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Preface

Some of the work described in this thesis has been published previously in

several conference proceedings:

1)  (Nurmuliani et al,, 2004a) describes case study analysis on requirements
volatility (Project Release_A) and the initial development of requirements
change classification, as discussed in Chapter 4.

2)  (Nurmuliani et al., 2004b) describes the use of the card sorting technique to
classify requirements change requests from software developers’ perspectives,
discussed in Chapter 4.

3) (Nurmuliani et al.,, 2005) describes case study analysis on requirements
volatility (Project Release B) and the wuse of requirements change
classification, discussed in Chapter 5.

4)  (Nurmuliani et al., 2006) discusses requirements volatility issues and its impact
of change effort, challenges and lessons learned in analysing requirements
volatility during software development project. This work is discussed in
Chapter 4 and 5.
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Abstract

Changes to software requirements are inevitable during the development process.
Despite advances in software engineering over the past three decades, requirements
changes are a source of project risk in software development, particularly when
businesses and technologies are evolving rapidly.

This so-called requirements volatility has attracted much attention, but its extent
and consequences are not well understood. The research literature lacks empirical
studies investigating requirements volatility, particularly its underlying causes and
consequences, and there are no effective strategies to deal with the associated
problems throughout software development. We address these issues with a long-
term case study in an industrial software development setting to identify and
characterise the causes of requirements volatility, its impacts on the software
development process, and the strategies used by current system development
practitioners to deal with requirements volatility problems.

We analysed requirements change request data from two software project
releases, and investigated the organisation’s handling of requirements changes. Our
data include the change request database, project documents, interviews,
observations, and regular discussions with the key informants from the project
members. We used a combination of qualitative and quantitative research techniques.

We first present a critical review of the literature on requirements volatility
issues, from which an analytic synthesis for a currently lacking comprehensive
coverage of requirements volatility phenomena is derived. The review clarifies the
terms used, the sources and adverse impacts of requirements volatility, and the
strategies available to current software development teams. We also provide a
detailed description of a repeatable research design that researchers and practitioners
could use to conduct similar investigation of requirements volatility in any industry
setting.

We developed requirements change classifications from the change request data.
Project members also classified requirements change requests using a card sorting

technique. The resulting categories play a vital role in the empirical analysis of
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several aspects of requirements volatility. Its extent can be characterised by such
classification attributes as the types of change (addition, deletion, and modification),
reasons for change, and change origin. The classification is useful in analysing the
cost of requirements change in terms of rework or effort required. Based on an
empirical analysis using the proposed classification, effective strategies were defined
to match organisational needs. The organisation was able to use these results to
improve its change control process and its change request form, thereby improving

management and reducing the impacts of requirements volatility.
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Chapter 1: Introduction

1.1 Background

Software has become a driving force in everyday life and business decision
making. Its application in the modern world is seen in small to large companies, and
in all kinds of systems such as financial, telecommunications, military, governments,
and medical. As information technology grows rapidly, software is everywhere, from
withdrawing cash from an ATM, taking digital photos, making a phone call, to
driving cars. It is apparent that software is becoming integral to our way of life
(Charette, 2005).

Software is known as the key driver behind most new technologies; however, the
engineering of software is becoming more complicated as systems become
increasingly complex. As a relatively new discipline, software engineering is
concerned with analysing, designing, constructing and maintaining reliable and cost-
effective software for complex systems.

In recent years, software engineering research and practice has been continually
challenged by rapid changes in the environments in which software is situated. The
engineering of good software for large and complex systems must address the
demands of distributed applications on heterogencous platforms, since many
organisations are now operating wide-area, heterogeneous distributed systems. It is
apparent that this situation also requires software to be adaptable to dynamic changes
in the environment.

Despite advances in software engineering over the past 35 years, a considerable
number of software projects still fail to be delivered on time, within planned budget,
andr often exhibit poor quality (Pressman and Ince, 2000). A survey conducted by
The Standish Group shows that 28% of projects were cancelled before completion,

and 46% of projects were still over-time and over-budget (The Standish Group,
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1998). This highlights a challenge for software engineers to continue improving their
techniques and processes to improve productivity and quality.

A software system is developed through a set of phases: inception, initial
development, implementation, deployment, and maintenance. This set of phases is
referred to as the software lifecycle model. As a logical system element, software is
engineered through its own lifecycle model (Pressman and Ince, 2000). Developing
large software systems is considerably more difficult because it involves complex
engineering tasks that may require iteration and rework before completion
(Marciniak, 2002). Whatever lifecycle model is used to develop software, the
software development project commences with an initial phase that is now widely
referred to as requirements engineering (RE).

There is growing recognition of RE as a relatively new and important area in
software engineering research and practice. It is believed that a successful RE
process plays a crucial role for software development companies producing high-
quality, reliable software. There are still many problems faced by current software
development organisations in improving quality, reducing cost and dealing with
changes. These problems also challenge requirements engineering researchers to
keep improving requirements engineering techniques.

It is well understood that RE is a critical phase in all software development
lifecycle models. Most software developers would agree with Brooks’ assessment in
his well-known article (Brooks, 1987) that the hardest part of building a software
system is determining what to build. No other part of software development is as
difficult as establishing the detailed technical requirements. In the last four decades,
substantial evidence of project failures due to requirements problems has emerged. A
recent report by Charette (2005) cites ‘badly defined system requirements’ as one of
the primary causes of software project failure. This indicates that defining
requirements for a software system is still a real problem in the software
development process, particularly in situations where software systems are complex
and highly integrated. These systems have long expected lifetimes and during that
time they evolve substantially to accommodate inevitable changes in the

requirements and environment (Lehman, 1998).
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1.2  Problem Definition and Motivation

Software development is a dynamic process and best characterised by continuous
evolution. In recent years, dealing with changes while software is being developed
has become the way of life for most software projects. Evolution of software is
prompted by all kinds of changes. Requirements evolve because the requirements
cannot be fully gathered at the beginning of a project: the customers always change
their mind(s), and the knowledge of users/stakeholders/developers in engineering
requirements increases over time. Rapid changes in technologies, business rules
governing the utilisation of software, and the environment in which software is
situated also lead to changes in software requirements (Zowghi and Offen, 1997).
Changing requirements are indeed a central point of all software projects and such
changes cannot be avoided; they are an intrinsic factor that must be addressed.

Managing changes to requirements throughout the software development
lifecycle is one of the most significant issues in requirements engineering. Frequent
changes to requirements, also known as requirements volatility (RV), requirements
change, or requirements evolution, are considered an undesirable property of
software projects. Uncontrolled requirements volatility causes major difficulties
during the software development lifecycle (Curtis et al., 1988) and is regarded as one
of the factors that cause a project to be over time and over budget (The Standish
Group, 1998). Managing and controlling requirements volatility is important because
of its ripple effects on the rest of the system (Lubar et al., 1993, Sutcliffe, 2002).

Various studies report requirements volatility as a source of project risk that
project managers have to handle during the software development lifecycle (Hyatt
and Rosenberg, 1996, Tiwana and Keil, 2004). Requirements volatility also causes
significant project uncertainty and its impact results in increases in cost, schedule,
and development effort (Hammer et al., 1998, Stark et al., 1999, Zowghi et al,,
2000).

Despite RV being widely acknowledged as an important issue in the software
engineering field, the problems related to requirements volatility are still not well
understood. Studies to date indicate that there is a lack of empirical evidence on

requirements volatility problems; in particular, its underlying causes and
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consequences are still not well understood. There has not been a comprehensive
study to investigate the multiple aspects of requirements volatility, including
effective strategies to deal with the problem throughout the software development
lifecycle. Many researchers have been engaged to handle RV problems and have
proposed mechanisms or approaches that have been academically tested, but often
they are not relevant to the problems in practical life. This is a challenge for
researchers: to conduct more empirical research that will address problems in
practical life and provide information to better understand those problems.

Conducting an empirical study, particularly undertaking a case study in a ‘real’
software project within an organisational setting is difficult because the case study
method does not have a well-understood theoretical basis (Kitchenham and Pickard,
1998). However, the benefit of such case studies is that they represent the current
state of requirements volatility problems that organisations are facing.

The paucity of comprehensive empirical evidence has prevented the clear
identification of the role of requirements volatility on various issues underlying the
requirements volatility problems. This research will address these shortfalls of the
previous studies. This study will empirically identify and characterise requirements
volatility problems and their impact on software development effort, and identify
strategies used by current software development practitioners to handle requirements

volatility problems.

1.3 Research Objectives and Research
Questions

The goal of this study is to increase understanding about the characteristics of
requirements volatility and to develop effective strategies to handle requirements
volatility problems during the software development lifecycle. The research
objectives deriving from research goals are:

[Obj1] To examine the characteristics of requirements volatility in the software

development lifecycle.

[Obj2] To establish the status of current theory in managing requirements

volatility and gaps in current research.
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[Obj3] To understand the way an organisation manages requirements volatility

throughout the software development lifecycle.
[Obj4] To identify limitations of requirements volatility management in practice.

[Obj5] To identify gaps between current theory and current practice in managing

requirements volatility.

[Obj6] If necessary, to extend the current theory by proposing effective strategies

for the management of requirements volatility.

Arising from the research objectives above, the research questions are defined as

follows:

[RQOI] What are the characteristics of requirements volatility identified in the

literature?
[RQIla] What are the sources of, reasons for, and types of changes, that
contribute to requirements volatility?

[ROIb] What are the impacts of requirements volatility on software

development projects?

[RQ2] What potential strategies are useful for managing requirements volatility?
[RQ3] How does an organisation manage requirements volatility?

[RO3a] What sources of, reasons for, types of changes that contribute to
requirements volatility? and: what are the impacts of requirements volatility
on software development projects? -

[RO3b] What strategies does an organisation use to manage requirements
volatility in practice?

[RQ3c] What are the current limitations of these strategies?

[RO4] What gaps exist between current theory and current practice?

[RQ4a] Are there any differences between the sources of, reasons for, types
of changes, and impacts of requirements volatility described in the current

theory and those identified in the current practice?

[RQ4b]) What are the differences between the strategies outlined in the current

theory and the strategies the organisation apply in practice?
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[RQ5] If necessary, can current theory be extended to accommodate the

imperatives and needs of current practice?

1.4 Thesis Contribution

This thesis makes several important contributions to the discipline of software

engineering in general, and the field of requirements engineering in particular. The

focus is on requirements volatility management during software development. The

following are the principal contributions drawn from the thesis findings:

A critical review of the literature on requirement volatility issues is presented.
This includes a survey of requirements volatility characteristics, a critical
analysis of current strategies, and an analysis of the management of requirements
volatility and its relationship with the software development project. This review
provides an analytic synthesis of a currently lacking comprehensive
understanding of the concept of requirements volatility. It clarifies the terms
used, the sources of and adverse impacts of requirements volatility, and the
potential strategies that can be adopted in current software development practice.
A research design involving a longitudinal case study method in an industrial
setting is described in detail. This research methodology provides valuable
insight into conducting long-term case study research of this kind in industry.

A requirements change classification based on change request data collected
from two software project releases is presented. This classification can be used to
identify and trace the problems of, reasons for, sources of, and impacts of
requirements volatility. The classification also plays a pivotal role in
requirements change management. This classification increases our
understanding of the requirements change.

The application of Card Sorting approach to classify requirement change
attributes from software practitioners’ perspectives is presented. The process of
conducting a card sorting exercise is described and presented in detail, so that it
can be utilised by researchers and practitioners. The results of the exercise are

also used to validate the preliminary classification developed earlier.
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* A novel representation and measurement of RV characteristics are presented. A
graphical presentation is used as an important mechanism to understand
requirements volatility characteristics. The results from data analysis demonstrate
each aspect of the RV characteristics throughout the software development
lifecycle including the total (estimated) cost of RV.

» Two main strategies (Reactive and Proactive Strategies) for managing
requirements volatility are summarised from the literature and the case study
findings. The applicable approaches within these strategies, which software

practitioners can apply in their organisational settings, are highlighted.

In summary, this thesis provides a novel contribution to the investigation of
requirements volatility problems, understanding its underlying causes and its

associated impacts and cost.

1.5 Thesis Roadmap

There are six further chapters to this thesis. An overview of these chapters
follows.

Chapter 2 provides theoretical perspectives motivating the investigation of
requirements volatility problems during software development projects. The relevant
literature from the fields of software engineering, information systems, and
requirements engineering is reviewed and critically analysed. A comprehensive
survey of requirements volatility issues, terms and concepts, potential causes and
their adverse impacts is also presented. Current debates on strategies for managing
requirements volatility problems are discussed. The chapter concludes by presenting
the essential elements to be focused on in characterising requirements volatility
problems and discusses critical research issues addressed in this study.

Chapter 3 describes the research methodology adopted in this thesis. The
research design, including data collection and analysis methods are discussed, and
the rationale behind choosing the research design is explained. The detailed structure
of the research process is also presented. This process is iterative and consists of six
main phases and spans through two projects, designated Project Release A and

Project Release_B.
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In Chapter 4, research findings from the first three phases of the research
activities are presented. The study was carried out at an organisation located in
Sydney. A contextual overview of this company is presented. Detailed empirical
findings of requirements volatility from Project Release_A data is also presented and
discussed, including the development of a preliminary requirements change
classification. A novel application of the card sorting technique is introduced to
classify requirements change requests based on the software practitioners’
perspective. Detailed procedures and comprehensive findings of the card sorting
exercise are presented.

Chapter S presents the research findings from the last three phases of the
research activities. Empirical findings of requirements volatility issues from Project
Release_B data are described and the characteristics of RV are illustrated in detail.
An initial process assessment is conducted to identify the limitations of the existing
change control process and to define opportunities for process improvement
initiatives. Document inspections, observation, and survey techniques are used to
gather information about the usage of the change control process and change request
form. Findings from this initial survey are discussed in this chapter. Another survey
is conducted after the implementation of a new change control process and its
supporting tool. An overview of the new process and survey findings are also
discussed in this chapter.

Chapter 6 provides a synthesis of information on various aspects of
requirements volatility identified in the current practice. These include characterising
and representing the rate of requirements volatility, identifying effective approaches
to handling RV problems, and understanding different aspects of RV that were
identified in the literature and those reported in this case study.

Chapter 7 summarises the key findings of this study and relates them to the
research objectives and questions. Then the major contributions of this thesis are
revisited, outlining the use of the change classification to manage the requirements
change process better. In addition, strategies for handling requirements volatility are
discussed. The challenges and lessons learned from conducting this case study are

stated and outstanding research issues for future research are presented.
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Chapter 2: Literature Review

2.1 Introduction

This chapter provides the essential background material and rationale to assist in

understanding the objectives of the research presented in this thesis. Given that the

concept of requirements volatility is still ill-defined and approaches to handle its

adverse impacts are still not well understood, this chapter explores in depth the issues

behind the occurrence of requirements volatility during the software development

lifecycle. The content of this chapter is structured to address the following

objectives:

1. To define the concept of requirements volatility

2. To identify aspects of requirement volatility during the software development
lifecycle, such as change drivers and the impacts of requirements volatility on
various aspects of software development projects.

3. To identify strategies or approaches to handle requirements volatility problems,

from the perspectives of both theory and practice.

The intention of this review is to locate and provide evidence from the literature

for assessing the significance of the problems to be resolved by this research. This

review also stimulates us to explore unresolved issues for future research. The

structure of this chapter is as follows:

Section 2.2 explores challenges in software engineering, particularly the
relationship between software evolution, the role of requirements engineering,
and its critical importance in the software development lifecycle

In Section 2.3, a brief introduction to requirements engineering is presented and
discussed, including various definitions and the main challenges faced in the

current research.
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* Section 2.4 provides a comprehensive survey of the requirements volatility issue,
its terms and concepts, potential causes of requirements volatility and their
adverse impacts.

¢ In Section 2.5 potential strategies for handling requirements volatility issues
proposed by previous researchers are discussed.

e Section 2.6 summarises this chapter, outlining the essential elements that need to
be focused on to assist in characterising requirements volatility problems and

relevant research issues to be addressed in this study.

2.2 Software Engineering

IEEE Standard 610.12 defines software engineering as “the application of a
systematic, disciplined, quantifiable approach to the development, operation and
maintenance of software” (IEEE-610.12., 1991). As a relatively new discipline,
software engineering is concerned with the theories, methods and tools that are
needed to develop good quality software, particularly for large and complex systems
(Sommerville, 2004).

It is apparent that software has become pervasive in commerce, culture, and
everyday activities (Pressman and Ince, 2000). In recent years, software has become
increasingly important in our society and culture. Therefore the software engineering
community continually attempts to develop software systems that will create a better
future for organisations, individuals, or communities.

