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Abstract

This article studies practical challenges experienced by ICT (Information and Communication Technology)
companies when managing product configuration under the circumstances of various customer requirements,
different product portfolios, and extensive product complexity. The analysis from interview results concen-
trates on the prioritised issues and how to ensure effective product configuration from practitioners’ perspec-
tive. The results of this study indicate that typical challenges for product configuration formalisation include
fuzzy product offering, lack of configuration strategy, mechanisms, and general product structure. This re-
search highlights the need for industrial managers to adapt a top-down approach starting from business and
strategy, instead of focusing on the challenges of single products when formalising product configuration.
Companies need systematic configuration logic over their entire product portfolio and not to focus only sin-
gle product variant options. Consequently, they need to define a generic product structure to support product
configurations that covers all product types such as hardware, software and services. This study also high-
lights the need for better formalization of service products since they have become an integral part of ICT

products. These findings are derived from actual business circumstances and their current difficulties.
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1. Introduction

Companies are facing pressures to continuously supply

new innovative products with increasing speed to market.

Responding to specific customer requirements through
product differentiation is a valid means to succeed in
global competition [e.g. 1,2]. New business models in-
clude addressing requirements for customisation by in-

troducing new functionalities into existing products [3,4].

In addition, customer specific solutions® are introduced,
and even traditional manufacturing companies are having
to include services as a part of their product offering [e.g.
5,6]. In order to minimise product costs, companies util-
ise mass customisation to satisfy diversified customer
requirements as producing a unique product for each
customer is not viable [e.g. 7-9].

'On this article, the term product constituting of a physical product,
software, service, but also related documentation. A product that is a
combination of some or all of these can also be called a solution [e.g.
5], which is a rather commonly used term in business today and are
without exception configured against customer requirements.
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Product configuration is widely seen as a quick re-
sponse to customisation needs while simultaneously
keeping costs down [10,11]. Product configuration can
be understood as a means to react to customer require-
ments through compiling a fixed set of pre-defined
components that are defined on product design phase.
This is by giving the customer an opportunity to custom-
ise the product within the given set of components, rules
and constraints without designing any new components
during the order-delivery process. [2,4,12,13].

Product configurations are challenging to deploy and
manage in practice due to the vast number of products
and product variants as well increased complexity of
single products [e.g. 2,14,15]. Particular challenges faced
in ICT (Information and Communication Technology)
business include product complexity being increased due
the products containing a combination of mechanics,
electronics, software and lately even services. This is
added with rapid technological developments and re-
quirements to generate new products rapidly [12].

Even though customisation through configuration is
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not a new method, the effective management of product
configurations is still seen as a challenge. Too often,
product configurations are handled on individual product
basis, instead of e.g. product families, making the related
product data challenging to manage [3]. Systematising
product configurations and their management is seen to
provide a great potential for improving product devel-
opment and operational efficiency [2,10,16]. Especially
in ICT sector, where products are mixture of mechanics,
electronics, software, and services requires more uniform
way to handle different product types to attain efficiency
on product management. One critical way to create the
required systematic is discussed e.g. by Helo [17] that
configuration variety management requires consistent
configuration process that lies on product modelling
which is integrated throughout organisational functions.

In order to develop the efficient product configuration
management is often discussed as a data system chal-
lenge. Typically, digital data systems have a central role
in managing product configurations due to the immense
amount of required information [18]. As a result of cus-
tomisation, the amount of product related information is
greater than ever, further complicating product manage-
ment and support [19]. Controlling this product informa-
tion is an important challenge for modern companies
[20-22]. Consequently, in earlier studies configuration
management is linked to be part of product data man-
agement system where it is mainly handled as a tool that
supports the configuration process itself [19,23]. How-
ever, data systems are not enough to alone solve the
product configuration related management challenge that
has expanded due the diversity of products. The experi-
ences show that satisfaction for this supporting data sys-
tem is not good due the challenges to model the config-
urable product [e.g. 24]. For example, Hvam, Mortensen
and Riis [10] and Forza and Salvador [2] have noted that
product configurations must be formalised in order to
effectively manage product configurations. This forma-
lisation, however, has turned to be challenging especially
when discussing product configuration to be a mixture of
different product types (hardware, software, services)
and example of this kind of product formalisation are not
widely discussed. This article discusses these challenges
connected product configuration formalisation where the
products are mixtures of different types of product.

