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ABSTRACT 
In the last decade, time-to-market pressure in the software industry has increased, and at 

the same time, markets change ever faster, causing high requirements volatility. This 

phenomenon is called a "dynamic market " . 

Agile methodologies address these problems, but have a limited scope of applicability. 

Although they principally do not lack a Requirements Engineering (RE) focus, one of the 

reasons for that limited scope is their lack of rigorous RE. 

Augmenting agile methodologies with traditional RE techniques could be a step towards 

expanding their scope and finding a continuum between traditional software development 

and agile methodologies. Acknowledging the fact that there is no one-size-fits-all RE 

process, our research goal is to provide some guidance for choosing the most appropri-

ate set of RE techniques for a project in a dynamic market and investigate their inte-

grability into an agile development process, Extreme Programming. 

111 



ACKNOWLEDGEMENTS 
I would like to thank Dr. Armin Eberlein for his support and guidance in my research 

from inception through to completion. I would like to thank the Siemens AG for their 

financial support. I also thank Franz Kudorfer and Günter Böckle from Siemens, who 

provided me with input from the practitioner's point of view and fruitful discussions. 

Finally, a big thank you goes out to Seth Bowen for taking the time to help me with the 

final correction of this thesis. 

iv 



TABLE OF CONTENTS 

ABSTRACT III 

ACKNOWLEDGEMENTS IV 

TABLE OF CONTENTS V 

LIST OF TABLES IX 

LIST OF FIGURES X 

LIST OF ACRONYMS XI 

LIST OF DEFINITIONS XII 

1. INTRODUCTION 1 

I.I. Motivation of Research 1 

1.2. Goals of Research and Solution Approach 2 

1.3. Description of Document Structure 4 

2. LITERATURE SURVEY AND ANALYSIS 5 

2.1. Objectives of this Chapter 5 

2.2. Market characteristics 5 
2.2.1. Time to market & pioneering 5 
2.2.2. Market attributes 7 

2.3. RE in Software Development 10 
2.3.1. Software development lifecycles 10 
2.3.2. The RE Process 12 

2.4. Survey of RE Techniques and Process Elements 14 
2.4.1. Elicitation Techniques 16 
2.4.2. Analysis Techniques 18 
2.4.3. Specification Techniques 20 
2.4.4. Validation Techniques 22 
2.4.5. Process Elements 23 

2.5. Survey of Rapid Application Development Processes 23 

2.6. Survey of Change Management Processes 25 

2.7. Agile methodologies 27 
2.7.1. Extreme Programming 27 
2.7.2. Serum 29 
2.7.3. Adaptive Software Development 30 
2.7.4. Feature Driven Development 32 
2.7.5. Dynamic Systems Development Method 33 
2.7.6. Crystal 35 



2.7.7. Analysis of Agile Methodologies 36 

2.8. Agile vs. Traditional Software Development 39 
2.8.1. The Role of RE 39 
2.8.2. The Continuum Between Agile and Traditional 39 

3. SUITABILITY OF RE TECHNIQUES FOR DYNAMIC MARKETS 43 

3.1. Objectives of this Chapter 43 

3.2. Agility Ranking of Requirements Engineering Techniques 45 
3.2.1. Designer as Apprentice 45 
3.2.2. Document/Data Mining 47 
3.2.3. Group Session Techniques 48 
3.2.4. Interviewing 50 
3.2.5. Observation and Social Analysis / Ethnography 52 
3.2.6. Viewpoints 53 
3.2.7. Goal-Oriented RE 55 
3.2.8. Informal Modeling 56 
3.2.9. Semiformal Modeling 57 
3.2.10. Formal Specifications 59 
3.2.11. Prioritization 60 
3.2.12. Quality Function Deployment (QFD) 62 
3.2.13. Blitz QFD 63 
3.2.14. Scenarios / Use Cases 64 
3.2.15. Requirements Reuse 66 
3.2.16. Evolutionary Prototyping 68 
3.2.17. Exploratory Prototyping 69 
3.2.18. Requirements Checklists 71 
3.2.19. Requirements Reviews 72 
3.2.20. Requirements Testing 73 
3.2.21. Requirements Change Management 75 
3.2.22. Requirements Tracing 76 

3.3. Graphical Display of the Agility Ranking 78 

3.4. Summary and Discussion 83 

4. RELEVANT FACTORS FOR RE TECHNIQUE SELECTION 85 

4.1. Objectives of this Chapter 85 

4.2. List of Attributes 86 
4.2.1. Team Related Attributes 86 
4.2.2. Stakeholder Related Attributes 87 
4.2.3. Project Related Attributes 88 
4.2.4. Requirements Related Attributes 89 
4.2.5. Product / System Related Attributes 90 
4.2.6. Organization/Company Related Attributes 91 

Vi 



5. EFFECT OF PROJECT ATTRIBUTES ON RE TECHNIQUES 93 

5.1. Objectives of this Chapter 93 

5.2. Evaluation of Techniques 94 
5.2.1. Designer as Apprentice 94 
5.2.2. Document/Data Mining 94 
5.2.3. Group Session Techniques 95 
5.2.4. Interviewing 95 
5.2.5. Observation / Social Analysis / Ethnography 96 
5.2.6. Viewpoint Techniques 97 
5.2.7. Goal-Oriented RE 97 
5.2.8. Informal Modeling 98 
5.2.9. Semiformal Modeling 98 
5.2.10. Formal Modeling 99 
5.2.11. Prioritization 100 
5.2.12, Quality Function Deployment (QFD) 100 
5.2.13. Blitz QFD 101 
5.2.14. Scenarios/Use Cases 101 
5.2.15. Requirements Reuse 102 
5.2.16. Evolutionary Prototyping 102 
5.2.17. Exploratory Prototyping 103 
5.2.18. Requirements Checklists 104 
5.2.19. Requirements Reviews 104 
5.2.20. Requirements Testing 104 
5.2.21. Requirements Change Management 105 
5.2.22. Requirements Tracing 106 

5.3. Summary 106 

6. RE TECHNIQUE SELECTION 108 

6.1. Objectives of this chapter 108 

6.2. Tables for RE Technique Selection 108 

6.3. How to Choose a Set of RE Techniques 117 

6.4. Discussion 119 

7. INTEGRABILITY OF RE TECHNIQUES INTO XP 121 

7.1. Objectives of this Chapter 121 

7.2. Evaluation of Integrability 122 
7.2.1. Designer as Apprentice 122 
7.2.2. Document/Data Mining 122 
7.2.3. Group Session Techniques 122 
7.2.4. Interviewing 123 
7.2.5. Observation / Social Analysis / Ethnography 123 
7.2.6. Viewpoint Techniques 123 

vii 



7.2.7. Goal-Oriented RE 123 
7.2.8. Informal Modeling 124 
7.2.9. Semiformal Modeling 124 
7.2.10. Formal Modeling 124 
7.2.11. Prioritization 124 
7.2.12. Quality Function Deployment (QFD) 125 
7.2.13. Blitz QFD 125 
7.2.14. Scenarios/Use Cases 125 
7.2.15. Requirements Reuse 126 
7.2.16. Evolutionary Prototyping 126 
7.2.17. Exploratory Prototyping 126 
7.2.18. Requirements Checklists 126 
7.2.19. Requirements Reviews 127 
7.2.20. Requirements Testing 127 
7.2.21. Requirements Change Management 127 
7.2.22. Requirements Tracing 128 

7.3. Summary 128 

8. CONCLUSION 129 

8.1. Limitations of this Work 129 

8.2. Summary and Key Findings 129 

8.3. Future Research 130 

9. REFERENCES 132 



LIST OF TABLES 
Table 1-1: Success Rates of Software Projects from 1994 until 2000 1 
Table 2-1: Market kinds and appropriate strategies 7 
Table 2-2: Applicability of RE Techniques for RE Phases 16 
Table 3-1: Weights for Ranking Agility According to Different Priorities 78 
Table 6-1: Relationship Between Project Attributes and Elicitation Techniques I 109 
Table 6-2: Relationship Between Project Attributes and Elicitation Techniques II 110 
Table 6-3: Relationship Between Project Attributes and Analysis Techniques I 111 
Table 6-4: Relationship Between Project Attributes and Analysis Techniques II 112 
Table 6-5: Relationship Between Project Attributes and Specification Techniques I  113 
Table 6-6: Relationship Between Project Attributes and Specification Techniques II 114 
Table 6-7: Relationship Between Project Attributes and Validation Techniques I 115 
Table 6-8: Relationship Between Project Attributes and Validation Techniques II 116 

ix 



LIST OF FIGURES 
Figure 2-1: The Waterfall Lifecycle Model 10 
Figure 2-2: The Spiral Software Development Model 12 
Figure 2-3: The Coarse Grain Model of the RE Process 13 
Figure 2-4: The Spiral Model of the RE Process 14 
Figure 2-5: The ASD Lifecycle 31 
Figure 2-6: The DSDM Lifecycle 35 
Figure 2-7: Risk Exposure Profile 40 
Figure 2-8: Risk Exposure for an "agile" project 40 
Figure 2-9: Risk Exposure for a "traditional" project 41 
Figure 3-1: General Agility Ranking 79 
Figure 3-2: Agility Ranking Weighted for Change Responsiveness 80 
Figure 3-3: Agility Ranking Weighted for Overall Development Speed 81 
Figure 3-4: Agility Ranking Weighted for RE Speed 82 
Figure 3-5: Average Scores per Criterion 83 

x 



LIST OF ACRONYMS 

Acronym Explanation 

RE Requirements Engineering 
JAD Joint Application Design / Development 
XP Extreme Programming 
ASD Adaptive Software Development 
DSDM Dynamic Systems Development Method 
TTM Time-to-Market 
RAD Rapid Application Development 
PD Participatory Design 

Xi 



LIST OF DEFINITIONS 

Term Explanation 

Analyst An individual whose role is to examine the system in terms of re-
quirements and implementation and to determine the relationships 
between different facets of the system. 

Complete Having all necessary parts or elements. 
Consistent Free from variation or contradiction. 
Developer An individual whose role it is to implement the requirements specifi-

cation provided by the analysts. 
Domain Expert An individual that has detailed knowledge of the problem and/or solu-

tion domain. 
Embedded 
system 

A combination of computer hardware and software, either fixed in 
capability or programmable, that is specifically designed for a particu-
lar kind of application device, e.g. a cell phone or Personal Digital 
Assistant (PDA) 

Functional re- 
quirement 

A requirement that is directly concerned with system functionality. 

Method A systematic procedure to achieve a desired aim. It is used almost 
similar to the term "technique", but at a coarser granularity (i.e., a 
method may encompass more than one technique). 

Methodology A series of related methods or techniques. 
Model A simplification of the system that is developed in order that the sys-

tem, or a specific portion of the system, and its behaviour may be bet-
ter understood. 

Modifiable May be changed to give a different or clarified meaning. 
Non-functional 
requirement 

A requirement that is not directly concerned with the functionality of 
the system but rather identifies constraints for the system, e. g. safety, 
usability, security and reliability. 

Process A structured set of activities that are intended to lead to a specific 
goal. 

Product family A set of related products sold by a single company 
Requirement The descriptions of how a system should behave, which may include 

application domain information, constraints on the system's operation, 
or specifications of a system property or attribute 

Requirements 
Analysis 

The process of fully understanding requirements and detecting contra-
dicting, incomplete requirements, or possible conflicts. 

Requirements 
Elicitation 

The process of discovering requirements through the consultation of 
various information sources. This process is also called requirements 
acquisition. 

Requirements 
negotiation 

The process of negotiating the flexible aspects of requirements, for 
example, regarding system performance. 

xii 



Requirements 
validation 

The process of checking the external consistency of the requirements 
specification, in other words, whether the specification reflects the 
wishes of the stakeholders ("Are we building the right system?") 

Requirements 
verification 

The process of checking the internal consistency of the requirements 
specification ("Are we building the system right?") 

Stakeholder Any individual who will be directly or indirectly affected by the sys-
tem to be constructed. 

Technique A systematic method of achieving an aim. Typically used in a finer 
granularity than the term "method" (i.e., several techniques maybe 
contained in a method). 



1 

1. Introduction 

1.1. Motivation of Research 
The Standish group report from 1994 [Standish 1994] showed that software engineering 

projects had a success rate of 16 %. Even though the Standish group's definition of suc-

cess is rather narrow (the project has to be completed on time, on budget and with the 

initially specified set of features), this is a rather poor result, especially if we consider 

that approximately one third of all projects is cancelled entirely (31 %). This means that 

roughly half of the projects (53 %) were challenged for one or more of the following rea-

sons: They were either over budget, too late or did not deliver the desired functionality. 

Since then, these numbers have improved significantly. In 2000, 26 % of all projects 

were successful, while only 28 % failed and 46 % were challenged [Standish 2000]. The 

following table shows the development from 1994 until 2000: 

1994 1996 1998 2000 

Succeeded 16% 27% 26% 28% 

Failed 31 % 40% 28% 23% 

Challenged 53% 33 % 46% 49% 

Table 1-1: Success Rates of Software Projects from 1994 until 2000 

Nevertheless, these numbers are far from being satisfactory: Still, not even one third of 

all projects are successful according to the Standish groups definition. The area of re-

quirements engineering (RE) proved to be the one of the main problem sources here. 

Managers were asked to identify the reasons of project failure, and throughout all the 

studies, requirements related issues (e.g., user involvement, changing requirements, or 

incomplete specifications) were among the top ten reasons. 

One of the reasons for project failure mentioned above, changing requirements, together 

with strong time-to-market (TTM) pressure, roughly characterizes a market environment 
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that many companies operate in today and which will be the focus of this research. 

Throughout this thesis, we will call this environment a "dynamic market". 

Dealing with strong time pressure along with highly volatile requirements is a very chal-

lenging task in software development: IT companies strive to satisfy the customer's re-

quirements as quickly as possible, but are often aiming at a moving target. Rapid changes 

in customer's requirements render specifications obsolete even before development be-

gins. Late requirement changes can cause software architectures to break, which can re-

sult in compromised quality or the project being completed behind schedule. 

However, rapid change and time pressure are not the only challenges, because there is no 

such thing as "the dynamic project". No two software development efforts are exactly the 

same. Thus, it seems common sense that no single methodology is able to accommodate 

all the needs of a software project, which in turn implies that, ideally, methodologies 

should be custom-made for each project. Likewise, this statement is also valid for RE. 

There is no single way to perform the RE activities of a project that provides perfect re-

suits in every situation. 

1.2. Goals of Research and Solution Approach 

The overall research goal is to provide guidance regarding RE activities for software de-

velopers who have to deal with the challenges of a dynamic market. 

Agile methodologies claim to address both TIM pressure and rapidly changing require-

ments. Their lack of up-front planning, however, limits their scope of applicability 

[Boehm 2002]. This thought will be expanded on in sections 2.7.7.3 and 2.8. 

The general idea of agile methodologies, focusing on agility in the sense of being able to 

quickly respond to changes at a high development speed, is certainly a desirable goal of 

software development, because it enables a company to develop a product that very 

closely reflects the requirements of the customer at the time of delivery. 
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But although agile methodologies certainly do not lack a requirements focus, there is very 

little requirements engineering involved. The descriptions of the methodologies them-

selves contain no advice on how to engineer requirements. Therefore, augmenting agile 

methodologies with traditional RE techniques could be a way of expanding the scope of 

agile methodologies. For a more detailed discussion about the continuum of agile and 

traditional software development, see section 2.8.2. 

So far, there has been little research on how to perform RE in agile methodologies. This 

document is a first step in combining the best of both worlds and alleviate the deficien-

cies of agile methodologies regarding RE. 

To summarise, the underlying hypotheses for this work are: 

• There is a continuum between agile and traditional software development. 

• Agile methodologies are not appropriate for all software development projects. 

If agile methodologies are not suitable for all projects, this implies that the kind of project 

affects the choice of methodology and therefore the choice of RE techniques, too. This 

notion is supported by Alistair Cockburn's work on just-in-time methodology construc-

tion [Cockburn 2000a], [Cockburn 2000b], [Cockburn 2000c]. Cockburn's approach is 

more holistic, as he considers the entire software development lifecycle of a project and 

especially project management related issues, whereas our focus will be RE. 

To our knowledge, there has also been little research regarding the best choice of RE 

techniques for a project, especially considering the special requirements for projects in 

dynamic markets. 

The question that is addressed in this thesis is not "can we use an agile methodology for a 

certain project?" but rather "how agile can our requirements activities for a certain pro-

ject be?" Finding the continuum between agile and traditional software development with 

respect to RE involves the following steps: 

1. The market environment needs to be characterized in order to determine whether 

a project actually takes place in a dynamic environment. 
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2. In order to judge whether an RE technique is actually suitable for a project taking 

place in a dynamic market, it needs to be examined with respect to its agility. 

3. Certain project characteristics may prohibit the use of particular RE techniques or 

promote the application of others. RE techniques need to be evaluated with re-

spect to their relationship to the project characteristics. 

4. As RE is only part of the software development process, it needs to be investi-

gated whether the techniques that seem suitable for a project can be integrated 

into an overall process model. 

1.3. Description of Document Structure 

Chapter two contains the survey and analysis of the relevant literature. The aspects of a 

market that make it dynamic are outlined, as well as the general effects that these factors 

have on RE. Development approaches that address aspects of dynamic markets are pre-

sented and analyzed with respect to their applicability in such an environment. This chap-

ter also includes a list of traditional RE techniques. 

In chapter three, the RE techniques are evaluated and ranked with respect to their poten-

tial applicability in dynamic markets. 

In chapter four, several project attributes that have an impact on the way that RE is exe-

cuted are identified. This selection serves as a checklist for chapter four. 

In chapter five, the interrelation between the project attributes and the RE techniques is 

examined. Implementation barriers and, where applicable, the effect of each technique on 

the project attributes is examined. General benefits of the RE techniques that are inde-

pendent of the agility ranking are outlined. 

The integrability of several RE techniques into an agile methodology, Extreme Program-

ming, is examined in chapter six. 

Chapter seven includes a summary of the document, points out the limitations of this 

work, and provides an outlook on further research. 
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2. Literature Survey and Analysis 

2.1. Objectives of this Chapter 

The objective of this chapter is to survey and analyze literature relevant for this research. 

This includes: 

• A survey about the characteristics of dynamic markets and the importance of 

market entry order 

• A survey of the RE process and its place in the software development lifecycle 

• A survey of RE techniques that will be examined in the following chapters 

• A survey of processes that aim at time-to-market projects 

• A survey of change management processes 

• Survey and analysis of agile methodologies 

• An analysis of the continuum between agile and traditional software development 

2.2. Market characteristics 

One of the main contributors to requirements volatility is the product's target market 

(among others such as changes in the customer organization, issues that simply have been 

overlooked etc.). The purpose of this section is to provide some assistance in determining 

whether a project will take place in a dynamic environment, and to give some examples 

as to which aspects of a market can show dynamism and have to be dealt with by project 

management. Focusing on RE, the effects that a market attribute may have are outlined. 

2.2.1. Time to market & pioneering 

It is generally beneficial to deliver a product to a market early [Olsen 1995]. The sooner a 

market is penetrated, the earlier product sales and revenues start, and the earlier a market 

share can be established [Dyer 1999]. There is, however, more to the issue of timing than 
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that. There is much discussion about how early a company should enter a market and 

which strategy it should follow. 

First of all, it is appropriate in this context to point out what "being early to a market" 

actually means: Golder and Tellis define a pioneer as the first firm to sell in a new prod-

uct category, while a product category is defined as "a group of close substitutes such that 

consumers consider the products substitutable and distinct from those in other categories" 

[Golder 1993]. There are two more groups, for which there is no clear-cut definition: 

early entrants (or early followers) and late followers. 

Pan et al. found that early entrants have significantly higher market shares and profitabil-

ity than late followers [Pan 1999]. However, this does not mean that early entry is every-

thing. [Tellis 1996] have discovered that many long-term leaders were not the pioneers of 

a certain market, but rather early entrants. Current market leaders are often mistaken as 

being the pioneers in a certain market, while the actual pioneers have failed long ago and 

have been forgotten [Golder 1993]. Due to this fact, the results of studies that do not take 

survival rate of companies into account are not very reliable. The strategies that made the 

early entrants successful as identified by [Tellis 1996] were a vision of the mass market, 

managerial persistence, financial commitment, relentless innovation, and asset leverage. 

[Golder 1993] identified another reason for the short-lived success of pioneers: Pioneers 

are often in a position to charge premium prices due to the lack of competition. As soon 

as competitors enter the market, the pioneers fail to make the transition to a more price-

based and therefore cost-effective competition because they did not establish the appro-

priate processes from the start. 

It is also necessary to examine the kind of market a company is interested in targeting. 

[Card 1995] identifies four different kinds of markets and concludes that timing is only 

the decisive factor in one of these markets. 
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Market characteristics Most important business strategy 

Few producers, few customers Capability 

Few producers, many customers Time-to-market 

Many producers, few customers Quality 

Many producers, many customers Cost 

Table 2-1: Market kinds and appropriate strategies 

In the high-tech market, where there is typically a lot of pressure for innovation, making 

the decision to wait and learn from competitor's mistakes may be beneficial. On the other 

hand, this market is very short-lived and delays of only a few weeks may be a decisive 

disadvantage. 

To summarise, while the order of market entry is certainly not the most important success 

criterion, it can be very important if combined with the appropriate follow-up strategies, 

especially since the IT market often exhibits characteristics that suggest that timing is 

important. For the remainder of this thesis, the underlying assumption is that early market 

entry is desirable for a company. 

