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ABSTRACT 
 
 
 

Requirements Engineering has two main directions, 
Bespoke (product developed for one customer) and 
Market-Driven (several potential customers for the 
same product). These two are in some ways very much 
alike but in some aspects very different.  

Over the last couple of years the software 
development industry has tended to shift more and 
more to Market-Driven Requirements Engineering. This 
has brought attention to the challenges facing a Market-
Driven development organization, without focusing on 
the actual shift from Bespoke development.  

Based on the differences and similarities between 
Bespoke and Market-Driven Requirements 
Engineering, this thesis presents a framework for 
shifting from the former to the latter. The framework 
(BESMART) involves three steps. Firstly, the 
organization assesses their potential to become more 
Market-Driven. Secondly they assess their current way 
of working to identify which areas that may need to be 
improved. Finally, BESMART provides multiple 
suggestions that address the identified improvement 
areas. The organization is then able to choose the one 
that best suits their needs. This also lets the 
organization choose a solution that they find feasible.  

The framework was used at a case organization 
during its development. This way it was ensured that 
the theoretical framework could actually be used in a 
real world setting. The practical use of BESMART 
resulted in some refinements aimed at making it more 
applicable in industry.  

Once the framework had been applied, it was 
evaluated by representatives from the case organization. 
The industry evaluation resulted in some improvement 
suggestions but showed that the framework was both 
useful and usable and provided an improvement plan 
that seemed promising enough to pilot in the 
organization.  

 
Keywords: Framework, Market-Driven Requirements 
Engineering, software product development, best 
practices. 
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1 INTRODUCTION 
 

Software development can, roughly, be divided into two directions depending on 
the objective; Market-Driven development and customer-specific development, also 
known as Bespoke development. The objective with a Market-Driven product is to 
take market shares by attracting a wide range of customers, ultimately increasing profit 
(1) (2) (3). The objective with a Bespoke product, on the other hand, is to fulfill a 
contract with a certain customer (4). In order to meet these different objectives, 
developers must work in different ways. More specifically, the characteristics of their 
software development process must differ.  

A software development process is comprised of different process areas. 
Requirements Engineering (RE) is one such process area. RE is a “structured set of 
activities which are followed to derive, validate and maintain a systems requirements 
document” (5). Moreover, the term requirement is defined as (6): 

1. A condition or capability needed by a user to solve a problem or achieve 
an objective. 

2. A condition or capability that must be met or possessed by a system or 
system component to satisfy a contract, standard, specification, or other 
formally imposed document. 

In other words, the requirements determine what to develop. The requirements are 
in turn determined by the objective with the product. In Market-Driven development 
the objective is to attract a wide range of customers by meeting the requirements of the 
market rather than the requirements of one single customer. Hence, the biggest 
difference between Market-Driven development and Bespoke development is believed 
to lie in the RE process area (7). 

Until recent years, most research literature has been covering the Bespoke RE area 
as it is considered to be the traditional approach of working with requirements. This 
can for example be seen in industry standards like CMMI (8) and SPICE (9) that both 
have a Bespoke RE perspective. Lately however, more attention has been given to the 
area of Market-Driven RE (MDRE).  

Bespoke RE and MDRE share similarities in terms of technology employed as 
well as practices, but there are also many differences between the two (10) (11). For 
example, both revolve around the same main phases; elicitation, analysis and 
negotiation, and validation (7). However, the contents and practices as well as the 
unique challenges posed on the organization in each phase differ between Bespoke RE 
and MDRE. One great source of challenges in MDRE is the vast number of 
stakeholders to elicit requirements from. These stakeholders often provide a large 
number of requirements with varying level of detail and quality. The sheer number and 
variety in format can often overload the RE process if it cannot handle a large, 
continuous flow of requirements. 

Researchers seem to agree that Market-Driven development is becoming more and 
more commonplace as compared to traditional Bespoke development (12) (13) (14) 
(15). This trend implies that organizations, previously advocating a Bespoke 
development approach, have either been replaced by Market-Driven organizations or 
shifted to a Market-Driven development approach. If the latter is remotely true; these 
organizations have been forced to change their RE process without much guidance. 
The guidance that is available in existing models assumes that the organization is 
already engaged in Market-Driven development. More specifically, they do not focus 
on organizations that are currently engaged in Bespoke development yet wish to shift 
to a more Market-Driven approach. These models are also prescriptive in nature, 
meaning that they propose one process that is supposed to fit all organizations. 
Examples of such models are; REPEAT (11) and MDREPM (16). Prescriptive models 

  1 



do not take the individual characteristics of the organization into consideration. This is 
a problem as the potential to become Market-Driven and the challenges facing each 
individual organization is believed to differ from one organization to the other.  

This thesis presents a framework aimed at guiding organizations that intend to 
shift from Bespoke development to Market-Driven development by changing their RE 
process. The framework is inductive in nature, meaning that it does not recognize a 
one best way but rather provides alternative building blocks for the organization to 
choose from. With these building blocks the organization can shape and establish its 
own process. How to shape the process and which building blocks to choose depend 
on the individual organization and the conditions they face.  

1.1 Scope 
A shift from Bespoke to Market-Driven development will require much more than 

just changes to the RE process. Many of the functional departments will also have to 
change their way of working. Areas that are affected probably include; marketing, 
strategy development, finance, and sales. Figure 1 shows that these areas lie outside 
the overall software development process. The software development process involves 
a number of process areas, one of which is RE. A process area can typically have 
several phases; in RE one example could be ‘analysis and negotiation. Each phase can 
have several practices. One practice belonging to ‘analysis and negotiation’ is 
‘requirements prioritization’. To fulfill a practice, an organization can choose from 
several techniques. One technique for prioritizing requirements is ‘cumulative voting’ 
(see section 3.3.2).  

Due to time constraints, this thesis will not cover the functional areas or the overall 
software development process. Instead, it will focus on the process area RE and its 
related phases, practices and techniques (see Figure 1). This process area was chosen 
because it is likely to require the biggest changes when shifting from Bespoke 
development to Market-Driven development.  

Process area

Phase

Practice

Technique

Process

Functional areas

Scope
 

Figure 1 – Scope of the thesis 
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1.2 Aims and Objectives 
The aim of this thesis is to investigate how an organization currently using 

Bespoke RE can shift to MDRE. This aim will be met by fulfilling the following 
objectives: 

a. Identify the distinguishing practices/techniques which differentiate 
Bespoke RE from MDRE. 

b. Identify the practices or techniques from Bespoke RE that can be reused in 
MDRE. 

c. Identify what activities that must be added in order to shift to MDRE. 

d. Based on the items above develop a draft framework that describes how an 
organization can move from Bespoke to MDRE, the framework will 
include recommended practices. 

e. Pilot the framework in industry using a case organization in order to a) 
validate the framework and the recommended practices within, b) improve 
the framework as input is gained from industry pilot. 

1.3 Research Questions 
The research questions that shall be answered are the following: 

1. What are the differences between Bespoke RE and MDRE, and what 
challenges do these differences pose when shifting from Bespoke RE to 
MDRE? 

2. Which practices/techniques from Bespoke RE can also be used in MDRE? 

3. Which additional practices/techniques need to be introduced? 

4. Are there any undiscovered issues an organization can face when shifting 
from Bespoke RE to MDRE? 

5. Can the framework be useful and usable in practice? 

1.4 Methodology 
The framework developed, called BESMART (BESpoke to MARkeT-driven 

requirements engineering), shall be based on the differences between Bespoke RE and 
MDRE. Therefore an identification of practices in each respective area is required. 
Each area will be researched through literature studies, described in 1.4.1 and 1.4.2. 
The results from these two studies will fulfill objectives a, b and c. By fulfilling these 
objectives it will be possible to answer research questions 1, 2 and 3. The result will 
also be used as a basis for the development of the framework (objective d). The 
developed framework will later be piloted in industry (objective e). The framework 
will thereby be validated, as described in 1.4.3. The outcome from this validation will 
answer research questions 4 and 5. 

1.4.1 Bespoke RE 
The study on Bespoke RE will be based on a literature study. This study involves 

five acknowledged Bespoke RE sources: 

1. CMMI for Development version 2.1 (8) – CMMI (Capability Maturity 
Model Integration) is a process improvement maturity model for the 
development of product and services developed by Software Engineering 
Institute (SEI). CMMI consists of best practices addressing all activities 
during the product lifecycle. 
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2. SWEBOK (17) – is a guide developed by the IEEE Computer Society. It is 
a baseline for the body of knowledge within the field of software 
engineering and promotes both theory and practices within the field 

3. Requirements Engineering, a good practice guide (18) – is a book 
describing how to write, analyze, validate and manage customer 
requirements. The authors of this book are Ian Sommerville and Pete 
Sawyer, both acknowledged researchers within the field of RE. The book 
presents guidelines on different levels for process improvement within RE.  

4. Requirements Engineering processes and techniques (5) – is a book by Ian 
Sommerville and Gerald Kotonya covering the concepts of RE. The 
content is quite similar to Requirements Engineering, a good practice 
guide, yet this book is aimed to practitioners and managers already 
involved in RE. The book proposes a set of specific guidelines within the 
field. 

5. Software Requirements, Styles and Techniques (19) – is a book by Soren 
Lauesen which covers the basic principles of RE. There is a big focus on 
acknowledging requirements on different levels of abstraction. 

The reason for using several sources, in this study, is to show that there is an 
overlap and thus an agreement as to which are the main practices in Bespoke RE. 

1.4.2 MDRE 
The main objective of the framework is to guide an organization towards MDRE. 

Consequently, this area will have to be covered in great detail, requiring a more 
extensive literature study than the one used for Bespoke RE. Furthermore, as MDRE 
has not been as documented as Bespoke RE there is a need for an extensive literature 
study in order to cover the whole area. For these reasons, a systematic review will be 
carried out. A systematic review is defined as (20): 

“a means of identifying, evaluating and interpreting all available research 
relevant to a particular research question, or topic area, or phenomenon of 
interest.” 

The purpose with a systematic review is to provide information about the effects of 
some phenomenon across a wide range of settings and empirical methods. This makes 
it more objective than a traditional review which can more easily be biased by the 
researcher (21).Thus, if the review provides a consistent result, the phenomenon can 
be proved to be robust and transferable (22). However, this advantage comes with a 
downside; systematic reviews require more effort from the researchers performing the 
survey.  

The systematic review will be complemented with two additional literature studies. 
Firstly, the bibliographical references in the papers identified through the systematic 
review, will be examined in hope of finding more relevant studies. The second 
complementary study will be used to find, by the researchers, already known papers or 
studies that are not identified through the systematic review. This will be done either 
through very specific search terms or by accessing the studies directly from university 
homepages.  

1.4.3 Validation 
The BESMART framework will finally be used in a case organization for 

validation purposes. Part of the framework involves a Software Process Assessment 
(SPA) which will be based on a lightweight triangulation approach developed by 
Gorschek and Wohlin (7). This approach uses interviews and documentation studies 
for assessing the software process.  Both interviews and documentation studies are 
categorized as qualitative research methods (23).  
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Based on the findings from the usage of BESMART, the framework will be 
refined. BESMART will then be used as a foundation for a plan that, in detail, will 
describe how the case organization can shift from Bespoke RE to MDRE. The plan 
will thereby be the solution to a problem experienced by the organization, a research 
method referred to as action research (23).  

The best way to validate the framework would be to develop several plans for 
several different organizations.  Each organization would then go through one process 
improvement life-cycle. That way it would be possible to measure the effect of the 
framework in a number of different settings. Unfortunately, the scope of the study does 
not allow this as a process improvement cycle can take somewhere between 18-24 
months (24). In fact, the RE process is even more sensitive to evaluate as it affects 
many other areas of the development process (25). Damian and Chisan (26) report that 
RE process improvements can take up to 30 months to evaluate as the RE process has 
a big impact on the other areas of the development process. Hence, a full evaluation of 
the result from applying the framework is outside the scope of a master thesis. Nor 
would it be possible to develop tailored plans for a multitude of organizations as this 
would also be very time consuming.  

Instead, the validation will be performed at one case organization. For this 
validation a sample of four representatives, with different roles, within the 
organization will be selected. The reason for selecting representatives with different 
backgrounds is to get an as complete and objective evaluation as possible. The 
evaluation will be based on individual, semi-structured interviews with each 
representative. The evaluation approach is described further in section 7.1. 

1.5 Structure of the Thesis 
As the purpose of this thesis is to provide a framework for how an organization 

can shift from Bespoke RE to MDRE it is important to understand where these 
organizations are coming from, i.e. what characterizes Bespoke RE. Chapter 2 
summarizes the practices used in Bespoke RE. This summary is based on a study of 
acknowledged, existing literature and standards. It is of course just as important to 
understand what these organizations are moving towards. Chapter 3 provides a 
summary of the existing practices related to MDRE. These have been obtained through 
a systematic review which was considered necessary in order to fully cover the 
subject. These two chapters constitute the background research part of the thesis, as 
shown in Figure 2. The figure shows how these two studies serve as input to the 
discussion in chapter 4. This chapter compares the practices and techniques identified 
within the two areas. The purpose of this comparison is to identify which practices that 
are applicable in both situations and which practices that have to be introduced in 
order to successfully shift to MDRE. These differences are used as input for the 
development of the BESMART framework. 

The framework and the process of developing it are presented in chapter 5. The 
framework was used and thereby validated at Extenda AB. How BESMART was 
applied to the case organization is presented in chapter 6. The result from the 
application and the industry evaluation of BESMART is presented in chapter 7 and as 
Figure 2 shows, the result is used as input for the refinement of the framework, 
presented in chapter 8.  
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Background Research

Refinement

Validation

Development

Chapter 5

This chapter describes a framework 
that has been developed based on 
the result from chapter 3.The 
framework describes how an 
organization can shift from Bespoke 
RE to MDRE.

BESMART

Chapter 6

BESMART was applied in a case 
organization that wanted to shift from 
Bespoke development to Market-
Driven development. This application 
was used to validate the draft 
framework presented in Chapter 4. 

BESMART Applied in Industry

Chapter 2

The chapter is based on a study 
of well-known, existing literature 
on Bespoke RE. It provides both 
basic practices that are needed 
in all RE-efforts and practices 
that are specific to Bespoke RE. 

Bespoke RE

Chapter 3

The chapter is based on a 
structured review of the MDRE 
area. It provides a summary of 
practices and problems that are 
unique to MDRE.

MDRE

Chapter 4

This chapter compares the result 
from the two previous chapters in 
order to identify the major differences 
between the two.

Bespoke RE vs. MDRE

Chapter 7

The chapter presents the result from 
the application of BESMART in 
industry.

Result

Chapter 8

The result from the industry 
application was used as input for 
refining the BESMART framework to 
improve its usefulness.

Refinement of BESMART

 
Figure 2 – Structure of the thesis 
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2 BESPOKE REQUIREMENTS ENGINEERING 
Traditional software development involves a software supplier and one customer. 

The software product is tailored by the supplier to fit customer’s specific needs. This 
type of development is referred to as Bespoke development.  

The objective with Bespoke development, from the developers part, is contractual 
fulfillment (7). The contract between the software supplier and the customer typically 
state, when the product shall be delivered (5), what shall be delivered (in the shape of a 
requirements specification (27)) and the terms concerning product maintenance (7). As 
the requirements specification is part of this juridical document it shall be both 
complete and unambiguous (6). The requirements specification is the result of the 
developing organization´s RE process. A well-functioning RE process is hence 
obviously crucial in order to produce a complete requirements specification.  

Figure 3 shows an overview of the traditional Bespoke RE process. The 
customer’s requirements are gathered during the elicitation phase (see section 2.1). 
These are later analyzed and negotiated with the customer, in order to create a win-win 
situation, during the analysis and negotiation phase (see section 2.2). Before the 
requirements are realized they are validated by the customer, to ensure that the 
requirements specification is complete and unambiguous, during the validation phase 
(see section 2.3). During the entire development process the requirements are managed 
(see section 2.4). 

E
lic

ita
tio

n

A
na

ly
si

s 
an

d 
N

eg
ot

ia
tio

n

V
al

id
at

io
n

Requirements Management
R

ea
liz

at
io

n
Development Project

Customer

 
Figure 3 – Bespoke RE process 

2.1 Elicitation 
Commonly, the first step in Bespoke RE is the elicitation phase. This involves the 

practices for finding, capturing and specifying the product requirements (19) (5). The 
two main practices within the elicitation phase are stakeholder identification and 
requirements gathering. The purpose of stakeholder identification is to find the people 
affected by the product and hence, the people that need to be involved in affecting the 
development of the product (18). The requirements gathering practice shall capture the 
requirements from the different stakeholders. These two practices and their respective 
techniques are presented in Table 1. 
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Elicitation Practices 

Practice Techniques Description 
Acknowledged 
by 

St
ak

eh
ol

de
r 

id
en

tif
ic

at
io

n Internal 
stakeholder 
identification 

The internal stakeholders that need to 
be identified include; developers, 
managers, testers, support and so on.  

(18) 

End-user 
identification 

The identification of end-users 
concerns the people with different 
roles from different departments 
within the customer organization. 

(18) (19) 
R

eq
ui

re
m

en
ts

 g
at

he
rin

g 

Interviews This is, by many, considered as the 
main elicitation technique. It requires 
high interaction and communication 
with the customer. Interviews can 
either be conducted on individual 
level or group level. Before starting 
the interviews it is important to select 
the right people in order to capture the 
right product requirements. 

(18) (5) (8) 
(17) (19) 

Observation The purpose of observation is to 
capture requirements that the potential 
subjects are not aware of. For 
example, asking a person how they 
work does not always align with how 
they actually work in practice. Due to 
tacit behaviors the interviewee is not 
able to provide the entire picture. 

(18) (5) (8) 
(17) (19) 

Scenarios With this technique the customer 
simulates interaction with the intended 
system. The customer explains what 
they are doing and how they wish the 
system to respond. 

(18) (5) (17) 
(19) 

Prototyping A prototype is an incomplete system 
showing how the intended system 
may look or behave. By creating a 
prototype and thereby visualizing the 
customer requirements it is possible to 
capture new requirements from the 
customer. By looking at the prototype, 
the customer can say “This is not what 
I had expected; I would rather have it 
this way”. 

(18) (5) (8) 
(17) (19) 

Business case 
Analysis 

By looking at how the product will 
support the business for the customer, 
new requirements can be obtained. 
This involves e.g. how the new 
product will increase profits or 
improve performance.   

(18) (8) (17) 
(19) 

Surveys Surveys are used to get the opinion of 
a larger set of people; the result is 
hence quantitative rather than 
qualitative. The result from a survey 

(8) (19) 
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can statistically prove which 
requirements are preferred. 

Demonstration
s and 
walkthroughs 

Demonstrating or going through 
already existing products the customer 
can explicitly explain what he likes or 
dislikes and hence giving 
requirements for the product to be 
developed. 

(8) 

Brainstorming 
sessions 

A brainstorming session is a meeting 
where several stakeholders come 
together to exchange and generate 
ideas. The idea is that the sessions 
shall be very open and the participants 
shall feel that they can express all 
kinds of requirements. The 
brainstorming sessions are preferable 
lead by a facilitator which maintains a 
structure in the meeting. 

(8) (17) (19) 

Document 
extraction 

By looking at documents, new 
requirements can be extracted. 
Examples of documentation that can 
be used are requirement specifications 
from other products or standards. 

(8) (19) 

Requirements 
reuse 

Taking requirements from other 
products is a way of eliciting 
requirements for a new product. 

(18) (5) 

Identification 
of domain 
constraints 

By controlling if there are any specific 
constraints within the domain, critical 
requirements can be elicited. For 
example, regulations and legislations 
within a domain are typical 
constraints the product must obey. 

(18) (19) 

Definition of 
operational 
processes 

As new systems often shall support 
business processes it is important to 
understand and document the current 
processes and use them to elicit 
requirements for the new system. 

(18) 

Table 1 – Bespoke RE Elicitation practices  

2.1.1 Stakeholder identification 
Through internal stakeholder identification it is possible to identify people within 

the developing organization that can act as requirements sources. These sources are 
supposed to be complementary to the customer’s requirements sources. For example, if 
the customer organization demands a certain feature, the internal stakeholders can 
generate requirements that may accomplish this certain feature (18). 

The customer and the end-user is not always the same person. Hence, end-user 
identification is very crucial as many of the requirements gathering techniques are 
performed in close collaboration with the customer. If the end-users are not 
sufficiently identified many important requirements may be left out (28). More 
specifically, if the participating stakeholders from the customer organization only 
contribute with requirements reflecting parts of the product, the final product will not 
be positively received by the entire customer organization (28).  
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Even though stakeholder identification is very crucial for the success of the 
product, the practice is not that complex. The stakeholders in Bespoke RE are not that 
many and can be found either within the customer organization or in the development 
organization (5) (19). 

2.1.2 Requirements gathering 
There are a vast set of techniques available for requirements gathering, all with 

different approaches and resulting requirements. For example, requirements coming 
from interviews are probably mostly technical requirements while requirements 
coming from showing a prototype can be more of a non-technical nature. The 
techniques thereby complement each other and should preferably be used 
interchangeably (19). 

2.2 Analysis and Negotiation 
The analysis phase aims to find problems with the gathered requirements and find 

agreements with the customer to changes (5). Accordingly, the practices in the 
analysis and negotiation phase analyze conflicts, overlaps, omissions, and 
inconsistencies with the requirements (18). The analysis phase shall answer the 
question, “have we got the right requirements” (5). Throughout the analysis and 
negotiation phase there is a need for close collaboration with the customer. This is 
necessary in order to be able to discuss and negotiate which of the gathered 
requirements to actually implement (28). Table 2 shows practices associated with this 
phase. Each of the identified practices has some techniques that can be applied in 
order to fulfill the purpose with the practice. The table also shows that there are some 
techniques that cannot be grouped under a certain practice. 

Analysis and Negotiation Practices 

Practice Technique Description 
Acknowledged 
by 
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 Use of checklist The checklists concern the whole 
analysis and its activities. By using the 
checklist it is assumed that no analysis 
activity is neglected and a full worthy 
analysis is performed. A checklist can 
be especially useful for people new to 
requirements analysis. 

(5) (18) 

Definition of 
conflict plans 

The conflict plan is created in order to 
faster resolute conflicts and 
negotiations. The plan can for instance 
include; agenda for negotiation 
meetings and possible conflict issues.   

(5) (18) 

R
eq
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m
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rit
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n For techniques, 
see section 3.3.2 

When doing requirements 
prioritization, the requirements are 
ranked, usually by the customer, based 
on their importance. 

(18) (19) 
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Pair-wise 
comparisons 
through 
interaction 
matrices 

This practice involves analyzing how 
the requirements relate to each other, 
e.g. if any requirements must be 
implemented before another 
requirement or if the implementation 
of a certain requirement will cause 
conflict to any other requirement (see 
section 3.3.3 for a further discussion 
on dependencies). To identify 
dependencies pair-wise comparisons 
can be done between the requirements. 
The result can then be presented in an 
interaction matrix. 

(5) (18) (8) 

R
is

k 
an

al
ys

is 

Identification of 
key-
requirements 

The identification of key-requirements 
involves finding requirements that may 
have an extra influence on cost, 
schedule, functionality or performance. 

(8) 

Risk analysis The risk analysis involves analyzing 
the risk each requirements conveys. 
Factors taken into account in the risk 
analysis are; requirements impact on 
architecture and their impact on other 
requirements and resources. 

(18) (8) 

 Definition of 
system 
boundaries 

In this activity the boundaries of the 
system is determined, i.e. what can be 
involved in the system. From this 
activity requirements out of the scope 
of the system can be rejected. This 
technique is especially useful when the 
requirement sources are not domain 
experts and thus can not k now if all 
their requirements are appropriate for 
the system. 

(18) 

 Use of 
conceptual 
models 

Conceptual models can be applied 
during the analysis phase in order to 
model real-world problems and hence 
initiate an understanding for the 
existing problem rather than a possible 
solution to it (17). There are several 
kinds of different conceptual models, 
such as Unified Modeling Language 
(UML) or Structured Analysis and 
Design Techniques (SADT), which all 
display e.g. interactions, data flows, 
state models and data models 

(17) 

 Requirements 
classification 

The requirements are divided into 
classes depending on their function. 
Examples of classes to divide 
requirements into are; interface, 
communication, logic and database. 

(18) (17) 
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 Requirements 
allocation in 
architecture/des
ign 

In this practice the requirements are 
allocated to their location in the 
architecture. This is done in order to 
see if it is possible to implement the 
requirement and how it, in that case, 
shall be implemented. 

(17) 

 Identification of 
technical 
metrics 

By identifying metrics to the 
requirement, the requirement is 
somewhat analyzed (8). The metrics 
that may be of interest are, for 
instance, concerning the reliability of 
the requirement and how long it will 
take for the requirement to go through 
the development. These metrics can be 
used to track the requirement through 
the rest of the development process. 
Consequently, the requirement must be 
analyzed in order to give accurate 
values to the metrics. 

(8) 

Table 2 – Bespoke RE Analysis and negotiation practices 

2.2.1 Dependency Analysis 
As one major intention with the analysis phase is to find conflicts, overlaps and 

dependencies between the requirements (7), the dependency analysis is an important 
practice. One way to determine requirements dependencies is through interaction 
matrices (5) (18). This requires pair-wise comparison, meaning that each requirement 
is compared to the rest of the set in search for dependencies. Consequently, twenty 
requirements would result in a 20*20 matrix requiring (20*19)/2 comparisons.  
Apparently, the dependency matrices have one large drawback; they become 
unmanageable as the number of requirements increase. For example, performing a 
dependency analysis on 100 requirements, through pair-wise comparison, would result 
in a ten thousand-cell matrix and require 4950 comparisons ((100*99)/2). 

Analyzing the dependencies between the requirements is tightly coupled to the 
identification of key-requirements. The dependency analysis may show that one 
requirement conflicts with several other requirements, which indicates that a key-
requirement has been identified. If no further attention is given to this requirement it is 
likely to affect cost and schedule in a negative way. Furthermore, the identification of 
key-requirements is closely related to the risk analysis as the risk analysis involves 
analyzing the risk each requirement conveys. 

2.2.2 Requirements Prioritization 
When the dependencies have been discovered, the requirements are prioritized. The 

most common prioritization technique is to let the customer rank each requirement’s 
importance on a scale from 1 to 5 (29) (30). Requirements with rank 5 are the most 
important and requirements with rank 1 are the least important.  As in the elicitation 
phase, the stakeholder performing the prioritization must be representative for the 
system to be developed (28). Otherwise, there is a risk that requirements only 
preferred by one part of the customer organization are developed, while requirements 
that are important to the rest of the customer organization are neglected. 

2.2.3 Requirements allocation in Architecture and Design 
Analysis of requirements is at some points closely related to system design and 

architecture; this is especially true when allocating requirements to architecture 
components (17). By allocating requirements to where they shall belong in the 
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architecture it is possible to see if they can be implemented and how they shall be 
implemented in that case. A more thorough analysis of how two components shall 
interact may reveal yet unidentified dependencies between requirements that are 
allocated to any of these two components (17). 

2.2.4 Conceptual Models 
When applying conceptual models in the analysis phase it is important to consider 

what kind of conceptual models that shall be used.  There are some factors influencing 
the choice of model (17): 

• Problem nature – some types of software need special attention to certain 
areas and hence need different conceptual models. For instance, real-time 
software might need to be especially analyzed with control flows and 
state models. 

• Expertise – most often it is most productive to use a model that has been 
used before. 

• Customer process requirements – in some cases the customer have 
certain demands on what models to use or not to use. Customers have a 
tendency to prefer models they are familiar with. 

• Availability of methods and tools – when selecting a model it is preferable 
that it is supported by training and tools. 

2.3 Validation 
The validation phase is the last step in Bespoke RE and aims to assure that the 

requirements represent the intended description of the system, i.e. answer the questions 
“have we got the requirements right” (5) or “are we building the right product” (31). 
This involves checking the requirements for omissions, conflicts and ambiguities and 
assuring that the requirements follow quality standards (18). To enable these 
processes, the input to the validation phase is, foremost, the complete requirements 
specification, organizational standards and knowledge about the organization (5). 
Knowledge about the organization is important because the requirements can be 
closely linked to the structure, standards and culture of the organization.  The output 
from the validation phase shall be a list of the identified requirements-related problems 
and a list of responsive actions to these problems (5). The practices related to the 
validation phase are presented in Table 3. 