Software is a logical system element (Pressman and Ince, 2000) that is developed
or engineered. Therefore software engineering differs from other engineering
disciplines and software is different from other engineered products. The intent of
software engineering is to provide a framework for building software with higher
quality. Thus, special techniques, tools, methods are needed for sofiware
development.

The software development process comprises a set of activities, methods and
tools that software engineers use to design, develop and maintain software along with

its associated products such as programs, documents and data. Many software
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process models have been proposed and they are developed to assist in the control

and coordination of a real software project (Pressman and Ince, 2000).

2.2.1 Software Lifecycle Models

One of the early models, Royce’s model (Royce, 1970), sometimes called the
“classic lifecycle” or the “waterfall model” is a linear, systematic and sequential
approach to software development. In this model, development proceeds linearly
from requirements analysis through design, code, unit testing, system testing and
acceptance testing, with limited feedback on the outcome of the previous phases.
This model has been criticised for representing an unrealistic view of software
development. The underlying assumption of this model is that all software
requirements can be fully gathered upfront and frozen, which is unrealistic. As
Brooks pointed out (cited in Thayer and Dorfman (1997)), the customers/users often
do not know beforchand what they expect from a software system, and the
requirements are almost certain to change. Furthermore, the existence of various
stakeholders results in conflicting and intrinsically decentralised requirements.

The rapid prototyping model was introduced to overcome the problem of lack
of feedback and proper iteration in the waterfall model. The prototyping model
provides a reduced functionality or limited performance version of a software system
in its development (Marciniak, 2002). This approach uses an operational system to
define software requirements and allows developers to rapidly construct early
versions of software systems that users can validate. The user validation can then be
used as feedback to refine the emerging system specifications and designs. However,
prototyping can also be problematic for two main reasons: 1) the users/customers
often see a prototype model as a working version of software, when in fact it is not;
and 2) prototyping has a tendency to encourage informal design methods which may
introduce more problems (Pressman and Ince, 2000). Despite these problems, the
prototyping model is an effective paradigm for software engineering to assist
customers (and developers) in understanding requirements. Management of changing

requirements is essential in this model.
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Software evolves throughout its life to address demands for distributed
applications and complex systems. There seems to be growing confidence in
software engineering practices to move away from the traditional waterfall lifecycle
model toward iterative, evolutionary software process models.

The Incremental model was introduced to overcome the shortfalls of the
waterfall model. It combines elements of the waterfall model with the iterative
process of prototyping (Pressman and Ince, 2000). This model is meant to develop a
software system in stages (incrementally), which allows the developers to learn from
each versions of the software. Each linear sequence (requirements analysis, design,
code, and test) produces a deliverable, referred to as an ‘increment’ of software.
Similar to the prototyping model and other evolutionary models, the incremental
process model is inherently iterative. However, the incremental model actually
delivers part of the final product with each increment. Managing changes to
requirements is also essential in this model, to address changes derived by user
feedback following each increment that may lead to increased customer demands or
even confusion.

The Spiral model was designed to include the best features of the waterfall
model, prototyping, and incremental models, and includes the element of risk
analysis. The spiral model, originally introduced by Boehm (1988), consists of
consecutive risk-driven iterations of incremental phases. Similar to the prototyping
model, an initial version of the software is developed, and repetitively refined in
response to customer feedback. However, the development of each version of the
software is carefully designed and a source of risk is continuously identified. The
spiral model is a realistic approach to the development of large scale, complex
systems and software, because software evolves over time. As the process
progresses, the developers and customers gain better understanding and respond to
risks at each evolutionary level. The inclusion of risk analysis is intended to evaluate
each version of the software to determine whether or not development should
continue.

It has been recognised that software must evolve to address continuous changes
in the real world or become less useful (Lehman and Belady, 1985). The evolution of

software is driven by several factors including changes in software/system
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requirements, business rules, market demand, work environment, and government
regulation. In recent years, the engineering of good software for large, complex
systems must address the demands for distributed applications on heterogeneous
platforms, because many organisations are now wide area, heterogeneous, and
geographically distributed. It is apparent that this situation requires software to be
adaptable to dynamic changes of the environment.

In the software development context, whatever lifecycle/process model

organisations use, requirements will always change and should be managed.

2.3 Requirements Engineering

Requirements Engineering (RE) is now acknowledged as a novel discipline
within software engineering. As a relative new discipline, requirements engineering
is regarded as one of the crucial steps in the software development process that
identifies, validates and documents an important aspect of software engineering:

requirements.

2.3.1 The Concept of a Requirement

A requirement is a capability that stakeholders want or a statement of a system
service or constraint. It is a description of how the system should behave or a
document that describes the customer’s problem and needs to be addressed in
software development process (Sommerville and Sawyer, 1997, Kotonya and
Sommerville, 2002).

The IEEE Std. EEE-610.12 (IEEE-610.12., 1991) defines the term ‘requirement’

“(1) a condition or capability needed by a user to solve a problem or achieve
an objective,

(2) a condition or capability that must be met or possessed by a system or
system component to satisfy a contract, standard, specification or other

Jormally imposed document,

(3) a documented representation of a condition or capability as in (1) or (2)”
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This definition reflects that a requirement represents a mixture of problem
information or real-world needs to be resolved, statements describing the behaviour
of a system, and design constraints. The definition also indicates requirements as
functions that the software or system must perform, but not how they must be
implemented. Requirements are the basis for a sign-off contract for every project,
planning, risk management, testing readiness, and change control.

It is widely acknowledged that requirements are defined in the early stage of a
project development lifecycle. However, the analysis of requirements spans across
the entire development lifecycle because requirements evolve and new requirements
or changed requirements can be introduced at any point of the project lifecycle.

There are two main types of requirements that can be elicited from the
stakeholders: functional and non-functional requirements. Functional requirements
are requirements that specify a function that a system or system component must be
able to perform [IEEE-610.12, 1991]. These functional requirements specify what
the software has to do. They are traceable to a specific source, often to use cases or
business rules. Non-functional requirements are requirements which are not
specifically concerned with the functionality of a system but place restrictions of the
product being developed (Kotonya and Sommerville 2002). Non-functional
requirements are mostly quality requirements that stipulate how well the software
should do what it has to do.

In a simpler definition, Davis (2005) defines a requirement as “an externally
observable characteristic of a desired system”. This definition is attractive because
of its simplicity and conciseness in highlighting the ‘extended’ observability of a

requirement and that it is a characteristic of a system that someone ‘desires’.

2.3.2 An Overview of Requirements Engineering

Despite being an immature discipline, requirements engineering (RE) has
attracted much attention from academia and software engineering practitioners. The
terminology used to describe what constitutes requirements engineering has evolved

substantially over the years. However, there seems to be a lack of agreement on the
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definition of requirements engineering. In the classic software development lifecycle,
which is based on the waterfall model for software development [Royce, 1970], RE
is considered as a single phase of the early software development lifecycle in which a
specification is produced to represent what customers want. However, this restricted
view of the requirements engineering role has evolved.

Nowadays, requirements engineering plays an important role throughout the
development of software systems (Pohl, 1997, Hull et al., 2002). This reflects the
evolving role of requirements engineering from its traditional role as a front end
towards the essential activity of change management within the software lifecycle in
which a variety of participants or stakeholders involved.

Several definitions of requirements engineering have been given in the literature.
The existing definitions differ in terms of the focus being discussed or investigated.
In terms of outcomes, RE is defined as a relatively new field that concentrates on all
of activities related to discovering, documenting, and maintaining a systems
requirements document (Sommerville and Sawyer, 1997). They further state that a
requirements document “should tell a designer everything he needs to know to satisfy
all stakeholders — but nothing more”. By this definition, RE deals with a
specification produced to address stakeholders’ needs and is a document for
designers to work from. In contrast, with respect to the representational, social and
cognitive aspects involved in the requirements specification process, Loucopoulos
and Champion (1989) define RE as “a systematic way of developing requirements
through an iterative process of analysing a problem, documenting the resulting
observations in a variety of representation formats, and checking the accuracy of the
understanding gained”. In a broader view of the context, Jarke and Pohl (1993)
define RE as a process of “establishing visions in context” in order to improve a
common understanding of RE. Based on an information system perspective, they
divide the context into four worlds: the system, usage, subject, and development
worlds. This four-worlds framework indicates that the stakeholders involved in the
RE process will have different backgrounds, skills, and knowledge. It is claimed to

be a very useful mechanism in managing change.
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In a status report, Hsia et al. (1993) describe RE as one of the most crucial steps

in the process of creating a high-quality software product. They further characterise
RE as

“all activities relating to:

¢ identification and documentation of customer and user needs;
¢ creation of a document that describes the external behaviour and the
associated constraints that will satisfy those needs;
¢ analysis and validation of the requirements document to ensure consistency,
completeness and feasibility, and satisfy evolution needs.”
This definition covers aspects of the identification or elicitation, specification,
and validation of requirements.
Similarly, Zave (1997) defines a more comprehensive definition of RE for
software systems:
“Requirements engineering is the branch of software engineering concerned
with the real-world goals for, functions of and constraints on software
systems. It is also concerned with the relationship of these factors to precise
specifications of software behaviour, and to their evolution over time and

14

across software families.’

This definition also covers many aspects of requirements engineering: i.e. ‘real-
world goals’ or the motivations of ‘why’ and ‘for what’ a software system is
developed. This represents gathering information from all relevant business goals
and needs (Jarke and Pohl, 1993). Zave’s definition also highlights the importance of
‘precise specification’ that represents essential activities for analysing and validating
requirements. This definition also covers one of the central problem of requirements
engineering, i.e. “evolution over time...”.

An interesting definition of RE from an information system perspective
characterised by Bubenko (1993) is that RE can be seen as “the area of knowledge
concerned with communicating with organisational actors with respect to their
visions, intentions, and activities regarding their need for computer support, and
developing and maintaining an adequate requirements specification of an
information system”. This definition emphasises managerial, organisational, social,

and technical issues and problems of RE.
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A summary of the above definitions indicates that although they differ in focus,
recent definitions cover more aspects of requirements engineering than older ones.
They share some common aspects, such as defining what the customer wants. It is
also widely accepted that only what a system should do should be determined in a
requirements specification.

Although most requirements engineering researchers focus on different aspects of
requirements engineering, there is no general agreement as to which subset of
activities constitutes requirements engineering. The ranges of activities that are
reflected in the above definitions and reported in the literature include: identification,
elicitation, feasibility study, modelling, prototyping, analysis, representation,
specification, documentation, verification, validation, inspection, negotiation, and
management. Some authors distinguish the four most important steps in requirements
engineering process as requirements analysis, requirements modelling, requirements
negotiation, requirements validation, and/or requirements management, while other
authors combine some of those steps and only acknowledge two main steps:
requirements development and requirements management.

Requirements engineering is a multi-disciplinary, communication-rich and
human-centred process (Zowghi and Paryani, 2003). This involves a variety of
stakeholders, multiple viewpoints, organisational issues, and technical complexity,
which make requirements engineering an inherently broad and open-ended research
area.

~ Requirements engineering is thus a process of identifying, analysing and
validating customer needs for a system. The primary product of the RE process is a
requirements specification, which is a formal document referred to as the Software
Requirements Specification (SRS). This document should clearly and precisely state
what a system should do, but not how it should do it.

In summary, the definition of RE defined by Sommerville and Sawyer (1997) is
most closely aligned with this thesis. Gathering, documenting, and manatining a
systems requirements document are important activities in today’s complex and

distributed environment, particularly managing changes to agreed requirements.
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2.3.3 Challenges in Requirements Engineering

There is growing recognition of RE as a relatively new field and an important
area in software engineering research and practice. It is believed that a successful RE
process plays a crucial role for software development companies producing high
quality, reliable software. There are still many problems faced by current software
development organisations in improving quality, reducing cost and dealing with
changes. Thus, these problems challenge requirements engineering researchers to
keep improving requirements engineering techniques.

The results of this review also emphasise problems and challenges that still exist
in the current requirements engineering field. Over the last three decades software
requirements have been recognised as a real problem. In their investigation on
software requirements problems across many different projects, Bell and Thayer
(1976) confirmed fhét software requirements are indeed a real problem. Based on the
assessment of requirements problems reports, they showed that incorrect,
incomplete, and unclear requirements are the most common types of requirements
problems detected. In the context of safety-critical systems, requirements problems
such as missing, misunderstood, and erroneous requirements are significantly
associated with safety-related software faults (Lutz, 1993). The popular large scale
survey report conducted by The Standish Group International (The Standish Group,
1994) also confirmed that lack of user involvement and incomplete and changing
requirements specifications are the major factors that cause software project delays
and cost overruns. The challenge we have here is to improve RE techniques for
developing and stating software requirements, and to develop an effective
mechanism to challenge safety-related software errors (Bell and Thayer, 1976, Lutz,
1993).

Another major problem that has been discussed in the literature is that software
requirements always change. It has been reported that changing requirements cause
considerable problems during the software development process (Curtis et al., 1988).
It is assumed that software can be seen as a representation of parts of the world.
However, the world keeps changing and user needs are also constantly changing,

therefore software system must evolve and software requirements must change too.
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Controlling requirements change while software is under development or during
system testing is an important and difficult task because of the constant changes in
work environment and stakeholder/user needs (Curtis et al., 1988, Lutz, 1993, Hull et
al., 2002). The challenge here is that effective change management is needed and
should be integrated with requirements change management.

Other important RE problems include lack of communication between software
developers and users/customers, i.e. communicating complex changes (Harker and
Eason, 1993), communication within development teams, i.e. team misunderstanding
of requirements or a fact about the system causes many safety-related software errors
(Lutz, 1993).

Many researchers have attempted to solve RE problems and have proposed
mechanisms or approaches that have been academically tested, but often are not
relevant to the problems in practical settings (Bubenko, 1993). This is a challenge for
researchers, to conduct more empirical research that will produce solutions to
address problems in the practice of software development.

In summary, some major problems in RE include: (1) problems with the
‘requirements’ themselves, i.e. the quality of requirements specification; (2)
problems with evolving customers’/users’ needs; (3) communication; and (4) lack of
empirical research in practice. The existence of these problems in the real world
challenges the requirements engineering community to address and resolve them and
to narrow the gap between what is needed in practice and what is produced in
research.

Although other requirements engineering problems may be equally as important,
in current situations where competitive strategies and technologies are evolving
rapidly, requirements change is a major problem and organisations have to deal with
it. Thus, effective strategies to handle this problem are urgently needed. This thesis is
primarily concerned with requirements change problems or requirements volatility.
Previous major research in requirements volatility issues is surveyed and critically
reviewed. Detailed descriptions of requirements volatility, its concepts and measures,

and its multiple aspects are presented in the next sections.
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2.4 Requirements Volatility (RV)

2.4.1 Definitions

According to The Macquarie Dictionary, ‘volatility’ is defined as the quality or
condition of being volatile in various senses, lack of steadiness, and light or
changeable in mind (Macquarie Dictionary, 2002). In the context of software
engineering, volatility is acknowledged as a measure of the likelihood that parts of an
application will change during the software lifecycle (Pressman and Ince, 2000).
With respect to software requirements, volatility can refer to lack of stability or
frequent changes in requirements during the software development lifecycle.

The notion of requirements volatility has been widely used in the software
engineering literature and has been considered an undesirable property in software
development projects. It is used to represent changes to requirements. Other similar
terms have also been used, including scope creep, requirements creep, requirements
instability, and requirements evolution. Although the term requirements volatility has
many aliases, they share a common understanding about the underlying concept of
requirements volatility that is associated with frequently or rapidly changing
requirements. They only disagree in the attributes of the requirements volatility
measures.

Costello and Liu (1995) in their characterisation of requirements engineering
metrics, identify requirements volatility as ‘changes to requirements’ together with
the reasons for changes. Other researchers refer to a similar concept in their
investigations, describing requirements volatility as the count of requirements
changes, such as addition of new requirements, deletion of existing requirements,
and/or modification made to existing requirements (Costello and Liu, 1995, Malaiya
and Denton, 1999, Pfahl and Lebsanft, 2000, Armour et al., 2001, Bowen et al,
2002). In addition, Hyatt et al. (1996) define requirements volatility as the rate of
requirements change over time.

Requirements change also occurs during sofiware maintenance. Stark et al.

(1999) define requirements volatility as changes to an agreed set of requirements.
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They identify three types of changes: additions to delivery content, deletions from

delivery content, and changes in the scope of agreed requirements.

Another concept of requirements volatility is associated with the evolution of
requirements in the context of software product lines (Savolainen and Kuusela,
2001). The authors emphasise two major aspects of requirements volatility: the
probability of future change in requirements and the vagueness of requirements. This
definition only formulates requirements volatility aspects based on the importance of
the requirements for different products.