2.2.2. Market attributes 

Market dynamism can manifest itself in various ways. The following sections contain a 

list of market attributes that may have an impact on product strategy and RE. Although 

such a list can impossibly be complete, it may serve as a checklist to identify potential 

problems. 

It should be noted that the attributes may not only cause requirements volatility, but tend 

to fluctuate themselves. For example, a market does not always have a high or low legal 

stability. Therefore, it is important to monitor the development of the attributes and their 

current state. 
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2.2.2. 1. Leader vs. Follower 

First of all, a company's own position in the market affects its strategy: If you are a 

leader, you are more likely to want to maintain your position and therefore prefer modifi-

cation of existing products to' a high degree of innovation, whereas as a newcomer to a 

market may either try and be highly innovative and explore new aspects of a market or 

produce a similar product but with significantly higher quality or lower price. A "fol-

lower" company will probably opt for a mixed strategy (i.e., modification of an existing 

product but with a stronger slant towards innovation) [Doole 2001]. 

2.2.2.2. Market form 

The kind of market in which a company operates is also important: In a monopoly mar-

ket, where most of the requirements are dictated by the manufacturer, there is less pres-

sure to get the requirements right. In the more common case of a balanced market with 

strong competitors, a company has to have the edge over its competitors somehow. Prod-

uct optimization becomes less important, and time-to-market is typically regarded as a 

decisive factor, especially when few producers compete for many customers [Card 1995]. 

2.2.2.3. Consumer goods vs. capital goods 

In consumer goods markets, there is typically no direct contact with the customer, which 

is in contrast to capital goods markets [Meissner 1995]. In consumer goods markets, ra-

tional buying decisions are sometimes secondary. Consumer goods markets are often 

characterized by a strong media power, e.g. via commercials. In this case, it is often ad-

visable to gear development towards the emotional features of a product. For a cell 

phone, this may include or features that do not necessarily add usability or functionality 

(e.g., a colour display or polyphone ringing tunes), but distinguish the product from oth-

ers. In this type of market, close cooperation with the marketing department is very im-

portant, as it serves as a substitute for the customer. 

2.2.2.4. Legislation 

Markets in strongly developing countries like the eastern European nations often do not 

have highly stable legislation. In these markets, requirements may change due to chang-
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ing laws and standards [Fabry 2002], which could affect a product like tax calculation 

software. 

2.2.2.5. Heterogeneity 

A market's heterogeneity can manifest itself in different ways, e.g. culture, geography, or 

currency. The eastern European market is once again a good example. There is a strong 

increase in heterogeneity here compared to the rather monolithic market of the former 

Soviet Union - a contrary development compared to most of the western European coun-

tries, where currency differences are history now that the Euro is the official currency. 

This type of increasing cohesiveness in a market offers possibilities for product stan-

dardization [Meissner 1995]. In addition, customer contact may become less intimate as 

market size increases. 

2.2.2.6. Buying power 

The potential buying power of the customer may change over time: With the overall re-

cession in Europe since the beginning of the 2l century, manufacturers of inexpensive 

products achieve higher market shares than before. On the other hand, with an increasing 

buying power, cost may no longer be the decisive criterion for a consumer to buy a prod-

uct. Product and project will change accordingly, which means that the requirements en-

gineers have to bear this variable in mind and work in close cooperation with the market-

ing department. 

2.2.2.7. Customer loyalty 

It is of course desirable to have a great deal of customer loyalty. Typically, there are rea-

sons for loyalty that are directly associated with the product, such as emotional factors, 

design, usability, or reliability. If there are changes in loyalty, RE has to deal with these 

changes. For example, the features of a product could prioritized according to the reasons 

for loyalty. 
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2.3. RE in Software Development 

2.3.1. Software development lifecycles 

Software development takes place within the context of a software lifecycle that defines 

the general phases of the product development. There are several development models, 

including waterfall [Sommerville 1996], incremental [McConnell 1996], and spiral 

[Boehm 1988]. 

The waterfall lifecycle contains distinct development stages that are in strict sequential 

order, which means an activity begins only after the preceding activity is finished. Figure 

2-1 (adapted from [Royce 1987]) shows that RE is the first major stage after project in-

ception. 

Inception 

Requirements 

Design 

Implementation 

Test 

Maintenance 

Figure 2-1: The Waterfall Lifecycle Model 
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Changes to the work products of a prerequisite activity are not allowed, which (in an 

ideal world) reduces the risk of delays due to requirements changes. On the other hand, 

this implies that each stage must deliver "perfect" work products, which in turn may 

cause delays. In reality, requirements changes cannot be prevented throughout a project, 

which greatly limits the applicability of this lifecycle model. 

Although this model is an oversimplification, it serves the purpose of conveying the gen-

eral framework of the software lifecycle. In reality, the stages depicted above are not 

really stages, but are intertwined. They can occur concurrently and there is the possibility 

of iterations. Nevertheless, the majority of RE happens in the earlier phases of a project. 

The incremental life cycle is a software development life cycle that was designed to in-

crease adaptability and decrease the risk of wasted requirements engineering effort. The 

system is not developed in one big step, but is partitioned into increments, because it is 

easier to plan on a shorter time scale [Standish 2000]. Typically, this is coupled with it-

erative development as proposed in the spiral lifecycle. 

The spiral life cycle (see Figure 2-2) is a specialized iterative life cycle, which explicitly 

takes risk into consideration when performing software development .activities [Boehm 

1988]. By iterating through the software development activities, the developer can adapt 

to changing requirements and consequently perform less rework. 
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Figure 2-2: The Spiral Software Development Model 

2.3.2. The RE Process 

The RE process itself can be split into four basic activities: elicitation, analysis and nego-

tiation, documentation and validation. The corresponding workflow is depicted in Figure 

2-3 [Kotonya 1998]. 
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These four activities do not necessarily have to be performed separately. In fact, it is fa-

vourable to carry them out concurrently, if possible, in order to prevent long interruptions 

in working on the same piece of information. Incremental development of the require-

ments specification is favourable, so that stable parts of the specification can be devel-

oped first. It is also advisable to execute the RE process in an evolutionary fashion so that 

there is a chance for validation - and possible modification - of the requirements specifi-

cation. 

Therefore, just like the software lifecycle, the requirements process should not be re-

garded as a sequence of activities, but rather as an incremental and evolutionary process. 

An attempt to visualize this is the spiral model of the RE process (see Figure 2-4 

[Kotonya l998]). 
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Figure 2-4: The Spiral Model of the RE Process 

2.4. Survey of RE Techniques and Process Elements 

The following chapter provides an overview of a selection of requirements engineering 

techniques and process elements. Obviously, such a list is inherently incomplete. This list 

is based on the selection presented in [McPhee 2000], who also categorized the chosen 

RE techniques with respect to their practical application in the four stages of the RE 

process: elicitation, analysis, validation and specification/documentation. 

As most techniques have more than one area of application, the table includes an indica-

tor of the suggested primary and secondary areas of application. For example, interviews 

are used mainly for elicitation purposes, so there is a "Primary" entry in the elicitation 

column, but they also serve as a means for validation, so there is a "Secondary" entry in 

the validation column. In order to impose some structure onto this rather lengthy list, the 
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same structure has been chosen here. The following table (again taken from [McPhee 

2000] and slightly modified) summarizes the main focus of each of the techniques: 

Tool/Technique Elicitation Analysis Specification Validation 

Interviews Primary Secondary 

Data/Document Mining Primary 

Cooperative Require- 
ments Capture (CRC) 

Primary Secondary Secondary 

Designer as Apprentice Primary Secondary 

Observation and Social 
Analysis / Ethnography 

Primary Secondary 

Focus Groups Primary Secondary 

Future Workshops Primary Secondary 

Viewpoint-Oriented 
Techniques 

Primary Secondary Secondary 

Joint Application Devel- 
opment (JAD) 

Secondary Primary Secondary 

Quality Function Dc- 
ployment (QFD) 

Primary Secondary 

Blitz QFD Primary Secondary 

Informal Modeling Secondary Primary Secondary Secondary 

Semi-formal Modeling Secondary Primary Secondary Secondary 

Scenarios / Use Cases Secondary Primary Secondary Secondary 

Goal-Oriented RE Secondary Primary Secondary Secondary 

Requirements Prioritiza- 
tion 

Secondary Primary Secondary 

Formal Modeling Secondary Primary Secondary 
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Tool/Technique Elicitation Analysis Specification Validation 

Requirements Checklists Secondary Primary 

Requirements Reuse Secondary Primary 

Requirements Tracing Secondary Primary Secondary 

Requirements Change 
Management 

Primary 

Exploratory Prototyping Secondary Secondary Primary 

Evolutionary Prototyp- 
ing 

Secondary Secondary Primary 

Requirements Testing Primary 

Requirements Reviews Secondary Primary 

Table 2-2: Applicability of RE Techniques for RE Phases 

2.4.1. Elicitation Techniques 

2.4.1.1. Cooperative Requirements Capture (CRC) 

CRC is a group session approach where the main purpose is to achieve cooperation be-

tween stakeholders. The main difference between CRC and other group session ap-

proaches is that it requires the participation of stakeholders who are not necessarily in-

cluded elsewhere, e.g. individuals that have a financial or regulatory stake in the system. 

The approach is described in detail in [MacAulay 1994]. 

2.4.1.2. Designer as Apprentice 

In the technique Designer as Apprentice the analyst takes on the role of an apprentice 

with the customer as the master [Beyer 1995]. This approach focuses on providing the 

analyst with hands-on insight into the way that the end user of the system actually works. 

In contrast to observation and social analysis, there is interaction between the master and 

the apprentice. 
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2.4.1.3. Document Mining 

As most system development efforts replace or enhance an existing system (software 

based or not), there is very likely information recorded about this system. Document min-

ing is the activity of searching through any kind of information sources in order to deter-

mine context and details for the system to be built. Sources of information may include 

email notes, existing system specifications, workflow descriptions or change requests for 

the existing system that have been recorded, to name but a few [McPhee 2000]. 

2.4.1.4. Focus Groups 

This method involves a group of users discussing a certain problem or system under the 

supervision of a facilitator. The facilitator is responsible for maintaining the focus of the 

discussion on the issue of interest. The discussion is supposed to be, from the user per-

spective, a rather free and unstructured discussion, even though the facilitator keeps up 

the focus and keeps the discussion to a set of well-defined topics (hence the name focus 

group) [MacAulay 1996]. The use of focus groups is not restricted to elicitation, they can 

also be used throughout the development process, e.g. in order to evaluate prototypes for 

validation and verification purposes [Highsmith 2000a]. 

2.4.1.5. Future Workshops 

Like focus groups, future workshops are facilitated group sessions, but they are more 

structured. A Future Workshop is divided into three phases: 

• The Critique phase is designed to draw out specific issues and problems about 

current work practice. 

• The Fantasy phase allows the participants to imagine "what if' the workplace 

could be different. 

• The Implementation phase focuses on what changes can be realistically accom-

plished and what resources would be needed. 

The facilitator ensures that the scope of the environment is defined and adhered to, and 

that the participants discuss the desired end-state of the environment [MacAulay 1996]. 
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2.4.1.6. Interviews 

Interviews are the most commonly practiced elicitation technique. There are two different 

types of interviews: structured (or open) and unstructured (or closed). Structured inter-

views feature a pre-defined list of questions that serve as a guide for the analyst through-

out the interview. Unstructured interviews are more open-ended, using only a roughly 

defined set of questions. They are more like a discussion and require an experienced ana-

lyst in order to provide useful results [Kremer 2002]. 

2.4.1.7. Observation and SocialAnalysis /Ethnography 

The application of ethnography in RE focuses on observing the users' way of doing their 

work instead of asking them about it, because it is sometimes very difficult to explain 

how something is done but very easy to demonstrate. This is especially true for routine 

tasks. Another purpose of this technique is to identify deviations between the task speci-

fications the customer provided and how the users actually perform their work. It is not 

supposed to be a stand-alone elicitation technique but rather a support for other elicitation 

techniques. A summary of the activities in ethnography may be found in [Kotonya 1998]. 

2.4.1.8. Viewpoints 

Viewpoints encompass several techniques, all of which share a common focal point: The 

system is modeled with special respect to the different points of view of the stakeholders. 

This technique is especially useful for identifying conflicts between the goals and re-

quirements of different stakeholders [Finkelstein 1992], [Kotonya 1998]. 

2.4.2. Analysis Techniques 

2.4.2.1. Joint Application Development (JAD) 

JAD is a facilitated group session approach where the participants work together to per-

form a preliminary analysis of the system. It features the following roles: session leader 

(facilitators), user representative, specialist, analyst, information systems representative, 

and executive sponsor. It includes a highly structured agenda with detailed objectives and 

is usually performed as a multiple-day workshop [MacAulay 1996]. 
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2.4.2.2. Goal-Oriented RE 

Goal-oriented RE is a holistic approach that covers all phases of the RE process. In con-

trast to most other RE approaches, it is concerned with the rationale behind a requirement 

and its source, i.e. why it has been suggested and who has proposed the requirement. 

Goals capture the objectives of the system under consideration at different levels of ab-

straction: The process can happen both top-down by asking "how"-questions in order to 

refine goals and also bottom up by asking "why"-questions, which helps in eliciting addi-

tional requirements. Goal-oriented RE is typically coupled with lightweight formal mod-

elling in the goal refinement stage. A concise overview about goal-oriented RE can be 

found in [Lamsweerde 2001]. 

2,4,2.3. Prioritization 

In a time constrained environment, it is important to realize that it is rarely possible to 

implement all of the suggested features of a product. If requirements are prioritized well, 

there is a sound basis for negotiation if budget or time constraints force trade-offs. There 

are various approaches for prioritization, some of which have been evaluated by Karlsson 

et al. [Karisson 1998]. Methods employing pair-wise comparisons typically yield the best 

results, because individuals usually find it easier to assign relative values instead of abso-

lute ones. The most common example for pair-wise prioritization algorithms is the Ana-

lytic Hierarchy Process [Saaty 1980]. Karl Wiegers suggests a method that takes the risk 

associated with a requirement as well as the penalty for not implementing it into account 

[Wiegers 1999]. 

2.4.2.4. Quality Function Deployment 

QFD originated in Japan and is largely attributed to Yoji Akao [Akao 1990]. Its roots are 

not in software development but rather in consumer product development, with its first 

application in the automobile industry. QFD features several instruments like the cus-

tomer voice table, affinity diagrams, or hierarchy diagrams in order to organize the re-

quirements. The most commonly used technique within QFD is the so-called House of 

Quality, a multi-purpose matrix that allows for a basic visualization of feature interac-

tions and identifying the relationships between customer requirements (or "verbatims") 

and technical requirements, which facilitates the transition into the design stage. 
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2.4.2.5. Blitz Quality Function Deployment 

Blitz QFD is the attempt to remove unnecessary elements from QFD in order to slim the 

process. Only the tools that are absolutely necessary for a project are used. Judging about 

their necessity is left up to the analyst. Requirements are prioritized early in the process, 

and only the ones that provide business value to the customer are used in the QFD matri-

ces and tools. This reduces the number of requirements that have to be dealt with in the 

House of Quality, if this part of QFD is applied [Zuitner 1996a]. 

2.4.2.6. Use Cases/Scenarios 

Scenarios are descriptions of interaction sessions between the system and the user. They 

are typically concerned with the interaction between a user and a part of the system. Sce-

narios are helpful in elicitation and analysis, because it is often easier for users to relate to 

real-life examples instead of abstract descriptions of their work flows [Amyot 2001]. 

Scenario notations are often visual. 

Use cases are similar to scenarios in that they allow the analyst to step through a certain 

interaction sequence. A use case textually describes the system's behaviour under various 

conditions (therefore, it can be said that a use case covers several scenarios) as it re-

sponds to a request from one of the stakeholders [Cockburn 2000d]. 

2.4.3. Specification Techniques 

2.4.3.1. Informal Modeling 

Informal modeling is a concept encompassing several techniques like rich pictures or 

natural language text descriptions. There are no strict notation rules, meaning that the 

representation of the artefact that is modeled can be adjusted to the needs of the audience, 

e.g. the end user, which enables all stakeholders to communicate about the system. An-

other advantage is the great flexibility in modeling the system and its interactions 

[MacAulay 1996]. 

2.4.3.2. Semiformal Modeling 

Semiformal modeling encompasses techniques like data flow diagrams, entity relation-

ship diagrams, or the unified modeling language (UML) [Booch 1998]. Like informal 
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modeling, semiformal modeling serves the purpose of developing a visualization of the 

way the system operates, but there are diagrammatic rules that constrain the ways the 

system may be described [Yourdon 1989]. This means that these notations typically are 

more difficult to read for the untrained reader, but they are also less ambiguous and easier 

to use across organizational borders. 

2.4.3.3. Formal Modeling 

The term "formal specification" encompasses more than just one technique: It denotes a 

variety of languages such as temporal logic and algebras [Sommerville 1996] that enable 

the analyst to describe a system in a verifiable way, so that the presence or absence of 

certain system properties can be proved [Goguen 1997]. This is especially useful for 

safety-critical systems, where correctness of the specification is mandatory. Van 

Lamsweerde provides a good general overview of this topic [Lamsweerde 2000]. 

2.4.3.4. Requirements checklists 

Checklists help ensure that the requirements meet certain quality standards. This can 

mean that important areas of RE are not missed, e.g. that requirements are not built upon 

early design assumptions, ensuring requirements testability and avoiding ambiguity. On a 

more detailed level, checklists may also include syntactical advice like avoiding the use 

of words like "should" or "could". Requirements checklists are often domain specific. An 

example can be found in [Lutz 1993]. They can for example be derived from the IEEE 

standards [IEEE 1984]. 

2.4.3.5. Requirements Reuse 

Requirements reuse is the reuse of parts of existing specifications that are common 

among several products [Lam 1997]. An example may be the reuse of the specification of 

the display for a cell phone, which may be similar across several types. Requirements 

reuse introduces the need for requirements interaction management, because there may be 

conflicts between common requirements and system-specific requirements. Reuse may 

happen at various levels of abstraction, i.e. very general requirements may be reused or in 

the case of domain-specific reuse, very specific ones. 
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2.4.4. Validation Techniques 

2.4.4.1. Evolutionary Protolyping 

Evolutionary prototyping is actually a lifecycle model that is also a powerful technique to 

ensure that the system meets the customer's needs, because it is possible to evaluate 

something tangible instead of an abstract system specification. In evolutionary prototyp-

ing, the system is developed throughout several iterations, within which parts of the sys-

tem are added and modified if needed. Thus, the prototype becomes the final system, 

which means a flexible architecture is needed in order to accommodate the changes that 

arise throughout the development [Kotonya 1998]. 

2.4.4.2. Exploratory Prototyping 

Unlike evolutionary prototyping, the prototype in exploratory prototyping is discarded 

after its evaluation. It is therefore more suitable for feasibility studies and does not need 

to be designed with extensibility or most other quality attributes in mind [Kotonya 1998]. 

Exploratory prototyping may also be used to elicit initial requirements by presenting the 

potential users a rough sketch of the future system. There are prototypes at varying levels 

of sophistication, like paper prototypes, "Wizard of Oz" prototypes or software proto-

types [Sommerville 1996]. 

2.4.4.3. Requirements Reviews 

Requirements reviews (or inspections) involve stakeholders reviewing the requirements 

specification or parts thereof in order to ensure it is conforming to their actual needs 

[Rothman 2000]. The degree of formality ranges from ad hoc meetings where developer 

and customer examine the specification over checklist-driven reviews to inspections 

based on specific reading and reviewing techniques like perspective-based reading 

[Schull 2000]. The latter is more a verification technique and is performed by the devel-

opers rather than the customer. 

2.4.4.4. Requirements Testing 

Requirements testing is the activity of defining test cases for the requirements as soon as 

they are written. The purpose of test cases is to ensure that the implementation meets the 

requirements. Writing test cases during the requirements phase ensures that the analyst 
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has not already forgotten about the purpose of a requirement by the time the project 

reaches the testing stage [Rosenberg 1998]. 

2.43. Process Elements 

2.4.5.1. Requirements Change Management 

Requirements change management is the process of reviewing, tracking and analyzing 

changes to the system's requirements, and also of managing the ensuing changes to other 

system artefacts like design documents and code. It encompasses several activities like 

change impact analysis or change negotiation [Lam 1999b]. In order to facilitate the in-

corporation of changes in the actual software, configuration management is a vital com-

ponent of change management as well. 

2.4.5.2. Requirements Tracing 

Requirements traceability is defined as the ability to describe and follow the life of a re-

quirement, both forward and backward, ideally through the entire system lifecycle [Gotel 

1994]. Backward traceability means following the requirement back to its origin, while 

forward traceability means tracing the requirement to the modules and functions by 

which it is implemented [Jarke 1998]. The term tracing is also often used to denote the 

recording of interdependencies between requirements in order to facilitate change impact 

analysis. 

2.5. Survey of Rapid Application Development Processes 

As mentioned, time-to-market pressure is one of the major aspects of dynamic markets. 

Speeding up the development process has been an issue for decades. It may be accom-

plished in three fundamental ways [Olsen 1995]: 

1. Start sooner 

2. Work more quickly 

3. Reduce scope 
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Albeit a very effective strategy, the first solution depends on organizational issues and is 

beyond the capabilities of engineering [Card 1995]. Card offers an almost similar list of 

strategies to reduce time-to-market that is a little more geared to the engineering side of 

software development [Card 1995]: 

1. Perform tasks more quickly 

2. Perform fewer tasks 

3. Perform tasks concurrently 

Working more quickly can be achieved by increasing staff number or competence. Staff-

ing and training, however, are organizational activities and beyond the scope of RE. 