Validation Practices 

Practice Technique Description 
Acknowledged 
by 
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Requirements 
pre-check 

This is a superficial validation 
technique where a person inspects the 
requirements to remove those that are 
obviously incorrect.  

(18) (5) 

Requirements 
inspection 

This is a more formal inspection of the 
requirements where a group of people 
is gathered to inspect and discuss the 
requirements. 

(18) 

Requirements 
specification 
review 

The requirements specification is 
reviewed by a group of people. The 
customer is typically highly involved 
in this technique. 

(18) (5) (17) 
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Simulations By simulating the system’s behavior 
for the customer, the system can be 
validated 

(8) 

Demonstration By demonstrating the system’s 
behavior for the customer, the system 
can be validated 

(8) 

Prototyping By looking at the prototype (could be a 
paper mock-up), the customer can 
validate the concerned requirements.  

(5) (18) (8) (17) 
In
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Write user 
manual 

Writing manuals provide a better 
understanding about the actual use of 
the system. This understanding can be 
used to validate non-functional 
requirements, such as usability. 

(5) (18) 

Create test 
cases 

Requirements can be validated by 
linking them to test cases. A 
requirement which cannot be linked to 
a test case is not testable and thereby 
not a requirement but merely a wish 
(17).  

(5) (18) (17) 

Conceptual 
model 
validation 

If conceptual models have been used 
during the analysis phase there is a 
need to validate their quality (17). It is 
suggested that static analysis is 
performed in order to verify e.g. that 
there exist communication paths 
between objects (17). The models can 
also be paraphrased into natural 
language so that they can be validated 
(18). 

(17) (18) 

Risk analysis By analyzing the system in order to 
determine the risks that the system will 
not perform appropriately, the 
requirements are validated.  

(8) 
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Use of 
checklist 

Just as in the analysis phase, it is 
suggested to use a checklist during the 
validation. The objective with the 
checklist is to give people directions 
when validating requirements, and 
thereby decrease the risk that areas are 
neglected. 

(18) (5) 

Table 3 – Bespoke RE Validation practices 

2.3.1 Inspections and Reviews 
There are three different techniques for inspecting and reviewing requirements:  

• Requirements pre-check – is an informal inspection of the requirements 
before any further inspections are performed. By doing this, obvious 
incorrect requirements can be dismissed and thereby reduce the work 
effort during the more formalized inspections and reviews by reducing the 
number of requirements to validate. 
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• Requirements inspection – this is done in order to validate individual 
requirements before the actual requirements specification is completed. 
Consequently, the complete requirements specification will be more 
correct.  

• Requirements specification review – A common technique to validate 
requirements in Bespoke RE is to review the requirements specification. 
For this purpose, the organization can set up internal review groups. 
However, in most cases, the different stakeholders and foremost the 
customers play a big part in reviewing/validating the requirements. The 
purpose with the reviews is to find obviously poor stated requirements, 
lack of conformance to quality standards and requirements conflicts not 
detected during the analysis phase (5) (28).   

2.3.2 Visualization/Incomplete realization 
The reason why incomplete realization is such a popular validation practice is that 

customers tend to understand requirements better when they are visualized. For 
example, if looking at a prototype, the requirements are translated into a physical 
system. Through incomplete realization, the customer can identify problems and 
propose possible improvements to the requirements (5). By visualizing the 
requirements the customer can say “This is exactly how I imagined the system”, and 
thereby validate the requirements.  

2.4 Requirements Management 
The requirements management phase is concerned with the processes involved in 

changing the system requirements (5) (18). More specifically, the major concerns in 
requirements management are to (18): 

1. Manage changes to agreed requirements. 

2. Manage relationships between requirements. 

3. Manage dependencies between the requirements specification and other 
documents produced during the development process. 

Table 4 presents the practices related to requirements management. 
 

Requirements Management Practices 

Practice Technique Description 
Acknowledged 
by 
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Definition of 
requirements 
management 
policies 

The management policies shall 
describe goals, procedures and 
standards that should be followed 
when performing requirements 
management. The purpose is to 
explicitly describe what and how 
practices shall be performed. 

(18) 

Definition of 
Change 
management 
policies 

In order to establish a formal change 
management procedure it is wise to 
create a policy that describes how 
change management shall be handled.  

(18) 
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Backward 
traceability 
through source 
and rationale 

Backward traceability from 
requirement to source is enabled 
through documentation of source and 
rationale in the requirement 

(5) (18) (8). 

Backward 
traceability 
through 
comments in 
design or code 

Backwards traceability from design or 
code to requirements is enabled by 
comments in the design/code. 

 (19) 

Forward 
traceability 
through 
comments 

Forward traceability, both from source 
to requirement and from requirement 
to design/code is enabled through 
comments.  

(19) 

Dependency 
traceability 

Documenting how requirements relate 
and depend on each other is done 
through dependency traceability. 

(18) (5) 
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Use of Change 
Control 
Boards 

The Change Control Board (CCB) is a 
group of people that shall formally 
determine if changes are approved or 
rejected. It is suggested that the CCB 
shall consist of a group of people with 
different competences so that the 
decisions reflect as many perspectives 
as possible   

(8) (5) (18) 

Use of Change 
Requests 

The change requests are formal 
documents which must be filled in 
according to a predefined format so 
that the CCB can determine if the 
change is acceptable or not. 

(8) (5) (18) 

Identification 
of volatile 
requirements 

By identifying requirements that have 
a high tendency to change, the change 
management process becomes more 
stable, as it is possible to prepare for 
changes to certain requirements.  

(5) (18) (8) 

Record 
rejected 
requirements 

Requirements can be rejected during 
the analysis phase. It is wise to 
document these requirements and the 
reason for their rejection (18). This 
activity aims to reduce the analysis 
effort in the future. If a new 
requirement is the same as one that has 
previously been rejected, the new 
requirement can be dismissed on the 
same grounds as the old (previously 
rejected) requirement. 

(18) 

Identification 
of 
inconsistencies 
between 
requirements 
and project 
plans 

In this technique, the requirements are 
related to the project plans in order to 
identify inconsistencies (8). This 
activity is needed to control that the 
change management process is not off 
track. If that is the case, corrective 
actions must be taken.    

(8) 

  16 



To
ol

 su
pp

or
t 

Database Databases support storage of 
requirements and thereby facilitate 
requirements traceability. 

(5) (8) 

Electronic 
change 
requests 

 Electronic change requests facilitate 
the issuing and distribution of change 
requests, in comparison to document-
based change requests. Commonly the 
electronic change request is a form 
that is filled in electronically and later 
distributed to concerned parties. 
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Use attributes 
to state 
requirements 

Requirements can be stated as a 
composition of attributes. This ensures 
that necessary information is included 
in the requirement. 

(19) (5) 

Use different 
abstraction 
levels 

Requirements can and should be stated 
on different levels of abstraction to 
increase understanding of the 
requirements. 

(19) 

Table 4 – Bespoke RE Requirement Management Practices 

2.4.1 Traceability 
“Traceability in software product development is the ability to be able to relate the 

different artifacts created in the development life-cycle with one another.” (32). 
Requirements traceability is very important as it facilitates change management.  
There are three different types of traceability (5): 

• Backward traceability – requirements should be possible to trace back to 
their source and rationale. It should also be possible to trace design and 
code back to their requirements. 

• Forward traceability – requirements should also be possible to trace 
forward to where they are realized in design and code. Furthermore, 
documented demands should be possible to trace forward to their 
corresponding requirements. 

• Dependency traceability – it should be possible to trace if and how a 
requirement depends on other requirements in the specification. 

Demand Requirement Design / Code

Figure 4 - Backward and forward traceability 

2.4.2 Requirements specification 
A requirement management practice, performed in the analysis phase is to specify 

requirements and create a requirements specification. The requirements specification 
is a formal document that collects the specified requirements for the system. The 
requirements specification often lies as a basis for the contractual agreement between 
the developing organization and the customer (28). Consequently, the requirements 
specification is a very important document that should be systematically reviewed, 
evaluated and approved (17). The requirements specification is also highly important 
internally to the developing organization as the system to be developed shall be based 
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on the specification. It is therefore important that the specification is understandable to 
the developers (19).  

Depending on the size and complexity of the system there can be up to three 
different requirements specifications (17); 

• System definition document – involves high-level requirements from a 
domain perspective, meaning that system requirements are listed along 
with the overall objectives of the system. In this document conceptual 
models can be used to show usage scenarios and principal domain entities.  

• System requirements specification – is the requirements specification for 
the whole system. This kind of specification is relevant in larger systems 
where some requirements are not attributed to the software. If the system 
only involves software requirements, this specification is the same as the 
software requirements specification.  

• Software requirements specification – this specification only considers 
software requirements and can be derived from the system requirement 
specification. 

 Most commonly, the requirements specification is written in natural language but 
it can also be written in formal/semi-formal languages. The choice of language/style is 
based on how well the language/style can describe the requirement and if there is 
enough knowledge to use a certain language/style (17) (19). It may be a good idea to 
complement natural language requirements with formal language descriptions in order 
to reduce ambiguity (18). Furthermore, the way of specifying requirements shall 
follow a predefined template. A fixed template makes requirements easier to; read, 
collect and write (18). It is argued that each requirements shall have a unique ID (5) 
(18), source and rationale to enable traceability (5) (18) (8). Requirements can also be 
specified as models (18) (28) (19) to describe event sequences or activities with the 
system. Models are better at describing information relationships and people tend to 
understand models better than natural language (18). When requirements are modeled, 
use-cases are commonly acknowledged, as they are better at specifying dynamic 
requirements (19). 

2.4.2.1 Requirements Abstraction Levels 
Requirements can be stated at different levels of abstraction. Lauesen (19) 

identifies the following levels: 

• Goal – states goals with the product, these are often difficult to verify 
within a reasonable timeframe. The inclusion of this type of requirements 
does however improve the understanding of the domain and rationale 
behind the lower-level requirements. 

• Domain – describe the interaction between the system and the user or 
other systems, e.g. how the system supports certain activities that the user 
wishes to carry out. These requirements typically reduce the risk of 
missing tacit requirements. 

• Product – requirements that specify the input and resulting output of the 
system. 

• Design – specifies a solution. This can for instance be in the shape of a 
user interface prototype. 

As shown above, the different levels complement each other and should therefore 
preferably be combined (19). 
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3 MARKET-DRIVEN REQUIREMENTS 
ENGINEERING 
This chapter presents the phases, practices and techniques that were identified 

through a systematic review of the area MDRE. The systematic review was also 
complemented with a literature study aimed at finding already known relevant material 
e.g. dissertations within the area.  

The chapter is organized as follows: Section 3.1 presents the systematic review 
and sections 3.1.6 to 3.6 present the phases identified in MDRE. Each phase presents 
its corresponding practices and techniques. 

3.1 Systematic Review 
The systematic review used in this study was based on the practices proposed by 

Kitchenham (20).  These practices are divided into three stages, planning the review, 
conducting the review and reporting the results from the review. 

3.1.1 Planning the Systematic Review 
The reason for conducting a systematic review in this study was to truly identify 

the practices and challenges that are attributed to MDRE. For this reason the scope of 
the review will not be limited e.g. by focusing on a certain time interval, which is 
otherwise common when performing systematic reviews. Furthermore, the review 
should reveal if there have been any previous studies on organizations that have 
shifted from Bespoke RE to MDRE. The knowledge gained will then lay the 
foundation for the framework to be developed.  

In order to be able to conduct the systematic review in a structured fashion, a 
protocol needed to be established. In this protocol, techniques and strategies regarding; 
searching, paper inclusion/exclusion, paper quality, data extraction and data synthesis 
are described. The review protocol is based on the guidelines given by Kitchenham 
(20). The review protocol is presented in section 3.1.2. 

3.1.2 Systematic Review Protocol 
The purpose with a systematic review is to investigate and compare existing work 

in order to derive creditable information useful for a trustworthy study result (20). 
Kitchenham (20) identifies three reasons for performing a systematic review: 

1. Provide a summary of existing evidence for a certain treatment and 
thereby prove its benefits and limitations. 

2. Identify a gap in current research within the area. 
3. Provide a framework for positioning new research activities. 

The objective with this systematic review relates to the above mentioned reasons 
in the following way: 

1. The review shall result in a summary of several treatments related to the 
problems associated with MDRE. 

2. By collecting all existing practices it will be possible to determine how big 
the gap is when it comes to shifting from Bespoke RE to MDRE. 

3. The collected practices will be used as a basis for the development of the 
framework.  
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3.1.2.1 Research Questions 
The research questions that shall be addressed by this systematic review are: 

1. What are the differences between Bespoke RE and MDRE, what 
challenges do these differences pose when shifting from Bespoke RE to 
MDRE? 

2. Which practices/techniques from Bespoke RE can also be used in MDRE 
3. Which additional practices/techniques need to be introduced when shifting 

to MDRE? 

3.1.2.2 Search Strategy 
The search strategy in this systematic review will be to use three different 

bibliographical databases; Compendex, Inspec and the Electronic Library Information 
Navigator (ELIN). Compendex is the most comprehensive bibliographic database for 
engineering research available today. The database collects papers from over 5000 
journals and conferences. Inspec is a database focusing on electrical and electronic 
engineering, physics, information technology, and computer and control systems. 
Gathered in the database, there are over 9 million papers from 3500 journals and 1500 
conference proceedings.  ELIN is a database for universities in Sweden founded by the 
university in Lund. ELIN is compiled by many different databases. It thereby allows 
the researcher to search multiple databases simultaneously.  

The search in the three databases will have slightly different approaches. The 
search terms used in Compendex and Inspec will be more specific than the ones used 
when searching in ELIN. The reason for this is that Compendex and Inspec have more 
sophisticated search logic than ELIN. Consequently, search terms resulting in 100 
papers in ELIN will result in 30000 papers in Compendex or Inspec. Obviously, 30000 
papers matching each search term is not possible to handle within a realistic 
timeframe. Therefore, the search terms used in Compendex and Inspec will be more 
specific and assumed to find papers strongly connected to the review questions. The 
search terms used in ELIN will thereby be less specific and aim to find the relevant 
papers not found when using the more specific search terms in Compendex and Inspec. 

Additionally, the bibliographical references in the studies identified through the 
systematic review, will be examined in hope of finding more relevant studies. In 
systematic reviews where the purpose is to quantify how many studies that support a 
certain claim, this strategy is not recommended as the result will be biased (33). 
However, in this case this is not a problem as the purpose of the review is to elicit as 
much research findings as possible from a certain field rather than support a thesis. 
This approach of using references is preferable as the area is very wide and does not 
have a set terminology. The subject could for instance be referred to as; ‘MDRE’, 
‘COTS development’, ‘software product development’ or ‘packaged software’. 
Moreover, if a paper references an article that has not yet been found through the 
existing search terms, a new search term will be created, in hope of finding even more 
relevant material. 
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Search Terms 

ID Term Rationale 

Database 
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1 All: Market-Driven 
AND All: 
Requirements 
Engineering 

Central to the study and therefore 
necessary to run in the more 
comprehensive databases. 

X X  

2 All: Market-Driven 
AND All: Release 
Planning 

‘Release planning’ is central and 
specific to the topic. X X  

3 All: Market-Driven 
AND All: Product 
Development AND 
All: Software 
Engineering 

Complements term 1, if 
Requirements Engineering does not 
result in a match, without being off 
topic. 

X X  

4 All: Requirements 
Engineering AND 
All: Triage 

Triage is a term commonly used in 
MDRE and may result in relevant 
matches even if the term; ‘Market-
Driven’ is not part of the search. 

X X  

5 All: COTS AND 
All: Requirements 
Engineering AND 
All: Product 
Development 

‘COTS’ is a common name for 
market-driven software products. 

X X  

6 All: Release 
Planning AND All: 
Requirements 
Engineering AND 
All: Product 
Development 

Release Planning is central to the 
topic. This term covers articles not 
necessarily defined as market-
driven.  

X X  

7 All: Requirements 
Selection 

‘Requirements Selection’ is a 
practice that is unique to MDRE.   X 

8 All: Requirements 
Engineering AND 
All: Product 
Development 

Complements term 1 if ‘product 
development’ is used instead of 
‘Market-Driven’. 

  X 

9 Abs:  Product AND 
Abs: Management 
AND Abs: 
Requirements AND 
All: Software AND 
All: Development 

Many MDRE practices are product 
management activities. 

  X 

10 All: Challenges 
AND All: 
Requirements 
Engineering 

The term will find papers covering 
all types of RE challenges. The toll-
gate system will ensure that only 
those concerning MDRE are 
included. 

  X 
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11 Ti: Market AND Ti: 
Requirements 

Complements term 1 if the authors 
did not use that terminology i.e. 
Market-Driven 

  X 

12 All: Requirements 
AND All: Triage 

Requirements triage is a MDRE 
specific practice. Similar to term 4 
but used in ELIN. 

  X 

13 All: Requirements 
AND All: Packaged 
AND All: Software 

Packaged software is Market-
Driven software products.   X 

14 All: Software AND 
Ti: Release AND 
Ti: Planning 

This is a wider term than 6 and the 
search was made in ELIN to 
complement term 6. 

  X 

15 All: Off-The-Shelf 
Software AND All: 
Requirements 
Engineering 

‘Off-the-shelf software’ is Market-
Driven software   X 

16 All: Market-Driven 
AND All: 
Requirements 

Central to the topic and meant to 
complement term 1 as this is used 
in ELIN. 

  X 

17 All: Requirements 
Problems AND All: 
Software 

All types of requirements related 
problems will be found. The toll-
gate system will ensure that only 
those concerning MDRE are 
included 

  X 

Table 5 – Search Terms 

3.1.2.3 Selection Procedure 
The procedure for selecting which papers to include will be based on a tollgate 

system, described in Figure 5. Both researchers will use this system to evaluate the 
same set of papers. If there is a mismatch in selection, i.e. one researcher includes a 
paper that the other excludes, a discussion will be held to reach consensus. The 
tollgates and requirements for passing each tollgate are as follows: 

• TG1 – Title 
o The title reveals that the study concerns MDRE, could be 

something specific to MDRE like release planning. 
o The title reveals that the study concerns changes in RE practices. 
o The title reveals that the study elaborates on problems in MDRE.  

• TG2 – Abstract 
o The abstract reveals findings related to the research questions or 

finding that can be used to gain further knowledge within the 
field. 

• TG3 – Conclusions 
o The conclusions are relevant to the study and can be used for 

argumentation. 
• TG4 – Whole paper 

o The findings in the paper seem valid. 
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Figure 5 – Tollgate system 

3.1.2.4 Study Quality Assessment 
There are several frameworks that can be used to assess the quality of a study (20). 

The ‘CRD guidelines’ is one such framework. It suggests that the quality of a study 
relates to the extent to which it minimizes bias and maximizes both internal and 
external validity. The minimization of bias is based on the design of the study, where 
studies based on experiments are considered to be least biased and studies based on 
theory or expert opinions are most likely to be biased (20).  

Considering the purpose of this systematic review, bias is not as important as 
external validity. The outcome of the systematic review is supposed to be a foundation 
for further development of a framework that can be used by practitioners in industry. 
Thus it is of great importance that the studies that are used as basis for creating the 
framework have already been used and thus validated in industry. As the framework 
shall be independent of domain; results that have been validated in different domains 
are preferred and considered to have high quality. 

3.1.2.5 Data Extraction Strategy 
As this systematic review is qualitative rather than quantitative in nature, the 

researchers have no intention of extracting any specific data. However, if data is found 
that supports certain claims and can be used for argumentation, it will obviously be 
taken into account. There is however no explicit strategy for this procedure. 

3.1.2.6 Synthesis of the Extracted Data 
The information derived from the systematic review will be mostly qualitative as 

most information will concern practices and topic related problems. This information 
will to some extent be synthesized if two papers seem to discuss the same practice or if 
two or more techniques have so much in common that they can be said to belong to the 
same practice.  

If one paper contradicts claims made in another, both papers will go through the 
tollgate system once again. This way it is possible to determine if one of the papers 
actually was invalid. If both papers prove to be valid the contradicting claims will be 
pointed out.  

3.1.3 Conducting the Systematic Review 
A search log was used to document the search result.  The log kept information 

concerning; the date of a specific search, the search terms used, the number of hits, at 
what tollgate exclusion occurred, the filename under which the paper was saved and a 
short description of the paper.  

The search log offered a good overview of the areas that had been covered in 
previous searches. The log also proved the thoroughness of the search strategies used, 
as the results were explicitly documented.  
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3.1.4 Examples of the Selection Procedure 
This section presents some examples of how papers were excluded with help from 

the tollgate system. 

3.1.4.1 Tollgate 1 – Title Rejection 
When using ID 15 (see Table 5) some papers could obviously be rejected as the 

title revealed that the paper was off topic. Examples of rejected papers are: 

• “A Market-Driven approach to the stocking problem in African game 
ranches”, Hearne, J.W,2007 – it is quite obvious that the stocking 
problems in African game ranches is not within field of requirements 
engineering 

• “Simulating the dynamic coupling of market and physical systems 
operations”, Widergren, S.E, Roop, J.M, Guttromson, R.T, Huang, Z, 
2004 – the decision whether or not to exclude this paper, based on the title, 
was not as obvious as the previous example. However, dynamic coupling 
with market and physical system operations is hardly connected to RE. 

3.1.4.2 Tollgate 2 – Abstract Rejection 
When using ID 15 (see Table 5) some papers could not be surely rejected based on 

the title, still, after reading the abstract they could be dismissed. Following is an 
example: 

• “Competitive and sustainable integration of RE using product 
development tools [renewable energy]”, Buchtela, G, Trogisch, S, Baaske, 
W, Lancaster, B, Fruhmann, A,2000 

o Tollgate 1 – the title is quite vague and it is hard to determine the 
topic of the paper. As the term “RE” (typically a shortening for 
Requirements Engineering) is part of the title, the paper passes 
through tollgate 1. 

o Tollgate 2 – when reading the abstract it becomes clear that the 
term RE is a shortening for Renewable Energy. Renewable 
Energy is obviously off topic, which leads to exclusion. 

3.1.4.3 Tollgate 3 – Conclusion Rejection 
When using ID 15 (see Table 5) some papers were rejected based on the 

conclusion (third tollgate). The papers could not be rejected based on their title or 
abstract. Only after reading the conclusions it was possible to determine that the 
outcome from the paper was not within the field of interest. Following is an example: 

• “Market-driven approach based on Markov decision theory for optimal 
use of resources in software development”, Noppen, J, Aksit, M, 
Tekinerdogan, B, Nicola, V, 2004. 

o Tollgate 1 – the title indicates that the paper regards optimal use 
of resources in market-driven software development. The search 
term included the word ‘requirements’ it is therefore still possible 
that the paper is connected to MDRE.  

o Tollgate 2 – the abstract of the paper states that the paper presents 
a method to determine the optimal development schedule, which 
is out of the field of this research. However, the abstract also 
states that the method takes changes in requirements into account, 
which is within the field of this research. Hence, the paper needs 
to be further analyzed. 
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o    Tollgate 3 – the conclusions of the paper indicate that the main 
purpose of the method is to manage unanticipated software 
development with help from a statistical method. The method’s 
only relation to requirements is that they should be taken into 
account when making decisions. Consequently, the paper is 
excluded based on its conclusions.   

3.1.4.4 Tollgate 4 – Text Rejection 
The last tollgate before accepting a paper was to read the whole paper in order to 

determine that the whole paper was valid. After reading the whole paper an overall 
view could be obtained which, in some cases, was not in line with the view obtained in 
the previous tollgates. ID 9 (see Table 5) resulted in the following rejection: 

• “Challenges in Requirements Engineering”, Bubenko, J.A.Jr, 2005  

o Tollgate 1 – the title reveals that the paper most certainly is related 
to the research topic. 

o Tollgate 2 – the abstract show that the paper concerns 
requirements engineering problems related to management, 
organizations, users, stakeholders, methodology,  tools and 
education. This is highly relevant for the research. 

o Tollgate 3 – the paper does not have a conclusion part. The paper 
can therefore not be rejected in this tollgate. 

o Tollgate 4 – the paper presents several problems and challenges in 
requirements engineering. However, it is obvious that the focus is 
on Bespoke RE and not MDRE. The paper was therefore 
excluded. 

 

3.1.5 Systematic review Statistics 
In order to investigate how the tollgate system had functioned in the systematic 

review, statistics about where papers had been rejected were gathered. From this it 
could determined if the tollgate system had worked as the selection refinement system 
it was intended to be. 

 In the systematic review, 1703 papers were found, from this 56 papers were 
included. 163 papers were duplicates of already found and included papers and were 
therefore not further involved in the selection process. Most of the papers (1284 
papers) were excluded based on their title while 141 were rejected after reading the 
abstract. Out of all papers, 20 were excluded based on the conclusions and 23 were 
rejected after reading the whole text. The reason why more papers were rejected based 
on the text rather than the conclusions is probably because the conclusions are not 
always specific enough to determine if it should be rejected or not.  

The review resulted in 16 papers that possibly could have been included if there 
had not been problems with access. The papers did pass through TG1 and TG2 but 
could not be processed further as the papers could not be accessed. These papers were 
found in Compendex or Inspec in which there was no possibility to order the papers to 
the school library. If the papers had been discovered but not accessed in ELIN, the 
papers could have been ordered.  

The statistical result from the systematic review is presented in Figure 6. 
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Figure 6 – Systematic Review Statistics 

3.1.6 Complementing the Systematic Review 
It was noticed that some sources (already known to the researchers) were left 

uncovered by the systematic review. This was considered as a threat to the validity of 
the systematic review. The threat was counteracted by including the known sources in 
the thesis. The sources were accessed either through very specific search terms in 
either of the databases or via university homepages. 

3.2 Elicitation 
Market-Driven software systems target market segments with a multitude of 

customers. If this is to be successful, requirements should be elicited from more than 
just one of these customers. These requirements are often collected indirectly through 
internal sources within the developing organization. The sales department can for 
instance provide valuable information about what customers request. The internal 
sources can also invent requirements which the market has not yet shown an obvious 
desire for (34) (35). This is especially the case if the product has not yet been released 
(36). 

Table 6 shows elicitation techniques applicable in MDRE. 

 Elicitation practices 

Practice Technique Description 
Acknowledged 
by 

St
ak

eh
ol

de
r i

de
nt

ifi
ca

tio
n 

End-user 
identification 

The end-users are persons within a 
market that shall use the system. It is 
important to know who the product 
shall satisfy when creating a new 
product. This person is not always 
the same as the person buying the 
product (the customer). Customer 
identification may therefore have to 
precede end-user identification. 

(37) 

Internal 
stakeholder 
identification 

In MDRE, there are many internal 
stakeholders. Many of these 
stakeholders can generate 
requirements. They are therefore 
important to indentify. 

(7) (16) (11) 
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Key-customer 
identification 

The key-customers usually cover a 
large part of the market. They may 
therefore be extra important to 
identify. 

(7) (16) (38) 

R
eq

ui
re

m
en

ts
 g

at
he

rin
g 

Market 
analysis 

A market analysis can provide 
valuable information regarding 
market trends. The information is 
typically gathered through customer 
analysis or competitor analysis and is 
highly important in order to create a 
competitive and differentiated 
product. Accordingly, the 
requirements elicited from the market 
analyses are intended to create a 
product which will be competitive in 
the future. 

(7) (39) (40) 
(41) (16)  

Personas A persona is a representation of a 
fictional user who is representative 
for the market. A persona can usually 
be created after a market analysis 
where different segments have been 
identified. The persona shall be as 
detailed as possible and usually 
describe; age, gender, lifestyle, 
personal likes/dislikes, daily routines, 
hobbies, social connections and 
technical preferences. By creating a 
persona the developing organization 
“puts a face” on the anonymous 
market. It is however important to 
understand that the personas do not 
represent reality, the technique may 
therefore generate incorrect 
requirements. 

(16) 

Product 
reviews 

This technique uses; trade and 
consumer magazines, product 
descriptions, forums and product 
benchmarking, to elicit requirements 
from competing products. Product 
reviews can especially contribute 
with non-functional requirements e.g. 
reliability, performance and 
maintainability. 

(39) (41) (38) 

Gap-analysis The purpose with a gap-analysis is to 
identify the gap between what a 
product delivers and what gives 
satisfaction to the customer (42) . If 
the analysis reveals that the product 
is missing certain features or 
characteristics these features should 
be considered as new potential 
requirements. 

