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Abstract 

Purpose—The main objective of this study was to analyse current challenges and to articulate the preconditions 

for data-driven, fact-based product portfolio management (PPM) based on commercial and technical product 

structures, critical business processes, corporate business IT and company data assets. Here, data assets were 

classified from a PPM perspective in terms of (product/customer/supplier) master data, transaction data and 

Internet of Things (IoT) data. The study also addresses the supporting role of corporate-level data governance.  

Design/methodology/approach—The study combines a literature review and qualitative analysis of empirical 

data collected from eight international companies of varying size. 

Findings—Companies’ current inability to analyse products effectively based on existing data is surprising. The 

present findings identify a number of preconditions for data-driven, fact-based PPM, including mutual 

understanding of company products (to establish a consistent commercial and technical product structure); 

product classification as strategic, supportive or non-strategic (to link commercial and technical product 

structures with product strategy); and a holistic, corporate-level data model for adjusting the company’s business 

IT (to support product portfolio visualisation). 

Practical implications—The findings provide a logical and empirical basis for fact-based, product-level 

analysis of product profitability and analysis of the product portfolio over the product life cycle, supporting a 

data-driven approach to the optimisation of commercial and technical product structure, business IT systems 

and company product strategy. As a virtual representation of reality, the company data model facilitates product 

visualisation. The findings are of great practical value, as they demonstrate the significance of corporate-level 

data assets, data governance and business-critical data for managing a company’s products and portfolio. 

Originality/Value—The study contributes to the existing literature by specifying the preconditions for data-

driven, fact-based PPM as a basis for product-level analysis and decision-making, emphasising the role of 

company data assets and clarifying the links between business processes, information systems and data assets 

for PPM. 
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1. Introduction  

Achieving company competitive advantage through operational effectiveness depends on adopting best practices 

throughout the entire value chain, including business IT solutions (Porter and Heppelmann, 2014). However, remaining 

competitive and ensuring long-term business growth requires continuous innovation (Hauser et al., 2006; Porter and 

Heppelmann, 2014; Moore, 1993), and challenges include successfully replacing ageing products with new ones and 

responding strategically to changing tastes, technologies and competition in the market during the product life cycle 

(Kotler and Armstrong, 2011; ElMaraghy et al., 2013). Each stage of the product life cycle—from concept creation and 

product design through manufacturing, sales and delivery—generates a large amount of data from different stakeholders. 

End-user product utilisation and after-sales service generate further data until the product is recycled or disposed of (Tao 

et al., 2018). The current literature fails to provide means to systematically utilise the created data to analyse products 

and the product portfolio. 

Company products can be classified by type, hardware, software or service, or any combination of these (Tolonen et 

al., 2014a; Kropsu-Vehkapera, 2012), or by product family, customer segment or technology generation. However, 

regardless the way they are classified, company products together form a company product portfolio (Kropsu-Vehkapera 

and Haapasalo, 2011). Product portfolio management (PPM) is an essential tool for strategic analysis and decision-

making (Cooper et al., 1999; Cooper et al., 2001) that enables top management to determine how best to develop, deliver, 

sell and care products, and how to remove older products at the end of their life cycle (Tolonen et al., 2015; Tolonen, 

2016). As PPM is strongly linked to company performance (Padovani and Carvalho, 2016), the concept must be fully 

understood in order to gain the practical business benefits. Clarity is needed on how to link and utilise data assets in 

conjunction with PPM. 

Across all industries, data are now a key strategic business asset (Alhassan et al., 2018; Aiken and Billings, 2013; 

Chaki, 2015; Bonnet, 2010) of increasing importance (DeStefano et al., 2016; Gao et al., 2010; Haider, 2015; Borgia, 

2014; Fisher, 2009). Concurrently, the growing complexity of corporate structures means that data governance (Alhassan 

et al., 2018) and information management also play a crucial role (DeStefano et al., 2016; Panetto et al., 2012). 

Additionally, the growing number of interconnected devices and associated data provide new opportunities for societies, 

environments and economies, as well as for individuals (Borgia, 2014). Data and information management does not end 

when the finished goods are delivered to the customer but may continue for a long time beyond that point (Gao et al., 

2010). However, there is no consistent agreement about who owns and manages an organisation’s data (Aiken and 

Billings, 2013), and to remain efficient and effective, companies must implement high-quality corporate-level practices 

for data management (Silvola et al., 2019; Otto et al., 2007; Fisher, 2009). Treating data as a strategic asset (Aiken and 

Billings, 2013; Otto and Reichert, 2010; Cleven and Wortmann, 2010; Fisher, 2009) can create competitive advantage 

(Allen and Cervo, 2015) if those data are standardised and interoperable (Haider, 2015; Fisher, 2009) throughout the 

organisation. Along with business processes and business IT systems, data management and flow must align with 

corporate strategy and must be systematically managed to address problems of varying data quality (Silvola et al., 2019; 

Schaffer and Leyh, 2017; Otto et al., 2007; Gao et al., 2010; Haider, 2015). To survive the competitive pressures of time-

to-market, profitability and labour cost, data must be shared quickly, faultlessly and automatically (Sriti et al., 2015; 

Saaksvuori and Immonen, 2008; Terzi et al., 2010). However, the existing literature fails to provide any clear guidelines 

for the systematic use of data for effective fact-based analysis of products and the product portfolio. The present study 

seeks to clarify the practical possibilities in the context of data assets, business processes and IT applications. 



 

According to earlier research (Hannila et al., 2019), product master data (PMD) and supply chain product data are 

poorly defined and are not utilised for PPM analysis and decision-making. In addition, business IT systems have been 

implemented from the perspective of IT rather than PMD and master data management (MDM), resulting in siloed data 

and isolated business IT systems (Hannila et al., 2019; Jetson and Nelis, 2008; Das and Mishra, 2001; Tao et al., 2018). 