This article aims to study what are the practical chal-
lenges on product formalisation in the specific industry
sector. This article analyses challenges experienced by
ICT companies relating to practical realisation of product
configurations and formalisation of those. The matter is
studied from a managerial perspective, rather than from a
technical design perspective and discussed how this
challenge could be approached. The article aims to an-
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swer the following research questions:

RQ1: What are the challenges facing ICT companies
when attempting to formalise product configuration?

RQ2: How could industrial managers effectively plan
and manage product configurations?

This research is qualitative in nature and the research
questions are answered through industrial interviews.
Literature review, section 2, is covering the key concept
of this study related to product configuration and con-
figuration management. Studying the literature provides
the basis for further empirical analyses that follows the
literature review (sections 3 and 4). Section 5 discussed
the results and its implications. Section 6 concludes the
research.

2. Literature Review

The literature briefly discusses the key issues relevant for
considering product configurations and their manage-
ment. The effective product configuration requires a big
picture approach instead of planning the details of a sin-
gle products configuration. A company’s overall product
portfolio and how it comprises of modules, parts, and
rules should be represented in a standardised manner
throughout the company. A general product representa-
tion, what is often described with a product structure, is
seen as an important solution for supporting configura-
tion management. The product configuration that is
composed is highly information intensive.

2.1. Literature on Configurable Product

Product configuration is seen as an answer to meet the
needs of individual customers cost effectively [3,4,9,17].
Configurability supports especially the emerging re-
quests to utilise the economy of large-scale component,
data, and process reuse. This is to accommodate and in-
crease the product variety [3,25]. Therefore, configura-
bility is not a property of a specific product but of a
product family to support customisable products [26]. A
configurable product has defined to be pre-designed set
of components and parts to meet the given range of cus-
tomer requirements and having pre-designed general
product structure [27]. Based on configurable product
definition the set of product configurations to generate a
solution against customer needs [28] but do not include
any new product design development. Thus, designing of
product configurations should start from generic product
offerings [2]. However, in practice, too often product
design focuses on a single product instead of product
family [25].

Product configuration gives the customer an opportu-
nity to have the final product built according their choice.
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Customer’s choice is guided by the given variants and
options. A variant is a group of alternatives, out of which
only one is selected, while an option is a characteristics
that is either selected or left out. [29]. Configurable
product definition includes specifying these variants and
options [27], and rules and constraints to configure a
product [30].

In order to avoid confusion, the difference between a
product variant and a product version should be under-
stood. Different variants are satisfying the different set of
requirements (e.g. the size of memory in a personal
computer) [31]. A number of variants exist in parallel in
a configurable product. New product versions are created
to improve some part of an original product—often to
reduce costs, improve quality or product performance. A
new product version replaces the previous older one. [32]
Product variants extent the product family while product
versions replace previous products [33].

In order to increase product variety cost effectively,
products should have common building blocks. In the
case of product configurations, common building blocks
can mean product platforms, containing common com-
ponents, modules, and parts to generate derivative prod-
ucts [e.g. 34,35]. Earlier studies [13,36] almost without
exception consider product modularity as a necessity for
building configurable products. Many studies focus on
organising the technical realisation of modularisation
[e.g. 37-39]. It has to be noticed that modularity is not
the only way to realise product configuration. The other,
less discussed way of realising product families to sup-
port customisation is a way where different variation
based on parametric components [2,27,40].

Modularity, however, covers also various viewpoints
such as diverse process or organisational designs that has
been studied fairly extensively from each specific view-
points [e.g. 41-43]. Consequently, product modularity
has strong impact to the diverse operational processes
such as organising manufacturing, supply chain, or
product sell [44-47]. Thus, when planning the product
configuration, also the effects on operational processes
and their organisation should be observed [28]. However,
a very little is know how to coordinate the product de-
sign and product realisation process design [30,38].