Apart from that, it is commonly accepted that Brooks' law ("Adding manpower to a late 

software project makes it later." [Brooks 1975]) is still valid in most situations. 

Scope reduction is explicitly addressed by applying prioritization techniques. In general, 

rigorous prioritization is a powerful tool to trim schedule and ensure that value gets de-

livered to the customer. It is commonly used by the agile methodologies and is a manda-

tory tool in many other methods like RAD [McConnell 1996] or QFD [ASI 2001]. 

Concurrency can be interpreted in two ways [Aoyama 1993]: Firstly, there can be "con-

currency in the large" between different lifecycle stages (analysis, design, implementa-

tion, testing), and secondly, teams can work on different work products of the same phase 

concurrently ("concurrency in the small"). [Aoyama 1993] has developed a concurrent 

process model (concurrency in the large) for distributed teams that is supposed to signifi-

cantly shorten cycle times compared to serial development. The downside to concurrent 

development is the need for managing dependencies and the increased coordination ef-

fort. 

Christopher McPhee has evaluated several RE techniques with respect to the three criteria 

mentioned above [McPhee 2000]. Joint Application Development (JAD) turned out to be 

most effective in his opinion, because it helps the team focus on developing system arte-
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facts quickly and allows for performing elicitation, analysis specification and validation 

concurrently. 

RAD by Steve McConnell [McConnell 1996] is a development method that aims explic-

itly at reducing cycle time. There are, however, a few preconditions for its successful 

application: McConnell states that the success of RAD depends on highly qualified staff, 

the right tools, and well-known, stable requirements [McConnell 1996]. Especially the 

last condition is problematic for dynamic markets. 

2.6. Survey of Change Management Processes 

Time-to-market pressure is only one of the two major components of dynamic markets. 

The second one is rapid change: Requirements are usually not well-known and highly 

volatile. Thus, a process that has to deal with dynamic markets has to address the issue of 

changing requirements. 

There are basically three fundamental change management strategies [Sugden 1996]: 

1. Suppressing Change 

2. Change Anticipation 

3. Facilitating Change Incorporation 

Suppressing change is only an option if the product is about to be released very soon. 

Changes can then be postponed until the next release. As change suppression is often 

perceived as not very customer-friendly, the latter two seem to be more realistic options 

in a competitive environment. 

For both change anticipation and change integration, change analysis is fundamental. 

Strens & Sugden have identified two main aspects of change analysis [Strens 1996]: 

• Sensitivity analysis includes the identification of factors that are likely to cause 

changes and the identification of requirements that have the highest potential for 

change. This facilitates change anticipation and risk assessment. 
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Change impact analysis includes the analysis of the so-called "ripple"-effect (cas-

cade-like effects of changes due to dependencies between requirements). This 

technique aims at change incorporation. 

Change anticipation can be supported by evaluating historical data. An example for such 

an analysis can be found in [Anderson 2001], where two projects were examined with 

respects to change requests that happened over time and the features/requirements that 

the requests pertained to. 

Impact analysis is closely related to requirements tracing activities, because it is helpful 

to know the origin of a requirements change as well as where a requirement manifests 

itself in the code. Traceability also supports change impact analysis by providing a means 

to identify interdependencies between requirements. Bohner & Arnold have collected 

publications that address software change impact analysis in general [Bohner 1996]. 

Traceability approaches as well as tool support are discussed here. 

Lam et al. have identified 10 core elements to help deal with changing requirements. 

They also give advice regarding appropriate activities for each element [Lam 1999b]: 

• Change management 

• Impact analysis 

• Change conflict 

• Change prioritization 

• Negotiation 

• Risk assessment 

• Change measurement 

• Change estimation 

• Requirements planning 

• Change learning 

The suggested activities include delaying critical design decisions for requirements with a 

high volatility, basing design on stable requirements, and defining change categories. As 
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mentioned in [Lam 1999a], some of the metrics that can be taken in order to support the 

10 core elements include the effort to implement a change, the number of requirements 

dependencies, and the number of times a requirement has changed. 

2.7. Agile methodologies 

2.7.1. Extreme Programming 

Extreme Programming (XP) by Kent Beck [Beck 2000] is very likely the most popular of 

the agile approaches. XP focuses on delivering business value to the customer as soon as 

possible. The fundamental underlying assumption of XP is that it is impossible to predict 

the future and that requirements will change throughout a project, hence the subtitle of 

the first XP book, "embrace change". 

XP is an extremely disciplined methodology that is based on four key values: simplicity, 

communication, feedback, and courage. Ideally, the XP development process consists of 

six main phases: Exploration, Planning, Iterations to first Release, Productionizing, Main-

tenance and Death. 

XP features 12 core practices that are supposed to support the maintenance of a high level 

of discipline [Beck 2000]: 

• Planning game 

The scope for the next release is determined by combining business priorities and 

technical estimates. The plan is only valid for the next release, which is typically a 

few weeks, and should be updated as reality overtakes the plan. 

• Small releases 

After a simple system has been put into production very quickly, new and en-

hanced versions of it are released very frequently, e.g. every four weeks. Shorter 

time frames reduce planning complexity. 
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• Metaphor 

A simple vision of how the system principally works, shared by all team mem-

bers. 

• Simple design 

The programmers are supposed to solve any problem in the simplest possible 

way. This way, gold-plating is prevented. 

• Testing 

The programmers continually write unit tests. For all classes, there have to be test 

cases that ensure the classes will run without crashing. 

• Refactoring 

The code is constantly restructured without affecting system behaviour in order to 

improve flexibility and remove duplication. This ensures that the system design 

stays clean. 

Pair programming 

The principle that two pairs of eyes will see more than one works as a substitute 

for code reviews. 

• Collective ownership 

Each team member is allowed to change any other team member's code at any 

given time. 

• Continuous integration 

The system is built and integrated constantly (i.e., several times a day) as soon as 

a task is completed. This way, it becomes apparent very soon whether a change 

causes the system to break. 

• 40-hour week 

Working as little overtime as possible is supposed to assure a high level of code 

quality, because people are more concentrated. Working overtime on a constant 
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basis is perceived as an alarm signal that there is something wrong with the pro-

ject plan. 

• On-site customer 

In order to guarantee rapid feedback and to maintain a high level of communica-

tion with the customer, a customer representative works with the development 

team, ideally on a full-time basis. 

• Coding standards 

All code is written in accordance to certain rules that facilitate communication 

and makes it easier for everyone to understand each other's code. 

2.7.2. Scrum 

Serum was conceived by Ken Schwaber and Mike Beedle [Schwaber 2002]. Serum is 

more a hands-off engineering process than XP: It does not prescribe how exactly the de-

velopment goals are supposed to be achieved. 

The two most distinguishing features of Serum are the product backlog and the "daily 

Serum". The daily Serum is a 15 minute stand-up meeting where all team members report 

three things: 

1. What have they done since yesterday? 

2. What will they do today? 

3. Are there impediments for today's tasks? 

Since the daily Serum should be a brief status report, it is intended discussions be post-

poned to sometime later the same day. 

The product backlog is a prioritized list of all the features that have not been imple-

mented. As soon as a feature is implemented, it is removed from the backlog. 

The Serum process is divided into three parts: pre-game, development and post-game. In 

the pre-game phase, the features to be implemented in the next iteration are prioritized, 
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the implementation effort is estimated and a high-level design of the system is developed. 

The customer picks the features that will be implemented in the next production cycle. 

These production cycles are called "sprints" in Scrum and last 30 days. The requirements 

for the next sprint are moved from the product backlog to the sprint backlog. During a 

sprint, no changes to the sprint backlog are allowed - the goal is to have stable require-

ments at least for the 30 days a sprint lasts [Warsta 2002]. At the end of the sprint, there 

is a sprint review meeting, where validation activities are performed, such as the presen-

tation of a prototype to the customer. As soon as the customer agrees that all the require-

ments are fulfilled, the post-game phase featuring activities like system integration and 

documentation begins. 

2.7.3. Adaptive Software Development 

Adaptive Software Development (ASD) by Jim Highsmith [Highsmith 2000a] is the least 

descriptive of all the agile, methodologies. It can rather be seen as a collection of general 

guidelines than a detailed description of software development. It is explicitly geared 

towards software development that takes place in a changing environment. The develop-

ment process Highsmith proposes is rather basic and consists of three phases: speculate, 

collaborate and learn (see Figure 2-5 [Highsmith 2000b]). 
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Figure 2-5: The ASD Lifecycle 

The name of the first phase, speculate, indicates that in ASD, it is explicitly acknowl-

edged that software development is not a linear activity: The complexity of software sys-

tems demands constant adaptation of the development process and the project goals. 

Therefore, this stage is not called planning, which would imply that there are no uncer-

tainties. 

In ASD, self-organizing groups that focus on collaboration are central components. 

Hence, the name of the second stage, collaborate. Teamwork is deemed indispensable 

because in unstable environments, only proper communication enables a team to quickly 

adapt to change and learn constantly. 

Like the "speculate" phase, the "learn" phase emphasizes that in a turbulent environment, 

adaptation is of great importance. ASD strongly emphasizes iterative and incremental 

development coupled with prototyping throughout the process. For prototype evaluation, 

Highsmith suggest the use of Focus Groups. ASD development cycles are time-boxed, 

with cycles lasting from four to ten weeks depending on the overall project duration. 
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2.7.4. Feature Driven Development 

Feature Driven Development (FDD) is one of the more descriptive agile methodologies. 

It has many characteristics in common with XP, such as using short iterations, having a 

customer representative on the team and using the notion of features, which are compara-

ble to the user stories in XP. FDD encourages rigorous prioritization, hence ensuring that 

at least the most valuable features are delivered ("focus on high-payoff re-

sults"[Coad99]). 

FDD features short iteration cycles of two weeks. In contrast to XP, FDD explicitly rec-

ommends individual code ownership and clearly defined roles. The two most important 

roles are the class owner, chief architect and chief programmer. A class owner is an indi-

vidual who is solely responsible for the class he/she is assigned to. The chief architect 

specializes in developing and. Chief programmers are senior developers who are "signifi-

cantly more productive than others in the team" [Coad99]. FDD comprises five main 

phases: 

Build an initial object model 

An informal feature list, class diagrams and sequence diagrams as well as model-

ling alternatives are developed. 

• Build a features list 

The team identifies the features, groups them hierarchically, prioritizes them, and 

weights them. In subsequent iterations of this process, smaller teams tackle spe-

cialized feature areas. Domain members participate in many of those follow-up 

sessions. The outcome is a detailed feature list. 

• Plan by feature 

Milestones for the following two stages are established by the project manager, 

development manager and the chief programmers based on the information of the 

detailed feature list. Classes are assigned to class owners, an overall end date is 

determined as well as completion dates for the features. 
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• Design by feature 

For each feature, the corresponding class owners are grouped as a feature team. 

This team delivers detailed, sequence diagrams and class/method updates. The re-

suits have to be approved by the chief programmer, with oversight from the chief 

architect. 

• Build by feature 

In this phase, the actual coding happens. Methods for the classes are defined, and 

unit testing is performed (code inspections beforehand are optional). After the unit 

tests pass, the classes are checked into the configuration management system. 

2.7.5. Dynamic Systems Development Method 

The Dynamic Systems Development Method (DSDM) is a software development frame-

work that was conceived by a consortium of non-profit organisations with internal IT 

departments or IT-based companies. DSDM advocates time-boxed development with 

time boxes lasting anywhere from a few days to a few weeks. The DSDM lifecycle (see 

Figure 2-6 [Stapleton 2003]) consists of five phases, the first two of which are performed 

only once, whereas the latter three are iterated [Stapleton 2003]: 

1. The feasibility study 

This phase assesses whether or not to use DSDM for the project. There may also 

be a technical feasibility study by building a prototype. The fundamental decision 

that is made in this stage is of course whether or not to start the project altogether. 

The feasibility study should be kept as short as possible, lasting no more than a 

few weeks. 

2. The business study 

In this stage, the goal is to get a good understanding of the business processes that 

need to be automated. The business study, again, should be a short exercise where 

the outcome is a high-level definition of the business processes, the so-called 

business area definition. This stage also involves stakeholder analysis. DSDM 
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suggest using workshops (e.g. JAD) in this development phase. Prototyping ac-

tivities and configuration management for the following stages are also planned in 

this stage. 

3. Functional model iteration 

The functional model iteration focuses on refining high-level requirements of the 

business study. The outcome of this stage is an analysis model as well as soft-

ware, which is primarily geared to satisfy usability requirements. Testing is an es-

sential component of this stage. 

4. Design and build iteration 

The purpose of this stage is to refine the system to a sufficiently high standard so 

it can be put into operation. Intermediate work products are design and functional 

prototypes. The outcome of this stage is a tested system and documentation as re-

quired. 

5. Implementation 

In DSDM, implementation denotes the transition from the development environ-

ment to the operational environment rather than coding. The system is handed 

over to the users who are then trained. Other work products include the user man-

ual and a project review report. At the end of this stage, it is decided whether 

there is the need for another iteration. 
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Figure 2-6: The DSDM Lifecyce 

In DSDM, requirements activities continue throughout all of the stages. Prototyping is 

suggested for validation of the requirements. Like Scrum, DSDM is non-prescriptive re-

garding the techniques to be used during development, and like XP, DSDM advocates 

testing throughout the lifecycle. 

2.7.6. Crystal 

Crystal itself is not a methodology, but a family of methodologies. The methodologies 

are named according to a colour spectrum: The darker the colour, the more "heavy-

weight" the methodology. Alistair Cockburn describes the two most lightweight members 

of this family, Crystal Clear and Crystal Orange, in [Cockburn 2002]. 

The general idea behind Crystal is that the appropriate methodology needs to be chosen 

according to the needs of the project. Cockburn classifies projects with respect to team 

size and system criticality. The bigger the team and the more critical the system, the more 

documentation and more process are needed for a project. The methodology chosen may 

then be modified during the project as needed. 
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Crystal has two fundamental values: communication/cooperation and tolerance. The 

bandwidth of the communication channels should be as high as possible, for example 

face-to-face communication is always preferred over email conversation. The emphasis 

on communication automatically leads to the strong recommendation to have a co-located 

team. Tolerance means that, like in Scrum, there is no preference regarding tools, proc-

esses or work products. Anything that works should be applied. 

Like all the other agile methodologies, Crystal makes use of iterative and incremental 

development and fairly short iteration cycles of one to three months. After each iteration, 

there are reflection workshops where the development process is evaluated and any 

needed adjustments to the methodology are identified ("methodology tuning"). 

2.7.7. Analysis of Agile Methodologies 

Before discussing the strengths and weaknesses of agile methodologies, it should be 

noted that there is little empirical data available about these processes. There is anecdotal 

evidence that agile methodologies produce promising results ([Highsmith 2002], [Coad 

1999], [Cockburn 2002]), and it is also claimed that they scale well to bigger projects 

[Sutherland 2001]. There are also publications claiming that traditional development 

methods perform better than agile methodologies [Swink 2002]. All these reports, how-

ever, do not stem from controlled experiments and therefore have to be viewed with all 

the appropriate suspicion. This renders most of the information concerning the strengths 

and weaknesses of agile methodologies speculative, because there is no empirical data 

supporting either view. 

2.7.7.1. Commonalities ofAgile Methodologies 

Although the agile methodologies mentioned here are different in many aspects, they 

share several key features: 

• Compared to traditional approaches, there is much less up-front planning. Agile 

methodologies are more adaptive and less predictive than traditional software en-

gineering methodologies. 
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• There is much less emphasis on documentation. Compared to traditional ap-

proaches, agile methodologies rely more on tacit knowledge and oral communica-

tion than on written documentation. 

• RE happens throughout the process. Even though the majority of RE is still per-

formed at the beginning of the project, there is no longer the notion of an RE 

stage. 

• Agile methodologies value people over processes. Most experts acknowledge the 

fact that having competent people on a project is more crucial for its success than 

the development process, and agile methodologies explicitly address this fact. 

• Agile methodologies abolish the concept of fixed price, fixed scope contracts. 

They treat scope as a variable to ensure that at least the most important functional-

ity is delivered on time. 

2.7.7.2. Strengths ofAgile Methodologies 

Agile methodologies improve a team's capability of dealing with changing requirements. 

[Beck 2000] claims that for a project following the XP practices, the slope of the cost of 

change curve is no longer exponential, but rather linear or even logarithmic. It should be 

noted that this new cost of change curve is not based on calculations but has a rather 

symbolic character. 

There is a strong focus on delivering business value to the customer - something that has 

of course been the aim of traditional software development as well, but for agile method-

ologies customer satisfaction is fundamental. 

Agile methodologies emphasize inter-team as well as intra-team collaboration and com-

munication - values that are essential for successful teamwork. Again, this is something 

that has always been important in software development, but agile methodologies explic-

itly highlight this fact and offer some organizational measures like co-location of teams 

and strong customer involvement by putting a representative on the team [Beck 2000]. 
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The emphasis on customer involvement reduces the number of misunderstood require-

ments and leads to an increased feeling of ownership and therefore a stronger cooperation 

on the customer's side. 

2.7.7.3. Weaknesses ofAgile Methodologies 

A weakness of agile methodologies is the fact that they are highly implementation-

centred. There is only anecdotal advice regarding how to perform RE in most of the ap-

proaches, even though requirements are considered very important throughout the meth-

odologies. 

Due to the fact that agile methodologies try to establish a friendly relationship between 

customer and contractor, it is hard to tell the exact cost of a system. As long as the cus-

tomer insists on fixed-scope contract work, agile approaches will not work. 

As agile methodologies depend heavily on rapid feedback, the customer plays an increas-

ingly important role. Cooperation and availability of the customer are vital for the success 

of the project. 

There may be problems with convincing management to introduce agile methodologies in 

a company: For example, at first glance it may seem like pair programming results in 

paying two programmers to do the job of one. In general, agile methodologies strengthen 

the position of the development team by transferring responsibility to the developers, 

which may be a problem for some managers. 

Agile methodologies depend on a high communication bandwidth. Typically, as team 

size grows, it is often even not possible to co-locate the team on one floor of a building, 

let alone in one room. 

Agile methodologies demand a high level of social interaction and force people to work 

together very closely. While this can be beneficial by fostering teamwork, it can also be 

problematic if personalities clash. 
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2.8. Agile vs. Traditional Software Development 

2.8.1. The Role of RE 

Traditional software development typically involves a great deal of up-front planning and 

modelling. Apart from very detailed, "inch-pebble" project plans [Boehm 2002], this has 

also a great impact on the way RE is performed. RE activities in traditional software pro-

jects strive at producing complete and unambiguous requirements documents that are 

intended to facilitate downstream activities and reduce rework as much as possible. This 

idea is mostly based on the belief that the project will have an exponential cost of change 

curve where changes to the system will become exponentially more expensive the later in 

the software lifecycle they occur [Boehm 1981]. 

In agile methodologies, requirements engineering is not neglected, but performed with a 

different emphasis. Instead of being the input for downstream activities, it is done 

throughout the entire lifecycle. Agile approaches focus less on producing a complete and 

rock-solid specification but rather accept the fact that having the requirements complete 

before the implementation begins is practically impossible. Therefore, agile methodolo-

gies embrace and welcome change, which implies that the traditional cost of change 

curve is no longer regarded as valid. As previously mentioned, Kent Beck supports this 

point of view in [Beck 2000]. 

2.8.2. The Continuum Between Agile and Traditional 

Recently, there has been a great deal of debate between advocates of traditional and agile 

software development about the direction that software engineering needs to go in order 

to meet today's business needs. 

Barry Boehm argues that whether an agile approach may be the right choice depends on 

the needs of the project [Boehm 2002]. He states that, in contrast to traditional methods, 

agile approaches perform very little up-front planning, which may be suitable for projects 

that need to capture value early by reducing time to market and at the same time, will not 

suffer too much from less rigorous planning. Such projects would be placed by Boehm on 

one side of a planning spectrum, whereas on the other side there would be projects that 
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profit from detailed plans that avoid unnecessary rework and don't face a strong TTM 

pressure. Every other project would be placed somewhere in between those two extremes. 

This idea is graphically displayed in Figure 2-7 [Boehm 2002]. It is based on the standard 

calculation of risk: The risk exposure for a project is calculated by multiplying the prob-

ability of a loss by its size. 
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The dashed line represents how risk exposure increases due to delayed value capture if 

more time and effort is invested in planning. The solid line displays how investing more 

time and effort in planning decreases risk exposure by reducing the probability of having 

inadequate plans and unnecessary rework. Adding the two curves, the so-called "sweet 

spot" is the minimum of the resulting curve. 
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Figure 2-9: Risk Exposure for a "traditional" project 

For "agile" projects, the solid curve would start at a lower point, reflecting the fact that 

they do not face that much risk by planning less thoroughly (see Figure 2-8) [Boehm 

2002], while for purely "traditional" projects, the solid line would be placed higher and 

further to the right, reflecting the need for rigorous plans (see Figure 2-9) [Boehm 2002]. 

In the same article, Boehm criticizes several agile principles like XP's "Design for today, 

not for tomorrow", which he says will be dangerous for complex systems that are not 

easily refactored on an architectural level and therefore need careful up-front planning, 

analysis and design efforts. 