Data-driven and fact-based PPM requires better utilisation of data and business IT, beginning with the organisation’s 

most important data assets: master data and MDM (Vilminko-Heikkinen and Pekkola, 2017). 

In summary, data-driven and financially sustainable PPM involves a large volume of product/customer/supplier 

master data and transaction data, as well as IoT, product utilisation and service data over the life cycle. However, little is 

known about how PPM should be supported vertically by business IT solutions (commercial and technical product 

structures) and horizontally (across all phases of the product life cycle). According to Tolonen et al. (2015), 20% of a 

company’s products account for 80% of sales. Profitability is currently measured and reported at company level, and 

firms seem unable to measure product-level profitability without excessive manual work. As a consequence, companies 

are unable to maintain and renew their product portfolio in a strategically or commercially balanced way. The present 

study attempts to classify and categorise the challenges that currently hinder data-driven and fact-based PPM in relation 

to commercial and technical product structures, critical business processes, corporate business IT and company data 

assets. The study also aims to specify the preconditions for data-driven, fact-based PPM. Specifically, the study addresses 

the following research questions.  

RQ1: What are the roles of product master data, product-related business data and other company data assets in PPM?  

RQ2: What are the challenges of data-driven PPM in relation to product master data, product-related business data 

and other relevant data assets gathered, connected, stored and utilised in key business processes? 

RQ3: What are the preconditions for successful data-driven PPM? 

To address RQ1, a literature review informed the development of a framework for an empirical analysis of eight 

international companies from different business sectors. To address RQ2, the study analysed how product-related 

transaction data and other data assets are linked to master data to support PPM analysis and decision-making. Finally, to 

address RQ3, the findings were synthesised to identify the preconditions for real-time, data-driven analysis and PPM. 

2. Literature review 

The literature review encompasses commercial and technical product structures, company data assets in key business 

processes, data governance and the role of IT in managing data assets across different business processes. Commercial 

and technical product structures together form the backbone of a company’s business (Kropsu-Vehkapera et al., 2009), 

linking related data such as sales and cost data. As a company-specific strategic asset (Allen and Cervo, 2015; Aiken and 

Billings, 2013), data must be governed consistently across all areas, supported by appropriately adjusted business IT. The 

literature review links these areas to connect key business processes, information systems and corporate data assets for 

data-driven, fact-based PPM. The literature taxonomy can be found in Appendix A. 

2.1 Commercial and technical product structure for PPM 

A consistent product structure is crucial for managing product master data (PMD) throughout the product life cycle 

(Kropsu-Vehkapera et al., 2011; Silvola et al., 2011b; Crnkovic et al., 2003), whether the product in question is hardware, 



 

software or a service, or any combination of these (Kropsu-Vehkapera, 2012; Tolonen et al., 2014a; 2014b). Product 

structure is typically represented as a hierarchy of parent item (the finished goods) and its child items (sub-assemblies, 

parts and materials) (Stark, 2016; Guoli et al., 2003; Matías et al., 2008), representing the backbone of the company’s 

business (Kropsu-Vehkapera et al., 2009). According to Tolonen et al. (2014a, 2014b) and Tolonen (2016), to support 

PPM, product structure must encompass both commercial and technical structures. Figure 1 (modified from Tolonen, 

2016) illustrates the logic, linking sales revenues (commercial product structure) and costs generated by the technical 

product structure. Commercial product structure levels can include solution, product family, product configuration and 

sales item while technical product structure can include main assembly, sub-assembly and component levels. (Tolonen 

et al., 2015). In the case of services, the technical structure can include service processes and resources (Harkonen et al., 

2017; 2018); software may have specific technical characteristics, but consistency is the key. According to Crnkovic et 

al. (2003), ‘The more complex the product is, the more complex are the procedures for its development and support 

during its life’. A consistent and standardised product structure is achieved through the productisation process (Harkonen 

et al., 2015; Harkonen et al., 2017), which plays a vital role in linking product data to different business processes 

(Kropsu-Vehkapera et al., 2011). 

 

 

Figure 1. Commercial and technical product structures.  



 

2.2 Data assets in key business processes 

Data assets in business processes typically include master data (product/customer/supplier master data) and transaction 

data (orders, invoices, payments, deliveries, storage records) (Haug et al., 2013; Chaki, 2015), as well as IoT data created 

by sensors, microprocessors, software and connectivity within complex products (Porter and Heppelmann, 2014) or by 

sensors in production equipment. Product-related data assets link the physical and virtual domains to support the product 

throughout its life cycle (e.g. design, manufacturing, service) (Tao et al., 2018). The original product master data are 

created by engineering teams during the design phase of the new product development (NPD) process (Silvola et al., 

2011b; Ameri and Dutta, 2005) and are further enriched by other business processes. Examples of product master data 

include item codes, item names, product structure, life cycle status and product classification (hardware, software or 

service) (Kropsu-Vehkapera, 2012). These attributes connect essential business processes through different IT systems 

and ideally remain unaltered throughout the product life cycle (Silvola et al., 2011b; Kropsu-Vehkapera, 2012; Allen and 

Cervo, 2015; Waddington, 2008; Das and Mishra, 2011). After NPD, product master data are transferred to other critical 

business processes through the various IT systems used in sales and marketing, supply chain and service processes 

(Silvola et al., 2019). The product’s DNA is shaped during NPD and is further enriched by other process-related attributes. 