Finally, configuration management represents an ap-
proach in examining and verifying functional and physi-
cal characteristics of a component, a part, and an entire
product [48]. This management approach is critical as a
company needs to establish the baselines in which a
product needs to perform in order to meet customer re-
quirements throughout its life cycles (i.e., use, mainte-
nance, and upgrade). In addition, configuration manage-
ment seeks to integrate various products that have been
designed and are being designed so that the database can
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be synchronized [49].
2.2. Literature on Product Structure

The foundation of product configuration lies in the utili-
sation of common components, data, and processes. In
order to reach this target, configurable products should
be represented in a formalised manner. This requires cre-
ating a clear representation of company’s overall product
range, including the utilisation of modules, common
parts, and rules that apply to customisation [10]. Stan-
dardised understanding over a product is expected to
support business processes as well as to specify products,
i.e. product configurations. Previous experiences, how-
ever, show that companies are lacking in their ability to
create a sufficient standardised representations over
product offering that would truly support the execution
of business processes [10,50].

In order to support configurability, and managing con-
figurations, a single general way to describe company’s
entire product family and related variations is needed. In
the case of product configuration, this presentation must
define how the product configuration is actually com-
posed [2]. However, in the case of complex products, the
solution base can contain several thousands or even mil-
lion combinations, making configuration management
challenging. This is why a generic representation is re-
quired as it is not efficient to describe all of these con-
figurations with single models or bill-of-materials [51].
To support efficient product variety management, this
cannot be solved by developing a single product archi-
tecture but requires modelling a general product repre-
sentation.

Product structure is seen as a typical way to model
manufactured products. In practice, product structure is
considered as the backbone of the business [52]. Product
structure represents the product, information linked to
the product, as well as the relationship between product
components [12,53]. Cheng and Wang [30] discuss the
general product structure to be typical way to describe
configurable product and its arrangement of ready de-
fined parts. Product structure is discussed in several
studies as a general way to conceptualise product that
can be utilised throughout the company to offer diverse
views over a product for different functions, such as
product development, sales, production or maintenance
[e.g. 12,54-56]. Consequently, the product structure, as a
product representation, is seen to standardise the under-
standing over a product between different functions.

Product structure is also utilised in some information
systems to conceptualise the product, mainly in configu-
rators and in product data management system [12,57,58].
These applications request the information related to a
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product to be structured in appropriate ways including
the rules for product composition [e.g. 59,60].

2.3. Literature on Product Configuration and
Data Systems

Product complexity, extensive product portfolios, and the
fact that all information is in digital format requires a
tool to aid in managing product configurations. In the
case of configurable products, this tool is often called a
configurator. Several studies consider a configurator as
an essential tool for creating product configurations effi-
ciently [2,10,17,61]. The aim of the configurator is to
ensure that selected configurations follow set rules, and
that the final combination is based on valid variants and
options. All operational functions require information
about the composition of configurable products; there-
fore this information should be available in an appropri-
ate format for the relevant stakeholders.

Typically the challenge is not building the actual tool,
configurator, but rather a question of how to manage
product configurations as a whole [17]. The mechanism
for product configurations and managing customisations
in practice are more acute issues to solve before building
tools. The core of a configurator is an adequate product
representation that describes and defines the product and
required configuration data [1,3,59]. Colace, De Santo,
and Napoletano [62] argue that past studies have not well
addressed the issue of defining the required predefined
rules and constraints for attaining satisfactory product
configurations.

3. Research Process

Figure 1 illustrates the research process applied in this
study. First, a literature review was conducted to obtain
an adequate outline to analyse product configuration
from a managerial perspective. Second, company repre-
sentatives and consultants were interviewed to clarify
current practices and challenges relating to product con-
figuration at managerial level. The obtained data was
then analysed and finally conclusions were made.

The empirical data was collected by interviewing re-
sponsible managers and specialists of ICT companies as
well as experts with extensive experience consulting
companies on product data management. The interview-
ees were carefully selected based on their broad knowl-
edge on the subject. In ICT companies, the technical

product and configuration details were not in focus as
this study concentrates on managerial level view. The
interviews covered a broad range of company functions,
including product management, product data manage-
ment, manufacturing, sales and logistics. The interview
titles include e.g. product development director and
manager, head of new product introduction, sales and
marketing manager, head of logistics operations, head of
product data management, director of data management,
product data managers and coordinators, product archi-
tecture, director of operations, business unit manager,
senior development manager in product structure devel-
opment, service manager, director after sales, segment
manager, product leader, product platform manager, test
technology manager. Consulting experts were inter-
viewed to complement company specific findings to
provide a more general outlook.