Change attributes have been mentioned in most of the definitions described
above, which cover addition, deletion, and modification of requirements. ‘Changes’
to requirements can be represented as any updates to a given requirements
specification. There are two types of updates, atomic updates and composite updates.
Atomic updates are defined in two forms: additions and deletions. A composite
update is defined in terms of any sequence of additions and deletions (Zowghi and
Nurmuliani, 1998).

Since software requirements are derived from constantly evolving customers’
needs and business environments, the task involved in defining, analysing, and
validating software requirements is characterised by uncertainty. Requirement
uncertainty’ is often used in relation to requirements volatility from the information
system viewpoint. Requirements uncertainty comprises three attributes (Nidumolu,
1995):
¢ Requirements instability, the extent of changes in user requirements over the

course of the project;

e Requirements diversity, the extent to which users differ among themselves in
their requirements;

e Requirements analysability, the extent to which the process for converting user
needs to a set of requirements specifications can be reduced to mechanical steps
or objective procedures.

This definition covers the important aspects of requirements volatility such as

attributes of the users, the applications, and the analysts/developers.

" In this study requirements uncertainty and requirements volatility are used synonymously
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Based on Nidumolu’s concept of requirements uncertainty, Lane and Cavaye
(1998) extend the term of requirements volatility as the potential for change and the
uncertainty of software requirements. This definition comprises four dimensions of
requirements  volatility: the potential for change, requirements instability,
requirements diversity, and requirements analysability.

Zowghi et al. (1998, , 2000, , 2002) in their long-term study of requirements
volatility, adopt Nidumolu’s concept to characterise the detailed impacts of
requirements volatility. These definitions treat requirements volatility as a multi-
dimensional construct, representing the total project requirements volatility as the
sum of the project’s scores of those dimensions.

Furthermore, Zowghi et al. (1998, 2000) distinguished two types of requirements
volatility:

e pre-SRS RV, which refers to the volatility of requirements during the early phases
of requirements engineering (i.e. elicitation, elaboration, analysis, negotiations,
modelling of requirements) and before the Software Requirements Specification
(SRS) has been completed and signed off,

e post-SRS RV which occurs during the later phases of software development (i.e.

design, coding, testing, and deployment) and after the SRS has been completed.

The first type of RV is necessarily constructive because in these stages it is
expected that the domain and scope of the system are being fully explored and
examined, while the second type is possibly destructive because of it adverse impacts
on the productivity of the software development process, scope creep and the quality
of final product.

In summary, the problems of requirements volatility will not be well understood
or resolved if each researcher has a different concern in the attributes of requirements
volatility, particularly in the ‘change’ attributes. Does RV consist of additions and
deletions? Or does RV only consist of either additions, deletions, or modifications?
Alternatively, does RV mean a combination of all these change types? The
implications of these attributes are relevant in any software development process. In
summary, we can distinguish two streams of RV concepts. First, requirements

volatility can be expressed in technical terms as the rate of requirements change (i.e.

Reguirements volatility — Literature Review 22



additions, deletions, and/or modifications), or the total number of requirements
changes over the period of the project’s lifecycle. The rate of change in fact is driven
by actual data on requirements changes introduced at particular periods. Second,
requirements volatility can be viewed as a multi-dimensional construct with respect
to the characteristics of the software development process or the ‘high’ or ‘low’ level
of the frequency of changes. The use of these operational concepts of RV is
dependent on the type of research operation conducted.

Similar to Costello and Liu’s definition, in this thesis, Requirements Volatility
(RV) is defined as the tendency of requirements to change over time in response to

evolving needs, such as user needs, business goals, organisation, or environment.

2.4.2 Requirements Volatility Measures

Costello and Liu (1995) introduced the concept of requirements volatility
metrics. Their metric is the total counts of requirements change (i.e. additions,
deletions, and modifications of requirements) in each specification over a given time
interval (e.g. per month). Costello’s metric for RV can be used as an indicator for the
stability of requirements in the systems over a given time interval.

Hyatt and Rosenberg (1996) define their RV measure as a count of the number of
changes divided by the number of total requirements. Similarly, Stark et al. (1999)

also define a comprehensive metric of RV during the maintenance phase:

Added + Deleted + Changed
#of Re quirement(baseline)

TRV =100

Stark’s RV value can be greater than 100% if more changes occurred than the
number of requirements originally planned.

With respect to software development characteristics, Lane and Cavaye (1998)
and Zowghi et al. (2000, 2002), identified two significant dimensions of RV based
on principle component analysis: requirements instability and requirements diversity.
This measure is based on the project managers’ opinion on the fluctuation of

requirements change during development lifecycles in their companies. However, it
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does not cover fine-grain requirements change data, as it only indicates the potential
level of requirements volatility rate.

The level of requirements volatility can be expressed as a percentage. The
definition can be instantiated in two ways (Butcher et al., 1999):

With respect to a time period. The level of volatility can be calculated for a
release, for a time interval (weekly, monthly, or quarterly), or for a development
lifecycle.

With respect to the change type. The classification of requirements change should
be developed in order to best measure the causes and impacts of requirements
volatility. The requirements volatility measures can meet the definition of a ratio
scale, which has a proper zero value, 0/total requirements = no volatility.

In this study, the operational definition of RV is related to the metric as follows:

RV (%) = —IJ\—IO_AE); ZrequirementsChange(Ada’ition + Deletion + Modification)

where:

N is the total number of requirements at a period of time Ar,

¥ is the summation of requirements changes, i.e. addition, deletion, and

modification of requirements over a period of time Af.

In summary, the operational definition of requirements volatility can be
represented as the ratio of requirements change (addition, deletion, and modification)
to the total number of requirements for a given period of time. The rate of
requirements volatility can be either represented as a percentage of the number of

requirements or a total number of requirements change over time.

2.4.3 Potential Causes of Requirements Volatility

In this section of our review, we survey and discuss existing literature that
investigates potential sources of RV. We categorise the sources of RV into the
aspects of: (a) user/customer needs (b) domain understanding, (¢) Communication

problems, (d) Organisational complexity (e) Business Environment and (f)
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Technology changes. This list is by no means exhaustive, there may be other sources

of RV that are not captured in this thesis.

2.4.3.1 User/Customer Understanding

Users’ needs change when their knowledge increases as development progresses.
Most customers or stakeholders have difficulty in expressing what they want from a
system. They rarely understand the complexity of the development process, so they
frequently request changes in the requirements (Curtis et al., 1988, Christel and
Kang, 1992). This phenomenon has also been identified by Bowen et al. (2002), who
state that end-users’ poor understanding of system requirements contributes to the
volatility of requirements.

Since requirements are the product of the contributions of many individuals who
have conflicting needs and goals, there will be difficulties in reaching consensus
about requirements (Curtis et al., 1988, Christel and Kang, 1992, Nidumolu, 1995,
Nidumolu, 1996a, Nidumolu, 1996b). Specifically, when there are different needs
among multiple customers or changing needs of single customer, disagreement

among stakeholders on agreed requirements results.

2.4.3.2 Domain Understanding

Misunderstanding the application domain can also trigger fluctuations in
requirements. A study by Curtis et al. (1988) found that the development team’s
limitation in understanding the application domain has resulted in performing
incomplete analysis of the requirements.

Jones (1996) suggested that the causes of requirements change may vary among
different types of domains. For example: changing requirements for systems software
and commercial software may be due to market needs or competitive pressures;
while changes to requirements for military software may be driven by changes in

mission requirements or hardware platforms.
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2.4.3.3 Communication

Poor communication between users, customers, stakeholders, and developers can
result in software that does not meet users’ expectation. Curtis, et al (1988) indicated
that communication and coordination problems occur across project levels and
development phases in large software projects. This is not surprising for a large and
complex environment. An empirical study by Chudge et al. (1996) also confirmed
that poor communication is a primary problem during the requirements change
process. In their survey-based research, Zowghi and Nurmuliani (2002) showed that
effective communication could reduce the extent of requirements volatility and its

impact on software development.

2.4.3.4 Organisation Complexity

Organisational complexity contributes to requirements volatility problems.
Christel and Kang (1992) suggested that organisational goals, policies, and structures
may change during system development. These changes may cause more changes to
the requirements of systems being developed. For example, changing the goals or
priority of an organisation resulted in changing the scope of the product, therefore

requirements changes.

2.4.3.5 Business Environment

Business environment changes cannot be controlled by software developer teams
and clients, and trigger requirements volatility. For example, changes in government
regulation, i.e. tax law, changes that are derived from business process reengineering
studies, or sometimes driven by competitive pressure. These changes may result in
the need to change software requirements, so that they reflect the new environment

the system will operate in.
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2.43.6 Technology changes

Another source of RV is technology changes. A new technology affects existing
customers and developers. Rapid changes in technology also contribute significantly
to changing requirements, particularly in developing software for multiple platforms.

Software needs to be changed to address these rapid changes

2.4.4 Impacts of Requirements Volatility

Researchers in the past have empirically investigated the impact of requirements
volatility on software development process. Those empirical studies span several
disciplines, including Software Engineering, Information Systems Management and
Business Studies. In this section, we present a brief overview of the literature review

on the impacts of RV.

2.4.4.1 Project Risk Driver

Requirements volatility is considered as a main source of project risk (Hammer et
al., 1998, Rosenberg et al., 1998). The impact of requirements volatility increases
when the changes to software requirements occur in the later stages of the
development lifecycle (Malaiya and Denton, 1999). These changes cause a ripple
effect and cause additional changes to other associated areas such as design, code
components, or test cases. Based on the observation and analysis of the NASA
Goddard Space Flight Centre (GSFC) data, Rosenberg et al. (1998) indicate that
requirements volatility may affect a verification program when modifications to
requirements take place in the later stages of development. This risk has been
confirmed by Hammer’s finding that the verification effort cannot be planned
effectively, particularly during requirements tests or design, when requirements are
unstable.

A recent study conducted by Tiwana and Keil (2004) confirmed that
requirements volatility is identified as one of the six key project risk drivers. Based
on the evaluation of 720 projects, this study reveals that requirements volatility and

project complexity are ranked as the lowest among the six drivers of project risk. It is
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understandable that requirements volatility relative risk is low, because a certain

level of requirements volatility can be expected to occur in software projects.

2.4.4.2 Schedule

Although it is not the only factor causing project schedule overrun, a high level
of requirements volatility has a significant impact on schedule slippage. An empirical
study by Stark et al (1999) analysed the historical data of 20 software releases from
one organisation in order to evaluate the effects of requirements change during
software maintenance releases. Stark et al. examined change data from one of the
releases and found that adding, deleting, and changing features during the
development phase caused a 78% increase in the schedule duration. This indicates
that increased requirements volatility is associated with increase in schedule releases
(overruns).

- An empirical study on the impact of requirements volatility on software project
performance conducted by Zowghi and Nurmuliani (2000) confirmed that
requirements volatility affects the probability that the project will not meet its
planned schedule and budget. This study was a survey-based on software
development organisations across Australia. The survey results suggest that
increased requirements volatility resulted in a decreased probability that the project

could meet the planned schedule and the planned budget.

2.4.43 Development Effort

Requirements volatility also has an impact on software development effort. A
simulation model developed by Pfahl and Lebsanft (2000) demonstrates the impact
of requirements volatility on software project duration and effort during the
development lifecycle. The model was developed using the Systems Dynamics (SD)
method, which describes, models and simulates the behaviour of socio-economic
systems (Forrester, 1971). The model was tested in a telecommunications firm and
the simulation outputs demonstrated that an increased number of new and modified
software requirements leads to an increased effort and duration of software project.

Hence, the software project cost increased. This finding suggests that requirements
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volatility has a substantial impact on the overall cost or effort for software
development organisations.

With a similar purpose to the model developed by Pfahl and Lebsanft (2000),
Ferreira et al. (2003) expanded the simulation model using survey data derived from
300 software project managers and requirements engineering factors were also
included in the model. This simulation results show a very large potential risk of

requirements volatility for software project cost and project duration.

2.4.4.4 Software Defect Density and Reliability

Requirements volatility is considered to be a cause of software defect density.
Malaiya and Denton (1999) analytically examined the impact of requirements
volatility on software defect density. The defect density is defined as the number of
defects detected per unit size of the product or module, i.e. lines of code (Fenton and
Pfleeger, 1996). They applied a mathematical formula to characterise the impact of
requirements change on source code (i.e. code additions, deletions, and
modification). This mathematical examination showed that changes in software
requirements have significant effect on software defect density, because some of the
software components need to be redesigned, deleted, or added. When the changes
occur in the earlier phase of development, their impact on code is minimal. However,
when a new requirement is added at a later stage (e.g. the testing stage), which
implies adding new code, the impact is said to be significant because it is likely to
add defects and make tests ineffective.

This study is arguably credible evidence that demonstrates the indirect impact of
RV on software defect density. However, the theory needs to be validated in real
software environments where the testing duration is not fixed and other factors such
as defects associated with the user interface may be involved as well.

In terms of the factors that contribute to software reliability, researchers have
hypothesised that requirements volatility is strongly associated with the reliability of
software. Bowen et al. (2002) indicated that requirements volatility has a negative
impact on the reliability of software. The reliability of any program depends on how

well the software meets user requirements. The relationship between software
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reliability and RV is that ceteris paribus’ an increase in the volatility of systems
requirements will result in a decrease in the reliability of software. It is claimed
further that systems that exhibit high levels of volatility during the development
phase are likely to have lower reliability during the operational phase. Frequent
changes in user requirements decrease the reliability of systems analysis and design
because specifications no longer reflect user requirements accurately (Bowen et al.,
2002). This is an interesting finding that indicates that requirements volatility

problems may decrease the reliability of software.

2.4.4.5 Development Productivity

Requirements volatility is hypothesized to have impacts on software development
productivity. Lane and Cavaye (1998) investigated the impact of RV on effectiveness
and efficiency of software development productivity and concluded that there was no
direct impact of RV on these two factors. Lane’s finding further suggested that
factors such as project size and organization size strongly influence the impact of RV
on software development productivity. In their previous work, Zowghi et al. (2000)
also found no strong evidence to suggest that requirements volatility has direct
impact on software development productivity (such as code quality, quality of

project management and developers capability).

2.5 Recommended Strategies for Handling RV

Requirements change management is a vital activity for the success of a software
project since software requirements evolve throughout the development process.
Change management is regarded as a difficult task, particularly in an environment
where many factors are involved, such as organisation policies, socio-technical
issues, and/or application complexity. Managing the impacts of requirements change
has attracted much attention both in academia and practice. However, effective
change management is still not well understood and there is still a need for

improvement, particularly for development of large, complex systems.

2 Latin expression for “all other factor being equal or unchanged.
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In this review, articles and research papers that focus on strategies for managing
requirements change in general and requirements volatility in particular were located
and assessed. The review revealed a lack of empirical evidence to show how
particular strategies or approaches were developed to address or solve particular
problems related to the sources of or the impact of requirements volatility. Existing
strategies vary in terms of proposing a solution for a particular problem being
investigated. The following sub-sections describe and discuss the existing strategies

reported in the literature for handling requirements volatility problems.

2.5.1 Incremental Software Development Process

Boehm and Papaccio (1988), in an article about understanding and controlling
software cost, have identified requirements volatility as an important and neglected
factor that can cause software cost overruns. The incremental software development
lifecycle is recommended as an approach to control requirements volatility. In this
development lifecycle model, requirements and capabilities are allocated to a series
of increments that are distinct but may overlap each other (Thayer and Dorfman,
1997). Incremental development is said to be useful when users/stakeholders request
new features or requirements that cannot be implemented in the current product
development lifecycle, but can be left for the next increment (Boehm and Papaccio,
1988). It has been speculated that this approach allows each increment to operate as a
stable environment, and would significantly decrease the extent of requirements
volatility. Other researchers seem to agree with this approach (Harris et al., 1991,
Harker and Eason, 1993, Moynihan, 2000a). They suggest that an incremental
delivery process should be applied to cope with changes coming from all sources, i.e.
user and organisational requirements.

It is believed that with an iterative requirements engineering process, problems
can be detected earlier, for instance misunderstandings between software
developers/analysts and users on agreed requirements can be resolved, and
immediate feedback from developers about requirements can be obtained (Harris et
al., 1991, Christel and Kang, 1992, Moynihan, 2000a). In practice, however, there

are not many software organisations or projects implementing this approach because
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every project or organisation is different and the implementation of the system
development method is dependent on the policy the organisation applies and the

characteristics of the project itself.

2.5.2 Change Control Process

Customers or stakeholders will raise a change request while a system is being
developed and a requirement may change at any point during the life of a software
project. Out-of-control requirements change is recognised as a sign of project failure
or delay (Hull et al., 2002). Large system development organisations may establish a
change control process, intended as a means for software engineering managers to
plan, monitor and control requested changes to any project deliverables including
changes to requirements specification.