(7) (42) 
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 Customer 
Value 
Analysis 
(CVA) 

This technique is quite similar to the 
gap analysis. However, the CVA also 
considers the customer perceived 
value of competitor’s products. In 
other words, the CVA describes the 
optimum features and characteristics 
of a product in comparison to 
competitor’s products. In the purpose 
of requirements elicitation the CVA 
is not actually a source for new 
requirements but may improve 
already existing ones (both functional 
and non-functional). 

(7) 

Expert opinion To elicit requirements from experts 
within the organization is important 
in MDRE. In a Market-Driven 
environment it is crucial that the 
product is differentiated and has a 
competitive advantage against its 
competing products. People with 
great domain knowledge can be 
consulted to obtain requirements that 
fulfill this demand. 

(11) (43) (38) 
(44) (12) 

Table 6 - MDRE Elicitation techniques 

3.2.1 Identify the Customer 
Table 6 presents techniques for eliciting requirements from both external and 

internal sources. A prerequisite for elicitation from external sources is to identify the 
external stakeholder. Carmel and Becker (1) call this practice “Find the remote 
customer”. The same researchers present a technique involving three steps that fulfill 
this purpose (1): 

1. Define the target market – before narrowing down on the customer the 
overall market needs to be defined. Questions to ask include if it is; wide 
or narrow, price-sensitive or feature-hungry? 

2. Define the user – try to identify the typical user that have needs general 
enough to be representative for the targeted market segment. This could be 
done by creating a persona as described in Table 6. 

3. Define the future user – product innovation is driven by a focus on the 
future users. These users are found in the area that is within the market 
segment but is not covered by either customer a,b or c in Figure 7. 
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Customer C

Customer B

Customer A

Market 
Segment  

Figure 7 – Customers within the market 
These steps are often carried out by the marketing department. The problem with 

this is that the information becomes more and more distorted the more middlemen it 
has to pass. 

It is also important to note that a market often has customers that are more 
important than others, so called key-customers (7). Key-customers have a large impact 
on the market as they typically have a large share of the market segment the software 
system targets. These customers are important to identify to enable direct elicitation. 
Direct elicitation techniques are usually applied on the customer in Bespoke RE. 
Through customer identification these techniques can also be applied in MDRE (7) 
(16). 

Customer identification also allows involvement from a multitude of end-users 
through user groups or focus groups. This technique lets end-users meet and present 
their wishes and needs. The participants often take part in a product demonstration, 
possibly a demonstration of competing products as well. The demonstrations are then 
used as basis for discussions from which new requirements can be elicited (16). Even 
though an advantage is that the developing organization gets to see the wishes of 
individual users there is a risk that the preferences between different users or 
preferences between the users and the developing organization fall in conflict (7).  

3.2.2 Continuous Elicitation 
In MDRE there is a multitude of stakeholders (requirements sources) that 

constantly come up with new requirements. To ensure that these requirements hit their 
designated market windows, the elicitation of new requirements must be continuous 
(7) (45) (38). In other words, it has to be possible for a stakeholder to issue a new 
requirement at any given time. When the requirement enters the RE process it may be 
selected to go into a certain release (covered in section 3.3), see Figure 8.   

Continuous RE Process

Requirements Sources

Development 
Project A

Development 
Project B

Development 
Project C

 
Figure 8 - Continuous RE1 

1 Inspired by; (74) (45) 

  29 

                                                   



3.3 Analysis and Negotiation 
Requirements analysis is very important in MDRE as requirements shall be 

selected for releases. This selection should preferably be based on well-informed 
decisions regarding the value the requirements are likely to bring. In order to obtain 
this information a thorough analysis is needed. The information that should come as a 
result of this analysis is presented in Table 7.  

Requirements analysis is a time consuming activity and the effort required depends 
on the amount of requirements to analyze. As previously mentioned, the amount of 
requirements in MDRE is typically large and the inflow is continuous. Hence, a big 
challenge for requirements analysis in MDRE is to both handle the continuous flow 
and the large amount of requirements that come as a result from this flow.  

3.3.1 Early Classification 
When medical personnel in wars have to attend to a large number of patients it is 

important to determine which of the patients that need treatment the most. The patients 
are therefore divided into three categories; those that will die even if treated; those that 
will survive even if not treated and those for whom treatment is crucial. This 
procedure is called triage (46). A similar simple categorization can be applied to 
incoming requirements. The requirements should simply be divided into the following 
three categories:  

• Crucial requirements – these requirements are absolutely necessary for the 
product to “survive”. Without the crucial requirements the product most 
certainly will be rejected by the customers (47) (46). 

• Candidate requirements – can either be requirements that the product 
preferably should include but will survive without (47), or requirements 
that are difficult to determine the value for (46). However, it will not be in 
total alignment to what the market demands. The candidate requirements 
must be weighted against time and resources to determine if they can be 
included in the release. 

• Discarded Requirements – this kind of requirements can clearly not go into 
the release, either because they are not possible to implement or because 
they are not inline with corporate strategies. They are therefore discarded 
and saved in a repository. This way they can be used as reference if similar 
requirements should arrive later.  

As can bee seen in the definitions of the three categories above, researchers do not 
always agree on what characterizes each category. This is not the only thing 
researchers disagree on when it comes to requirements triage. Simmons (48) for 
instance does not recognize the three categories acknowledged by many others (e.g. 
(46) and (47)). Simmons rather sees triage as a way to quantify requirements-related 
risks. This is done by assessing a number of very diverse factors such as; requirements 
volatility, development in multiple locations, product complexity and so on (48). 
Another thing researchers disagree on is the purpose of performing triage. Some claim 
that it shall be used to reduce the number of requirements (by discarding requirements) 
and focusing energy on requirements that need to be investigated further by 
categorizing requirements at an early stage (7). This early dismissal of requirements 
has also been recognized in the REPEAT process (11), even if the term triage has not 
been used (11) (43). Furthermore, REPEAT only divide the requirements into two 
categories; those that are accepted and those that are rejected. Henceforth, these 
techniques will be collected under the practice ‘Early classification’.  

The large number of requirements in MDRE makes early dismissal of 
requirements very favorable as the RE process can otherwise easily become 
overloaded (7) (11) (49). Davis (46) does however not agree to that triage is a case of 
early requirements dismissal. The term is defined as; “the process of determining 
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which requirements a product should satisfy given the time and resources available” 
(46). Thereby implying that triage covers the entire release planning process. 

Apparently, most researchers agree that triage is a requirements selection activity 
as it results in rejection of requirements. For this reason triage should preferably be 
exercised by a group of stakeholders with different expectations on the product to 
ensure that the right requirements are rejected (7). It is also important that some of 
these people are well aware of the organization’s strategies in order to make a correct 
decision. 

3.3.2 Requirements Prioritization 
One major difference between MDRE and Bespoke RE lies in Release Planning. 

This process area is unique for MDRE as the product is supposed to be released to a 
market rather than one single customer. This means that the time constraint on when 
the product shall be released does not come from the customer but from an estimation 
of the market-window. The difference is that the market-window is not negotiable. For 
this reason the right requirements need to be selected based on how well they fit 
market expectations and if there is enough time to hit the market-window. In order to 
accomplish this, requirements should be prioritized according to several different 
aspects. The aspects acknowledged by Berander (30) are presented in Table 7. 

Requirements prioritization aspects 
Aspect Description 
Importance This aspect shall state which requirements are more important 

for the system. Importance is however a very subjective term 
which is likely to mean different things depending on the 
stakeholder performing the prioritization.  

Penalty This aspect is not always the opposite of importance. Some 
requirements may for instance be taken for granted, thus having 
low importance, as a result their absence could greatly 
disappoint the customer. This is often the case with tacit 
requirements; i.e. requirements that the user is not aware of that 
they wish from the system. 

Cost The cost is typically related to the effort needed to fulfill the 
requirement. 

Time An important aspect as the product may have to be released to 
hit a market window. A requirement that provides a competitive 
edge against competitors may therefore be very important to 
include. 

Risk The risk associated with implementing a specific requirement 
must of course be taken into consideration when selecting 
requirements. The risk shall be evaluated according to two 
criteria; the impact if it occurs and the likelihood that it actually 
does occur. 

Volatility The volatility of a requirement should be considered as it can 
greatly affect the planning of a project.   

Table 7 - Prioritization aspects 

There are two approaches to prioritizing requirements; methods that are based on 
assigning values to aspects of the requirements (presented above) and negotiation 
approaches (29). Some authors claim that negotiation approaches can only be used in 
contract negotiations where a developer and a customer need to agree on what to 
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include in a system (29). Others claim that it can be used when there is a limited 
number of known customers (30) (50) (51). One example of a negotiation approach is 
the WinWin model (51) which also has some revised versions e.g. (50) and (52).  

The methods can further be divided into two categories; those that process each 
requirement uniquely and those that compare the requirements with each other (29).  

There are several different techniques for prioritizing requirements. The 
techniques described in Table 8 are not limited to requirements prioritization but can 
also be used to prioritize Software Improvement Packages or even stakeholders. 

Requirements prioritization techniques 
Technique Description 
Grouping This technique is based on grouping requirements in different 

priority groups e.g. 1-5. This is the most traditional (29) and 
commonly used prioritization technique (30). 

Analytical 
Hierarchy 
Process 
(AHP) 

Also known as the Pair-Wise Comparison Technique, compares all 
possible requirement pairs once to evaluate which one is more 
important than the other. The relative importance between the two 
requirements is typically graded using a Likert-Scale. The Likert 
scale can for instance range from 1 to 9 where 1 is ‘of equal 
importance’ and 9 is ‘extremely more important’. If requirement a 
is extremely more important than requirement b i.e. assigned 9, b is 
assigned the reciprocal value i.e. 1/9 (53). This implies that the total 
number of comparisons is n(n-1)/2 (where n is the number of 
requirements). This redundancy in comparisons offers a possibility 
to control the consistency of the comparisons (53). However, the 
redundancy also makes the technique unsuitable for large numbers 
of requirements (29). Large numbers of requirements is as 
mentioned earlier not uncommon in MDRE, which logically makes 
the technique unsuitable for MDRE, at least without modifications. 
There are however some newer versions of AHP that deal with this 
issue, on the expense of consistency control (30). 

Planning 
Game 

The planning game is one of the twelve fundamental practices that 
compose the agile development process XP (30). XP generally 
require a great deal of collaboration from the customer’s part and it 
typically assumes that there is only one customer (Bespoke RE) 
(54). The customer then divides the requirements into three 
different categories; those that are absolutely essential, those that 
would provide significant business value and those that would be 
nice to include (55). When the requirements have been categorized 
the customer chooses which requirements to include in the release 
based on their category and the estimated time to implement them.  
Even if XP and thereby the Planning Game assumes that there is 
only one customer it could just as well be used when there is a 
multitude of customers (MDRE). The only difference would be that 
the final decision is made by the developing organization rather 
than the customer. The decision could then be based on the 
cumulative result for each requirement (e.g. 3 points for essential 
requirements, 2 for valuable requirements and 1 for appreciated 
requirements) and the estimated development effort. This approach 
for analyzing and using the data is similar to that of Cumulative 
Voting. 
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Cumulative 
Voting 

Also known as the Hundred-Dollar Test, prioritizes all requirements 
in relation to each other.  
The person performing the prioritization is given 100 imaginary 
dollars. These 100 dollars are used to purchase requirements. The 
price the person is willing to pay for a requirement should be in 
relation to the other requirements (30). Thus, if requirement A is 
twice as important as requirement B, A should be purchased for 
twice the price. 
When the prioritization needs to be carried out by a number of 
stakeholders you simply sum up the points for each requirement 
(56). 
One problem with Cumulative Voting is that the stakeholders tend 
to focus on a smaller part of the requirements as the requirements 
set grows, as a consequence, a larger share of the requirements are 
left un-prioritized (57). 

Hierarchical 
Cumulative 
Voting (58) 

Hierarchical Cumulative Voting is a modified version of 
Cumulative Voting. Instead of comparing all requirements with 
each other, as in Cumulative Voting, the requirements are first 
arranged hierarchically e.g. through the use of RAM as suggested in 
section 3.5.2.1. The requirements are then prioritized within each 
hierarchy level and only those that have the same parent are 
compared to each other. The assigned priority of the parent is then 
used as weight for its children. 

Ranking Ranking is based on an ordinal scale, which means that the relative 
importance of a requirement is not presented. The top-priority 
requirement is simply given the rank 1 the second most important 
requirement the rank 2 and so on (30). This technique could be used 
with several stakeholders by taking the mean priority of each 
requirement. This could however, result in requirements with the 
same priority which is something this technique strives to avoid. 
Thus, this technique is unsuitable for situations with several 
stakeholders (30).  

Urgency and 
importance 
(28) 

One way to categorize a requirement is according to its urgency and 
its importance. By simply considering if it is urgent or not and if it 
is important or not, a requirement can belong to one of four 
different categories (see Table 9). A requirement that is both urgent 
and important should logically get a high priority, one that is 
important but not urgent should get a medium priority and one that 
is neither important nor urgent should get a low priority. Those that 
are urgent but not important should be avoided as they do not add 
sufficient value to the product. 

Wiegers’ 
(28) 

Wiegers’ is a method that evaluates each requirement separately 
based on the importance to the customer, the penalty if it is not 
included, the cost of including it, and the risk associated with 
including the requirement. Each of these aspects are graded on a 
scale from 1 to 9. The prioritization is then based on the sum of the 
points given to the requirement. There is also a possibility to assign 
weights to the aspects if one is more important than another. An 
example of how Wiegers’ method is used is shown in Table 10. 
The ‘Total Value’ is based on; ‘Relative Benefit’ * its weight + 
‘Relative Penalty’ * its weight. The ‘Prio’ is based on; ‘Total 
Value’ / (‘Cost %’ * its weight) + (‘Risk %’ * its weight). 

Table 8 – Prioritization techniques 
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 Important Not Important 
Urgent High priority Avoid 

Not urgent Medium priority Low priority 

Table 9 - Urgency and importance 

Weight 2 1     1   0,5     
Feature Relative 

Benefit 
Relative 
Penalty 

Total 
Value 

Value 
% 

Relative 
Cost 

Cost 
% 

Relative 
Risk 

Risk 
% 

Prio 

Req 1 9 1 19 48% 5 63% 4 33% 0,6 
Req 2 6 9 21 53% 3 38% 8 67% 0,74 

Table 10 - Wiegers' 

Unfortunately, requirements selection can not be solely based on the priority of the 
requirements as there are other aspects that need to be considered. 

3.3.3 Requirements Dependencies 
Requirements are rarely independent of each other but rather related to each other 

in different ways. Consequently, requirements cannot be changed or excluded without 
consideration. It is therefore important to keep track of dependencies among 
requirements. 

There are many different types of dependencies, some to mention are: 

Requirement dependency types 
Type Description 
Requires If requirement A requires requirement B, A cannot be fulfilled if 

B is not fulfilled (59). This dependency can occur for several 
reasons e.g. if B is a refinement of A, or if B is a prerequisite for 
A. 

Explains This is a weaker form of requires. This type only deals with 
dependencies within a hierarchy. Requirement A explains B 
would then mean that requirement A is a refinement of B, which 
means that B is a generalization of A. The difference as 
compared to if B requires A is that B is not meaningless without 
A in this case (60). 

AND This is simply a two-way requires dependency (59). This type of 
dependency can typically be found when two requirements are 
explained by the same requirement (59). 

Similar to A requirement can be similar to one or several other 
requirements (60). 

Conflicts with One requirement may not be able to coexist with another 
requirement or has a negative influence over the other 
requirement (60).   

ICOST If the cost of implementing a requirement is affected by another 
requirement there is an ICOST-dependency (59). 

CVALUE If one requirement affects the customer value of another 
requirement there is a CVALUE-dependency (59). 
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OR This type of dependency indicates that the two requirements 
fulfill the same function and that only one of them is needed. OR 
dependencies are therefore typically found when requirements 
are possible solutions (59) i.e. on component-level. 

Table 11 - Types of dependencies 

There may be more than one type of dependency between a set of requirements, a 
requires-dependency does for instance typically cause a CVALUE-dependency (59). 

Carlshamre et al (59) consider functional dependencies (e.g. AND and Requires) to 
be more important than value-related dependencies (e.g. CVALUE) as they put 
restrictions on the order of implementation. The same study also concluded that value-
related dependencies occur more frequently in MDRE than in Bespoke RE (59). 

Keeping track of requirements dependencies is crucial when selecting 
requirements for release. The dependency between two requirements may for instance 
reveal that you have to develop both a high-value, low-cost requirement and a low-
value, high-cost requirement (60). The total value-cost ratio for the two may thus be 
too low to justify inclusion. Berander (30) proposes that these requirements shall be 
grouped and handled as one prioritization unit. The value and cost for the unit would 
then be the mean value of the two and compared to the other requirements.  

As mentioned earlier, dependencies of the type explains are important to keep 
track of as requirements on different levels of abstraction should not be compared with 
each other. However, identifying dependencies is a very time consuming task as the 
requirements have to be pair-wise analyzed (59). There are however some techniques 
available for reducing the analysis effort, see Table 12. 

Requirements set reduction techniques for dependency analysis 
Technique Description 
Text processing By statistically comparing similarities among specified 

requirements it is possible to identify similar to-dependencies 
(61). There are tools that can handle this identification. 
 Similar to-dependencies between two requirements can also be 
an indication of other types of dependencies such as ICOST or 
conflicts with (61). 

Requirements 
hierarchies 

If requirements are arranged hierarchically they are easier to 
scan for dependencies as you know where to look for them (62). 

Identification of 
extremes 

By identifying either requirements that have no dependencies 
and/or those that are the most dependent, it is possible to greatly 
reduce the number of necessary comparisons (59). 

Table 12 – Requirements set reduction techniques for dependency analysis 

3.3.4 Release Planning 
The purpose with release planning is to select the optimal subset of requirements 

to include in a specific release (15) while meeting technical and resource constraints 
(63) . Ruhe and Omolade (64) identify four characteristics of a release plan that selects 
the optimal subset of requirements: 

1. A blend of features that maximize the business value. 
2. It satisfies the most important stakeholders. 
3. It is feasible with the available resources. 
4. It takes note of the existing dependencies between features. 
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Figure 9 illustrates release planning, in practice. The market continuously feeds 
the RE process with new requirements. The requirements are analyzed and entered into 
the repository at the right position depending on its priority. The repository holds all 
requirements in a ranked list with those with the highest priority on top. In an ideal 
world it would be possible to select a subset from the top for release. The figure does 
however show a dependency between two requirements (in red). Consequently, a 
requirement with low priority is included in Release 1. It also shows that a requirement 
with high priority is postponed to Release 2. The reason could be that there were no 
available resources for realizing the requirement in time for Release 1. 
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Repository

Prio R1 Release 1

Release 2Prio R2

 
Figure 9 – Release planning 

3.3.4.1 Roadmaps 
Apart from the release plan it is considered a good practice to develop a product 

roadmap. The roadmap is a long term strategic plan which typically covers several 
releases that jointly fulfill the product’s mission (65). This long-term vision of the 
system lets developers prepare the system for future changes (40). Above all, it 
strengthens the link between business decisions and RE (66). However, this link is 
easily weakened if the roadmap is not continuously updated and refined (40) (66).  

3.3.4.2 EVOLVE 
EVOLVE is a method that supports release planning. Since its introduction in 

2003 (67) there have been three extensions; EVOLVE+ (68), EVOLVE* (69) and 
EVOLVEEXT (65). They all revolve around seven steps: 

1. Assign all stakeholders a relative importance, e.g. by using AHP. 

2. Each stakeholder shall assign a priority to each individual requirement. 

3. Estimate the required effort for realizing each requirement. The total effort 
for a release will thus be the sum of the efforts for each individual 
requirement selected for that release. 

4. Each requirement shall be attributed a risk factor between 0 and 1 through 
expert judgment. This way it is possible to balance the risk level among 
releases i.e. not collecting all high-risk requirements in the same release. 

5. Identify technical precedence constraints (i.e. requires dependencies) and 
coupling constraints (i.e. AND dependencies) so that requirements that 
must be preceded by others are not selected for an earlier release. 

6. Classify the requirements according to what type of resource they call for. 
The sum of efforts for requirements assigned to one resource may not 
exceed the capacity of that resource during that specific release. 
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7. Optimization of requirements selection through algorithms that simulate 
different selections for the release. 

3.3.4.3 Visualize Requirements 
Ruhe and Momoh (65) claim that the biggest challenge with release planning is to 

get an overview of dependencies between requirements. This challenge is also 
identified by Hermann (70) who proposes visualization of explains dependencies, i.e. 
requirements hierarchies, to facilitate release planning. Visualization also make it 
easier to spot extreme requirements i.e. requirements that are either highly dependent 
or have no dependencies (59). 

3.4 Requirements Validation 
The validation of requirements in MDRE can be divided into two practices; 

incomplete realization and internal validation. These two practices are described 
further in Table 13.  

Requirements validation techniques 

Practice Technique Description 
Acknowledged 
by 

In
co

m
pl

et
e 

re
al

iz
at

io
n 

Beta releases A beta release is a product release 
with limited functionality. This 
technique lets the developing 
organization get the product out on 
the market quicker and thereby get 
quicker validation of the product. 

(7) (37) (10) 

Prototyping A prototype is a draft of the intended 
product, in other words quite similar 
to a beta release. However, the 
prototype is not release to the market, 
it is only used for testing the product 
before releasing it. User groups (see 
section 3.1.6) can be used for this 
type of testing. 

(7) (37) 

In
te

rn
al

 v
al

id
at

io
n 

Expert 
opinion 

As experts within the organization 
can be used to elicit requirements 
from; the same people can be used to 
validate these requirements. 

(7) 

Validation 
against 
strategy 

Requirements can be validated 
against business and technical 
strategies to ensure that the 
requirements are aligned with the 
long-term objectives of the 
organization. 

(39) (71) 

Table 13 - MDRE Validation techniques 

In addition to the techniques presented in Table 13, techniques originating from 
Bespoke RE can be applied, as long as a representative customer has been identified. 
In some situations there are key-customers that can be used for this purpose (39). 

If a key-customer has been identified it is possible to use several complementary 
validation techniques which makes the validation broader and more reliable. However, 
this kind of reliance on key-customers can be hazardous. For example, it can be hard 
to maintain the relationship with key-customers and continuously get their input. 
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Moreover, the key-customer may not be representative to validate all requirements in a 
certain release (7) (40), leading to inadequate validation. Customer C in Figure 10 
would for instance not approve the requirement that shall be validated. However, a 
majority of the customers within that market segment would approve it, which makes 
it a valid requirement. 

Customer C

Customer B

Customer A

Market 
Segment

Requirement 
to validate

 
Figure 10 – Requirements validation in MDRE 

 The use of internal validation techniques, especially the use of expert opinions, is 
especially important when having larger amounts of invented requirements (7). 
Accordingly, the people who invented the requirements are also the people that are 
supposed to validate them. 

3.5 Requirements Management 
In MDRE, many researchers discourage the use of document-based specifications 

and encourage the use of databases for storing requirements (7) (10) (72). One reason 
for this is that requirements in MDRE need to be managed individually rather than in 
specifications, as requirements are not strictly dedicated to a specific development 
project (73). Another reason is that the number of requirements is typically large and 
continuously growing (74) (37) (75).  

3.5.1 State Models 
As requirements are managed individually in MDRE, recording the status of each 

requirement and thereby connecting the requirement to the overall development 
process is important. This is achieved through the use of state models which make the 
requirements easier to control and trace (11) (76) (7). This type of traceability will 
henceforth be referred to as ‘internal traceability’. An example of a requirements state 
model is illustrated in Figure 11. 

Discarded

Specified Analyzed Planned Realized Verified Released

Figure 11 – State model2 

2 Inspired by; (7) (11) (76) 
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3.5.2 Requirements Specification 
Requirements are often specified using attributes. The benefits of using attributes 

are (7); better filtering possibilities, more uniform specification, level of detail 
assurance and enablement of internal traceability. 

Some examples of attributes (collected from (74) and (73)) are presented in Table 
14. It is up to the organization to choose which ones that best fit their needs. Ideally, 
all attributes should be used as they all convey important information. Using many 
attributes does however become very unpractical and is likely to have a negative effect 
on the overview of the requirement (54). Instead, organizations should try to use the 
most important attributes and keep in mind that requirements need only be ‘good 
enough’. 

Requirement attributes 
Attribute Description 
ID A unique identifier 
Title A few words that identifies the requirement 
Description A more detailed description of the requirement 
Rationale The benefit the requirement brings for the developer and/or the 

customer/user 
Risk Records the risks associated with the requirement. 
Comments Provides the possibility to add extra comments to the requirement 

for better knowledge transfer. 
Source States where the requirement originally came from. 
Issuer The person who suggested the requirement 
Status The current status of the requirement in the development process. 
Priority The priority of the requirement 
Intended user States who the requirement is for, e.g. which market segment it 

targets. 
Dependencies States the requirement’s relation to other requirements. This 

attribute could be split in two; one for each direction of the 
dependency. 

Estimation The estimated development time/cost for the requirement. 
Test A link to the requirement’s corresponding test case. 
Version The version of the requirement that may offer the possibility to 

view changes that have been made to the requirement. 
Last changed Reveals the date when the requirement was last changed. 
Requirements 
owner 

Identifies the person that owns and thus is responsible for the 
follow-up of the requirement. 

Requirements 
manager 

Identifies the product manager responsible for stating, abstracting 
and refining the requirement when using RAM. 

Reject reason Should help document why a requirement was rejected if that was 
the case. 

Due date States the deadline for the requirement.  
Creation date States the date the requirement was created. 

Table 14 - Requirement attributes 

3.5.2.1 Requirements Abstraction Levels 
In MDRE, requirements typically arrive on different levels of abstraction 

depending on the source (74). Requirements stated on a high level of abstraction can 
be difficult for developers to interpret and thereby difficult to verify once they have 
been implemented (19) (74). Yet, they do express expectations a stakeholder has on 
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the system and should therefore not be neglected (19). Furthermore, requirements on 
different levels of abstraction should be treated differently in the prioritization process, 
as discussed in section 3.3.2. 

Gorschek and Wohlin (74) present a model for dealing with a continuous inflow of 
requirements on different levels of abstraction called the Requirements Abstraction 
Model (RAM). RAM identifies four levels of abstraction that have some similarities 
with the levels acknowledged by Lauesen (19)(see section 2.4.2.1) (74): 

• Product-level – requirements that have more in common with goals than 
traditional requirements, they are for instance seldom unambiguous and 
testable. The goal-like nature of these requirements makes them 
comparable to product strategies (e.g. product roadmaps) which is the 
main motivation for using these requirements.  

• Feature-level – requirements that express features the product supports. 
Requirements on this level can typically be communicated across 
functional boundaries. 

• Function-level – on this level the requirements are unambiguous and 
testable, thus typically concrete enough to be left to development.  

• Component-level – a requirement on this level can either be a further 
refinement of a function-level requirement or a possible solution to the 
same. 

The above stated notation for abstraction levels will, from hereon after, be used 
throughout the thesis when discussing abstraction levels. 

RAM incorporates two crucial steps (74): 

1. Abstraction – A new requirement, on feature-level or lower, shall be 
abstracted all the way to product-level so that there is a link between the 
lower-level requirement and the product-level requirement. This is done 
either by linking it to existing higher-level requirements or by specifying 
new ones. This way the incoming requirement is indirectly comparable to 
product strategies. 

2. Refinement – All new requirements, incoming or created, shall be broken 
down to function-level, again either by specifying new requirements or by 
linking them to existing requirements. These function-level requirements 
shall now together provide a good enough ground for realization of the 
higher-level requirement to which they pertain. 

Gorschek and Wohlin further explain these steps with an example, using the 
requirement; “Support multiple languages” (74): 

1. Abstraction – This requirement is classified as a feature-level requirement. 
Therefore it must first be abstracted to product-level. This is achieved by 
specifying a new product-level requirement; “Support international 
usability”. 

2.  Refinement –The incoming feature-level requirement is then refined to 
function-level requirements: 

a. “Choose language during system operation.” 
b. “Help functions displayed in the right language.” 
c. “Addition of languages to the system.” 