Table 1 summarises the characteristics of the inter-
viewed companies. The study consisted of a total of 42
interviews, providing a solid basis for analysing product
configuration in a versatile manner. The aim of the inter-
views was to bring forward different aspects on the sub-
ject and to document the key challenges.

The companies were selected based on configurations
being important for their business. The common nomi-
nator for the selected companies was them having a
strong need to develop their configuration practices. The
companies were selected so that they would represent
configuration in a versatile manner, and so that their
products would be of different type, hardware, software,
solutions, and service. Some of the companies are more
advanced in managing configurations while others can be
considered more novices. However, all the interviewed
companies have realised the significance of product con-
figurations.

All the interviews were conducted by three interview-
ers in Finland, during 2009-2010. The interviews were
conducted informally, in a qualitative manner, allowing
the interviews to freely explain and clarify the cases and
topics as entities. All the interviews were taped and tran-
scribed to enable deeper analysis.

The researchers analysed the studied companies to
obtain company specific understanding over the studied
issues, after this, common emerging themes were looked
for across the companies and interviews. The data was
analysed by grouping the general challenges relating to
product configuration formalisation under three main
themes clearly re-occurring among the analysed data and

. Interviewing
Literature . . .
. companies & Analysis Conclusions
review
consultants

Figure 1. Research process.
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Table 1. Company characteristics.

Company Key characteristics* Product
A Large company Operates in Nordic countries Intangible product; software/Internet based services.
B Large company Operates globally System products with services (combination of hardware and service).
c Large company Operates globally Embedded_ system with own software as core. Hardware outsourced but

inal solution assembled in-house.

D Medium sized company Operates in Nordic countries  Solutions with own software as core. Also consulting and project services.
© LorgcompanyOperts el S et el s ot (e e enbas
F Large company Operates globally Embedded consumer products with update and add-on services.

*Company size classified according to EU Commission definition [63].

among all the cases. The topics that were merely com-
pany specific configuration challenges are not reported in
this study.

4. Industrial Experience and Results

The results of this study indicate three typical challenges
for product configuration formalisation in studied ICT
companies including fuzzy offering, configuration strat-
egy & mechanisms, and product structure. There is some
variation between different companies on how well their
product configuration is managed; however, all of them
seem to require significant development in their current
practices.

4.1. Fuzzy Offering

The results of this study indicate that one of the key
challenges is fuzzy offering (see Appendix A about au-
thentic interviewee comments on fuzzy offering). In
practice, due to customer need variations and product
complexity, the number of possible product variations is
vast. Sales, product development and production do not
necessarily have common understanding over how to
manage resulting complex product portfolio. Conse-
quently, customers are being offered products which
realisation is unambiguous to internal stakeholders.

According to the interviewees, companies have not
clearly decided what is fixed and what can be configured
and to what extent. Pre-designed product variants may
enable hundreds of thousands different configurations
making product data management challenging since the
product structure for each variant is, in some cases,
managed separately. This leads problems in the point of
sales—sales personnel are not able to manage all infor-
mation on vast product portfolio.

The internal data systems do not support sales making
offers, as costs for different product alternatives have not
been adequately calculated. Consequently, sales person-
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nel preparing customer offers are not able to consider
what is optimal for the business. Later management of
sold items may prove challenging should the product
content not be properly defined. Due to inaccurate prod-
uct content information, after sales services encounter
problems relating to software updates, spare parts and
such.

Overly wide product portfolio is practically impossible
for sales personnel to manage optimally. In addition,
testing the functionality of all possible options is not
sensible. Consequently testing is conducted when prod-
uct is delivered. Complex products do not typically work
fully when assembled and tested the first time, but modi-
fications are required.

Also the interviewed consultants share the view on to-
tal offering. One interviewee phrased this as: “The first
thing is to define offered products and understand the
composition of a product, and after that it is time to think
variants and configurations”. A company having a
common view of products across the entire organisation
is seen as an exception. The most difficult cases are
companies with two-level products, where sales item A
is also a part of item B. Data systems do support this type
of multi-level products; however, problem lies with
companies being unable to perceive what the actual sales
items are.