According to Knapp and Hasibether (2011), almost all business processes are dependent on information. As all 

transactions are interlinked with primary master data related to customers, suppliers or materials, the quality of these 

master data is vital (Knapp and Hasibether, 2011; Silvola et al., 2011b; Silvola et al., 2019) and constitutes a critical 

success factor (Schaffer and Leyh, 2017). However, inconsistencies in data definitions, formats and values can make it 

difficult to utilise the organisation’s essential data assets (Smith and McKeen, 2008; Allen and Cervo, 2015). The lack of 

a corporate-level MDM strategy is a common source of problems in implementing business IT systems such as PLM, 

ERP and CRM (Myung, 2016; Fisher, 2009). 

With the emergence of a wide range of sensor technologies, companies can now monitor and track operating 

characteristics to understand how products are utilised. These IoT data can make a valuable contribution to design, market 

segmentation and customer care, including warranty compliance issues and potential new sales opportunities (Porter and 

Heppelmann, 2014). Besides collecting information from the physical world, smart products can interact with each other 

and exchange data and information, with potential benefits for companies (Borgia, 2014).  

2.3 The role of data assets for PPM  

The product structure is the backbone of a company’s business (Kropsu-Vehkapera et al., 2009). As the virtual 

counterpart of physical reality, the data model reflects the company’s business concept and requirements. To that end, 

the business concept must be clearly defined. Because a company’s data are unique to that company, they become a 

strategic asset, and business requirements are now linked directly to data structure (Allen and Cervo, 2015). For that 

reason, a universal data model cannot be created for all companies. In general, companies can choose to structure their 

data using either a customer-centric or account-centric approach (Allen and Cervo, 2015). 

As the company’s shared language (Myung, 2016) and DNA, master data define all facets of the business (Bonnet, 

2010). Ofner et al. (2013) proposed a framework for holistic management of master data at strategic, tactical and 

operational levels, which is necessary for coherent MDM grounded in company strategy (e.g. Silvola et al., 2019). The 

role of master data has been highlighted as cleansed and standardised critical business information 

(product/vendor/customer master data) that is integrated enterprise-wide as an essential component of all transactional 



 

and analytical operations (Das and Mishra, 2011; Terzi et al., 2010). MDM is the application-independent process of 

managing all core business data entities by aligning business processes and information systems with company strategy 

(Smith and McKeen, 2008; Otto and Reichert, 2010). The vast and increasing amount of business data also poses 

challenges for ensuring the high quality of master data, which underpin all company transactions (orders, invoices, 

payments, deliveries, storage records, etc.); poor quality of master data prevents high-quality transactions (Haug et al., 

2013).  

As product structure is the backbone of a company’s business and because business processes, IT and data assets are 

linked (Hannila et al., 2019), PPM challenges must be properly evaluated to avoid negative consequences for long-term 

competitiveness (Kester et al., 2009) and to increase product demand (Seifert et al., 2016). Product-level metrics for PPM 

at a general level usually relate to revenue and volume, as well as profit margin— that is, sales price versus product cost. 

Cooper et al. (2002) specified four targets for PPM:  

1. value maximisation (resources allocated to maximise the financial value of the portfolio); 

2. portfolio balance: desired balance of projects/products (high-risk versus low-risk; markets and product 

categories); 

3. strategic fit: final portfolio of projects/products aligns with business strategy; and 

4. optimal number of projects/products, based on availability of resources to avoid queueing or pipeline gridlock 

during production or product development. 

Seifert et al. (2016) also identified specific product life cycle characteristics, such as the time-in-the-market and product-

specific demand variability. Carefully considered product launches with appropriate marketing support yield higher 

benefits (Seifert et al., 2016). 

PPM is a process of strategic analysis and decision-making to determine which products a company should include 

in their offering (Tolonen, 2016). Combining product development strategy and product life cycle management, the 

portfolio is a vital top management tool (Weerd et al., 2006) if companies are to avoid explosion of their product portfolio 

and cannibalisation of other company products (Srinivasan et al., 2005; Tolonen, 2016). The extant literature offers little 

guidance on how best to support data-driven, fact-based PPM, as it focuses on the early life cycle (e.g., Cooper et al., 

2001; 2002) rather than the later stages.  

Data analytics (including big data) is an innovative means of improving company performance. However, existing 

research focuses on specialised algorithms and IT systems (Kwon et al., 2014), neglecting vital data governance issues, 

and large data volumes are merely stored (Brous et al., 2016). Decision-making support based on data assets requires an 

appropriate master data architecture (Baghi et al., 2014) targeting integrated business processes. In complex business 

environments, information must be available in real time, and data and information management play a crucial role as 

potentially the only source of competitive differentiation (Chaki, 2015). 

2.4 Data governance 

According to Bonnet (2010), ‘the main purpose of a data governance initiative is to improve the quality, consistency, 

and relevance of the data across the entire organisation, not to fix issues after they have already occurred’. Data 

governance is the process of standardising business data and metrics through the organisation—that is, how business data 

is defined, propagated, owned and enforced—to improve data quality (Waddington, 2008; Fisher, 2009). Chaki (2015) 

defined enterprise information management as the ‘set of business processes, disciplines, and practices used to manage 

the information created through an organisation’s execution of business processes managed by applications and treating 



 

this information as an enterprise asset’ (Chaki, 2015). The growing volume of data has created a need for data governance 

and data asset management (Brous et al., 2016), and a consistent master data architecture is the foundation for all company 

transactions, whether these involve products, customers or suppliers (Baghi et al., 2014). Regardless of life cycle phase, 

product-related data is intertwined with the product and product structure (Crnkovic et al., 2003). 

Data governance requirements for business lines and business processes (Waddington, 2008) involve multiple 

facets—data management organisation, alignment with business needs, compliance and shared understanding of the 

data—that complicate implementation. Moreover, data governance is in practice company-specific (Brous et al., 2016). 

