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Abstract 

Varying customer needs and competition drive companies to increase their product offering with new products, 

versions and variants to satisfy the markets. The amounts of new innovations and completely new products have been 

declining, and at the same time the amounts of new versions and variants have increased. Companies tend to focus on 

bringing new variants rapidly into the markets, focusing only on an investment portfolio rather than managing the 

product portfolio over the product lifecycle. 

 

The aim of product data management over the product lifecycle is to ensure that all information and knowledge 

created in the product process is stored in an understandable manner, available for all needing business processes and 

easily reusable. Product portfolio management focuses on allocating available resources to correct products according 

to short and long term strategic goals over the product lifecycle. The portfolio management is a dynamic cross 

functional decision making process.  

 

In the study, the objective was to define product data and product portfolio management practices, commercial and 

technical product portfolio of the case company, and construct steps how to improve the management practices. The 

research method was a constructive single case study where the current state is mapped and evaluated, and based on 

the literature review and analysis, a construction on how to improve is established. In the research answers for below 

questions are searched. 

1. How to structure products in product portfolio for product data management? 

2. What are the product portfolio management and product data management challenges in the case company?  

3. How to improve product portfolio management and product data management over product lifecycle in the 

case company?  

 

As results of this study, the current product portfolio is defined and the state of product portfolio management and 

product data management practices in the case company are evaluated. Based on the analysis and literature review, 

construction of suggested steps on how to improve the practices are formed.  

 

Product structure is the backbone of the company; it is a precondition for any data management or portfolio 

management improvement project. First it is recommended that the organization should define product structure top 

down, from the portfolio level to the smallest technical component, including hardware, software and technical items. 

The product structure is recommended to be divided into commercial and technical portfolios and the border between 

the two portfolios secured with version item. To ensure that created knowledge in product development is secured 

and accessible to the needing function throughout the whole product lifecycle, product data management process is 

suggested to be defined and a governance model and a possible product data management system implemented. 

 

The first step in product portfolio management is to ensure that the whole organization, especially top management, 

has proper knowledge of the concept. Then objectives, strategic targets and KPI are recommended to be defined, sub 

portfolios according to product structure to be created, and ownerships, processes and governance model to be 

defined. Currently the case company is focused only on an NPD portfolio and has sophisticated processes to govern 

it. Existing processes are recommended to be harnessed for product portfolio management; current products should 

be included in the decision making end to end view of the portfolio and product lifecycle.  

 

Due to the single case study method, the findings of the study cannot be generalized. 

Additional Information 

Keywords: Product Portfolio Management, Product Data Management, Commercial and Technical Product Portfolio 



 

 

TABLE OF CONTENTS  

1 INTRODUCTION .............................................................................................................. 7 

1.1 Background .................................................................................................................. 7 

1.2 Research scope and objectives ..................................................................................... 8 

1.3 Research process .......................................................................................................... 9 

2 LITERATURE REVIEW.................................................................................................. 12 

2.1 Product stakeholders and business processes ............................................................. 12 

2.1.1 Main stakeholders of the product process ........................................................ 12 

2.2 Product data management .......................................................................................... 14 

2.2.1 Product .............................................................................................................. 14 

2.2.2 Product data ...................................................................................................... 17 

2.2.3 Product structure ............................................................................................... 18 

2.2.4 Product lifecycle ............................................................................................... 19 

2.2.5 Product data management ................................................................................. 25 

2.2.6 Product data management system ..................................................................... 28 

2.2.7 Data owners and governance ............................................................................ 30 

2.2.8 Main benefits and key challenges of product data management ...................... 32 

2.3 Product portfolio management ................................................................................... 33 

2.3.1 Commercial and technical product portfolio .................................................... 36 

2.3.2 Product portfolio management governance model ........................................... 37 

2.3.3 Product portfolio management challenges ........................................................ 39 

2.4 Synthesis .................................................................................................................... 40 

3 THE CASE COMPANY AND CURRENT PRACTISES ............................................... 42 

3.1 Background and drivers for current product range .................................................... 42 

3.2 Product data management current practices ............................................................... 45 

3.2.1 Current product structure, key item types and governance .............................. 45 

3.2.2 Product lifecycle ............................................................................................... 46 

3.2.3 Product data management applications ............................................................ 47 

3.3 Product portfolio management current practices ....................................................... 50 

3.3.1 Portfolio review meeting .................................................................................. 54 

3.3.2 Business unit quarterly management meeting .................................................. 55 

3.3.3 Product portfolio decisions over product lifecycle ........................................... 55 



 

 

3.4 Product portfolio definition and evaluation ............................................................... 56 

3.4.1 Product portfolio definition .............................................................................. 57 

3.4.2 Hardware technical structure and software architecture ................................... 59 

3.4.3 Commercial and technical product portfolio analysis ...................................... 61 

3.5 Current challenges related to product data management and product portfolio 

management ............................................................................................................... 63 

4 CONSTRUCTION: HOW TO IMPROVE PRODUCT PORTFOLIO 

MANAGEMENT PRACTICES ...................................................................................... 69 

4.1 Overview of the construction ..................................................................................... 69 

4.2 Product data management improvements .................................................................. 69 

4.2.1 Product structure, item types and lifecycle ....................................................... 70 

4.2.2 Product data management process .................................................................... 72 

4.2.3 Product data management system ..................................................................... 73 

4.2.4 Product data management governance model .................................................. 76 

4.3 Product portfolio management improvements ........................................................... 78 

4.3.1 Product portfolio management goals and key performance indicators ............ 78 

4.3.2 Product portfolio management process ............................................................ 81 

4.3.3 Horizontal and vertical sub product portfolio division and governance 

model ................................................................................................................ 82 

5 DISCUSSION ................................................................................................................... 85 

5.1 Research limitations and future research ................................................................... 89 

6 CONCLUSION ................................................................................................................. 90 

7 REFERENCES .................................................................................................................. 93 

8 APPENDIX ....................................................................................................................... 98 



7 

 

1 INTRODUCTION 

1.1 Background 

Fierce competition for market segment drives companies to increase their product 

offering to satisfy large number of customers and their increasingly varying needs. New 

products, versions, variants, and features are developed and released in rapid phase and 

are more and more tailored to specific customer needs (Sääksvuori & Immonen 2008). 

But at the same time as the portfolio expands, current and past products are easily 

forgotten. Neglecting the portfolio maintenance leads to explosive expansion in 

company’s product portfolio. 

Simultaneously as the product offering widens the characteristics of the business have 

been changing. Products are offered more and more as solutions and the role of 

additional service is increasing in business to business markets. Markets shift from large 

capital investments towards smaller but more frequent service investments. In order to 

address this need the maintain state in the product lifecycle is stretching longer, urging 

companies to adopt new business models. Solution business makes the product portfolio 

more complex and tighter control is needed.  

Product Portfolio Management (PPM) concept focuses on allocating the resources of the 

company to correct products according to short and long term strategic and financial 

goals as described by Tolonen (2014). In active PPM the overall portfolio of the 

company is reviewed and its performance is measured and balanced constantly. 

Portfolio level decisions should be made by the highest authority in the company. 

Product Lifecycle Management (PLM) concept focuses on activities and decisions 

needed to manage different lifecycle states of a product. Product Data Management 

(PDM) concept is part of PLM and it aims to enable efficient information distribution 

across the organization. Main philosophy of both of these concepts is to drive for 

efficient management of the product, ensuring that value created in the organization is 
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available and easily exploitable for the needing functions throughout the whole 

lifecycle. Well defined product structure is a precondition for both concepts, without 

thorough understanding of the product structure the benefits of implementing PLM and 

PDM will be left superficial. Information systems are not the solution itself, they play 

important role supporting management and operation but do not solve organization 

challenges (Kropsu-Vehkaperä 2012). 

In order to clarify the concept of a product, in this thesis a product is  not considered as 

an individual item having a serial number, but rather a portfolio item representing 

multiple or none serial numbered items. 

1.2 Research scope and objectives 

Product portfolio management and product data management are in the main scope of 

the research. More precisely focus of the research was narrowed to decision making of 

product lifecycle in portfolio level, and product data creation process and governance.   

The research is conducted as single case study where current state and practices are 

evaluated and improvement suggestions constructed. The case company is a leading 

provider of highly specialized solutions.. The case company operates in business to 

business markets and the case company does not currently have PDM system in place 

and product data practices are scattered. The case company is highly focused on new 

product development and has portfolio review process in place for new product 

development.  

Objectives of the research are to define the current technical and sales portfolio of the 

product line X of the case company and also to map the portfolio and product data 

processes. After current state is explored, analysis is performed for the portfolios and 

the processes. As a result of the root cause analysis some recommendations for 

improvements are presented. The research includes three research questions: 
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RQ1: How to structure products in product portfolio for product data 

management? Literature review how to construct generic product structure to enable 

product data management and product portfolio management.  

RQ2: What are the product portfolio management and product data management 

challenges in the case company? Current state analysis to identify what practices and 

processes are in place. Aim of the analysis is to identify challenges related to PPM and 

PDM faced in the organization. 

RQ3: How to improve product portfolio management and product data 

management over product lifecycle in the case company? Based on the literature 

review and the current state analysis guidelines how to improve and insight for 

implementation are constructed.  

1.3 Research process 

Research is conducted as a single case study. First part of the research is literature 

review where relevant subject and current research of PPM, PLM and PDM are 

explored. Second part of the research includes empirical part of the study where current 

practices, challenges and root causes are identified in the case company. Third section 

of the research consists of construction how to improve current practices and where to 

start the implementation. The research process is illustrated in Figure 1. 
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Figure 1. Research process. 

Research process began when need for the study was identified at the case company. 

First step was to form a high level understanding of the current state of the company 

and to form the research question. After the questions, scope and goals for the research 

were set the current literature was reviewed. Relevant topics are discussed in chapter 2, 

and finally the chapter is concluded to the synthesis. 

In chapter three current practices, challenges and root causes are identified. The 

empirical research was conducted in the case company between February and 

September 2015. Information was gathered from different sources: Intranet, Quality 

Management System, documentations, interviews, meetings and used tools. The 

interviews were performed as open discussions with few guiding questions. The case 

company processes and current practices were mapped mainly from internal process 

descriptions and interviews.  

In current practice section current product structure was analyzed. Product data creation, 

storage and distribution process was identified according to current practices and 

process descriptions. Current product lifecycle was defined according to multiple 
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internal process descriptions. Commercial and technical portfolios were defined, using 

existing tools, documentation and through interviews. Current PPM process defined, 

portfolio renewal and triggers for lifecycle stages evaluated. After defining commercial 

portfolio, the sales performance of the portfolio vas evaluated on the basis of the 

revenue information from the enterprise resource management system and information 

provided by the installed base reporting system containing data about the maintenance 

agreements. Challenges were identified with a questionnaire and interviews across the 

organization from different functions.  

In chapter four based on the literature review and the current state analysis the 

construction is formed on how to improve practices and processes at the case company. 

In this section faced challenges and steps how to overcome them are presented 

according to structure in theory. In chapter five the main themes from the literature 

review, the case company current practices and the suggested improvements steps are 

summarized and discussed briefly. 
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2 LITERATURE REVIEW  

2.1 Product stakeholders and business processes   

Business organization’s operations or processes can be divided into main business 

processes on high level. In Figure 2 the main business processes and their relations are 

illustrated. Product process encompasses all activities needed to design and develop the 

product and also the lifecycle process of the product on an abstract information level 

(Sääksvuori & Immonen 2008). Product process can be roughly divided into two parts, 

new product introduction process and maintenance and development of existing 

products (Sääksvuori & Immonen 2008). 

 

Figure 2. Key business processes and their connections (Tolonen 2015b). 

2.1.1 Main stakeholders of the product process 

Stakeholders are individuals or organizations that have a role in the project or process, 

can be affected or perceive themselves as part of the decision or the activity (Standards 

Australia 2009, Aaltonen 2012). Stakeholders are usually divided to internal and 

external. Internal are formal members and external are informal members of the process 

or project (Aaltonen 2012). The product process has many internal and external 
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stakeholders (Van De Weerd et al. 2006). External stakeholders are mainly giving 

inputs to the product process as needs and requirements; also they are using the 

information created during the process (Sääksvuori & Immonen 2008). Internal 

stakeholders of the product process are directly involved to the development process 

(Van De Weerd et al. 2006), thus third parties can be seen as internal stakeholders also 

if they are deeply involved in the product process. Also stakeholders inside the 

company can as well be classified as external to the product process if they are not 

formally included to the process but are affected by it or using the information created. 

Stakeholders of the product process are various. Departments, groups or individuals that 

are viewed as stakeholders of the product process vary between different organizations, 

but main stakeholders can be summarized (Tolonen 2015a, Kropsu-Vehkaperä 2012, 

Haines 2009, Sääksvuori & Immonen 2008, Peltonen 2000) to: 

- Product and process development 

- Sales and Marketing 

- Production operations 

o Demand and Supply planning  

o Sourcing 

o Manufacturing 

o Logistics 

- Technical and customer support 

- After sales service and maintenance 

- Finance 

- Legal department 

- Product and Portfolio management 

During the product process, product data is created by large number of stakeholders and 

actors. The data is modified during the product process and the lifecycle of the product 

and it is utilized again and again by different functions in the company and by possible 

third parties. In the product development phase, majority of the product data is created. 

Because of that product development is seen as the most significant source of new 
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product data. Market research, requirements, CAD models, test reports and other similar 

documents are created during the development project. Marketing creates sales material 

on the basis of data generated by product development, such as catalogues and 

brochures. Sales utilize product data when preparing product campaigns, offers, tenders 

and quotes. In the case of a configurable product it is most important that sales is 

provided with sufficient data to be able to create configurations that answer customers’ 

needs and are plausible to deliver. Process planning function prepares instructions to 

support the order delivery process on how to handle the product correctly. In the 

preparation the existing product data is used and new created. Manufacturing builds the 

product using product data created by process planning and product development 

functions. Also selected output data from manufacturing process can be included into 

product data, such as test reports. Invoicing uses data such as quotations and 

manufacturing data. Also they need to secure information about invoicing and payment 

process. After-sales services include for example support, maintenance, product 

upgrades and professional services. After-sales function needs to have comprehensive 

information about what was delivered to the customer, the function should be able to 

follow the lifecycle of a single product instance. Data about the configuration, 

component versions and deployment process must be available in order to be able to 

serve the customer. Usually after-sales are included in the later stages of product 

lifecycle and all data from previous stages should be available for them. After-sales 

function’s importance has increased due to fierce competition and tightening economy. 

(Peltonen 2000) 

2.2 Product data management 

2.2.1 Product 

Product is usually perceived as an item that is designed and manufactured to be used for 

trading, a mean to transfer value. In modern world the definition of the product has 

widened and includes intangible and service parts. Kropsu-Vehkaperä (2012) defines 

product as hardware, software, or a combination of these elements. Härkönen (2015) 
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defines products as “… a suitable combination of tangible and intangible elements that 

constitute an offering that can be sold to customers to satisfy their needs”.  