4.2. Configuration Strategy & Mechanisms

The second key challenge identified in this study is con-
figuration strategy & mechanisms. The interviewees
highlighted the importance of companies considering
product configuration at a higher, more general level, not
only product specifically. All the interviewed companies
have considered product configuration at least to some
degree. Companies have challenges in higher level stra-
tegic solutions that could provide more general system-
atic ways for realising configurations. Companies ex-
perience the current situation a mess as numerous con-
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figuration needs are addressed on a case-by-case basis,
when more generic design solutions are desired.

Companies have realised that they need to narrow
their product portfolios in order to make them more
manageable, but they do not know what would be the
best mechanisms for this. However, companies do typi-
cally not know how to optimise the number of configura-
tion possibilities, as they do not have a configuration
strategy. All the interviewees appreciate the potential
benefits of controlled configurations, i.e. improved qual-
ity of products and services, operation efficiency. It is,
nevertheless, unclear to which level in product hierarchy
the configurability should be built in.

Some of the interviewed companies have already real-
ised that they need to decide on configuration mecha-
nisms, and parameters one can choose from. Only rare
companies have understood that one must have courage
to say no, i.e. what alternatives are to be excluded. Con-
figuration parameters have some interdependencies;
however, it is not clear for companies how to manage
these in an optimal manner. In addition, it is unclear
which hierarchy level is the optimal for the company to
realise customer’s wishes for variation.

The interviewees find it a challenge to combine pro-
duction and logistics operations, maintenance and tech-
nical realisation of product features so that it is beneficial
for the company. Very few companies have realised that
the key is to differentiate between factors that need to
remain flexible, and those that should be maintained
constant.

The interviewed companies almost exclusively ignore
services and configuration only covers the physical
product. This results in service provision not being fully
repeatable and consequently the situation is not eco-
nomically optimal.

The interviewed consultant experts view the lack of
configuration strategy has lead to excessive number of
configuration alternatives and methods. The consultants
would prefer simple solutions that do not have multiple
layers. All the interviewed consultants proposed modu-

larisation as a mechanism, even though the literature [e.g.

2] necessarily does not see this as compulsory. A funda-
mental reason behind configuration challenge is seen to

lie in the companies lacking of benchmarking knowledge.

Managing configurations is seen as a competitive factor
that companies are not willing to share.

4.3. Product Structure
The third key challenge identified in this study is product
structure. Product structure is seen as a model that uni-

fies and helps in perceiving product configuration. All
the studied companies used the concept of product struc-
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ture for defining products. Product structure is seen by
some of the interviewees as a pre-requisite for realising
configurations. It seems, however, that there are vast
differences among companies on how they utilise the
product structure concept for configurations (see Appen-
dix B, Table 1 for company specific details). These dif-
ferences seem to be due to varying levels of systematic
use of configurations, products being different, or history
of a company being different. Interviewed consultants
view that companies, in general, do not have an under-
standing over what clear product structure should mean
in their specific case.

The practical requirements for developing product
structure vary due to differences in the maturity of cur-
rent practices (see Appendix B, Table 2 for company
specific requirements for product structure). Companies
that have not defined product structure clearly and have
not considered configuration systematically experience
compatibility of different products and modules as a
challenge. Lack of clear rules for configurations is seen
to hinder their realisation in practice. The interviewed
consulting experts view that clear mechanisms are re-
quired to prevent sales from selling wrong products or
product combinations.

Some companies prefer describing products through
features and functionalities seen by customers. However,
these companies have not found ways to realise this in
their data systems.

Creating an optimal product structure is not a simple
task. Even if the companies realise that product structure
is beneficial for them, their hands are tied due to existing
product portfolio and business relationships. Also when
considering totally new solutions, it is seen difficult to
combine existing practices, such as data systems, with
new approaches. One of the interviewed consultants de-
scribe one of his customer cases by stating that obtaining
an optimal product structure with required modelling and
simulation was a laborious project taking 1.5 years. An-
other expert said that fully implementing a configurable
product generation requires approximately 3 years.