Some organisations may have a separate process that only handles requirements
change, or it may be embedded in the change management organisation. Managing
change is considered to be critical in requirements development (Hull et al., 2002,
Kotonya and Sommerville, 2002). Requirements change management is the core of
change management. With a change control process in place, proposed changes that
may come from different sources can be effectively assessed for their impacts on
project cost or schedule. Reasonable decisions to reject or allow the changes to go
ahead and a careful plan to implement the change can be generated using the process.
However, this approach will only work effectively when the organisation implements

the change control process activities comprehensively.

2.5.3 Requirements Engineering Practices

Several good practices in the requirements engineering field have been reported,
including the use of requirements engineering methods, requirements review, and
requirements traceability. In recent years, a framework for effectively managing the
software process has been widely used in many organisations. For example, the
Capability Maturity Model Integration (CMMI) framework is a useful guide for

requirements management, which is a key process area to achieve maturity Level 2
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(Chrissis et al.,, 2003). Within this maturity level, organisations are expected to
manage all changes to the requirements, maintain relationships and identify
inconsistencies among the requirements, project plans, and work products, and taking
corrective actions. This framework, however, does not outline how to manage
requirements change. The following sections discuss various requirements

engineering practices in the essence of requirements change management.

2.5.3.1 Requirements Analysis and Modelling

The use of defined methodologies for requirements engineering activities may
reduce the extent of requirements volatility. A survey-based study of RV suggests
that the usage of a defined methodology for analysing and modelling requirements
would decrease the extent of requirements volatility (Zowghi and Nurmuliani, 2002).
By following rigorous procedures in analysing and modelling requirements during
requirements elicitation and validation, clear and concise software requirements can
be produced to reflect users’ needs. Furthermore, misunderstanding of requirements
among stakeholders can be avoided. Based on his experiences in the software
industry, Jones (1996) suggested that Joint Application Design (JAD), a
requirements development method in which user and developer representatives work
together with a facilitator to produce a joint requirements specification (Macaulay,
1996), can reduce requirements volatility by almost half. This approach assumes that
users and developers will have the same understanding of requireme_nts specification
and agree to the results at the end of each meeting. However, this method is aimed at
solving the differences or conflicts between software developers and

customers/users; it is not directly designed to handle requirements change.

2.5.3.2 Requirements Review/Inspection

Another RE practice that would reduce the extent of requirements volatility is
believed to be requirements review or inspection. This RE activity is the most
common means for validating the requirements specification document. Performing

formal reviews is very useful for identifying requirements errors or defects in the
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early stage of the development lifecycle. Therefore changing requirements in the

later stages can be anticipated and thus can reduce the adverse impact of RV,

2.5.3.3 Requirements Traceability

In respect to the technical perspective, particularly relating to the software
requirements specification (SRS), traceability of requirements is acknowledged as an
important approach to support the management of requirements volatility.
Traceability refers to the ability to describe and follow the life of a requirement, in
both the forwards and backwards directions (Gotel and Finkelstein, 1994). For
example, ‘forward-traceability’ can provide the link between requirements
specification and the design and implementation of components. This makes it easier
to refer to the complete set of requirements that are affected by code or design
changes (Kotonya and Sommerville, 2002).

Traceability is becoming an essential support mechanism to manage requirement
change (Jarke, 1998), particularly during the impact analysis of a proposed change.
The changes to requirements can be traced back to their origin to determine their
criticality or traced forward to identify their impacts on other related software project
deliverables, i.e. detailed design and test specifications. This mechanism allows
software developers or managers to count and estimate the impact of changes on the
project schedule or effort.

With respect to the requirements volatility problem, the requirements tracing
mechanism will support the effective management of change in terms of an effective
estimate of the impacted areas and scheduling work or effort. However, in practice
the application of this mechanism is strongly associated with the organisation
policies where it is adopted. The organisation tends to apply this approach according
to their working culture. In other words, the implementation of requirements tracing
mechanism in the organisation setting will be tailored to the organisation’s needs. It
is more common for some organisations to apply only a backward traceability rather

than a forward traceability, which could also be due to the cost.
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2.5.3.4 Prototypes

Building early prototypes is intended to encourage users or stakeholders to detect
and move some changes to the front of the development lifecycle (Jones, 1996). It is
also believed to be one of the most useful approaches to cope with a wide range of
project drivers, e.g. changes to customer needs, customer’s high expectations, and
mission-critical systems (Christel and Kang, 1992). During requirements elicitation
or validation, prototypes are useful for clarifying unclear requirements and narrowing
misunderstanding of requirements between users and developers/analysts. Although
prototyping is a useful approach to bridge the gap between customers’ and
developers’ understanding, changes to requirements will always emerge in the
middle of the development process and even later, during system testing. In addition,
prototypes only represent the high level of software system to be built. Therefore,
prototyping would only be an effective strategy for managing requirements volatility

in the earlier stage of development and for a particular stable domain.

2.5.4 Effective Communication

Frequent communication between users/customers and developers/analysts
during requirements elicitation and development process may help to resolve
conflicts, misunderstanding, and reduce unexpected changes. In their empirical study
findings, Zowghi and Nurmuliani (2002) indicate that the more frequently developers
and customers communicate with each other during RE, the less volatile their
requirements will be,

Communication is an essential issue during software development and change
management. Communication is important, not only between customers and
developers, but also between development teams. Communicating proposed changes
throughout the change process is crucial to avoid change requests backlog and to
effectively track the completion of approved changes. In practice, there is no specific
mechanism that would effectively capture the communication problem. With respect

to managing requirements volatility, communication among stakeholders involved in
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change process is very important in the essence of impact assessment and the

effectiveness of the change process.

2.5.5 Requirements Change Classification

Managing requirements volatility is one of the key process areas that
organisations with low maturity levels have to focus on when engaged in improving
their software processes. Identifying and characterising the nature of requirements
changes could lead to more effective management of changing requirements (Harker
and Eason, 1993, Lam et al., 1999).

Classifying requirements changes has been identified as one of the ways to
improve our understanding of the nature of the changes (Harker and Eason, 1993,
Lam and Shankararaman, 1998). Harker and Eason (1993) (1993) distinguish
between stable and volatile requirements. They classify volatile requirements into
five categories: emergent, consequential, mutable, adaptive, and migration
requirements. These volatile types of requirements are mostly driven by changes in
user needs, environmental factors, technology, developers’ knowledge, and policies.
Categorizing changes will help software developers analyse each type of change
according to its origin and assess its impact on software development product and
process. |

Lam and Shankharaman (1998)(1998, , 1998) adopted a process improvement
approach in developing a framework to manage changing requirements during
software development. They define ‘classifying change’ as one of the five best
practices in managing change. The classification they propose is domain specific (i.e.
Screen change, Report change, and Data change). Other classifications of
requirements changes have been defined in the literature during both software
development and maintenance (Sommerville, 1996). (Lam et al., 1998)

The classifications described in most of the previous studies are in the form of
high-level abstraction of changes, except for the classification by Lam and
Shankharaman(1998), which is more specific and domain oriented. The
classifications defined by other researchers (Harker and Eason, 1993, Sommerville,

1996, Pressman and Ince, 2000) are very useful when information about the nature of
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changes (such as reasons for change and its origin) are included in the change request
forms. However, problems arise if this kind of information is not available or only
partly recorded in the change request forms (Nurmuliani et al., 2004a).

Managing requirements change is a multifaceted problem. One solution may be
to consider adopting a more multidimensional approach. For example, Harker and
Eason (1993) (1993) suggest that we should consider the nature of changes, the
characteristics of the participants, and the design context as these are all important
factors in the strategy for managing requirements change.

In a more specific approach to a particular project, Costello (1995) characterised
requirements volatility based on reasons for change. The reasons attributes include
external interfaces, customer-requested enhancement, reallocation from another
specification, oversight in earlier specification, change in scope, and
incorrect/untrue requirement. Based on changes that occurred at each development
lifecycle, Bohner (2002) identified the causes of requirements change: changes in
customer needs, enhanced functionality requirements, changes in operational
environment, increased performance requirements, deleting obsolete requirements,
clarifying requirements, action items from reviews/walkthrough, design restriction,
feedback from prototypes, correcting errors in requirements.

All these classification attributes emerge to broaden our knowledge in
understanding requirements volatility problems. Different classification attributes

have been identified for different types of organisations or projects.

2.6 Summary and Proposed Research
Directions

As a result of the literature review, a comprehensive overview of multiple aspects
of requirements volatility is illustrated in Figure 2.1. As the foregoing research
suggests, requirements volatility causes difficulty during the software development
lifecycle. In this thesis we aim to improve our understanding and knowledge by
identifying the characteristics of requirements volatility in terms of the sources of

change, the impacts of change, and strategies to manage requirements change.
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Figure 2.1 The Multiple Aspect of Requirements Volatility

2.6.1 Sources of Change

The literature review highlights the possible sources of change that contribute to
the existence of requirements volatility during the software development lifecycle.
These sources include evolving customers/analysts/developers’ understanding of the
domain, government regulation changes, technology changes and organisation
complexity. However, an in-depth examination of the sources that trigger
requirements volatility in a project’s lifecycle is still lacking; in particular, no
rigorous research has been found which shows the magnitude of each source of
change. Due to the nature of software requirements that are driven by a constantly
changing environment, software requirements will change no matter how well they
are defined in the early stages of a software project.

Although the causes of changes in software requirements are widely known,

identifying the factors that contribute to requirements volatility is still crucial in
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practice. Recognising the sources of requirements volatility and investigating their
levels of influence would lead us to better understand the underlying factors that
trigger the problem. However, exploring these sources cannot be performed without
paying attention to the impacts caused by RV. In most cases, sources and impacts of
RV could be considered as mutually constituted. Hence, investigating the impacts of
requirements volatility is also an essential aspect for studying this complex

phenomenon.

2.6.2 Change Impacts

Our analysis of research to date shows that most previous studies focus on the
impacts of requirements volatility in isolation. There are several adverse impacts of
requirements volatility on software project attributes that have been identified,
including schedule slippage, cost overrun, ineffective planning for verification effort,
and software defect density in the later stage of development. These adverse impacts
found in the literature motivate us to pay more attention to the requirements volatility
problems and to find solutions or approaches that can assist organisations to manage
this problem effectively.

With respect to the research into requirements volatility impacts, there is a lack of
rigorous research that provides effective strategies to manage these impacts. This
research is important as it guides the software developers or managers to understand
the impacts while analysing proposed change requests during the software
development process. Furthermore, few studies have proposed solutions to address
the underlying factors of requirements volatility and the management of its impacts.
A comprehensive approach that provides a mechanism for identifying the factors and

addressing the impacts of requirements volatility may become an effective solution.

2.6.3 Strategies

There is no particular strategy for managing RV found in the literature that has
been specifically developed in a holistic way. This kind of strategy should be

developed towards understanding the needs for change and the way to manage the
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impact of RV for a particular type of project. Most of the strategies described in the
literature have not been tested in practice.

With respect to the software development lifecycle, the literature advises
software organisations to move away from the traditional lifecycle model, such as the
waterfall model (Royce, 1970), and move towards ‘evolutionary’ methods, such as
Incremental development, Prototyping, and Agile methods. However, there is a lack
of evidence to show these methods actually reduce the extent of requirements
volatility.

Other proposed strategies include improved communication channels, effective
change control processes, and effective requirements engineering practices, i.e.
requirements review, requirements tracing, requirements analysis and modelling. A
few studies have indicated that effective requirements engineering activities could
reduce requirements volatility. While communication is a common problem found in
most software projects, there is still a need to develop an effective communication
mechanism that can help stakeholders to communicate changes. With respect to the
change control process, the majority of software organisations have established such
processes. However, the effectiveness of these processes in moderating change
request or requirements change request in particular is still unanswered.

In conclusion, our review of the literature has enabled us to conclude that
requirements volatility is an undesirable property for software project. Requirements
volatility is still a problem although there is little agreement on its characteristics in
the literature. Previous studies have drawn attention to the main aspects of
requirements volatility, but there are still issues to be addressed. A number of
research issues have emerged as a result of this literature review.

e Changes in software requirements are inevitable and perceived as a problem in
software engineering.

e The concept of requirements volatility is still not well defined in relation to the
software development process, thus its impacts are still not managed well.

e There is a lack of empirical studies in the literature that capture a holistic view of
the requirements volatility problem during the software development lifecycle.

This view includes the extent of requirements volatility at every stage of software

development process.
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* An in-depth investigation into the multiple aspects of requirements volatility in

practice (i.e. organisation context) is still not well researched.

The research issues listed above will form the basis of the research reported in
this thesis.
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Chapter 3: Research Methodology

3.1 Introduction

This chapter describes the research methodology and the data collection and
analysis methods used to investigate requirements volatility issues in practice,
allowing us to analyse and characterise the nature of requirements volatility, and to
understand its consequences. In this chapter, the research questions are revisited and
the theoretical perspective and the rationale behind the research strategy are
presented. The process that describes how this research was designed and

implemented is illustrated in Figure 3.1 (hourglass shape).
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Figure 3.1. Research process at different stages
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Figure 3.1 represents the sequence of research activities at different stages. The
top part of the hourglass represents the initial phase of this research, in which a
critical literature review was conducted in the context of requirements volatility
issues during the software development lifecycle. Based on the gap analysis of the
previous studies in the literature review stage, the focus of this study was narrowed
and the research questions are refined and restated.

The lower part of the hourglass represents the development of a theoretical
perspective, from which the study of requirements volatility is approached. Based on
this perspective, the case study methodology was adopted. The rationale, strengths
and weaknesses of this methodology are discussed. An industrial case study was
designed and developed with various data collection methods and analyses
considered. During the case study period, a triangulation of the results was carried
out. Finally, the broad bottom of the hourglass represents the findings of this research
that contribute towards advancing current theory and practice.

This chapter is organised as follows:

e Section 3.2 provides the underpinning theoretical perspective for this research

e Section 3.3 presents the research objectives/questions and maps them to the
research strategies.

e In Section 3.4 the selection of the case study methodology is discussed.

e In Section 3.5 we present the case study design for conducting industrial case

study research .

o Section 3.6 addresses the issues of reliability and validity.
e Section 3.7 considers the ethical issues encountered and the University of

Technology Sydney Human Research Ethics Committee requirements are

discussed.

e Section 3.8 concludes the chapter.
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3.2 Theoretical Perspective

The review of the literature presented in Chapter 2 reveals that requirements
volatility is considered to be problematic during the development of software. Its
underlying causes and consequences are still not well understood. In addition, there
are few empirical studies addressing the problem due to ill-defined terms and
concepts of requirements volatility as well as the complexity of conducting such field
studies across the entire software development lifecycle. The adverse impacts of
requirements volatility on software processes and products have received a great deal
of attention in the literature while its underlying causes have been discussed briefly.
In order to minimise its impacts, the requirements volatility problem should be
managed effectively and strategies should be developed in a way that recognises and
captures the change drivers and their potential impacts.

Following an extensive review of the literature, a conceptual framework was
developed using the three aspects that have been associated with the key factors for
success or failure of a software project (see Chapter 2, Figure 2.1). These aspects are:
1) the sources of requirements volatility, 2) the impacts of requirements volatility,
and 3) strategies to handle requirements volatility problems. The first two aspects
lead to understanding the characteristics of requirements volatility problems.
Requirements volatility may be triggered by internal and external factors, such as
technical changes, market trends and customer needs change. The impacts of
requirements volatility can include increased rework, project cost and schedule
overrun. The third factor is an essential aspect related to how we handle this
problem, particularly in a complex software development environment. These
strategies for handling requirements volatility should be developed further to manage
either the underlying factors that cause requirements to be changed or the impacts
caused by the changes. However, findings from the literature review reveal that none
of the previous studies have investigated the interrelationship of those three aspects
in depth. _

Most of the previous studies on requirements volatility (Nidumolu, 1996b, Stark
et al., 1999, Pfahl and Lebsanft, 2000, Zowghi et al., 2000, Zowghi and Nurmuliani,

2002) have adopted a ‘positivist’ perspective. These positivist studies generally
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attempt to test theory and hypotheses, quantify measures of variables, and draw
inferences about the phenomenon from the sample to a stated population (Orlikwoski
and Baroudi, 1991). The intention of this study is not to follow the ‘positivist’
approach, i.e. hypothesis testing. Instead, we want to investigate requirements
volatility issues in practice, and to explore the detailed characteristics of
requirements volatility. Changes to requirements while software is being developed
can occur at any time or any phase of the software development lifecycle. Thus, to
improve our understanding of this phenomenon, it is necessary to conduct an in-
depth investigation through continuous observations of requirements volatility as it
occurs. This study was set up within software projects in an organisation and in-
depth investigation was conducted throughout the project lifecycle. In order to ensure
a logical and consistent research design, this research has adopted the case study
methodology as the most appropriate methodology to address the research goal and

objectives. The justification of the chosen methodology is presented in Section 3.4.