Due to shortening technology and innovation lifecycle new products are released more 

frequently. To thrive in the ever changing markets companies design new versions from 

existing products rather than create a totally new product. Offered or introduced item 

can be a new version, variant or configuration of existing products and components. 

Amount of products in company’s portfolio is increasing because products are made 

more often to match customer’s wishes. (Sääksvuori & Immonen 2008)  

Generally products can be categorized into three types according to their attributes: 

tangible products and goods, service products, and intangible products (Sääksvuori & 

Immonen 2008). A product can be hardware, software, service or document, or 

combination of these elements (Tolonen 2015a, Haines 2009). Hardware product or 

component is a tangible item. Software product or component is usually intangible, but 

it can be embedded to a hardware item, such as television, or delivered with hardware 

item that stores the software product, such as USB memory stick or DVD. Value of the 

pure software product is generated by the functionality of the software. Service product 

is physically intangible process consisting of tasks that will provide value to the 

customer, internal or external (Sääksvuori & Immonen 2008). Document is usually 

supporting item to a product, such as user manual or instructions. Documentation can 

also be a product itself, such as research reports or journals. 

A product version is an increment of a product in which the fit, form or function has not 

changed and which is developed to replace the old instance. The need for a new version 

can emerge from a new technology, changed markets or the pressure for cost reduction. 

Version release might not be visible to the sales and the customer if its purpose is to 

decrease manufacturing and material costs. When a new version is introduced it 

replaces the older one, thus the number of products in the product portfolio does not 

increase (Kropsu-Vehkaperä 2012).  
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A product variant is an instance of the product class that is slightly different from the 

common type or norm (ElMaraghy et al. 2013), and the fit, form or function of the 

product has changed. Usually the need for variants arises when serving the large variety 

of customer needs is not possible with a single product, due to design or business limits, 

and the product is split to two or more variants to satisfy the markets (ElMaraghy et al. 

2013). 

A product configuration is a product combination assembled from pre-defined 

components, which are defined in the product development phase, to satisfy customer’s 

requirements (ElMaraghy et al. 2013, Kropsu-Vehkaperä et al. 2011, Peltonen 2000). 

With configurability the customers are given the opportunity to customize the product 

according to their needs, without having to design any new components in the order 

delivery process (ElMaraghy et al. 2013, Sääksvuori & Immonen 2008). In order to 

fully utilize configurability companies need to completely understand the product 

structure and have supporting system in place to help the tendering process and to 

prevent undesirable product configurations. A good example of configurable products is 

paint, customer can choose from large amount of different shades which are achieved by 

mixing few base ingredients. This enables hardware stores to serve large amount of 

customer needs with small number of stored items or base ingredients. As the 

configured product is made from predefined components it is not unique, but it can be 

perceived as unique by customer thus increasing customer perceived value (ElMaraghy 

et al. 2013). 

In Business to Business (B2B) markets delivered items are more and more frequently 

solutions, rather than individual products. A solution can be a combination of hardware 

(HW), software (SW), document and service products, but despite of its complexity a 

solution is managed as an item in a product portfolio (Tolonen 2013). As the solution is 

a combination of tangible, intangible and service products, it is more complex to govern 

and causes large requirements to company’s organization, processes and information 

systems (Kropsu-Vehkaperä 2012). Offering solutions and configurable products is a 
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way to address large number of customer needs in an efficient manner (ElMaraghy et al. 

2013). In Figure 3 the hierarchy of product, configuration and solution is illustrated.  

 

Figure 3. Typical product hierarchy (modified from Haines 2009). 

2.2.2 Product data 

Sääksvuori and Immonen (2008) define product data as all information broadly related 

to the product. The data contains exact technical details of the product, instructions and 

abstract information (Sääksvuori & Immonen 2008). Product data includes all 

information created during different lifecycle phases and it should answer questions 

such as how to design, deliver, maintain and recycle the product (Stark 2005). Product 

data is usually categorized into two main categories, product master data and metadata 

(Philpotts 1996). Many authors also include third category lifecycle data (Sääksvuori & 

Immonen 2008, Kropsu-Vehkaperä 2012). Master data includes specific technical data 

that defines the product’s fit, form and function (Sääksvuori & Immonen 2008). The 

master data alone should be able to describe to the product as a whole, without any 

further information. Most of the master data is created during the product development. 
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Since product master data is business oriented describing the product to the operative 

actors, any errors in the information has direct effect on the business performance 

(Kropsu-Vehkaperä 2012). The data contains information generated from various 

applications, including CAD models, specifications, operating manuals, images and 

maintenance records (Philpotts 1996). Metadata is descriptive information about 

information. It describes the product data to help its utilization, i.e. where is the data, 

who has created it and when (Sääksvuori & Immonen 2008). Lifecycle data of the 

product describes the product’s stage in the lifecycle (Kropsu-Vehkaperä 2012). 

Universal model of what product data contains cannot be specified, more important is to 

understand the purpose and need for data stored and to classify the data to match the 

company’s operative environment (Kropsu-Vehkaperä 2012). 

Product data is created and used over product’s whole lifecycle. Product data can be 

classified into static or dynamic data. Static data is usually created during product 

development and in most cases it stays unchanged throughout the product’s whole 

lifecycle. Static data is defining data, it describes the product’s properties and includes 

instructions how to handle the product in order delivery process. Dynamic data is 

transactional data and is changed and updated along the product’s lifecycle. It can also 

include transactional data of a single serial numbered product. (Kropsu-Vehkaperä 

2012)   

2.2.3 Product structure 

Product structure is a model that represents the product, components of the product and 

linked product data (Kropsu-Vehkaperä 2012). Product structure is a hierarchical 

multilevel model used to divide the product into smaller sub-entities in order to help 

understanding of the product and its complexity (Itkonen 2015). Bill of Materials 

(BOM) concept is closely related to product structure, but they should not be mixed 

together. BOM is a part list needed to assemble the product but product structure is 

presentation of components, data items, relationships between components and data 

items and possible assemblies (Sääksvuori & Immonen 2008, Valente 2001). 
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Product structure can be illustrated by using object oriented methods. According to 

Sääksvuori and Immonen (2008) object is in product structure “a data element, which 

describes a certain product component, product element, module, subsystem or 

assembly”. Objects in the structure have attributes and inheritance and these features are 

used to demonstrate the correlation between different objects in picture. For example if 

the component consists of a bolt weighting (x) and screw weighting (y), the 

component’s weight (z) is combined inherited weight of the bolt and screw z = x + y. In 

Figure 4 a generic product structure is illustrated. 

 

Figure 4. Example of generic product structure adapted from Kropsu-Vehkaperä 

(2012). 

2.2.4 Product lifecycle 

Product lifecycle concept is still missing unambiguous definition; it can be understood 

in many different ways depending on the frame of reference and describer (Sääksvuori 

& Immonen 2008). Generally product lifecycle describes different stages that product 

has during its life, from innovation to end of life (Stark 2007).  

Product lifecycle management is a strategic concept that underlines every product 

related decision made in the company, from idea to end of life (Sääksvuori & Immonen 
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2008, Stark 2005). One of the key ideas of the concept is to ensure that decision makers 

have all the necessary data available and unified understanding of the product and its 

lifecycle stage (Kubler et al. 2015). Product Lifecycle Management (PLM) is defined by 

CIMdata (2015) as: “a strategic business approach that applies a consistent set of 

business solutions that support the collaborative creation, management, dissemination, 

and use of product definition information”. PLM is more organization or process 

oriented approach rather than functional system, its orientation is on what activities are 

required to manage the product through its lifecycle (Otto 2011a). Ideology behind 

PLM is that work once done should remain easily exploitable in the company, at all 

times and in every location (Sääksvuori & Immonen 2008). Product lifecycle 

management is described also as business activity, which aims to maximize the value of 

current and future products from company’s and customer’s perspective (Stark 2007). 

Product lifecycle management concept has three fundamental building pillars (Kiritsis 

2011): 

- Universal, secure, managed access and use of product definition information. 

- Maintaining the integrity of that product definition and related information 

throughout the life of the product or plant. 

- Managing and maintaining business process to create, manage, disseminate, 

share and use the information.  

Product is the most important subject for a company; offered product is the source of 

revenue (Stark 2007). New ideas need to be nurtured to products and matured to cash 

cows. In the design process the company’s existing knowledge capital is utilized and 

new knowledge created. Alongside the product the company’s collective knowledge is 

the most important asset. In PLM the knowledge capital and products are managed 

simultaneously, ensuring that they can be reutilized and gained revenue maximized 

(Sääksvuori & Immonen 2008). One of the main reasons why the PLM process is 

important for companies is because it enables them to control the products in all 

lifecycle stages (Stark 2007). Losing control of the product can cause delays in product 

development, decreasing sales due to lack of understanding what is sold or increasing 
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support costs due to product complexity (Sääksvuori & Immonen 2008, Kropsu-

Vehkaperä 2012). 

As the golden rule states: “What is not measured cannot be controlled”, company needs 

to be able to control and measure product and business performance in different 

lifecycle stages. To maximize profits and allocate resources correctly products and 

processes should be compared to each other in different lifecycle stages. Each of the 

stages faces different challenges and it is not possible to use single metrics for all 

products and for the whole lifecycle. The metrics and Key Performance Indicators (KPI) 

should be defined for each stage individually. These measures can then be used to make 

strategic decisions and allocate resources to correct products ensuring maximized 

revenue. Revenue generated by product is not sufficient performance measurement in 

all the stages, also it does not indicate the organization’s performance, and thus other 

metrics should be observed. (Sääksvuori & Immonen 2008) 

Typical illustration for product lifecycle is the S-curve described in Figure 5. The S-

curve lifecycle model has traditionally been used in marketing, but it has been adapted 

more widely to other management purposes. The lifecycle model can be used to 

describe and analyze product, industry or technology maturity stages. The shape and the 

model of the lifecycle depend on what purpose or function it is built for. Most important 

views are: financial, customer, technology and information management view. 

(Sääksvuori & Immonen 2008)  

Product lifecycle consists of different stages. The definition and amount of stages is not 

unambiguous, it depends on the author and observed industry. Sääksvuori and Immonen 

(2008) define six different stages: planning, introduction, growth, maturity, decline and 

retirement. On the other hand Stark (2007) describes five different stages on how to 

manage the product: idea, define, realize, use and dispose. Kiritsis (2011) divides 

product lifecycle to three different stages: Beginning of Life (BOL) when product is 

developed and manufactured, Middle of Life (MOL) used, serviced and maintained, 

End of Life (EOL) reuse or recycling. Even though the number of the stages and the 

definitions vary the idea or the driver is the same, to illustrate different decisions that 
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need to be made and metrics to be used to manage the product from the idea to grave 

(Sääksvuori & Immonen 2008, Stark 2007, Kiritsis 2011). 

 

Figure 5. Generic product lifecycle model illustrated with cash flow and organizational 

performance metrics for different stages (modified from Sääksvuori & Immonen 2008). 

In Figure 5 KPI for different lifecycle stages are illustrated. In the Planning and 

Introduction stages the product is designed and introduced to market. Best way to 

measure the company’s performance across these stages is time-to-market. It describes 

how long it takes to develop and ramp up the product. In the Growth stage the most 

crucial thing is to enable volume production without loss of quality. In this stage the 

performance should be measured with time-to-volume, describing how long it takes to 

enable needed production volumes with high quality. In the Maturity stage the efficient 

production capabilities are achieved and focus shifts towards cash flow and attracting 

demand. In this stage it is important to be able to reduce costs with new versions and to 

answer shifting demand with agility. Good performance measurement is time-to-react-

indicator, which indicates time taken to perform changes in the product. In the Decline 

stage most difficult and important decision is when to stop the manufacturing and 
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delivery of the product. In this stage time-to-service measurement can be used. 

(Sääksvuori & Immonen 2008) 

A product is an entity that can be ordered, delivered and invoiced. Product can be 

defined in the organization in many ways, and the definition can vary inside the 

organization. Understanding of the product concept should be unified to prevent 

misunderstanding and misinterpretations of processes between functions. When an 

existing product is developed it can create a new version, a variant or a totally new 

product (Kropsu-Vehkaperä 2012). If a new version is created and enhancements are 

not visible in the customer interface, product continues in its current stage. If the result 

of the development creates new variant, the fit, form or function of the product has 

changed, and the variant starts new lifecycle from new product development stage as 

described in Figure 6 (Tolonen 2015b). 
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Figure 6. Product lifecycle and relation to versions (Tolonen 2015b). 

Across the product lifecycle product data is created and modified by large number of 

actors (Peltonen 2000). Shortening product lifecycles and increasing amount of variants 

lead to increasingly growing amount of product data (Kropsu-Vehkaperä et al. 2011). 

Defining each variant and version independently leads to vast amount of redundant data 

due to similar parts, weak connections between variants and decreasing quality 

(ElMaraghy et al. 2013). Product data management processes and system should enable 

modular product structures and data inheritance to ease variant and version management 

in the system (Peltonen 2000). Having general product structure can be seen as a mean 

to decrease amount of redundant product data created in product process (Kropsu-

Vehkaperä 2012).    
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Proper data classification and ownership is also needed to ensure the quality of data 

(Kropsu-Vehkaperä 2012), since missing consistency and integrity is a self-feeding 

problem (Sääksvuori & Immonen 2008).  Information amount in the system is vast and 

increasing all the time, and without proper governance the information is scattered and 

hard to access. Because of these problems the data retrieval becomes slow. In some 

cases it is possible that it is easier for the user to create new data than to search for the 

old entry and update it; with data classification the information retrieval is made easier 

and it encourages users to use the system (Philpotts 1996, Sääksvuori & Immonen 

2008).  

2.2.5 Product data management  

Amount of information generated by different functions and systems in a company is 

growing vastly (Kropsu-Vehkaperä et al. 2011). Users need to be able to create, view 

and modify data simultaneously in different locations (Sääksvuori & Immonen 2008). 

In global organizations the information sharing is even more urgent to enable efficient 

workflow of multi-site teams. One of the key competencies companies need to master to 

survive and thrive in the global markets is the efficient data management (Kropsu-

Vehkaperä et al. 2009). To keep up with the information flow, a centralized system for 

handling the data is needed. Product data management (PDM) concept is an enabler for 

the centralized system, providing processes and requirements for information systems to 

manage vast amount of information efficiently (Kropsu-Vehkaperä 2012). Managing 

product data can be summarized as ensuring all product related data is up to date and 

available for all functions (Philpotts 1996, Itkonen 2015). PDM enables companies to 

ensure that the company will produce, deliver, sell and maintain the correct products 

flawlessly (Philpotts 1996, Valente 2001, Kropsu-Vehkaperä 2012). In Figure 2 key 

business processes of a company and their connection to PDM system is illustrated. 