5. Analysis and Discussion
5.1. Theoretical Reflections

Literature represents different level design principles for
product configurations [e.g. 29,37,43] and discusses the
importance of product structure to formalise product
configuration [2,3,59]. Most articles include guidelines
to increase common elements at different product levels
e.g. product modularisation. The cases analysed in this
study showed that ICT companies are struggling with
higher-level challenges when formalising their product
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configuration management. The results indicated three
important themes in order to develop formalise concep-
tion of product configuration and its management in-
cluding fuzzy offering, general configuration strategies
and mechanisms for practical realisation, and creation of
product structure that covers different product types.
Unfortunately, literature does not provide answers to
these challenges when the configurable product is mix-
ture of hardware, software and service. This study pro-
vides new knowledge by describing the managerial level
realities companies are encountering in ICT sector. This
research clearly points out how configuration must be
considered at higher level, not only at the level of a sin-
gle product as typically is the case in industry.

This study is in line with Forza and Salvador [2] by
realising that when considering product configurations,
one must take into account business aspects, sales,
manufacturing, logistics and maintenance. The studied
cases show that companies are not following these rec-
ommendations, but tend to realise configuration only
from technical perspective. This study complements this
perspective by highlighting the importance of product
data management also for planning realising product
configurations. Based on this study, product configura-
tion is an evident area where efficient data management
practices can potentially improve business efficiency. As
pointed out in theoretical discussion as well as in the
empirical part of this study, efficient configuration man-
agement requires formalising the products. Unfortunately,
the current ways to conceptualise configuration products
are not adequate for making relevant configuration rules
resulting in the overall offering being fuzzy and con-
figuration management becoming demanding. Also,
lacking structure of all product types (hardware, software,
service) within general product structure, weaken com-
panies’ capability to outline their true product range.

The literature does not provide practical tools for
managing product configuration of modern complex ICT
products containing hardware, software and services.
Earlier studies focus on some parts of those. In order to
develop company practices, the product and its configu-
ration should be handled within this wider concept.
Business is currently moving towards solution providing
[e.g. 5,6] and if companies want profitable handle their
products it is not enough just formalise the representation
of the mechanical or software part when the real offering
includes also service aspects. This study shows how this
is an acute challenge for companies. This study provides
new information by highlighting that also service view-
point must be included when product configuration is
considered as this seems to be the reality where compa-
nies are operating. Currently, very often the service is not
defined to be part of configurable products, leading to a
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situation where they are executed and managed on case-
by-case basis. However, this kind of solution is not effi-
cient and made especially their management in data sys-
tems to be demanding. The results clearly shows that
service aspect should be covered more detailed in aca-
demic studies of product configuration. Practitioners also
stated the importance to formalise the representation of
services in order to better manage those.

5.2. Managerial Implications

Managers of ICT companies considering their configura-
tion and product data management ought to follow a
top-down approach starting from business and strategy,
not from solving the challenges of single products. The
results of this study indicate that the more advanced
companies strive for this type of approach. Opposed to
the more advanced companies, companies that are unable
manage their product configurations have started to de-
velop their product configuration systems on a product
basis which is not supporting the formalisation of prod-
uct configuration. The top-down approach is a way to
clarify fuzzy offering and make the configuration logic
over the entire product portfolio more systematic.

The results of this study indicate that companies
should first formulate their general configuration strategy,
followed by configuration mechanisms and rules. Cur-
rently, too often the starting point is challenges encoun-
tered by a single product, resulting in different products
being realised via different mechanisms. Overall, it is
very important to understand the big picture—how con-
figuration is executed in practise and how the selected
mechanisms affect operational processes. This cannot be
achieved nor managed from the viewpoint of a single
product.

In order to companies to be able to implement their
configuration strategy, they need a generic product
structure to support unified product configurations. In
practice, this will result in solutions being applicable to
all products. Also, product designers will be supported
by rules preventing product specific solutions. This re-
sults in better profitability through avoiding unnecessary
hassle. The general product structure is seen to help in
formalising the product and how it is understood across
the company. The general product structure is seen as a
way to minimise the number of new products and related
data. General product structure also helps to define all
different variants and thus tackle the fuzziness of final
offering. However, the requirements for product struc-
ture are strongly company specific.