Scott Ambler, together with Alistair Cockburn and other members of the agile commu-

nity, argues against Boehm in [Ambler 2002], stating that Boehm actually misunderstood 
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many of the agile principles: In XP, for example, 20% of the time would be spent for 

planning purposes (which on the other hand means delaying the delivery of business 

value). Furthermore, issues like increasing team size could be countered by organiza-

tional measures like dividing the team into subteams and scheduling regular meetings, 

just like in traditional methods. 

So although it is arguable whether Barry Boehm is right or not, even Ambler's statements 

indicate that although agility is generally considered desirable in software development, 

agile methodologies are not suitable for any kind of project. They need to find the perfect 

process weight according to the needs of a project, a notion that is supported by Alistair 

Cockburn [Cockburn 2000a], [Cockburn 2000b], [Cockburn 2000c]. When it comes to 

choosing the methodology at the beginning of a project, the question is not whether or not 

to use an agile methodology, but rather how agile the process can be, given that there are 

certain constraints [Ambler 2002]. 

Although the aforementioned discussion focused more on project management and plan-

ning, its general message can be transferred to RE, because it is the first major stage in 

traditional software development that is the basis for all the following phases. Tradition-

alists will argue that a more thorough RE effort will speed up downstream activities, be-

cause there will be less rework due to a high-quality specification, while agilists will 

counter this argument by stating that it is not possible to completely specify the system at 

the first try anyway. Therefore, there should be some initial RE at the beginning of the 

project and the rest should be done as the project progresses and the team has gained ad-

ditional insight. This reflects the argument between Barry Boehm and Scott Ambler. 
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3. Suitability of RE Techniques for Dynamic Markets 

3.1. Objectives of this Chapter 
There is a plethora of RE techniques, but which ones are suitable for a dynamic environ-

ment? Where is their place in the continuum between agile, lightweight, and less RE-

focused methodologies and the traditional, more heavyweight methodologies? 

It is the objective of this chapter to rank several RE techniques with respect to their "agil-

ity". There is no universally valid definition of agility; Jim Highsmith defines it as fol-

lows [Highsmith 2002]: 

"Agility is the ability to both create and respond to change in order to profit in a turbu-

lent business environment." 

The Merriam Webster dictionary [Merriam 2003] adds another important aspect to this 

definition: Agility is defined here as "quickness, alertness, dexterity", so the response to 

change happens as quickly as possible. In the context of software development processes, 

it may also mean "lightweight" in the sense of having few work products apart from the 

actual software [Boehm 2002]. 

These definitions lead to the following aspects of agility that make up our checklist for 

evaluating RE techniques: 

1. Is it easy to respond to change, i.e. are the work products easily modifiable? This 

also encompasses the effort of re-applying the technique due to a requirements 

change (e.g. whether it is necessary to re-do the whole technique) and is especially 

applicable for modelling techniques that feature specific work products or have a 

specific impact on the requirements specification. 

2. Does the technique foster creative thinking? It is often necessary to not only build 

exactly what the customer wants, but also to be innovative and reinvent the way 

people work [Robertson 2002]. This aspect may already cross the line to innova-

tion management, but is also perceived important in agile methodologies 

[Highsmith 2000a]. It is mainly valid for techniques with an elicitation component. 
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3. Is the technique itself easily modifiable or is it necessary to apply it exactly as pre-

scribed? This shows whether a technique may be applied in a condensed form if 

there is very little time. 

4. How time-consuming is the application of the technique? The evaluation of time 

exposure for the application of a technique is mainly based on Christopher 

McPhee's work [McPhee 2000] and focuses on the allowance of the technique to 

perform RE tasks (elicitation, analysis, specification and validation) more quickly 

or concurrently, and to reduce the amount of work to be done. 

5. How difficult is it to learn or establish the technique? This affects time consump-

tion as well as how efficiently the technique may be applied by the analyst/team. 

6. Does the technique support or facilitate agility (i.e., either speed up development 

or facilitate change responsiveness) for the entire lifecycle, i.e. even after the re-

quirements stage? This can either mean that the technique facilitates change re-

sponsiveness or speeds up downstream activities by reducing the amount of work 

to be done and/or facilitating faster development. 

Due to the fact that the techniques examined are of very different nature, they have very 

different contributions to process agility. Some of them, e.g. requirements tracing, cannot 

even be considered techniques, but rather supporting elements of the RE process. There-

fore, depending on the technique or process element, one or more of the above mentioned 

aspects were applicable: 

It is not always possible to choose the most suitable set of techniques for a project. There-

fore, a numerical agility ranking may provide some guidance as to what may be the sec-

ond choice. A numerical ranking (1 to 5) for each technique indicates whether a tech-

nique is likely to be a burden or a support for an agile project. The final ranking is the 

average of the single scores. Wherever a criterion was not applicable to a technique, there 

is no score. The rating is based on the following scale: 
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1: The technique has a strong negative impact for this criterion. 

2: The technique has a moderate negative impact for this criterion. 

3: The technique has neither a positive nor a negative impact for this criterion 

4: The technique has a moderate positive impact on this criterion 

5: The technique has a strong positive impact for this criterion. 

Although it would be nice to have purely quantitative measurement of agility, it is hardly 

feasible to judge the agility of a technique on its own without having an agreed upon met-

ric. Therefore, the agility ranking implicitly involves a comparison between techniques 

that serve similar purposes. It should be noted that these rankings are of course subjective 

in nature and therefore subject to discussion: For example, depending on an individual's 

educational background, it may be more or less difficult to learn a technique than indi-

cated hete. Thus, the ranking should not be seen as an absolute statement but rather as a 

guideline that gives the reader a general idea about the attributes of a technique. 

3.2. Agility Ranking of Requirements Engineering Techniques 

3.2.1. Designer as Apprentice 

3.2.1.1. Change Responsiveness 

Being primarily an elicitation technique, designer as apprentice yields no characteristic 

work products. A requirements change does not mean that the entire technique has to be 

reapplied, it should be sufficient to have a short recap session with the customer. 

Rating: 3 

3.2.1.2. Support for Creative Thinking 

The technique is likely to foster creative thinking, as the exposure to the work of the cus-

tomer forces the analyst to think in a completely different way than he or she is used to. 

Rating: 4 
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3.2.1.3. Modifiability of the Technique 

The technique is defined in a very detailed way (e.g. the roles are fixed and there is just 

one apprentice), but it should be possible to adapt these parameters if necessary. For ex-

ample, it should be possible to have more than one apprentice per customer expert, be-

cause otherwise the information gained would need to be distributed to the team mem-

bers, which typically causes some degradation in information quality. 

Rating: 3 

3.2.1.4. Time Exposure for Application 

The way that designer as apprentice is described in [Beyer 1995], it may take a signifi-

cant amount of time. Although apprenticing is certainly a great way for the analyst to 

gain a deep understanding of the problem domain, it is likely that he will have to deal 

with a lot of insignificant information during the apprenticeship. 

Rating: 2 

3.2.1.5. Ease of learning 

Although the relationship between master and apprentice is common knowledge, this 

technique can be considered to be moderately difficult to apply efficiently, because both 

analyst/designer and customer have to adopt new conceptions about their relationship. 

Rating: 3 

3.2.1.6. Support for Agility in the Lfecycle 

Designer as apprentice is likely to reduce the amount of required rework by improving 

the analyst's domain knowledge. It has neither a negative nor a positive impact on change 

responsiveness. 

Rating: 3 

Overall Agility Ranking: 3.0 
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3.2.2. Document/Data Mining 

3.2.2.1. Change Responsiveness 

There are no specific work products to document mining. Although redoing it when there 

are requirements changes in order to find out specific information is likely to be easier 

than using document mining for elicitation (because the search will be more open-ended 

then), it will still take a significant amount of time. 

Rating: 2 

3.2.2.2. Support for Creative Thinking 

It is likely that document mining is counterproductive for creative thinking due to the 

characteristic isolated way of conducting it. 

Rating: 1 

3.2.2.3. Modifiability of the Technique 

Document mining does not offer many opportunities for modification. An experienced 

analyst may know which documents to examine more closely and what to skip, but there 

is no obvious way of altering the technique. 

Rating: 2 

3.2.2.4. Time Exposure for Application 

It is typically very time consuming to do document mining, because the analyst will usu-

ally encounter a great deal of irrelevant information that needs to be filtered. 

Rating: 1 
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3.2.2.5. Ease of learning 

Document mining is certainly more than just a reading exercise, because different com-

panies rarely have a standardized way of writing documentation, which makes structured 

searches more difficult. Therefore, some experience is required to efficiently sort through 

documents and find relevant information. Nevertheless, the concept itself is very clear 

and requires less extensive training than other techniques, e.g. formal specifications. 

Therefore, in comparison to the other techniques, it can be rated as one of the easiest. 

Rating: 5 

3.2.2.6. Support for Agility in the Lfecycle 

Document mining does not provide any specific support for change responsiveness in 

downstream activities. It is likely that information will be overlooked if document mining 

is the sole elicitation technique, which will result in more rework. 

Rating: 2 

3.2.2.7. Additional Comments 

Document mining is likely the least agile of all techniques. In addition to its shortcom-

ings mentioned above, the lack of interaction does not foster communication and feed-

back, which in turn is likely to cause additional rework due to missed or misunderstood 

requirements. The only aspect that prevents an extremely low rating is the fact that it is 

easy to learn and apply. 

Overall Agility Ranking: 2.2 

3.2.3. Group Session Techniques 

3.2.3.1. Change Responsiveness 

Group sessions yield a wide variety of work products, such as meeting protocols, busi-

ness goals or modeling artefacts like use cases and data flow diagrams. Therefore, the 

change responsiveness depends entirely on the choice of documentation notation. 

Rating: 3 
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3.2.3.2. Support for Creative Thinking 

When it comes to creative thinking, nothing beats an open discussion in a group meeting. 

It is of course mandatory to maintain a good communication culture, so that all the differ-

ent opinions are heard. 

Rating: 5 

3.2.3.3. Modifiability of the Technique 

Although the descriptions of the different approaches are sometimes very precise (e.g., 

JAD explicitly prescribes the roles of the participants), group sessions are typically not 

conducted exactly as prescribed. There are several parameters that can be tweaked in or-

der to meet external constraints, e.g. the location of a meeting, the participants, the dura-

tion, the level of detail, or the meeting time. 

Rating: 5 

3.2.3.4. Time Exposure for Application 

Compared to interviewing, one of the main advantages of group sessions is the fact that 

several individuals can voice their opinion at once. One of the main problems with group 

sessions is stakeholder availability: If it is not possible to meet due to important partici-

pants not being present, time is wasted and decision making is delayed. For facilitated 

group sessions, the availability of a skilled facilitator is also crucial and often problem-

atic. There is a potential for saving time by making the allowance to perform several RE 

stages such as elicitation, analysis and negotiation concurrently. Therefore, given that all 

the participants are available, group sessions have the potential to save time. 

Rating: 4 

3.2.3.5. Ease of learning 

The most important goal of group sessions is to provide an opportunity of an open dis-

cussion for the participants. Apart from the role of the facilitator, which is certainly not 

easy to fulfill and needs an experienced individual, it is pretty safe to say that, from a 

technical perspective, group sessions are fairly easy to understand. 

Rating: 4 
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3.2.3.6. Support for Agility in the Life cycle 

Group sessions have the potential for reducing the amount of rework because they im-

prove the understanding of the requirements for all participants. 

Rating: 4 

3.2.3.7. Additional Comments 

The term group session encompasses approaches like Focus Groups, Joint Application 

Development (JAD), Cooperative Requirements Capture (CRC), and Future Workshops. 

Although there are differences between the approaches (e.g., regarding the participants), 

these should not be significant for our purposes. In practice, few methods are followed to 

the letter anyway, therefore the joint evaluation of the different approaches. 

Overall Agility Ranking: 4.0 

3.2.4. Interviewing 

3.2.4.1. Change Responsiveness 

It is fairly easy to redo interviews in the course of the project without having to start from 

scratch. The only specific work product of an interviewing session is the protocol, which 

is not difficult to extend. 

Rating: 4 

3.2.4.2. Support for Creative Thinking 

The amount of creative thoughts an interviewing session yields is highly dependent on 

the skills of the interviewer. Compared to group sessions, they have the advantage that 

individuals who tend to be quiet will have more opportunity to voice their opinions. In-

terviews enable the analyst to collect different viewpoints without the danger of dominant 

people in the customer's organization affecting the opinion of others too much. 

Rating: 4 



51 

3.2.4.3. Modifiability of the Technique 

It is of course not possible to change the very nature of interviews, but they are very 

adaptable to different constraints. It is possible to change the location and/or communica-

tion channel (e.g., video conference, telephone) if needed. 

Rating: 4 

3.2.4.4. Time Exposure for Application 

Depending on the number of stakeholders, interviews can take a substantial amount of 

time. Typically, interviewers have to deal with a lot of insignificant and duplicate infor-

mation, although there should be less than in document mining. Compared to group ses-

sions, the fact that only one person needs to be available at a time makes scheduling eas-

ier. On the other hand, interviews impose a sequential elicitation process and prevent 

discussions. 

Rating: 3 

3.2.4.5. Ease of learning 

Even though the concept is extremely straightforward, conducting interviews takes some 

skill, whether they are structured or informal. It is important that the interviewer be ex-

perienced; inexperienced analysts could start with structured interviews in order to have 

some guidance throughout the interview. 

Rating: 3 

3.2.4.6. Support for Agility in the Lfecycle 

The agility in later stages of the lifecycle depends entirely on the success of the interview. 

As the secondary focus of interviews is validation, interviews are likely to reduce rework 

caused by misunderstood requirements. 

Rating: 4 

Overall Agility Ranking: 3.7 
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3.2.5. Observation and Social Analysis / Ethnography 

3.2.5.1. Change Responsiveness 

This technique does not yield specific work products except protocols of the observation 

and has no specific impact on the requirements document. While requirements changes 

alone are unlikely to have negative effects on the usefulness of the results, an environ-

mental change like a merger could invalidate the results of the ethnographic study, be-

cause the organizational culture has changed. In this case, the study would need to be 

repeated from scratch, which is very time-consuming. 

Rating: 2 

3.2.5.2. Support for Creative Thinking 

Since observation and social analysis makes the requirements engineer approach the sys-

tems analysis process from a whole different perspective, it is likely to spark novel 

thoughts, because he does not guide the customer through an elicitation process. 

Rating: 4 

3.2.5.3. Modifiability of the Technique 

As there is no clear prescription of this technique, it is hard to judge its modifiability. 

There can be room for improvisation, because the technique is very open-ended, but it 

seems to be very hard to perform a decent ethnographic study if there is very little time to 

thoroughly study people and their relationships. 

Rating: 2 

3.2.5.4. Time Exposure for Application 

The application of ethnography can be rather time-consuming. Especially the process of 

becoming familiar with the individuals being studied takes a significant amount of time. 

As ethnography itself only makes sense in conjunction with other RE techniques like 

prototyping or interviewing, it means that its application is always consuming additional 

time. 

Rating: 1 



53 

3.2.5.5. Ease of learning 

By its nature, ethnography cannot be carried out according to a formula. Therefore, its 

rating in this category is a bit speculative. However, not having a precise description of 

how to perform an ethnographic study does definitely not make it easier to apply it for an 

inexperienced requirements engineer, especially considering that its origin is in social 

sciences and anthropology. 

Rating: 2 

3.2.5.6. Support for Agility in the Lfecycle 

Ethnography is heavily focused on understanding. Therefore, if applied successfully, eth-

nography can reduce the amount of rework due to the better understanding of the system 

context, and thus reducing validation problems. However, there is no explicit support for 

requirements changes. 

Rating: 3 

3.2.5.7. Additional Comments 

Due to its open-ended nature, it is hard to rate this technique. It is, however, safe to say 

that if time is the primary constraint, ethnography may not be the number one choice. 

However, if used in conjunction with other elicitation techniques, it may provide valuable 

insight into the way people actually work. 

Overall Agility Ranking: 2.3 

3.2.6. Viewpoints 

3.2.6.1. Change Responsiveness 

It may take some effort to modify the work products of this technique, because, all the 

different points of view need to be reconsidered. The semi-formality of the notation may 

be supportive for structured incorporation of changes. 

Rating: 3 
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3.2.6.2. Support for Creative Thinking 

Viewpoints make the analyst consider different aspects of the system and lets him or her 

view the system from different perspectives, which is likely to support creative thinking. 

Rating: 4 

3.2.6.3. Modifiability of the Technique 

There is little to modify about Viewpoint besides the fact that the number of stakeholder 

opinions that are considered is reduced. This, however, demands a more rigorous stake-

holder analysis. 

Rating: 2 

3.2.6.4. Time Exposure for Application 

Although viewpoints are a valuable tool for determining different opinions and points of 

view about a system, the application of this technique is rather time-consuming, as it is 

geared towards gaining a complete understanding of the system and its stakeholders. 

Rating: 2 

3.2.6.5. Ease of learning 

Viewpoints can be considered to be moderately difficult to learn and apply. The concept 

itself is not very difficult to understand, and there is extensive and good literature about 

the technique. 

Rating: 3 

3.2.6.6. Support for Agility in the L'ecycle 

As with most techniques, it is likely that viewpoints reduce the amount of rework caused 

by unforeseen requirements. Apart from this advantage, viewpoints offer no explicit sup-

port for agility later in the lifecycle. 

Rating: 3 

Overall Agility Ranking: 2.8 
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3.2.7. Goal-Oriented RE 

3.2.7.1. Change Responsiveness 

At least in KAOS, changes will require a significant effort to incorporate as part of the 

specification uses a formal notation (temporal logic), which may not be easy to under-

stand. For a requirement that has changed, it needs to be checked if it is in conflict with 

the goals or exhibits a new goal. 

Rating: 2 

3.2.7.2. Supportfor Creative Thinking 

Explicitly including the rationale behind a requirement will very likely help elicit addi-

tional requirements that will help realize this requirement. 

Rating: 4 

3.2.7.3. Modifiability of the Technique 

It is possible to apply only a fraction of goal-oriented RE, e.g. building hierarchical goal 

refinement trees, which will be helpful in order to reason about the business goals of the 

system. The underlying concepts will be helpful for any kind of RE, e.g. asking the 

"why" question for each requirement. Apart from that, it seems unlikely that the tech-

nique can be changed substantially without compromising its value. 

Rating: 2 

3.2. 7.4. Time Exposure for Application 

It is not the purpose of goal-oriented RE to speed up development but rather to improve 

understanding of the requirements and especially their rationale. Reasoning about this 

takes time. If goal-oriented RE is even coupled with formal notations like in KAOS, it is 

very time consuming. 

Rating: 1 
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3.2.7.5. Ease of learning 

The concept itself is not difficult to bring across, but a detailed application with all the 

elements of goal-oriented RE is not trivial, especially since there are formal specifica-

tions involved. 

Rating: 2 

3.2.7.6 Support for Agility in the Lfecycle 

In general, surfacing the rationale and business goals that underlies a requirement will 

help reduce rework by making the rationale for goals explicit. If there are changes later 

on, it is likely that they will be understood more easily. There is no explicit support for 

incorporating changing requirements. 

Rating: 3 

Overall Agility Ranking: 2.3 

3.2.8. Informal Modeling 

3.2.8.1. Change Responsiveness 

Due to the lack of rules, it may be problematic to incorporate changes into informal mod-

els. On the other hand, they are supposed to be easily understood and therefore should be 

fairly easy to modify. 

Rating: 3 

3.2.8.2. Support for Creative Thinking 

Having a pictorial representation of the system surely helps the analyst to understand the 

interdependencies of requirements and to get a better overview of the system. Instruments 

like rich pictures will therefore be helpful in surfacing additional requirements. 

Rating: 4 
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3.2.8.3. Modifiability of the Technique 

The lack of rules mentioned above makes informal modeling very easy to modify accord-

ing to the needs of the customer. 

Rating: 5 

3.2.8.4. Time Exposure for Application 

It is possible to save some time with this technique, because it allows for some concur-

rency of the four requirements tasks. The fact that it is not complicated is also likely to 

speed up the application of the technique. 

Rating: 4 

3.2.8.5. Ease of learning 

One of the biggest advantages of informal modeling is the absence of strict notational 

rules. This enables the analyst, in cooperation with the customer, to quickly create a rep-

resentation of the requirements that is understandable to everyone involved very quickly. 

Rating: 5 

3.2.8.6. Supportfor Agility in the Lzfecycle 

The only way in that informal models may speed up development is by reducing rework 

due to falsely understood aspects on the customer's side. Due to the absence of rules, it is 

mandatory to explain all notation elements in order to guarantee consistency after making 

updates. There is no explicit support for changing requirements. 

Rating: 3 

Overall Agility Ranking: 4.0 

3.2.9. Semiformal Modeling 

3.2.9.1. Change Responsiveness 

Compared to informal modeling, the presence of notation rules will facilitate the incorpo-

ration of changes into the specification. This will be especially helpful when some time 
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has passed and people who are not familiar with the notation may need to modify it. 

Rules also enable automated change support. 

Rating: 4 

3.2.9.2. Support for Creative Thinking 

Like informal modeling, semiformal notations provide a visualization of the system that 

helps to get a general overview. However, being constrained by the rules will probably 

suppress real creativity. 

Rating: 3 

3.2.9.3. Modifiability of the Technique 

Techniques like state charts or data flow diagrams themselves are only modifiable to a 

limited extent - the only apparent way is to vary their level of detail. But even though the 

single techniques are difficult to modify, there is often the possibility to choose a favour-

ite technique (e.g., the one the team is mot familiar with) from various semiformal nota-

tions that serve similar purposes. This can be counted as moderate modifiability. 