3.3 Mapping Research Objectives, Questions,
and Strategies

Two main research strategies are adopted to address the research questions and
objectives: a review of the literature and a longitudinal case study. The research
strategies and their corresponding research questions and objectives are presented in
Table 3.1 (on the next page).

The research objectives and questions drive the research process and shape the
choice and use of case study methodology and methods. As Crotty (1998) points out,
it is important to define the theoretical perspective, the purpose of the research and
the questions that the research will be addressing to ensure the trustworthiness of the

research and its findings.
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Table 3.1 Research Objectives, Questions, and Research Strategies adopted

Research Objectives

Research Questions

Research Strategies

Objl - To examine the characteristics
of software requirements volatility

0bj2 - To establish the status of current
theory in the management of
requirements volatility and gaps in
current research

RQ! What are the characteristics of
requirements volatility?

RQla - What are the sources of, reasons
for, and types of changes that contribute
to requirements volatility?

RQIb - What are the impacts of
requirements volatility on software
projects?

RQ2 - What potential strategies are useful
for managing requirements volatility?

Review of Literature and
Current theory

Obj3 - To understand the way an
organisation manages requirements
volatility throughout the software
development lifecycle.

0bj4 - To identify limitations of
requirements volatility management in
practice.

RQ3 - How does an organisation manage
requirements volatility?

RQ3a - What sources of], reasons for,
and types of changes that contribute to
requirements volatility? and: what are the
impacts or requirements volatility on
software development projects?

RQ3b - What strategies does an
organisation use to manage requirements
volatility in practice?

RQ3c - What are the current limitations
of the strategies?

Longitudinal Case Study

0bj5 - To establish gaps between the
current theory and current practice on
requirements volatility management

Obj6 - If necessary, to extend the
current theory by proposing effective
strategies for the management of
requirements volatility,

RQ4 - What gaps exist between current
theory and current practice?

RQ4a - Are there any differences
between the characteristics of
requirements volatility described in the
current theory and those identified in the
current practice?

RQ4b - What are the differences
between the strategies outlined in the
current theory and the strategies that
organisations apply in practice?

RQS5 - Can current theory be extended to
accommodate the imperatives and needs of
current practice?

Literature Review and
Longitudinal Case Study
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3.4 The Case Study Methodology

The case study methodology is one of the research strategies strongly associated
with qualitative research, in which a researcher explores in-depth an activity, a
process, or a phenomenon; collects detailed information using a variety of data
collection procedures over a prolonged period of time, from multiple sources, within
its real-life setting (Stake, 1995, Yin, 2002, Creswell, 2003). The case study focuses
on detailed contextual analysis of a limited number of events and their relationships.

Case studies have been used for many years across various disciplines, such as
medicine, education, psychology, sociology, law, and anthropology (Leedy and
Ormond, 2001). Recently, case study research has been increasingly used in the
fields of Software Engineering and Information Systems. Although there are
numerous case study definitions, this research refers to Yin’s definition:

“A case study is an empirical inquiry that investigates a contemporary

phenomenon within its real-life context, especially when the boundaries

between phenomenon and context are not clearly evident” (Yin, 2002).

This means that understanding a complex or poorly understood phenomenon is
determined by its context. Leedy and Ormond (2001) assert that the case study
methodology is suitable for studying poorly understood phenomena. In this research,
the case study is designed as a means of identifying, describing, and interpreting the
problems of requirements volatility within the context of a software development
project, which is considered as a complex environment.

Case studies are an appropriate methodology in situations where the researcher
has little control over the events and where there is a contemporary focus within a
real-life context. The other characteristic is that the case study requires a problem
that seeks a holistic understanding of the events under investigation using inductive
logic reasoning to make sense of the findings (Stake, 1995, Gillham, 2000, Yin,
2002, Creswell, 2003). Our requirements volatility study was conducted throughout
the lifecycle of software development projects within a particular organisation, in
which the boundaries between the requirements volatility phenomenon and

organisation complexity are not clearly evident. Thus, continuous observation and
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multiple sources of evidence are used with inductive reasoning to obtain a holistic
understanding of requirements volatility problems and strategies to handle it.

Case studies are widely acknowledged for their applicability to the real-life
context or an industrial setting and their flexibility, in which the researcher uses
multiple sources and employs a variety of methods for data gathering. However, they
are often criticised for their dependence on a small number of cases. It is also
claimed that the lack of a scientifically rigorous method might provide no grounds
for establishing reliability or generality of findings (Kitchenham and Pickard, 1995,
Leedy and Ormond, 2001, Yin, 2002). Critics of the case study consider that the
intense exposure to study of the case and the influence of the researcher’s skill and
interpretation may bias the findings (inherent subjectivity). Because case studies are
typically based on qualitative subjective data, their results may not be generalisable
or may only be applicable for a particular context. These issues may limit the validity
of the case study findings. Another issue is the ethical considerations in association
with the researcher’s personal integrity, sensitivity, or personal biases while
conducting the case study. Detailed issues of validity and reliability in relation to this

study will be discussed in Section 3.7.

3.4.1 Case Study Protocol

In order to counter some of the limitations of the case study discussed in the
literature and to ensure the rigour of the case study as a research methodology,
researchers are encouraged to develop a case study protocol containing the
procedures and rules that guide researcher to conduct the research successfully. Yin
(2002) recommends the use of a case study protocol that includes:

1. An overview of the case study project (research objectives and case study topics
being investigated);

2. Field procedures (credentials and access to sites and sources of information);

3. Case study research questions (the questions that the researcher must keep in

mind during data collection);

4. A guide for the case study report (outline and format for the report).
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The case study protocol is important and acts as a major component in asserting
the reliability of the research. It also keeps the researcher’s focus on the research
goals and objectives. In this thesis, the first element of the case study protocol is
related to an overview of the requirements volatility study, which includes the
purpose of the case study and issues being investigated, as described in Sections 3.1
and 3.2 in this chapter. The field procedures are crucial during the data collection
process. They should be properly designed since the researcher does not control the
data collection environment (Yin, 2002). The field procedures developed for this
study will be fully described in the Section 3.5. This procedure includes case study
design, data collection and analysis methods.

The case study research questions determine the types of data to be collected,
their possible sources, and the methods to be used in this study. The research
questions for this study stated in Section 3.3 are important in defining the appropriate
data sources and data collection methods. There are two major stages of data
collection: the review of the literature and the case study.

The final element of the case study protocol is the guide for the case study report.
Since by their nature, case study findings often portray a complex problem, it is
important to plan the report as the case develops. In this study, the report was written
in the form of research papers at every major milestone achieved and communicated

through research conferences and eventually in this thesis.

3.4.2 Case Study Design

This section describes the research procedures for designing and conducting a
case study in an industrial setting, and covers the type of case study, site selection,
data collection procedures, and data analysis process.

Before conducting case study research, it is essential to plan and design the case
study. According to Yin, there are four main components of research design that are
essential for case study research design (Yin, 2002):

1. Initial case study questions — research questions framed as what, who, where,
when, and how provide the focus of the study and determine the relevant method

to be used. The research questions posed in this case study are what and how.
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2. Study proposition, if any — directs attention to the issues that should be examined
within the scope of the study. This study does not have any propositions, instead
it highlights the issues related to requirements volatility in software projects and
presents the current problems that still need to be addressed. The problem

statement of this study was described earlier in Chapter 1.

3. Unit of analysis — is concerned with defining what the ‘case’ is and is a critical
factor in the case study design. It could be groups, organisations or countries. The

unit of analysis used in this study is software project releases.

4. Linking data to propositions and criteria for interpreting findings — this
component is related to the data analysis process and the report on the case study
data. In this study, the data are analysed and linked back to the theoretical

framework, the research questions, and the research objectives.

This study adopts the four components of research design recommended by Yin

(2002) to ensure that the research objectives are met.

3.4.3 Types of case study design and site selection

Selecting sites for conducting the research is one of the key points in designing
the case study. The selection of case study sites or organisations is primarily based
on the following criteria:

1. It should be a leading edge company that develops software.
2. It is committed to software process improvement.

3. The size of the company should be medium to large, i.e. more than 100 staff.

These criteria are essential to ensure choosing the relevant software organisation
as a case study site for several reasons:

Firstly, this study covers software requirements volatility issues that are directly
associated with a software development project. Thus, a company that develops
software is required.

Secondly, this study also investigates the strategies for the management of

requirements change in practice. This issue is related to the change management
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process, where changes made to software project deliverables are controlled.
Therefore, a company that has adopted process improvement initiatives is desirable
as a case study site because the company must have established software processes to
follow, i.e. a change control process and a requirements development process. In
addition, requirements management is one of the key process areas covered in the
software process improvement approaches (Chrissis et al., 2003).

Finally, the medium to large size of the company is essential since the size of the
company could determine the way the company implements a process improvement
program.

In this study, a Global Development Software (GDS?) organisation was chosen as
the case study site. The characteristics of GDS satisfied the selection criteria defined
above, i.e. the organisation develops software and it has committed to software
process improvement (SEI CMM level 2 and IS090001-2000). The detailed
description of the case study context will be presented in Chapter 4.

In designing this case study, it is also important to select a case study site that
will enable the researcher to examine in depth the problems of requirements
volatility. Case studies can be either single-case or multiple-case designs (Yin,
2002). Furthermore, Yin points out that a single case study is appropriate when it
represents a critical case in testing a well formulated theory, when it represents an
extreme or unique case, when it is a representative or typical case, when it is a
revelatory case, or when it is longitudinal (Yin, 2002).

It is understood that in current situations where software products and
customer/stakeholders needs are changing rapidly, the rationale for conducting this
research is not only to study the characteristics of requirements volatility, but also to
investigate the way software engineers manage the requirements volatility problems
in the software project. These needs are satisfied by a research design that involves a
longitudinal, embedded, single case setting (Yin, 2002).

This study adopts a single-case design to study the requirements volatility
problems in the GDS organisation. The rationale for this is that GDS represents a
particular software development organisation and can inform the case of

requirements volatility problems during its software development lifecycle. This case

3 The name is fictitious to preserve anonymity
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study is a longitudinal case study; it involves a single case study of requirements
volatility over three years (November 2002—-August 2005), throughout the software
project duration or from the early stage until the end of software project.

Yin (2002) points out that a case study design can be holistic or embedded. The
embedded case study refers to one that involves more than one unit of analysis. Since
this case study covers more than one unit of analysis, i.e. two software project
releases, thus this case study is classified as an embedded case study.

In addition, this case study can be a revelatory case since it was conducted at
GDS where the researcher had a unique opportunity to study the dynamic process of
software projects through continuous observation. During the case study period, the
researcher had full access to the GDS site, i.e. documents inspections, accessed the
GDS computer and project files, opportunities to talk to software developers and

managers, invited to weekly project meetings and other support process meetings.

3.4.4 Data Collection Procedures

In order to address the research questions and accomplish the research objectives,
this study adopts various data collection methods, as well as both qualitative and
quantitative data interpretation methods. The use of multiple research methods
increases the robustness of the results and strengthens the validity and reliability of
the study through triangulation.

The main focus of this investigation is on examining the problems of
requirements volatility in the context of a large-scale software development project
and to determine what factors may contribute to overcome these problems. The case
study method does not claim any particular methods for data collection or analysis.
In fact the key strength of the case study method involves the use of multiple sources
of evidence for data gathering and analysis (Yin, 2002). Evidence is the primary
concern of the case study researcher. There are four sources of evidence used in case
study research, although not all sources are essential in every case study. However,
the importance of these multiple sources of data to the reliability and validity of the
case study is well established (Stake, 1995, Burns, 1997, Gillham, 2000, Yin, 2002):

Requirements volatility — Research Methodology 52



3.4.4.1 Documents

A variety of documents can be used in case study research, including letters,
agendas, minutes, reports, files, or any documents that are essential to the
investigation. These documents may not be accurate and they may have been written
for a specific audience and specific purposes. However, these documents are
important as another way to corroborate evidence from other sources.

A variety of organisational and project documents were used in this study,
including: change request documents, project meeting minutes, weekly project
reports, sofiware quality assurance reports, and several software process documents,

i.e. software requirements specification, functional specification documents, change

control process documents.

3.4.4.2 Interviews

Interviews are one of the most important sources of case study information. They
are a useful technique for gaining insights about particular issues from participants
involved in the case study. There are several forms of interviews to be used: open-
ended, focused and structured interviews. The open-ended interview is used when the
researcher wants to gather detailed information on a particular issue from
respondents, who act as informants rather than respondents. The focused interview
can be used when a respondent is interviewed for a short period of time on a very
specific topic. This form of interview is often used to corroborate data gathered from
other sources. The structured interview is similar to a formal survey. It may involve
sampling procedures and survey instruments.

In this study, interview data were gathered through open-ended interviews, which
were conducted together with the card sorting technique, informal interviews or
short discussions with the project members, and formal surveys in relation to the
project members’ opinion on the use of change control processes. The card sorting
exercise is part of the interview technique use in this study and a detailed description

will be presented in Chapter 4
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3.4.4.3 Participant and non-participant observation

Participant observation provides additional opportunities for collecting data. The
main concern associated with participant observation is the potential bias of the
researcher as an active participant. On the other hand, a non-participant observation
or ‘detached’ observation is very different from ‘participant’ observation. The non-
participant observer stays detached from the activity being investigated, where the
observer observes the activity from ‘outside’ in a specific way (Gillham, 2000, Yin,
2002).

The case study researcher can use both participant and non-participant
observation. A low-key participant observation should be used in the beginning of
investigation to get to know the environment of the case study site. Non-participant
observation can be used later when the research issues are well in focus (Gillham,
2000). Both types of observation were used in this study, which involved
observations in weekly project meetings, requirements capture and analysis
meetings, and change control improvement meetings as well as informal

observations made during site visits to gather data.

3.4.4.4 Archival records

Archival records could also be useful for some studies since they consist of
organisational records, charts, list of names, survey data, and other related project
records. This source of evidence is also considered in this study, such as email
records associated with change request approvals, project development schedules,
project issues and action items.

Those sources of evidence were all relevant to this case study and were carefully
recorded and stored in case notes, memos, and the case study database. The case
study evidence should be maintained throughout the project because it is a crucial
factor for the process of describing the context and outcome of the study. Gillham
(2000) recommends that a research log should be used during the case study
investigation. There are two main things that should be included in the research log

(Gillham, 2000).
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e Evidence — it could be a discussion topic heard in a meeting room or a staff room,
something the researcher has observed, a comment made to the researcher, or a
meeting resolution. These things could be fragmentary, but they occur during the
case study period.

e Personal notes — these are related to insights, ideas, the name of someone the

researcher needs to contact, or activities to be done.

In this study, the manual kind of research log recommended by Gillham was used
during the case study research. This research log facilitates the writing of the case
study report.

Since extensive data are collected during the case study period, the data should be
organised in a way that can be accessed easily at any point during or after the study.
There are three main principles of case study data collection that researcher needs to
consider for the relevance and completeness of case study data (Gillham, 2000, Yin,
2002):

1. Use multiple sources of data — it is highly recommended to use multiple sources
of evidence for a good case study. The use of multiple sources is the major
strength of case study research. Multiple sources allow the triangulation of
evidence that improves the reliability and validity of the data and findings. Hence

multiple sources of data were used in this case study.

2. Create a case study database — all types of case study data need to be organised
and documented as well as case study notes (from interviews, documents,
observations, etc.), tabular materials, narratives, and relevant case study
documents. Data collected in this study were organised according to the project
releases in the forms of spreadsheets, words file documents, diagrams, and case

study notes.

3. Maintain a chain of evidence — all case study evidence needs to be linked
together in the form of a chain of evidence. The links should be traceable from
the initial research questions, data collected, to conclusion drawn, or from
conclusions back to initial research questions. Hence, this case study also adopts
the chain of evidence approach and this will be presented at the end of this

chapter and in Chapter 4.
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3.4.5 Data Management and Analysis

The purpose of our analysis is to identify and characterise the nature of
requirements volatility and related aspects. The case study data analysis method
should be consistent with the theoretical framework of the research. A further
analysis of the case study results is also intended to develop effective strategies for
the management of requirements volatility.