PDM can be seen as a function of PLM concept. PLM focus is on the activities needed 

to manage the product over its lifecycle, whereas PDM is more focused on managing all 

the product related data (Otto 2011a).  
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A key business driver for PDM concept is to have the right information available at the 

right place and at all times (Philpotts 1996). This can be ensured with data availability, 

integrity and consistency. Data availability means that information is accessible at all 

times and from all locations. This can be achieved with proper integrated information 

systems. Data consistency means that data inserted to the system is uniform and follows 

existing rules. With consistency the data loss is prevented during unexpected events in 

the system. Most crucial aspect in the information consistency is having proper data 

synchronization mechanism in place (Kubler et al. 2015). Data integrity means that the 

accessed information is valid and does not contain errors. Integrity can be achieved by 

clear process and security on who can insert the information (Valente 2001). 

Product data is needed in everyday tasks across the company organization. Different 

users should be able to easily utilize the relevant data for their task (Sääksvuori & 

Immonen 2008). In order to achieve the desired usability level, the PDM system should 

be able to provide the user with specific view of the product data (Philpotts 1996). 

Different stakeholders should have tailored views of the data (Kropsu-Vehkaperä & 

Haapasalo 2011). In order to fully utilize the PDM system companies need to 

understand the relevant stakeholders and their data requirements (Kropsu-Vehkaperä 

2012). Product development is seen as the major source of product data, but the data is 

crucial for operative functions (Peltonen 2000). Actors creating the data should be 

aware of who will be using the data and for what purpose (Kropsu-Vehkaperä 2012). 

The understanding of utilization of the data helps the actor or individual to create and 

store the data in a way that it is easily usable for the needing actor (Kropsu-Vehkaperä 

& Haapasalo 2011).  

To conclude, the presentation of the data should be designed in a way that it would 

benefit the user as much as possible. Data creation and storing should be made easy in 

order to ensure its optimal usage. Usability issues can cause frustration in the users and 

even lead to a situation where the users find their own ways to manage, acquire and 

distribute the data. In Figure 7Figure 7 different views of product structure are 

illustrated. The views can be specified according to functions using the data (view A) or 



27 

 

type of the data object (view B). (Sääksvuori & Immonen 2008, Kropsu-Vehkaperä & 

Haapasalo 2011, Stark 2005)  

 

Figure 7. Different views of product structure (modified from Kropsu-Vehkaperä & 

Haapasalo 2011).  

Product structure can be seen as the starting point for PLM or PDM project. Product is 

the key for both PLM and PDM concepts; therefore the organization should have 

thorough understanding of it (Kropsu-Vehkaperä & Haapasalo 2011). Also product 

structure can be seen as the backbone of company’s operations, such as manufacturing, 

technical support and invoicing (Kropsu-Vehkaperä et al. 2009). Usually product 

structure is used for technical purposes but it is important to understand the business 

view as well (Kropsu-Vehkaperä 2012); majority of the costs of the product over its 

lifecycle are defined in the development process (Stark 2005). Product structure can be 

used to support sales to understand the product more deeply and to be able to answer 

customer needs, especially for configurable products (Kropsu-Vehkaperä et al. 2011).    
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2.2.6 Product data management system 

Centralized PDM system is an integrator and service provider across the company. It 

integrates data created from multiple systems by large variety of users and enables easy 

utilization of the data across the company functions and products lifecycle (Philpotts 

1996, Parviainen 2014). To be able to implement a PDM system, company needs to 

have a unified view of it products and the related data hierarchy (Kropsu-Vehkaperä et 

al. 2009). Product structure is seen as the starting point to companywide comprehensive 

understanding of the product (Kropsu-Vehkaperä 2012). Availability of the correct data 

throughout the product lifecycle for the correct actor is enabled by the information 

system, whereas the integrity of the data is ensured by the processes (Sääksvuori & 

Immonen 2008).  

During product development process a PDM tool can help the designers to manage the 

vast amount of data and also the product development process (Philpotts 1996, Smith 

2004, Valente 2001). In a usual design process certain objects such as components, 

parts or documents are created, modified, reviewed and approved, possibly multiple 

times (Sääksvuori & Immonen 2008). Managing the state and version of the design item 

is crucial to avoid errors and redundant data (Kropsu-Vehkaperä 2009). PDM tool helps 

to ensure that all designers and managers have the most up-to-date information available 

(Valente 2001). PDM system can be also utilized as project management tool to help 

manage the product development project (Valente 2001). Important advantage is that 

the structure of the tasks in the work break-down of the projects can be linked to the 

PDM approval cycles and the product structure (Philpotts 1996). This helps project 

managers to coordinate the stage of the design of different elements and designers to 

understand correlation these between items. Due to the vast amount of information 

generated in the development projects and to the shortening schedules the traditional 

project management techniques are not sufficient enough and better management 

capabilities are needed (Valente 2001). Changes made in the design at the latest phases 

of the development process or even after the introduction are enormously expensive 

(Valente 2001). Changes in the product design can be prevented by having most up-to-
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date information available for all the related stakeholders (Sääksvuori & Immonen 

2008).  

According to Sääksvuori and Immonen (2008) the basic functionalities of the product 

data management system are item and document management, product structure 

management, change management, and integration between different information 

systems and tools. These functionalities illustrate the PDM system’s tight integration to 

the different organizational functions. In order to define the system more accurately 

these functions of the PDM system can be divided to key modules (Peltonen 2001): 

- Secure storage of documents and other objects in a database with controlled 

access. 

- Mechanism for associating objects with attributes. 

- Management of temporal evolution of an object through sequential revisions. 

- Management of alternative variants of an object. 

- Management of the inspection and release procedures associated with objects. 

- Management of the recursive division of an object into smaller components. 

- Management of changes that affect multiple related objects. 

- Management of multiple views of an object. 

- Management of multiple document representations. 

- Viewing tools. 

- Tool integration. 

- Component and supplier management. 

PDM system implementation is an extensive project that affects the company’s all key 

business processes illustrated in Figure 2. Resources needed for the project can be seen 

as a major barrier for choosing to embrace PDM (Smith 2004).  

Duration of a PDM implementation project varies from several months to several years 

depending on vast amount of factors, such as the chosen system, size of the company 

and commitment of the employees. Implementing a PDM system is not just a system 

integration project, it is primarily an organizational change project that affects a 
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significant amount of the company’s employees. As the duration varies, the cost of 

implementation differs also. Most significant source for costs in the project is not the 

actual licenses as one might assume, but the internal or external work related to the 

process, the organization enhancement and the training. Rough cost estimate, excluding 

internal work, for a system that has 200 users could be from 200 000 to 1 000 000 

euros. (Sääksvuori & Immonen 2008) 

2.2.7 Data owners and governance 

Quality of the data is a requirement for efficient business operations (Otto 2011b). Data 

should be considered as company asset which should be carefully managed (Khatri & 

Brown 2010). Data quality assurance and error prevention can be achieved by data 

ownerships and responsibilities (Kropsu-Vehkaperä 2009), which are central part of the 

data governance models (Weber et al. 2009). Data governance concept is defined by 

Khatri & Brown (2010) as appointing responsibilities and decision rights of how to 

manage data assets to individuals or part of the organization. According to Weber et al. 

(2009) data governance specifies the framework for decision rights and accountabilities 

to encourage desirable behavior in the use of data. Data governance concept defines 

guidelines and standards for company wide data management and assures that the 

corporate strategies and laws are followed (Weber et al. 2009). The concept can be seen 

as steering function for PDM concept. Data governance specifies the needed decisions 

to be made and who is responsible for them where-as PDM is the executive function, 

making sure that the decisions are made and actions performed correspondingly (Otto 

2011b). Focus of data governance is to identify and specify decisions, roles and 

authority to ensure quality of data (Weber et al. 2009, Khatri & Brown 2010, Otto 

2011b). 

Data governance model consists of three main elements: decision domains and tasks, 

roles, and accountabilities (Weber et al. 2009).  The decision domains describe and 

divide the concept of data governance into smaller focus areas, which are illustrated in 

Figure 8. For each of the five domains relevant tasks, roles and locus of accountability 

needs to be defined in the organization (Khatri & Brown 2010).  
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Figure 8. Data governance model decision domains (modified from Khatri & Brown 

2010). 

Data principles are guidelines for all decisions, forming boundary requirements for the 

usage of data. The data principles also form linkage to business, and should have 

business user as owner. Data quality is measured in accuracy timeliness, completeness 

and credibility of the data. The quality is important because poor quality can have an 

impact on to the organization, on strategic and operations level. Metadata is information 

about how to interpret the data and how it is represented and stored. Data access defines 

who can access the data and what privileges are needed to modify it. Also data needs of 

the business are identified and proper access provided. Data life cycle describe how 

long must the data be stored and why. (Khatri & Brown 2010) 

In data governance model roles and their responsibility play important part; number of 

roles and their task vary between different authors but main frequently described roles 

are data owners, data stewards and data committee (Weber et al. 2009, Khatri & Brown 

2010, Otto 2011b). Data committee is a central decision-making body, whose 

responsibility is to define the data principles throughout the organization in a way that 

all departments and functions needs are served efficiently (Otto 2011b, Weber et al. 

2009). Their responsibility is also to ensure proper data quality management is in place 

(Weber et al. 2009). Data owners define the business requirements and needed quality 

(Khatri & Brown 2010). The owners are part of the business organization and their task 

is to ensure data integrity and quality (Kropsu-Vehkaperä 2012, Otto 2011a). Data 

stewards can be business as well as technical oriented actors whose responsibility is to 

evaluate and fulfill the business requirements and to resolve the data based issues (Otto 
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2011b, Weber et al. 2009). Stewards are usually part of the data management function, 

not the business organization (Otto 2011b). Data owners and stewards implement and 

execute the data management according to the instructions of the data committee 

(Weber et al. 2009). 

Every organization is shaped by different factors, therefore data governance needs to 

have the flexibility and adaptability to fit for each organization (Weber et al. 2009). 

These factors are called contingencies which for example are: form of the organization, 

competitive environment, strategy and market regulations (Weber et al. 2009). These 

factors should be taken into account when designing the governance model and its 

implementation (Weber et al. 2009). The goal of the governance is to ensure accuracy, 

timeliness, completeness and credibility of the data (Khatri & Brown 2010); not to 

constraint corporate operations or strategies (Weber et al. 2009). Business and technical 

needs are taken into account in the model by having both technical and business data 

steward roles (Otto 2011b). Underlying idea of the data governance is to provide clear 

responsibilities and locus of authority within the organization (Weber et al. 2009, Khatri 

& Brown 2010, Otto 2011b). 

2.2.8 Main benefits and key challenges of product data management 

Product data management concept provides means to enable efficient handling of 

product data. Implementation of the PDM system has many direct benefits, but the main 

benefit increased profitability through increased efficiency of different functions, can be 

seen only after implementation and usage. PDM system promotes and enhances the 

company-wide understanding of the company’s products in all product lifecycle phases 

(Sääksvuori & Immonen 2008, Kropsu-Vehkaperä 2009). PDM enables company’s 

different functions to operate more efficiently through data availability and integrity 

(Philpotts 1996, Valente 2001, Kropsu-Vehkaperä 2012, Smith 2004). Improving the 

product design process governance by efficient data distribution prevents redundant 

design work (Valente 2001, Philpotts 1996, Otto 2011a). As a result sales force will 

have the needed knowledge to promote the products correctly, especially crucial with 

configurable products (Kropsu-Vehkaperä et al. 2011). Production manufactures the 
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right products in a correct manner (Kropsu-Vehkaperä 2012, Sääksvuori & Immonen 

2008). Also in addition to various operation benefits, PDM processes ensure proper 

audit trail for ISO standard and other industry specific standard certificate audits (Smith 

2004, Otto 2011b). Sääksvuori and Immonen (2008) emphasized that the more effort is 

given to adapt PDM as company-wide strategic concept, the greater will be the 

advantages received from the implementation. 

In companies which have implemented a PDM system the major challenges are still to 

develop and maintain a harmonized structure and to get personnel to understand the 

importance of the product data and its management; users should use standardized 

processes to manage the data to prevent errors (Kropsu-Vehkaperä 2009). Prior to the 

implementation project the significant challenge is to sell the idea of a comprehensive 

PDM system to the top management, to win the competition from other less expensive 

communication systems designed to improve data distribution, and to get the needed 

resources to start the implementation project (Smith 2004).  

2.3 Product portfolio management  

Portfolio is usually described as a collection of items, thus product portfolio can be seen 

as a collection of products. In business context product portfolio is seen to include 

company’s all products in all lifecycle stages. According to Parviainen (2014) 

company’s portfolio represents the work what is chosen to be done in the organization 

and the portfolio exists even if it is not purposely managed. Portfolio Management (PM) 

is a dynamic business process in which list of product projects is constantly updated and 

revised (Cooper et al. 1997a). Focus of the PM concept is solely on product 

development, deciding how to allocate company’s Research and Development (R&D) 

resources to different projects (Cooper et al. 1997a). Product management concept is 

closely related to product lifecycle management and product portfolio management. 

According to Haines (2009) product management is holistic management of a product 

throughout the whole lifecycle of the product. Focus of the product management is on 

managing single product from the product range of the company (Haines 2009) and it is 
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lacking overall end to end control of company’s portfolio (Tolonen 2015a). Focus of the 

management and research has been widening to include all of the company’s products 

in the analysis, emphasizing end-to-end viewpoint over the lifecycle of the product 

(Tolonen et al. 2013). Product Portfolio Management (PPM) is a dynamic business 

process that involves decision making over product lifecycle, from introducing new 

products, enhancing existing products and discontinuing products (Van De Weerd et al. 

2006). Portfolio of the company is renewed through product development projects, joint 

ventures, merges and acquisitions, and by removing older or unprofitable products 

(Tolonen et al. 2013).  PPM concept is tightly related to PLM and PDM concepts. PDM 

data structures can be seen as frame or guide when constructing the portfolio and both 

PLM and PDM methods and tools provide reporting capabilities and analytics for 

portfolio decisions (Tolonen et al. 2013).   

Importance of portfolio management concept can be summarized to three reasons: (1) 

ability to identify the correct projects that will grow into futures winning products, (2) 

ability to allocate resources to develop, manufacture and sell the correct products and 

(3) ability to translate business strategy to winning products (Cooper et al. 1997b). PM 

concept provides decision making capabilities for the top management to choose the 

correct strategic products to be developed and sold, not relying only on strong voice of 

sales force about short term customer needs (Cooper et al. 1997a). PPM concept enables 

top management to ensure the business strategy is executed into product offering 

according to their guidelines (Van De Weerd et al. 2006). In PPM concept the mission 

and vision of the company is translated into specific goals and metrics on how resources 

are allocated (Haines 2009, Tolonen 2015a). 