When performing the abstraction it is important not to deviate too much from the 
intention of the incoming requirement as this may lead to overwork (74).  
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3.6 Post Release Analysis 
Release planning and requirements selection is, as mentioned earlier, a very 

complex and extremely important task. As such, it is a task that needs to be 
continuously monitored and improved. There are a few methods available that 
accomplish this. 

3.6.1 PARSEQ 
The Post-release Analysis of Requirements SElection Quality (PARSEQ) method 

was proposed by Karlsson et al in 2003 (77). PARSEQ is a method used to evaluate 
the selection of requirements after they have been implemented and released. The 
method assumes that the organization keeps a database with requirements that have 
been cost and value-estimated (77). The first step of the method is to select a sample of 
requirements that have been both included and excluded from a certain release. The 
sample requirements’ cost and value are then re-estimated. This re-estimation is likely 
to be more accurate as it can be based on facts. Based on these new values the sample 
requirements are re-prioritized. If the re-prioritization is dissimilar with the original 
prioritization, the selection was obviously incorrect. A root cause analysis is then 
performed based on the discrepancies between the two prioritized lists of 
requirements. The result from this analysis is then used as a basis to elicit process 
improvement proposals from.  

3.6.2 Analytical Model for Requirements Selection Quality Evaluation 
Based on queuing theory, this analytical model offers a way to allocate resources 

to different phases of the RE process in hope of increasing selection quality and reduce 
requirements overload. In order to achieve this, values can either be collected post-
release or through estimation. The model has the following four objectives (43):  

• Requirements selection quality – The model recognizes four types of 
requirements: 

1. Those correctly selected for release. 
2. Those incorrectly selected for release. 
3. Those correctly rejected for release. 
4. Those incorrectly rejected for release. 

It is of course desirable to maximize the number of correct decisions i.e. 
requirements of type 1 and 3 and minimize the number of incorrect 
decisions i.e. requirements of type 2 and 4. 

• Mean Time To Market (MTTM) – by calculating the time it takes for a 
requirement to pass through each phase it is possible to determine the 
efficiency of the RE process i.e. the time it takes from a requirement has 
been issued until it has been implemented and released. 

• Mean Response Time (MRT) – MRT is defined as the mean time it takes to 
inform an issuer whether or not a requirement has been accepted for 
implementation. By knowing the arrival rate of requirements, the capacity 
in each phase (where a requirement can be rejected) and the likelihood that 
requirements will be rejected in each respective phase, it is possible to 
determine the MRT.  

• Requirements engineering Effort Share (RES) – By recording the person-
hours it takes for a requirement to pass through the RE process and the 
person-hours it takes to realize a requirement it is possible to determine 
the share of effort spent on RE. 
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3.6.3 Customer Value Analysis 
Customer value analysis is a tool used in order to understand what the customer 

really values in a specific product, in relation to competitors’ products. Value in this 
case can be defined as the tradeoff between customer perceived quality and the 
customer perceived price (78).  

There are several frameworks and models created with the purpose of customer 
value analysis. One proposed framework is created by Gale (79). In this framework a 
market quality profile is developed by identifying the key buying factors for a product. 
The customers are then asked for the importance-weight of these factors by using 
cumulative voting (see Table 8). Secondly, the responders rate how well the product 
and competitor’s products delivers on each quality attribute on a 10-point scale. 
Finally, a mathematical model is applied to analyze the answers and the outcome is 
used to determine the quality ratio of each product and company on the market.  

By performing a customer value analysis it is possible to understand what the 
customer likes and values. With this understanding it is possible for an organization to 
develop a product that meets customer expectations. Furthermore, the analysis 
provides an opportunity to see how the product shall be differentiated, in relation to 
competitors’ products. 

3.6.4 Gap Analysis 
A gap analysis is done in order to identify gaps between what the product offers 

and what the customers want it to offer. This comparison results in one of two gaps; a 
positive gap or a negative gap. With a positive gap, the product offers more than 
needed and with a negative gap the product delivers less than what the customer 
expects. 

The first step in the GAP analysis is to define the marketplace for the product and 
the key-customers within that market. Secondly, these key-customers are polled in 
order to get information about current position and the gaps needed to be filled (42). 
The third step is to assess the current state of the product, e.g. growth potential and 
competitive advantage. This can be done with a Boston Matrix3. 

To verify the result from the assessment and to create strategies for strengthening 
the product, surveys are created for the key-customers. The surveys are tailored for 
every key-customer but handle matters like how to differentiate the product or how to 
expand distribution intensity (42). The information from the surveys results in a 
SWOT4 analysis. The SWOT analysis is then the base for developing strategies that 
maximize the strengths and opportunities and minimize the weaknesses and threats 
(42).  

A gap analysis results in a thorough analysis of what the customer think about the 
product, presented in a SWOT analysis. Based on this analysis, it is possible to 
determine what to improve in the next release of the product. 

3  A Boston matrix is a 2x2 – matrix showing product growth and market share. This is useful when 
determining in which phase a product is in its lifecycle and hence in setting strategies for products.  
4 A SWOT analysis displays the strengths, weaknesses, opportunities and threats for a product. From 
this analysis strategies for the product can be set.  
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4 BESPOKE RE VS. MDRE 
The two preceding chapters have presented Bespoke RE and MDRE respectively 

without relating them to each other. The purpose of this chapter is to compare the two 
and identify their differences and similarities. General differences are described in 
Table 15, whilst differences relating to the phases are described in section 4.1. 
Together, the table and section 4.1 fulfill objective a and b, thereby they also partly 
answer research question 1 and fully answer research question 2.  

Section 4.2 presents some challenges that are unique or at least more serious in 
MDRE. These challenges are in many cases a result of the differences presented in 
Table 15. The relations between the differences and challenges have been mapped in 
Table 17, thereby finalizing the answer to research question 1. 

Fundamental Differences 
ID Area Bespoke RE MDRE 
D.1 Stakeholding The number of internal 

stakeholders is low and 
the external stakeholding 
(buyer) is limited to one 
organization (5) (19). 

The number of internal 
stakeholders is typically 
large (66). The number of 
external stakeholders is 
also typically large. 

D.2 Schedule 
constraints 

Time of delivery is agreed 
upon with the customer 
(5) (19). 

Time of delivery is set to 
when the requirements best 
fit a market-window (76). 

D.3 Initiation RE process commence 
when customer and 
developing organization 
come to an agreement 
(19).  

RE process is continuous 
and release projects are 
initiated based on the 
requirements or fixed 
release dates (76) (73).  

D.4 Product Lifecycle  Development followed by 
maintenance (7). 

Product is delivered in 
increments through 
successive releases (7). 

D.5 Objective Contractual fulfillment 
(4). 

Deliver a product that 
generates the most revenue, 
by satisfying a larger 
market share (1) (2) (3).  

D.6 Specification Typically document-
based and used as a 
contractual document 
(27). 

Requirements are managed 
individually, typically in a 
database (73) (76). 

Table 15 – Fundamental differences between Bespoke RE and MDRE 
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4.1 Differences and Similarities in Phases 
The purpose of this section is to compare practices and techniques in Bespoke RE 

and MDRE. As shown in Figure 12, a phase has a set of practices and a practice has a 
set of possible techniques that can be used to carry out that practice. The figure also 
shows that there is an overlap in; phases, practices and techniques, meaning that they 
are applicable in both Bespoke RE and MDRE.  

Bespoke RE MDRE

Phases

Practices

Techniques
 

Figure 12 – Bespoke RE vs. MDRE, phases, practices and techniques 

As previously stated, Bespoke RE and MDRE both revolve around the same 
phases, implicitly implying that some of the same practices are used and thus some of 
the same techniques. Which phases, practices and techniques that the two have in 
common and which are unique are presented in Table 16 below. This table partly 
serves to fulfill objective c. The table is organized as follows: 

Each phase is introduced with a new row in dark-grey and the name of the phase in 
italic.  The practices belonging to each phase are presented in the column to the far 
right. The next column presents the techniques belonging to a certain practice. If the 
technique is applicable in both Bespoke RE and MDRE it is checked with an ‘A’. If it 
is questionable whether or not a technique can be applicable or if there is some sort of 
prerequisite this is checked with an ‘(A)’. A technique can only originate from either 
Bespoke RE or MDRE, this is checked with an ‘O’ in the appropriate column. 

An example; ‘requirements gathering’ is a practice belonging to the ‘Elicitation’ 
phase. One technique for practicing ‘requirements gathering’ is ‘Interviews’. 
Interviews were first used in Bespoke RE i.e. the technique originates from Bespoke 
RE and is therefore logically applicable there. The technique is also applicable in 
MDRE but under a constraint; you must first identify and select the person or group to 
interview. The result is illustrated in Figure 13. 

 
Figure 13 – Example of comparison table 
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Practice Technique B
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n Key-customer 
identification 

 A 
O 

This is not necessary in Bespoke RE as there 
is typically only one customer. 

End-user 
identification 

A 
O 

A End-user identification is equally important 
in Bespoke RE and MDRE. In MDRE, it may 
however have to be preceded by a 
determination of the market segment (1). 

Internal 
stakeholder 
identification 

A 
O 

A In MDRE, the number of internal 
stakeholders is typically larger than in 
Bespoke RE (66) which makes this technique 
even more important in MDRE. 

R
eq
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re

m
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 g

at
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g 

Interviews A 
O 

(A) The technique can be used in MDRE just as 
in Bespoke RE. However, in MDRE the 
stakeholder to interview must first be 
identified from a typically larger population. 

Observation A 
O 

(A) This technique typically identifies tacit 
requirements. This is of course important in 
both a Market-Driven context and a Bespoke 
context (17) (8). Just as with interviews the 
observation does however have to be 
preceded by an identification of the 
stakeholder to observe. 

Prototyping A 
O 

(A) This elicitation technique is seen as the most 
important in MDRE (1). In Bespoke RE the 
prototype is evaluated by stakeholders from 
the customer organization. In MDRE these 
stakeholders must be selected and be 
representative of the market. 

Demonstration A 
O 

A This is a common elicitation method in 
MDRE where products are often 
demonstrated on fairs to potential customers 
(1) (14) (73). Key is to record the feedback 
from these customers after the demonstration. 
Demonstrations can of course be applied in 
Bespoke RE as well. 

Brainstorming 
sessions 

A 
O 

A In Bespoke RE, brainstorming sessions can 
be held with customers to elicit accurate 
requirements. In a Market-Driven situation 
the technique can be applied, only the 
customers must first be identified (46). This 
technique can also be used with only internal 
stakeholders for requirements innovation.  

Requirements 
reuse 

A 
O 

A In Bespoke RE, requirements can be reused if 
several customers have similar requirements. 
This kind of reasoning is central in MDRE. 
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Through market segmentation, requirements 
can in a way be reused for several customers. 
Requirements reuse is also desirable in 
product families (73).  

Extraction 
from 
documentation 

A 
O 

A This technique was presented in section 2.1.2 
where documentation was defined as; 
customer specific documents. This type of 
documents may not be appropriate for 
analysis in a MDRE situation. There are 
however other documents that can be 
reviewed in MDRE, e.g. trade magazines, 
competitor product specifications and 
benchmarks (41). 

Surveys A 
O 

A In Bespoke RE, surveys are used, within the 
customer organization, to obtain quantitative 
information, e.g. statistical evidence for 
specific requirements. This is of course also 
very useful in MDRE and is often part of a 
market analysis (1). 

Scenarios A 
O 

(A) In MDRE, scenarios can only be applied after 
stakeholder identification. The procedure is 
the same as in Bespoke RE i.e. performed by 
the actual customer. 

Business case 
analysis 

A 
O 

A The objective behind a business case analysis 
is different in MDRE and Bespoke RE. In 
MDRE the business case analysis focuses on 
the developing organization. The analysis 
shall determine if there is a business case for 
the product. In Bespoke RE, the analysis 
concerns the business value for the customer 
(18). The analysis shall therefore determine if 
the product will fulfill the customer needs. 

Market 
analysis 

 A 
O 

This technique is basically only necessary in 
MDRE where market trends and competition 
is of high importance (80).  

Personas  A 
O 

As potential end-users are not as accessible 
in MDRE as in Bespoke RE, personas can be 
used as a complement to interviews and 
observation of actual users (1) (16).  

Product 
reviews 

 A 
O 

This technique elicits requirements from 
competitor analysis which is not as necessary 
in Bespoke RE as in MDRE. 

Gap analysis A A 
O 

A gap analysis is typically used in MDRE to 
identify missing features (42). It can just as 
well be used in Bespoke RE to determine 
which requirements that can be reused from 
other customers. 

Customer 
Value 
Analysis  

 A 
O 

Customer Value Analysis is mostly used to 
improve existing requirements. In MDRE 
this is achieved through consecutive releases. 
This process is not part of Bespoke RE; 
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hence the technique is not applicable. 
Expert opinion A A 

O 
Internal stakeholders can be used in Bespoke 
RE to elicit more technical requirements. In 
MDRE, it is however a very important source 
as they can increase innovative requirements 
(38) (43) (11). 

Identification 
of domain 
constraints 

A 
O 

A This technique can be applied in both RE 
approaches as regulations and legislations 
have an impact on both types of products. 

Definition of 
operational 
processes 

A 
O 

A This technique is easier to apply in Bespoke 
RE than in MDRE as there is only one 
customer’s process the system must support. 
For this to be applicable in MDRE 
commonalities in several processes must first 
be identified, and then generalized to a 
standard process.  

Analysis and Negotiation 

Practice Technique B
es

po
ke

 

M
D

R
E 

Comments 

D
ep

en
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y 

- a
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s 

Pair-wise 
comparison 
through 
interaction 
matrix 

A 
O 

 This technique is very time consuming and 
highly sensitive to large numbers of 
requirements (59). As such, it is not 
preferable to use in MDRE. 

Text 
processing 

A A 
O 

This technique does not identify all existing 
dependencies but it is better than no 
dependency analysis (61). The technique is 
not sensitive to large numbers of 
requirements which makes it suitable for 
MDRE. It can also be used in Bespoke RE if 
the number of requirements is large. 

Requirements 
hierarchies 

A A 
O 

Requirements can be arranged hierarchically 
both in Bespoke RE and MDRE. 

Identification 
of extremes 

A A 
O 

Extremely dependent requirements are likely 
to exist both in Bespoke RE and MDRE. The 
technique is therefore applicable in both 
situations. Research has shown that 
functional dependencies are more common in 
Bespoke RE whereas value dependencies are 
more common in MDRE (59).  

Pr
io

rit
iz

at
io

n 

AHP A 
O 

 AHP requires pair-wise comparison, a 
technique that is very sensitive to larger 
numbers of requirements (29). This makes 
the technique unsuitable for MDRE. 

Planning game A 
O 

(A) This technique can handle large amounts of 
requirements. The granularity is however 
very low, which may make requirements 
selection in MDRE difficult. 
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Cumulative 
Voting 

A 
O 

 This technique is also sensitive to large 
numbers of requirements (57) which makes it 
unsuitable for MDRE. 

Hierarchical 
Cumulative 
Voting 

A A 

O 
Hierarchical Cumulative Voting is designed 
to better handle a large number of 
requirements than traditional Cumulative 
Voting. This makes it suitable for MDRE 
without making it less suitable for Bespoke 
RE. 

Ranking A 
O 

(A) As this technique is unsuitable for several 
stakeholders it is in general not applicable in 
MDRE. 

Urgency and 
importance 

A 
O 

(A) This technique processes requirements 
individually and then classifies them into 
four categories. This approach can handle 
large numbers of requirements but the 
granularity is low which cripples 
requirements selection. 

Wiegers’ A 
O 

A The requirements are processed individually 
which makes it suitable for large numbers of 
requirements. The wide scale and the larger 
number of aspects to grade ensures fine 
granularity. This facilitates requirements 
selection. 

Grouping A 
O 

(A) The technique can handle large numbers of 
requirements but the granularity is low. 

Ea
rly

 c
la

ss
ifi

ca
tio

n 

Triage A A 
O 

Triage can be used to focus effort on the 
requirements that are questionable instead of 
those that are certain or obvious rejections 
(7). This can be helpful in both Bespoke RE 
and MDRE. It is however more useful in 
MDRE where it reduces the risk of 
requirements overload.  

REPEAT A A 
O 

Requirements are either eligible for inclusion 
or rejected directly. If used in MDRE, it will 
reduce the number of requirements to 
process, thereby lessening the risk of 
requirements overload (11). If used in 
Bespoke, it can be useful in negotiations with 
customers. 

R
is

k 
A

na
ly

si
s 

Risk analysis A 
O 

A Risk analysis in Bespoke RE is useful as it 
reduces the risk of contractual breach. In 
MDRE the purpose is rather not to miss 
market-windows by having a more 
predictable development cycle (16). 

Identify key-
requirements 

A 
O 

A To identify key-requirements may be useful 
in both Bespoke RE and MDRE. This could 
for instance affect the selection process in 
MDRE. 
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 Use 
conceptual 
model 

A 
O 

A The use of this technique is not likely to be 
limited to Bespoke RE as documenting the 
interaction with the system can be just as 
useful in MDRE. 

 Identify 
metrics 

A 
O 

A To estimate the time between specification 
and release may be very useful in MDRE 
(43). This may help predict whether or not 
the requirement will hit a market window or 
not.  

 Allocation in 
design 

A 
O 

A As long as some type of design practices are 
used in development, this technique is 
applicable. The use of design practices is not 
limited to Bespoke RE, thus it is also 
applicable in MDRE. 

 Use of 
checklist and 
conflict plans 

A 
O 

A The use of formalized practices such as these, 
is not dependent on the RE approach. It is 
therefore applicable in both Bespoke RE and 
MDRE. 

 Define system 
boundaries 

A 
O 

A This technique is used to determine which 
requirements that shall be rejected based on 
the scope of the system. This technique could 
thereby be used to support the practice ‘Early 
classification’ which is applicable in both 
Bespoke RE and MDRE. 

 Classify 
requirements 

A 
O 

A Classification of requirements is useful when 
finding dependencies between requirements. 
It is therefore useful in both Bespoke RE and 
MDRE. 

Validation 

Practice Technique B
es

po
ke

 

M
D

R
E 

Comments 

In
sp

ec
tio

n/
 R

ev
ie

w
 

Pre-check of 
requirements 

A 
O 

A An initial check of requirements before 
further processing is likely to be very useful 
in MDRE as requirements come from several 
sources. 

Requirements 
inspection 

A 
O 

A Requirements inspections are useful, in both 
Bespoke RE and MDRE, for verification and 
validation purposes (7). 

Requirements 
specification 
review 

A 
O 

(A) In MDRE, the requirements are usually 
processed individually. This technique 
focuses on the whole set of requirements. 
However, the technique can be applied when 
the requirements have been assigned to a 
specific release and thereby more locked to a 
specification.  

Write test-
cases 

A 
O 

A This technique is applicable in any 
development where testing is performed. 
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R
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Prototyping A 
O 

A This technique can be applied in both 
Bespoke RE and MDRE.  

Simulations A 
O 

(A) Simulations can be applied in both Bespoke 
RE and MDRE. If customers shall validate 
the simulation, in MDRE, they must first be 
identified. 

Demonstration A 
O 

A Demonstrations are very similar to 
prototyping, thus it is applicable in Bespoke 
RE as in MDRE. In MDRE it can be used in 
trade shows, whereby it will not require 
customer identification in the same way as 
prototyping. 

Beta release  A 
O 

As a beta release is a more comprehensive 
prototype which is released to a market for 
validation, it is only useful in MDRE. 

In
te

rn
al

 V
al

id
at

io
n 

Write user 
manual 

A 
O 

A To write a user manual, with the purpose to 
validate requirements, is applicable in both 
Bespoke RE and MDRE 

Conceptual 
model 
validation 

A 
O 

A If conceptual models have been used during 
the analysis and negotiation phase it can also 
be used for validation purposes. Since it was 
applicable to both Bespoke RE and MDRE 
during the analysis and negotiation phase, so 
is the case during validation. 

Expert opinion  A 
O 

In MDRE, requirements can be elicited from 
internal sources, when this happens the 
requirements should be validated by the same 
sources (7). As internal sources are not used 
in Bespoke RE this technique is not 
applicable there. 

Strategy 
validation 

 A 
O 

Requirements can be validated against 
product strategies. Product strategies are not 
likely to be as common in Bespoke 
development as the product is produced for 
one customer. The technique can therefore 
not be considered applicable in Bespoke RE.  

Analyze risks A 
O 

A Through risk analysis the requirements are 
analyzed more thoroughly and thereby 
indirectly validated. As risk analysis is 
applicable in both Bespoke RE and MDRE, 
so is this technique. 

Fo
rm

al
iz

at
io

n 
of

 p
ro

ce
ss

 Use checklist A 
O 

A The use of formalized practices such as these, 
is not dependent on the RE approach. It is 
therefore applicable in both Bespoke RE and 
MDRE. 
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Management 

Practice Technique B
es

po
ke

 

M
D

R
E 

Comments 
Tr

ac
ea

bi
lit

y 
Backward 
traceability, 
through source 
and rationale 

A 
O 

A To be able to back track can be useful in both 
Bespoke RE and MDRE. The technique can 
also be used in both cases. The rationale may 
be extra useful in MDRE for selection 
purposes. 

Backward 
traceability 
through 
comments in 
design or code 

A 
O 

A To be able to back track to requirements can 
be useful in both Bespoke RE and MDRE. 
The technique can be used in both cases. 

Forward 
traceability 
through 
comments 

A 
O 

A To be able to trace a requirement from its 
specification to its realization can be as 
useful in MDRE as in Bespoke RE. This is 
also the case if a source (i.e. a document) 
shall be traced to its specified requirement. 

Dependency 
traceability 

A 
O 

A Documenting dependencies is even more 
important in MDRE as more requirements 
are likely to be either rejected or postponed 
to a future release. 

Internal 
traceability 
through state 
models 

A A 
O 

Internal traceability is extra important in 
MDRE as requirements are managed 
individually, it can however just as well be 
applied in Bespoke RE. State models are an 
excellent way to manage internal traceability.  

C
ha

ng
e 

m
an

ag
em

en
t 

Change 
control board 

A 
O 

A The use of change control boards is not likely 
to be affected by any of the distinguishing 
features in MDRE. Thus, if it is applicable in 
Bespoke RE it is probably just as applicable 
in MDRE. 

Change 
requests 

A 
O 

A Change requests can be equally useful in 
MDRE as in Bespoke RE. 

Establish 
Change 
management 
policies 

A 
O 

A Formalized procedures are as usable in 
MDRE as in Bespoke RE. 

Identify 
volatile 
requirements 

A 
O 

A This technique is applicable in both Bespoke 
RE and MDRE. It is probably even more 
important in MDRE where requirements 
have a higher tendency to change (37). 

Record 
rejected 
requirements 

A 
O 

A By recording previously rejected 
requirements it is possible to dismiss similar 
requirements when they appear more 
efficiently. This is even more important in 
MDRE as requirements overload is a 
common challenge. 
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Inconsistencie
s between 
requirements 
and project 
plans 

A 
O 

A Controlling the change management practice 
is equally applicable and useful in MDRE as 
in Bespoke RE. 

To
ol

 su
pp

or
t 

Database 
repository 

A 
O 

A To use a database for storing requirements is 
very common in MDRE as requirements are 
managed individually rather than in 
specifications. 

Electronic 
change 
requests 

A 
O 

A This technique can be applied in both 
Bespoke RE and MDRE. It is more efficient 
than paper based change requests which may 
be extra useful in MDRE where change 
requests are more frequent (10). 

R
eq

ui
re

m
en

ts
 S

pe
ci

fic
at

io
n State 

requirements 
on different 
abstraction 
levels  

A 
O 

A To state requirements on different levels of 
abstraction can be useful in both Bespoke RE 
and MDRE. The purpose of doing so is 
however somewhat different. In Bespoke RE 
the main reason is to raise understandability 
(19). Whereas in MDRE the reason is that 
requirements arrive at different levels and 
should not be neglected just because of it 
(74). 

Use attributes 
when stating 
requirements 

A 
O 

A Using attributes when specifying 
requirements is just as beneficial in MDRE 
as in Bespoke RE. Which attributes that are 
needed may however differ. 

Post-Release Analysis 

Practice Technique B
es

po
ke

 

M
D

R
E 

Comments 
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st
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PARSEQ  A 
O 

As release planning is only applied in MDRE 
the analysis of its performance can only be 
applied in MDRE. 

Analytical 
Model for 
Requirements 
Selection 
Quality 
Evaluation 

 A 
O 

As release planning is only applied in MDRE 
the analysis of its performance can only be 
applied in MDRE. 

CVA  A 
O 

As release planning is only applied in MDRE 
the analysis of its performance can only be 
applied in MDRE. 

Gap analysis A A 
O 

It is possible to use a gap analysis to 
determine if requirements can be reused from 
previous Bespoke products in Bespoke RE.  

Table 16 – Comparison of phases, practices and techniques 
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4.1.1 Elicitation 
From the comparison table above it can be established that all elicitation 

techniques that originate from Bespoke RE can be applied in MDRE, under the 
condition that customers are first identified. It is however worth mentioning that 
requirements elicitation in MDRE calls for more of a proactive work approach, rather 
than the reactive approach applied in Bespoke RE (11) (38). In Bespoke RE, the 
developing organization typically follows the direction set by the customer. 
Requirements that adhere to customers’ demand in this way are referred to as market-
pull requirements in a Market-Driven context (7). In a Market-Driven situation this 
reactive thinking may be harmful. The developing organization should rather try to, act 
in a proactive way and create innovative requirements that the market will ask for in a 
near future (35). These types of innovative requirements that are not presently 
demanded by the market are referred to as technology-push requirements (7). The 
process shall still be able to handle a continuous flow of both market-pull and 
technology-push requirements. 

The reason why the RE process needs to be continuous in MDRE is showed in 
Figure 14. The figure shows how requirements are missed only because they are not 
caught by the RE process. 

Project Initiated RE Process

Continuous RE Process

RE 
Process 

1
Realization 1

RE 
Process 

2
Realization 2

Requirements Sources

Development 
Project A

Development 
Project B

Development 
Project C

 

Figure 14 – Continuous vs. project initiated RE process5 

4.1.2 Analysis and Negotiation 
The comparison table clearly shows that the biggest affecting factor when it comes 

to applicability of techniques in MDRE is the number of requirements that need to be 
analyzed. The comparison also shows that some prioritization techniques are 
questionable in MDRE due to the level of granularity they present. 

It is important to keep in mind that the purpose of this phase differs in MDRE and 
Bespoke RE. In MDRE the purpose of the phase is to support release planning, where 
as in Bespoke RE the purpose is to ensure that you will be able to fulfill the contract 
with the customer. Hence, the only truly unique and mandatory practice that needs to 

5 Inspired by (74) and (73) 
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be introduced when shifting from Bespoke RE to MDRE is release planning, which is 
the answer to research question 3. 

4.1.3 Validation 
As it appears, the difference in validation procedures is derived from the difference 

in stakeholding. In Bespoke RE, the requirements are mainly validated by the 
customer whereas in MDRE requirements are often validated internally. When 
requirements are validated by customers, the only identified constraint to using 
Bespoke RE validation techniques in MDRE is to first identify a representative set of 
customers. 

4.1.4 Requirements Management 
The selection of individual requirements for releases makes the document-based 

requirements specification approach unsuitable for MDRE (10) (75). This is often 
replaced by a database approach, which is also applicable in Bespoke RE. Only, 
Bespoke RE does not have as much to gain from a database driven approach to 
requirements management as MDRE. 

As Market-Driven development addresses the changing needs of a multitude of 
customers, these projects are likely to involve more change requests than traditional 
Bespoke development projects where there is only one customer’s wishes that are 
subject to change. One study has showed that two thirds of all change requests in a 
Market-Driven development project are of a commercial nature as opposed to one 
third which were technical (81). 

4.1.5 Post-Release Analysis 
The purpose of the post-release analysis is to evaluate the requirement selection 

quality.  The requirement selection activity is unique to MDRE, thus an analysis of the 
activity is not applied in Bespoke RE. It could however be a good idea to evaluate the 
contractual fulfillment/customer satisfaction after delivery in a Bespoke situation. The 
literature study has however not shown any signs of such an activity. 