Both quantitative and qualitative data analysis methods were applied in this study
with emphasis on qualitative methods. Data is analysed iteratively and cyclically
enabling us to link quantitative and qualitative data. Miles and Huberman point out
that making linkages between qualitative and quantitative data is essential during the
study (Miles and Huberman, 1994). For example, during data analysis qualitative
data can help a researcher to validate, interpret, clarify, and illustrate quantitative
findings.

Data analysis in case study research typically consists of examining, categorising,
tabulating, interpreting, and combining quantitative and qualitative evidence to
address the initial research questions (Yin, 2002, Creswell, 2003). Analysing the
amount and variety of case study data collected is one aspect of the case study
methodology that has not been well developed in the literature (Yin, 2002). The
researcher needs to develop a general data analysis strategy as part of the case study
design (Yin, 2002). The analytic strategy should indicate what to analyse and for
what reason (why), so as to ensure that data col}ection is appropriate as well as to
support the evidence to be analysed. Miles and Huberman (1994) suggest three
components of qualitative data analysis that can be used in such a situation:

1. Data reduction — refers to the process of selecting, focusing, simplifying,
abstracting and transforming data that appear in case study notes or interview
transcripts. Data reduction is part of analysis in a form of sorting, focusing,

discarding, and organising data that will be used in drawing conclusion.
2. Data display — refers to the organisation of information into forms such as
matrices, graphs, charts, or networks that facilitate conclusion drawing and

action.
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3. Conclusion (drawing and verifying) — involves drawing meaning from data,
noting regularities, patterns, explanations, connections to existing literature,
integration of concepts and building up a logical chain of evidence (Miles and
Huberman, 1994).

In a more specific way, Leedy and Ormond (2001) recommend five steps of case
study data analysis:
1. Organisation of details about the case — the case study evidence is arranged in

chronological order.
2. Categorisation of data — clustering data into meaningful groups.

3. Interpretation of single instances — examining specific documents and other

relevant data to identify specific meanings.

4. Identification of patterns — analysing the data and their interpretation for

underlying themes and other patters.

5. Synthesis and generalisations — constructing the overall picture of the case and

drawing conclusions.

These steps of data analysis can be done during the data collection process, where
initial conclusions are likely to be drawn that could lead to the collection of other
data in later stages of the study (Leedy and Ormond, 2001). Since this case study is
longitudinal and the researcher has little control over the events being investigated,
data collection a}id analysis processes may evolve. For example, when new evidence
unfolds, the researcher should be capable of handling it. The research design may
also change but it should at all times be referenced back to the primary research
questions and objectives.

The analysis protocol used in this case study was a combination of the strategies
recommended by Miles and Huberman (1994) and Leedy and Ormond (2001). In
addition, Content Analysis was also used as part of the data analysis process. Content
analysis is widely used in various research fields, and can be applied to examine any

kind of written or recorded communication. Content analysis is preferred as a
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research tool that can be used to determine the presence of certain words or concepts
within texts (Krippendorf, 2004, Busch et al., 2005).

Data analysis and data collection were overlapped to allow for flexibility in data
collection procedures and to anticipate new patterns that may emerge. The sequence

of the case study data collection and the analysis process are described in the next

section.

3.5 Applying the Case Study Design

The focus of interest in conducting this study was to investigate the requirements
volatility problems that potentially occur during the development of software at a
particular organisation. The initial intention was to empirically measure the
occurrences of requirements volatility at every stage of the software development
lifecycle and to determine the sources or causes of requirements change and their
impacts on software project.

As described earlier, this study adopted a longitudinal case study methodology
mainly to accomplish the research objectives RObj3 and RObj4 and to address the
research questions RQ3 or RQ3a and RQ3b. This longitudinal case study was set up
in the GDS organisation (to be described in Chapter 4) where there were two
software project releases being developed, Project Release_A (PRA) and Project
Release B (PRB). In the beginning of the case study, the researcher was given full
access to PRA where the project was in the development phase (i.e. design phase).
GDS management recommended engaging with PRA. The case study was carried out
to the end of PRA’s lifecycle. During that period, the researcher built up a good
relationship with the GDS personnel and collected substantial evidence, even though
the investigation started in the middle of the development phase. The GDS
management gave further access for the researcher to continue the case study
investigation on PRB. This was a unique opportunity to study requirements volatility
on two project releases with full access to most of their data.

In the period of over 36 months, the research activities of this longitudinal case
study fall into six phases where some of the phases are interrelated. For example,
findings from the activity of Phase 2 led to Phase 3 and Phase 4. The overall view of

the case study research is illustrated in Figure 3.2. This figure describes each phase

Requirements volatility ~ Research Methodology 58



of the case study research including the corresponding sources of evidence, data

collection and analysis methods used.
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Figure 3.2. The structure of the case study research

Phase 1 — Organisational context, is the initial phase of this case study where
the first research activity was carried out in an industrial setting. The purpose of this
activity was to explore and gather initial information regarding the case study site,
the characteristics of the software projects, and to get to know the key players in the
organisation that could be contacted or could provide key sources of specific
information.

The primary data collection used in this phase was informal interviews. The
interviews were conducted with the key players who were involved in the project,
using open-ended questions in an informal way without audio recording. The

questions were mainly related to the organisational context, the characteristics of
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software project releases, such as the software development process adopted, other
organisation processes, software features or components being developed, the size of
the project, and similar issues related to project activities. Regular meetings with the
project manager were set up at least once every month to discuss and clarify relevant
issues.

The source of evidence involved in this phase was project managers (PM), senior
managers (SM), quality assurance lead (SQA), and several senior software
developers (SD). Other sources were also included, such as organisational/project
documents and process documents. The evidence gathered from discussions,
interviews, meetings and document inspections was recorded in the case study notes
or research log. Information gathered from several discussions with the Project
Manager (PM) and other software developers increased the researcher’s knowledge
of the case study setting and the characteristics of the software being developed.

Phase 2 — Change Analysis-1, is the activity related to analysis of change
request (CR) data for PRA. The purpose of this activity was to address the research
question, RQ3a: what sources of, reasons for, types of changes and impacts of
requirements volatility are most significant in practice? The main focus of this phase
was to characterise requirements volatility problems that occurred during
development of software in the PRA setting. A classification of requirements change
was developed from the change request data.

Phase 3 — Validation of requirements change classification. This phase was
triggered by the need to verify and validate the classification of requirements change
requests developed in Phase 2. The other reason to conduct this activity was due to
lack of information stated in the CR forms, which was also identified in Phase 2. The
card sort technique was used to identify the software practitioners’ classification of
the reasons for changing requirements. Detailed procedures of the card sorting
activity are described in Chapter 4.

Phase 4 — Change Control Process Assessment. During Phase 2, change
request data were analysed. This brief assessment of the CR form led to the
inspection of the Change Control Process (CCP) document established and followed
by the GDS organisation. The purposes of the Phase 4 activity were to assess the

change control process document and the CR form, to identify the weaknesses and
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limitations of the CCP and the CR form, and to gather more information regarding
the usage of the CCP based on the change participants’ opinions. The findings of this
assessment have been used as inputs for process improvement initiatives at GDS.

Phase S — Change Analysis-2, is the activity related to change request analysis
on the PRB data. Data collection and analysis methods used are similar to the
methods used in Phase 2 as well as the sources of evidence. In addition to the
evidence, the previously developed classifications from Phases 2 and 3 were also
included as sources of evidence.

Phase 6 — Evaluation of a new Change Control Process/Change Request
Form. Drawing from the results of Phases 3 and 4, a new CCP was developed and
introduced at GDS. Prior to the implementation of the new process, the researcher
took an active role in the development of the new CCP and CR form in conjunction
with the project manager. The purpose of this activity was to continue gathering
information regarding the change participants’ opinion on the usage of the new
established change control process and CR form.

In summary, this longitudinal, embedded, single-case study was designed to
explore requirements volatility issues during the software development lifecycle in
depth. All evidence collected and analysed from the six phases of the case study are
synthesised, integrated, verified, and built up as chain of evidence to be used in
drawing conclusions of the case study. Other evidence was also extracted from the

case study note and the research log.

3.6 Research Validity, Reliability, and
Generalisability

Case study research deals with a complex phenomenon and generally involves
multiple sources of data, which may include multiple cases, and produce large
amounts of data for analysis. The reliability and validity of this research is a primary
concern.

Some authors claim case studies provide little basis for scientific generalisation
of findings to every possible situation and lack a scientifically rigorous method to

ensure reliability and validity of research (Kitchenham and Pickard, 1995, Leedy and
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Ormond, 2001, Yin, 2002). The potential for investigator subjectivity is also a
concern, i.e. the skills and background of the researcher substantially influence his or
her interpretation of the events.

Whilst these limitations may be true, much has been written about how to
conduct case study research in a rigorous manner to produce authoritative findings.
The following sections show how this study handles the issues of reliability and

validity of the research.

3.6.1 Reliability

The issue of reliability in case study research is associated with the consistency
of the case study results (Burns, 1997, Creswell, 2003). This thesis addresses this
issue by adopting the case study protocol (Yin, 2002), particularly during the data
collection and analysis processes. The researcher has engaged in a prolonged data
gathering process at the case study site (2 — 3 days per week between July 2002 and
September 2005). The length of this case study period helps to ensure the accuracy of
the findings. Furthermore, the case study procedures are documented in detail and

the sequence of case study activities and steps are clearly described in this research.

3.6.2 Construct Validity

Construct validity is concerned with the use of an insufficient operational set of
measures and potential researcher subjectivity (Burns, 1997). In order to address the
construct validity issue, this case study research adopted two important ways to
counteract potential problems (Yin, 2002): using multiple sources of evidence (as
described in Section 3.4.4) and establishing a chain of evidence that links parts

together as shown in Figure 3.2.

3.6.3 Internal Validity

Internal validity is concerned with the credibility of the findings or how well the

findings match reality. This study addresses the internal validity issue by considering
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a number of strategies, including triangulation, re-checking with participants, and

long-term observation.

1.

Triangulation is a means of combining multiple sources of data, theories,
methods, and observers to improve the validity of the research or for greater
accuracy. Triangulation is also regarded as a means of looking at a single
complex phenomenon under investigation in order to better understand the

context in its multifaceted form.

Patton (2002) distinguished four types of triangulation for verification and
validation of qualitative analysis, that is, the triangulation: of methods
(methodological triangulation), of data sources (data triangulation), among
different analysts/evaluators (investigators triangulation), and of perspectives on

the same data set (theory triangulation).

With regard to the Patton’s triangulation, the methods used in this case study are

as follows.

a) Triangulation of methods, which is related to the use of different methods for
data exploration. Both qualitative and quantitative methods were utilised to
examine and explore and the problems of requirements volatility.

b) Triangulation of data sources, in which different data sources are utilised
within the same method. This case study used multiple data sources, i.e.
documents, interviews, observations, archival records, research log, and casé
study notes, to improve the accuracy of findings.

¢) Triangulation of different investigators, in which research findings were
checked with fellow researchers and in discussions with supervisors. The case
study findings were regularly checked and discussed with the researcher’s
supervisors and fellow researchers, i.e. through conference publications or
informal discussion.

During the case study visits, the researcher often initiated and maintained an

active corroboration on the interpretation of data with the case study participants

who provided the data.
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3. This case study was conducted using long term-observations, which helps the

researcher to improve the accuracy of the findings and more concrete information

can be obtained.

3.6.4 External Validity (Generalisability)

External validity is related to the researcher’s concern whether the case study
findings can be generalised or other researchers can apply the findings to their own
research. Criticisms are often made that single-case studies provide little evidence for
scientific generalisation. This case study is classified as a single-case study and the
investigation was carried out in a particular organisation, so the findings may not be
applicable to other organisation. However, the requirements volatility issues that
were examined here can be found to some extent and degree in most large and
complex software organisations. Although it is a single-case study, the methods and
procedures used are described in sufficient and adequate detail and clearly
documented, therefore they can be adopted and repeated by other researchers and
practitioners in their organisations.

These findings will not be generalised to populations, ie. all software
development organisation, but they will contribute significantly to the current
practice and theory. The findings can be claimed to be applicable to organisations

with similar demographics.

3.7 Ethical ConLcidemtion

Before conducting this research, written permission from the University of
Technology, Sydney Human Research Ethics Committee (HREC) as well as a
written recommendation from GDS management were obtained (see Appendix A).
This industrial case study research has complied with the HREC guidelines. Before
commencing data collection, participants were invited to participate in this research.
They were informed verbally about the research and the purposes of the investigation
were explained. A consent form was used to obtain the participants’ written consent
(see Appendix B). In the consent form it was clearly stated that participants were

assured of the confidentiality of their responses either from interviews or discussions,
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- and of their freedom to withdraw at any stage of the research without giving a
reason. The participants also agreed that the data collected would only be used for
research purposes, the results would be published in the thesis, conference, and
journal articles without revealing the confidential issues for individuals and
organisation. The researcher signed a non-disclosure agreement with the GDS to

reinforce ethical consideration and to comply into the organisational requirements.

3.8 Summary

This chapter has described the rationale for using the case study methodology to
investigate in depth the issues of requirements volatility in practice. The case study
design, data collection and analysis methods have been developed according to the
research strategies proposed in the early stage of this research. The multiple sources
of the case-study data and the techniques used to analyse them have been discussed.
The application of the case study design in a real-life organisational setting requires a
careful plan that is associated with the research objectives. In this study, the sequence
of the case study activities has been well structured and developed throughout the
case study duration.

Since this case study is classified as a longitudinal single case study design, the
issues related to the validity and reliability have been considered and the techniques
to address these issues have also been examined. The case study activities, which
cover the investigation of two software project releases and provide fruitful findings

on the requirements volatility issues , are described in detail in the next chapters.
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Chapter 4:  Case Study Findings -
Part 1

4.1 Introduction

Chapters 4 and 5 present and describe the empirical findings of the case study to
investigate requirements volatility during software development lifecycle. The study
was carried out across two software project releases developed by Global
Development Systems (GDS), an organisation located in Sydney. The objective of
this study is to investigate the problems of requirements volatility in practice in order
to better understand the characteristics of requirements volatility problems and the
way the organisation deals with these problems. The empirical findings presented
here provide detailed information regarding the extent of requirements volatility
during the development lifecycle and factors that contribute to it.

The following research questions are addressed:

[RQ3] How does an organisation manage requirements volatility?

[RO3a] What sources of, reasons for, types of changes, and impacts of

requirements volatility are most significant in practice?

[RO3b] What strategies does an organisation use to manage requirements
volatility in practice?

[RQ3c] What are the current limitations of these strategies?

The contents of this chapter cover the first three phases of the research activities

highlighted in Figure 4.1. This chapter is organised as follows:

1. Section 4.2 describes the organisational context of the case study site (Phase_1)

2. Section 4.3 presents the initial findings of requirements volatility study from

Project Release_A (Phase_2)
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3. Section 4.4 presents the validation of the requirements change classification

using the card sort technique (Phase 3)

4. Section 4.5 provides a summary of the findings from Phase [ to Phase 3
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Figure 4.1 The first three phases of research activities

4.2 Phase I: Organisational Context

This phase is the initial phase of the case study carried out in a software
development setting. The purpose of this phase is to gather information about the
organisational context with respect to software projects and includes the
characteristics of the projects, software processes, requirements change management
practices, and other related software development issues.

The case study ran from August 2002 until September 2005. Initial informal
interviews and meetings were conducted with senior management in the first few

months of the case study to learn about the organisational environment. During the
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interviews and weekly project meetings, the researcher took extensive notes and
inspected relevant project documents. These inspections led to further follow-up
questions which were discussed further in subsequent meetings. The researcher also
regularly attended weekly project meetings where project management and the
development team discussed the progress of the project.

The following sub-sections present detailed information about the company

background, requirements engineering process, project characteristics, and change

management.

4.2.1 Organisation Background

This case study was carried out at Global Development Systems (GDS)* an
organisation located in Sydney, Australia. The GDS organisation is an 1SO 9001-
2000 certified and SEI CMM®™ Level 2 software development organisation that
belongs to an international multi-site organization with headquarters and marketing
divisions located in the United State of America (USA). The product strategy is
directed from the marketing division, where the development group is located, in
three Australian and one New Zealand sites. More recently, as part of global
outsourcing its development group has expanded to India.