Portfolio management has three main goals that have been derived from investment 

portfolio management (Cooper et al. 1997a, Cooper et al. 1997b), whereas the basic 

idea of PPM is to manage products as portfolios and entities (Tolonen 2013). Each 

entity can be evaluated against other entities inside the portfolio and also the portfolios 

can be compared against each other. Managing products as portfolios gives management 

more comprehensive view on the performance of the company (Cooper et al. 2001). 
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Strategic targets can be assigned to whole product portfolio and then broken into 

smaller targets in different portfolios (Tolonen 2015a). A single portfolio can represent 

for example one product line or business unit of the company. With overall portfolio 

evaluation management can ensure that resources are allocated to correct products or 

projects that represent the company’s mission and are not in conflict with any of the 

strategic objectives (Cooper et al. 2001). Portfolio management goals are (Tolonen 

2015a, Cooper et al. 1997b): 

- Value maximization through a company objective, such as profitability, by 

using financial methods.   

- Balance in portfolio by choosing projects using multidimensional criteria such 

as short/long term, low/high risk, ease and attractiveness. New products vs 

enhancements.  

- Strategic fit allocating resources according to strategic goals. 

Product portfolio of a company is renewed constantly, new products are developed, 

development projects killed and old products removed (Tolonen et al. 2014). Pressure 

for change arises from different needs of the company functions, and they can be in 

conflict (Cooper et al. 1997a, Wan et al. 2012). Marketing and sales force want large 

number of products to be able to serve large customers base and their needs (ElMaraghy 

et al. 2013, Wan et al. 2012). Product development on the other hand wants to optimize 

the amount of new products to minimum to avoid managing the complexity caused by 

large amount of projects (Cooper et al. 2001). Operations also have the desire to reduce 

the amount of maintained products and components in order to reduce variety 

(ElMaraghy et al. 2013). 

 

 

Preconditions for comprehensive product portfolio management process are (Tolonen 

2013): 
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1. Creation of basic understanding about the idea and concept of PPM 

2. Creation of PPM strategic targets and performance measures based on 

company strategy 

3. Creating of the strategic sub portfolios 

4. Creation of PPM ownership and governance models  

5. Creation of PPM process and tools 

6. Creation of the data availability and reporting  

A significant challenge currently is that the role and purpose of PPM is not fully 

understood, management focus is on single products instead of managing the whole 

portfolio (Tolonen 2015a, Tolonen et al. 2013). Availability of correct data imposes 

also a significant challenge to the top management (Cooper 1997a, Tolonen et al. 2013). 

Information is scattered and offering is too vast which causes confusion in the top 

management decision making (Sääksvuori & Immonen 2008, Cooper 2001).   

2.3.1 Commercial and technical product portfolio 

Tolonen et al. (2014) suggest that product structure can be divided into commercial and 

technical portfolio. Commercial portfolio describes the structure of the sales items the 

company is offering. The levels of the commercial portfolio are solution, product 

family, configuration and sales item as illustrated in Figure 9. The levels of the 

commercial portfolio are usually visible to the customer. The hierarchical structure and 

levels illustrate how customer should perceive the offering of the company. Technical 

product structure defines the structure of the sales item on different levels using PDM 

methods, ensuring that changes are tracked and archived. As illustrated in Figure 9 

order delivery uses both commercial and technical portfolio to define the delivered item. 

The illustration simplifies the theory discussed in section 2.1, in which the new version 

of a component does not necessarily create new sales item if the fit, form and function 

are not changed. 
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Figure 9. Commercial and technical product structure (Tolonen et al. 2014). 

In the product process the product structure is defined, therefore decision made has a 

direct impact on the product’s cost structure (Stark 2005). Product structure, divided 

into commercial and technical product portfolio, is a visualized way to indicate on 

which levels revenue and costs are created, as illustrated in Figure 9 (Tolonen et al. 

2014).    

2.3.2 Product portfolio management governance model 

Stark (2007) and Haines (2009) suggest portfolio governance model where the decision 

making authority and responsibility is given to a portfolio review board consisting of 

executive level members. To acquire comprehensive knowledge for decision making the 

members included should represent all operations of the company. Tolonen et al. (2014) 

expand the governance model further to include four main components: vertical sub 

portfolios and their owners, horizontal sub portfolios and their owners, product 

portfolio management team and product portfolio management board. Governance 
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model components and their relations are illustrated in Figure 10. According to Tolonen 

et al. (2014) current literature and governance models cover new product development, 

but the models are lacking end-to-end view over all lifecycle stages of the product.  

 

Figure 10. Product Portfolio Management governance model (Tolonen et al. 2014). 

Vertical portfolios consist of commercial and technical product portfolios, on the basis 

of the product structure. Horizontal portfolios represent the different lifecycle states that 

can vary between organizations. Product Portfolio Management Team (PPMT) consists 

of vertical and horizontal sub portfolio owners and product portfolio manager as 

president. Responsibility of the team is to prepare portfolio analysis and reviews, 

prepare decision making and communicate goals and strategic objectives to the 

organization. Also PPM concept, tools and processes are owned and developed by the 

PPM team. In the governance model Product Portfolio Management Board (PPMB) is 

the highest decision making body, headed by the CEO. The board is responsible for 
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portfolio decisions; allocating resources to portfolio renewal and discontinuing 

unprofitable products. PPMB is also responsible for setting objectives and KPI’s for 

PPM. The framework is designed to work no matter what size the organization is. 

(Tolonen et al. 2014, Tolonen 2013)  

According to Tolonen (2015) the current literature has identified three portfolio 

management performance focus areas which are strategic fit, value maximization and 

balance (Cooper 2001, Sääksvuori & Immonen 2008). Currently the focus has been 

mainly on New Product Development (NPD) phase only and preceding lifecycle stages 

have not been adequately recognized (Tolonen 2105). In a PPM performance case study 

Tolonen (2015) suggests that management should acknowledge the change of business 

over products lifecycle, therefore the KPIs and financial performance metrics should be 

designed individually to horizontal sub portfolios covering different lifecycle stages. 

Strategic targets for PPM should be derived from mission statement (Tolonen 2015a), 

which can be seen as a statement what company does and why (Haines 2009).   

2.3.3 Product portfolio management challenges 

Unclear understanding of the product lifecycle and PPM concept leads to growing 

number of products, causing management to lose their grip of the products and portfolio 

(Tolonen 2015a, Srinivasan et al. 2005). Following customer needs as main input for 

new product development results in incremental innovation increasing the number of 

variants; this can be prevented with targets and KPI’s for PPM (Tolonen 2015a). 

Without proper governance there is a significant risk that the portfolio level decisions 

are done in the customer interface, which in the long run leads to unbalanced short term 

planning and portfolio renewal. Uncontrolled portfolio explosion leads to fuzzy offering 

(Kropsu-Vehkaperä 2012, ElMaraghy et al. 2013, Wan et al. 2012), cannibalization and 

complexity that cause friction in all business processes (Sääksvuori & Immonen 2008, 

ElMaraghy et al. 2013).    

Fuzzy offering is defined by Kropsu-Vehkaperä (2012) as incoherent understanding of 

product offering, causing that product development sales and production might have 
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divergent picture of the products functionalities and configurability (Kropsu-Vehkaperä 

et al. 2011). Offering large number of variants and configure possibilities can have 

positive effect on sales (ElMaraghy et al. 2013, Wan et al. 2012), but increasing 

complexity can cause confusion in the customer; without proper support to identify 

customer needs and to choose the correct products the burden of choice becomes a 

barrier to achieving sales (ElMaraghy et al. 2013). 

Cannibalization occurs when a new product or solution gains market share from the 

existing product range. Uncontrolled cannibalization occurs when the current product 

portfolio is not comprehensively understood and the new product is introduced to 

compete with the existing products within the same market segment, causing negative 

effects on sales revenue. (Tolonen 2015a, Srinivasan et al. 2005, Wan et al. 2012) 

Large amount of products and variants can have negative effect in the operations 

throughout the organization of the company (Sääksvuori & Immonen 2008, Wan et al. 

2012), causing longer lead times and increase in product defects (ElMaraghy et al. 

2013).  

2.4 Synthesis 

Based on the literature review product data management and product portfolio 

management are major challenges to companies and can have various negative effects if 

management does not allocate attention and resources for them. Current literature is 

lacking widely acknowledged governance models for product portfolio management 

over product lifecycle.  

In his studies Tolonen (Tolonen et al. 2013, Tolonen et al. 2014, Tolonen 2015a) has 

identified current challenges of PPM and constructed governance model and framework 

for PPM performance management. Defining the product structure of the company is a 

starting point for any PPM and PDM improvement project. Top down approach is 

needed to define product structure from the highest level of the portfolio to the last 

component level of the product structure. When defining the structure each item 
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technical or commercial, should be assigned with a unique code. To unite the 

commercial and technical portfolio a version item should be introduced. After the 

product structure is defined, all items should be categorized to horizontal sub portfolios 

according to lifecycle states. For each item, a lifecycle stage and fit should be defined; 

is it strategic, supportive, profitable or unprofitable.   

After portfolio’s current state is identified the processes and practices how the 

information and the portfolio are maintained are evaluated. Questions such as how 

product data is managed, what is the product process and does it have end-to-end view 

on products lifecycle, how is the product portfolio renewed, and who is responsible for 

PDM and PPM, should be answered. Figure 11 illustrates approach for PPM and PDM 

governance improvements. 

 

Figure 11. Approach for Product Data Management and Product Portfolio Management 

governance improvements.  
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3 THE CASE COMPANY AND CURRENT PRACTISES 

3.1 Background and drivers for current product range 

The case company is a leading provider of highly specialized solutions. The nature of 

the case company product offering is vast including hardware, software, service and 

solution products. The case company has wide global customer base in 100 different 

countries and due to the nature of the industry and the products the customer relations 

are long. Focus of the company is heavily on innovation and new products have more 

than 40% of work force dedicated for Research and Development (R&D). The case 

company has R&D centers in multiple cities and in 4 different countries.  

The case company organization consists of two divisions which are divided into 

multiple Business Units (BU). Business units are further divided into Product Lines 

(PL), as illustrated in Figure 12. Focus of this research is on product line X which 

consists of five different products. The offered solution product is complex solution 

consisting of hardware, software and service items. The competitive environment is 

fierce due to market consolidation; large number of specific customer needs must be 

met with low price. Customers desire to have systems that are foolproof and therefore 

the market is very intolerable for errors.  

 

Figure 12. The case company high level organization structure. 
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Applicable industry standards are evolving all the time and product line X products 

must keep up with the evolution in order to support the customers. Some of the main 

customers also have their own implementations of the standards. This creates additional 

challenges to product offering because these customer specific standards must be 

supported but offered only to the specific customer or their partners. In some cases these 

specific implementations are under NDA.  

In the product line X organization a solution is referred as a product or product line. The 

product line X consists of five products. Product consists of multiple sales items which 

can include hardware, software and service items. A single sales item is not considered 

as product, even though it can be ordered, delivered and invoiced. Basic product 

configuration includes platform hardware, connectivity module hardware and software.  

Software is divided into two technical entities: Software 1 and Software 2. The 

Software 1 is used in five products and the Software 2 in two products. The product 

offering is designed to provide a large range of hardware variation to different use 

cases, utilizing the same software as much as possible. 

Due to the nature and capabilities of the products some of the functionalities are under 

tight export control and need to be tracked. The case company is liable to inform 

authorities to whom and for what use those functionalities were delivered and who the 

end user is currently and in the future. In some cases when new software or hardware 

updates are delivered a single export license is needed for the delivery. Because of these 

restrictions the controlled features need to have their own sales items to enable efficient 

tracking and reporting capabilities. 

A software sales item consists of one or many functionalities. The functionalities are 

combined into sales items to provide rational functions to the customer. The software 

sales items are designed according to technology generations. Each technology has a 

package which includes basic analysis functionalities relevant to that technology. Other 

functionalities are offered optionally for each of the technology packages, to allow 

configurability and cost efficiency for the customers. When the standards evolve new 
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sales items are introduced either to the technology package or as options, to keep up 

with the development. 

When designing the sales item different business aspects are considered; price vs costs, 

functionality, customer needs and export control. Sales item design decision process is 

driven by business; a suggested sales item proceeds to development only after revenue 

and cost estimation evaluation, in other words each feature candidate needs to be backed 

up by a business case. 

In order-delivery process the solution is delivered and installed as full software package 

but not all functions and features are enabled. To be able to use the system, a valid 

license needs to be installed. License is delivered automatically with the solution and it 

is not an individual sales item. With the license the selected features are enabled 

according to what sales items the customer has ordered. License is created in production 

which uses product structure as basis to translate the sales items into enabled options. 

The license is the most crucial part in the order delivery process; mistakes in the license 

cause either loss of revenue or additional costs in terms of investigation and re-delivery 

work and bad-will at the customer. 

The software product is developed constantly; new options, functionalities and fixes are 

introduced. These enhancements to existing products are introduced incrementally three 

times per year and they are called as a release. The release does not necessarily bring 

any new sales items; they can include for example improved performance and stability 

or cost reductions. Release can introduce new sales items to existing product, these sales 

items can be software, hardware or services.  

When introducing new sales items the first step is that product line manager creates an 

EPIC sheet. Epic is a widely used term and a way in Agile development to define 

customer requirements. The sheet is used as interface between product line management 

organization and R&D organization. In the EPIC sheet the description and the 

requirements for the new idea or sales item are recorded into standardized template and 

used as a basis for R&D and product line management organizations to create specific 
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technical requirements to form a basis for the development. EPIC sheets are created 

according to internal and external stakeholder needs and requirements.  

3.2 Product data management current practices  

3.2.1 Current product structure, key item types and governance 

The product line X currently maintains product structure in Excel based tool. The tool 

contains sales item codes, descriptions, pricing, configuration rules and Bill of 

Materials. The tool is used in the order-delivery process and it is maintained and owned 

by the product line management team. Price lists are based on the product structure and 

they contain only selected information such as product code and description. Pricelist 

includes only the product code, description, pricing and configuration rules. Product 

structure defines the product for sales, technical support and order-delivery process. 

Product structure is used in the product line X very diligently in the new product 

development and software release programs as well. The relation between technical 

architecture and product portfolio is described during the product development project 

and translated into the tool. Use of the product structure in the product development and 

its relation to PDM is described further in the following sections.  

Product structure tool is the back bone of the product line management, and it is the 

most important medium for sharing product information to different business processes. 

As the owner of the product structure tool, the product line X management team is 

responsible for the information and its quality. Product structure is updated actively and 

new version is released with every incremental software release and when new products 

are introduced. Example of the product line X product structure is illustrated in Figure 

13. Color labeling demonstrates the changes in the product structure compared to the 

previous version. Red indicates that item is removed and inactive in the current 

structure for new deliveries, but there may still be service commitments to it. Yellow 

indicates that the item or information field has been modified from the previous. Green 
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items are new items introduced. Colors are used to visualize the changes to be able to 

track and easily understand the modifications.  

 

Figure 13. Illustration of product structure tool of the product line X. 