Rating: 3 

3.2.9.4. Time Exposure for Application 

Time exposure largely depends on system complexity. Semiformal notations allow for 

performing some analysis and documentation concurrently. They are likely to speed up 

discussions about the requirements, because most individuals find visual representations 

more expressive than pure text. Semiformal modeling also allows for some initial design 

work, which has the advantage that the analyst can consider technical feasibility. How-

ever, they also introduce the danger that the requirements are based on preliminary and 

premature design assumptions. 

Rating: 4 

3.2.9.5. Ease of learning 

Semiformal notations are often taught at university. Therefore, it is likely that an analyst 

already has experience with them and does not need to spend any time at all learning 
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them. They still require considerable experience to be applied effectively, and it may be 

very hard to identify diagrams that are based on misconceptions. 

Rating: 4 

3.2.9.6. Support for Agility in the Lifecycle 

Semiformal models may serve as a reference for designers and programmers that can 

improve the understanding of the system, which in turn reduces time for inquiries. Since 

there may be a lot of these models (class diagrams, sequence diagrams, state diagrams 

etc.), keeping them all up to date requires significant effort. 

Rating: 3 

Overall Agility Ranking: 3.5 

3.2.10. Formal Specifications 

3.2.10.1. Change Responsiveness 

Formal specifications may be easier to modify than other representations if there is good 

tool support. On the other hand, without proper tools, formal notations will take a great 

deal of effort to modify. 

Rating: 3 

3.2.10.2. Support for Creative Thinking 

The focus of formal methods is on correctness and verification. As they are not used for 

elicitation purposes, they offer no support for creativity. 

Rating: 1 

3.2.10.3. Modifiability of the Technique 

Formal methods have to be mathematically correct, and therefore there is practically no 

room for modification. There is, of course, the possibility to choose among different nota-

tions and pick a lightweight technique that takes less time than other formal methods. 

Rating: 2 
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3.2.10.4. Time Exposure for Application 

Formal notations are very time consuming to apply. Because the fewest customers will be 

able to comprehend them, they should only be used in conjunction with other notations, 

which means that defining formal specifications requires additional workload. 

Rating: 1 

3.2.10.5. Ease of learning 

In general, formal methods are complicated. There are of course differences between no-

tations, but compared to other notations, they are nevertheless the most difficult to learn 

in our opinion. 

Rating: 1 

3.2.10.6. Support for Agility in the Lfecycle 

Provided there is adequate tool support, formal methods may significantly improve agil-

ity for downstream activities, because their ability to automatically check for inconsisten-

cies facilitates change impact analysis. They are also often capable of automated code 

generation, which can be beneficial for development speed. 

Rating: 4 

Overall Agility Ranking: 2.0 

3.2.11. Prioritization 

3.2.11.1. Change Responsiveness 

If tools are used, it is fairly easy to integrate new requirements, because the only thing 

that needs to be done is a comparison of the new requirement with the existing ones. 

Rating: 4 

3.2.11.2. Support for Creative Thinking 

It is not the purpose of prioritization to foster creative thinking. 

Rating: N/A 
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3.2.11.3. Modifiability of the Technique 

There are many different ways of prioritizing software requirements that require different 

amounts of effort. A variety of approaches has been evaluated in [Karlsson 1998]. 

Rating: 4 

3.2.11.4. Time Exposure for Application 

There is a varying need for time depending on the prioritization variant used. There is, 

however, a trade-off involved, as the most effective forms of prioritization are also the 

slowest ones [Karisson 1998]. Using tools greatly reduces time consumption and is abso-

lutely mandatory for the analytic hierarchy process. 

Rating: 3 

3.2.11.5. Ease of learning 

Most prioritization algorithms are fairly easy to learn, and even the more complex ones 

donot need more than a few hours to be fully understood. 

Rating: 5 

3.2.11.6. Support forAgility in the Lifecycle 

Prioritization saves time in downstream activities in two ways: It can reduce the number 

of requirements that need to be implemented, and it saves negotiation time if the feature 

prioritization list has been agreed on at specification time. In addition, a reduced set of 

requirements typically entails a reduced system complexity, which makes it easier to as-

sess the impact of a requirements change. 

Rating: 5 

Overall Agility Ranking: 4.2 
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3.2.12. Quality Function Deployment (QFD) 

3.2.12.1. Change Responsiveness 

Unless there is tool support, it is extremely tedious to apply QFD at all, not to speak of 

redoing it after requirements have been added or changed. Even then, due to the amount 

of information and the big number of dependencies that for example the House of Quality 

contains, it takes considerable effort to re-apply QFD. 

Rating: 2 

3.2.12.2. Support for Creative Thinking 

On the one hand, QFD supports creativity in the sense of getting multiple perspectives by 

examining competitor's products, while on the other hand there is no direct support for 

bringing up really novel ideas. 

Rating: 3 

3.2.12.3. Modifiability of the Technique 

As Blitz QFD shows, QFD is indeed modifiable. It is very common in industry to only 

use the House of Quality [Zultner 1996b], and it is also possible to leave out certain parts 

thereof if the company does not need a certain kind of information, e.g. the interaction 

roof. It should be noted, however, that it is not trivial to assess the effects of leaving out a 

step in QFD. 

Rating: 3 

3.2.12.4. Time Exposure for Application 

Applying all the elements of QFD involves a lot of effort. Especially the effort for the 

House of Quality is very high, as effort increases quadratically with the number of re-

quirements. 

Rating: 1 
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3.2.12.5. Ease of learning 

The number of elements makes QFD relatively difficult to learn, and the elements them-

selves are not trivial. The fact that few organizations perform QFD completely is an indi-

cator for this observation [Zultner 1996a]. 

Rating: 2 

3.2.12.6. Support for Agility in the Lfecycle 

QFD advocates claim that the technique helps reduce overall development time by reduc-

ing time spent on process and product re-design [ASI 2001]. In addition, the House of 

Quality includes traceability information, e.g. by linking requirements to design artefacts, 

which is helpful for change impact analysis. 

Rating: 4 

Overall Agility Ranking: 2.5 

3.2.13. Blitz QFD 

3.2.13.1. Change Responsiveness 

In general, the same arguments that are valid for QFD hold for Blitz QFD as well. How-

ever, the smaller number of artefacts speeds up redoing the process. That being said, the 

techniques used build on each other, which means all of them have to be executed again. 

Rating: 3 

3.2.13.2. Support for Creative Thinking 

Like in QFD, truly creative thinking is not directly supported. But the measures that QFD 

advocates (cross-functional teams, investigation of competing products) are likely to 

widen the horizon of the analysts. 

Rating: 3 
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3.2.13.3. Modifiability of the Technique 

Richard Zuitner argues that Blitz QFD already is the minimal set of QFD techniques that 

is still effective [Zultner 1996a]. Therefore, it can be assumed that the method is not very 

flexible. 

Rating: 2 

3.2.13.4. Time Exposure for Application 

Compared to QFD, Blitz QFD takes significantly less time. It only uses a very slim set of 

tools, and is therefore likely to be applied rather quickly. 

Rating: 4 

3.2.13.5. Ease of learning 

Due to the small number of tools, one might argue that Blitz QFD is easier to learn and 

apply than QFD. However, with a reduced set of tools it is even more crucial that all of 

them are applied with expertise, because there is less redundancy. 

Rating: 3 

3.2.13.6. Supportfor Agility in the Lifecycle 

As with QFD, there is support for agility later on in the lifecycle by building a specifica-

tion that is missing fewer requirements and more closely reflects the customer's wishes 

than without Blitz QFD. 

Rating: 3 

Overall Agility Ranking: 3.0 

3.2.14. Scenarios / Use Cases 

3.2.14.1. Change Responsiveness 

Change responsiveness of use cases and scenarios is similar to semiformal notations. The 

presence of rules makes it possible even for someone who was not directly involved in 

developing the specification to modify it. Interdependencies between use cases, e.g. by 
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"uses" and "extends" relationships, make consistency checks necessary. Because use 

cases are commonly used, there is commercial tool support, which facilitates this task. 

Rating: 3 

3.2.14.2. Support for Creative Thinking 

Scenarios and use cases confront the user with actual interaction scenarios that are rudi-

mentarily visualized. This is likely to foster creative thinking and elicit the "right" re-

quirements, as it is easier to imagine how the system will work compared to a more ab-

stract approach. Use cases are also "whiteboard-compatible", which is regarded a central 

aspect of RE by many experts [Cockburn 2002], and can also help foster lively discus-

sions. 

Rating: 5 

3.2.14.3. Modifiability of the Technique 

Modifying use cases largely happens by varying the level of detail of the use case de-

scriptions. Apart from that, it is hard to imagine how the technique can be substantially 

modified. 

Rating: 3 

3.2.14.4. Time Exposure for Application 

Use cases and scenarios do not only serve as a means for specification, they also facilitate 

validation and analysis of the system. This kind of concurrency may save time. They may 

also speed up discussions due to the amount of knowledge transfer. 

Rating: 4 

3.2.14.5. Ease of learning 

Use cases and scenarios can be considered to be fairly easy to learn, even though they 

require some experience, especially for figuring out the appropriate level of detail. There 

exists good literature about use cases, e.g. [Cockburn 2000d]. 

Rating: 4 



66 

3.2.14.6. Support for Agility in the Life cycle 

Use cases and scenarios greatly enhance understanding of the system, especially with 

respect to user interaction related issues. This will reduce rework caused by misunder-

standings. There is no explicit support for changing requirements. 

Rating: 4 

Overall Agility Ranking: 3.8 

3.2.15. Requirements Reuse 

3.2.15.1. Change Responsiveness 

Requirements reuse introduces the need for requirements interaction management, which 

has a negative impact on the responsiveness to change, because the interaction mecha-

nisms have to be re-executed for each change. 

Rating: 2 

3.2.15.2. Support for Creative Thinldng 

Requirements reuse is not intended to support creativity, and so the ranking is not appli-

cable here. 

Rating: N/A 

3:2.15.3. Modifiability of the Technique 

It is unlikely that requirements reuse can be substantially modified. It is however, possi-

ble to adjust the level of abstraction of the reused components. Regarding the inevitable 

need for interaction management, it is possible to apply it at different levels of sophistica-

tion [Shehata 2002]. However, the analyst needs to be aware that the trade-off will be an 

increasing likelihood of missing an interaction, the less formality is involved. 

Rating: 2 
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3.2.15.4. Time Exposure for Application 

Writing reusable requirements and actually reusing requirements has to be distinguished: 

It is fairly difficult and time-consuming to write reusable requirements. Reusing require-

ments is intended to save time. This is true in most cases, but requirements reuse also 

introduces the need for requirements interaction management, which in turn costs time. 

The use of tools should be very helpful here. 

Rating: 2 

3.2.15.5. Ease of learning 

Requirements reuse is not an easy task to do, as the well-known Ariane disaster demon-

strates [Nuseibeh 1997]. A lot of training is required to write a reusable specification, and 

additionally it is not trivial to reuse requirements. 

Rating: 2 

3.2.15.6. Support for Agility in the Lfecycle 

It is the purpose of requirements reuse to save time for specification as well as down-

stream activities. If all mechanisms are in place and the specification is formalized, 

change impact analysis is facilitated. 

Rating: 4 

3.2.15.7. Additional Comments 

If software development is considered in the context of the lifetime of an organization 

instead of isolated projects, requirements reuse will score much higher than it does here. 

Without a doubt, requirements reuse saves a significant amount of time, as soon as a plat-

form of common requirements is in place and the personnel are trained. Thus, the ranking 

here should be taken with caution, as reuse may in fact be a powerful tool in dynamic 

markets. 

Overall Agility Ranking: 2.4 
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3.2.16. Evolutionary Prototyping 

3.2.16.1. Change Responsiveness 

Responsiveness to change depends on how the prototyping process is executed: Only 

short iterations allow for a quick response to changes. As evolutionary prototyping is 

rather a lifecycle model than an RE technique, the aspect of having to re-do the technique 

does not apply to it. Nevertheless, evolutionary prototyping is all about change incorpora-

tion, and therefore receives a high rating. 

Rating: 5 

3.2.16.2. Support for Creative Thinking 

Especially for complex issues, it is typically very helpful for human beings to base dis-

cussions on tangible results instead of starting from scratch. This is one of the greatest 

strengths of evolutionary prototyping. However, the same fact may be a burden for really 

innovative thinking. 

Rating: 4 

3.2.16.3. Modifiability of the Technique 

Evolutionary prototyping may be modified by increasing or decreasing cycle times as 

needed. The way that the system is presented to the user is very open-ended and allows 

for a variety of approaches, e.g. focus groups. 

Rating: 4 

3.2.16.4. Time Exposure for Application 

Building an extensible application architecture and consistently adapting it is time con-

suming. However, the amount and timeliness of feedback that evolutionary prototyping 

delivers outweighs this disadvantage, because unnecessary rework is reduced, especially 

if the iterations are kept short. 

Rating: 3 
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3.2.16.5. Ease of learning 

Evolutionary prototyping is very likely not the easiest way of building a system. The 

concept itself is straightforward, but on the other hand building an extensible architecture 

is not trivial. 

Rating: 3 

3.2.16.6. Support for Agility in the Lfecycle 

As evolutionary prototyping is not solely an RE technique but rather a lifecycle model 

that incorporates RE throughout the development process, change responsiveness is in-

herently supported for downstream activities. It is likely that the technique will save time 

due to the feedback it provides. 

Rating: 5 

Overall Agility Ranking: 4.2 

3.2.17. Exploratory Prototyping 

3.2.17.1. Change Responsiveness 

Exploratory prototyping does not necessarily need to be reapplied if there are changes to 

the requirements, because it has no direct impact on the specification. It can however, be 

a valuable help to quickly assess feasibility of changes. 

Rating: 4 

3.2.17.2. Support for Creative Thinking 

Exploratory prototyping has the same advantages and disadvantages as evolutionary pro-

totyping: Users will profit from the possibility to try out a concrete system, but will also 

probably be limited in their creativity because they base their suggestions on something 

existing. 

Rating: 4 
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3.2.17.3. Modifiability of the Technique 

It is possible to use different tools depending on the kind of prototype needed and build 

prototypes of varying degrees of sophistication [Sommerville 1996], e.g. paper proto-

types, "Wizard-of-Oz" prototypes or software prototypes. 

Rating: 5 

3.2.17.4. Time Exposure for Application 

Time exposure of exploratory prototyping largely depends on the application of tools and 

the kind of prototype. As quality attributes are negligible here, it is typically not very 

time consuming. 

Rating: 4 

3.2.17,5. Ease of learning 

Exploratory prototyping is not particularly difficult to learn. Visual modeling tools pro-

vide good tool support for exploratory prototyping, and there is also the possibility to 

produce less sophisticated prototypes. 

Rating: 4 

3.2.17.6. Support for Agility in the Lfecycle 

Performing exploratory prototyping at the beginning of a project is likely to reduce re-

work caused by misunderstandings. As mentioned above, it is also a very useful instru-

ment to quickly assess the feasibility of requirements changes and perform some quick 

validation of a concept. 

Rating: 4 

Overall Agility Ranking: 4.2 
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3.2.18. Requirements Checklists 

3.2.18.1. Change Responsiveness 

Checklists do not yield specific work products, and there is no need to adjust the checklist 

itself when a change occurs. For changed and newly discovered requirements, the check-

list can be applied in isolation. Therefore, even though checklists have no positive effect 

on change responsiveness, there is no negative impact either. 

Rating: 3 

3.2.18.2. Support for Creative Thinking 

Checklists are not intended to support creative thinking. 

Rating: N/A 

3.2.18.3. Modifiability of the Technique 

Checklists may be modified with respect to their level of detail. The question is, however, 

whether the efficacy of the checklist will be compromised or not. 

Rating: 2 

3.2.18.4. Time Exposure for Application 

For a large number of requirements, it takes a significant amount of time to check each 

and every requirement. On the other hand, checklists provide analysts with guidance for 

the requirements process, which may save time. 

Rating: 3 

3.2.18.5. Ease of learning 

Checklists are especially useful for inexperienced analysts as they provide some guidance 

for writing high-quality requirements. As there is a fair amount of literature that contains 

checklists, there is also no need for the analyst to create them. 

Rating: 5 
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3.2.18.6. Supportfor Agility in the Lfecycle 

The contribution of requirements checklists to help reduce the amount of rework later on 

in the lifecycle lies in their ability to ensure that the specification is compliant to certain 

standards which reduces ambiguities and ensures that no important area has been over-

looked. 

Rating: 4 

Overall Agility Ranking: 3.4 

3.2.19. Requirements Reviews 

3.2.19.1. Change Responsiveness 

The more formal reviews are, the more inconvenient it is to schedule them for each and 

every change. Therefore, this largely depends on how exactly the reviews are conducted. 

Rating: 3 

3.2.19.2. Support for Creative Thinking 

Since requirement reviews deal with artefacts that already exist, there is little opportunity 

for the generation of really novel thoughts. However, reviews are an opportunity for ana-

lysts and customers to discuss the understanding of the requirements, which may lead to 

solutions that were not considered thus far. 

Rating: 3 

3.2.19.3. ModfIability of the Technique 

The degree of formality of a review may be adjusted in order to accommodate time con-

straints as well as the frequency of the reviews. 

Rating: 4 
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3.2.19.4. Time Exposure for Application 

Time exposure depends on the degree of formality of the review. There is no need to re-

view requirements that have already been checked for changes, unless they have changed 

due to the "ripple effect". 

Rating: 3 

3.2.19.5. Ease of learning 

Requirements reviews are fairly straightforward and may be applied as prescribed. There-

fore, they can be deemed rather easy to learn. 

Rating: 4 

3.2.19.6. Support for Agility in the Lfecycle 

If requirements are verified and validated on a constant basis, this will reduce unneces-

sary rework in downstream activities. 

Rating: 4 

Overall Agility Ranking: 3.5 

3.2.20. Requirements Testing 

3.2.20.1. Change Responsiveness 

For each requirement that has changed, the test cases need to be adapted as well. This 

requires additional effort that does not directly contribute to project progress. 

Rating: 2 

3.2.20.2. Support for Creative Thinking 

Writing test cases does not explicitly support creative thinking, although it forces the ana-

lyst reflect on the requirements. On the other hand, it does not impair creativity, either. 

Rating: 3 
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3.2.20.3. Modifiability of the Technique 

The definition of test cases is not an "all-or-nothing" activity, i.e. there is room for ad-

justment with respect to completeness. The analyst may stop writing test cases at varying 

levels of completeness. 

Rating: 4 

3.2.20.4. Time Exposure for Application 

Writing test cases for each requirement takes additional time in early phases of the pro-

ject. On the other hand, test cases may need to be written anyway before delivery of the 

product. If they are written long after the requirements have been documented, this may 

take even more time than doing it right away, because the developer/analyst needs to 

once again become familiar with the requirements. 

Rating: 3 

3.2.20.5. Ease of learning 

Although it seems to be a very straightforward task, defining test cases that cover all the 

necessary cases requires some experience. 

Rating: 3 

3.2.20.6. Supportfor Agility in the Lfecycle 

Formulating test cases for each requirement supports validation while the requirements 

are written. The earlier the validation, the more likely it is to reduce rework caused by 

misunderstood requirements. 

Rating: 4 

Overall Agility Ranking: 3.2 
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3.2.21. Requirements Change Management 

3.2.21.1. Change Responsiveness 

The responsiveness to changing requirements is hard to achieve without managing these 

changes. Change management, in the sense of having an organized and therefore efficient 

process of managing changes, will facilitate coping with changes. Therefore, even though 

change management consumes time and does not immediately contribute to project pro-

gress, it can be considered supportive for change responsiveness. 

Rating: 4 

3.2.21.2. Support for Creative Thinking 

It is not the purpose of change management to support creative thinking. 

Rating: N/A 

3.2.21.3. Modifiability of the Technique 

Due to the fact that change management encompasses many activities, it should be possi-

ble to slim down the overall process a little, which would of course sacrifice efficacy. For 

example, if there is strong time pressure, gathering data that would help in change antici-

pation for the next project could be stopped. There is, however, a basic set of activities 

without which change management does not make sense at all, for example change nego-

tiation and configuration management. 

Rating: 3 

3.2.21.4. Time Exposure for Application 

A formal change management process definitely takes time. Forms need to be filled in, 

changes have to be analysed with respect to their feasibility and effort, and finally there 

are negotiations with the affected stakeholders. 

Rating: 2 
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3.2.21.5. Ease of learning 

The biggest challenge with change management is discipline. The activities themselves 

are often rather mechanical, but need to be performed consistently in order to be effec-

tive. Change impact analysis, however, does require significant experience. 

Rating: 3 

3.2.21.6. Support for Agility in the Lfecycle 

Change management is a prerequisite of agility, because without a proper change impact 

assessment and prioritization, there will be schedule slippage and less focus on business 

value. Having a defined change process may sage time by rejecting infeasible changes. 

Rating: 5 

Overall Agility Ranking: 3.6 

3.2.22. Requirements Tracing 

3.2.22.1. Change Responsiveness 

Traceability is one of the most important prerequisites for change responsiveness. Back-

wards traceability facilitates negotiations about changes (e.g., about their necessity). For-

ward traceability enables change impact analysis. Regarding the modifiability of the 

specification, adding traceability information makes it easier but also more time consum-

ing to update the specification, because all the traceability information needs to be up-

dated as well. 