4.2 Challenges with MDRE 
MDRE offers many challenges to organizations that are not found in Bespoke RE. 

Furthermore, some of the challenges found in Bespoke RE also apply in MDRE, only 
more serious. The challenges that have been identified are presented in Table 17 and 
further described in the following subsections (4.2.1 to 4.2.5). The presented 
challenges originate from the differences between Bespoke RE and MDRE, presented 
in Table 15. 

Challenges with MDRE 
ID Challenge Causing difference 
c1 Stakeholding D.1 

c1.1 Remote customers D.1 
c1.2 Internal stakeholding D.1 
c1.3 Different levels of abstraction D.1 

c2 Gap between departments D.1 
c3 Requirements volatility D.1, D.4, D.5 
c4 Release planning D.1, D.2, D.4, D.5 

c4.1 Prioritization D.1, D.2, D.4, D.5 
c4.1.1 Prioritizing stakeholders D.1 
c4.1.2 Prioritizing market segments D.1, D.5 
c4.1.3 Market-pull vs. Technology-push D.1, D.5 

c4.2 Requirements dependencies D.4, D.5 
c4.3 Time-to-market D.2, D.5  
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c4.4 Resource allocation  D.4 
c5 Continuous flow D.4 

c5.1 Requirements overload D.1, D.4 
c5.2 Internal traceability D.4, D.6 
c5.3 Duplicate requirements D.1, D.4 

Table 17 – Challenges with MDRE 

4.2.1 Stakeholding 
In Bespoke RE, development is typically based on a contractual agreement where 

the financial risk is often shared by the customer and the developer (66). In MDRE 
there is no such contract which means that the developing organization takes on the 
entire financial risk (66) (82). 

4.2.1.1 Remote customer 
The product coming from Market-Driven development is aimed for a market with 

a multitude of potential, sometimes unidentified, customers. These customers are often 
more remote and inaccessible than in Bespoke RE. The remote customers (c1.1) are 
extra challenging when eliciting and validating requirements. The reason being, that 
the customers must first be identified. If the customers are not identified, elicitation 
and validation activities cannot be practiced directly on the customers but must be 
handled indirectly, e.g. through the marketing department. The challenge with 
identifying customers is to identify those that are the most representative of the market 
to avoid the problem depicted in Figure 10. 

4.2.1.2 Internal stakeholders 
Due to the challenge of stakeholding (c1) and the remote customer (c1.1), the 

primary stakeholder in MDRE is the developing organization itself (37) (10). 
Consequently, the number of internal stakeholders (c1.2) is typically larger and their 
influence over the requirements typically bigger than in Bespoke RE. As an outcome, 
elicitation and validation activities are often focused on these internal stakeholders. 
This is especially true when developing the first product release, as no customers are 
able to share experiences from using the product (36). In this case the developing 
organization must invent all the requirements themselves by letting internal 
stakeholders act as requirements sources, which can be challenging. 

4.2.1.3 Different levels of abstraction 
Requirements come from a diverse set of internal stakeholders (c1.2) with 

different background and expectations. As a result, the purpose, shape, level of detail 
and level of abstraction (c.1.3) of a requirement often differs depending on what 
source it comes from (74) (10). This makes the requirements very difficult to analyze 
as they are not equivalent.  

4.2.2 Gap between departments 
The different levels of abstraction (c1.3) also shows that there exists understanding 

gaps about RE among the internal stakeholders. Karlsson et al (10) have especially 
identified a gap between the marketing department and the developing department. 
The gap lies in how the two departments think a requirement should be written and 
what constitutes a “good” requirement (37) (10). For the marketing department a good 
requirement is one that generates money for the organization while a good requirement 
for the developers is one that is understandable and clear enough to implement.  
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4.2.3 Requirements volatility 
Due to the vast number of stakeholders (c1.1) and (c1.2), the chance that 

requirements change in MDRE is greater than when working with a well-defined 
customer (10) (37). Accordingly, dealing with a market is more risky as the market is 
more volatile by nature.  

Market factors affecting the requirements are; changing market demands, rougher 
competition and key-customers that do not know what they want (10) (37). This 
volatile nature of the requirements causes challenges in MDRE as the requirements are 
very hard to keep valid. A requirement that was validated two months ago may not be 
valid or interesting any longer as the market has fluctuated. This is related to the 
remote customer (c1.1), as requirements cannot be “locked” in the same way as in 
Bespoke RE. 

4.2.4 Release Planning 
The challenge with release planning (c4) in MDRE concerns selecting the optimal 

subset of requirements for release i.e. the ones that will generate the biggest revenue. 
This practice offers several challenges to the organization.  

4.2.4.1 Prioritization 
Prioritization (c4.1) is very difficult in MDRE, much due to the continuous flow 

(c5) of requirements (83). The continuous addition of requirements to prioritize 
demands a lot from the prioritization process, as it must be able to reevaluate the 
situation quickly. Challenge c5 also results in a vast number of requirements (c5.1) to 
prioritize, which reduces the number of applicable prioritization techniques as many 
are sensitive to large numbers of requirements. Yet, in order to select the truly optimal 
subset, the technique must provide fine granularity. Judging from the presentation in 
Table 16, handling large numbers of requirements and offering fine granularity is 
rarely compatible. 

The matter of stakeholding (c1) also makes the prioritization practice more 
challenging as one stakeholder may be more important than another (68) (30). Thus, 
the challenge of prioritizing stakeholders (c4.1.1) is introduced. The stakeholders may 
also belong to different market segments. Some of these market segments may be 
more important than others which introduce the challenge of prioritizing market 
segments (c4.1.2) (83) to ensure that the most profitable market segments are satisfied 
(or the least disappointed).  

Unfortunately, it is not enough to only listen to the requests of the market. A more 
proactive approach is to create innovative features to force on the market (technology-
push requirements) (1). This gives the developing organization a competitive edge, 
towards its competitors, which may attract new customers. However, if there is no 
adherence to the existing customers’ requests (market-pull requirements) these 
customers may turn to a competitor. The challenge is to find a balance between 
market-pull and technology-push (c4.1.3) (10). This is something that the prioritization 
process should preferably be able to handle.  

4.2.4.2 Requirements Dependencies 
Requirements dependencies (c4.2) is a challenge in Bespoke RE just as in MDRE. 

However, the fact that development in MDRE typically occurs incrementally causes 
even greater challenges as release planning is called for. When release planning (c4), 
it is extra important to consider requirements dependencies (c4.2) (68). If a 
requirement ‘requires’ another it may for instance not be placed in an earlier release 
(64). If there is a ‘conflicts with’ dependency between two requirements they cannot 
both be included (45) and so on. This later type of dependency is more frequently 
occurring in MDRE due to the number of stakeholders (c1.1) and (c1.2) (45). 
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4.2.4.3 Time-to-Market 
In Bespoke RE, the time of release is negotiated with the customer. In MDRE, 

there is no fixed customer (c1.1). Consequently, the time of release is decided by the 
developing organization. This decision should be based on at which moment it is the 
most strategically correct to release a feature/requirement. This moment of course 
depends on a lot of things, such as; market demand, competition, ‘first mover’s 
advantage’, the desired level of quality and so on. The time-to-market is typically short 
(84), which implies that it is more rewarding to get the product out on the market 
early, than to deliver a high-quality product (76). 

4.2.4.4 Resource Allocation 
Another challenge associated with release planning (c4) is resource allocation 

(c4.4) (65). It does not matter if the requirement has a high priority, no dependencies, 
and that the time-to-market is just right, if you do not have resources available to meet 
the release, the requirement cannot be included. Thus, keeping track of resources is yet 
another challenge associated with release planning (37).  

4.2.5 Requirements Flow 
As Market-Driven products are typically delivered in increments that are supposed 

to hit market-windows, the inflow of requirements should be continuous. Enabling this 
constant requirements flow (c5) is a challenge in itself (45), due to the number of 
stakeholders (c1.1) and (c1.2), but it can also cause other challenges. 

4.2.5.1 Requirements Overload 
The continuous inflow of requirements (c5) can easily cause requirements 

overload (c5.1), if the RE process is not prepared to handle large numbers of 
continuously incoming requirements (37) (74) (85). If the requirements are not 
handled, the situation can easily become unmanageable. Hence, the optimal set of 
requirements is not likely to be released (11) (12). 

4.2.5.2 Internal Traceability 
In MDRE, requirements are managed individually rather than in specifications as 

the question is not whether a requirement is ‘in or out’ but rather which release it 
should belong to. For this reason, each individual requirement should preferably be 
traced through the process, implying that the requirements internal traceability is a 
challenge (c5.2) (11) (7). If a requirement’s progress is not recorded it is more likely to 
be left in the repository unprocessed, which is likely to result in requirements overload 
(c5.1). 

4.2.5.3 Duplicate Requirements 
Due to the continuous requirements inflow (c5), the number of stakeholders (c1.1) 

and (c1.2)  and different shapes of requirements (c1.3) there is a risk for duplicate 
requirements (c5.3) (37) (71) (86), i.e. requirements stating the same thing. This 
unmotivated increase in requirements raises the risk for requirements overload (c5.1).  
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5 BESMART 
Chapter 4 showed that there are some differences when it comes to practices in 

Bespoke RE and MDRE. This implies that organizations will have to make changes to 
their current process if they wish to become more Market-Driven. Making changes to 
the development process may prove to be very costly (24). It is therefore important to 
evaluate how much the organization can gain from making these changes in order to 
determine the trade-off. They must also consider if they are at all capable of making 
the necessary changes. Usually, when organizations make these types of strategic 
decisions they try to analyze the environment in which they operate and their own 
potential. One tool for doing this is the SWOT analysis (87). One of the objectives 
with a SWOT analysis is to consider the opportunities and threats a decision may incur 
on the organization. In this case the decision whether or not to become more Market-
Driven. Another objective with the SWOT analysis is to discover the organization´s 
own strengths and weaknesses. The focus of the analysis is then more inward as the 
purpose is to evaluate the organization’s own abilities of fulfilling an objective. In this 
case the purpose is to evaluate how apt the organization’s RE process is for becoming 
more Market-Driven. 

This chapter presents a three-step framework (BESMART) for adapting a more 
MDRE process. The framework is based on the main characteristics of the SWOT 
analysis and the differences between Bespoke RE and MDRE. BESMART was 
developed iteratively and continuously refined during the systematic review of MDRE 
as the understanding of the subject increased. The framework was also continuously 
used at the case organization during its development.  

The remainder of this chapter is organized as follows: Section 5.1 presents the first 
step of BESMART, which is to evaluate the organizations potential to become 
increasingly Market-Driven. The step is based on identifying the opportunities and 
threats such a shift may pose. Section 5.2 presents the second step which is to assess 
the organization’s current RE process and its strengths and weaknesses from a Market-
Driven perspective. The purpose of the third and final step is to determine how to 
change the process in order to address the weaknesses and take advantage of the 
opportunities. This third step is presented in section 5.3. 

5.1 Step 1- Market-Driven Potential 
The question whether to engage in Bespoke development or Market-Driven 

development is not as black and white as it may have been previously presented. The 
first thing an organization that considers becoming more Market-Driven should try to 
answer is how much more Market-Driven they actually can and want to become. This 
consideration should be based on the unique opportunities and threats faced by the 
individual organization.  

This step is unique to BESMART as previous studies have not questioned whether 
or not a more Market-Driven development approach really is beneficial for all 
organizations. The solution could therefore not be found in existing RE literature. 
Instead, interviews and discussions with representatives from the case organization and 
a study of strategy management literature was used to identify 10 issues an 
organization needs to consider before deciding to make a product more Market-
Driven. These issues are presented in Table 18 and described further in section 5.1.1. 
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Issues to consider before shifting to a more MDRE process 
ID Issue 
i1 Market size 
i2 Segmentation 
i3 Segmentation expansion 
i4 Market trend 
i5 Requirements overlap 
i6 Product maturity 
i7 Domain knowledge 
i8 Stakeholding 
i9 Indirect gain 
i10 Customer value 

Table 18 – Issues  

The importance of these issues is likely to vary from organization to organization. 
It is therefore not possible to come to a decision solely based on the statistical result 
from the evaluation. If an organization would for instance identify six threats and 4 
opportunities, it does not necessarily mean that they should not strive to become more 
Market-Driven. The decision is rather left to each individual organization to make. The 
framework simply guides the organization to the aspects that need consideration. From 
these aspects it should be possible to come to a subjective conclusion whether or not a 
more Market-Driven approach is the right way to go. 

5.1.1 Description of Issues 
i1: Market size – The market size and how much of the market that the product 

currently covers need to be considered. This partly reveals the product’s potential of 
generating revenues. If the market only consists of a few key-customers it is also 
questionable if a more market-driven approach can really be profitable, due to 
economies of scale. A larger number of more anonymous customers does however call 
for more of a Market-Driven approach (76). These questions can and should be 
answered by performing a market analysis. 

i2: Segmentation – A Market-Driven product requires a somewhat homogeneous 
market as the purpose with a Market-Driven product is to satisfy the overlap among 
customers (88). The purpose of segmentation is therefore to identify the most 
homogeneous parts of the market i.e. those with the biggest overlaps. If this can be 
done easily, a more Market-Driven approach may be appropriate.  

i3: Segmentation expansion – Even if the currently targeted market segment does 
not show enough potential, there may still be reason to become more Market-Driven. 
The market segment that is currently targeted may for instance have great overlap with 
other segments that do show great potential. These new market segments should 
therefore be seen as opportunities (89). Figure 15 shows that Sweden and Europe have 
great overlap in requirements but to satisfy USA, the product needs to fulfill many 
more requirements. If Sweden is currently targeted, it may therefore be wise to target 
Europe next as the potential, as compared to cost of implementation, would be quite 
low. Thus segmentation expansion would be profitable.  
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Figure 15 – Market segments 

i4: Market trend – A forecast of the market in the near future may be useful input 
when deciding whether or not to become more Market-Driven as there is no point in 
releasing a product that targets a market that will soon be dead. This type of long-term 
planning is more important in Market-Driven development as the developing 
organization takes the entire financial risk, (c1).  

i5: Requirements overlap – This issue is similar to i2. The issue applies 
specifically to more Bespoke organizations in which it can be difficult to identify 
reusable requirements from different Bespoke products (90). It is possible to use a gap 
analysis to see to what extent the current customers’ requirements overlap. If there is a 
big overlap, there is an obvious chance for requirements reuse i.e. a more Market-
Driven approach.  

i6: Product maturity – Product maturity is to some extent related to market trend 
i4. If a product (that is somewhat Bespoke) is at the end of its lifecycle it is probably 
not a good idea to make it more Market-Driven. This effort should instead be spent on 
products with potential. It is therefore important to consider if the product is on the rise 
or on the way out, in other words; the product’s potential. 

i7: Domain knowledge – There may be great potential for innovation within the 
organization that does not come to its right in Bespoke development where 
requirements have to be negotiated with the customer. This type of innovative thinking 
is likely to arise when the developing organization holds great domain knowledge. The 
resulting innovations may provide a huge competitive advantage in a Market-Driven 
situation. The organization should therefore elaborate on their potential to produce 
innovative products as this is sometimes crucial in a Market-Driven environment. 

i8: Stakeholding – As discussed earlier one of the biggest differences between 
Bespoke development and Market-Driven development lies in stakeholding.  In 
Market-Driven development the developing organization takes all the financial risk. In 
other words if the product is not successful the organization cannot get their money 
back which in small organizations may lead to bankruptcy (91). The organization must 
evaluate whether or not this is a risk they are able to take. 

i9: Indirect gain – Apart from the obvious increase in profit, due to reuse of 
components, the organization need to evaluate which indirect gains they may 
experience as a result from becoming more Market-Driven. Customer support is for 
instance one area that is likely to be greatly affected by reuse of components. With 
Bespoke products, the organization must have maintenance and support procedures for 
every specific product. With many products and versions this is likely to become both 
complex and costly. Hence, the more components the customers have in common the 
less challenging it will be for the maintenance and support department.  
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i10: Customer value – It may be wise to try and see it from the customer’s point 
of view. What does the individual customer have to gain from purchasing software 
from an organization that is highly Market-Driven and above all, what does he have to 
lose.  

Shapiro and Varian (88) state that “information is costly to produce but cheap to 
reproduce”. This is also the case with software. Hence, customers can benefit from 
Market-Driven systems by sharing the cost of implementation. The price the customer 
has to pay logically depends on the number of customers that share the development 
cost but also the developing organization’s need for a quick return on investment due 
to i8.  

The customer may also benefit from a larger number of users of a system, known 
as network effects (88). E-mails would for instance be a lot less useful if the number of 
users was drastically reduced. Another positive side effect with a large number of 
users is that defects in the software are likely to be discovered quicker. Hence it is 
possible that a bug is found by another user and fixed before you are even affected by 
it.  

The downside with a Market-Driven system is that the customer may have to adapt 
their processes to the system instead of the other way around, i.e. having a system that 
is adapted to the organization’s specific processes. It is therefore important to evaluate 
how willing the customers are to change their way of working in order to adapt to the 
product.  

5.2 Step 2 - Assessment 
A software process assessment (SPA) is an appraisal or review of an 

organization’s software process (24). In this case, an assessment is necessary in order 
to determine what areas need to be changed for the organization to become more 
Market-Driven. If this was the conclusion from the previous evaluation, that is. 

5.2.1 Introduction to Software Process Assessments 
The purpose of a SPA is to analyze the current process in order to figure out how 

the organization can work in a better way. The SPA is considered to have four main 
contributions (92): 

• Analysis – The assessment shall reflect how the organization actually 
works. This is often different from the way people within an organization 
think the process works or how certain documents describe how the 
organization works. 

• Motivation – The assessment shall enhance the motivation to improve the 
way the organization works by letting the organizational culture evolve.  

• Transformation – When an assessment is working properly, the 
organization starts transforming their processes even though the 
assessment is not complete. This is because the assessment initiates a 
positive self-analysis and self-criticism within the organization. 

• Education – By exposing the organization to best practices already during 
the assessment, the organization is not only motivated to change but they 
will also learn how to work in a better way. 

Generally, the SPA has three stages; planning, performing and reporting the 
assessment (24) (92). In the planning stage you lay the ground for the actual 
assessment. This involves; selection of assessment model (can be either prescriptive or 
inductive, see section 5.2.1.1 and 5.2.1.2), selection of people to involve in the 
assessment and selection of project(s) to be assessed. The performance phase shall 
gather and analyze the necessary information. The information can be gathered from 
interviews, questionnaires, group discussions or documentation reviews. The 
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information is then compiled and analyzed in order to, identify the areas to improve 
and give suggestions for how to improve them. Finally, in the third phase you report 
the findings from the assessment and set the foundation for implementation of the 
suggested improvements. 

5.2.1.1 Prescriptive process assessment 
A predefined SPA model is considered to be prescriptive or model-based (7). 

These models are compilations of best practices which are said to be general enough to 
be applied in any organization. This means that the improvement suggestions coming 
from a prescriptive SPA are not customized for the specific organization but are rather 
acknowledged best practices suiting many organizations. Many of the most common 
assessment models are prescriptive e.g. CMMI (8) and ISO9000 (93). 

However, even though the prescriptive models are commonly acknowledged they 
have a large drawback as they are considered to be heavy and resource demanding. 
This means that models like CMMI and ISO9000 are most appropriately applied in 
large-scale organizations rather than in small and medium-scale organizations (7). 

5.2.1.2 Inductive process assessment 
As opposed to prescriptive SPA models, the inductive models focus on the specific 

organization’s situation and adopt the assessment from that. This means that the SPA 
is totally focused on the most crucial issues the assessed organization is experiencing. 
The Quality Improvement Paradigm (QIP) is such a model. QIP is based on a thorough 
understanding of the organization’s situation and proposes tailored improvement 
suggestions (7). These suggestions are continuously evaluated in pilot-projects before 
formally adopted in the organization. 

5.2.2 BESMART Assessment 
BESMART uses an inductive assessment approach. The reason for this is that the 

conditions are likely to be different for each individual organization. Requirements 
overload may for instance not be a challenge for all organizations, consequently the 
practice ‘early classification’ cannot be considered to be a mandatory practice although 
it may still be recommended.  

In order to get an as accurate and objective assessment as possible, several 
information sources should be studied (7). In BESMART, the primary source of 
information is interviews. Interviews are preferred as the discussions are likely to 
result in more qualitative information.  

The participants of the assessment are preferably a variety of people, including 
people that work with requirements (e.g. requirements engineers) and people that are 
affected by requirements e.g. developers. Interviews are preferably kept individual and 
open ended, as this is likely to result in more qualitative answers (23). Documents are 
seen as a complement to the interviews. They can both be used to validate statements 
or to resolve conflicting statements from the interviews. Document studies may also 
give rise to more questions that can be answered during the interviews. They should 
therefore preferably be carried out in parallel with the interviews. 

The structure of the BESMART assessment is based on the phases that both 
Bespoke RE and MDRE revolve around (elicitation, analysis and negotiation, 
validation and requirements management) and the MDRE specific phase; ‘post-release 
analysis’. The assessment elaborates on the objective with the phase and proposes a 
number of phase-specific questions that can be asked during the assessment. Many of 
these questions are of a yes/no nature. It is however crucial that the assessor asks the 
interviewee to elaborate on his answer. The reason for this is that there may be a well 
motivated reason for why the organization has not chosen to adopt a certain practice. It 
shall also be noted that the assessment should not in any way be limited to the 
proposed questions as the purpose of the assessment is to truly understand the current 
process and the areas that need to be improved. 
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If any of the provided questions reveal a weakness, the practice column can most 
often be used to consult the appropriate practice and thereby find alternative 
improvement suggestions. Not all questions have a relating recommended practice. 
The recommended practice can on the other hand often be understood from the 
question. This is for instance the case with EQ.3 Are the sources only used 
sporadically? The recommended practice is simply to elicit requirements from the 
sources continuously.  

To be able to identify the areas for improvement it is crucial that the assessors are 
well aware of the differences between Bespoke RE and MDRE, and the practices they 
revolve around. Once these areas have been identified, they can be prioritized in order 
to determine which areas to focus energy on (for prioritization techniques see Table 
8). If the improvement areas are prioritized, this should preferably be done by different 
stakeholders within the organization. That way it is more likely that improvement 
areas that are the most crucial to the organization are addressed rather than those that 
are important for one person, or a certain group of people.  

5.2.2.1 Elicitation  
MDRE typically involves a larger number of requirements sources. The 

assessment shall therefore reveal what sources the case organization use and which 
techniques that are used for gathering requirements from those sources.  

Elicitation related questions 
ID Question Practice 
EQ. 1 Are there any untapped sources? E.1 
EQ. 2 Do you differentiate between customer and end-user? E.1 
EQ. 3 Are the sources only used sporadically?  
EQ. 4 What requirements gathering techniques are used? E.2 
EQ. 5 Are the techniques suitable with regard to the source to 

which they are applied? 
E.1 and E.2 

EQ.6 Do the requirements arrive on different levels of abstraction? RM.4.2 

Table 19 – Elicitation related questions 

5.2.2.2 Analysis and Negotiation 
Most practices included in this phase are meant to support release planning. The 

assessment should therefore investigate how release planning is performed. It is for 
instance considered a good practice to complement the short term requirements 
selection with more long-term strategies e.g. roadmaps. Another aspect that should be 
given attention is requirements dependencies. Several aspects should be considered 
when selecting requirements for release, for instance; value, penalty, risk, cost and 
issuer.  

Analysis and Negotiation related questions 
ID Question Practice 
ANQ. 1 Are there any procedures for identifying dependencies? AN.1 
ANQ. 2 Are requirements dismissed at an early stage to avoid 

unnecessary analysis? 
AN.3 

ANQ. 3 Are all requirements treated equally without regard to their 
abstraction level? 

AN.2 and 
RM.4.2 

ANQ. 4 Which aspects are considered when selecting requirements 
for release and how is this information obtained? 

AN.2 and 
AN.4 

ANQ. 5 Is there a procedure for long-term release planning?   
ANQ. 6 Is there a good balance between market-pull and technology-

push? 
E.1 and 
AN.2 

Table 20 – Analysis and Negotiation related questions 
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5.2.2.3 Validation 
As requirements can come from a variety of sources in MDRE, validation should 

be carried out through the same sources.  

Validation related questions 
ID Question Practice 
VQ. 1 Do you use any type of incomplete realization e.g. 

prototyping, for validating requirements? 
V.2 

VQ. 2 Are internal stakeholders used for validation purposes? V.1 
VQ. 3 Are requirements validated against product strategies?  

Table 21 – Validation related questions 

5.2.2.4 Requirements management 
One big difference between Bespoke RE and MDRE is the way requirements are 

managed. The assessment shall therefore reveal both how requirements are specified 
and how they are managed.  

Requirements management related questions 
ID Question Practice 
RMQ. 1 What attributes are used when specifying requirements? RM.4 
RMQ. 2 How are requirements dependencies managed? RM.1 
RMQ. 3 Are requirements managed individually or as sets? RM.3 
RMQ. 4 How is requirements traceability dealt with? RM.1 
RMQ. 5 Are requirements managed differently depending on their 

level of abstraction? 
RM.4 

RMQ.6 How are changes issued? RM.2 
RMQ.7 How are changes evaluated and decided? RM.2 

Table 22 – Requirements management related questions 

5.2.2.5 Post-Release Analysis 
This phase is unique to MDRE as its purpose is to assess the quality of the 

requirements selection procedure. The assessment should simply reveal if the selection 
quality is evaluated after a new version has been released. Thus, the only question to 
ask is whether or not any effort is spent on analyzing the selection quality. 

5.3 Step 3 - Recommended Practices 
It is important to keep in mind that Software Process Improvement is an 

evolutionary activity, not a revolutionary activity (24). Which practice to focus on 
improving should therefore be decided based on the assessment and the priority of the 
improvement area. The introduction to each phase presents which challenges that often 
affect the practices in that particular phase and its main purpose. The challenges are 
presented and described in section 4.2. 

5.3.1 Elicitation 
An organization cannot be Market-Driven without eliciting requirements from the 

market on which it wishes to compete. In MDRE the phase should address the 
challenge continuous flow of requirements (c5) which occurs in Market-Driven 
development. The phase shall also address the challenges with stakeholding (c1.1 and 
c1.2) by identifying the different stakeholders.  

5.3.1.1 Stakeholder Identification 
The purpose of this practice is to identify sources that can be used for eliciting 

requirements. This practice is necessary in MDRE since there is no obvious customer 
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to elicit requirements from. One major challenge that this practice addresses is the 
remote customer (c1.1). This is necessary in order to enable direct elicitation from 
these customers.  The practice shall also identify the important stakeholders within the 
organization as these are also likely to be useful as requirements sources. This aims to 
address the challenge internal stakeholding (c1.2). An identification of internal 
stakeholders is necessary in order to get a good balance between technology-push and 
market-pull requirements (c4.1.3), as internal stakeholders are the key source for these 
requirements.  

Stakeholder identification (E.1) 
ID Technique Motivation 
E.1.1 Key-customer 

identification 
 Key-customers are important to elicit requirements 
from as they can have a large impact on the market. If 
the key-customers are satisfied it is assured that a 
crucial part of the market is satisfied.  

E.1.2 End-user 
identification 

Identification of the end-users is important in order to 
understand who the product is aimed for. When dealing 
with consumer products such as cell-phones the user 
and customer are likely to be the same person but this is 
not always the case in other situations e.g. business to 
business transactions. 

E.1.3 Internal 
stakeholder 
identification 

In MDRE the internal stakeholders are crucial for the 
innovation of requirements, it is therefore important 
that they are sufficiently identified. 

Table 23 – Stakeholder identification techniques 

5.3.1.2 Requirements Gathering 
The requirements shall be gathered continuously as the market’s requirements are 

constantly changing, a challenge referred to as requirements volatility (c3). This 
continuous gathering of requirements may result in requirements overload (c5.1). This 
challenge should however be addressed in other parts of the process. If the problem is 
addressed by reducing the requirements flow, the product is likely to include less 
successful requirements (7). Requirements overload is a common threat in MDRE, 
thus if the organization does not recognize it as a potential threat it may be a sign of 
insufficient requirements gathering. This in turn can be a result from poor stakeholder 
identification (c1). 

Section 4.1.1 concluded that all requirements gathering techniques originating 
from Bespoke RE are applicable in MDRE as long as a stakeholder has first been 
identified. Table 24 below only presents some techniques from Bespoke RE and all 
originating from MDRE, for further reference on Bespoke requirements gathering 
techniques, see Table 1.  