In new product development project and program the new sales item order codes are 

introduced to the product structure tool by product line management team. Product line 

manager is responsible for adding new or modifying existing order codes, descriptions, 

pricing, and configuration rules. Information about new items in the product structure 

tool are used as input for SPRM tool, which is used in software development as project, 

version and data management tool. 

Product structure is reviewed in the stage gate process twice. First review is before Gate 

3 when new items, changes to existing items and the impact of changes are reviewed. 

Second review is before Gate 4 when component breakdown and other made changes 

are reviewed. When Gate 4 is approved changes will be made into the enterprise 

resource planning system ERP, the price lists and the customer relation management 

tool CRM. R&D department is responsible that the sales code component list is updated 

and hardware items are linked to HWS tool, where hardware items definition 

information is stored. Manufacturing engineering is responsible for ensuring that ERP, 

CRM and the price lists are synchronized with the product structure. 

3.2.2 Product lifecycle 

In the case company product lifecycle consists of four stages, as is illustrated in Figure 

14. The stages are: idea, new product development, maintain and warranty. Lifecycle 
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information is not stored in centralized manner, but in different locations. While the 

case company has defined the processes particularly for new product development 

(NPD), maintain and warranty stages themselves, the transitions between the stages are 

partly undefined. The product is shifted through different stages by different decision 

making bodies. When project is approved by portfolio review meeting in Gate 2, the 

lifecycle stage changes from idea to NPD. When the project is approved for Gate 4.1 the 

product is ready for delivery and it enters the maintain stage. When the phase out 

announcement is made the product enters the warranty stage; decision for the product 

phase out is made in the portfolio review meeting. Sales item lifecycle differs from the 

product lifecycle slightly, stages are the same but the decision making bodies differ. 

When the sales item is approved from program the decision is made by product line 

manager and Gate meeting. Also sales item can be announced to phase out with product 

line manager decision.   

 

Figure 14. The product lifecycle of the case company. 

Lifecycle concept is used only for commercial elements for products and sales items. 

Technical items do not have defined lifecycle or lifecycle process. Hardware 

components created and introduced are available indefinitely, information of created 

components is not removed from system even tough commercial item where the 

component is used is removed. Software components are managed similarly as 

hardware parts, created component and related information are stored indefinitely and 

no parts are purposely removed. 

3.2.3 Product data management applications 

The case company does not have centralized product data management system; 

information is stored in different systems across the organization. Used systems and 

practices vary between divisions and functions. The need for different systems is caused 

by the differences in the nature of the products offered by the business units. Product 
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line X R&D department has their own system where information is created and then a 

part of it is inserted to another system to support downstream functions. 

In the product process product line X uses three main information sources, HWS for 

hardware, SPRM for software and DMS for metadata. Product structure tool is linked to 

HWS and SPRM tools, acting as requirement for needed items in the tools. SIR acts as 

information repository for sales. Product description information is also copied to 

enterprise resource planning system ERP and customer relation management system 

CRM. Information about delivered items is stored in DDB tool.  

SPRM is a tool for requirements management, but it is used in R&D organization also 

for version and product data management as well as for software development project 

management. Requirements for new features are collected and documented from EPIC 

sheet and inserted into the SPRM tool. Test plans are created in the tool and results of 

the testing and found defects are logged to the system. The source code can be modified 

only with requirement or defect in the SPRM tool. SPRM gives an identification code 

which is inserted into the source code as a comment. Requirements for the change and 

who performed the change are tracked in the SPRM tool. For software part of the 

product the SPRM tool is the main source of product information, it is acting as link to 

other information with unique identity number illustrating the changes. SPRM tool is 

used only in product line X, other R&D organizations of the case company are using 

different tools. 

HWS tool is used corporate-wide to define hardware items. Sourcing and manufacturing 

are the main stakeholders who use the information inserted to HWS. R&D is 

responsible for inserting all the relevant information in the system, to allow sourcing to 

purchase the component or its materials and to allow manufacturing to produce and test 

it. Items in HWS are stored for good; no information is removed from the system. 

DMS is used for documentation management during the product process. All relevant 

information is stored to the DMS. The information is linked to SPRM and HWS tool 

through identity codes; no automatic information sharing is used between the 
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information systems. DMS enables the document to have state, such as pending for 

approval and approved. Previous, current and new product structures each contain their 

internal version management in DMS. The DMS also allows all the needed people to 

access the product structure in a coordinated manner, preventing overlapping changes 

and enabling tracking of the changes. 

Product lifecycle information is not stored centrally. Developed products, active 

products and phased-out products under service are tracked in product structure tool, 

whereas phased-out products for which the service life has ended can only be found in a 

company-wide Excel-based tool, called EOL, updated by the product line management 

team. The phase-out list provides information when the product was announced end of 

life, dates for last time buy and end of support, and guidelines how the item is to be 

considered by sales and sales support. The tool is owned by manufacturing engineering.  

For sales process main source of product information is a web site called SIR which is 

designed to distribute information for sales and large base of distributors. SIR acts as 

information repository where price lists, product presentation, specification sheets and 

other marketing material is stored. Information is mainly created by marketing 

department in collaboration with product line management and R&D. Sales also use 

customer relation management tool called CRM. The tool includes same products as in 

pricelists; product data is manually updated using information in product structure tool 

and price lists. 

Delivered systems are tracked in an ERP-based tool called DDB which offers a web 

view for the users. The tool is designed to serve manufacturing, logistics, technical 

support and sales support. Information in the system is inserted and maintained by 

production. The system contains the solution that has been delivered to the customer 

and the current status of the solution’s maintenance agreement. This information 

includes item codes, serial numbers and quantities. The tool does not specify the used 

product structure release based on which the solution was delivered. The tool is only 

used in product line X. 
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Figure 15. Summary of used product data management applications. 

3.3 Product portfolio management current practices 

Product portfolio of the product line X consists of five configurable solution products. 

The products are configured from little less than 150 sales items including hardware, 

software and service items. The portfolio is complex with large amount of dependencies 

with different sales items.  

The portfolio is renewed mainly with new product development projects and programs, 

and product removal through phase out process. Company or organization merge is also 

a possible renewal source; the possible merge is managed as NPD project. Difference 

between project and program used in the case company is that project brings large 

changes to the existing product or totally new product whereas the program brings 

smaller incremental enhancements in the form of new sales items or improvements to 

existing products.   
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New product development process is owned by R&D Vice President (VP), who is 

responsible for the performance of the process. The process oversees both projects and 

programs and it consists of four stages approved by gates. The process is an adaptation 

of widely known Stage-gate model. After every stage the project or program is 

evaluated in a gate, in which decision to move forward or not is made. Gates 1 to 2 are 

evaluated in a portfolio review meeting and gates from 3 to 5 are evaluated in a gate 

meeting. The NPD process is illustrated on a high level in Figure 16.  

Gate 0 and Gate 1 are optional and not necessarily used. In some cases product line 

organization wants to validate an idea and get feedback from the top management 

before moving forward with the idea. Gates 1 and 2 are part of idea funnel, where ideas 

across the organization are gathered and evaluated. Majority of the ideas are collected 

by R&D, System Engineering (SE) and product line manager who do preliminary 

studies on the ideas and choose the most promising to be presented to portfolio review 

meeting in Gate 2. If project proposal is not allocated with resources it can still live in 

the idea stage. Idea is researched within and between product line manager, system 

engineering and R&D team and if they still believe it could be the next thing it is 

presented again in Gate 2. No idea is killed in Gate 2, and an idea can be presented to 

the portfolio review board multiple times. 

 

Figure 16. New product development stage gate process overview.  

Portfolio review meeting and the role of it is described further in the section 3.5.1. Gate 

meeting is the steering body for NPD project/program. The meeting is division specific, 

seated by Vice President of R&D, Vice President of the Division and Vice President of 

Operations and they are called Gate Keepers. Gate meeting is decision making body 
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focusing on the business aspects; it does not participate in actual NPD process neither 

evaluates the process performance. 

Program governance differs from project, although it goes through portfolio review and 

gate meetings. Decision to begin investment in a program is made by portfolio review 

meeting as Gate 2. After the investment has begun program goes through Gate 3 and 

Gate 4.1 incrementally. Resources allocated for the program are reviewed in every 

portfolio review meeting. New major hardware items, such as new platform, for existing 

product are developed through new product development project, but introduced trough 

program as incremental release. Small updates to existing products, such as new hard 

drives, are developed and introduced through programs. New platform hardware is 

introduced approximately once in 3 years. 

Before each gate one or multiple Operational Reviews (OR) are performed as illustrated 

in Figure 17. The OR is Director level decision making body which reviews the quality 

and the performance of the project. In the OR project deliverables are presented and 

evaluated. Project deliverables are standardized quality, performance and current state 

reports, which do not focus on technical details but on the development project itself. 

The review board approves, rejects with conditions or rejects each project deliverables.  

 

Figure 17. Stage gate and operational reviews. 

In the gate meeting project manager (PM) provides presentation of the project, which 

includes the results from operational reviews. The project/program is reviewed based on 

the operational review results, business environment and strategy. Based on the 

evaluation gate go, no go or kill decision is given. The decision of the gate keepers is 

not tied to operational review results; even though a project is rejected in operational 
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review the gate keepers can give go decision due to business aspects. Main question of 

each gate is described in Figure 18, these questions should be answered by each 

department, but the level of involvement by different departments depends on the gates. 

If the project/program receives conditions those need to be met before the next gate 

meeting or in a specified time frame.  

 

Figure 18. Stage gate process and main questions for each gate. 

In the phase out process the existing product or sales item is discontinued. The phase 

out process has four triggers:  

- Part or component from supplier is announced EOL and there is no replacement,  

- The product has significant quality issue, 

- The product is replaced by new one, 

- There is no more forecasted sales for the product.  

Existing processes create information for product line manager to take actions, but it is 

the product line manager’s decision to move forward with the phase out process. The 

process is designed to minimize excess inventory and cost of write-offs and the scope of 

the process is to inform all relevant stakeholders about the product’s life cycle stage 

changes and the future of the product or sales item.  



54 

 

3.3.1 Portfolio review meeting 

All the major decisions concerning the product line X and the case company product 

portfolio are done in portfolio review meeting. Resources for new product development 

projects and programs are allocated and the projects and programs are ranked according 

to predefined criteria.  

Portfolio review meeting is held every four months and it is a five-day event. Every day 

of the event has certain agenda, first the current status of the business is reviewed, 

projects/programs are then presented, and lastly the portfolio decisions are made and 

presented. Agenda of the first four days includes the following: 

- Strategic review – Corporate wide strategy review, presented by CEO 

- Technology review – Corporate wide technology review, presented by CTO 

- Project Management Office review – Current status of ongoing investment 

level and results and performance from the previous four months, presented by 

Vice President of R&D 

- Business unit presentations – Current product strategy, ongoing projects, Gate 

1 and Gate 2 presentations for new ideas and program reviews, presented by 

product line manager / business unit director 

After business unit presentations portfolio review board retreats for private meeting to 

discuss the projects and programs and their ranking and prioritization. All ongoing and 

future projects/programs are ranked in the process, despite the stage of the project. 

Agenda of the final day of the portfolio meeting is:  

- Marketing plan prioritization  

- Final project prioritization and ranking  

- Resource allocation for projects     

- Final presentation  
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On the final day the presentations of the review board decisions for the organization 

cross-functional management team and project management office are held by VP of 

RD. The responsibility of the cross-functional management teams, alongside with the 

R&D Directors, is to communicate the results to the whole organization.  

Alongside with the new product development project and programs other major changes 

in corporate product portfolio are decided in the portfolio review meeting. These major 

changes include organization and company merges, and product phase out. The phase 

out proposal is presented by the business unit executives and portfolio board makes the 

final decision whether to discontinue the product or continue maintaining it. There is no 

preset format how the proposal should be presented, neither triggers when to present it. 

3.3.2 Business unit quarterly management meeting 

Business Unit Quarterly Management Meeting (BUQMM) is not part of the stage gate 

new product development process instead it is operational decision making body. Focus 

of the meeting is on overall project portfolio rather than on individual projects. The 

BUQMM meeting is seated by business unit top management, including product line 

management, sales representatives and business unit R&D director. The meeting is led 

by the business unit Marketing VP. Based on the meeting project plans might be 

realigned and project prioritization in the business unit changed. BUQMM is market 

driven meeting and it focuses on the projects that are already been filtered through 

portfolio review. The prior filtering is visible in the decision making; the meeting is not 

focused on balancing between short long term strategic targets and technology 

innovation because decision regarding those issues are done already in portfolio review 

meeting. 

3.3.3 Product portfolio decisions over product lifecycle 

Portfolio review board has the ultimate responsibility of the product portfolio of the 

case company. The board has four main decision points over product lifecycle: NPD 

project investment approval, program investment, program investment level, and 

product phase out. In Figure 19 product lifecycle, decisions and who is responsible for 
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them is described with arrows. The board focuses on products and investment for them; 

decision related to individual sales items are not made in the portfolio review meeting. 

In maintain lifecycle stage the board decides investment level for the program, how 

much resources will be allocated to update the existing product and to create new sales 

items.   

 

Figure 19. Product lifecycle and decision making points in the case company. 

Figure 19 has been constructed for the current state analysis of this study from multiple 

process descriptions and definitions. Previously lifecycle steps and decision points and 

authorities were not described simultaneously throughout the whole lifecycle.   

3.4 Product portfolio definition and evaluation 

In the section 3.4 the product portfolio X is defined. Information was collected in the 

organization and combined together to form illustrations of the portfolio. Previously 

before the research the case company did not have a visualization of the portfolio or a 

clear definition between the software sales items and technical items.  

First step of the product portfolio definition and evaluation was to identify the product 

offering, defining the portfolio levels, and rules about how items are placed in the 

portfolio. On the highest level of the hierarchy is a solution representing the product 
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family X. Due to the complexity of the solution product, the portfolio was first 

constructed to show sales item relation and configuration rules with multiple levels, 

rather than hierarchy levels defined in the theory section.  

3.4.1 Product portfolio definition 

Product portfolio at the case company defines sales view of current product offering. In 

order to clarify the relation of the theory and current practices terms commercial and 

technical product portfolio are used, even though the terms are not used currently at the 

case company. At the moment the technical portfolio is described partially in the 

product structure and the commercial product portfolio is described partially in the price 

lists.  

In the portfolio the construction hierarchy defines that sales item in the lower level 

needs the upper level sales item to function properly and cannot be sold without the 

upper sales item. Large number of sales items have multiple constraints that could not 

be visualized with the hierarchy thus dash lines were used to illustrate the configuration 

rules. Line origin from sales item A ending to B indicates that in order to work A needs 

B. A sales item can need one or many sales items to work, which is illustrated with 

multiple same colored lines. If a sales item has different colored lines it indicates that in 

order to work the item needs at least one of the sales items to which the colored arrows 

are pointing, for each color group. Multiple relations are illustrated in Figure 20 where 

product family X is visualized.   