Rating: 4 

3.2.22.2. Support for Creative Thinking 

It is not the purpose of requirements tracing to support creative thinking. Therefore, there 

is no score here. 

Rating: N/A 
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3.2.22.3. Modifiability of the Technique 

It is possible to vary the level of detail of the traceability information associated with 

each requirement or to forego certain kinds of recording traceability information alto-

gether, if it is not needed. 

Rating: 3 

3.2.22.4. Time Exposure for Application 

Requirements tracing is rather time consuming, as the links betieen requirements and 

their origin, as well as design and code artefacts and related requirements have to be up-

dated on a constant basis. Recording traceability information means investing effort that 

is not immediately reflected in development progress, and most of the links will very 

likely never be needed at all. 

Rating: 1 

3.2.22.5. Ease of learning 

The concept of requirements tracing is fairly easy to understand. However, its application 

in practice is not trivial. The tools that offer very good tracing support are often rather 

complicated, and setting up traceability in a general purpose tool like Excel may cause 

trouble as well. 

Rating: 2 

3.2.22.6. Support for Agility in the Lifecycle 

If all the traceability information is in place, it is much easier to assess the feasibility of 

changes. Traceability also facilitates negotiations, because it is apparent where a re-

quirement came from in the first place. 

Rating: 5 

Overall Agility Ranking: 3.2 
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3.3. Graphical Display of the Agility Ranking 

Figure 3-1 visualizes the agility scores of the RE techniques and shows that prototyping 

and prioritization are most valuable if the six criteria are equally important, while docu-

ment mining and formal specifications receive rather poor scores. 

However, this only shows a fraction of the truth. In reality, it is likely that the importance 

of the aspects of agility varies for each project. We have included weighted versions of 

the ranking in order to reflect this factor. The choice of weights is of course arbitrary to 

some degree, however, the main purpose of assigning weights is to draw attention to the 

fact that most of the time the criteria are not equally important. 

The weights associated with each criterion are shown in Table 3-1. For the general agility 

ranking, the weight for each criterion is 1 divided by the number of criteria applicable. 

The sum of the weights must be equal to 1. 

Change responsiveness Overall 

Development Speed 

RE Speed 

Change Responsiveness 0,3 0,05 0,1 

Creative Thinking 0,1 0,05 0,1 

Technique Modifiability 0,1 0,25 0,2 

Time Exposure 0,15 0,2 0,3 

Ease of Learning 0,05 0,15 0,2 

Lifecycle Agility 0,3 0,3 0,1 

Table 3-1: Weights for Ranking Agility According to Different Priorities 
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Figure 3-3: Agility Ranking Weighted for Overall Development Speed 
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Average Scores per Criterion 
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Figure 3-5: Average Scores per Criterion 

3.4. Summary and Discussion 

Figure 3-2 shows how the ranking changes if change responsiveness is the most impor-

tant aspect of a project. Here, evolutionary prototyping becomes the most important tech-

nique, while the score of document mining is by far the worst. 

Figure 3-3 displays the ranking for overall development speed. As might be expected, 

requirements tracing, like Designer as Apprentice, scores lower in relation to the overall 

agility ranking. Prototyping and Prioritization both receive the highest scores again. The 

score of requirements reviews is higher compared to the ranking based on equal weights. 

Finally, the ranking for RE speed (see Figure 3-4) shows that prioritization, tracing and 

change management score significantly lower compared to the ranking according to 

overall development speed, which reflects the fact that these techniques are time consum-

ing at first, but save time later on. Informal modeling scores higher in comparison to the 

other techniques. 



84 

It should be noted that the evaluation was based on using a technique in isolation. For 

example, if there is a highly innovative, safety-critical system that needs to be developed, 

formal specifications are almost indispensable due to their ability for proving the specifi-

cation is correct. The fact that formal notations do not support the creative aspect of RE 

for this system only means that in addition to formal notations, there needs to be a tech-

nique that is good at supporting creative thinking. It does not imply that formal specifica-

tions should not be used in this project. 

Taking a look at the average scores for each criterion (Figure 3-5), it becomes apparent 

that on average the techniques examined received the highest scores in the area of sup-

porting downstream activities, while the time exposure scores were the lowest on aver-

age. The likely reason for this is the techniques' origin in traditional RE, where the focus 

is less on producing business value as quickly as possible but rather to prepare and plan 

subsequent stages as well as possible. 
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4. Relevant Factors for RE Technique Selection 

4.1. Objectives of this Chapter 
No two software development projects are exactly the same [Cockburn 2000a]. There are 

numerous external variables for each project that make it unique, some of which are re-

lated to the product that is developed, some are related to the project itself, and some are 

related the participating organizations. Building on the idea of Alistair Cockburn's meth-

odology grid [Cockburn 2002], where the appropriate methodology weight for a project 

is estimated by looking at team size and criticality, we have identified several additional 

attributes of a project that have an impact on the choice of methodology and the degree to 

which RE techniques are applicable. 

The project attributes we list here are on various levels of abstraction, which means that 

they may have an effect on each other, so they should not be considered in isolation. For 

example, stakeholder distribution may affect stakeholder heterogeneity and possibly 

stakeholder availability, or a lengthy project duration may affect requirements volatility. 

It is not possible or at least very difficult to know some of the project attributes at the 

beginning of the project (e.g. team cohesion), and it is up to the project manager to see 

whether further investigation is needed. 

In order to be meaningful for project planning, the project attributes need to be measured 

somehow. The attributes are rather heterogeneous in nature, causing the following issues 

regarding measurability: 

• Not all the attributes are measurable. For example, team cohesion cannot be ex-

pressed in numbers. 

• For most of the attributes, it is straightforward to tell whether a high or low value 

is desirable. For example, a stakeholder's availability can never be too high. For 

some attributes (e.g. team composition) there are issues that have to be dealt with 

on both ends of the spectrum: A team without domain experts may have no com-

munication trouble, but will lack domain knowledge, while an interdisciplinary 

team will probably face communication problems. 
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• Even if an attribute is measurable, it should be noted that it is not possible to tell 

the consequence based on an absolute value. For example, requirements uncer-

tainty typically increases with project duration, but it is hardly possible to deter-

mine a threshold for the duration until which it is safe to assume the requirements 

will not change too much. 

The list of attributes in the following section will serve as a checklist for the evaluation of 

the RE techniques in chapter five. 

4.2. List of Attributes 

4.2.1. Team Related Attributes 

4.2.1.1. Team Size 

Team size is one the most obvious attributes that has an impact on the choice of method-

ology. The bigger a team, the less likely it is that oral communication is sufficient, which 

calls for more "sticky" documentation and different communication channels than just 

oral communication. 

4.2.1.2. Team Composition 

Teams may be composed entirely of IT specialists, have one or more domain experts, or 

can even be entirely interdisciplinary. The latter case calls for measures that foster intra-

team communication, whereas a team lacking domain experts and therefore domain 

knowledge should either enhance communication with the customer or, if this is not pos-

sible, contact external domain experts. 

4.2.1.3. Team Experience 

This attribute encompasses several issues. A team may have little experience with a tech-

nique or methodology that seems very suitable for the project. In this case, a decision has 

to be made whether it is more efficient to use a well known method that is less appropri-

ate for the project rather than a method that the team has no experience with but is opti-

mal for the situation at hand. Unfortunately, there is no general rule here. 
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A second issue is the experience of the development department: Inexperienced pro-

grammers may need more detailed specifications than coding and application domain 

veterans. 

Last but not least, a team that has little domain experience typically needs more time and 

is unlikely to get the all the requirements right at the first try. 

4.2.1.4. Team Distribution 

If the team is geographically distributed, communication bandwidth decreases. It is there-

fore necessary to write down more things and make information easily accessible by all 

the team members. It is also important to apply techniques that foster intra-team commu-

nication. 

4.2.1.5. Team Cohesion 

This attribute is about soft skills rather than methodology and process design, but it is 

nevertheless important. Team cohesion refers to how effectively a team works together, if 

it is a unit or rather a bunch of individuals doing their own thing. 

4.2.2. Stakeholder Related Attributes 

4.2.2.1. Number of Stakeholders 

An increase in the number of stakeholders is likely to increase stakeholder heterogeneity 

and also complicates communication with the stakeholders, as it may be more difficult to 

find the "right" individuals to talk to. Stakeholder selection and user profiling techniques 

as well as stakeholder prioritization and negotiation techniques will be helpful for pro-

jects with many stakeholders. 

4.2.2.2. Stakeholder Heterogeneity 

This is an attribute that is very difficult to measure. It is up to the analyst to determine 

whether there are strongly differing opinions within the stakeholder community (it is also 

important to discover all the different stakeholder groups) or perhaps even animosities 

between some stakeholders. 
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4.2.2.3. Stakeholder Availability 

Low stakeholder availability is detrimental for communication bandwidth. It is also very 

difficult to schedule meetings involving individuals who are often inaccessible. If the 

stakeholders are unavailable then this may also cause problems with establishing a good 

customer-supplier relationship. 

4.2.3. Project Related Attributes 

4.2.3.1. Project Duration 

Projects that last a long time often suffer from a lot of requirements changes, because 

external constraints may have changed during the course of the project. In these situa-

tions, incremental development with frequent intermediate releases may be the right 

strategy in order to receive constant customer feedback and allocate uncertain iequire-

ments to later increments. 

4.2.3.2. Project Complexity 

Project complexity is closely related to product complexity, albeit not exactly the same. 

A large, monolithic system that is relatively easy to understand may nevertheless require 

many people in different departments to work on it, causing a greater complexity because 

of coordination issues. Although project complexity is mainly a project management is-

sue, it has some impact on RE, because it makes communication more difficult. There-

fore, structured communication techniques need to be in place in such a situation. 

4.2.3.3. Time-to-Market Pressure 

This is a constraint that is very likely to be present in dynamic markets. Assuming that 

quality should not be compromised, prioritization techniques and concurrent development 

become more important. If quality (be it reliability, usability, functionality) is not the 

decisive criterion, the definition of "good enough" software becomes very important. 

4.2.3.4. Degree of Outsourcing 

Outsourcing is a common practice in software development, in particular for components 

that require specialized skills. A high degree of outsourcing demands more detailed 

documentation, as it is not likely that the subcontractor will have a high bandwidth corn-
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munication channel to the development team and/or the customer. Thus, most of the in-

formation needed will be transferred via a specification. 

4.2.4. Requirements Related Attributes 

4.2.4.1. Requirements Volatility 

Changing requirements are another project attribute that one will always find in dynamic 

markets. To prevent changing requirements from obliterating parts of the system that are 

already produced, it is helpful to develop the system incrementally. In conjunction with 

change analysis in order to find out requirements that are likely to change, a sensible al-

location of requirements to increments may mitigate the negative effects of changing re-

quirements. 

4.2.4.2. Degree ofRequirements Reuse 

If the degree of reuse that is desired is very high, there may be less emphasis on elicita-

tion activities like interviewing. On the other hand, there is a stronger need for require-

ments interaction management. This attribute is likely to be known only for product im-

provements/enhancements rather than for highly innovative products, which often start 

from scratch. 

4.2.4.3. Requirements Reusability 

Writing reusable requirements is not trivial, which means that a significant amount of 

time needs to be allocated for this task. Domain dependent requirements need to be dis-

tinguished from application/system specific ones. Similarities and variations need to be 

captured and the requirements need to be written in a way that enables "plugging in" the 

system specific requirements later on. In general, this means that a more formal and 

documentation oriented requirements engineering process is needed. 
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4.2.5. Product I System Related Attributes 

4.2.5.1. System life span 

The longer the life span of the system, the more important are aspects like maintainabil-

ity, reusability, and a clean and extensible architecture. For such a system, it definitely 

pays off to spend more time up-front in order make sure these requirements are met, e.g. 

by providing very detailed documentation. On the other hand, it is not worthwhile to 

spend too much effort on these goals for systems that are very unlikely to change or 

which are not supposed to be very long-lived. 

4.2.5.2. Product Quality Priorities 

There are various dimensions to quality, some of which demand special treatment in the 

software engineering process. Depending on the project, the priorities of the quality di-

mensions may differ. These dimensions include: 

• (Module) Reusability 

• Defect Density 

• Functionality 

• Usability 

• Maintainability 

• Performance 

4.2.5.3. System Criticality 

The higher the criticality of a system, the more time and effort should be spent on re-

quirements validation and especially verification. For life-critical systems, formal speci-

fication techniques may be used in order to prove correctness of the requirements specifi-

cation. Alistair Cockburn suggests a rough categorization using four levels of criticality 

that are based on [Cockburn 2002]: 
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1. Loss of comfort 

2. Loss of discretionary money 

3. Loss of essential money 

4. Loss of life 

There are of course other ways of classifying criticality, e.g. there may be domain spe-

cific classifications, but this categorization conveys the general idea quite well. Depend-

ing on the project, another scale may be chosen. 

4.2.5.4. Degree ofInnovation 

Highly innovative products call for techniques that foster creative thinking and strong 

feedback. For products that are not developed from scratch, innovation may be measured 

by the percentage of new features that are introduced. The importance (its impact on 

sales) of each new feature also has to be considered. It is arguable if innovation actually 

is an issue for RE, because there is an entire marketing discipline called innovation man-

agement, but there is also support for dealing with innovation as part of RE [Highsmith 

2002], [Robertson 2002]. 

4.2.5.5. System Complexity 

We treat system complexity synonymous to problem complexity. For very complex prob-

lems, it is extremely helpful to break down their complexity. It is likely that more 

"sticky" information is needed, as it is sometimes hard to keep complicated things in 

mind. Complexity depends on the number of requirements, the number of dependencies 

between requirements and on the difficulty of the problem itself, which is not easily 

measured. 

4.2.6. Organization/Company Related Attributes 

4.2.6.1. Staff Turnover 

Staff turnover can happen in either the contractor's or the customer's company. The 

higher the staff turnover rate in the contractor's organization, the higher the need for last-
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ing information, that is, oral communication alone may be insufficient even for a project 

with only 10 developers. 

If there is a high staff turnover rate in the contracting company, than communication is 

more difficult, which has an effect especially on elicitation and validation activities. 



93 

5. Effect of Project Attributes on RE Techniques 

5.1. Objectives of this Chapter 
Although agility can be considered a central aspect in dynamic market, there is more to 

dealing with dynamic markets than just having "agile" RE techniques. Having several RE 

techniques that support one or more facets of agility does not mean that these techniques 

are suitable and/or feasible for the project, product, and organization at hand. Taking the 

RE techniques introduced in chapter two into account, there are two questions that need 

to be answered: 

1. Is applying the technique helpful or rather detrimental in a certain situation? 

2. Is a technique applicable in a certain situation? 

The RE techniques were examined with respect to these two questions. The project at-

tributes that were introduced in chapter four serve as a checklist for this examination. 

Each section dealing with an RE technique contains the technique's benefits and prob-

lems / implementation barriers. 

It should be noted that effects that pertain equally to all techniques have not been in-

cluded. For example, having unavailable stakeholders always has a negative impact on 

every RE activity, because it makes communication more difficult. Therefore, comments 

on this matter have only been included where the effect is especially detrimental due to 

the special nature of a technique, for example, for group sessions (problems with schedul-

ing meetings) or designer as apprentice (depends on intimate and long customer contact). 

All other attributes have been treated likewise. 

The RE techniques may also have strengths and weaknesses that are not related to the 

project attributes at all. However, this section is not supposed to be a comprehensive and 

all-encompassing evaluation of each of the technique's "sweet spot", since this would 

require determining thresholds for the values of the project attributes, which would be a 

research project on its own. This section should be seen as a rough general guideline for 

RE technique selection in addition to the evaluation of agility. 
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5.2. Evaluation of Techniques 

5.2.1. Designer as Apprentice 

5.2.1.1. Benefits 

For teams that lack domain knowledge, Designer as Apprentice may be a very good way 

to gain practical experience due to the very intimate contact with the customer's working 

environment. On the other hand, for an interdisciplinary team, this technique may not 

offer much additional benefit. Designer as apprentice may also be valuable if the cus-

tomer is not very adept at giving abstract descriptions, as the knowledge transfer happens 

by the analyst observing the actual work of the customer. For projects that have usability 

and functionality at the top of the priority list, Designer as Apprentice can be beneficial 

because of the immediate input from the user's side. 

5.2.1.2. Problems/ Implementation Barriers 

This technique depends on customer availability. If there is low customer availability 

(e.g. due to geographical dispersion), it is very difficult to apply it. A heterogeneous 

stakeholder community may also be a problem for this technique, because then it needs to 

be applied for each group in separation. The same holds for a large number of stake-

holders, and especially if there are problems with sensibly categorizing them. A close 

relationship to the customer is very important for this technique, which makes it vulner-

able to a high staff turnover rate. 

5.2.2. Document/Data Mining 

5.2.2.1. Benefits 

Document mining is very useful if there are problems with customer availability, because 

no appointments need to be scheduled. Official documents typically provide a rather un-

biased view on the requirements for a system, which may be a valuable addition to in-

formation gathered using other elicitation techniques; this is especially true in a heteroge-

neous stakeholder community. If there is a high staff turnover rate, document mining can 

be useful because the analysts access permanent information. Document mining can also 
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be beneficial if the desired amount of reuse is high, because the documented requirements 

might be copied to the new specification. 

5.2.2.2. Problems / Implementation Barriers 

Relying mainly on document mining may be detrimental to team cohesion, because there 

is very little teamwork involved. Apart from documentation not being available, there are 

no apparent implementation barriers for documentation mining. 

5.2.3. Group Session Techniques 

5.2.3.1. Benefits 

Group sessions can be a way to increase team cohesion due to the increased teamwork. 

They can also be very usethl in highly innovative projects, because discussions like 

brainstorming sessions typically foster creativity. If there is high stakeholder heterogene-

ity, group sessions can be a way of conflict resolution by getting people together for dis-

cussion. 

5.2.3.2. Problems /Implementation Barriers 

The most prevalent implementation barrier for group sessions is unavailability of the par-

ticipants (e.g., due to a dispersed team): Decision making can be seriously delayed if im-

portant participants cannot attend meetings. Scheduling meetings is often a problem in 

this situation. A high staff turnover rate can be a problem for group sessions, as their so-

cial component is very high, and people need to get used to each other. For facilitated 

sessions like JAD, the presence of a skilled facilitator is decisive for the success of the 

technique [McPhee 2000]. 

5.2.4. Interviewing 

5.2.4.1. Benefits 

Compared to group session techniques, interviews may be advantageous if there is a high 

stakeholder heterogeneity, because the opinions of people who are less outspoken in 
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groups can be heard, too. The danger of intimidation of quieter individuals by more 

dominant stakeholders is alleviated, because interviews happen in isolation. 

5.2.4.2. Problems /Implementation Barriers 

A large number of stakeholders may cause problems for interviewing if it is not possible 

to classify them and interview the corresponding representatives. Stakeholder availability 

can be a problem as well, but on the other hand this is not as severe as for group session 

approaches, where several individuals have to be available at once. The success of an 

interview largely depends on the experience of the interviewer [McPhee 2000], therefore 

an extremely inexperienced team may have trouble with this technique. Since a heteroge-

neous stakeholder community can often produce incoherent and conflicting requirements, 

it may require a great deal of effort to reconcile their views. For example, more inter-

views may be required. Having a high staff turnover rate is problematic for interviewing, 

because of the social interaction involved and the time it takes to build up trust between 

stakeholders. 

5.2.5. Observation / Social Analysis / Ethnography 

5.2.5.1. Benefits 

If the stakeholder community is very heterogeneous, ethnography can be a way of under-

standing the background of this phenomenon. Because this group of techniques is very 

user-centred, they can be beneficial for products where functionality and usability is most 

important. 

5.2.5.2. Problems /Implementation Barriers 

Customer availability is just as essential for this technique as it is for Designer as 

Apprentice. The users need to be observed over an extended period of time, which is 

impossible if the analyst cannot access them. Ethnographic studies need some time, and 

therefore may be problematic to conduct in shorter projects with strong TTM pressure. It 

should be kept in mind that this technique is not very common and software engineers are 

unlikely to have experience with it due to its roots in social sciences. As these techniques 
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focus very much on social and personal aspects, staff turnover may be very detrimental 

for their results. 

5.2.6. Viewpoint Techniques 

5.2.6.1. Benefits 

Viewpoint techniques may be beneficial when dealing with a heterogeneous stakeholder 

community by providing a structured way to handle the differing points of view and im-

proving coverage of requirements [Sommerville 1996]. 

5.2.6.2. Problems /Implementation Barriers 

Viewpoints add complexity to the specification. Keeping the documentation up to date at 

all times can therefore be very time-consuming, especially if there is high requirements 

volatility. Explicitly considering all the viewpoints will take significant effort the more 

stakeholders there are. 

5.2.7. Goal-Oriented RE 

5.2.7.1. Benefits 

If the stakeholder community is very heterogeneous, goal-oriented RE can help to under-

stand the rationale of differing requirements, hence facilitating negotiations. It 'is also 

possible to abstract from a set of requirements that look different at first sight to find out 

whether they may serve a common goal. In general, the main benefit of goal-oriented RE 

is a better understanding of what the system is supposed to achieve and why, which is 

helpful if functionality is a high priority. It can be helpful for highly innovative products, 

because the analyst is less focused on the technical side of the requirements. Recording 

the rationale of requirements can be especially useful for systems that live long, as it 

helps find out why a feature is there after a longer period of time. 