Requirements gathering (E.2) 
ID Technique Motivation 
E.2.1 Market-analysis This technique is especially applicable if the number of 

potential customers on the market is large. This may 
prove to be extra useful when remote customers (c1.1) 
is experienced as a big challenge. The market analysis 
is then supposed to provide the shared opinion of the 
market.  

E.2.2 Personas This technique also addresses the challenge remote 
customers (c1.1). The use of personas requires a good 
understanding of the targeted market segment. If not, 
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the persona will provide misleading requirements. 
E.2.3 Product reviews The technique typically provides non-functional 

requirements, also known as quality requirements. 
Hence, if quality is important to the targeted market 
segment this technique is likely to provide useful 
requirements. Improving the quality may be beneficial 
when the product is so mature that new appealing 
features are difficult to invent or gather.  

E.2.4 Gap-analysis The technique can be applied when there is an 
established customer base that can relate to the product. 
The requirements that can be elicited through this 
technique aim at improving features that already exist 
in the product. Hence it can be useful when dealing 
with a mature product. 

E.2.5 Customer Value 
Analysis 

This technique can be extra useful when competition is 
high as CVA reveals what the customers actually value 
in the competing products on the market. Much like the 
gap-analysis the CVA does not result in new 
requirements but rather improvements to the existing 
requirements. 

E.2.6 Expert opinion Gathering requirements from internal stakeholders is 
important in MDRE as they can often provide 
technology-push requirements, thereby dealing with the 
challenge market-pull vs. technology-push (c4.1.3). 
Different techniques can be applied when doing this, 
such as; brainstorming or interviews. These techniques 
can however only be performed once the internal 
stakeholders have been identified. 

E.2.7 Demonstration This technique can preferably be applied when 
attending trade shows or similar. In this way the 
external stakeholders does not need to be identified 
prior to requirements gathering and requirements can 
be gathered from a wide audience. 

E.2.8 Observation Observation is preferably applied as a gathering 
technique for requirements that the user is not aware of 
that he needs. This technique is however hard to 
perform when facing remote customers (c1.1). 

Table 24 – Requirements gathering techniques 

5.3.2 Analysis and Negotiation 
This phase is extra important in MDRE as it involves the challenge release 

planning (c4), a practice described as “selecting an optimal subset of requirements for 
realization in a certain release” (15). Release planning is therefore considered to be “a 
major determinant of the success of the software product” (15). Hence, the opinions of 
the different stakeholders need to be taken into account (c4.1.1). This can however be 
challenging due to the common gap between departments (c2).  

The analysis and negotiation should preferably be rigorous due to the challenge 
with stakeholding (c1). Nevertheless, it must be efficient in order to address the 
challenges with time to market (c4.3) and requirements overload (c5.1). 
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5.3.2.1 Dependency analysis 
Requirements dependencies (c4.2) is an especially important challenge in MDRE 

as it affects release planning (c4). If one requirement is a prerequisite for another 
requirement, it may not be placed in a later release. Dependency analysis is however 
difficult in MDRE due to the challenge with requirements overload (c5.1), which is 
why some techniques have been proposed that reduce the effort required for 
identifying dependencies. 

Table 25 – Dependency analysis techniques 

5.3.2.2 Prioritization 
In order to select the optimal set of requirements for the next release, the 

requirements need to be prioritized based on the value they will bring.  
There are two things to consider when deciding which prioritization technique to 

use; the number of requirements and the necessary level of granularity. Techniques 
such as AHP and Cumulative Voting can be excluded if the number of requirements is 
high (c5.1). Whilst techniques such as grouping, planning game, and urgency and 
importance can be excluded if fine granularity is needed. It should however be noted 
that it is possible to combine techniques. This way you can first handle large numbers 
of requirements with low granularity and later treat the requirements that are 
questionable with a technique with finer granularity. For techniques with lower 
granularity and techniques suitable for smaller sets of requirements, see Table 8. 

Table 26 – Requirements prioritization techniques 

5.3.2.3 Early classification 
This practice is quite similar to basic prioritization techniques such as grouping or 

the planning game. The point of early classification is to reduce the number of 
requirements to analyze. The practice thereby counteracts requirements overload 
(c5.1). 

Dependency analysis (AN.1) 
ID Technique Motivation 
AN.1.1 Text processing This technique can be used on extremely large sets of 

requirements. This can be the case when the number of 
stakeholders is large. 

AN.1.2 Requirements 
hierarchies 

By arranging requirements in hierarchies the number 
of comparisons can be reduced (see Appendix A). 

AN.1.3 Identification of 
extremes 

If it is possible to quickly identify the most dependent 
requirements this is a good technique. 

Requirements prioritization (AN.2) 
ID Technique Motivation 
AN.2.1 Wiegers’ This technique processes requirements uniquely which 

makes it able to cope with large amounts of 
requirements. It can also address a number of aspects 
which increases granularity. Furthermore, the 
technique is quite simple and can therefore be suitable 
for organizations that are not familiar with 
requirements prioritization. 

AN.2.2 HCV A prerequisite for using this technique is that the 
requirements are arranged in hierarchies e.g. through 
RAM (section 3.5.2.1) or allocation in design (Table 
2).  

  67 



Table 27 – Early classification techniques 

The techniques presented show some differences in the number of groups used. 
The organization may see a reason for using even more groups to focus analysis effort 
even better. This is up to each organization to decide. 

5.3.2.4 Risk analysis 
The purpose with this practice is partly to deal with requirements volatility (c3). It 

should also address issues such as requirements’ impact on the stability of the 
architecture.  

Risk analysis (AN.4) 
ID Technique Motivation 
AN.4.1 Risk analysis Due to the challenge with stakeholding (c1) a proper 

risk analysis may be called for. 
AN.4.2 Identify key-

requirements 
Requirements that have an extraordinary impact on 
cost, resources or schedule should be treated 
accordingly when release planning.  

Table 28 – Risk analysis techniques 

5.3.3 Requirements Validation 
The purpose with this phase is to ensure that the product meets the market’s 

requirements and that the requirements that have been gathered are correct and 
complete. If the product does not meet customers’ expectations the developing 
organization may stand to lose a lot of money due to the challenge stakeholding (c1). 
If a set of requirements turn out not to be in line with what the market expected this 
can be corrected before money is spent on advertisement, sales efforts and other non-
development related activities. 

Validating requirements in MDRE calls for representative stakeholders, thus the 
challenge remote customer (c1.1) and internal stakeholder (c1.2) must be addressed. 
This phase is however difficult due to requirements volatility (c3) as a requirement 
may be valid at one point and invalid at another. 

5.3.3.1 Inspection/Review 
This practice improves the quality of the requirements. High-quality requirements 

are more understandable and thus easier to analyze. The challenge requirements 
overload is thereby counteracted.  

Inspection/Review (V.1) 
ID Technique Motivation 
V.1.1 Pre-check of 

requirements 
This technique may be very advantageous especially if 
it precedes the practice ‘early classification’. It is also 

Early classification (AN.3) 
ID Technique Motivation 
AN.3.1 Triage Triage divides requirements into three groups, and 

puts primary focus on one of them. It is a simple 
technique but it does require some insight in product 
strategies and the current characteristics of the product 
from the practitioner(s).  

AN.3.2 REPEAT Requirements are divided into two groups and 
attention is only given to one of them. This technique 
is also simple and has the same requirements on the 
person executing the technique as in triage. 
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likely to be rewarding as it facilitates further analysis. 
With this technique each requirement is processed 
individually, hence the technique is not affected by the 
challenge continuous flow (c5). 

V.1.2 Requirements 
inspection 

Inspecting each individual requirement at some stage 
before it is decided to be released is likely to increase 
selection quality as the understanding of the 
requirement is raised. The individual approach to 
validation is not affected by the challenge continuous 
flow (c5). 

V.1.3 Requirements 
specification 
review 

This technique can be applied before the specification 
is released to the development project to ensure that it 
is complete. However, the specification must first have 
been ‘frozen’, which means that the challenges 
requirements volatility (c3) and continuous flow (c5) 
are not addressed. However, by reviewing several 
requirements at once instead of each requirement 
individually, it is easier to address the challenge 
duplicate requirements (c5.3). 

V.1.4 Write test-cases To write test-cases at an early stage ensures that the 
requirements are unambiguous, as they must be if they 
are to be testable. Test cases are written for each 
individual requirement which means that the technique 
is not affected by the challenge continuous flow (c5). 
If requirements volatility (c3) is high, writing test 
cases may turn out to be a waste of time, if carried out 
before the requirements have been stabilized.  

Table 29 – Inspection/Review techniques 

5.3.3.2 Incomplete realization 
Incomplete realization is a very powerful validation practice as it provides a way 

to really see the requirements in action, which makes it easier for the stakeholders to 
approve/disapprove the requirements.  

Incomplete realization (V.2) 
ID Technique Motivation 
V.2.1 Prototyping The idea of prototyping is very much in-line with the 

incremental approach to development that is typically 
applied in Market-Driven development. Continuously 
validating the requirements reduces the risk of 
producing the wrong product and delivering the 
product too late.  

V.2.2 Simulations Simulating the product for customers is a technique for 
validating the requirements. The technique does 
however require representative customers to perform 
the validation. 

V.2.3 Demonstration Demonstrating the product can be a good technique for 
validating the requirements. If attending e.g. trade fairs 
this technique can be applied to validate requirements 
against a larger audience. 
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V.2.4 Beta release Beta releases are typically validated by customers. 
Thus the challenge remote customers (c1.1) may 
become an issue, especially if there are no customers 
currently using an older version. The use of Beta 
releases typically results in validation from a large 
audience.  

Table 30 – Incomplete realization techniques 

5.3.4 Requirements Management 
The challenges that affect this phase the most are the continuous flow (c5) (as it 

demands a lot from the requirements repository) and requirements volatility (c3) (as it 
demands a lot from the change management process).  

5.3.4.1 Traceability 
Due to the challenges remote customers (c1.1) and internal stakeholding (c1.2) in 

MDRE, requirements traceability is evermore important. The traceability is also 
important in order to handle requirements volatility (c3). 

Requirements traceability (RM.1) 
ID Technique Motivation 
RM.1.1 Backward 

traceability, 
through source 
and rationale 

To be able to trace requirements back to their source 
may be extra useful in release planning as it deals with 
the challenge prioritizing stakeholders (c4.1.1).  
Recording the rationale of the requirement may also 
support release planning as it reveals why the 
requirement is really needed. 

RM.1.2 Backward 
traceability 
through 
comments in 
design or code 

As Market-Driven requirements tend to have higher 
volatility (c3), traceability to and from design and 
code may prove to be very useful, in case a 
requirement changes. 

RM.1.3 Forward 
traceability 
through 
comments 

This type of traceability can be difficult and expensive 
to achieve but may still prove to be beneficial if 
requirements volatility (c3) is a big challenge for the 
organization. 

RM.1.4 Dependency 
traceability 

It has already been stated that documenting 
dependencies is very important in order to support 
release planning (c4). 

R.M.1.5 Internal 
traceability 
through state 
models 

As requirements are managed individually it is 
important to track each individual requirements status, 
referred to as internal traceability (c5.2).  

Table 31 – Requirements traceability techniques 
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5.3.4.2 Change Management 
As requirements volatility (c3) is a common challenge in MDRE, well-functioning 

Change Management practices are often crucial. 

Change management (RM.2) 
ID Technique Motivation 
RM.2.1 Change control 

boards 
Change control boards typically involve several of the 
organization’s internal stakeholders. These 
stakeholders make the formal decisions concerning 
changes to requirements.  

RM.2.2 Change requests The need for formal change requests depends on the 
size of the organization.  

RM.2.3 Identify volatile 
requirements 

By identifying more volatile requirements the 
organization can take the necessary precautions 
against these requirements.  

RM.2.4 Record rejected 
requirements 

Recording even rejected requirements is important in 
MDRE as duplicate requirements (c5.3) are a 
challenge.  

Table 32 – Change management techniques 

5.3.4.3 Tool Support 
The increased number of requirements and the large number of stakeholders makes 

the need for tool support in the RE process even greater in MDRE. 

Tool support (RM.3) 
ID Technique Motivation 
RM.3.1 Database In order to support a continuous RE process the 

requirements should be managed individually rather 
than in document-based specifications. In other words, 
this addresses the challenge continuous flow (c5). 

RM.3.2 Electronic change 
requests 

Due to the challenges remote customers (c1.1) and 
internal stakeholding (c1.2) an easy way to submit 
change requests may be beneficial. This is also likely 
to make the process of changing requirements more 
efficient which may be necessary in order to hit 
market windows. Thus, addressing the challenge time-
to-market (c4.3). 

Table 33 – Tool support 
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5.3.4.4 Requirements Specification 
The challenges remote customers (c1.1), internal stakeholding (c1.2) and different 

levels of abstraction (c1.3) should be considered when deciding how to specify 
requirements. 

Requirements specification (RM.4) 
ID Technique Motivation 
RM.4.1 Use attributes  As requirements come from a variety of sources (c1.1 

and c1.2) requirements are likely to be stated very 
differently if attributes are not used. If internal 
traceability (c5.2) is an issue, it is recommended that 
an attribute is used to clarify the requirement’s status. 

RM.4.2 State 
requirements on 
different levels of 
abstraction 

The different sources (c1.1 and c1.2) have different 
expectations on the products and therefore state 
requirements on different levels of abstraction (c1.3). 
The high-level requirements do however need to be 
refined into (and linked to) requirements that are 
usable for the developers (74) (71) this could be done 
through the use of RAM (see section 3.5.2.1) 

Table 34 – Requirements specification 
 

5.3.5 Post-Release Analysis 
One major challenge in Market-Driven development is release planning (c4). This 

is a practice that should be continuously improved. A good way to do this is to analyze 
the requirements selection quality through post-release analysis.  

Post-Release analysis (PRA.5) 
ID Technique Motivation 
PRA.5.1 PARSEQ  This technique only focus on a subset of the 

requirements thus it is not sensitive to large numbers 
of requirements (c5.1). 

PRA.5.2 An analytical 
model for 
requirements 
selection quality 
evaluation 

This technique is very complex and requires a well-
established and mature MDRE process. If such a 
process is in place the technique is likely to be very 
useful. 

PRA.5.3 CVA This technique requires similar competitive products 
and the presence of customers that are willing to 
compare these products. The technique may be extra 
appropriate when dealing with mature products that 
may need to be improved rather than invented.   

PRA.5.4 Gap-analysis This technique can be used to improve a mature 
product.  

Table 35 – Post-Release analysis techniques 
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6 BESMART APPLIED IN INDUSTRY 
The BESMART framework was developed in cooperation with Extenda AB where 

BESMART was also applied and thereby validated. The remainder of this chapter is 
organized as follows: Section 6.1 presents the case organization. Section 6.2 presents 
how BESMART was applied in the case organization. Section 6.3 presents the 
improvement suggestions that were derived from the framework.  

6.1 Background 
Extenda AB is a Swedish based international IT company providing system 

solutions mainly for department stores, fashion chains, food retailers and general 
merchandise chains. The customer base includes companies like H&M, the Axfood 
group and ICA.   

The organization also has a fully owned subsidiary, Extenda Financial Solutions 
AB which provides IT solutions for banks and other financial institutions. The offices 
are located in Stockholm (Head office), Gothenburg, Katrineholm and Östersund. All 
offices included, Extenda employ nearly 155 people.   

Currently, Extenda AB has 20,000 register installations in over 5,000 stores 
worldwide. In the Nordic market, Extenda is the market leader and covers 53% of the 
customers in the food retail in Sweden. With this strong position in the Nordic market 
the organization aims at expanding their business and strengthening the trademark in 
the European and North American markets. 

The Extenda Retail product portfolio consists of seven product categories aiming 
to cover all aspects of the retail business. However, in this study, only the POS (Point 
of Sale) products are taken into consideration. In recent time a second generation of 
POS has been developed. Most new customers are expected to choose the new 
generation when selecting Extenda as supplier and the existing customers, that still use 
the first generation, are believed to shift gradually towards this second generation of 
POS. 

6.1.1 Product Architecture 
Each product has two layers; a standard-layer and a customization-layer. The 

standard-layer includes functionality that is shared by the customers whereas the 
customization-layer is used for individual adaptations. Hence, individual requirements 
are rarely implemented in the standard-layer but rather in the customization-layer. 
However, individual requirements that later on prove to be requested by a multitude of 
customers may be implemented in the standard-layer. The individual adaptations are 
necessary in order to offer an optimal solution to each individual customer.  

In the last couple of years, the customers have tended to request products with a 
more extensive standardization layer. In other words, the degree of customization has 
been lowered. If looking back ten years the situation was different as customers 
requested a higher degree of customization. Extenda have responded to this change by 
becoming increasingly Market-Driven. The balance between standardization and 
customization offers their customers a stable, reliable yet somewhat customized 
product. Extenda do however feel that the process for handling market-requirements, 
aimed for the standard-layer, may need to be improved.   

 
 
 
 

  73 



6.2 Using BESMART 
The BESMART framework was developed continuously as it was used at Extenda. 

Hence, BESMART was not used exactly in the same way as described in section 5. 
The information presented in this section was not obtained sequentially but rather in an 
iterative fashion.  

6.2.1 Market-Driven Potential 
The information concerning Extenda’s potential to become more Market-Driven 

has been gathered through interviews with their Chief Technical Officer (CTO) and 
one of the product managers. 

i1: Market size and share 
Extenda customers cover 53% of the Swedish food retail market. The number of 

Swedish food retailers is rather limited which should imply that the need to become 
increasingly Market-Driven is not that great (threat).  

When it comes to fashion chains, many of the bigger players are customers to 
Extenda. There are however many smaller players left as potential customers 
(opportunity). Still, these potential customers are quite easily identified as they are not 
very anonymous. Typically, a market that does not have very anonymous customers 
calls for less of a Market-Driven approach as compared to pure Commercial-Off-The-
Shelf products. 

i2: Segmentation 
Extenda has segmented the Swedish retail market into; food (e.g. ICA and 

Axfood), cash and carry (e.g. Axfood) and fashion (e.g. H&M) (opportunity). These 
segments are rather homogenous i.e. have high requirements overlap as shown in 
Figure 16. It shows that the three segments have much in common. It is also obvious 
that ‘food’ and ‘cash and carry’ are more similar than e.g. ‘food’ and ‘fashion’. 

FashionFood

Cash and 
Carry

 
Figure 16 – Overlap between segments for POS 

i3: Segmentation expansion 
When considering market size (i1) it was revealed that the Swedish food retail 

market does have limitations when it comes to the number of potential customers. It is 
however possible to expand that market segment to parts of Europe without much 
effort and to North America with some more effort (opportunity). This is illustrated in 
Figure 17. 
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Figure 17 – Segmentation expansion for POS food 

i4: Market trend 
The demand for Extenda’s products depends on the fluctuations on the retail 

market. The trend for this market is positive especially if looking globally as the trade 
is increasing, especially in developing countries (opportunity).  

i5: Requirements overlap 
The shared opinion is that there used to be a high unnoted requirements overlap 

among Extenda’s customization projects. Meaning that, one solution was often 
customized for several customers (opportunity). The reason for this was that the 
functionality was not requested at the same point in time. One customer could for 
instance propose a requirement that was implemented as a customization. The same 
requirement could later on be requested by another customer whereas it was 
customized for that second customer. 

i6: Product maturity 
Extenda do see some differences when it comes to their products’ position in their 

respective lifecycle as they have products from two generations. The second 
generation of products has been introduced to meet market demands. Extenda believes 
that this second generation of products will gradually replace the first generation 
(opportunity). 

i7: Domain knowledge 
Extenda has a very high level of domain knowledge as they have been working 

with retail solutions for a very long time (opportunity).  

i8: Stakeholding 
Today, Extenda is completely self-financed and able to take on the financial risk 

that Market-Driven development incurs (opportunity).  

i9: Indirect gain 
Products from the first generation have a larger customization-layer than the 

second generation products. A large degree of customization is more demanding for 
the support department as personal that is specialized in customers’ individual systems 
is required. To address this, Extenda have introduced best practices based on the ITIL 
framework. Nevertheless, the support department feels that this area would gain from 
more standardized products (opportunity). It is believed that the second generation of 
Extenda products will accomplish this thanks to the bigger standardized layer. This is 
something that both Extenda and their customers will benefit from as the support will 
be even more efficient. 

Another indirect gain resulting from a more standardized product is that customer 
education can become more uniform and thereby less demanding. 

i10: Customer value 
Extenda’s customers in general do not want strictly Bespoke products but prefer 

more standardized products that are yet, to some extent, possible to customize 
(opportunity). The customers believe that the quality of the product is likely to be 
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improved with the number of users. The reason is that other users may come up with 
improvement suggestions which all users may benefit from. Above all, it is about 
sharing development cost and thereby obtaining more guarantees in terms of 
maintenance and cost for updates.  

The characteristics of the retail market do however call for some degree of 
customization. The reason is that retailers often have different external systems which 
Extenda’s products need to be compatible with. Examples of such systems could be 
Enterprise Resource Planning systems (ERP), Customer Relationship Management 
Systems or competitor’s Back Office systems (threat). 

6.2.1.1 Concluding Remarks 
Most issues show that Extenda, as an organization, could become increasingly 

Market-Driven. There are however two arguments that argue for more of a Bespoke 
development approach i.e. not becoming completely Market-Driven:  

• i1: Market size and share – Extenda’s customers are not that many nor 
are they very anonymous. This reduces their need to become increasingly 
Market-Driven. 

• i10: Customer value – The fact that adaptation to customers’ different 
supporting systems and ways of working is necessary, does require some 
degree of customization. Extenda does however see a possibility for these 
customizations to require only smaller configurations. These 
configurations could in this case be outsourced to partners. This will 
require a lot of changes, both to the organization and the product 
architecture. It is therefore not likely to happen in the near future. 

Even though Extenda has the potential to become increasingly Market-Driven, this 
is, if looking at the currently targeted market segments, not something that is strived 
for at the moment. The balance between the standard-layer and the customization-layer 
is considered to meet the demands of the targeted market segment in the best way 
possible. However, Extenda are constantly looking for new market opportunities. 
Some of which may call for more of a Market-Driven approach. This can for instance 
be a market segment with smaller customers that do not have the capacity to purchase 
highly customized systems but prefer a packaged product solution.  

6.2.2 Assessment 
For the assessment, a representative group of people was selected to be 

interviewed. As shown in Table 36 these came from different areas within the 
organization to provide an as complete and objective picture as possible of how 
Extenda were currently working. The assessment focused mostly on the roles involved 
in MDRE. Nevertheless, in order to get an overall picture of the RE process people 
from different Bespoke projects were also interviewed.  

Interview participants 
Type Role 
Bespoke project that shall 
result in a Market-Driven 
product 
 

Project manager 
Requirements engineer 
System architect 
Developer 

Bespoke development project Project manager 
Requirements engineer 1 
Requirements engineer 2 
System architect 
Developer 

Bespoke maintenance project Project manager 
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Requirements engineer 
Functional Product manager 1 

Product manager 2 
Marketing manager 
Product development manager 
Chief Technical Officer 
Quality Assurance Manager 
Support manager 
Sales manager 
Tester 

Table 36 – Interview participants 

6.2.2.1 Elicitation 
The sources used for gathering requirements are presented in Table 37. The table 

also shows what level of abstraction the requirements from the source typically arrive 
at and in what shape. 

Requirements sources 

Source Description 

Level of 
abstraction 

Shape Pr
od

uc
t 

F
ea

tu
re

 

F
un

ct
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n 

C
om

po
ne

nt
 

Sales 
department 

This source typically asks for 
unsupported features. There is no 
established procedure for eliciting 
requirements from this source. 
The process is rather informal. 

 X X  

Usually in 
the shape of 
one-liners 

Bespoke 
development 
projects 

The architecture of Extenda’s 
products calls for some degree of 
customization, which is handled 
in Bespoke projects. The projects 
either customize existing products 
or produce completely new ones. 
These projects result in several 
requirements documents: 

    

 

Gap-analysis – this document 
shows which of the requested 
requirements the product 
currently supports and which need 
to be implemented.  

 X X  

No specified 
format but 
usually in 
the shape of 
one-liners 

Detailed specification – the 
document is based on the gap-
analysis. This document is used as 
an appendix to the contract 
between Extenda and the 
customer. 

  X  

One-liners 

Use-case specification – use-cases 
are derived from the detailed  X X X Very 

detailed 
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specification. The use-cases are 
stored in DOORS6 and later used 
by developers for realization of 
the requirements. 

where the 
use-case is 
typically on 
feature level 
but refined, 
often all the 
way to 
component 
level. 

Support 
department 

The product manager has, on one 
occasion, held a formal elicitation 
meeting with the support 
department. This meeting resulted 
in many requirements, which 
were generally improvements to 
existing solutions. After this 
meeting the requirements from 
this department have been elicited 
on the initiative of the department. 

  X X 

One-liners, 
often with 
explicit 
rationale. 

Developers The developers typically come up 
with technical enhancements, i.e. 
better, alternative solutions.  

   X 
Low-level 
and detailed 
requirements 

Marketing 
department 

Elicitation from this source 
typically occurs during formal 
meetings. The requirements 
typically stem from competitor 
analyses, market analyses and 
such. 

X X   

These 
requirements 
come from 
discussions 
and the 
shape is 
therefore 
likely to 
vary. 

Potential 
customers 

The relationship between Extenda 
and a new customer typically 
starts with a Request for 
Information (RFI). This document 
typically describes the most vital 
features that the customer 
requires. 

 X   

Varies, 
depending 
on the 
customer. 

Table 37 – Requirements sources 

EQ. 1 – Are there any untapped sources? 
Requirements are not collected from the end-users of the system either during 

MDRE efforts or Bespoke RE efforts. However, Extenda does not recognize this as a 
problem as the requirements that are elicited from the buyers (typically the IT 
department) of the Bespoke systems are complete enough. 

EQ. 2 – Do you differentiate between customer and end-user? 
Extenda is well aware of the difference between the customer and end-user but do 

not see a need to use end-users for elicitation.  

EQ. 3 – Are the sources only used sporadically? 
Most requirements gathering occurs informally and is therefore carried out 

sporadically.  

6 DOORS is a CASE tool for managing requirements provided by Telelogic. 
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EQ. 4 – What requirements gathering techniques are used? 
The elicitation is rarely very active, meaning that it is often the source that seeks 

out the product manager and not the other way around.  

EQ. 5 – Are the techniques suitable with regard to the source to which they are 
applied? 

Extenda is pleased with the requirements that are gathered. Thus, the requirements 
gathering techniques are likely to be suitable. However, they probably could 
experiment a little more with alternative techniques to see if they are fruitful.  

EQ.6 – Do the requirements arrive on different levels of abstraction? 
Yes, how the abstraction level varies depending on the source is depicted in Table 

37. 

6.2.2.2 Analysis and Negotiation 
ANQ. 1 – Are there any procedures for identifying dependencies? 
There is no procedure for identifying dependencies. Dependencies are rather 

handled at later stages of the development cycle. The interviewees do however feel 
that they could benefit from identifying these dependencies already during the RE 
effort.  

ANQ. 2 – Are requirements dismissed at an early stage to avoid unnecessary 
analysis? 

All requirements are entered into the repository without much consideration. 
Requirements that should have been dismissed if such a practice would have been 
applied are instead left unprocessed.  

ANQ. 3 – Are all requirements treated equally without regard to their 
abstraction-level? 

As shown in Table 37 requirements arrive at many different levels of abstraction 
but there is no attention given to this fact. High level requirements are rarely refined, 
but risk being left in the repository without further processing.  

ANQ. 4 – Which aspects are considered when selecting requirements for release, 
and how is this information obtained? 

The requirements are often selected based on; their cost of implementation, the 
issuer, its potential value and which markets they target. This initial selection is 
handled by the product manager who compiles the selection in an executive summary. 
This summary is an abstraction of the selected requirements to a higher, not so 
technical level. The executive summary is then reviewed and approved by the Product 
Steering Group (PSG)7.  

ANQ. 5 – Is there a procedure for long-term release planning? 
Based on the selected and approved requirements, the product manager and the 

CTO create a product road map. The road map is also reviewed by the PSG before the 
requirements specification is sent to development. 