One should not fall under the illusion that selecting
and implementing a data system will rectify problems
which seem to be the starting point when developing
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product configuration management as stated the experi-
enced consultants. On the contrary, managers need to
understand that product structure is required before im-
plementing any data systems. Properly considered prod-
uct structure improves efficiency and enables integrating
different data systems. Product structure needs to cover
all different product types so that those can be managed
systematically in data systems. In order to efficiently
manage the whole, product configuration mechanisms
and amount of product data should be minimised.

Managers need to realise that the development process
takes some time as it is not wise to jeopardise existing
business relationships, current product portfolio or func-
tioning operations. Managers must shift their mentality
on product configuration from purely technical thinking
towards a business oriented.

6. Conclusions

ICT products are complex and there are a vast number of
products and product variants as well as different cus-
tomer segments. As a result, the amount of product re-
lated information is greater than ever, further complicat-
ing product data management. Unfortunately, data sys-
tems are not enough to alone solve the product configu-
ration related management challenge. Product configura-
tions are widely seen as a response to versatile customer
requirements. This article analyses challenges experi-
enced by ICT companies relating to practical realisation
of product configurations and their formalisation.

The results of this study indicate that one key chal-
lenge relating to product configuration formalisation is
fuzzy offering. Sales, product development and produc-
tion do not have adequate common understanding over
their product portfolio. As a consequence, customers are
often offered products that are difficult to realise. Dif-
ferent approaches for product configuration makes the
final product range fuzzy. Another key challenge identi-
fied is the lack of configuration strategy & mechanisms.
The results highlight the importance of companies con-
sidering product configuration at a higher, more general
level, not only product specifically. Advanced companies
have realised that they need to narrow their product
portfolios in order to make them more manageable.
However, companies do typically not know what would
be the best mechanisms for this. Companies tend to ig-
nore services when considering product configurations
and only acknowledge physical products. Currently the
nature of products is changing. Services are becoming
integral part of ICT products. The efficient management
of the whole product range requires that also other prod-
ucts types are formalised. The third key challenge identi-
fied in this study is the incapability of companies to
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come up with a general product structure that would
support product configurations. However, companies see
the product structure as a model that potentially unifies
and helps in realising product configurations. In addition,
lack of clear configuration rules is seen to hinder practi-
cal realisation.

When considering product configurations and related
data management, industrial managers ought to follow a
top-down approach starting from business and strategy,
instead of focusing on the challenges of single products.
The results of this study show how such a top-down ap-
proach is a functional way to clarify fuzzy offering and
make configuration logic more systematic over entire
product portfolios. Companies need to define a generic
product structure to support product configurations. This
will further minimise the number of new products and
related data. Managers need to understand that product
structure is required before implementing any data sys-
tems as only selecting and implementing a data system
will not alone rectify problems.

The limitations of this study include the number of in-
terviewed companies being limited. Also, the studied
companies were versatile in their background, making
statistically reliable comparisons challenging. Recom-
mended future study, besides addressing the above de-
scribed limitations could include deeper analysis over the
operational impacts of product configurations. Also, it
would be an interesting topic to study how well the find-
ings of this study apply on small companies as they were
not covered in this study. In addition, identifying and
benchmarking top companies who have successfully
built configuration strategies might prove an interesting
topic for future study.
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Appendix A

Examples of interviewee comments relating to fuzzy offering.

Company

“Customer billing is demanding since the delivered configuration can be wrongly constructed due the lack of general product
definitions.”

“It is not clear which parts we can configure, what are the options and especially which parts must be fixed.”

“I believe that better configurability in our products would increase the quality of our deliverables, rationalise operational activities
due to improved configuration repeatability and product variability. Consequently, we can offer more services with less effort.”

“Product variants enable hundreds of thousands different configurations making product data management challenging since each
variant structure is managed separately and final configuration means combining these variant structures. This leads to problems
at the point of sales — sales personnel are not able to manage all information relating to vast product portfolio.”

“Too wide product portfolio leads to overly simplified configuration processes and sales tend to copy previous solutions. This is
later realised as incorrect customer orders, incorrect product combinations etc.”

“Is it wise to provide millions of different combinations when the actual deliveries to customers are usually within 20 basic
combinations?”

