongoing for the past two years, including renewal and
re-thinking the roles and responsibilities across the organisations.” The company had
also created a global product data governance function, where all functions had their own
responsibility area. Product data owners were identified for each product, and they
worked together under the framework of a data owner network (DON). The product
manager added, “did not know anything about the DON before the internal project with
some external support was started.”

As all the business drivers were derived from the product strategy, the company C
regularly updated its strategy, and the details of the updates were broken down to action
items such as product portfolio steering actions, such as product ramp-ups and ramp
downs, and decisions on new R&D projects, whether modifications to the existing
products or completely new products.
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Finding 5. Certain industry environments may naturally steer towards clearer product
data definition and linkages between strategy and product data because of different
standards that compensate for internal deficiencies in definitions.

Finding 6. Consistent data efforts and practices such as DON can prove beneficial for
one product data initiatives.

5. Results synthesis and discussion

Table 7 summarises the findings. The most important prerequisite to having clear product
data requirements is a close link between the main business processes and new
product/service development. Corporate strategy also plays an important role as seen in
the case of two companies with weak links to product strategy. IT and the overall systems
architecture ensures linkages among the key business drivers. Two of the three analysed
companies had very loose IT architecture. The results suggest sharing business process
related product data between IT systems is not a common practice, if at all. Company C
was an exception in that they had implemented tight data integration policies whereas
companies A and B were still developing definitions for the corporate strategy driven

business drivers.

Table 7. Summarised findings from the analysed companies A, B and C.

Business driver categories

Company A

Company B

Company C

Common, one product data
definition is clear

No, only technical views exist,
but only for hardware.
Documents, service, software
are not defined

No, technical service structure
is described, but only on a
case-by-case basis.

Yes, it is defined well because
of regulations and quality
control

Corporate strategy and
product strategy are linked,

Partially. Some of the
elements such as safety and

Partially. Some of the
elements such as business

Yes, the strategy is very well
aligned through the business




and there is evidence in the
product data as to how this
is done in practice

innovation business drivers are
linked to product data, but
most links are missing

drivers related to innovation
and customer segments are
linked to product data, but
most links are missing

processes and product data

Sales-related product data

Partially, but it is quite loosely
maintained in the CRM system

Partially, but there are no
standards

Yes, it is well defined

Supply chain-related
product data

Partially, but only technical
product data. Product-related

Partially, but limited to
technical service data.

Yes, it is defined well because
of regulations and quality

control and to meet cost
optimisation targets

delivery data is loosely
understood and managed

Product-related delivery data
is loosely understood and
managed

Service/Care-related product | Partially, but it is maintained Partially, and some links are Not applicable due to nature of

Data in service system and without used for technical service the product
links to original product data product structure.
Product life-cycle data No clear process or data in No clear process or data in Yes

place place

Finding 7. A close link between the main business processes and new product/service
development is required for clear product data requirements.

Finding 8. Sharing product data related to business processes between IT systems may be
necessary for linkages among business drivers.

Product data can be defined in many ways, but what constitutes one product master data
requires greater attention. Factors relevant to such product data include why it is created,
who the data owners are, who the data users are, and where it is used within the company.
One product master data is created only once with the mind-set that it can be used in
company processes through the life-cycle of the product. The results of the study indicate
that the precondition for one product data is the integration of the product master data,
and product data related to business processes via PLM/PDM, CRM and ERP systems as
IT applications. This can be described as the one product data triangle (Figure 9). There
are two categories of business drivers that define the product master data and the product
data in business processes: (1) critical common business drivers for common product data
and (2) high business value drivers for product data related to the business process.
Critical business drivers play a crucial role from the perspective of company strategy and
operations. Such drivers are, for example, basic product data, sales price logic master
data, product configuration rules, and product structure data that tightly integrates the
different main processes. High business value drivers and related product data categories
are crucial for business processes such as supplier data, warehouse location etc.
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Fig. 9. One product data triangle lays the foundation of integrated product master data, business process
related product data and IT systems.

Finding 9. The integration of the product master data and product data related to
business process via PLM/PDM, CRM and ERP systems is a precondition for one
product data — master data that is created once and processed through the product life-
cycle.

Product master data creation is a part of the NPD process deliverables. This data is
validated over different development phase milestones and steering group meetings to
ensure the deliverable content meets the use phase expectations of the business processes.
This also means that corporate management exerts considerable influence over the
product master data to ensure that the critical business drivers are defined correctly
before releasing the product data to business processes.

Product master data is often stored in PDM/PLM systems. A master-slave logic is
needed to arrive at a situation where the product master data is created only once and then
used by multiple business processes and IT systems. A product data master system such
as PDM/PLM can act as a centralised storing and sharing medium towards the slave
systems in business processes. The product data that comes from the PDM system is
taken in as such, whilst some new business process related product data need to be added
to carry out the desired business process transactions such as sales order entry, purchase
orders, work orders, stock movements, shipping and installation of the product. This way
the critical one product data remains the same for all. Product data records also have a
life-cycle aspect, and it is the role of the product data master, the PDM system, to execute
the changes across the system landscape and business processes.

The critical, one product master data is comparable to human DNA. Each product has
its own common data attributes and values, which are also mapped to the product DNA,
the product master data. At the same time, each product is a unique entity and its own
life-cycle (Figure 10).
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Fig. 10. Product master data, the DNA, business process related product data in integrated business
processes and IT systems.

Finding 10. Product master data should be created only once and then used by the
business processes and IT systems in a manner that mimics the master-slave logic.