Despite the strategic nature of data, data ownership and management within organisations remain unclear (Aiken and 

Billings, 2013). For efficiency and effectiveness, standardised and corporate-level data management practices are 

recommended (Silvola et al. 2019; Otto et al. 2007; Schaffer and Leyh 2017; Gao et al. 2010; Haider 2015), and in some 

cases, comprehensive data governance may be the only thing that differentiates a company from its competitors (Allen 

and Cervo, 2015). Faultless and trustworthy data shared quickly and automatically are a survival tool in the competitive 

context of time-to-market, profitability and labour costs (Sriti et al., 2015; Saaksvuori and Immonen, 2008; Terzi et al., 

2010). To cover all business processes that depend on product data during the product life cycle, Silvola et al. (2011a) 

proposed the concept of product data owner network (PDON), where the role of product data owner is specified and 

serves as a link between product strategy and daily product data management activities, supported by IT system 

knowledge and related data management rules (Silvola et al., 2011a). 

2.5 Business IT systems in managing data assets. 

Business IT systems should serve as a background enabler that supports company strategy (Sambamurthy, 2000). One of 

the most laborious elements of IT projects is the integration of IT systems and related data (Sriti et al., 2015; Saaksvuori 

and Immonen, 2008). Data can be integrated by means of distributed databases using local or global schemas (Bellatreche 

et al., 2006) or as manual/automatic data files in a text-based or standard format (e.g. XML). Alternatively, remote 

services based on middleware technologies can be used for data integration. The diversity and complexity of IT systems 

means there is no common data exchange mechanism (Striti et al., 2015). Another fundamental issue is the lack of clarity 

about who owns and manages data within the organisation (Aikens and Billings, 2013); business operations presume that 

the IT department manages data assets, and vice versa (Otto et al., 2007), and there is even disagreement within the IT 

department about where data should be integrated into existing systems, and by whom (Aiken and Billings, 2013). 

According to Fisher (2009), data and issues of accuracy and data collection are seen in many organisations as ‘IT 

problems’ or ‘somebody else’s problems’ until something serious happens; in reality, data are the ‘problem’ of every 

employee and every executive (Fisher, 2009). 

2.6 The construction of key business processes, information systems and corporate data assets for PPM 

This study analyses the current challenges and defines the preconditions for data-driven, fact-based PPM, based on 

commercial and technical product structures, key business processes, corporate IT systems and company data assets. 

Commercial and technical product structures can provide consistency and necessary structural support for data. Key 

business processes include sales and marketing, supply chain, service and customer care, new product development, 

product portfolio management and support processes such as finance and control (F&C) and human resources (HR). 

These processes generate varying amounts of data. The original product master data (PMD) created during the NPD 



 

process are often stored in a PDM/PLM system and then transferred to other systems that are dependent on PMD and 

product-related business process information (Ameri and Dutta, 2005). These systems include manufacturing execution 

systems (MES), enterprise resource planning (ERP) and customer relationship management (CRM) systems. During 

different phases of the life cycle, product-related data tend to become isolated, fragmented (Tao et al., 2018) and siloed 

(Vilminko-Heikkinen and Pekkola, 2017; Jetson and Nelis, 2008; Das and Mishra, 2001) in a number of separate 

repositories (Madenas et al., 2014; Borgia et al., 2015), leading to issues with interoperability and interconnecting 

systems (Marchetta et al., 2011; Sriti et al., 2015). 

The taxonomy in Appendix A classifies the literature in terms of elements of the fact-based analysis of company 

products and the product portfolio. The existing literature provides only a partial view of the salient issues, and no existing 

studies seem to provide a comprehensive account of product-level analysis based on facts; indeed, the issues may extend 

further. However, each piece of related work contributes something essential to the overall picture and future research 

needs. 

In line with Silvola et al. (2011, 2019), the framework proposed in Figure 2 is based on critical business processes 

and a corporate level data asset model comprising essential company data (e.g. master data, transaction data and IoT 

data). Master data constitute the DNA of a company’s business (Bonnet, 2010; Myung, 2016; Silvola et al., 2011b; Ameri 

and Dutta, 2005) and is needed for all its transactional and analytical operations (Das and Mishra, 2011; Terzi et al., 

2010; Schaffer and Leyh, 2017). As such, these data must remain consistent and unaltered across the IT infrastructure, 

based on a corporate-level data asset model. 

 

Figure 2. Essential business processes, information systems and data assets for product portfolio management. 

3. Research process 

3.1. Research objectives, strategy and design 

As specified above, this research addressed three research questions. The literature review (RQ1) focused on commercial 

and technical product structures, company data assets, data governance, and the role of business IT managing data assets 

in different business processes. A framework for the empirical analysis of case companies was constructed based on the 

literature review. The research process is illustrated in Figure 3.  

The overarching goal of this research was to highlight a gap in the management of enterprise information. At present, 

company profitability is analysed, measured and reported at company level, and firms seem unable to measure product-



 

level profitability without excessive manual work. In these circumstances, companies are unable to maintain and renew 

their product portfolio in a strategically and commercially balanced way. To enhance conceptualisation of data-driven 

products and product portfolio management, then, it is necessary to develop an understanding of the relevant challenges 

(RQ2) and to specify the requisite preconditions (RQ3). In the interests of managerial applicability, the researchers 

decided that a practical real-world research setting with adequate literature support would be more useful than a purely 

theoretical approach. 

To ensure rich data and meaningful insights, the study was based on a qualitative research strategy, using a multiple 

case study to examine several cases and to understand the similarities and differences between them (Baxter and Jack, 

2008). As the objective was to gain insights into the challenges of product-level profitability analysis and to look beyond 

previous findings, the study is exploratory in nature. The existing literature was reviewed to provide a basic account of 

commercial and technical product structures, product portfolio management, company data assets and governance and 

the role of critical business information systems (IS) in managing this data. The literature review informed the 

development of an interview questionnaire and a taxonomy of previous related literature (see Appendix A). 