 

Figure 20. Commercial product portfolio construction of the product line X, illustrated 

with configuration rules. 
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Visualization of the product line X commercial portfolio was constructed using 

information in the product structure and the pricelists. The pricelists are the main source 

of product information related to the commercial structure for sales organization. 

Extensive technical details are available in product marketing material (specification 

sheet), describing the capabilities and features of the product but they do not have 

relation to the commercial structure, such as which sales items enable the function and 

how is the solution configured. Product structure is designed to serve other functions 

than sales, and it cannot be used for sales purposes because it contains classified 

information that should not be shown to sales organization. 

After the commercial portfolio was constructed according to the configuration rules it 

was reformed to be in line with the theory, illustrating the shape of the commercial 

portfolio. As can be seen from Figure 21, product line X has 5 products, which can have 

vast number of configurations enabled with 144 sales items. Item sold to customer is a 

solution, containing one or multiple products combined from multiple sales items. Even 

though sales items are described hierarchically in multiple levels in Figure 20, all sales 

items in the portfolio are seen as equals as illustrated in Figure 21. Each sales items can 

be sold individually, if configuration rules are fulfilled.  

 

 

Figure 21. Product line X product portfolio shape. 

Commercial portfolio was further modified into sub portfolio according to the technical 

structure and use cases, in order to divide the portfolio into simpler more manageable 
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entities. First three sub portfolios were created: platform, software and services. The sub 

portfolios were divided further into smaller sub portfolios, which are described in 

Figure 22 alongside with an illustration of the whole portfolio. The construction does 

not take configuration rules into account.  

 

Figure 22. Commercial product portfolio sub portfolio division illustrated above (a) and 

whole portfolio below (b). 

3.4.2 Hardware technical structure and software architecture 

Product line X technical architecture is well defined for hardware parts and the product 

structure tool is in widely used in different business processes. The tool is main source 

of information to define the product for order delivery process. The Excel tool is 

divided to five sheets according to five different products. The tool defines delivered 

items and forms a link between ERP bill of materials, product structure and HWS. 

Software part of the product line X is defined in the product structure on high level 

according to sales items, describing how it is configured in license generator and 

delivered from production. The product structure also defines needed third party 

software licenses. The product structure does not illustrate software architecture, only 

the information needed for the order delivery process.  

Product line X technical architecture can be roughly divided into three parts: platform 

hardware, connectivity module and software. Without the software license the offered 

product is a regular computer.  
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Product line X develops and maintains two major software products called Software 1 

and Software 2. The software is used across different products and in some products the 

two software elements are combined to work in collaboration. Software 1 is used in four 

products and Software 2 in two products. When new functionalities and functions are 

developed the benefits are transferred to all products using the same software. Some of 

the products use different sales item codes for similar software and some of the codes 

are same.   

Software 1 architecture is designed to support modularity. New functions are easy to 

implement allowing expansion of the systems with minimum effort. Basis of the 

architecture are components which are used to combine options. Options use the service 

of components to provide functionalities, which are combined into sales items. The 

software has approximately 1100 components which are used 1 to 7 times in different 

options. Most significant part of the components are used only in one or two options. In 

the technical structure there exist approximately 2000 connections between options and 

components.  

Relation between Software 1 sales item and technical structure can be mapped trough 

product structure and license generator, although the naming between software technical 

components, license generator and products structure is not unified. Most of the 

relations can be mapped, but some of the relations are hidden in the source code and 

cannot be mapped without massive efforts. Because of the hidden connections, vast 

amount of components, the workload related to the mapping exercise and the 

uncertainty about the value of the mapping for future use all of the relations were not 

mapped.  

Software 2 is significantly newer and has much smaller component base. The 

architecture is built from larger components, but it is also designed to support 

modularity. In Figure 23 Software 2 technical structure is described with relation to 

commercial portfolio. Relation between sales item and technical structure is not mapped 

and documented, the information can be only be found from R&D organization and it is 

not available to everyone.  
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Figure 23. Software 2 technical and commercial product portfolio relation. 

3.4.3 Commercial and technical product portfolio analysis  

Product line X commercial portfolio is built according to 5 products and it is enabled by 

144 sales items. These sales items are built from roughly few thousand technical 

components. Combined shape of the Commercial and technical portfolio is illustrated in 

Figure 24. 

 

Figure 24. Product line X product portfolio shape. 
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Border between commercial and technical portfolio in product line X is clearly defined 

for hardware items in the product structure tool, but clear definition for software items 

is missing. Information of the technical structure for software items can be found only 

from within the R&D and product line management organization. When new sales items 

are introduced, connections between commercial and technical structure are defined in 

the project, but the information is not stored centrally and it is not clearly visible for 

downstream functions. The information can be acquired either from senior developers 

or interpreting the source code. 

After mapping the relations between commercial and technical portfolio, sales item 

performance was evaluated. Sales quantities and generated revenue were analyzed 

across three financial years. Also items under current maintenance agreement were 

included to the analysis. Using the collected data performance matrix was constructed. 

Only active sales items were included to the analysis. Next step was to identify and 

color label supporting products which cannot be phased out. Strategic products were 

marked with blue according to information acquired from product line management 

team. Amount of delivered items under maintenance agreement was included to the 

matrix. Sales revenue was collected from 2013 to 2015 and divided into financial years.  

In order to clarify the current state of the product line X product portfolio, the sales item 

performance data was further analyzed and summarized. The findings illustrates the 

current state of the portfolio and the data was summarized into below synthesis: 

- 20% of the sales items bring 80% of the revenue. 

- 56% of the sales items bring no or very low (under 20 000$ annually) new sales 

revenue at all.  

- 19% of the sales items bring no new sales, are not under service agreement and 

are not supportive.  

- 11% of the sales items bring no or very low (under 20 000$ annually) new sales, 

but have large service agreement base.  

- 5% sales items are supportive from the whole offering. 
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- 36% sales items are strategic which brought 58% of the total revenue in 

financial year 2014. 

3.5 Current challenges related to product data management and 

product portfolio management 

The product line X product offering consists of five solution products including large 

amount of hardware software and service sales items. The software product has been 

maintained and developed further for many years. During that time product offering has 

widened and shifted towards more complicated system solutions. Challenges in the 

product line X were mapped across the organization and categorized according to 

related topics. Below main challenges are summarized. 

- Scattered product data 

- Undefined product structure for software 

- Complex product portfolio 

Challenges were mapped one business process at a time. In order to clarify the 

challenges the processes, actors and their responsibilities are briefly described. Main 

actors in the case company product process are R&D and product line management 

organizations. Their responsibility is to create and develop products and manage them 

throughout the product lifecycle. Main actors in the case company order delivery 

process are operations and manufacturing engineering. The manufacturing engineering 

is in supportive role, ensuring that products in production can be prepared and 

delivered. Operations consist of sourcing, logistics and production teams. Their 

responsibilities are to maintain inventories and produce and deliver ordered 

configurations. The case company sales process consists of sales, application 

engineering, sales support and customer service functions. Addition to actual customer 

relations, sales process provides quotations and technical details, and performs order 

entry before handing the order to operations.  
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Most significant challenges perceived by operations are scattered information as well as 

complex product and configuration rules. Information is scattered into various different 

systems and tools, particularly information about past products and their equivalent in 

active products causes confusion. Operations see that excess work is performed when 

searching for information and reviewing and correcting product configurations. Also a 

significant challenge in the sales process is that some information cannot be found in 

written format, only from product line management or application engineering team 

members. Due to silent information application engineers and product line management 

are needed constantly and responsibility of the customer relations is transferred to them.  

Challenges related to absence of clearly defined software product structure can be 

summarized into two: testing, and effort estimation for further development projects and 

product maintenance in product process. Testing activities are resource consuming and 

should be minimized; still the software needs to be comprehensively tested before every 

release. Estimating the effort needed for development activities is seen challenging due 

to large amount of components and relations in the software technical architecture. 

Currently testing consumes considerable portion of the resources allocated to R&D and 

there is a need to decrease the time used for it. Wrong estimation for needed testing 

effort delays the projects and increases the needed resources to finalize the project due 

to additional planning and man hours. 

Large and complex product portfolio and the lack of lifecycle concept are seen as 

sources of challenges. Manufacturing engineering sees is the resources needed to 

maintaining manufacturing capabilities as a major challenge. Vast inventories are 

needed to be able to deliver large amount of different products. Documentation needs to 

be updated constantly to maintain the manufacturing capabilities. Consequences of 

challenges in the sales process are most visibly seen in the operations. Defective 

quotations are provided to sales and customer, and mistakes are also made when the 

order entries are provided to operations. These mistakes cause excess work in 

operations and sales, but also in some cases items are given free to the customer to 

allow the sold system to work. 
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One can also argue that the case company organization is facing the challenge of fuzzy 

offering. Product line X product offering is vast, but it is only a small portion of the 

entire product portfolio of the case company. Despite of the significant amount of 

products sales organization does not have dedicated sales personnel for different 

products or product lines. This may cause confusion in sales if the product is not fully 

understood. The confusion is further transferred towards the customer. Sales 

organization is solely depended on the help of application engineering and product line 

management teams to support the need definition, value affirmation, configuration and 

dimensioning of the solution. 

Challenges perceived in product line X by the different organization can be summarized 

into three major challenges: scattered product information, undefined product structure 

for software and complex product range. These challenges form the trunk of difficulties, 

which branches of smaller difficulties are manifested in various ways across the 

organization. Caused costs are hidden in the organization, mostly manifested as 

wasteful work effort. 

Various effects of the challenges are witnessed across the organization and causes for 

them are numerous. In this section the causes related to product data and portfolio 

governance are identified and analyzed. Other possible causes are not in the scope of 

this research and should be further investigated. 

The consequences of the scattered product data are seen mainly in the order delivery 

process as excess work due to mistakes performed in product configuration in the sales 

process and as time used to search for information. 

Product data is scattered across the product line X organization, Data is stored in 

various systems used by different functions. Product line X organization does not have 

unified governance model for data management. Different systems have their own ways 

to manage the data, and there is no clear ownerships for the systems or stewards to take 

care of business and technical needs.  
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Systems used to distribute the data have been designed to serve one function and once 

the information has been found useful the usage has been widened to other functions. 

After a while usage of some tools have been formalized as to main source of product 

data, but some of them do not have any governance in place, anyone can update and use 

the data.  

Product line X does not have a way to manage historical product data in an efficient 

manner. Historical information has been spread around in a difficult format, in order to 

understand it user needs to have comprehensive technical and product knowledge. Also 

sales item lifecycle state information is only available for operations function. The 

information is stored in excel tool that is owned by manufacturing engineering and 

mainly used by operations in product line X. If sales require the information it is 

provided by sales support. The situation is confusing for sales because they are 

encouraged to sell also old units which are not in price lists anymore, but information of 

the units cannot be found in any system they are using. 

Product data as a concept is currently no one’s responsibility in the case company 

organization. The responsibility has been distributed across many actors in different 

organizations. An example of this could be a tool designed to work for function A. This 

tool is perceived as useful and therefore also function B implements the tool to their 

process. If then the tool is altered or developed to serve better function A the alterations 

might cause the tool to be unusable for function B. In that case it is no one’s 

responsibility. 

Main part of the tools to distribute knowledge and product data are responsibility for 

R&D and product line management organizations, who do not have the resources or 

mandate to scout data user needs and business requirements, such as reporting 

capabilities. The information distribution systems or tools are used as they are and 

further development is minimal. Product line X is missing clear responsibilities and 

roles for product data, which has led to a situation where the data distribution is not in 

control. 
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Currently product structure for hardware items is well defined with responsibilities and 

change management. However the tool does not reach to software. Currently there are 

invisible correlations in software architecture that cannot be defined reasonably and the 

relation of technical structure and sales items is unclear. The relation between software 

technical structure and sales structure has been lost due to rapid expansion of the 

software and insufficient tools to maintain the information.   

Product line X has been expanding continuously, new items are introduced faster than 

old products are discontinued, and the complexity of the portfolio has been increasing at 

the same rate. The challenges of complex portfolio has one significant visible effect: 

resources are wasted to maintain poor performing products that do not bring revenue. 

Root causes for the challenges are: insufficient portfolio renewal process and vast 

responsibility of the product line management organization. 

Portfolio review meeting process has the highest responsibility of the portfolio process, 

but it does not have the portfolio renewal in control. Focus of the meeting is on 

decisions regarding R&D investment level and resource allocation for projects, it does 

not take into account current product performance neither sales item performance. 

Business units present their current performance on a high level in the meeting, but 

information of the actual portfolio performance is not demanded or presented. Portfolio 

renewal process is not in control of neither Portfolio Review Meeting nor product line 

management organization causing portfolio explosion.  

The case company product phase out process defines four triggers to begin the process, 

but the triggers are working only at product level. The triggers do not have visibility to 

individual sales items. Poor performing sales items do not come up in any automatically 

created reports for product line management but it is their responsibility to initiate the 

phase out process. Information of individual sales item performance can be acquired 

manually from bookings report but it is not currently part of any process and constantly 

overlooked.  
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New sales items are introduced trough product development projects and program. In 

the process it is the responsibility of product line manager to evaluate current portfolio 

against the new idea, how does it fit to current offering and what is the impact of the 

introduction. Decision and the results or the consequences of portfolio decision made by 

product line manager are not visible for senior management. In summary, product line 

manager is responsible for introducing new items and phasing out current items, but at 

the moment these decisions are made with insufficient data. 
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4 CONSTRUCTION: HOW TO IMPROVE PRODUCT 

PORTFOLIO MANAGEMENT PRACTICES 

4.1 Overview of the construction 

The construction is formed according to suggestions from literature, portfolio and data 

governance objectives, and product line X current state and requirements. The 

construction is divided into two parts to answer for two significant challenges faced by 

the organization. The constructions consist of: 

- Product data management improvements 

o Product structure, item types and lifecycle 

o Product data management process 

o Product data management governance 

o Objectives and key performance indicators 

- Product portfolio management improvements 

o Objectives, goals and key performance indicators 

o Product portfolio management process 

o Horizontal and vertical sub product portfolio division and governance 

model 

4.2 Product data management improvements  

Availability of product information should be ensured for the needing function 

throughout the product lifecycle and organization. Centralized and integrated system is 

needed with a comprehensive governance model including responsibilities and roles to 

ensure information flow from product process to downstream processes. Rushing for the 

PDM system implementation without clear view of what is needed is not recommended; 

IT systems do not solve organizational challenges.  
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4.2.1 Product structure, item types and lifecycle 

Prior to the system implementation or governance improvements, common 

understanding of the product, product structure and product data should be ensured. The 

product and product structure should be comprehensively defined for hardware, 

software and service items. 