The key stakeholder groups or customers of the GDS product are scattered across
the world. Direct communications between GDS and the customers is minimal.
Customer needs are captured by the Business Management (BM) group or Marketing
group. These customer needs are then communicated to GDS via Marketing
Requirements statements (MRs). The communication between GDS and the
customer groups is mainly done through BM. The detailed flow of software

requirements at GDS is described in the Section 4.2.3

4 The company and product names are fictitious to preserve confidentiality.

CMMI and Capability Maturity Model are registered in the U.S. Patent and Trademark Office by Camegie Mellon
University, SM Personal Software Process, Team Software Process, PSP, TSP are services marks of Camnegie Mellon
University
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4.2.2 Software Application Overview

GDS is an engineering laboratory that develops product-line software. The
product is an enterprise software application generator for mission-critical
transaction applications, known as CILKN’, which is a set of computer-based tools
and a supporting methodology that helps organisations build and deploy primarily
transaction-intensive information systems. These application tools support industry
operating systems (MCP, 052200, Windows and UNIX). Each release may cover
~one or more platforms depending on the release agreement between the
BM/Marketing group and GDS. The targeted end users of the software product are
application designers, analysts and programmers who will use the enterprise software
application to build and maintain transaction oriented business systems.

The CILKN tools and supporting methodology are categorised as follows:

1. Application Developer: — used by the end user to design, build, and develop
transaction-intensive information systems that focus on business needs. The users
become part of the development team, sharing ownership and responsibility for

the system.

2. Application Builder: — helps the user during the system generation process. Using
the Developer’s system specification, the application builder creates all source
files, transfers files between the workstation and host, and controls the compile

and deployment phases of the application system.

3. Application Runtime: — designed for business-critical, transaction-intensive
solutions. With this application, information systems take full advantage of the
performance, underlying integrity, and resilient capabilities of supporting
computing platforms.

4. Enterprise Application Component Enabler: — allows applications created with
the Enterprise Application Environment to be accessed through the Microsoft
standard component architecture or as a Java Bean.

The GDS organisation develops enterprise software application tools that are

characterised by the delivery of a series of releases. The development cycle of each

5 The product names are fictitious to preserve confidentiality

Requirements volatility — Case Study Findings Part | 69



release is between 12 and 24 months, in which each release is considered a
standalone project in its own right. The size of each release is around 8000 KLOC,
with approximately 125+ full time developers involved. During the case study, there
were two project releases being developed which overlap at different release levels,
for example, before one of the project releases is completed, a new project release
may have started. The features for the new release are generally bug fixes and

enhancements of the functionalities provided in the previous release.

4.2.3 Requirements Engineering Practices

Software requirements for new releases are instigated by changes in market
conditions and specific customer requests for enhancements to the product. The
requirements for a new release are gathered from multiple sources:

1. Marketing group — representing current customer needs and the potential for

future customers;

2. Product strategy team — representing technology and underlying operating

systems;,

3. Pure engineering changes or engineering directions of the product aligned with

the organisational strategy.

Communications between GDS management and their customers are done
through a Business Management representative who acts as the customer
representative. In addition, requirements for the current release may also arrive
directly as customers’ or end-users’ requests through New Feature Suggestions
(NFSs), which represents ‘nice to have’ functionalities via a User Contact Form
(UCF). The UCF is the form used by the customer/end-user to report defects or bugs
after the software products have been released. Figure 4.2 illustrates the NFS

workflow from the customers to GDS.
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Figure 4.2 Information flow of New Feature Suggestion (NFS)

4.2.3.1 Requirements Development and Negotiation

At GDS, the requirements engineering process comprises essential activities

including requirements analysis and reviews, requirements negotiation, and

requirements management. There are four levels of requirements generated and

managed for each release. They are structured and described as follows:

1.

Business Requirements (level I), requirements that come from the Business
Management and Marketing division. These requirements represent the. market-

focused objectives, the current customer needs, and new feature suggestions.

Marketing Requirements (MKR) (/evel 2), requirements that represent product
and/or service requirements to achieve the business-level requirements. These
requirements statements describe the tasks the product/service needs to
accomplish and non-functional characteristics of the product/service to be well

accepted in the marketplace.

Technical Requirements (TCR) (level 3), requirements that are developed at
GDS to provide technical responses and implement the Marketing Requirements.
These requirement statements are the decomposition of the submitted MKR

proposed by the BM group. The set of requirements (TCR and MKR) are the
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agreed set between the GDS and BM. The development and negotiation flow of

the requirements is described in Figure 4.3.

4. Internal Requirements (ITR) (level 4), requirements that are developed at GDS

and derived from the agreed set of TCR and MKR. These requirements are the

input into the design activities.

The top two levels, Business Requirements and Marketing Requirements, are

owned by the BM group, and are proposed and negotiated to GDS in the

requirements definition of a new release. The other two levels of requirements (TCR

and ITR) are owned by GDS. Each level is traceable to subordinate levels. These two

requirement types are also classified as High and Low level requirement at GDS.

The researcher’s representation of the requirements negotiation and development

process at GDS for a particular release is illustrated in Figure 4.3.
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Figure 4.3 Requirements development and negotiation process at GDS
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As shown in Figure 4.3, the process starts after the BM or Marketing Group has
identified and gathered requirements from multiple sources including targeted
customer/end-user groups that are globally distributed, business or product strategies,
and the engineering team. BM develops a set of requirements and selects new
features (NFS) for a new release. These requirements are then compiled into the
Marketing Requirements (MKR) document and submitted to GDS. Engineering
Managers at GDS then review and verify these marketing requirements. At this
stage, the Engineering Managers review the submitted MKR and provide technical
responses to the MKR. These technical responses are the input into the development
of technical requirements (TCR). During this activity, GDS senior management
initiates discussions and joint reviews between GDS and BM to capture the TCR and
achieve a common understanding and prioritise the requirements. After the technical
requirements are developed, GDS and BM go through a series of negotiations to
reach an agreed-set of requirements (MKR and TCR). These formal meeting are
conducted via telephone conferences. During the negotiation process, marketing and
technical requirements may be added, deleted, or modified.

The next stage involves the decomposition of the agreed set of technical
requirements at GDS. Development teams, which include Project Managers,
Engineering Managers, and Team Leads at GDS conduct a series of ‘requirements
capture’ sessions to analyse the TCR and develop low-level engineering
requirements (called Internal Requirements (ITR)). Telephone conferences and
Internet technologies (NetMeeting and Web video broadcasting) are used on a
weekly basis during the sessions and in the communications with the remote
developers in Australian sites (Sydney and Melbourne) and New Zealand. The
requirements capture and analysis is described later in this chapter. All agreed
Business Requirements, Marketing and Engineering Requirements (TCR and ITR)

are documented and stored using Rational RequisitePro®.

® registered trademark of IBM
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4.2.3.2 Requirements Management

Since 2001 the project activities at GDS have been conducted within the CMM
level 2 framework. GDS has established a Requirements Management (RM) process
that describes two main requirements engineering activities during the project
lifecycle. The activities are Requirements Analysis and Decomposition, and

' Requirements Testing (validation and verification).
A. Requirements Analysis and Decomposition

This activity is aimed at capturing, analysing and verifying the customer’s
requirements, and decompose them into lower-level requirements, i.e. technical
requirements and internal requirements, in order to establish the requirements
baseline for a particular release.

The project manager is responsible for conducting this activity. Group sessions
are held to analyse the requirements for each feature or component. The sessions
involve project members with relevant knowledge in the particular feature or
component. They are Engineering Managers, Technical Leads, Quality Assurance
(QA) Lead, and representatives from the Product Information (PI) and Testing teams.

The method used during the analysis of each requirement involves drawing a
diagram using Microsoft Power Point (see Figure 4.5), to identify the
interrelationships that may exist in the system design as a result of implementing the
customers’ requirements. Once these relationships are identified, technical
requirements or.internal requirements are formulated and a Microsoft Excel form is
used to capture newly developed requirements.

The newly developed requirements are structured according to:

1. requirement description,
2. requirement rationale,
3. test scenario.

A traceability link is created to trace each requirement to its test scenario. The
requirements are then imported into the RequisitePro repository. The Requirements
Specification (RS) document is created using Microsoft Word. The technical

requirements are grouped into ‘features’ for a current release and ‘components’ for
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the new release. Each feature or component generally (but not necessarily) addresses
an agreed Marketing Requirement (MKR).

The Requirements Specification document is then subjected to team level peer
review. This internal review mostly deals with the newly developed technical and
internal requirements. In some circumstances the customer group may be involved in
the internal (GDS) review. Once the reviews are completed and agreement with BM

is reached, the RS is baselined.
B. Requirements Testing

This activity is intended to verify and validate the agreed requirements, which
involves assessing the compliance of the work products with their allocated
~requirements. This activity is conducted by the Test Engineer who develops test

plans and test scripts, and performs the tests as specified for the requirements.
C. Change Control Process

Managing changes to requirements is part of ongoing RM activities. All changes
to baseline requirements are managed via the Change Control Process (CCP). This
process enables project members at GDS to raise a change request to requirements
and other project documents, to track and monitor the change requests to completion.
This process was established by GDS to ensure that changes to requirements are
approved and implemented, the impacts of changes are analysed, and that change
implementations are tracked and verified to completion. The project manager is
responsible for tracking the progress of the change request. A paper-based Change
Request Form (CRF) is used to propose a change during software development.
Electronic-mail, Microsoft Word and Excel are the tools used to support this process.

Detailed findings from the assessment of this process are described in Chapter 5.
D. Peer Review Process

GDS has also established and implemented a peer review process, which is a
standard process for carrying out peer reviews on any work product. The work
product could be any artefact produced by a process, such as files, documents,
processes, procedures, and manuals/guidelines. Relating to the software projects at

GDS, the work products may include project deliverables that are under
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configuration management, such as the following documents: requirements
specifications, design specifications, test specifications, code sources, project plans,
and processes. The peer review process is intended to help the author improve the
work products by identifying issues which may be defects, weaknesses or
- improvements.

There are two review types: Team Peer Review (formal) and Desktop Peer
Review (informal). Team peer reviews are used as a precursor to the approval of an
important phase of a work product. Reviewers rely on a ‘Checklist’ of defects found
in different types of work products. Review meetings are conducted within the team.
The identified issues or defects are recorded in an ‘Issue Capture Form’. Participants
in the team peer review meeting include the author of the work product, project
manager, feature management leads, and development team members (required and
optional reviewers). At the end of the meeting, the results of the review are recorded
- in a ‘review summary form’.

Desktop peer reviews are less formal; they only require one person besides the
author to review the work product. A ‘checklist’ and ‘issue capture form’ are also

~ used in this review type.

4.2.4 Software Project Characteristics

When the case study investigation started, there were two software project
releases being developed. The first project, Project Release_A, was in the later stages
of the development lifecycle (i.e. implementation and testing stage), and the second
project, Project Release_B had just commenced. Although the first project had
already completed the requirements capture and analysis process, we were still able
to conduct the study for the following reasons:

1. All changes to requirements and other project deliverables were documented and

recorded in a project repository;

2. A formal change control process was established and followed to manage all
changes to project deliverables, i.e. requirements specification, functional

specification, design specification, code and test specification, or project plans;

3. Most of the staff who involved in the project were still working at GDS.
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Thus, complete documentation was available and provided essential sources of
case study data.

Each project release has different characteristics, particularly on the product
applications being developed. The following sections describe the characteristics of

the two project releases studied at GDS.

4.2.4.1 Project Release_A

The aim of Project Release_A was to maintain the enterprise application
customer base by keeping the product competitive and providing the performance
and scalability needed to support the mission critical, high-volume transaction
processing environment. The product of this release is based on the functionality
provided by the previous release. In this release, obsolete functionalities are
removed, and the interoperability of the application with the supported platforms is
enhanced.

The scope of this release was to build software applications for the following
operating environments (software platforms): MCP, 052200, Windows, and UNIX.
Twenty five features (a collection of functional requirements) were developed
through the project development lifecycle, from October 2001 to March 2003. The
waterfall lifecycle model was adopted to develop the applications with the
assumption that the requirements would remain stable throughout the product
development lifecycle.

As illustrated in Figure 4.4, Project Release_A is structured into four main phases
of the development lifecycle. The phases are Feasibility — requirements analysis and

negotiation, Design, Development, and Integration.
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Figure 4.4 Software development lifecycle - Project Release_A (Source: adapted

from GDS's internal document)

During the feasibility phase, product requirements (MKR, TCR, and ITR) for this
release are analysed, validated, and negotiated with the customer representative.
Product estimation and resource/staffing are also conducted in this phase. As shown
in Figure 4.4, change management or change control and quality assurance are
ongoing activities during the development lifecycle.

The project activities were conducted within the CMM framework. Improvement
initiatives at GDS have been established through activities such as project planning,
tracking, estimating, scheduling, and requirements management process. Project
Release A was regarded as a pilot project for the CMM-level 2 assessment.

Regarding requirements analysis activities (as broadly described in Section
4.2.3), requirements analysis methods and tools were used to capture and verify the
customers’ requirements for this release. The supporting tools in this phase are
MS_PowerPoint, Microsoft Excel form, and Rational RequisitePro®. Group sessions

were held to analyse and capture requirements for each feature. The ’diagram’ is
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used (see Figure 4.5) to facilitate the identification of all affected functionalities
(green bubbles) and interrelationships that may exist in the system design.

Once the interrelationships are identified, requirements are formulated and
described to address each relationship using a sentence template developed by
Halligan (cited in Damian, et al. (2002)). An Excel Form (see Figure 4.5) is used to
capture the elements of the sentence template. When it is completed, the
requirements statements are then imported to the requirements database using
RequisitePro®. The benefits of requirements engineering process improvement using

the method and tools mentioned above have been reported by Damian et al. (Damian
et al., 2002).
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Figure 4.5 The ‘diagram’ used in the analysis of each feature and the Excel Form
capturing the constructs of the sentence template (Source: Damian, et al., 2002)

4.2.4.2 Project Release_B

Project Release B is regarded as a new product using architecture-based models.
The product is based on the functionality provided by the previous release

(Release A). The aim of Project Release B is to overhaul the application
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environments of the previous releases using component technology while
maintaining or improving the benefits of the current application environment
systems. The reason for this change, besides the strategic direction for the product, is
to improve the interoperability of the application environment systems with other
systems.

The scope of this release is the enterprise software applications that can be
applied for Windows platform(s) only with 12 system components developed
throughout the development lifecycle. The development of this release is dependent

on emerging technology, i.e. Windows.NET and Visual Studio Integration Package

(VSIP).
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Figure 4.6 Software development lifecycle adopted - Project Release_B (Source:
Internal GDS document)

Project Release B provides a new Architecture Design Document (ADD) and
safe passage for users of GDS’s earlier product releases. A new software
development methodology — Ilterative design and development — was adopted. This

methodology simply allows developing software designs, coding and unit test and
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conducting systems integration through a series of iterations, each iteration being
more detailed. The main difference between this project and the Project Release A is
in the sequence of development activities. Project Release_A adopted a development
methodology that allowed the developers initially to produce high-level design
specifications, followed by detailed design specifications, code and unit tests, and
systems integration testing. According to the GDS management, the reason for using
the iterative model is to allow the iteration releases to be produced and shipped to
external parties and to allow software to evolve. As the iterative development
approach was introduced for the first time, Project Release B was chosen as a pilot
project for the formalised Iterative Design & Development Process adopted by GDS.
An indicative illustration of the Project Release B lifecycle model is shown in
Figure 4.6.

Initially, this release adopted the Agile methodology for software development
(Highsmith and Cockburn, 2001) during the early phase of Iteration 1. However,
based on management considerations, the Agile development methodology was
di‘scontinued and structured analysis was applied in the second iteration. During our
regular meetings with one of the project managers, further information was elicited
reiatcd to Iteration 1. He provided the explanation that the Agile methodology was
hot a suitable methodology for the projects at GDS. He further outlined the specific
characteristics of GDS projects that contributed to the discontinuation of the adoption
of the Agile methodology, including the following.

1. The GDS project team size is approximately 100 developers and is
geographically distributed. Meanwhile, Agile development has been

acknowledged to only work well for smaller and collocated teams (Boehm, 2002)

2. At GDS, communication between developers and customers is minimal and
mostly conducted through customer representatives. The Agile methodology
emphasises real time communication or face-to-face communication with
customer (Boehm, 2002).
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3. The GDS project develops working software, which is delivered at the end of the
project duration. Agile methods emphasise working software as the primary

value of progress and deliver working software frequently, with short timescale’.