In terms of critical business drivers, i.e. the product DNA, a 100% data quality mind-set
is needed for completeness, relevance and timeliness of critical data. This means that data
will be created, updated and removed within the product life-cycle. In other words, data
quality will be monitored after the data has been released from the PDM/PLM system to
other IT systems in business processes. Product data monitoring should occur in real time
as deviations in data quality can break the product DNA. All organisations should have a
common understanding about the criticality of one product data given the frequent and
continuous product data changes from the business side.

Efforts should be made to ensure that the high business value drivers and related one
product data are maintained at a good quality level. Whereas the quality of the product
master data should be 100%, for business process related product data, the target quality
can vary according to the criticality of each driver from the perspective of the strategy.

In extant literature, strategy process, MDM and product portfolio data management
discuss business drivers and master data as separate topics (Cooper, 2001; Stark, 2004).
The link from strategy process to one product data has not been explored. This study
bridges the gap by describing how business drivers are linked to one product data via
product master data, business process related product data in integrated business
processes and IT systems.

The key contribution of this work is the defining of a pathway from strategy to one
product data, with clear evidence that when one product data is not under control, it
reflects in daily activities. The vast number of information sources required to put
together one product data requirements is especially noteworthy.

Linking business strategy and customer needs to one product data is not an easy task
mainly because of deficient PDM and PPM practices. Common strategy processes that
clearly feature PDM and PPM could not be empirically identified. This can be attributed
to the possibility that people within organisations still work within their silos and are



unable to visualise the benefits of digital product information and related product life-
cycle management activities. Creating high quality one product data once and using it
across the company business processes offer enormous improvement opportunities and
save wasteful activities.

6. Conclusions

Practices for deriving master data from the corporate strategy are essential for companies.
This is particularly true because of the growing emphasis on PDM for creating and
managing product master data and business process related product data. Business drivers
should be understood from a corporate strategy perspective to capture product data in
relevant systems in a straightforward manner. A novel contribution of this study is that it
clarifies the foundations for determining one product data together with the sources of the
requirements. The proposed one product data triangle is founded on the three pillars of
product master data, business process related product data, and integration of business
processes based on IT systems. Each factor impacts the other two. IT systems and related
configurations should be based on the business process architecture, which defines the
options for product data classification. New understanding on the linkages with business
drivers is created by analysing product data definitions, whereas main business processes
are used to support categorisation of the product data. Unique contribution involves
discussing master data considerations in the context of business processes and IT
systems. This study highlights how the integration of the product master data, and
business process related product data by the PLM/PDM, CRM and ERP systems is a
precondition for one product data. The analysis of the practices of three companies
support the understanding how new product business drivers impact the product data
requirements.

Product data requirements are drawn from the corporate strategy, which is also the
source of business and product strategy. These business drivers (requirements) determine
how PPM, product development, sales, delivery (SC) and service processes operate.
Traditionally, product data has been used to describe technical product aspects. In
addition to technical aspects, product data should be defined for business processes such
as sales, delivery and service. The role of the business drivers is to make sure that these
requirements are being met. This study argues that the effective use of information
systems is necessary to integrate business processes and to obtain adequate support for
determining one product data from the corporate strategy. This study also indicates that
sharing business process related product data between IT systems may be necessary for
linkages among business drivers.

Business drivers highlight the need for making the product master data understandable
in layman terms. This is needed because the individuals responsible for product data
definition are typically not master data experts. Nevertheless, companies should invest
efforts to ensure that the business drivers are met before launching new products.

Acknowledging the importance of business drivers is vital to the definition of the one
product data concept. Secondly, prioritisation is essential as some product data related to
business process is more valuable than others. Product master data refers to the
product’s DNA — such unchanging data that defines the product itself and is common to
business processes. Business process related product data specifies how the product is



marketed, sold, supplied, manufactured, distributed, etc. A combination of the business
drivers, product master data and business process related product data are needed to
formulate the concept of omne product data across all business processes. This study
emphasises how product master data should be created only once and then used by the
business processes and IT systems in a manner that mimics the master-slave logic. In
practice, one product data is closely integrated with product master data, business process
related product data, and IT systems.

Managers need to realise that if the capability to translate business drivers to one
product data requirements does not work for both new and existing products, it is likely
that implementing any new strategies that are product data intensive will not be easy.
Ultimately, organisations should recognise one product data and its benefits and
accordingly execute their corporate strategy. The top and the middle management can
benefit from the results of this study when considering the important question of “Do we
follow our strategy with our products?”

Limitations and scope for future research

A limitation of this study is that product data requirements, business drivers and the
product data concept were qualitatively analysed by focusing only on three companies. A
certain level of subjectivity may have also affected interviewee responses. The number of
interviews conducted also poses a limitation; however, it is assumed to be adequate for
drawing conclusions of a qualitative nature. Misinterpretations by researchers in a
qualitative study can also take away from the findings; however, multiple researchers
confirming the findings reduces the likelihood. Further, some relevant discussion
included in the previous literature may have been missed, potentially influencing the
conclusions. The lack of statistical tests can also be considered a limitation. In future,
researchers can link business strategy and customer needs to one product data definition.
They can utilise the design for excellence, Df(x), type of logic to build roles and
responsibilities that they truly cover the life-cycle properties of product data. This would
entail measuring the overall quality of the design apart from time as a productivity
measure. The relationship of quality, cost and end-to-end efficiency would also need to
be defined. In addition, the new value of Internet of things would be an interesting topic
with a suitable data-specific focus. Lastly, the role of the PLM/PDM processes and
applications could be further studied to understand which business process related
product data links back to product master data system to transform the traditional
PLM/PDM systems into a modern PPM system.
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