ANQ. 6 – Is there a good balance between market-pull and technology-push? 
In general, the market (in this case a number of key-customers) has a big influence 

on what is included for the next release (market-pull). Extenda is an innovative IT-
solution provider and wish to keep this reputation. They therefore feel that technology-
push requirements could be promoted even more. 

7 PSG is a strategy group comprised of the CTO, CEO, sales and marketing representatives, business 
developers and occasionally product managers. 
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6.2.2.3 Requirements Validation 
VQ. 1 – Do you use any type of incomplete realization e.g. prototyping, for 

validating requirements? 
Extenda has always been working iteratively and are about to start using the agile 

development process SCRUM. SCRUM uses sprints that typically last for one to four 
weeks (94). At the end of each sprint a prototype of the system is released.  

VQ. 2 – Are internal stakeholders used for validation purposes? 
Requirements that are selected for release are validated by PSG. 

VQ. 3 – Are requirements validated against product strategies? 
PSG is comprised of people with great experience and knowledge concerning 

organizational strategies. Thus, requirements are indirectly validated against product 
strategies. 

6.2.2.4 Requirements Management 
RMQ. 1 – What attributes are used when specifying requirements? 
Regardless of source, the requirements are entered into the repository (an Excel-

sheet) as they are without further refinement. The attributes used in the repository are 
presented in Table 38. 

Attributes used at Extenda 
Attribute Description 
ID A unique identifier 
Grouped ID States the source of the requirement 
Product line Used for budgeting purposes. A product line can consist of 

several products. POS does for instance include both POS and 
POSserver.   

Product Identifies which product the requirement belongs to 
Area Attribute is used to classify the requirements, some examples 

are: Advanced features – requirements that are not explicitly 
requested by a customer but may be appreciated in the future. 
Architecture/system management – rarely fit the description of a 
requirement. Requirements of this type can include anything 
from request for code reviews and establishments of test 
methods to database enhancements. 
Dual screen – collects requirements that deal with support for 
dual screens. 
Fraud and security – collects the requirements that deal with 
fraud and security issues. 

Sub area Attribute used to further classify the requirements once they 
have been associated with a certain area. 

Bucket Classifies the requirement according to its purpose e.g. improve 
the architecture, correct defects or cool new features.  

Type of resource Classifies the requirement according to which type of resource it 
involves. 

Type of area A classification used by the CTO for budgeting purposes. 
Thereby used to support requirements selection. The attribute is 
closely related to ‘type of resource’. 

Planned release Specifies in which release the requirement will be implemented. 
Feature Title of the requirement. 
Requirement Description of the requirement. 
Comment An attribute that can be used if further details need to be 

included. 
Segment Identifies which market segment the requirement targets. 
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Source Specifies where the requirement comes from, could be a specific 
customer, a department within the organization or similar. This 
is sometimes used to refine the source mentioned in ‘grouped 
ID’. 

Ref. ID Attribute used when the requirement is derived from the test 
department. The ID refers to the ID the identified issue has in 
Test Director.  

Who The issuer of the requirement. Often more specific than the 
source attribute. 

Estimate A time estimate for implementation of the requirement. 
Total hours Specifies the total time necessary for realizing the requirement. 

This is based on the estimate and multiplied with a predefined 
factor. 

Financed A requirement can sometimes be financed by a partner or a 
customer and can therefore be motivated for inclusion.  

Wished for 
release 

Attribute defines which release the requirement could belong to. 

General   prio A prioritization of the requirement from 1 to 5. 

Table 38 - Attributes used at Extenda 

Many of the attributes are used to facilitate release planning, e.g. type of resource, 
Bucket, Planned release, Segment and Prio. 

It is worth mentioning that all attributes are very rarely used. Furthermore, the 
adherence to the existing attributes is rather low. It is often possible to find obvious 
requirements in the comment attribute and vice versa.  

RMQ. 2 – How are requirements dependencies managed? 
The comment attribute is sometimes used for documenting dependencies in natural 

language. The use of natural language does however make the dependencies hard to 
trace. 

RMQ. 3 – Are requirements managed individually or as sets? 
Requirements are kept in an Excel sheet without tracking each individual 

requirements status. The requirements can therefore be said to be managed as a set 
rather than individually. 

RMQ. 4 – How is requirements traceability dealt with? 
Backward traceability to the source is sometimes possible through the two 

attributes source and who. The rationale can sometimes be found in the comment 
column but this is quite rare. 

RMQ. 5 – Are requirements managed differently depending on their level of 
abstraction? 

Requirements are not handled differently depending on their level of abstraction. 

RMQ.6 – How are changes issued? 
The requirements are often quite ambiguous and on a high level of abstraction so 

there is room for interpretation. It is therefore rare that change requests concern 
changes to the initial requirements. The change requests that are issued are typically 
new requirements. 

RMQ.7 – How are changes evaluated and decided? 
The incoming new requirements are handled by a CCB consisting of product 

managers and the project manager. The decision whether to include the requirement or 
not is often based on the cost of implementation.  
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6.2.2.5 Post-Release Analysis 
Extenda does perform a more informal Post-Release Analysis through discussions 

where they reflect on the selection quality of the release. They do feel that a more 
formal process for measuring the selection may be something that they could benefit 
from in the future but not as of now.  

6.2.3 Areas for Improvement 
This section presents the areas identified during the assessment that could be 

improved at Extenda in order to streamline the existing process and thereby obtain a 
more successful MDRE process. 

6.2.3.1 Requirements Elicitation 
Extenda has identified several important elicitation sources, both internal and 

external.  Thus it appears that several functional areas have an influence over what is 
to be produced. There are however some aspects of the elicitation process that could be 
improved. Firstly, the elicitation occurs in bursts rather than continuously. An 
elicitation process that can handle a continuous inflow of requirements increases the 
chance that urgent requirements hit market windows as shown in Figure 14. Secondly, 
more attention could be given to the actual users of the system. Currently, most 
customer requirements are elicited through the close collaboration with their 
customers, rather than the potential future users. During these elicitation efforts the 
customer typically provides access to user representatives. 

The input from the daily users of the system should however not be neglected as 
they are likely to have many innovative ideas that could improve the system.  

6.2.3.2 Requirements Specification 
As the requirements come from a variety of different sources; the format, level of 

detail and abstraction level are different. Without modification these requirements 
become ambiguous and harder to analyze. This is especially the case when the 
requirements are specified on a high level of abstraction. It is obvious that this causes 
requirements to be left unprocessed, thereby flooding the repository. 

6.2.3.3 Requirements Analysis 
Requirements arriving at different levels of abstraction also pose a challenge to 

requirements analysis. This problem is handled by the attributes ‘area’ and ‘sub-area’. 
It could however be done in a way so that the relation between the higher level 
requirements and the lower level requirements is more noticeable. A documentation 
study showed that these two attributes only handle this issue partly. This way of 
handling abstraction levels enables grouping of requirements but not further 
explanation of higher level requirements. The documentation study showed product-
level requirements and component-level requirements with the same area and sub-area. 
This reduced the overview of the requirements and the possibility to treat requirements 
according to their level of abstraction, e.g. only prioritize requirements on the same 
abstraction level. A raised awareness of abstraction levels will probably make it easier 
to determine when the requirements have been refined enough to be processed further. 

As can be seen in the list of attributes there is no set way to specify dependencies. 
The reason being that there is no analysis effort carried out to find dependencies. 
Dependencies are sometimes identified ad-hoc and are then documented using the 
comment-attribute. As previously stated (section 3.3.3), this will affect the 
requirements selection process. 

Another aspect that is taken into account when selecting requirements is the cost of 
implementation, in this case represented in the “Estimate” column. These estimates are 
sometimes done by the product manager and on an abstraction level that is too abstract 
to guarantee precision in the estimate.  
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6.2.3.4 Traceability 
There is no backward traceability from design or code to requirements. Backward 

traceability to the requirement source can not be guaranteed as it is not always 
specified. Furthermore the specified source is sometimes too vague to use for tracing. 
Backward traceability to the motivation of a requirement is sometimes possible 
through the comment-attribute, it can however not be guaranteed.  

There is no forward traceability and dependencies are only recorded if they are 
come across and then documented as comments.  

Another traceability issue that appeared to cause some challenges was that the 
status of a requirement was not traced throughout the RE process. The lack of internal 
traceability, lead to neglected requirements that were left in the repository without any 
further processing. 

6.2.3.5 Requirements Overload 
The improvement areas mentioned in sections 6.2.3.2, 6.2.3.3 and 6.2.3.4 have 

resulted in a case of requirements overload. Consequently, there is a risk that 
requirements are left at their sources and that requirements crowd the repository as 
they are not analyzed and do not progress through the process. 

6.2.3.6 Requirements Prioritization 
Requirements are typically selected for release based on road-map and the 

demands from key-customers. This process has worked satisfyingly. However, there is 
a desire to establish a prioritization process that promotes technology-push 
requirements to a larger extent. The aspects that are considered in the selection process 
are presented in section 6.2.2.2.  

6.2.3.7 Roles and Responsibilities 
The roles and responsibilities within the RE process could be more clearly 

specified.  

6.2.4 Prioritization of the Improvement Areas 
In order to know which improvement areas to pay the most attention to, the areas 

were broken down to a level where they were more comprehendible. The improvement 
areas were then prioritized, based on severity, by three representatives that had been 
involved in the assessment. For this prioritization we used cumulative voting (see 
Table 8) with 200 points. The result from the prioritization is shown in Table 39. 

Improvement areas 

ID 
Improvement 
area Description Priority 

IA.1 Level of detail Each requirement shall contain enough 
information for further processing.  

15 

IA.2 Change 
management 

Requirements should be updated according 
to the changes coming from the CM 
process. 

16 

IA.3 Untapped sources End-users should be used for requirements 
elicitation. 

3,67 

IA.4 Manage existing 
sources 

Requirements should be elicited 
continuously from the identified sources. 

11,67 

IA.5 Requirements 
overload 

The process need to be able to handle the 
large amount of requirements that it is 
subject to.  

16,67 

IA.6 Dependencies Dependencies between requirements 
should be identified and documented. 

16,67 
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IA.7 Backwards 
traceability 

Should be possible to trace a requirement 
to its source and from design back to the 
requirement. 

13 

IA.8 Forward 
traceability 

It should be possible to see where a 
requirement has been realized. 

3,33 

IA.9 Internal 
traceability 

It should be possible to determine where in 
the process a requirement is currently 
positioned. 

17,67 

IA.10 Requirements 
prioritization 

A prioritization process that pays attention 
to necessary aspects is requested. 

17,67 

IA.11 Market-pull vs. 
Technology-push 

There should be an even balance between 
market-pull and technology-push 
requirements. 

17 

IA.12 Estimation Estimation should be done on requirements 
that are clear enough to be estimated. 

10,33 

IA.13 Initial quality 
control 

Requirements need to be quality-assured 
before entered into the repository. 

11,67 

IA.14 Attention to 
abstraction-levels 

Requirements should be treated according 
to their abstraction-level. 

11,67 

IA.15 Product 
separation 

A better separation of requirements for 
different products will improve the 
overview of the requirements. 

3,67 

IA.16 Roles and 
responsibilities 

The roles and responsibilities in the 
process could be more clearly specified.  

17,67 

Table 39 - Prioritization of improvement areas 

IA.3 received a low priority as Extenda feels that the contact they have with their 
customers provide the information necessary to produce high-quality products. End-
users are not likely to produce requirements that could not just as well be obtained 
from the sources that are currently used. This improvement area will therefore not be 
given any more attention henceforth.  

IA.8, ensuring forward traceability is not believed to be especially rewarding, 
especially not in comparison to what it would cost. Hence, the other types of 
traceability will be given attention from hereon.  

IA.15, is probably not as much of a problem if the requirements are presented in a 
different way than they are currently presented (the excel sheet). 

6.3 Improvement Suggestions 
Based on the framework, we have proposed a new RE process for the Market-

Driven development at Extenda. The process involves five practice areas, as illustrated 
in Figure 18. The figure shows which role is responsible for each phase (addressing 
IA.16) and the activities each practice area entails. 

Specification
Role: Specifier

Task: Elicit and 
specify

Triage
Role: PM

Task: Classify 
requireme
nts

RAM
Role: RE

Task: Abstract 
and refine

Analysis
Role: PM

Task: Estimate, 
evaluate 
and find 
dependen
cies

Selection
Role: PM

Task: Plan 
release

 
Figure 18 – Process overview 

  84 



Each practice area is presented under a separate subsection. Each subsection 
presents which of the practices and techniques (presented in section 5.3) that should be 
applied. A proposed technique is represented like this; E.1.3. The ‘E’ shows that it 
concerns elicitation, the ‘1’ shows that it deals with the first proposed elicitation 
practice; stakeholder identification. The ‘3’ shows that it is the third of the proposed 
techniques relating to the practice stakeholder identification, namely; internal 
stakeholder identification. The proposed techniques are typically linked to one or 
several of the improvement areas presented in Table 39 through a reference to the 
improvement area’s ID (e.g. IA.2).  

Each practice area also presents the possible states a requirement may have in that 
practice area through a state model (RM.1.5). Hence, addressing the improvement area 
‘internal traceability’ IA.9. 

6.3.1 Specification 
The specification phase involves one role; the ‘specifier’. The specifier is 

responsible for collecting requirements from the different sources. The requirements 
that are collected shall be specified using the attributes presented in Table 40. 

Attributes 
Attribute Description 
ID A unique identifier set by the tool. 
Product States which product the requirement belongs to. 
Title A short, descriptive title that enables quick identification of the 

requirement. 
Description A broad-stroke description of the requirement. 
Rationale A justification of the requirement. How can Extenda, their 

customers or end-users benefit from this requirement? 
Risk Should state any potential restrictions with the requirement. Is 

further analysis within any area necessary? The risk should thus 
give an indication of how far the requirement has to be refined. 

Level States the requirement’s level of abstraction (product, feature, 
function or component). 

Source Reveals where the requirement came from. 
Status The current status of the requirement. 

Table 40 – Attributes 

Requirements shall be stored in Telelogic’s Focalpoint which is a requirements 
management and product planning tool (RM.3.1). 

The reason for having one person responsible for specifying the requirements, 
according to predefined attributes (RM.4.1), is to ensure a certain level of detail which 
was recognized as an improvement area (IA.1). This person is also responsible for 
eliciting requirements from internal (E.1.3) and external sources (E.1.1 and E.1.2), 
thereby addressing improvement areas IA.3 and IA.4. The source it comes from is 
recorded through the attribute ‘source’, thereby dealing with improvement area IA.7.  

The specifier shall ensure that the incoming requirements are understandable and 
is therefore supposed to go back to the source if a requirement is ambiguous. The 
source will thereby be able to validate the requirement at an early stage. Hence, the 
improvement area ‘initial quality control’ (IA.13) is addressed. 
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The possible states a requirement can have in this phase are presented in Figure 
19. 

SpecifiedStated
 

Figure 19 – States phase 1 

If a requirement is entered by another person than the specifier it is ‘stated’. When 
that requirement has been reviewed by the specifier and is approved, it is ‘specified’. If 
the requirement is entered directly by the specifier, it automatically becomes 
‘specified’. 

6.3.2 Triage 
When a requirement has been approved (quality-assured) by the specifier it is 

triaged (AN.3.1) by its corresponding product manager. The purpose is to focus energy 
on the requirements that are candidate requirements, thereby reducing the risk of 
requirements overload (IA.5). Those that are crucial may be handled as change 
requests in the ongoing development project or placed as a top-priority requirement in 
the repository, thereby entering the state ‘planned’. Only requirements that are good 
enough for implementation i.e. function and component-level, can become ‘planned’. 
To those requirements that are rejected, the attribute ‘rejection reason’ is added 
(RM.2.4) and their status is set to ‘rejected’.  

The possible states a requirement can have as a result from this phase are 
presented in Figure 20. 

Planned

Rejected

Specified CandidateStated

 
Figure 20 – States phase 2 

6.3.3 RAM 
In order to become good enough for implementation the candidate requirements 

are abstracted and refined according to RAM (see section 3.5.2.1). The attributes 
parent and children are added. The parent attribute is a link to the requirement above 
the current requirement in the hierarchy. The children attribute provides links to the 
refined requirements of the current requirement. Thereby handling dependencies (IA. 
6) of the type explains.  

RAM also ensures that requirements are refined to a level where they are concrete 
enough to be accurately estimated (IA.12). It also makes it easier to determine how a 
requirement shall be treated based on its abstraction-level (IA.14).  
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The state a requirement is updated to as a consequence of this phase is presented in 
Figure 21. 

Planned

Rejected

Specified CandidateStated RAMed

 
Figure 21 – States phase 3 

6.3.4 Analysis 
Functional dependencies shall be identified through the use of hierarchies 

(AN.1.2), as described in Appendix A. When the requirement has been analyzed for 
dependencies it enters the state ‘analyzed’. The requirement is then reviewed by 
developers who determine if the requirement is indeed good enough for 
implementation and if there are any unidentified risks (AN.4.1). The developers also 
estimate the time of realization for requirements below feature-level (IA.12) and 
classify each of these requirements according to which type of resource it demands. 
When this is done the requirement enters the state ‘reviewed’.  

The product manager can now prioritize the requirements based on the analysis. 
The product manager wanted the possibility to consider the aspects presented in Table 
41. 

Prioritization aspects 
Aspect Description 
Value This aspect represents the perceived value of inclusion. This 

value should be a compromise between the value to the 
organization and the value to the market the requirement targets.  

Penalty The penalty incurs if the requirement is excluded. 
Issuer Acknowledges how important the issuer is at the moment. An 

issuer could for instance be extra important in one release and 
not so important in another. For a coming release we may want 
to win a contract with the issuer thus we set a high value in the 
issuer column. Unfortunately the contract is lost for other 
reasons so the issuer value is reduced. The requirement is 
however not removed from the repository but remains so that it 
is available for a future release. The requirements issuer has also 
been recognized as an important aspect to consider in industry in 
general (14). Another benefit with prioritizing different issuers is 
that it enables an increase of technology-push (IA.11). This can 
easily be achieved by assigning internal issuers a higher value 
than those that are external. 

Urgency Defines how urgent the requirement is, e.g. if it has to fit into a 
market-window. 

Parent 
importance 

The perceived value of the feature that the function supports. 
This aspect makes it possible to have actual customers prioritize 
requirements on a feature-level. The reason for this is that they 
are likely to be easier for the customer to understand and they 
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are fewer. Hence, the effort required is not that grand. The 
function then inherits its parent’s value. 

Cost The estimated cost of implementation. 
Risk The risk aspect shall address requirement volatility and system 

impact. 

Table 41 – Prioritization aspects 

It would not be possible to use HCV (AN.2.2) for prioritizing these many aspects 
which is why a modified version of Wiegers’ (AN.2.1) was selected, thereby 
addressing IA.10. The problem with requirements overload (IA.5) would probably 
have increased otherwise.  

Through discussions with the product manager it was decided that requirements 
should be prioritized on function-level. This may become a problem, depending on the 
number of requirements that will be found on this level. It was however not possible to 
predict this. Hence, this decision will have to be reevaluated when this has become 
clearer, i.e. after RAM has been piloted. 

Just as in Wiegers, all aspects are ranked on a scale from 1 to 9. All of these values 
are set directly by the product manager except for cost. The cost value is derived from 
the actual estimate where the requirement with the highest estimate is given the value 
9 and the others are given values in relation to the highest value; see Table 42 for 
further explanation. 

 
 
 
 

Requirement Estimation Cost 
Req 1 100 9 
Req 2 50 4,5 
Req 3 30 2,7 

Table 42 – Cost normalization 

The possible states a requirement can have during this phase are presented in 
Figure 22. 

Planned

Rejected

Specified CandidateStated RAMed Analyzed Reviewed Prioritized

 
Figure 22 – States phase 4 

6.3.5 Selection 
The requirements can now be selected for release based on; all the prioritization 

aspects, cost, functional dependencies and with regard to the available resources.  

6.3.6 Change Management 
The Change Management process used today typically only handles new 

requirements rather than changes to the requirements that have progressed to 
realization (IA.2). This practice will probably have to change in order to adapt to the 

  88 



changes made to other parts of the process. We propose an introduction of formal 
change requests (RM.2.2) when dealing with feature and product-level requirements. 
These change requests shall be handled by an external CCB (RM.2.1). The members 
of this CCB should include the product manager, the project manager, the CTO, the 
system architect and a representative from marketing/sales. 

Change requests on component or function-level are more technical and solution 
oriented in nature. Thus they require more technical and domain knowledge. For this 
reason change requests concerning the lower levels should be handled internally within 
the project. The procedure for this shall be set by the project manager. The only 
constraint is that the requirements are updated if they are changed.  
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7 RESULT 
This section presents the results from the industry evaluation of BESMART. The 

evaluation was carried out by representatives from the case organization after the 
framework had been applied in the organization.  

The remainder of this chapter is organized as follows: Section 7.1 describes the 
setup of the evaluation. Section 7.2 presents the result from the evaluation and section 
7.3 elaborates on the validity of both the evaluation and the framework itself.  

7.1 Evaluation Setup 
This section presents the preparation and execution of the evaluation.  

7.1.1 Preparing the Evaluation  
For the evaluation four representatives were selected. These representatives are 

presented and motivated in Table 43. 

Evaluation Selection 
Role Motivation 
Chief Technical 
Officer (CTO) 

This role is actively involved in the development of product 
strategies and hence the creation and validation of high-level 
requirements. The CTO was one of the people deciding that 
Extenda should move towards a more Market-Driven 
development approach. The CTO can therefore evaluate if 
BESMART is an appropriate way to accomplish this from an 
executive point of view. 

Quality 
Assurance 
Manager 

The Quality assurance manager is responsible for the quality of 
the delivered product. The quality of a product is dependent on 
the development process. The quality assurance manager should 
therefore be able to validate if the BESMART framework is 
likely to deliver a product with higher quality and if the resulting 
RE process can be used in harmony with the rest of the process.  

Product 
Manager 1 

Part of the product managers’ job is to select which requirements 
to include in a specific release. Consequently, the product 
managers are highly involved in the RE process. The product 
managers should therefore evaluate whether or not BESMART 
can help them in their work.  

Product 
Manager 2 

See Product Manager 1. 

Product 
Development 
Manager 

The product development manager is responsible for the 
realization of the requirements when they have been selected by 
the product managers. This role can evaluate if the outcome of 
the framework is good enough for implementation. 

Table 43 – Evaluation selection 

As the table shows, the people selected for the evaluation have different 
responsibilities and areas of expertise. Furthermore, their level of involvement during 
the development of BESMART is very different. The two product managers have for 
instance been very involved whereas e.g. the product development manager has not.  

By letting different roles take part in the evaluation it can be established if 
BESMART favors a certain role or if it improves the RE process from everybody’s 
point of view.  
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By letting people with a different level of involvement during the development of 
BESMART participate, it can be assured that the framework is understandable even to 
people that have not been that involved.  

Each of the representatives, selected to participate in the evaluation, were to be 
interviewed in a semi-structured fashion. Meaning that a questionnaire would be used 
but the interviewees were asked to elaborate on their answers, rather than just say yes 
or no. This way the representatives would be able to provide more qualitative feedback 
that could be used to refine the framework.  

Before the actual evaluation, the participants were provided with both the 
BESMART framework (chapter 5) and the improvement plan (chapter 6) that had been 
developed for Extenda with support from the framework. 

The participants were asked to first study the BESMART framework and then the 
improvement plan. This way they could first gain a theoretical view of how to shift to 
a more MDRE process and then a more practical view that would be easier to relate to.  

The questionnaire used during the evaluation was also divided into two parts. One 
with questions concerning BESMART and one that focused on the improvement plan. 
The questions relating to BESMART mainly concerned the structure of the 
framework, its relevance and of course its usability and usefulness. The questions 
relating to the improvement plan were more concerned with the result from the 
application of BESMART. The questions revolved around how well BESMART 
managed to accurately assess the organization and if the proposed solutions seemed 
relevant and possible to implement in the organization. 

7.1.2 Performing the Evaluation  
Unfortunately the CTO and the Quality Assurance Manager could not participate 

in the evaluation for various reasons. Consequently, the evaluation had to be based on 
interviews with the other three that had been selected to participate. 

During the interviews, paper-copies of both BESMART and the improvement plan 
were used as reference if needed.  

Each interview started with an introduction regarding the purpose of the 
evaluation, the structure of the interview and a short presentation of the questionnaire. 
During the introduction the interviewees were also assured that the responses would be 
confidential.  

The questionnaire was followed throughout the interview, yet not that strictly. The 
reason for this was to encourage a qualitative discussion rather than an interrogation. 
The interview was lead by one of the researchers, whereas the other concentrated on 
taking notes to ensure that nothing was missed.  

7.2 Result from the Evaluation 
The evaluation of the BESMART framework resulted in some improvement 

suggestions presented in Table 44. These suggestions are further described in sections 
7.2.1 to 7.2.4. 

Improvement Suggestions 
ID Suggestion 
IS.1 Step 1 should also consider the organization’s ability to differentiate 

themselves from their competitors in other ways than through the 
products.  

IS.2 Make Step 1 more quantifiable so that it is easier to draw conclusions and 
make a well-informed decision. 

IS.3 BESMART should not only consider system requirements but product 
requirements as well. 

IS.4 Change the layout especially in Step 2 and 3 so that it does not appear as 
heavy as it currently does. 
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IS.5 Make BESMART comprehendible to people that do not necessarily have 
experience from RE. 

IS.6 Provide a more comprehensive description of the presented techniques.  
IS.7 More information concerning the trade-off associated with a certain 

practice or technique in Step 3. 

Table 44 – Improvement suggestions 

7.2.1 Step 1 
The general feedback concerning this step was that the aspects to consider seemed 

to fulfill the purpose of the step and that it seems to be the most logical first step to 
take when considering becoming increasingly Market-Driven. One of the interviewees 
commented that the organization’s ability to differentiate itself in other ways than 
through the products should be taken into account as well (IS.1). 

The result from the application of this step at Extenda was considered to be correct 
by all interviewees. The concluding remarks were approved and considered possible to 
base decisions on. Some of the interviewees did however request a more quantifiable 
evaluation (IS.2). That way it would be possible to make a more well-informed 
decision. 

7.2.2 Step 2 
The interviewees all appreciated the fact that the framework (and this step in 

particular) is inductive. One of the interviewees even claimed it to be “an absolute 
necessity in order to identify which areas that truly need to be improved”. 

One interviewee felt that the assessment only considered system requirements and 
not product requirements (IS.3). Product requirements may for instance include user 
manuals and demos. For the system to be possible to demonstrate it would for instance 
have to have available articles in the database and predefined user accounts. 

Many of the interviewees stated that this step looks very heavy at first glance due 
to the number of tables (IS.4). The structure was however considered to be so logical, 
that once you started reviewing it, it was easy to grasp. 

Several of the interviewees claimed that this step obviously fulfills its objective, 
considering how accurate the corresponding part of the improvement plan was. 

7.2.3 Step 3 
One of the interviewees stated that “even though it looks quite heavy, there is a 

very natural and logical flow in this step” (IS.4). The step was furthermore considered 
easy to grasp as long as you have some experience in RE. It would probably be too 
complex without this experience though (IS.5). It was noted that the interviewees that 
had not been very involved during the development of BESMART had a harder time 
understanding the proposed techniques even if they had some RE experience (IS.6). 
When considering the result from Step 1 and 2 it was easy to see which practice to 
consider and thanks to the motivation for the respective techniques, it was easy to 
choose the one most suiting for the organization. 

As requirements that are not posed on the system but rather on the product were 
not considered in Step 2, recommended practices for this area have also been neglected 
in this step. 

One interviewee requested a more elaborate discussion concerning the trade-off 
for each practice and technique, i.e. effort in relation to organizational gain (IS.7).  

7.2.4 General Feedback 
The traceability was considered as a positive feature with the framework as it 

made it possible to see how the steps related to each other. It did however take some 
getting use to. It was mentioned by those that had not been involved in the 
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development of BESMART that an introductory course to the framework would have 
been appreciated and probably would have made it easier to grasp. 

It is worth mentioning that parts of the improvement plan are currently being 
piloted. The result from this pilot will however not be available before the deadline of 
this thesis.  

7.3 Validity Evaluation 
There are two study results whose validity needs to be evaluated: Firstly, the actual 

framework and the studies that lied as a basis for its development. The validity of these 
studies affects the answers to research questions 1 to 3. Secondly, the validity of the 
industry evaluation of the framework needs to be evaluated. The validity of the 
evaluation affects the answers to research questions 4 to 5. 