Rate of the defective quotes and the excess work in order delivery process indicate that 

organization does not have unified view of the product range and how it can be 

configured, sold and delivered. Also as an example of product structure definition, in 

the product line X organization difference between Software 1 and Software 2 should be 

clarified, which products use which software and what does the license look like and 

what is needed to generate the license for different software.  

A common product structure is recommended to be defined which should be used for all 

item types, for software, hardware and service items. Top down approach is 

recommended to be used, defining the structure from highest portfolio level to smallest 

technical component. The common product structure should be defined starting from 

the product line and further to sales items. Additional it should be divided into 

commercial and technical portfolios, where the border is secured with version item. The 

commercial and technical portfolios should further be divided to hardware, software and 

service sub portfolios. 

The product structure tool currently used in the product line X has already clear 

definitions for hardware items, from sales items to smallest viable technical item. Also 

the product line X has built responsibilities and change management process to ensure 

quality of the tool. Additionally the tool has lifecycle information which is linked to 

phase out process. Reach of the current product structure tool should be expanded to 

include software and service items. 

When the common product structure is detailed the link between commercial and 

technical portfolios defined in section 3.4 should be secured with version item. Each 
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sales item would have version item defining that from which technical components the 

sales item consists of. Version item describes the current configuration for the sales 

item. It allows the changes in technical structure to be tracked without any effect on 

sales item structure or code. Example of version item is illustrated in Figure 25, where 

two sales items have below a version item and below that the technical configuration. 

 

Figure 25. Example of common product structure with version item. 

Object oriented methods should be used to define each item in the product structure. 

Each item in the product structure has unique code, if the item is modified or improved 

the code changes to separate the old item and introduced item. Additionally each item 

has attributes which defines the item. Attributes should include:  

- Description: Brief definition of the item 

- Lifecycle: Current stage and planned lifecycle 

- Class: In which family the item belongs 

- Visibility: Who can see and modify the item 

- Ownership: Who is responsible for the item 

- Inheritance: Attributes inherited  
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To ensure that every actor has the needed information easily available each actor should 

have tailored view of the product structure. Idea is to show only the needed information 

and not to confuse the actor with overwhelming amount of data.  

Currently the case company does not have defined lifecycle or lifecycle process. Model 

constructed in section 3.2.2 was combined from multiple sources, there is no clear 

definition of different stages or rules and triggers how the stage changes for an item. 

The lifecycle should be defined for the product range; each item in the product structure 

should have lifecycle stage. The constructed model illustrates the undefined lifecycle 

process that is currently used in the case company. The process should be formalized 

and to include all item types sales, technical and service items.  

4.2.2 Product data management process 

Product line X organization should pay attention to information harmonization, 

distribution and availability to overcome the challenges described in section 3.6. As 

earlier mentioned, before any improvement efforts the organization should have unified 

view on the product, product structure and what is product data.  

Product data management process should be defined, end to end throughout the product 

lifecycle. When the process is mapped, all actors creating and using the data should be 

identified and needs of the stakeholders using the data be addressed. The designed 

process should define standardized presentations and storing methods for the 

information throughout the product lifecycle.  

As an example of inconsistency of tools and usage, currently operations and sales 

support is using excel based tool as information source for phase out products. The tool 

is owned by manufacturing engineering, updated by product line management team and 

used by logistics and sales support. The tool or presentation format has not been 

designed to serve the purpose it is being used currently and the tool needs constant 

development to fit the purpose. 
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Currently product line X has already large amount of product information available, but 

the information is scattered into different tools used across the organization. The 

information should be harmonized and visualized to increase the understandability and 

to decrease contradictory information. 

For example the configuration rules are described in the product structure and the 

pricelists, but since the complex rules are available only in written format they are 

difficult to interpret and understand. Visualizing the rules would make them easier to 

understand and prevent mistakes in the product configuration. Another example of un-

harmonized information is the Software 1 license. In product structure sales items are 

translated into software options identified by names which are also used in license 

generator, but in the generated license the software options are named according to 

functions in the source code. If operations want to decode license registration numbers 

into current sales items they need first to use license generator to decode the function 

names. Then use mapping what function is what software option. Then check from 

product structure and EOL what sales items are constructed from the software options. 

Process is even harder because some combinations of software options are used to 

generate different sales items, causing confusion. 

4.2.3 Product data management system 

To overcome the challenge of the scattered product data a centralized product data 

management system is recommended. The PDM system implementation ensures proper 

processes are in place that utilize the system efficiently. With the new system, 

information flow and availability improve and it would be more transparent for all the 

functions.  

Requirements for the PDM system are various, since the product line X product offering 

is complex solution including hardware, software and service items. Main requirements 

due to the nature of the product are suitability for software product, integration with 

existing systems and solution configurator. Of course basic requirements such as global 

access, data availability, integrity and usability need to be fulfilled.  
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In major part of literature regarding PDM systems the emphasis is on hardware or 

physical product. Discussion of PDM system suitability for software is insufficient. 

Therefore when planning and conducting suitability testing for a PDM system, attention 

should be paid for the system’s fit for software product data management. 

In Figure 26 product data applications that are currently used are described. Systems 

marked as light gray are crucial to be implemented to the PDM system. Systems marked 

with white would possible be superseded by the PDM system and separate tool would 

not be needed. If functionalities of existing system are not provided in the PDM system, 

and it is not possible to integrate it with the system, existing tools need to be 

maintained.  Existing systems should be carefully inspected in order to find applications 

that can be superseded by the PDM system to avoid duplicate information and work. In 

order to get full benefits of the PDM system level of automatic data transition between 

different systems should be as high as possible. For example currently product 

configurations are done manually according to the complex configuration rules and then 

manually inserted to CRM and further to ERP. Information is inserted twice manually, 

leaving high risk of human error. There is a vast need for a product configurator and 

automatized data transition from into CRM and ERP. 
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Figure 26. Current product data applications. Systems marked light grey are crucial to 

be implemented to the PDM system, systems marked white could be superseded by the 

PDM system. 

Product data management solutions offer vast amount of features and in order to get 

maximum benefit as many as possible should be implemented into use. Challenge is 

that the solution will first be used only in one product line and possible PDM system 

approach and processes might not be compatible with existing ones in the case 

company. To avoid duplicate work the product line should be liberated from some of 

the corporate process. If the users need to comply with the case company processes and 

make duplicate work into existing systems and PDM system they will be frustrated and 

unsatisfied in the system and in worst case stop using it. To succeed in the 

implementation the existing case company processes need to be modified to comply 

with PDM system logic rather than try to tailor the system into the case company way 

of doing.  

If PDM solution is implemented into the whole case company organization many of the 

existing systems will be superseded. On a high level existing processes will not be 
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change much; major changes will be on systems used and process steps. With the PDM 

system the case company would achieve better automation in product process, reduction 

of manual work for managing the product related data and more transparent 

information. 

4.2.4 Product data management governance model 

As the case company currently does not have centralized and harmonized way to 

manage product data the process and governance model for product data management 

should be defined and stakeholders for the PPM and their needs for the data should be 

identified. Who creates what data and to serve whom and what purpose? Also to ensure 

efficient implementation of product data management system, clear ownership and 

responsibilities are needed. 

Currently in the product line X organization the responsibilities of product data are 

nonexistent and scattered with the used systems across the organization, thus 

governance model for the data management is needed. At the moment no one in the 

organization has clear view what data is needed and from where is it acquired in the 

sales and operation processes. Product data should be some ones responsibility as a 

concept and the person should be accountable that needed data is created and accessible 

for the needing function. The governance model should include tasks, roles and 

accountabilities and it should focus on principles how to manage the data and quality of 

the data. With the governance model both business and technical aspects of product data 

management are overseen. In Figure 27 proposed PDM governance model is illustrated. 
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Figure 27. Proposed PDM governance model. 

It is recommended that PDM owner would be person who already has responsibilities of 

product data in product line X organization. Business steward is suggested to be person 

who has both technical and business knowledge. Their responsibility is to translate 

organization and business data needs into technical requirements together with technical 

steward. Technical steward is responsible for the data management system maintenance.   

One possible solution is to appoint manufacturing engineering manager as PDM owner. 

Currently manufacturing engineering is in charge of product structure tool, which is the 

most important medium for product data distribution at the moment. They have already 

large knowledge base of business requirements and importance of product data.  

Business steward responsibilities could be appointed to person within the product line 

management or support organization. Product line manager organization has the large 

knowledge base of the product, business needs and technical needs. 
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Currently IT function is maintaining large amount of different systems at the case 

company. Technical steward responsibilities could be appointed to IT, which already 

has large knowledge base of distributed information systems.  

4.3 Product portfolio management improvements 

Product portfolio management concept is not fully utilized in the case company 

organization. Currently the top management is focused on R&D investments and future 

products, not in the current product offering. The R&D investment portfolio is in tight 

control of senior management and the processes can be improved to embrace the whole 

product portfolio over the product lifecycle.  

First step in PPM improvement is to increase the awareness and understanding of PPM 

in the organization by providing training and information packages for the top 

executives.  In order to succeed in the governance improvements senior management 

needs to know what is done, why and what can be achieved. Even though the 

improvements are focused on the product line X in the beginning, the corporate senior 

executives should participate in the training. Without top management full support the 

improvements will be left superficial and desired impacts and benefits will not be 

achieved.  

4.3.1 Product portfolio management goals and key performance indicators 

Second step in the improvement project is to set long and short term strategic targets for 

the product portfolio management across the product lifecycle. Long term strategy 

would be executed by the corporate senior management through portfolio review 

meeting. Goals for the long term strategy includes such as fit, balance and value of the 

portfolio. Short term strategy would be implemented by business unit and product line 

executives. The short term goals could be to phase out all sales items that have not 

generated revenue with new or service agreement sales within 6 or 12 months. Short 

term strategy should also include promotion of best performing strategic products and 

sales items. Efforts of whole organization should not be wasted on underperforming 
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sales items, they should be focused on the best and strategic to maximize value 

generated for customer and the case company. 

Performance of the product line X product portfolio and its governance should be 

continually measured with pre-defined metrics and key performance indicators. The 

KPI’s should give top management understanding of current situation and past 

efficiency. The KPI inform management has the organization performed correct 

activities in the observation interval. 

The KPIs can be roughly divided into two: automatically or daily updated dynamic 

metrics and manually created metrics that are updated on fixed time intervals such as 

quarterly. Choosing between automatic or manual updated KPI’s depends on the 

measured phenomenon and use case. The case company has already processes in place 

that are focused on the product portfolio, or currently rather on project portfolio. As 

described in the section 4.3 new points to BUQMM and PRM agendas should be added 

that focus on product portfolio, thus the portfolio KPI should be designed in a way to 

support those meetings. There is no need for automatically generated dynamic metrics 

and therefore KPI’s reports should be designed to serve the two meetings and reports 

generated for the meetings quarterly. 

Large amount of KPI’s should be introduced and measured, but mostly to serve the 

product line X product line management, examples of these KPI’ are presented in Table 

1. From the KPI proposed a dashboard or summary presentation would be created for 

the PRM meeting. Point is not to confuse the PRM board with information overload but 

the present the crucial KPI’s to present the current situation and enable decision making. 
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Name Description 
Reporting 
frequency 

Evaluated 

Portfolio renewal 
Ratio of new introduced sales 
items to phased out sales items in 
the quartal 

Quarterly 
generated 
report 

Evaluated in BUQMM 
and PRM 

Product sales 
performance 

Quantity of sold products, 
revenue generated and number of 
solutions under service 
agreement.  

Quarterly 
generated 
report 

Evaluated in BUQMM 
and PRM 

Sales item 
performance 
matrix 

All sales items:  
- Quantity of sold,  
- Revenue generated 
- Number under service 
agreement 
- Divided into two separate tables 
for hardware and software items 
- Summary of what percentage of 
sales items brings 80% of revenue 

Quarterly 
generated 
report 

Evaluated in BUQMM 

Zero sales item 
report 

Sales items that have not 
generated revenue in past 12 
months and have no active service 
agreement 

Quarterly 
generated 
report 

Evaluated in BUQMM 
and PRM 

Top 10  
Top 10 items generating revenue 
for hardware and software 
separately 

Quarterly 
generated 
report 

Evaluated in BUQMM 
and PRM 

Bottom 10 
Bottom 10 performing sales items 
for hardware and software 
separately 

Quarterly 
generated 
report 

Evaluated in BUQMM 
and PRM 

Top 10 under 
service agreement 

Sales items that have the highest 
amount of service agreements 

Quarterly 
generated 
report 

Evaluated in BUQMM 

Performance of 
strategic sales 
items 

Performance of strategic sales 
items, new sales generated and 
amount of service agreements. 
New sales revenue of strategic 
items compared to overall sales 
revenue 

Quarterly 
generated 
report 

Evaluated in BUQMM 
and PRM 

Table 1. Proposed product portfolio management key performance indicators. 

The nature of the solution business creates difficulties for KPI creation; the challenge is 

how to relatively consider the lower revenue created by hardware compared to software 

and service sales items. Sales performance of the products and sales items should be 

correlated somehow.  
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4.3.2 Product portfolio management process 

At the moment the case company organization has various processes in place to govern 

portfolio renewal trough R&D investments. New products are introduced through new 

product development projects and programs, which are tightly governed by PRM, Gate 

meetings and BUQMM. Also Operational reviews are used for the new product 

development projects, but their focus is on the performance of the project rather than 

business aspects. The PRM and BUQMM processes are efficient for their purpose, but 

the scope of the meeting should be widened to include closer look towards the current 

product portfolio and maintenance portfolios to cover product lifecycle end to end. 

Product portfolio management principles should be included to the agenda of these 

meetings. Currently the case company does not have formalized product lifecycle in 

use, defining it would be one of the first action points.  

The portfolio review meeting gathers around the senior executives for a 5 day meeting 

focusing on future R&D investment. The meeting includes presentations that cover 

overall company performance and business unit specific short presentations. Focus of 

the meeting could be widened from future more towards current products and sales 

items. Each business unit should present predefined portfolio performance dashboard 

and reasons behind changes compared to previous meeting. With the provided 

information PRM board could give the business unit management actions points on 

which aspects to focus efforts until the next meeting.  

Presenting the performance of the business unit would give the corporate senior 

management more comprehensive information about the current status of the business 

and enable them to make correct decisions. Currently questions and issues related to 

PPM are bypassed because senior management does not have visibility of them due to 

insufficient data presented in current processes. 

The business unit quarterly management meeting consist of business unit top 

management which focuses on the business unit performance and future products. The 

meeting should be harnessed to drive PPM forward by including the performance of 
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current active product portfolio and maintenance portfolio to the agenda. In the meeting 

multiple KPI’s should be presented, with trend lines, and root causes for positive or 

negative changes discussed. Also the BUQMM should be the entity to execute long 

term strategy and to create and implement short term strategies according to long term 

goals set by the corporate strategy. 