5.2.7.2. Problems /Implementation Barriers 

This technique seems less appropriate if there is strong YT'M pressure, because it is rather 

time consuming. If done as prescribed by KAOS [Lamsweerde 2000], there is also a fair 
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degree of formality involved, which means that an inexperienced team may have prob-

lems with this technique. This can also cause communication problems with a subcon-

tractor. 

5.2.8. Informal Modeling 

5.2.8.1. Benefits 

If there is very little time for training combined with an inexperienced team, informal 

modelling techniques can be very helpful. In a cross-functional team, informal notations 

may improve communication between software and domain experts. An inexperienced 

customer can also profit from informal specifications, because the customer can deter-

mine notation rules, if necessary. Informal notations do not support writing reusable re-

quirements well, so if reusability is important, other specification methods need to be 

applied. For very innovative products, informal notations can be helpful, because they do 

not constrain the analysts by imposing rules on them. 

5.2.8.2. Problems /Implementation Barriers 

For safety-critical systems, using informal notations only cannot be recommended, be-

cause informal specifications cannot be provably verified. If the implementation of com-

ponents is outsourced, informal notations may not be the best communication vehicle, 

because the lack of notation rules may cause problems if there is no constant contact be-

tween the analyst(s) and developer(s). The lack of rules can make it difficult to refer to an 

informal specification after some time has passed, which can be the case for systems with 

a long life span. Reusing existing requirements specifications and at the same time apply-

ing informal notations can cause compatibility problems between the specifications. 

5.2.9. Semiformal Modeling 

5.2.9.1. Benefits 

If the problem complexity is rather high, semiformal methods can be an appropriate way 

of breaking this complexity down and visualize it. Many semiformal notations such as 
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data flow diagrams or state diagrams are taught at university, therefore even a team that 

has little industry experience should be able to apply them. The fact that most semiformal 

notations are not very difficult to understand can be beneficial for the communication in 

an interdisciplinary team. This also facilitates outsourcing, because the subcontractor 

very likely knows about semiformal notations. Finally, semiformal specifications have 

been used for decades and so are likely to be understandable by most people in the future, 

which is helpful for systems with a long life span. The existence of rules also enables the 

reuse of certain specification artefacts. 

5.2.9.2. Problems /Implementation Barriers 

Like informal notations, semiformal languages should not be the only specification vehi-

cle for the development of a life-critical system. 

5.2.10. Formal Modeling 

5.2.1 0.1. Benefits 

Safety critical systems often call for formal methods in order to prove correctness of the 

specification. If the degree of reuse is very high, formal specifications enable easier de-

tection of inconsistencies than natural language specifications, which facilitates more 

sophisticated requirements interaction management. Formal specifications also facilitate 

simulations and are very useful for reducing defect density. But, an interdisciplinary team 

may have trouble using formal notations for communication. 

5.2.10.2. Problems /Implementation Barriers 

Formal languages do not facilitate communication with the customer, because they are 

typically neither well-known nor easy to learn. This also makes it vulnerable to staff 

turnover, because it will be a problem if the only formal notations expert leaves the team. 

Due to their mathematical nature, it is hardly possible to use formal notations effectively 

with just mediocre knowledge about them. Therefore, team experience is critical for this 

technique. If this experience does not exist, time pressure can become an implementation 

barrier, because training in formal languages takes significant time. For a project where 
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the degree of outsourcing is very high, it may be a problem if the subcontractor has little 

knowledge about these notations. 

5.2.11. Prioritization 

5.2.11.1. Benefits 

Sensible prioritization helps to prevent gold plating, which is an extremely important 

aspect if TTM pressure is high. It also ensures that the most important features are guar-

anteed to be delivered, making it one of the most indispensable tools to ensure product 

quality under time pressure. 

5.2.11.2. Problems /Implementation Barriers 

A very heterogeneous stakeholder community can become a problem for prioritization, 

because there can be several different priorities for each requirement. This does not mean 

that it makes prioritization less indispensable in any way: Coupling prioritization with 

structured negotiation techniques can be helpful in this situation. Highly volatile require-

ments mean that there has to be reprioritization, which costs time and effort. A great deal 

of time and effort may be required if there is no tool support. 

5.2.12. Quality Function Deployment (QFD) 

5.2.12.1. Benefits 

QFD can be helpful in breaking down complex problems, because its structured process 

helps organize the elicited information in order to identify interdependencies. This struc-

tured process also supports the analyst with the conversion of the customer verbatims to 

technical requirements. Because it explicitly supports traceability, it can be useful for 

projects with a high requirements volatility, especially if the project duration is not too 

short. The entire QFD process explicitly focuses on delivering the appropriate functional-

ity, and so it may be a good choice if this aspect has priority. 
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5.2.12.2. Problems / Implementation Barriers 

For short projects, applying QFD may be too much process. QFD demands cross-

functional teams and may not work properly if this is not possible. "Going to Gemba" 

and filling the customer voice table can become problematic if the stakeholder commu-

nity is very heterogeneous. Due to the large number of artefacts involved, QFD requires 

an experienced team. 

5.2.13. Blitz QFD 

5.2.13.1. Benefits 

Compared to QFD, Blitz QFD offers similar benefits, but is especially geared towards 

time constrained development. So, for a project with significant, but less than extreme 

TTM pressure, Blitz QFD can be a good choice. 

5.2.13.2. Problems /Implementation Barriers 

Arguably, Blitz QFD saves time compared to QFD. There is nevertheless a significant 

amount of process involved, so if very early value capture is very important, the time it 

takes to perform RE using Blitz QFD may still be too long. 

5.2.14. Scenarios/Use Cases 

5.2.14.1. Benefits 

Use cases are very often taught at university, which makes it more likely that the project 

team already has knowledge about this technique, even though it has little work experi-

ence. If many tasks are outsourced, the fact that use cases are typically well-known can 

be helpful as well. This can also be beneficial for long-lived systems, where the specifica-

tion needs to be referred to years later. 

Use cases and scenarios are especially useful if usability and functionality is important. 

Scenario-based notations enable the analyst break down system complexity, because they 

are less abstract than other notations and focus on the functionality the system exposes. 

The existence of well-defined and globally consistent rules is likely to enable a certain 
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degree of reusability. Use cases and scenarios are not very difficult to understand, which 

can help support communication in an interdisciplinary team. 

5.2.14.2. Problems /Implementation Barriers 

There are no apparent implementation barriers for use cases and scenarios. 

5.2.15. Requirements Reuse 

5.2.15.1. Benefits 

The benefit of requirements reuse only becomes apparent in the long run - a vry short 

project duration can be problematic here. As soon as stable requirements that product 

families can be based on are in the development of new products becomes easier and 

faster. For systems that will live very long, it can be useful to establish a reusable asset 

base, because these systems may serve as a foundation for other similar systems. For ex-

ample, the requirements of a basic cell phone can be reused for all the more sophisticated 

versions that are added to the product family later on. 

5.2.15.2. Problems/ Implementation Barriers 

If there is very little time, it may not be the right situation to start and establish a reusable 

asset base. Writing reusable requirements specifications is not trivial [Sommerville 

1996], which may cause trouble for an inexperienced team. A large amount of reuse may 

be a problem if there is a high degree of outsourcing at the same time, since it puts con-

straints on the subcontractor. 

5.2.16. Evolutionary Prototyping 

5.2.16.1. Benefits 

Because evolutionary prototyping is explicitly made for incorporating changes, it is a 

suitable choice if there is high requirements volatility. If coupled with incremental devel-

opment, it can mitigate risk by enabling the team to allocate uncertain requirements to 

later cycles and validate them as soon as possible. If extensibility is important, evolution-

ary prototyping is useful because it makes the developers focus on the architecture of the 
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system. Functionality and usability are typically positively affected by this approach, if 

the prototype is validated frequently. 

5.2.16.2. Problems /Implementation Barriers 

An inexperienced team, however, may have problems applying evolutionary prototyping, 

because it depends on a good, extensible architecture. In order to be applied successfully, 

evolutionary prototyping also needs a well-functioning configuration management. The 

more complex the system, the more difficult is the application of evolutionary prototyp-

ing, because the architecture evolves constantly. Since the results need to be presented to 

the stakeholders in order to get timely feedback, stakeholder unavailability is likely to be 

a problem for this technique. 

5.2.17. Exploratory Prototyping 

5.2.1 7.1. Benefits 

Like evolutionary prototyping, exploratory prototyping can help mitigate risk by 

performing early validation. Being an elicitation technique as well, it can help an 

inexperienced customer to find out about his needs using tangibles. It is also easier to use 

for an inexperienced team than evolutionary prototyping, because the prototype is not 

built upon and therefore its architecture does not need to be well designed. Trying out 

different design alternatives can be helpful for the development of a complex system. In 

general, prototypes are very useful if functionality and usability are most important. 

5.2.1 7.2. Problems /Implementation Barriers 

If there is insufficient tool support, exploratory prototyping may be too time consuming if 

there is strong TIM pressure (a workaround may be the use of less sophisticated proto-

typing methods like paper prototyping or "Wizard of Oz" prototyping). Building soft-

ware prototypes can become very difficult if the corresponding hardware is developed 

concurrently. Due to the fact that the prototypes need to be presented to the customer on a 

regular basis, low stakeholder availability is a problem for this technique. 
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5.2.18. Requirements Checklists 

5.2.18.1. Benefits 

Especially for inexperienced teams, checklists can be a valuable help, because they serve 

as a reminder for the necessary quality standards of requirements. They are beneficial if 

reusability is a goal of the project and there is a great degree of outsourcing, because they 

ensure that the requirements are written in an appropriate way. The development of com-

plex and critical systems very likely profit from ensuring that requirements are well-

formed. 

5.2.18.2. Problems /Implementation Barriers 

There are no apparent implementation barriers for requirements checklists. 

5.2.19. Requirements Reviews 

5.2.19.1. Benefits 

If it is not possible to have constant access to the customer and perform ongoing valida-

tion, requirements reviews are a good alternative. Because reviews are not very difficult 

to learn, they can be a useful validation technique for an inexperienced team. Formal re-

views can be beneficial for safety critical systems. 

5.2.19.2. Problems /Implementation Barriers 

An implementation barrier for requirements reviews is low stakeholder availability as 

well as a heterogeneous stakeholder community, because this makes it more difficult to 

determine who to invite to review the specification. Having a high staff turnover rate in 

the customer company can invalidate former reviews. 

5.2.20. Requirements Testing 

5.2.20.1. Benefits 

Testing as early as possible is a good risk mitigation technique, because it supports early 

detection of requirements problems like ambiguities and incompleteness [Sommerville 
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1996], which is especially important for safety-critical systems. It is more likely that the 

analysts miss requirements in very complex systems, which is why this technique can be 

beneficial in this case as well. This technique is also very helpful for an inexperienced 

development team, as it is likely to make more mistakes than a veteran team (which of 

course does not mean it is not helpful for an experienced team). 

5.2.20.2. Problems /Implementation Barriers 

There are no apparent implementation barriers for requirements testing. 

5.2.21. Requirements Change Management 

5.2.21.1. Benefits 

Change management is imperative for any kind of project. It is especially important for 

complex products. The more complex the product, the more indispensable a formal 

change management process becomes, because changes have more complex conse-

quences and affect more stakeholders. Obviously, if requirements are expected to be very 

volatile, change management becomes absolutely indispensable. A large number of 

stakeholders can contribute to requirements volatility due to the increased number of 

sources of change request. Similarly, a heterogeneous stakeholder community may call 

for having a defined way of dealing with these changes. The longer the project duration, 

the more changes can be expected over time, and the more important a change manage-

ment process becomes. Bigger teams are also likely to profit from an organized change 

management process, as there are more people working on the specification. The higher 

the criticality of a system, the more important it is to monitor and track changes carefully. 

5.2.21.2. Problems /Implementation Barriers 

Change management may be detrimental if there is very little time, at least in a short-term 

perspective. However, in the long run, it can be expected to save time rather than waste it. 

Change impact analysis, especially assessing technical feasibility of a change, requires 

significant experience. Therefore, an inexperienced team may face problems with this 

task. Having a big team makes it more difficult to manage changes, because several peo-

ple can work on the same artefacts at the, same time. In this case, tool support (e.g. by 
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configuration/version management tools) becomes even more important. For geographi-

cally dispersed teams, appropriate tools that support distributed configuration manage-

ment by providing remote access are mandatory. Low stakeholder availability can be 

detrimental for the negotiation required in the change management process. 

5.2.22. Requirements Tracing 

5.2.22.1. Benefits 

Increasing system complexity and criticality calls for requirements tracing, because it is a 

valuable help in assessing change impact and finding negotiation partners when there are 

changes. Especially for projects with a long duration, it is helpful to know the origin of 

requirements that were elicited long ago (and it can also be helpful to know the origin of 

a requirement if there is a high staff turnover rate - the requirement might already be ob-

solete). This is also true for large dispersed teams, where it becomes increasingly difficult 

to just use oral communication to find out who last worked on a requirement. Horizontal 

traceability enables more sophisticated requirements interaction management, which is 

helpful for projects with a lot of reuse. 

5.2.22.2. Problems /Implementation Barriers 

Like change management, requirements tracing does not directly contribute to the overall 

progress of the project. Therefore, time constraints can be an implementation barrier for 

this technique. For an inexperienced team, it may be problematic to figure out the appro-

priate amount of traceability information that needs to be associated with each require-

ment, which can lead to the situation where everything that may be useful is recorded, 

while only a fraction of the information will actually be used. 

5.3. Summary 

Unfortunately, it was not possible to evaluate all RE techniques with regard to the project 

attributes, because they were simply not related. For example, project complexity has 

little direct impact on the choice of RE techniques, although it greatly impacts the general 
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process. Some project attributes also have effects that cannot be dealt with by using RE 

techniques. Although the measures that need to be taken to deal with these project attrib-

utes are not directly related to RE and therefore beyond the scope of this document, we 

decided to at least touch upon this matter. 

• The duration of a project has little immediate impact on most RE techniques. 

Even a very short project could use QFD, as it is performed faster for smaller, less 

complex systems. In general, project duration should be kept as short as possible, 

which can be achieved by dividing bigger projects into increments [Standish 

2000]. However, it should be noted that some techniques, like ethnography, are 

unlikely to be appropriate for a very short overall project duration. 

• Team cohesion may be positively influenced by showing team progress on a 

whiteboard, having small release parties when milestones have been achieved, or 

by off-work activities of team members [Beck 2000]. 

• Larger team sizes can be dealt with by splitting the team into subteams, the so-

called "divide-and-conquer" strategy [Ambler 2002]. In general, the success of all 

the RE techniques depends on a sensible task division if the team is distributed. 

Therefore, we have not mentioned this aspect in each of the sections separately. 

• For distributed teams, there is the possibility to schedule regular video confer-

ences. Damian et al. have found out that this can be at least as efficient as face-to-

face communication [Damian 2002]. In general, communication channels should 

be chosen such that bandwidth is as high as the organizational constraints allow 

[Cockburn 2002]. 



108 

6. RE Technique Selection 

6.1. Objectives of this chapter 
Chapters three and five contain a great deal of textual information that might be difficult 

to use in practice. In order to come up with a more condensed way of transferring the 

information contained in this thesis and to give the reader some basic assistance with 

choosing RE techniques for a project, we chose to include tables in the following section 

that display the information contained in the preceding chapters. For the sake of clarity 

and to avoid duplication, the rationale for each value has been left out. It can be found in 

the corresponding sections of chapter three (mainly pertaining to TTM pressure, require-

ments volatility and innovation) and five, respectively. 

6.2. Tables for RE Technique Selection 
As mentioned in chapter five, there is a large number of attributes that have the same 

effect on most of the RE techniques. Again, we only included those cases in which a 

technique was specifically affected due to its idiosyncrasies. 

This means that in the following cases no entries were provided in a cell: 

• There is no direct relation at all between an attribute and an RE technique 

• The effect of a project attribute is universally valid for all techniques 

Judging whether an attribute that is problematic for a technique can become an imple-

mentation barrier depends largely on the modifiability of the technique. So even if it is 

problematic to apply an RE technique in a certain situation, it is not regarded an imple-

mentation barrier if the technique allows some modifications. Since project complexity 

has shown no relationship to the RE techniques, because it is mainly related to communi-

cation techniques, we did not include a column for this attribute in the following tables. 
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Stakeholder 

Number Heterogeneity Availability Size Composition 

Team 

Experience 

Organization 

Distribution Cohesion Staff turnover 

Group Sessions 

beneficial high low 

problematic high low 
no skilled facilita- 

tor 
high high 

impl. barrier very low 

Interviewing' 

beneficial high 

problematic high high low very low high 

impl. barrier 

Designer as Apprentice 

beneficial no domain experts 
low domain 
experience 

problematic high high 

impl. barrier very high low high 

Viewpoints 

beneficial high 

problematic high 
RE team experi-

ence low 
high 

impl. barrier 

Observation /Ethnography 

beneficial high 

problematic low 
RE team experi- 

ence low 
high 

impl. barrier very low very high 

Document Mining 

beneficial high high low 
RE team experi-

ence low 
high high 

problematic 
may be 

impl. barrier 

Table 6-1: Relationship Between Project Attributes and Elicitation Techniques I 

If the stakeholder community is heterogeneous, interviews can be beneficial due to the fact that less outspoken people's opinions are heard, too. On the 
other hand, it requires a great deal of effort to detect and resolve all the conflicts that may be contained in the interview protocols later on. 
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Duration 

Project 

TI'M pressure Outsourcing 

Requirements 

Volatility Reuse Reusability Life span Quality 

Product 

Criticality Innovation Complexity 

Group Sessions 

beneficial high high 

problematic 

impl. barrier 

Interviewing 

beneficial 

problematic 

impl. barrier 

Designer as Apprentice 

beneficial 
functionality, 

usability 
high 

problematic high 

impl. barrier 

Viewpoints 

beneficial 

problematic high 

impl. barrier 

Observation /Ethnography 

beneficial high 

problematic 
very 
short 

high high functionality,  usability 

impl. barrier very high 

Document Mining 

beneficial high 

problematic high high 

impl. barrier 

Table 6-2: Relationship Between Project Attributes and Elicitation Techniques II 
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Stakeholder I 
Number Heterogeneity Availabilityl Size Composition 

Team 

Experience 

Organization 

Distribution Cohesion Staff turnover 

Prioritization 

beneficial 

problematic high 

imp!. barrier 

hiforinal Modeling 

beneficial interdisciplinary 
RE team and 

customer experi-
ence low 

problematic 

impl. barrier 

Use Cases/ Scenarios 

beneficial interdisciplinary 
industry experi-

ence low 

problematic 

imp!. barrier 

Semiformal Modeling 

beneficial interdisciplinary 
industry experi-

ence low 

problematic 

imp!. barrier 

Blitz QFD 

beneficial 

problematic high RE Team lowexp. 

impl. barrier not interdisciplinary 

QFD 

beneficial 

problematic high RE Team lowexp. 

impl. barrier not interdisciplinary 

Goal Oriented RE 

beneficial 
high (ration-

ale) 

problematic RE team exp. low 

impl. barrier 

Table 6-3: Relationship Between Project Attributes and Analysis Techniques I 
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Duration 

Project 

TTM pressure Outsourcing 

Requirements 

Volatility Reuse Reusability Life span Quality 

Product 

Criticality Innovation Complexity 

Prioritization 

beneficial high functionality 

problematic high 

impl. barrier 

Informal Modeling2 

beneficial veryhigh 
short 

high long2 high high 

problematic high high high high long2 

impl. barrier 

Use Cases /Scenarios 

beneficial high medium long high 

problematic 

impl. barrier 

Se,nformal Modeling 

beneficial high medium long high 

problematic 

impl. barrier 

Blitz QFD 

beneficial short medium-high functionality high 

problematic high 

impl. barrier 

QFD 

beneficial high functionality high 

problematic short high 

impl. barrier very 
short 

Goal Oriented kE3 

beneficial high high long functionality high 

problematic short high high high 

impl. barrier 

Table 6-4: Relationship Between Project Attributes and Analysis Techniques II 

2Jnfoa1 notations are supposed to be fairly easy to conceive, but the lack of rules can cause problems with understanding and modifying them later on 
Recording the rationale for a requirement is helpful to understand changes, but the time consumption of this technique makes it problematic 
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Stakeholder 
Number Heterogeneity Availability Size Composition 

Team 
Experience 

Organization 
Distribution Cohesion Staff turnover 

Change Management 

beneficial high big 

problematic low 

impl. barrier 

Requirements Checklists 

beneficial 
RE team experi-

ence low 

problematic 

problematic 

Requirements Tracing 

beneficial big high high (both) 

problematic low 

impl. barrier 

Requirements Reuse 

beneficial 

problematic 

impl. barrier 
RE team experi-

ence low 

Formal specifications 

beneficial 

problematic interdisciplinary high (supplier) 

impl. barrier 
RE team experi-

ence low 

Table 6-5: Relationship Between Project Attributes and Specification Techniques I 
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Duration 
Project 

TFM pressure Outsourcing 
Requirements 

Volatility Reuse Reusability Life span Quality 
Product 

Criticality Innovation Complexity 

Change Management 

beneficial high high high 

problematic 
very 
short 

high 

impl. barrier 

Requirements Checklists 

beneficial high high high high 

problematic 

problematic 

Requirements Tracing 

beneficial high high high long high high 

problematic short high 

impl. barrier 

Requirements Reuse4 

beneficial high high high high long 

problematic 
very 
short 

high high high high 

impl. barrier high 

Formal specifications 

beneficial high high high ddeenfseictty high high 

problematic very 
short 

high high high 

impl. barrier very high 

Table 6-6: Relationship Between Project Attributes and Specification Techniques II 

The evaluation of reuse seems rather incoherent. This is because it all depends on whether a reusable asset base is to be established or if there already is 
such an asset base. If there is very little time to get a product out, starting this asset base may cause problems if there are not enough resources. Change incor-
poration may also be simpler if the asset base is in place. 
5Forma1 specifications may be difficult for a subcontractor to understand, on the other hand the fact that they are unambiguous is beneficial in this situation. 
If there is good tool support coupled with automated code generation, formal notations can be helpful if there are volatile requirements. Otherwise, their high 
time consumption makes them less useful. 
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Stakeholder 

Number Heterogeneity Availability Size Composition 

Team 

Experience 

Organization 

Distribution Cohesion Staff turnover 

Exploratory Prototyping 

beneficial 
RE/Design team 
experience low 

problematic low 

impl. barrier 

Evolutionary Prototyping 

beneficial 

problematic low 
RE/Design team 
experience low 

impl. barrier 

Requirements Testing 

RE team experi-
ence low 

problematic 

impl. barrier 

Requirements Reviews 

RE team experi-
ence low 

problematic high low 
high (cus-
tomer) 

impl. barrier 

Table 6-7: Relationship Between Project Attributes and Validation Techniques I 
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Duration 

Project 

TFM pressure Outsourcing 

Requirements 

Volatility Reuse Reusability Life span Quality 

Product 

Criticality Innovation Complexity 

beneficial high high 
functionality, 

usability 
high high 

Exploratory Prototyping problematic 

imp!. barrier 

Evolutionary Prototyping 

beneficial high long 
extensibility, 
functionality, 

usability 
high 

problematic high 

imp!. barrier 

Requirements Testing 

beneficial functionality high 

problematic 

imp!. barrier 

Requirements Reviews 

beneficial 

problematic 

impl. barrier 

Table 6-8: Relationship Between Project Attributes and Validation Techniques H 
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6.3. How to Choose a Set of RE Techniques 

In order to pick an individual RE technique (or a set of them) for a project that takes 

place in a dynamic environment, the tables can be used as follows: For each table (elicita-

tion, analysis, specification and validation), the user looks at the techniques starting from 

the top, since the RE techniques are sorted by the agility score they received in chapter 

three. Keeping in mind the attributes of the project at hand, each technique is checked for 

its benefits and problems. For example, one could count the number of cells that this 

technique offers special benefits for the given project. If a technique cannot be applied 

due to a certain project attribute, the next one is examined until the bottom of the table is 

reached. By picking at least one technique from each table, each stage of the RE process 

is roughly served. 