 

 

Figure 3. Research process. 

3.2 Data collection  

Data were collected by means of semi-structured in-depth interviews (Merton et al., 1990) in eight companies (see Table 

1). The interviews were designed to gain an overall sense of the phenomenon as perceived, and interview data were 

supported by internal company documentation and publicly available material. Knowledgeable informants were 

purposefully selected to ensure information-rich accounts that would provide a deeper understanding of the current 

challenges of fact-based PPM rather than aiming for empirical generalisation (Patton, 2002, p. 230), although some level 

of analytical generalisation can be expected through observation and emergent coding patterns. To capture a range of 

perspectives and to reduce bias, the interviewees were drawn from eight international companies, which were selected 



 

on the basis of interest in product and product portfolio management and avoiding commercial conflicts to ensure 

participants’ openness.  

Snowball sampling was utilised to identify knowledgeable interviewees (Patton, 2002, p. 237). Participants with 

the best knowledge of the topic in question were referred either by the contact person or by other interviewees. The 

informants came from different business domains, including sales and marketing, operations, product management, 

finance and product development. The companies were from diverse industry sectors and were headquartered in Finland. 

Of the 47 interviewees, the number per company ranged between 2 and 13 (see Table 2). Depending on company size 

and organisational structure, interview sessions per company ranged between 1 and 5. To determine the sample size 

interviewees were added within each company until saturation was reached. The number of analysed companies was 

influenced by access to additional non-competing companies. Company internal documentation was also collected and 

used for triangulation. 

[Table 1. Characteristics of the participating companies] 

  

 

The study was qualitative in nature; according to Stake (2010, p. 36) qualitative research can be characterised in some 

instances as interpretive, and interpretations can be faulty and biased. To remain objective and to avoid bias, the 

participating company representatives were interviewed by two to four researchers, who began by making individual 

notes and interpretations. After every company interview, the four researchers compared their individual interpretations 

to ensure consistency. When allowed, audio recording was utilised to support the data analysis. To support interpretation, 

additional data sources such as process documentation, instructions and guidelines were used for triangulation. Following 

completion of the interviews, the results were reviewed by participants in a separate workshop.  

The interviews took place between January and April 2019. The questions were shared with all participants at the 

beginning of the interview. The minimum duration of each interview was one and a half hours. In some of the companies, 

participants were interviewed as a single group; in others, they formed smaller groups based on organisational structure 

or area of competence. The interviews focused on key business processes, with special attention to PPM, commercial and 

technical product structures, corporate-level data assets, data governance practices, and business IT. 

To ensure honest and open interaction with participants, ethical concerns, including respect for company and 

participant privacy, confidentiality, anonymity and how the results would be used, were discussed with participants at the 



 

beginning of every session. To avoid conflicts of interest, the selected case companies were non-competing, and all were 

willing to participate in research and to share their experiences. 

[Table 2. Interviewee characteristics] 

 
 

 

3.3 Data analysis 

During the inductive thematic analysis of interview data, company internal documentation was used for triangulation. 

After each interview session, the researchers first summarised the collected data individually before discussing their 

findings to achieve a fuller understanding of the companies’ situation. Following initial familiarisation, general themes 

and patterns were identified to gain an overall sense of the challenges of analysing product-level profitability, linking 

themes to relevant quotations. To reduce bias, individual, company and cross-company perspectives were clarified, using 

triangulation to ensure trustworthiness. Based on the convergence of themes and patterns, the four investigators identified 

the companies’ practices and possibilities in relation to product-level profitability analysis. Preconditions for data-driven 

product and product portfolio management were derived by interpreting motivations for the identified practices. Using 

data and investigator triangulation, illustrative interview quotations helped to ensure trustworthiness by grounding the 

findings in the data, and a validation workshop was organised to discuss the initial findings with each of the participating 

companies. In general, company representatives confirmed that the findings resonated with their own experiences. 

4. Results and analysis 

4.1 Challenges of data-driven product portfolio management 

Based on the interviews, several classifiable challenges were identified across all the participating companies, with some 

variations that related to company size and number of business units and products, as well as to product complexity. 



 

Some companies’ products were straightforward; in others, they were very complex, even differing across business units 

within a company. The overall challenges can be characterised as follows. 

1) No shared understanding of the company’s products 

2) No connection between commercial and technical product structures 

3) Missing or inadequate corporate-level data governance  

4) No classification of products as strategic, supportive or non-strategic 

5) Inadequate business IT support for data-driven PPM 

4.1.1 No shared understanding of the company’s products  

In all of the participating companies, products could be classified as hardware, software, service or any combination of 

these. All interviewees were asked how they would classify the company’s products, and how they knew which were 

strategic, supportive or non-strategic. Based on their responses, it became clear that there was no clear or shared 

understanding of productisation within the companies—that is, of which elements form the company’s product. Even 

within the companies, product diversity was a particular challenge, especially where the company’s products were 

complex and configurable. Greater complexity seemed to undermine any mutual understanding of the company’s 

products and which elements should be included in the product structure. For example, participants from one service 

provider did not perceive their offering as a product but as a strategic partnership. 

4.1.2 No connection between commercial and technical product structures 

Although all of the case companies tracked the sales revenue from their products, not all of them tracked the cost of goods 

sold at product-level in a consistent and systematic way. Some (e.g. Company F) tried to ensure a profitable cost structure 

per delivery without knowing the exact cost structure of the product. Another common challenge was that data on the 

cost of goods was fragmented across one or several business IT systems, making that information difficult to retrieve. 