“Managers should understand that if a company provides 5 million diverse software configurations, they should also be able to
test all the available configurations before selling—which is impossible. Due to that, if a certain system is sold for the first time to
a customer, for sure there is a problem—the combination is wrong, the functionality sold does not exist, etc.”

“Sometimes issues are described with one sentence in a contract and the customer can understand the content differently than the
sales personnel has meant.”
“There are also some problems in managing sold items - if the content is not properly defined.”

“The final specification of a deliverable is not clear enough during sales process, potentially resulting in, e.g. incorrect cost
calculations and wrong pricing.”

In the case F, the experiences of configurability do not exist since the company is in a planning phase and they will include
configurability in their product in the near future.

Appendix B

Table 1. Current state analysis on product structure and configuration.

Company

Researchers’ summary on current status

A

Systematic configuration process and configuration management is at its initial stages. In fact, product structuring has not been
considered in a systematic manner at the company level. The company has recognised a need to come up with a general product
structure in order to efficiently manage product configuration. Development of product structure has been started from scratch.

Configuration process as a whole can be considered as being managed. General product structure is defined including all product
types (HW, SW, service, document). Their current product structure also contains constraints and product configuration rules.
Existing product structure is, however, experienced to be overly complex, and managing a wide product range as laborious. Product
configuration is a bundle of sales items (single product variants) which all are managed individually resulting in a vast number of
products to be managed. Operational personnel are unable to master a high amount of diverging information. Also, solutions to
product data management are considered to be too demanding. An additional challenge is faced every time when company mergers
take place. This is due diversities in product structures and management systems.

Configuration process is not systematic. Practices for structuring a product depend on individual ways of working. Product line
specific product structures exist only in some product lines but is not systematically utilised throughout the organisation. Adequate
tools do not exist, ones that would contain information on all configuration possibilities. This creates product configuration challenges
for sales.

Configuration process and configuration management is not systematic. The company has not documented product structure that
would describe its products. The offering is defined but the product contents are neither systematically defined nor standardised.
Consequently, the actual deliveries can vary. Due to the deficiency of standardised product contents also product configuration
management and especially the later re-configuration becomes challenging.

Configuration process is repetitive in nature and utilises parameterisation. Configuration is conducted at multiple product levels.
General product structure is not yet deliberate. The company’s main product is relatively new, and the product structure is not
considered as fully developed and permanent, resulting in inadequate support for business processes. The service part of the product
has neither been systematically defined, nor managed. The product structure includes only modelling the physical product.

The company’s product structure is relatively stable. However, the product structure is not adequately general but separately defined
for each variant. Variants (e.g. different colour) are managed as separate products, dramatically increasing the number of products and
making product data management challenging. Replacing the current product structure with a more general one is seen challenging.

In practice, current products are not configurable but consist of variants. The company strives for customer based configuration
(re-configuration) of its products in the future. However, the optimal way of doing this is unclear.
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Table 2. Major requirements for product structure development.

Company Major requirements for product structure

The product structure to be developed has to support product configuration realised by parameters.
A Generating clear rules for product configuration are required to support clarifying product offering throughout the company. This
aims to standardise product compositions and systematise product pricing.

Product structure was originally created to support hardware products. Current product range is, however, a mixture of hardware,
B software, service, and documents. The future product structure should somehow respond to these needs without ruining the existing
business. One major need is to develop the product structure to better support software product and their management.

Product structure should cover all the product lines and the model should follow a similar logic.

c The current partially utilised product structures are only technical specifications of individual product options. The final offering is,
however, a combination of these options and the product structure does currently not define the final product. There are no existing
rules or restrictions for combining these product options. Future product structure must contain defined rules and restrictions.

The company requires the future product structure to formalise the offering with a general product structure and create exact rules
for product configurations.

D Also, the offered service should be defined in order to be able deliver standard content.
The rules for configuring a product should be made explicit.
E The company needs to develop a general product structure, and especially consider improving the realisation of modularisation.

The lack of service product modelling needs to be tackled in order to better support operational processes.

The company needs to develop general product structure. To develop their current product structure to respond to new business
F needs: re-configuration. These two requirements together necessitate developing a new product structure and a set the rules for
configurations.
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