However, it should be noted that even using techniques in parallel that share the same 

primary focus can be perfectly feasible and in fact, the strengths of many of the tech-

niques are complementary. For example, using interviews and group sessions at the same 

time is very well possible. Furthermore, some of the attributes are interdependent, and 

therefore counting cells only will very likely be insufficient. This selection process is not 

a mechanical activity, and there is still a fair deal of judgement necessary by the user of 

these tables. 

The following example illustrates the use of the tables by considering a project that takes 

place in a dynamic environment. This means that TTM pressure is fairly high and that 

requirements are likely to change. 

Let us imagine that ebay does not exist. So far, there is no on-line auctioning service in 

the world at all. A company called Sellit has the idea for this new kind of service and 

asks a software company named Information Technology Services (ITS) to build a sys-

tem that enables users to conduct on-line auctions all over the world. 

Being first to market is fairly important, because the success of the system depends on 

having an exclusive customer base. We assume that it is probable that other companies 

are working on similar products, so there is a rather high time pressure. The duration of 

the project is estimated to be 4 months, but a basic version should go live in two months. 
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Since the service that is to be developed is so novel, this project can be regarded as inno-

vative, which is likely to cause requirements changes. 

The management of Sellit is usually very busy and difficult to get hold of. The system 

itself is expected to be fairly complex, and there are financial transactions involved, be-

cause a trust payment service shall be offered. This makes the system moderately critical. 

Sellit already has ideas for similar systems for the future, so a certain degree of reuse is 

desirable. Sellit has no knowledge of software modelling and no experience with similar 

systems. 

The development team will not be distributed, however, with 25 team members, it is too 

big to fit into one room, i.e. it is spread over a building. There are experienced require-

ments engineers on the team, but the design and implementation team is less experienced. 

For elicitation, it turns out that group sessions offer the benefit of supporting the creative 

part of this innovative system, but they are difficult to apply due to the fact that the stake-

holders are not easy to contact. Document mining is the only technique that does not suf-

fer from a lack of communication, but will likely be less useful because the system is 

novel. All the other techniques have problems with low customer availability, and so a 

trade-off has to be made. The choice can be to conduct interviews and have group ses-

sions as often as possible because of their creativity support and the high agility ranking. 

For analysis purposes, prioritization is indispensable because of the TTM pressure. For 

communication with the inexperienced customer, an informal notation can be a good 

choice. However, there has to be a structured way of breaking down complexity. There-

fore, semiformal models and usage scenarios can be useful. They also support reusability 

to some degree, whereas informal notations do not. Informal notations are also less suit-

able for critical systems. So the final choice can be to have both an informal and a semi-

formal notation (which causes the problem to keep them both consistent), or tO use a 

semiformal notation only and spend some time explaining the notation to the customer. 

Regarding techniques that mainly serve specification purposes, it turns out that at least a 

basic change management process needs to be installed as there are too many people 
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working on the project to handle potential changes by only relying on oral communica-

tion. Tracing is mandatory because of the requirements volatility and the desired reusabil-

ity. Writing the requirements in a reusable way would depend on having additional re-

sources available, since there may not be enough time to do that. 

Finally, for the purpose of validation, exploratory prototyping can be helpful due to the 

lack of experience on behalf of the design team, which would make evolutionary proto-

typing more difficult. The lack of experience also encourages the use of requirements 

testing. Reviews would also be a good choice, but it needs to be determined if the cus-

tomer availability is sufficient. 

6.4. Discussion 

The tables should enable the user to get a general idea which RE techniques may be a 

good choice given that TTM pressure and requirements volatility are important project 

attributes. However, there is still a great deal of expert judgement involved, because it is 

not feasible to have a table that relates project attributes to techniques and automatically 

comes up with the most suitable technique afterwards. 

Due to the complexity of the matter, this could only be accomplished by a software tool 

that can interact with the user. For example, even if each of the 20 project attributes had a 

binary value range only (e.g. high/low or yes/no), there would be 220 = 1.048.576 possi-

ble combinations, which means that there could be more than one million different pro-

jects. For a ternary value range (e.g. high/medium/low), this number would already be 

more than 3 billion. Therefore, this kind of information demands user input that is proc-

essed by a tool. 

Regarding the project attribute values, there is another issue that has already been men-

tioned in chapter five. The user of these tables has to decide the thresholds for the values. 

For example, he needs to judge by himself to which degree the stakeholder community is 

heterogeneous. 
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In addition, the project attributes may be of varying importance depending on the project. 

Again, this information needs to be supplied by the user and processed by a tool. Even 

then, we do not think it is feasible to rely on a tool only, because software engineering 

involves a large number of immeasurable aspects, e.g. social issues. 
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7. Integrability of RE Techniques into XP 

7.1. Objectives of this Chapter 
RE is just a fraction of what happens in a software project and has to be used within the 

context of an overall process. As mentioned, agile methodologies have their shortcom-

ings regarding RE. 

In this chapter, it is investigated which RE techniques could augment an agile methodol-

ogy in order to build the most appropriate methodology for a certain kind of project. For 

a start, we chose to take a closer look at XP, as it is the most popular of the agile method-

ologies. 

Taking a closer look at the XP documentation, it becomes apparent that its scope is rather 

limited. If some of the fundamental conditions for the success of an XP project are not 

fulfilled (e.g., the team has to be distributed, a customer who is just not available as fre-

quently as the team would like, there are multiple customer representatives), XP exhibits 

weaknesses, which could possibly be dealt with using traditional RE techniques. In gen-

eral, RE is not well described in XP. Therefore, an adaptation of XP using "traditional" 

RE techniques in order to give it a wider range of applicability could be a way to expand 

its scope. 

Therefore, we have to examine the degree to which they can be integrated, i.e. their im-

pact on the methodology. The following questions need to be answered: 

• Does the use of this technique affect the overall process or workflow? If yes, what 

effect does it have? 

• Does it conflict with fundamental techniques or practices of XP, e.g. user stories or 

collective code ownership? 

• Does it conflict with the four values of XP, communication, simplicity, feedback 

and courage? These four values may be regarded as the backbone of XP, without 

which the process would not be XP anymore. 
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In some cases, we included initial thoughts advice regarding how to integrate a technique 

into XP. The actual integration, however, would have to be subject of further research. 

7.2. Evaluation of Integrability 

7.2.1. Designer as Apprentice 

The main goals of the designer as apprentice technique, gathering domain knowledge and 

close communication with the customer, are definitely in the spirit of XP, even though 

the roles in a typical XP project are slightly different (i.e., the on-site customer acts more 

like a consultant than like a teacher). As all members of an XP team need to have a simi-

lar level of domain knowledge because of the collective code ownership, the technique 

needs to be modified to allow more than just one apprentice. Otherwise the apprentice 

needs to transfer the knowledge gained to his/her colleagues, which costs additional time 

and adds the risk of information loss. 

7.2.2. Document/Data Mining 

Document mining should be regarded as a last resort in an XP process, if it is totally im-

possible to get access to the customer and there is no appropriate substitute like external 

domain experts available. Especially the XP values of feedback and communication are 

adversely affected if document mining is the dominant RE technique. It is unlikely that 

this technique will add a component to XP that is missing, as there are better alternatives 

for elicitation. 

7.2.3. Group Session Techniques 

In general, integrating group session techniques into XP should be fairly easy, since the 

release planning sessions ("planning game") are typically conducted as some kind of 

group session, whatever flavour it may have. Changing the kind of group session, for 

example from a facilitated to a non-facilitated session, should not have a negative impact 

on the XP process. 
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7.2.4. Interviewing 

Although XP does not provide in-depth information regarding how to conduct interviews, 

it is safe to assume that interviewing is a part of XP already, so it does not really need 

integration. 

7.2.5. Observation / Social Analysis / Ethnography 

If followed to the letter, the lack of interaction suggests that it may be problematic to in-

tegrate these techniques into XP. Especially the feedback and communication values of 

XP will be compromised. 

7.2.6. Viewpoint Techniques 

Viewpoints address an aspect of XP that is problematic: There is usually not just one cus-

tomer representative, but many, and they rarely speak one voice. Viewpoints can help 

understand and anticipate the different opinions and facilitate negotiation. The applica-

tion of viewpoint techniques should not be a problem for the XP workflow; they could be 

a follow-up for the planning game (the user stories could be examined for inconsistencies 

and conflicting viewpoints) as well as a part of stakeholder analysis, if there is any. 

7.2.7. Goal-Oriented RE 

Goal-oriented RE, as van Lamsweerde advocates, is unlikely to fit into XP. It aims at 

supporting heuristic, qualitative or formal reasoning schemes during requirements engi-

neering and seems to be of a more academic nature. Goal oriented RE is typically cou-

pled with formal or at least semi-formal requirements descriptions, which conflicts with 

the simplicity value of XP. 
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7.2.8. Informal Modeling 

Informal modeling may be a good vehicle to reason about user stories in a structured 

fashion, thus fostering communication. This technique may also help in eliciting user 

stories that may otherwise have been forgotten. It is commonly assumed that informal 

models like rich pictures are easy to understand, but in our experience, this is not always 

true. It is therefore important to keep in mind that the value of simplicity is not hurt. 

7.2.9. Semiformal Modeling 

Just like informal modeling, semiformal modeling can significantly enhance user stories 

and help elicit more requirements or detect conflicts in the requirements. Depending on • 

the technique, the stricter adherence to rules compared to informal modeling may be a 

problem because not all customers will be familiar with these rules. Here, it is important 

to choose a technique that can easily be learned by the customer - semiformal modeling 

without customer involvement would hurt XP's feedback value. 

7.2.10. Formal Modeling 

The integration of formal modeling into XP seems to be next to impossible, because for-

mal specifications are very much against the spirit of XP, e.g. continual refinement in 

close cooperation with the customer. Considering the XI' practice of collective code 

ownership, team members would need to be able to understand the formal notation in 

order to comprehend the system. 

Typically, formal specifications do not foster communication: They are rather difficult to 

understand, so there are only a few people who can really understand them, which in turn 

causes feedback problems. 

7.2.11. Prioritization 

Prioritization is one of the fundamental techniques in XP. It happens after each release, 

when the customer is shown the system and may re-prioritize the user stories. Therefore, 
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there are no integration problems here. XP does not prescribe a prioritization technique, 

but extremely time consuming techniques like AHP could become problematic due to 

XP's focus on short iterations. 

7.2.12. Quality Function Deployment (QFD) 

QFD is definitely one of the RE techniques that can be called bulky. There are many 

steps required in order to finally convert the customer verbatims into requirements, in 

particular when there is a large amount of requirements. This will certainly disrupt the 

overall workflow, especially considering that short releases are fundamental for XP. It 

should be noted, however, that QFD encourages many things that are in the spirit of XP, 

like cross-functional teams that foster communication, prioritization, and customer orien-

tation. Still, it would be difficult to integrate QFD in its pure form into XP - it would 

need adaptation. 

7.2.13. Blitz QFD 

Blitz QFD could be the adaptation that QFD needs in order to integrate, as it reduces the 

number of instruments that have to be used, and they are applied to a reduced set of re-

quirements (i.e., prioritization happens very early). Therefore, just the top N customer 

needs that deliver the most business value for the moment are taken into account for the 

House of Quality matrix. This is exactly what XP advocates. It may nevertheless take 

some time to perform Blitz QFD, because there are is a rather big number of work prod-

ucts, which might endanger the goal of frequent releases. 

7.2.14. Scenarios/Use Cases 

Use cases are an instrument that is commonly used in agile methodologies [Cockburn 

2002], which implies that they are suitable for XP as well, even though the basic XP lit-

erature does not explicitly mention use cases. They provide a fairly simple representation 
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of the user-system-interaction model and are a good vehicle for discussion and communi-

cation (e.g., at a whiteboard). 

7.2.15. Requirements Reuse 

Integrating requirements reuse into XP seems very difficult, as the user stories would 

have to be rewritten into reusable requirements. This would either mean that reusable 

requirements and user stories could exist side by side, a common source for inconsisten-

cies, or the abolishment of one of the fundamental aspects of XP. 

Even if the goal of a project was not to produce reusable requirements but only to reuse 

an existing specification or parts thereof, there would still be the problem of the user sto-

ries having a different format than most other specifications. 

7.2.16. Evolutionary Prototyping 

This technique does not need to be integrated into XP, as the entire XP process resembles 

an evolutionary prototyping approach. 

7.2.17. Exploratory Prototyping 

Although XP does not explicitly mention exploratory prototyping (for example to do fea-

sibility studies), this technique is quite close to the spirit of XP: It is common practice at 

the beginning of a release or an iteration to build a quick and dirty version as a kind of 

feasibility study; this is called a "spike". Exploratory prototyping could easily be applied 

at the beginning of the project as a first iteration. 

7.2.18. Requirements Checklists 

Checklists will not disrupt the XP workflow, as they are merely a guideline telling the 

analysts what "good" requirements should look like. This can be applied to "enhanced" 
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user stories as well and may in fact be a valuable tool for gauging the quality of a user 

story. 

7.2.19. Requirements Reviews 

Reviewing the requirements is not a usual procedure in XP, as there is no coherent piece 

of documentation that the stakeholders could review. It is even arguable if there is a need 

for requirements reviews in XP, as the user stories are written by the customer and are 

not changed substantially by the developers, so the customers would review something 

they have defined. For validation purposes, XP presents a part of the system to the cus-

tomer instead of an abstract specification that is more difficult to validate for the cus-

tomer than tangible results. 

7.2.20. Requirements Testing 

As the definition of test cases for all of the user stories is fundamental in XP, this tech-

nique is already contained in XP, so it does not need to be integrated. 

7.2.21. Requirements Change Management 

Change management in XP is almost entirely limited to the code level. For a lower re-

quirements volume, this may be feasible, but with an increasing number of requirements, 

it gets more and more difficult to manage changes. Thus, it is mandatory to add more 

information to the user stories and create a link to the modules in which a user story is 

implemented. The necessity of having a well-defined change process and institutions like 

a change control board (CCB) depends on how well communication works and how 

many people actually work on the project. 

Change impact analysis is an RE component that is lacking in XP. The user stories do not 

contain enough information in order to analyze the impact of a changing requirement. It 

should be possible to integrate this instrument into XP without suffering much of a nega-
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tive effect by adding meta-information to the user stories. This enables the analysts to see 

the connections and interdependencies between requirements. 

7.2.22. Requirements Tracing 

Adding requirements tracing to XP inadvertently requires some modifications. Typically, 

user stories only need to contain a unique identification and could just as well be dis-

posed after a release. The first step would be to add some additional meta information to 

the user stories in order to enable forward and backward traceability. The key here is to 

avoid recording superfluous information. In addition, using tools is mandatory so that it is 

possible to permanently save the user stories. 

7.3. Summary 

The degree to which RE techniques can be integrated into XP strongly correlates to the 

results of the agility ranking. This could be expected, because it is likely that a method 

like XP that was designed to be agile will negatively interact with RE techniques that are 

not agile. For example, document mining was identified as not very suitable for dynamic 

markets and at the same time does not fit into XP. 

There are, however, cases where this observation is not valid. This pertains to techniques 

that support faster or more change tolerant development for downstream activities by 

adding more rigor and process, e.g. requirements change management. Both techniques 

scored fairly high in the agility ranking but are problematic to integrate into XP. 



129 

8. Conclusion 

8.1. Limitations of this Work 

There are several limitations to this research: Firstly, the guidelines have not been tested 

for their efficacy in an industrial setting. Doing so, a researcher would have to face the 

most common problem of software engineering field studies: It is very hard, if not impos-

sible, to arrange settings that allow an efficiency comparison of different sets of RE tech-

niques that have been applied. For example, the impact of individuals on the process will 

always be very strong, and if the same individuals participate in several projects using 

different sets of techniques, the learning effect will distort the results. 

In addition, the work that this research is partially based on [McPhee 2000] has not been 

validated as well. Furthermore, both the list of project attributes and the selection of re-

quirements engineering (RE) techniques are inherently incomplete. 

As mentioned, not all of the project attributes have a direct relationship to the RE tech-

niques. We have left out project management techniques and organizational measures 

because the focus of this thesis is requirements engineering. Social aspects have also been 

omitted. This is especially important when dealing with agile methodologies, since social 

aspects play a very important role due to the greater amount of interaction between team 

members in a co-located team. 

Given the heterogeneity of the RE techniques list, it is admittedly very hard to construct 

an RE process in a sensible way. It is, however, not the purpose of this thesis to build an 

entire RE process, but rather to provide guidelines with choosing techniques according to 

the needs of a project in order to be successful in a dynamic environment. 

8.2. Summary and Key Findings 
This thesis has been a first step in finding the most appropriate set of RE techniques 

based on the needs of each specific project. The purpose was to find a continuum be-

tween the RE activities of agile methodologies, which are not very well described, and 

the sometimes very heavyweight way that RE is executed in traditional projects. 
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In order to find out which traditional RE techniques are most suitable for a dynamic envi-

ronment, they have been examined with regard to their agility in isolation of a process 

model. Prototyping and Prioritization turned out to be the most important techniques in 

this case. The ranking also revealed that the criteria may not be chosen perfectly, because 

requirements reuse, a technique that is very commonly used in industry to reduce devel-

opment time and improve change tolerance, received a fairly low score. 

Taking varying project priorities into account, the agility scores changed, sometimes very 

significantly. This, of course, largely depends on how much weight is assigned to each 

criterion in relation to the others. However, it does point out that the process of choosing 

techniques needs to take the idiosyncrasies of a project into account. 

As no two projects are identical, project attributes have been identified that are likely to 

have an impact on the choice of requirements engineering techniques. 

These attributes served as a checklist for the evaluation of RE techniques with respect to 

their applicability and benefits for different kinds of projects. It became clear that there 

are several project attributes that have little relationship to RE techniques, which points 

out that it needs more than just RE techniques to deal with these project attributes. It also 

became apparent that choosing the appropriate set of techniques for a project is an ex-

tremely complex matter that is very difficult to automate, even by implementing a tool. 

Finally, RE techniques have been evaluated with respect to degree to which they can be 

integrated into the agile base process model Extreme Programming. 

8.3. Future Research 

Augmenting agile methodologies with RE techniques does not solve all the problems 

concerning the applicability of agile methodologies for a wider range of projects. Future 

research could take organizational and social issues into account as well. 
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Even though most of these agile methodologies share the same spirit, there are some dif-

ferences, which makes it necessary to investigate their specific shortcomings and the pos-

sibility to integrate RE techniques that may alleviate these deficiencies. 

After that, the next step will be the actual integration of the techniques into agile method-

ologies and the assessment of interdependencies and conflicts between the techniques. 

The actual integration requires thinking about modifications of the techniques in order to 

make them fit to a certain base methodology. 

The final and likely most important step will be the validation of the proposed framework 

in industry. Implementing a software tool for choosing the appropriate RE technique 

would aid in this validation. 
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