Even when sales and cost figures were stored in the same system (e.g. ERP), the information was fragmented, with no 

link between sales information (commercial product structure) and cost information (technical product structure). As one 

interviewee from Company B commented, ‘Commercial (product) structure is isolated from the technical (product) 

structure. Sales configuration is used, and it gives some flexibility’. Companies have different reporting practices (e.g., 

daily/weekly/monthly basis) to consolidate sales, and sales volume figures, but these are not interlinked with related 

costs, and some did not even consider commercial product structure. Additionally, where there is no clear understanding 

of the product, wall-to-wall understanding of total product cost is difficult to obtain. 

4.1.3 Missing or inadequate corporate-level data governance 

Lack of a corporate-level data governance model results in isolated and siloed (product, customer, supplier) master data, 

transaction data and IoT data. For instance, Company A’s approach involved an independent PDM/PLM system in each 

business unit, with no system-level product structure definition. However, the company recognised the need for a 

consistent data model. Where companies had a data asset model, this was not usually described and in some cases was 

simply implemented at system level. An interviewee from Company A described the situation as follows: ‘We do not 

have a consistent data model, but a corporate-level driver exists...’. 



 

Corporate level data ownership was largely missing or inadequate, and the role and ownership of data seemed to 

be a fundamental challenge for all of the case companies. Some had not even considered the issue of data ownership: 

‘Data ownership is an unknown concept in our company’ (Company G). Others had partial arrangements for ownership: 

‘Data ownership is done at a business IT system level but not for all systems’ (Companies C, E, and F). ‘We have a lot 

to improve data ownership’ (Company B). ‘Our data ownership is defined only in the PDM system’ (Company D). ‘We 

have considered this at business unit level, but there is no clear model’ (Company H). In working towards data-driven 

and fact-based PPM, this might need to be addressed first before modifying the existing business IT infrastructure. 

4.1.4 No classification of products as strategic, supportive or non-strategic 

None of the case companies categorised products in their existing portfolios as strategic, supportive or non-strategic. 

According to an interviewee from Company F, ‘We are kind of aware of what products are strategic, but we do not label 

products [as strategic, supportive or non-strategic], and we do not maintain this kind of information’. Nor did any of the 

companies have business IT support for this kind of classification: ‘I assume our “XYZ” products are strategic as a 

whole, and our ‘XXX’ products are just needed” (Interviewee from Company E). However, all of the companies analysed 

the strategic aspects of products in some way, typically before deciding to initiate a new product development project. In 

some of the companies (A, D, and F), the target was to ensure the profitability of every delivery, which involved some 

level of manual work because of fragmented cost data and because the calculations were based on feelings rather than on 

accurate or actual cost data. In several cases, companies consciously delivered some products or subproducts unprofitably 

(i.e., supportive products) to ensure a bigger deal, whether they knew it exactly or not. 

4.1.5 Inadequate business IT support for data-driven PPM 

The existing information system (IS) landscape has continued to develop over time in all of the case companies, which 

vary in their use of business IT systems such as PDM/PLM, ERP, CRM, BI/reporting, and other tools for storing the data 

in silos or across the organisation. However, existing business IT infrastructures could not support corporate-level PPM 

analysis and reporting. Despite the vast amount of available data, calculating the cost of goods sold involved some degree 

of manual work, and accurate and actual cost calculations could not be ensured. In some cases, even where the data are 

available, they are not trustworthy. As one interviewee (from Company C) described it, ‘Sales price, discounts, and cost 

of goods sold are available, but we cannot trust them. For example, the cost of goods sold versus sales price does not 

correspond to reality due to different types of discount. Fluctuating customer-specific or volume-based discounts distort 

the reality’.  

4.2 Summary of current challenges for data-driven and fact-based PPM 

The above challenges are interlinked, creating a larger overarching challenge for data-driven and fact-based PPM. As a 

direct consequence, there is no relevant or reliable real-time information or business IT support for PPM decisions. A 

shared understanding of company products is a prerequisite for the creation of consistent commercial and technical 

product structures that align with the related business IT systems. This is the requirement for a model of all business-

critical data that can be used to analyse company products and the product portfolio. To facilitate PPM analysis in support 



 

of decision-making, the data model must be comprehensive, and the company’s IT systems must be modified to enable 

data-driven PPM. 

4.3 Preconditions for data-driven and fact-based PPM 

In working towards data-driven and fact-based PPM, common challenges include mutual understanding of company 

products, consistent commercial and technical product structures, holistic data governance, product classification (as 

strategic, supportive or non-strategic) and appropriate business IT support. Based on the literature review and the 

empirical analysis, the following preconditions can be derived. 

 

1) Clear productisation. For a shared understanding of the company products, it is essential to understand the 

constituent elements (i.e. hardware, software, service or any combination of these). This is especially important 

in determining the exact cost structure and other product-related factors. A productised and standardised product 

model is critical for product cost and profitability calculations. 

 

2) Creation of consistent commercial and technical product structures. Once there is agreement about company 

products, the commercial and technical product structures can then be established. As the backbone of the 

company’s business, the product structure provides a skeleton for the required data model when visualising 

company products from a PPM perspective. Comprehensive PPM must link the commercial and technical 

portfolios. 

 

3) Product classification in terms of strategic relevance. Visualisation of PPM strategic targets and performance 

measures facilitates understanding of the products’ strategic relevance and makes the entire product portfolio 

visible, linking the portfolio to the company’s product strategy. The key elements of PPM are 1) strategic fit, 2) 

value maximisation and 3) portfolio balance. Strategic targets are further linked to performance measures based 

on the company’s data model. 