4.3.3 Horizontal and vertical sub product portfolio division and governance model 

To keep the overall portfolio in control it should be divided into sub portfolios. When 

the sub portfolios are formed one must take account the product lifecycle and 

commercial and technical aspects. The purpose of the division is to break down the 

problem into more easily controlled entities, with dedicated roles and responsibilities. 

First the product portfolio should be divided into commercial and technical portfolios 

according to the product structure. Commercial product portfolio of the product line X 

is recommended to be divided into at least solution, product, sales item and 

configuration sub portfolios.  

Each of the sub portfolios should have an assigned owner. The sub portfolio owner is 

responsible of the sub portfolio and has authority to make decision regarding the sub 

portfolio. Owner is responsible to define long and short term strategic goals according 

to product portfolio strategy defined by portfolio review meeting. Additionally owner is 

responsible to actively measure key performance indicators for the sub portfolios. 

Currently at the case company product portfolio management is mainly focused on new 

product development and innovation. In order to efficiently embrace PPM concept 

governance model that includes task, roles and responsibilities should be implemented. 

Figure 28 illustrates suggested PPM governance model for the product line X and the 

case company, the model is based on model proposed by Tolonen (2014). 

In the model highest authority is the PRM, which is seated by CEO and corporate top 

executives. PRM process is already in place for NPD portfolio and the focus should be 

widened to include whole product portfolio. BUQMM is included to the governance 
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model, due to it has already tight relation to portfolio management and it could be 

harnessed for PPM as described earlier. Each sub portfolio in the model should have 

appointed owner. 

Portfolio renewal process on sales item level is heavily dependent on product line 

management organization, who also owns the products. To reduce conflict of interest 

and decrease product line manager vast responsibilities a PPM team and concept owner 

should be appointed. The owner would take some of the product line manager 

responsibilities and also take ownership of the PPM concept in product line X. Best 

option would be to appoint corporate PPM owner to promote the concept to other 

business units and into corporate process. The team would ensure proper control of the 

product over its lifecycle. The PPM team responsibility would also be to provide data 

related to PPM for the organization. PPM team is led by the PPM concept owner and all 

sub portfolio owners are recommended to be included to the team.  

As a good example where the data created by PPM team would be is the challenge of 

effort needed in R&D for testing. There is a need to decrease efforts needed in testing 

and use the available resources more efficiently, the testing efforts should be more 

focused. First step to focus the testing would be to streamline old code and map 

correlations in the code and focus the testing to the functions which were modified in 

the new release. At the moment Software 1 technical structure has exploded and 

correlations are hidden in the source code. Streamlining and mapping the code is not a 

reasonable choice because of the effort needed and minimum benefit for the customer. 

Another way to pinpoint the testing efforts is to use sales data, focus the comprehensive 

testing to sales items which are frequently sold and kept under service agreement and 

use minimum resources to sales items which are less frequently used. To provide the 

sales item performance data would be the responsibility of PPM team. 
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Figure 28. Suggested PPM governance model. 

Responsibilities of horizontal sub portfolios over lifecycle could be divided into two. 

Idea and NPD portfolios are recommended to be responsibility of manufacturing 

engineering and responsibility of maintain and warranty portfolio should be assigned to 

operations manager. Product line management organization is recommended to be in 

charge of commercial portfolio. Product line management director for solution level, 

senior product line manager and product line manager for product level. Responsibility 

of sales item and configuration level is recommended to be assigned for product line 

management team. Technical product portfolio is recommended to be the responsibility 

of R&D and further divided for platform and software design teams. 
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5 DISCUSSION 

In this section the theory is described, then current practices are discussed, and finally 

the steps to bring practices closer to theory are suggested. 

Understanding the product: Amount of the offered products is increasing all the time 

since products are more often made to match customers’ wishes (Sääksvuori & 

Immonen 2008). With configurable products and offering solutions large number of 

customer needs can be addressed efficiently (ElMaraghy et al. 2013). Configurable 

products and solutions products that combine hardware, software and service increase 

the requirements for organization’s processes and information systems (Kropsu-

Vehkaperä 2012). Lack of clearly defined configuration strategy and rules can decrease 

sales revenue, due to confusion in sales process and at the customer (ElMaraghy et al. 

2013). With growing product complexity, the need for clearly defined product and 

products structure increases. 

Currently the case company has good clearly defined product structure and processes to 

maintain the product structure for hardware items, but clear structure and definition for 

software items is missing. A product line X solution is configured from almost 150 sales 

items, which have complex relations and configuration rules.  

Product and lifecycle concept needs to be clearly defined in the organization; in 

particular the difference a between sales item and a product should be clarified. Product 

structure is suggested to be clearly defined for software sales items in order to support 

order delivery and sales processes. Product structure is recommended to include 

commercial and technical product portfolios and lifecycle sub portfolios. The border 

between technical and commercial structure should be secured with version item. To 

prevent miss-interpretation of the configuration rules and possible solutions, a 

commercial portfolio is recommended to be maintained also in visual form with 

configuration rules. Having the complex rules only in written format increases the 

chances of defective quotes and deliveries.  
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Product Data Management and Governance: Amount of data generated by different 

functions is increasing vastly (Kropsu-Vehkaperä et al. 2011); at the same time the need 

for distributed system to manage the data increases as users need to able to use and 

modify the data simultaneously in different locations (Sääksvuori & Immonen 2008). 

Centralized PDM processes and system enables all designers and managers to have the 

most up-to-date information available (Valente 2001). With data governance model 

roles and responsibilities are defined to ensure business and technical needs are served 

(Khatri & Brown 2010).   

Currently the case company has large amount of product information available in 

multiple systems and tools for different functions. Ensuring R&D, sales and operations 

have sufficient information to fulfill their duties is currently no-one’s responsibility. 

Data handling process and tool development is function driven; every function is 

responsible to take care of their data needs.   

To harmonize data practices and to make the information more transparent for the 

needing function a data governance model is recommended to be implemented in the 

case company. Entity with authority and responsibility should be appointed for 

managing the data, to ensure that the business and technical needs are addressed across 

the organization. Data processes and practices should be defined and improved. After 

the governance model is in place and the processes are defined a possible PDM system 

could be implemented.  

Product Portfolio Management: According to Tolonen (2013) preconditions for proper 

Product Portfolio Management are: 

1. Creation of basic understanding about the idea and concept of PPM 

2. Creation of PPM strategic targets and performance measures based on 

company strategy 

3. Creating of the strategic sub portfolios 

4. Creation of PPM ownership and governance models  

5. Creation of PPM process and tools 
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6. Creation of the data availability and reporting 

Currently none of the preconditions are met at the case company. Product line X 

product line management has understanding of the concept, but awareness has not 

spread to the top management yet. Currently the case company has practices in place to 

govern new product development portfolio. Portfolio review meeting process reviews 

future and ongoing R&D projects and allocates resources. Even though the practice has 

been in place for a while it has not widened to include the whole product portfolio. 

To improve PPM practices in the case company, preconditions are recommended to be 

addressed and met step by step. First comprehensive training for top management 

should be conducted, to acquire their full support for the development project. 

Implementing the PPM practices could be done as demo for the product line X first and 

then be widened to the whole company. Important issue is that when implementing the 

PPM practices only for one product line there is a risk that practices will not fit the other 

product lines later on. 

Portfolio performance: Product lifecycle illustrates the stages product has from 

innovation to end of life (Stark 2007), number of stages and their definition vary 

between authors and organizations (Sääksvuori & Immonen 2008). Product portfolio 

performance should be constantly reviewed through various Key Performance 

Indicators and over product lifecycle (Tolonen 2015a). Idea of PPM is to allocate 

resources to correct projects and products (Cooper et al. 2001) by value maximization, 

balance and strategic fit (Tolonen 2015a, Cooper et al. 1997b).    

The case company is currently measuring the performance of the investment portfolio 

and new product development project performance with various performance indicators. 

The KPIs are presented for top management by Business unit executives in portfolio 

review meeting three times per year. The performance is evaluated by top management 

and actions given for each business unit accordingly.  
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Product and portfolio performance is strongly recommended to be evaluated over the 

product lifecycle. KPI should be defined and evaluation process developed. Portfolio 

review meeting is the highest authority and it should be able to make decision with 

sufficient data. Currently the meeting is in charge of phasing out products when 

presented by product line manager. The meeting should have sufficient data available to 

make phase out decision for sales items and products without product line manager 

initiative. 

Product Portfolio Governance: According to Stark (2007) and Haines (2009) in 

portfolio governance model highest authority and responsibility should be allocated to 

portfolio review board consisting of executive level members. Tolonen et al. (2014) 

suggest that the governance model should also include product portfolio management 

team, vertical and horizontal sub product portfolios and their owners.   

The case company has R&D portfolio governance in place. Portfolio review meeting 

gathers three times in a year to evaluate the performance and progress of new product 

development projects. Goal of the meeting is to allocate the available investment 

resources to projects according to different criteria. The case company has also business 

unit quarterly management meeting practice in place which gathers around Business 

Unit executives every quarter. The BUQMM meeting is focused on current R&D 

project and their relation to markets. 

Portfolio review meeting is the highest authority at the case company, who has the 

authority and responsibility for products. Currently the meeting process is exceptionally 

good and has the new product development portfolio in tight control. It is recommended 

that product and sales item performance over the lifecycle would be included to the 

meeting agenda. Also product portfolio is suggested to be divided into horizontal and 

vertical sub portfolios according to product structure and lifecycle and owners for each 

sub portfolio should be appointed. Also PPM team could be gathered to produce data 

for PMR and BUQMM, and to improve PPM processes and practices at the case 

company. 
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5.1 Research limitations and future research 

Research was conducted as a single case study. In the research the case company was 

studied by numerous interviews and with a simple questionnaire. Multiple people were 

interviewed many times incrementally across the whole organization. Even though 

study was based on wide range of collected data, the findings cannot be generalized, 

since only one company was studied. 

In the research current state and improvement possibilities were explored. Future 

research is needed for ideal software product structure and solution product 

management. Findings of the study are in line with the current research.      
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6 CONCLUSION 

In the research improvement steps for product portfolio management and product data 

management in a case company were explored trough literature and empirical study. 

Understanding the product and product structure plays a key role in any improvement 

project related to data or portfolio management. By first carefully defining the 

commercial and technical product structure whole organization will have common 

understanding of current situation for improvement project.  

RQ1: How to structure products in product portfolio for product data management? 

Common product structure should be defined with top down approach starting from the 

highest portfolio level. The structure is recommended to be divided into commercial and 

technical product portfolios and also further into logical vertical sub portfolios and 

horizontal sub portfolios over the product lifecycle. A version item is recommended to 

be used between the commercial and technical portfolios, to enable that the changes of 

the technical configuration does not affect the sales item if fit, form or function is not 

changed. Each item in the product structure is suggested to have unique code and 

attributes describing the item using object oriented methods. 

RQ2: What are the product portfolio management and product data management 

challenges in the case company?  

Most significant challenges of product data management faced by the organization are 

scattered information, complex product and configuration rules and absence of clearly 

defined software product structure. Information is scattered into various different 

systems and tools, mistakes are made due to lack of correct information and excess 

work is performed when the information is searched from various systems. Due to 

undefined product structure for software, testing, and effort estimation for further 

development and maintenance projects is challenging.   
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Major part of product costs are created in new product development but maintaining 

low performing products creates excess strain to the organization. Even if the cost of 

maintaining low performing products is scattered across the company, the cumulative 

cost can be very significant. Most importantly resources used to maintain the low 

performing products are away from high performing products and new product 

development, in worst case the next big product is missed or delayed because 

insufficient resources. In the case company focus of the top management was on new 

product development portfolio and delivering new products and innovations in a rapid 

phase. Decision making and management of the existing portfolio is mostly left to 

product line management team. Major part of product line management resources are 

allocated to new product development and sales, and managing product lifecycle is 

mostly forgotten due to insufficient resources. Managing investment portfolio and 

having phase out process in place is seen adequate process for product portfolio renewal 

and management. 

RQ3: How to improve product portfolio management and product data management 

over product lifecycle in the case company? 

Steps to improve PPM and PDM practices were studied in the research. First step is to 

define the product structure and divide it to commercial and technical product structure 

including hardware and software items. To improve product data management practices 

and processes are recommended to be defined, and governance model implemented. 

Once the product structure and practices are clearly defined PDM system is 

recommended to be implemented. 

To embrace product portfolio management whole organization starting from top 

management is recommended to be educated of PPM concept. Once the organization 

understands the idea and benefits of PPM next step is to define strategy, implement 

governance model and improve and develop processes and tools. Currently 

responsibility of the product line X product range is concentrated to product line 

management organization. The product portfolio is recommended to be divided into sub 

portfolios and responsibility distributed in the organization. Efficiency of the company 
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can be improved by process development and acquiring new supporting systems such as 

PDM solution, but there is still need to focus resources to correct products. 

Benefits of implementing PPM and PDM concepts are understood well in the case 

company, but as for many other companies as well, the extent of the implementing 

project and needed resources form an entry barrier for fully embracing the concepts. 

Embracing PPM and PDM concepts requires companies to extensively map their 

products and core competencies which can be laborious process. Also nowadays large 

amount of management concepts are getting popularity and identifying most beneficial 

for the company can be difficult. End to end view of product lifecycle is relatively new 

idea and there is not much research to support the importance of the theory. 

For managerial implications this research highlights the importance of defining product 

structure for commercial and technical portfolio. The portfolio are recommended to be 

further divided into sub portfolios, vertically according to product structure levels and 

horizontally according to lifecycle states. Each of the sub portfolios is suggested to have 

owner who has authority and responsibility over the portfolio. Overall product portfolio 

of the company should be evaluated constantly and portfolio level decision made 

according to long and short term targets. 

For theoretical implications this research supports previous researches on challenges 

faced on managing product portfolio over the lifecycle and on the importance of having 

clearly defined product and product structure. Suggested improvement steps defined in 

the empirical part of the study are collected from current literature.  
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8 APPENDIX 

Appendix 1. Guiding questions for interviews. 

PDM 

- Used systems and tools 

- Product structure 

- Responsibilities 

- Lifecycle 

PPM 

- Commercial product portfolio 

o Strategic 

o Supportive 

o Cashcow 

o Falling star 

- Technical product portfolio 

o Software 

o Hardware 

- Product lifecycle 

o Stages 

o Decision making 

o Responsibilities 

 

Appendix 2. Questionnaire in English. 

Questionnaire: 

What is your current position in the case company and previous experience in the 

case company? How long have you been working with X products?  
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What would be the first place to search for product information? 

Name three most important sources of information where you would search for 

guidance how to configure or build an X system, or check the validity of the 

system?  

How many products does the product line X have in your opinion? 

In your opinion what is the difference between sales item and product within the 

case company organization? 

How would you describe X solution from your organization perspective? Is it easy 

to understand and configure? Is it complex and hard to configure? 

How do you see the amount of sales items in X product offering? Is it sufficient, too 

small or too large?   

What would you like to be improved related to product and information 

management? 

What are the key challenges in your work related to X product? 