7.3.1 Internal Validity 
Internal validity concerns the cause and effect relationship in a study (95). The 

question is if the outcome of the study is a result of the treatment or if the dependent 
variables have been affected by anything other than the treatment. 

7.3.1.1 BESMART – Studies  
For the study on Bespoke RE, five acknowledged books and frameworks were 

used. There is more relevant literature available but due to time constraints all 
literature concerning the topic could not be studied. It is possible that contradicting 
arguments could have been found if this study would have been more comprehensive. 
Still, the chosen literature is commonly known and written by acknowledged authors.  

The study on MDRE was very comprehensive as it involved a systematic review. 
A common validity threat to systematic reviews is publication bias. Publication bias 
comes from the fact that articles are often more likely to be published when there is a 
positive result rather than a negative result, in the eye of the researcher (20). This 
discarded information may be highly important for the researchers performing the 
systematic review.  The problem with publication bias is hard to address but there are 
however search strategies that can be used to address this matter (20): 

• Scanning of gray literature, i.e. papers that have not been officially 
published. 

• Scanning of conference proceedings. 
• Discussions with experts or researchers within the specific area in order to 

identify unpublished research. 

In this study, publication bias was not seen as a big issue as the reason for the 
review was not to try to prove or disprove a thesis. Nevertheless, the bias was 
addressed to a small degree by studying conference proceedings and by asking our 
supervisor (expert discussion) for possible missing papers. 

 A bigger validity threat is that there were 16 papers that could not be obtained 
(discussed in section 3.1.5). It is possible that some practices and techniques were 
missed as a result from this.  

7.3.1.2 BESMART – Industry Evaluation 
The participants of the framework evaluation were selected based on their 

background. The intention was to get an as broad sample of people as possible in order 
to obtain an objective and complete evaluation. 

The interviews, unfortunately, had to be conducted on different dates which 
offered the participants the possibility to have discussions and hence influence each 
other. If this would have happened the sample would not provide the objective 
evaluation that was intended. To prohibit this, the participants were asked not to 
discuss the evaluation with the other participants between the interviews. 
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7.3.2 External Validity 
External validity questions the study result’s generalizability (96) (95). In this 

case, the external validity concerns whether or not BESMART can be useful and 
usable in industry in general. 

7.3.2.1 BESMART – Studies 
The BESMART framework is mainly based on previous research within MDRE. 

This research has in many cases been carried out in close cooperation with industry. 
The difference between the case organizations in these previous studies has been vast 
when it comes to size of the organization, type of product, application domain and so 
on. Consequently, as BESMART is a result of all these studies, the framework ought 
to be as general as the studies on which it is based.  

7.3.2.2 BESMART – Industry Evaluation 
The external validity of BESMART can be questioned as the framework was only 

validated by one organization. This is a common challenge in action research (97). 

7.3.3 Conclusion Validity 
Conclusion validity considers the ability to draw conclusions from the correlation 

between treatments and the outcome of the study (95).   

7.3.3.1 BESMART – Studies 
The BESMART framework is based on best practices proposed in other studies 

which have been acquired through the literature studies. Inevitably, the conclusion 
validity in this study is heavily dependent on the conclusion validity of the studies 
from where the practices were obtained. More specifically, if the studies which 
provided the BESMART practices have weak conclusion validity, this study will have 
weak conclusion validity. 

  This validity threat was addressed through the rigorous selection procedure in the 
systematic review (see section 3.1.2.3).  

7.3.3.2 BESMART – Industry Evaluation 
The outcome showed that BESMART was both useful and usable in industry. 

However, this outcome was based on people’s opinion which may not always be 
objective. In this case, the participants’ objectiveness may have been affected by the 
fact that BESMART was developed in close collaboration between the researchers and 
some of the participants. It is therefore possible that the participants felt obliged to 
give positive feedback in order to help the researchers. To counteract this validity 
threat, people that had not previously been involved in the BESMART development 
were selected to participate in the evaluation.  

Furthermore, it is possible that those participants that were greatly involved during 
the application of BESMART consider the practical application rather than the more 
theoretical, documented BESMART framework. In order to reduce this risk the 
participants were asked to first read the framework and then the improvement plan. 
The evaluation of the two was also separated during the interviews where the 
interviewees were asked to first consider the framework and then the improvement 
plan. 

7.3.4 Construct Validity 
Damian and Chisan (26) define construct validity as “the degree to which 

inferences can legitimately be made from the operationalizations in a study to the 
theoretical constructs on which those operationalizations were based”. In other words, 
are we measuring what we intend to measure. 

  94 



7.3.4.1 BESMART – Studies 
BESMART is heavily based on the systematic review that was performed to cover 

the area of MDRE. The systematic review consisted of 17 fairly broad search terms 
that jointly should capture the MDRE area. It is however possible that the search terms 
used were inadequate. If this is true, the study would not have fulfilled its purpose. 

This validity threat was counteracted by constructing new search terms based on 
referenced articles in already identified studies (discussed in section 3.1.2.2). 

7.3.4.2 BESMART – Industry Evaluation 
Trochim (98) recognizes researcher’s expectancies as a threat to construct validity. 

Researcher expectancies may in this case have had an influence on the feedback 
provided by the participants during the evaluation. As a positive response to the 
framework’s usefulness and usability is very important to the researchers it is possible 
that they, subconsciously, reacted positively to the type of feedback they wanted and 
negatively to critique. The participants may therefore in an attempt to please the 
researchers provide them with answers expected by the researchers rather than their 
actual opinions. 

Another recognized threat to construct validity is mono-operation bias. The threat 
occurs when only one study is performed, with only one program (99). This could be a 
threat in our study where the framework has only been applied and evaluated at one 
location. The result could therefore possibly be seen as a consequence of the 
researchers’ knowledge in RE rather than the effectiveness of the framework. This 
threat could not be counteracted nor could the effect be measured.  
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8 REFINEMENT OF BESMART 
This chapter proposes possible refinements to the initial BESMART framework. 

These refinements either stem from the application of BESMART at Extenda or the 
evaluation performed after the framework was applied in the organization. 

8.1 Refinement from Usage 
One improvement area discovered at Extenda that was not supported by the 

framework was the definition of roles and responsibilities. Many of the identified 
improvement areas could be attributed to the absence of clearly defined 
responsibilities. The improvement plan resulted in a clearer definition of roles. The 
proposed roles and responsibilities are however not necessarily applicable in all 
organizations. If BESMART was to include a set of given roles and responsibilities it 
would be considered prescriptive. Section 5.2.2 argues against the use of prescriptive 
frameworks in this context.  

Due to the inductive nature of the BESMART framework it would therefore not be 
appropriate to propose a set of roles. The framework should rather serve to identify the 
existing roles and responsibilities in Step 2 and leave it up to the organization to 
determine which roles that are needed. Nevertheless, the following sequential 
procedure is proposed for assigning responsibilities to a role:  

1. Define the practice area – one practice area may entail one or several 
practices. It should be clearly defined which practices and activities that 
belong to which practice area. 

2. Define the responsibilities – determine which responsibilities the activities 
from the practice area require. 

3. Define the authority – it should be clearly stated which type of decisions a 
defined role is allowed to make (24). It is important that the role has the 
authority to make decisions needed to fulfill all his responsibilities. 

4. Define role characteristics – in order to be able to assign the role to a 
certain individual it must first be determined what is required from that 
role in terms of knowledge and experience.  

5. Assign an individual to the role – it should now be possible to determine 
who is the most appropriate for the role. 

8.2 Refinements from Evaluation 
Section 7.2 presented some ideas for how BESMART could be refined stemming 

from the evaluation of the framework. These improvement suggestions were 
summarized in Table 44. The following subsections will follow the ID-tags in that 
table and discuss how to proceed with each improvement suggestion.  

8.2.1 IS.1 – Organizational differentiation 
This issue is clearly outside the scope of this thesis. This does however support the 

claim made in section 1.1 that other areas than the RE process preferably should 
change in order to successfully shift to a more Market-Driven development approach. 
The fact that this issue has been brought up in industry can however be seen as a 
motivation for future work, which is why this issue will reappear in chapter 9. 

8.2.2 IS.2 – Quantifiable Step 1 
A downside with making Step 1 more quantifiable is that people would be likely to 

rely heavily on the result. Hence, this statistical result must be accurate. A lot of 
research would be needed in order to be able to guarantee the required accuracy. 
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Furthermore, the required research is considered to be somewhat outside the scope of 
this thesis. The issue will therefore not be covered further but will reappear in chapter 
9 where future work is presented.  

8.2.3 IS.3 – Product Requirements 
The scope of this thesis was limited to the traditional view on software 

requirements. Software requirements are then seen as system requirements rather than 
product requirements like updated user manuals and such. This should rather be seen 
as a functional activity that deeply relates to RE. It has already been concluded that 
further research concerning the functional areas that affect and are affected by the RE 
process is needed. This issue will therefore reappear in chapter 9. 

8.2.4 IS.4 – Change Layout 
This issue is not considered to be that important as the evaluation also showed that 

the framework only appeared heavy at first glance but turns out to be easy to grasp 
once the reading begins. The gain is therefore considered to be quite low in relation to 
the effort required to rework the structure of the framework. Consequently, this issue 
will also be found in chapter 9. 

8.2.5 IS.5 – Usable by non-Requirements Engineers 
If this issue were to be dealt with, the framework would have to include a lot more 

information. Consequently, the framework would probably not be appreciated by those 
that do have experience in RE. It is not considered to be possible to please both 
audiences. Hence, the framework will keep its target group, which is; people with 
insight in RE. 

8.2.6 IS.6 – Comprehensive Description of Techniques 
The participants in the evaluation were only provided with chapter 5 and 0 of this 

thesis. These chapters do of course build on the preceding chapters which present the 
techniques in more detail. It is however not considered to be appropriate to include that 
much information in a framework if it is supposed to actually be used in industry. It 
may however be possible to include this information in a tool-based version of the 
framework. The development of such a tool would however be too time-consuming 
which is why this issue will reappear as future work in chapter 9. 

8.2.7 IS.7 – Trade-off Information 
With an inductive mind set, it is not considered possible to generalize and say that 

a certain technique will have the same trade-off regardless of organization in which it 
is applied. Still, it may be possible to find measurable data that can be used for 
calculating the trade-off for individual organizations. It is obvious that this would 
require a lot of research and evaluation in order to be reliable. The improvement 
suggestion therefore qualifies as future work and will reappear in chapter 9. 
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9 FUTURE WORK 
This chapter presents work that should be done in order to make the BESMART 

framework even more usable and reliable.  

9.1 Further Evaluation 
Due to the time-constraints of this study, the BESMART framework has not been 

as extensively evaluated as desired.  

9.1.1 Industry Evaluation 
BESMART has this far only been applied in one organization. It is therefore 

difficult to say whether or not it is generic enough to be applied to any software 
development organization. In order to be classified as generic, BESMART would first 
have to be introduced and evaluated in more organizations. The organizations should 
come from different domains, different cultures and be of different size. Furthermore, 
these evaluations should preferably consider the effectiveness of BESMART by 
measuring the result of the introduced improvements. This has not yet been done at the 
case organization as the time limitation did not allow such an evaluation. Extenda do 
however plan to proceed with the improvements that have been suggested and a plan 
for evaluating the result from these improvements has been created.  

9.1.2 Evaluate the Dependency Analysis Model 
The developed dependency analysis model showed a theoretical decrease in the 

number of pair-wise comparisons for identifying dependencies. As a result from the 
decrease in comparisons, the number of identified dependencies is likely to be smaller. 
The question is how much smaller. The model proposes a number of different 
alternatives with different level of coverage and number of comparisons. It would 
therefore be appropriate to perform a quantitative analysis with the purpose of 
revealing the trade-off between the number of comparisons and the coverage. Which 
alternative that best suits an organization is likely to be individual, depending on the 
number of dependencies and the characteristics of their RAM-tree. The study should 
therefore preferably involve several organizations from different fields. 

9.2 Extend BESMART 
When starting this study, it was obvious that the final result would not be complete 

due to limitations in scope. Furthermore, the evaluation of the result showed that 
BESMART refinements could be made in order to improve the framework.  

9.2.1 Expand the Scope 
As mentioned in section 1.1, the framework is limited to the RE process. It is 

however evident that other areas would have to change their processes for a successful 
shift to a more Market-Driven development approach. It is likely to have great impact 
on the realization of the requirements. This must of course happen fast in order to hit 
market windows. The development process must at the same time ensure a stable and 
modular architecture that allows incremental development.  

As mentioned earlier, a shift to MDRE is not only likely to affect the development 
process but the functional areas within the organization as well. How it is affected is 
not known. Hence, there is a need for research that addresses the relationship between 
MDRE and the rest of the organization. One issue that relates to this and thereby partly 
confirms this claim was discovered during the evaluation of BESMART, see IS.1 in 
section 7.2.1. 
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9.2.2 Implement Proposed Improvement Suggestions 
As discussed in section 8.2 there are some issues that can be improved. The issues 

that were considered valid for future work were: IS.1, IS.2, IS.3, IS.4, IS.6 and IS.7.  
The two improvement suggestions that probably could offer the biggest reward to 

industry are IS.2 and IS.7. If it would be possible to make Step 1 more quantifiable 
(IS.2) an organization could estimate how much they would gain from becoming 
increasingly Market-Driven. Furthermore, it would be easy to determine just how 
Market-Driven they should become. By knowing more specifically how much more 
Market-Driven to become it would be easier to determine which actions to take, as 
suggested in Step 3. If then Step 3 of BESMART would also be quantifiable (IS.7) it 
would be possible to estimate how much it would cost to become as Market-Driven as 
Step 1 suggested. 

Hence, by implementing IS.2 and IS.7 an organization would be able to determine 
the trade-off of the process improvement. 
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10 CONCLUSION 
This thesis presents the BESMART framework. BESMART is intended for 

organizations considering a shift from Bespoke development to Market-Driven 
development. This shift comes as a response to changes in their market environment, 
reaping consequences on product development. The BESMART framework was 
developed through three main steps. First, Bespoke RE and MDRE were studied. 
Bespoke practices were identified through a literature study of five acknowledged 
Bespoke RE books and frameworks. The MDRE practices, on the other hand, were 
mainly identified through a systematic review of the MDRE area, see section 3.1. The 
systematic review was also complemented with a complementary literature review of 
the area aimed at finding already known sources. The comparison between Bespoke 
and Market-Driven RE elaborated on; the fundamental differences, differences in 
recommended practices and techniques and the unique challenges associated with 
MDRE.  

The BESMART framework was developed based on the comparison of Bespoke 
RE and MDRE. BESMART identifies three steps an organization should take when 
considering becoming increasingly Market-Driven:  

1. Evaluate the organization’s potential to become more Market-Driven. 

2. Assess the organization’s current RE process with focus on determining 
what inhibits the organization from becoming more Market-Driven. 

3. Recommend practices for becoming more Market-Driven based on the 
assessment results. 

BESMART was applied in a case organization in order to test and validate the 
framework in practice. The case organization, which was the scene for the validation, 
had a big need for identifying dependencies between requirements for different 
products. The number of requirements for all products would be very large which 
made the traditional pair-wise comparison approach unsuitable. Instead, a dependency 
analysis model using tree-structures was proposed. Theoretically, this model would 
greatly reduce the number of comparisons. Unfortunately, the model has not yet been 
applied so there is no evidence to support its effectiveness. 

The main reason for applying the framework in industry was to validate the 
usability and usefulness of all three steps. However, there was not enough time to 
implement the practices that were recommended as a result from Step 3. Instead, 
BESMART was validated through interviews with people from the case organization. 
The interviewees agreed that the BESMART framework was likely to help them in 
their shift to MDRE. The steps of the framework were considered both logical and 
necessary, and they all seemed to fulfill their individual purpose.  

The validation of BESMART resulted in several potential improvements and 
refinements to the framework. These improvements either came from using 
BESMART at the case organization or from the evaluation that was held with 
representatives from the organization. One improvement that came from the use of 
BESMART was the area ‘roles and responsibilities’. The roles and responsibilities 
were quite vaguely defined at the case organization. It was therefore seen as an 
important area for improvement. This area was however not detected by the actual 
framework. If the framework were to propose actual roles it would not be considered 
inductive but prescriptive, something the framework should not strive to be. Instead, a 
way to establish roles and responsibilities was developed as a refinement to the 
original framework that shall be included in the next version of BESMART.  

The evaluation resulted in many improvement suggestions. One of the most 
important suggestions was to make Step 1 more quantifiable. With this improvement a 
more well-informed decision could be made regarding whether or not to engage in 
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Market-Driven development. For this to be reliable enough more research is needed. 
The improvement can therefore not be included until the next version of BESMART.  

Another improvement suggestion from the evaluation was to provide an accessible 
and comprehensive description of the techniques that had been proven to be relevant to 
the organization. This would probably be best presented in a tool-based version. This 
way it would be possible to easily access the information that is relevant to the 
organization. This is something that should also be incorporated in the next version of 
BESMART. 

The reason why this latest improvement suggestion was discovered was that the 
interviewees participating in the evaluation did not have access to all the material that 
this thesis is comprised of. The thesis also includes all the information that was used as 
basis for the BESMART framework, including all recognized practices and techniques 
in MDRE and the most acknowledged practices and techniques from Bespoke RE. 
When comparing these two it was obvious that many of the practices and techniques 
stemming from Bespoke RE could also be used in MDRE. The biggest difference in 
practices lied in release planning. This difference was the root cause for many of the 
challenges an organization is likely to face when shifting to MDRE. These challenges 
have given rise to a number of practices that are somewhat unique to MDRE, e.g. early 
classification. These practices can however not be deemed mandatory to all 
organizations that shift to MDRE as it is meant to solve problems that may not be 
experienced by any given organization. This can be considered as further evidence to 
the claim that the BESMART framework needs to be inductive.  

The point of an inductive framework is to provide a tailored process for the 
specific organization. The use of BESMART at the case organization did result in such 
a tailored process. Both the proposed process and the actual framework were evaluated 
by representatives from the organization. All representatives agreed that the suggested 
process seemed to be the right way to go and that the framework seemed to fulfill its 
purpose. Hence, the BESMART framework can be considered both useful and usable. 
Whether or not it would provide the same successful result for any given organization 
does however remain undetermined. BESMART needs to be further evaluated in 
industry before it can be considered truly transferable.  

Apart from the actual framework, the systematic review of the area and the 
comprehensive comparison between Bespoke and Market-Driven RE are two of the 
major contributions of this thesis. The study did not reveal any previous attempts to 
perform a systematic review within the area. As such, the systematic review can be 
seen as one of its kind. The result from this may prove to be very useful as it may be 
used by the research community to identify gaps in current research within the MDRE 
area.  

10.1 Research Questions Revisited 
This section presents the answers to the posed research questions. 

RQ 1: What are the differences between Bespoke RE and MDRE, and what 
challenges do these differences pose when shifting from Bespoke RE to MDRE? 

The most fundamental differences between BespokeRE and MDRE lie in; 
stakeholding, schedule constraints, initiation of RE effort, product lifecycle, objective 
with development and requirements specification. These differences are further 
described in Table 15. 

The differences between Bespoke RE and MDRE cause challenges regarding; 
stakeholding, understanding gaps between departments, requirements volatility, 
release planning, and continuous flow of requirements. A description of the 
challenges, how they relate to the differences and how they relate to each other can be 
found in section 4.2.   

 

  101 



RQ 2: Which practices/techniques from Bespoke RE can also be used in MDRE? 

Most of the practices coming from Bespoke RE can be used in MDRE. It does 
however, in some cases, require some preceding activities, e.g. customer identification.  

A comparison of the practices and techniques in Bespoke RE and MDRE can be 
found in Table 16. The table also elaborate on the applicability of Bespoke RE 
practices to MDRE. 

RQ 3: Which additional practices/techniques need to be introduced when shifting 
from Bespoke RE to MDRE? 

When shifting from Bespoke RE to MDRE it is necessary to start release planning. 
Release planning involves certain practices which can also be found in Bespoke RE, 
for instance prioritization and dependency analysis. The release planning practice is 
however solely attributed to MDRE (as discussed in section 4.1.2).  

Other practices may also need to be introduced based on the challenges faced by 
the individual organization. There are no practices that can be deemed mandatory to all 
organizations. It is rather up to each individual organization to discover which 
practices and techniques that suits them best. In order to determine which practices to 
introduce in the individual organization, it is suggested to perform Step 2 of 
BESMART (the assessment, see section 5.2).  

RQ 4: Are there any undiscovered issues an organization can face when shifting 
from Bespoke RE to MDRE? 

This question was supposed to investigate if the study of the case organization 
revealed any issues that were previously undiscovered. However, all the improvement 
areas and challenges identified at the case organization had been documented in 
previous studies. This may however be due to the limitation in scope. If the study had 
not limited its scope to the RE process area, it is possible that additional issues would 
have been discovered. Furthermore, the fact that this study did not reveal any 
undiscovered issues should not be interpreted as an indication that the area does not 
require further research. 

RQ 5: Can the BESMART-framework be useful and usable in practice? 

The evaluation of BESMART at the case organization clearly showed that the 
framework was both useful and usable. The result from the evaluation is further 
presented in section 7.2.  

This study did however only involve one organization which makes the external 
validity of the study result questionable. This issue is discussed further in section 7.3.2. 
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Appendix A 
Dependency Analysis Model 
Dependencies between requirements are typically identified through the use of 

pair-wise comparisons (59). This is a very time consuming process. Carlshamre et al 
(59) report that 20 requirements (190 comparisons) took between 2.5 and 3 hours to 
scan for dependencies through pair-wise comparison.  

In section 3.3.3 we presented some ways to reduce the number of comparisons. 
One option was to use requirements hierarchies. One way to arrange requirements into 
hierarchies is by using RAM (see section 3.5.2.1). RAM revolves around generalizing 
and refining requirements (74). In other words it revolves around identifying 
dependencies of the type explains. These dependencies are found between 
requirements on different levels of abstraction as shown in Figure 23. If we look at a 
feature-level requirement it is comprised of a number of function-level requirements. 
The function-level requirements are implemented to support their parent feature. Thus, 
two feature-level requirements can only indirectly be dependent of each other if their 
refined function-level requirements are directly dependent of each other. Hence all 
existing dependencies would be found if all function-level requirements were pair-wise 
compared. However, as the requirements set grows this becomes very impractical (59). 

In the example presented in Figure 23 there are 65 function-level requirements 
which would call for 2080 comparisons. If it takes between 2.5 to 3 hours to execute 
190 comparisons (59), our example would take 30 hours.  

Function

Feature

Product

2.1

1 432 5

1.1 1.2 2.2 2.3 3.1 3.3 3.43.2 4.1 4.2 5.2 5.3 5.43.5 5.55.1

Figure 23 – Example of requirements 

We propose a method for reducing the number of comparisons. The method can be 
seen as an extension of RAM. For the method to work, some changes need to be made 
to the model proposed by Gorschek and Wohlin (74).  

RAM (74) acknowledges that a feature-level requirement may fulfill several 
product-level requirements. Visualizing the hierarchy will be practically impossible if 
a requirement may have several parents and visualizing requirements dependencies 
can be very useful (59). Instead, we propose that a requirement may only have one 
parent (obviously the most suiting) and that alternative parents are documented as 
explains-dependencies (see section 3.3.3). Thus, the existing dependencies are not 
ignored but their identification does not disable visualization.  
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The remainder of this appendix will present different ways to reduce the number of 
comparisons. Some will greatly reduce the number on the expense of coverage. 
Meaning that, fewer comparisons will reveal fewer dependencies. 

Compare function-level requirements with the same feature 
Requirements that are refinements of a larger requirement tend to have AND 

dependencies between them (59) (which is considered to be the most important type of 
dependency to identify). Thus an effective way of finding AND dependencies is to do 
a pair-wise comparison among the requirements that have the same parent (see Figure 
24). When comparing the requirements it is of course a good idea to not only look for 
AND dependencies but all kinds of dependencies. The problem is of course that 
dependencies between functions with different parents will not be found. In our 
example this technique required 102 comparisons, which would take approximately 90 
minutes. 

Function

Feature

Product

2.1

2

2.2 2.3

 
Figure 24 – Functions with same feature 

Compare feature-level requirements with the same parent 
With the same reasoning as in the previous method, AND dependencies are more 

likely to be found between feature-level requirements with the same parent (see 
Figure 25). The reason being that; features that fulfill the same goal are more likely to 
be dependent of each other than features that fulfill different goals. This technique 
required 56 (50 minutes) comparisons in our example. The problem with comparing 
feature-level requirements with each other may be that they are too abstract to fully 
understand. Another problem with this specific technique is of course that 
dependencies between feature-level requirements with different parents will not be 
found. As mentioned earlier, these dependencies are only indirect and thereby not very 
precise. Only identifying indirect dependencies may however be good enough if 
release planning is done on feature-level and the direct dependencies are left to the 
developers to discover. If it is not enough an additional technique (refining indirect 
dependencies to direct dependencies, presented below) can be applied. 
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Feature

Product

2.1

32

2.2 2.3 3.1 3.3 3.43.2 3.5

 
Figure 25 – Features with same product 

Compare all feature-level requirements 
Instead of analyzing all function-level requirements it is possible to compare only 

feature-level requirements (see Figure 26). The downside is still that these 
requirements may be to abstract to grasp and that the dependencies are only indirect. 
This technique would require 136 comparisons (2 hours) if applied to the example. 

Feature

Product

2.1

1 432 5

1.1 1.2 2.2 2.3 3.1 3.3 3.43.2 4.1 4.2 5.2 5.3 5.43.5 5.55.1

 
Figure 26 – All features 

Compare all function-level requirements with the same product-
level 
A compromise between comparing all function-level requirements and only the 

ones belonging to the same feature is to compare all function-level requirements 
belonging to the same product-level requirement (see Figure 27). The analysis will not 
be as comprehensive as when all requirements are compared but with the same 
reasoning as previously used, it is likely to result in an identification of more 
dependencies per comparison. This technique would require 487 comparisons (7 
hours) if applied to the example. 

Function

Feature

Product
3

3.1 3.3 3.43.2 3.5

 
Figure 27 – Functions with the same product 
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Refining indirect dependencies to direct dependencies 
When indirect dependencies have been identified between feature-level 

requirements, it is possible to compare the function-level requirements that refine these 
dependent features. By comparing feature-level requirements you are likely to find the 
most dependent requirements and a study have shown that the top 20% dependent 
requirements can cover up to 79% of all dependencies (59).  

In Figure 28 indirect dependencies have been identified among features; 3.4, 3.5 
and 2.1. Consequently, all function-level requirements associated with these features 
are pair-wise compared in order to identify direct dependencies. The identification of 
these direct dependencies would require all feature-level requirements to be pair-wise 
compared (136 comparisons) and 10 function-level requirements to be compared (45 
comparisons) resulting in a total of 181 comparisons.  

The number of required comparisons needed when using this refinement technique 
is of course dependent on the number of dependencies identified on feature-level and 
the number of function-level requirements that these are comprised of. 

Function

Feature

Product
3

3.1 3.3 3.43.2 3.5 2.1

2

2.2 2.3

 
Figure 28 – Refine indirect to direct dependencies 

Between products within a family 
It has become increasingly common to offer solutions based on a set of products 

called a product family. These products are meant to complement each other. As a 
consequence, the level of interaction between these products is high. Consequently, 
there is a big risk for dependencies between requirements belonging to different 
products within the product family. These dependencies need to be identified in order 
to synchronize the release planning for the different products. 

The number of requirements to analyze when finding dependencies between two 
products would of course be bigger than when just analyzing one product. We 
therefore proposed the following steps: 

1. Identify the most dependent feature-level requirements from the two 
products. 

2. Compare the most dependent feature-level requirements to all other 
feature-level requirements. 
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3. If step 2 revealed that other feature-level requirements were extremely 
dependent step 2 can be repeated for those requirements. 

4. Refine the identified indirect dependencies to direct dependencies. 

Figure 29 shows step 1 and how the number of comparisons is reduced. 

Feature

Product

2.1

1 432

1.1 1.2 2.2 2.3 3.1 3.3 3.43.2 4.1 4.23.5

Product 1 Product 2  
Figure 29 – Dependencies between products 
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