 

4) A holistic corporate-level data model for PPM. Data-driven PPM requires data from several different sources, 

including product/customer/supplier master data, transaction data and IoT data. A holistic corporate-level data 

model ensures the trustworthiness of data from business IT silos for PPM reporting and analysis. This model 

must be linked to the commercial and technical product structures, integrating product-related master data and 

product-related business data from different sources to lay the foundations for PPM visualisation. 

 

5) Organising company business IT to support data-driven PPM. A company’s business IT must be adjusted to 

support data-driven PPM based on the corporate-level data model. The role of business IT is to enhance business 

benefits based on complete and reliable data assets and real-time reporting and analytics capabilities for decision-

making. 



 

5. Discussion 

This study identifies current challenges for data-driven, fact-based product portfolio management (PPM) in eight diverse 

companies. The identified challenges relate to deficiencies in: 1) shared understanding of products, 2) consistency of 

commercial and technical product structures, 3) corporate-level data governance, 4) product classification as strategic, 

supportive or non-strategic, and 5) business IT support for data-driven PPM. These challenges are recognised by previous 

literature in separate studies of varying focus. This study presents a construction of key business processes, information 

systems and corporate data assets for data-driven, fact-based PPM. The relation of findings to existing literature and the 

contribution is discussed in section 5.1, theoretical contributions. Meeting the identified challenges and preconditions 

for a data-driven approach offers significant potential benefits. Yet although the term data-driven is not new, the case 

companies seem to be struggling with siloed data and non-interoperable information exchange, and reporting requires 

some degree of manual work. 

The key findings indicate that systematic productisation is a prerequisite for establishing consistent commercial 

and technical product structures as the basis for a corporate data model for business IT systems to support data-driven 

PPM. Product classification (as strategic, supportive or non-strategic) also contributes to the key objectives of data-driven 

PPM (strategic fit, value maximisation and portfolio balance). 

The study identifies preconditions for conceptualising and digitalising the corporate ecosystem for data-driven PPM, 

based on a shared understanding of company products and appropriate commercial and technical product structures, 

business processes, business IT systems and data assets. The findings highlight the importance of clear productisation 

and consistent commercial and technical product structures as the necessary skeleton for data assets that links product-

related business data and real-time reporting and analysis of the company product portfolio. These preconditions facilitate 

further conceptualisation of the company ecosystem for the purposes of data-driven PPM. 

A company’s business IT is one of the key enablers for data-driven PPM when adjusted to the corporate-level data 

model and business needs. Business benefits are realised by providing the necessary business data for real-time analysis 

and decision-making, based on a complete set of company data assets. 

5.1 Theoretical contributions 

This study contributes to research on data-driven, fact-based product analysis and decision-making by proposing an 

approach that addresses both corporate data assets and IT infrastructure. Previous research acknowledged the role of 

generated data (Porter and Heppelmann, 2014: Tao et al., 2018) and of business processes and IT systems (Silvola et al., 

2011b; Kropsu-Vehkapera, 2012; Allen and Cervo, 2015) but failed to specify any means of systematically utilising the 

data for analysis and decision-making. This study makes a novel contribution by introducing a logic for digitalising the 

company ecosystem to accommodate product-level profitability analysis rather than company- or business unit-level 

reporting (Tolonen et al., 2014b).  

The study also contributes to enterprise information management by incorporating master data (Baghi et al., 2014: 

Hannila et al., 2019), business IT (Silvola et al., 2019), data assets (Haug et al., 2013; Chaki, 2015: Porter and 

Heppelmann, 2014), business processes (Hannila et al., 2019: Silvola et al., 2019), product structure (Crnkovic et al., 

2003: Harkonen et al., 2015; Harkonen et al., 2017; 2018 Tolonen, 2016), and product portfolio management (Cooper et 

al. 2002: Tolonen et al., 2014a; 2015; Tolonen, 2016) in a coherent framework for data-driven, fact-based PPM. This 

entails the following challenges. 



 

A shared understanding of products. As product offerings become increasingly complex, product composition is not 

always clear. It may not be enough to consider only hardware components and manufacturing when calculating the cost 

of goods sold, as software elements may also be an aspect of the product structure. Additionally, companies seem to lack 

clarity about whether service and warranty issues are separate or part of the product entity. The present findings support 

Kotler and Armstrong’s (2011) view that companies need a well-defined product concept, extending this to the context 

of data-driven, fact-based PPM. The study highlights the importance of productisation for systematic product-level 

analysis, again aligning with the extant literature (Harkonen et al., 2015; Harkonen et al., 2017; 2018). In addition, the 

study provides a deeper understanding of the link between business processes, information systems and data assets for 

PPM.  

Consistent commercial and technical product structures. This study confirms that consistent commercial and 

technical product structures (Tolonen et al., 2014) are the backbone of a company’s business (Kropsu-Vehkapera, 2012; 

Haapasalo, 2011). Additionally, the present study contributes a new understanding of the preconditions for data-driven 

and fact-based PPM. By linking data assets to context, these findings also clarify the link between commercial and 

technical structures, sales revenues generated by the former and product costs generated by the latter (Hannila et al., 

2019: Harkonen et al., 2017; 2018; Tolonen et al., 2014a; 2014b; 2015; Tolonen, 2016).  

Corporate-level data governance. This study also highlights the importance of data, master data and data governance 

for data-driven, fact-based analysis and decision-making. These findings align with earlier research (Vilminko-Heikkinen 

and Pekkola 2017) by confirming that master data are a company’s most important data asset and must be governed 

holistically throughout the product lifecycle (Alhassan et al., 2018) at all levels of the company (strategic, tactical and 

operational) (Ofner et al., 2013). Data governance plays an especially important role (Bonnet, 2010; Waddington, 2008; 

Fisher, 2009) in ensuring high-quality, consistent, standardised and relevant data across the entire organisation. The 

present findings support earlier work on data governance by acknowledging the importance of data consistency and 

deepen the discussion around business processes, information systems and data assets for PPM. A master data architecture 

is also needed for products, customers and suppliers (Baghi et al., 2014). This requires a holistic corporate-level data 

model, supported by comprehensive data governance for data-driven PPM; again, this is a novel contribution. 

Product classification as strategic, supportive or non-strategic. Supporting the view (Tolonen et al., 2014b; 2015; 

Tolonen, 2016) that products should be classified as strategic, supportive or non-strategic for the purpose of PPM, this 

study also identifies the importance of visualising products in the portfolio and of specifying their strategic relevance on 

the company’s IT systems. This strategic fit is one of PPM’s key elements. The study finds support for Cooper et al. 

(2002) by identifying possibilities for the practical application of key PPM elements. 

Business IT support for data-driven PPM. Adding to previous discussion of the role of business IT in PPM (Hannila 

et al., 2019; Silvola et al. 2011; 2011b; 2019; Tolonen et al., 2015; Tolonen, 2016), this study highlights the significance 

of business IT support. Another new contribution is the inclusion of IoT data among data assets in general and the need 

for a corporate-level data model. The potential of the presented IT application independent approach might prove the 

most valuable contribution. 

More generally, the study contributes to the wider discussion of PPM (Cooper et al., 1999; Cooper et al., 2001) by 

emphasising the role of company data assets as a basis for fact-based analysis and decision-making. The findings align 

with previous discussion of PPM (Tolonen et al., 2015; Tolonen, 2016) by confirming the need to take account of the 



 

entire product life cycle. Previous data-centric studies (Aiken and Billings, 2013; Chaki, 2015; Bonnet, 2010) highlighting 

the importance of data as a business asset are also supported, as are those emphasising the importance of data quality 

(Silvola et al., 2019; Otto et al., 2007). The attempt to harness these data assets for product-level profitability analysis 

without manual work and for fact-based product portfolio management is again a novel contribution. 

5.2 Managerial implications 

As the requirements of existing business IT are not identical across companies, data-driven, fact-based product and 

product portfolio management based on all available sources of business information should be independent of specific 

business IT solutions. Instead, it is important to understand the roles of different data assets (product/customer/supplier 

master data, transaction data or IoT data). Because this information tends to be isolated in in siloed IT systems, it is not 

easily accessed when needed, and the data are poorly utilised. However, this silo effect is not entirely adverse; different 

business IT systems continue to play a functional role, and this is unchanged by the data-driven/fact-based mindset. For 

example, PDM/PLM systems continue to play a functional role in product life cycle management, as does ERP at the 

core of the supply chain. In this regard, silos can be seen as a functional context within the larger entity. However, to gain 

the full benefits, companies must implement governance of their data at corporate level and across functional silos. 

Whatever the information source, data-driven organisations should be technology-independent, ensuring access to 

the information for anyone who needs it. From this perspective, the corporate-level data model is one essential 

precondition for this journey. Before implementing the technology, it is essential to clarify the necessary data and 

information to support decision-making across all business IT systems. 

In terms of managerial implications, this study highlights the importance of clear productisation of the company’s 

portfolio and related logical product structures, both commercial and technical. Again, the alignment of commercial and 

technical product structures clarifies sales and cost structures, which is essential for gathering the necessary information 

from different business IT systems. The strategic relevance of company products (as strategic, supportive or non-

strategic) is the glue that binds products in the product portfolio and the company product strategy, supported by 

corporate-level data asset and data governance models as the foundations for data-driven, fact-based PPM. 

5.3 Limitations and future studies 

In general, the limitations of this study relate to sample size. Exploration of data-driven, fact-based PPM at a conceptual 

level was limited to commercial and technical product structures, corporate data-assets (master data, transaction data, and 

IoT data), business IT systems and the key business processes. However, strategic fit, value maximisation and portfolio 

balance were covered as key elements of PPM. As all of the case companies were mature, it would be useful to explore 

whether these results might differ for less mature companies. 

Based on the analysis and preconditions reported here, this study provides a frame of reference for further 

conceptualisation and digitalisation of the corporate ecosystem for data-driven and fact-based PPM. Future research 

should look beyond the conceptual level to determine what makes a company data-driven—is it a matter of culture, data 

or technology, or all of these, and in what order of importance? These questions serve as a point of departure for future 

research. 



 

6. Conclusions 

This study reveals current challenges in attempting to introduce product-level profitability analysis rather than company- 

or business unit-level reporting of financial performance. This new theoretical contribution identifies a logic and 

preconditions for data-driven, fact-based decision-making regarding the financial sustainability of company products. 

This is important because companies tend to lack a shared understanding of their products, and this is reflected in 

commercial and technical product structures that are not consistently implemented and managed. This seems to be a 

typical consequence when financial performance is measured at company level. 

The study also shows the importance of understanding company products and the need for corresponding commercial 

and technical product structures for effective financial analysis of products and the product portfolio. The study introduces 

a novel framework that deepens the link between company data assets, master data, business IT, business processes and 

product structure for fact-based product portfolio analysis in support of PPM decision-making. Without a consistent 

product structure and a supportive corporate-level data model, companies are unable to fully exploit their existing 

business IT systems in this regard because of siloed data and poorly utilised IT resources. Adequate business IT support 

is clearly necessary for data-driven and fact-based product and product portfolio management. 

Previous research has characterised PPM as a top management tool for strategic analysis and decision-making. The 

present study expands on this view by acknowledging the need to classify products in IT systems as strategic, supportive 

or non-strategic, enabling visualisation of the entire product portfolio for reporting purposes. This clarifies which products 

are both strategic and profitable, and their prevalence within the product portfolio, strengthening the link between 

products and strategy. 
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