The early phases of Iteration 2 were mostly associated with the breakdown of the
high-level requirements (TCR) into more detailed low-level requirements (ITR). A
‘Context diagram’ (see Figure 4.7) was used to identify the interrelationships of
components in the system. The ‘context diagram’ describes the level 4 actors
(components) and sub-actors for each component. Requirements statements were
formulated to address the interrelationship and were recorded in a Microsoft Excel
spreadsheet. Development teams for Project Release B did not use the sentence
template in Excel form (as shown in Figure 4.5) to capture and develop requirements
statements for reasons that were not disclosed. Based on the researcher’s
observations, the context diagram was designed as a web-based document that can be
easily used by the teams during the requirements capture meetings. The project
manager of the Project Release B took part in the meetings as a moderator. The rest
of the requirements analysis activities are similar to the activities described in GDS’s

requirements analysis process (see Section 4.2.3).
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Figure 4.7 The ‘diagram’ used in the requirements analysis for Project Release B

Loader

(Source: Internal GDS document)

¢ www.agilemanifesto.org

Requirements volatility — Case Study Findings Part 1 82



4.3 Phase_2: Change Analysis 1

This section describes the research activities conducted during Phase_2 of Figure
4.1. These activities are related to the analysis of change requests for the Project
Release_A database. The objective of Phase_2 is to address the following research
questions: RQ3a: what are the sources of, reasons for, types of changes that
contribute to requirements volatility? and: what are the impacts of requirements
volatility on sofiware development projects?.

In this section, the methods used for data collection, sources of evidence and data
~analysis methods are described in more detail. Requirements change requests are
examined, and a classification is developed to characterise requirements volatility
and understand its causes and consequences. Empirical findings resulted from

Phase_2 activities are then presented.

‘4.3.1 Phase_2: Data Collection and Analysis
Methods

Both qualitative and quantitative data are collected in this case study. The data

include requirements change information, such as rationale for requirements changes

(‘why-factor’), types of requirements changes or updates (addition, deletion, or

| modification to requirements), sources of requirements changes (‘who’ requests the

change or ‘where’ the change was identified), and the impact of requirements

changes, i.e. development effort. The other data collected are data for quantifying the
requirements volatility rate, as follows:

1. total number of requirements in the project,
2. total number of requirements change (addition, deletion, and modification) over
period of time (per month),

. 3. other change-related data, such as elapsed time to process each change request,

and total estimated effort required to implement the change.
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4.3.1.1 Data Collection

The sources of the evidence used in this phase were the key project members
such as Project Manager (PM), Quality Assurance (QA) Lead, change participants
(initiators, approvers, and implementers), CR documents and archival records, and
other relevant process documents. The Project Release A’s Change Requests are
stored in the project repository using Microsoft Word and the summary of each CR is
recorded in a Microsoft Excel spreadsheet.

The techniques used for data collection include document inspections, interviews
or discussions, and non-participatory observations. Extensive inspections on the CR
documents and archival records were conducted iteratively. The interviews or
informal discussions were used to gather more detailed information relating to
change request records. Non-participatory observation is a useful technique applied
during attendance at regular weekly project meetings, requirements capture and
analysis sessions, and requirements and test specification reviews. Half-hour
interviews or informal discussions with the project manager and software developers
were conducted at least once every week during the last six months of the project to
discuss change request contents and to obtain clarification about the missing
information. On some occasions after the weekly project meeting or CR document
inspections, the researcher identified issues or questions that needed to be answered.
The researcher then initiated informal interviews to discuss those issues. The
researcher, academic supervisor, and the project manager have also conducted
monthly meetings regarding the progress of this research project. The interviews
were not recorded; instead, the researcher took extensive notes or wrote the results of
the interviews in the case study notes immediately after the meetings were

completed.

4.3.1.2 Data Analysis

Data collected during this phase were analysed using both qualitative and
quantitative techniques. Content analysis is used as the main data analysis technique,
by going through each submitted change request form, identifying substantive

statements related to the requirements attributes (the sources of, reason for, and types
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of change), clustering the data from the CR records according to those attributes, and
creating lists of categories (see Appendix C). Then, a classification of requirements
was constructed composing the three main attributes described earlier. This
classification is a useful mechanism for further analysing the characteristics of
requirements volatility. Detailed steps of data collection and analysis framework

applied in Phase 2 are illustrated in Figure 4.8.
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Figure 4.8 Phase 2: Data Collection and Analysis Framework - Project Release A

Quantitative analysis was applied in this phase. The focus of the analysis is the
measurement of requirements change, such as the change request arrival rate, the rate
of requirements volatility over a period of time, a decomposition of the number of
requirements changes through the change classification, and the calculation of

estimated effort required to implement the changes.

4.3.2 Phase 2: Case Study Findings from Project
Release A

The empirical findings resulting from Phase 2: Change Analysis-1 activities
provide rich information on requirements volatility issues during the software

development project. In the following sections the main findings of this phase such
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as change request arrival rate, characteristics of requirements volatility, and a visual

illustration of requirements volatility.

4.3.2.1 Change Request Arrival Rate

A change request form is used to raise and submit a change in project
deliverables. The CR form template is a paper-based form. A total of 78 change
-requests were collected during the last six months of the Project Release A ‘(total
duration 20 months). Most of these requests (86%) were related to changes to the
requirements specification, functional specification, and other specifications. The rest
of the change requests (14%) were related to project documents, i.e. project
development plan, test plan.

The arrival rate of overall change requests during the project development
lifecycle is illustrated in Figure 4.9. The two legends included in Figure 4.9 are
‘Overall change requests’ and ‘Requirements change requests’. The average arrival
rate of change requests is relatively low: approximately two to three change requests
were submitted per week.

As shown in Figure 4.9, the number of change requests increased sharply from
March 2002 to April 2002 when the requirements analysis phase and review process
on work products, such as requirements specification, feature proposal, and
functional specification documents, were being completed. During this period, most
of the requests resulted in additions and deletions of requirements. This is not
surprising, since the developers or engineers received feedback from requirements
and functional specification reviews. The arrival of change requests decreased as the
project approached the end of its lifecycle. The majority of change requests during
this period related to functional and design specification changes, as the developers

gained more knowledge about the product.
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Figure 4.9 Change Requests Arrival Rate for Project Release A

4.3.2.2 Measuring Requirements Volatility

Based on the CR records, the rate of requirements volatility throughout a
development lifecycle can be quantified. As described in Chapter 2, the requirements
volatility measure is defined as the ratio of the total number of requirements changes
(i.e. addition, deletion, and modification) to the total number of requirements for a
particular period of time (e.g. month).

Of 78 CRs, 42 were related to changing requirements. These change requests
were carefully examined and evaluated. A total of 118 requirements changes were
identified, in which six high-level requirements and 112 low-level requirements
changed throughout the development lifecycle. Among the six high-level
requirements that were subject to change, one was modified for clarity, three new
requirements were added due to “functionality enhancement” and “missing
requirements”, while two of the existing requirements were deleted because they
were considered obsolete. Changes to the high-level requirements mostly originated
from Marketing group or Business Management (in US) and GDS project

management and were made in the early phases of the project’s life.
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In contrast, a substantial number of low-level requirements changes occurred
throughout the development process. Out of the 112 low-level requirements, 58 new
requirements were added to the project, 24 existing requirements were deleted, and
30 existing requirements were modified or amended. The findings presented in the
next sections are related to the low-level requirement changes. A visual view of the
rate of requirements volatility for the low-level requirements is illustrated in Figure
4.10. The X-axis represents the month when the change requests were approved and
integrated into the project. The legend at the bottom of the graph indicates the
development phases. The early phases were overlapped because of differences in the
schedules of the 25 features being developed.

The rates varied across the stages of the development lifecycle and are consistent
with the arrival rate of change requests. The only high peak (16.85%) was at the end
of the requirements analysis stage. This requirements volatility rate can be viewed as

an indicator for the instability of requirements during the product development

process.
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Figure 4.10 The Rate of Requirements Volatility — Project Release_A (Low-level

requirements)

As shown in Figure 4.10 (left hand side) the rate of requirements volatility
decreased substantially in June 2002, then increased slightly in July 2002. At the end

of the system integration testing, the rate continues to decrease towards the end of the
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development lifecycle. Overall, it is clearly shown in Figure 4.10 that requirements
fluctuated in the early phases of the software development lifecycle and tend to be
stable near project completion (after the field test). However, a graphical presentation
of the volatility rate does not indicate the magnitude of the requirements change at a
- particular point of the development lifecycle, for example, the types of requirements
change occurring in the later stages of development or the reason for the changes

occurring at particular stages of development.

4.3.2.3 A Classification of Requirements Change

As understanding requirements volatility problems is an essential element of
effectively managing the volatility impacts, we need to identify and define the
characteristics of requirements volatility. Classification or categorisation is viewed as
an approach to improving our understanding about phenomena of interest (Harker
and Eason, 1993). In this study a classification of requirements change is developed
to empirically analyse the nature of requirements change. This classification provides
~ a useful mechanism to categorise the requirements change requests, characterise the

nature of the changes, and to be used for further analysis of the change requests.

: In this phase, a preliminary classification of requirements change is developed.
This classification is aimed at empirically characterising requirements volatility with
its three components: requirements change types (Change Types), the rationale for
changes (Reason Category), and the source of change (Change Origin).

The classification of requirements change developed through several iterations.
Change request (CR) documents for Project Release_A were inspected and the
contents were examined. During the inspection of each CR, the three components of
the classification were elicited. For instance, the change types were manually
identified using keywords, such as, ‘add new’, ‘delete’, ‘modify’, ‘amend’, or

‘requirements’. Then, the CR description was carefully analysed and summarised

according to the purpose or the rationale of change. The origin of the CR (person or

activity) is also extracted. These change attributes are then clustered into the three

components of the classification.
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Change Types

Table 4.1 Descriptions of Change Types

Type

Description

1) Addition

Adding new requirements into the software or system being developed

2) Deletion

Deleting or removing existing requirements from the system,

3)

Modification

Modifying or rewording requirements statements

Source of Change (Change Origin)

A proposed CR may originate from various sources, such as people who are

_involved in the project (e.g. engineers, project managers, etc), as action items from

- the review process, developer analysis, technical discussions, and the project

- document. In this classification, various sources are treated the same to reflect the

origin of the change. Details of Change Origin elicited from the CR data are as

follows:
Table 4.2 Descriptions of Change Origin
1)  Defect Report A report that registers all defects discovered from
previous release '
2) Engineering Analysis An analysis conducted by software engineer(s) during

the development phase or the analysis that triggered by
issues/problems identified

3) Project Management Management considerations that are generally associated
with the business goals and policy

4) Marketing Group Representing market trend or current customer needs

5) Detailed Design Analysis The analysis is not part of the design review, conducted
by designers/ engineers/ analysts to improve or resolve
design issues

6) Design Review A formal peer review process on design specification
documents

7) Technical Team Discussion [rregular discussions initiated by the technical team to
resolve issues or problems faced

8) Functional Specification Review | A formal peer review process on feature proposal
documents

9) Feature Proposal Review A formal peer review process on requirements
specification document during requirements analysis
phase

10) Customer-Support Team | Discussions between customers and support team after

Discussion

the release of the products
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o Reason Category

This component is related to the categorisation of requirements change in term of
reason or rationale behind the proposed CRs. The following are the list of categories

elicited from the change request data:

Table 4.3 Descriptions of Reason Categories

1) Defect Fix Correcting defects discovered from previous releases

2) Missing Requirement Requirements that were not captured during the initial product
definition or discovered after design refinement

3) Functionality Maintaining or managing functionality or capabilities for the

Enhancement product releases, e.g. technical upgrade, functionality upgrade,

security upgrade

4) Product Strategy Changes to the product packaging, installation, or licensing

5) Design Improvement Changes to improve software design or capabilities

6) Scope Reduction (change) | Removing functionality or reducing the amount of work due to
lack of resources or functionality beyond the current scope

7) Redundant Functionality Unnecessary functionality or functionality that already exists or
can be replaced by other existing functionalities

8) Obsolete Functionality Functionality that is no longer required for the current release or
has no value for the potential users

9) Erroneous Requirements Incorrect or wrong requirements

10) Resolving Conflict Functionality conflict or sub-functionality interferes with the
integrity of other functionalities that exist in the system

11) Clarifying Requirement Changes to requirements text or rewording requirements fext, i.e.
remove unnecessary words or were discovered after design
refinement

12) Requirement Redundancy’| Requirement overlaps or requirements are already covered by
other requirements

13) Third-party software/tool | Requirements that cannot be fulfilled due to the
influences availability/unavailability of a third-party software/tool,
configuration/platform changes, or conformance to industry trend

Three components of the classification can be represented in a graphical view as
shown in Figure 4.11. This overall view of the classification attributes clearly
indicates the reasons for changing requirements as a result of a particular
development activity, customer requests, or management decision. While the

mapping of these attributes is a useful way to understand the big picture of why

7 The attribute 12 (Requirements Redundancy) is similar to attribute 7(Redundant functionality).
However, the different is in the root-cause of the changes, e.g. ‘requirements’ and ‘functionality”
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requirements changed during software development project, another way to utilise
this classification is in the empirical analysis of change. The findings of applying this

classification are presented in Section 4.3.3

Change Types Reason Category Change Origin
z ( Defect )
Defect Fix Report
Missing Engineering
Requirements Analysis

Project
Management

/7
y
P
Improvemen 7 ///’

/

Gr
/
< Review
(oo
.//
’/ \/Detailed Design
/ Analysis
~
~

~ echnical Team
—_— Discussion

3rd Party \
Software i

/ 7
_ m
(~-Reduction_
AN
N ™ Redundan
NN Functionality
N

AN /7

</
/

\ g
Resolving
conflicts

— Customer-Support
Clarifying T Discussion
Requirements

Figure 4.11 An overview of requirements change classification — Project Release A
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4.3.3 Phase 2: Empirical Analysis of Requirements
Volatility using the Classification — Project
Release A

A classification of requirements change can be utilised further to analyse
requirements volatility issues in more detail. In this section, examples of the
utilisation of the change classification to understand the underlying causes of

requirements change and its consequences are presented.

4.3.3.1 The Cost of Requirements Volatility

It has been reported in the literature that requirements volatility has adverse
impacts on software project attributes, such as schedule and cost (Stark et al., 1999),
performance (Zowghi and Nurmuliani, 2002), or development effort (Pfahl and
Lebsanft, 2000, Ferreira et al., 2003). In this study, the association between RV and
development effort (change effort) is part of the case study analysis and the result of

the analysis is described in this section.
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Figure 4.12 Overview of RV and the total change effort throughout the development
lifecycle of Project Release A
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The RV metrics collected using the classification of Change Types (add, del, and
mod) to calculate the rate of RV can be used to asses the amount of effort required to
implement an individual change. The mapping between the number of requirements
changes (based on change types) and total change effort spent to implement the
changes every month is shown in Figure 4.12. This diagram describes the volatility
of software requirements throughout the development lifecycle and the total cost to
implement the changes.

As shown in Figure 4.12, the case study data reveals that the large effort shown
in this figure mostly represents the effort needed for additions of new requirements.
The finding suggests that adding new requirements later in the development lifecycle
increases the rework to be done or new documents to be produced; thus, more effort
is needed. As indicated in Figure 4.12 the total effort required to implement the
changes at the later phases of the project’s life seems high. This finding also clearly
confirms the classic phenomenon of the cost of requirements change during software
testing (Boehm and Papaccio, 1988, Malaiya and Denton, 1999). These empirical
~ findings demonstrate that changing requirements, particularly adding new
requirements, in the later phases is considered a high risk. These findings are
- consistent with the RV phenomenon.

- Further analysis reveals that most of the effort needed between July 2002 and
November 2002 related to additions of new requirements. While the rate of RV was
“high in May 2002, the total development effort was lower than that in July—August
2002. This indicates that although a substantial number of requirements were
‘(.:hanged, the changes occurred in the early phases of the lifecycle.
. A further use of the change classification is to analyse the cost of changes. This
“helps the project manager during the change implementation plan and estimation
purposes. Figure 4.12 provides a history of how much effort will be spent for a given
reason according to the change types.

A Pareto analysis suggests that the top five costs (high effort) were for
requirement changes related to ‘Functionality enhancement’, *Design improvement’,
‘Defect fix*, ‘Product strategy’, and ‘third-party sofiware influence’. Although this

~ figure was based on the total estimated effort collected from the CR documents, it
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could possibly be different from the actual effort required. The organisation (GDS)
can use this information to identify improvement opportunities and as an input into

strategic decision making and performance evaluation. This will be discussed further

in Chapter 6.
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Figure 4.13 Pareto analysis of Total Estimated Effort by Reason Category and
Change Types — Project Release A

4.3.3.2 Change Origin and Change Types

Cross analysis between the two elements of the classification, such as Change
Origin and Change Types against total number of requirements change is illustrated
in Figure 4.13.

This Pareto chart indicates the top four Change Origins are “Detailed design
analysis™, “Design review”, “Project management”, and “Marketing group”. It also
shows that most of the additional requirements (add) originate from those four

activities/groups. Modifications to existing requirements (mod) mostly originate from
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“Detailed design analysis® and “Technical team discussion”, while the largest
number of deleted requirements is resulted from “Design review” activities.

Other sources of requirements change, such as “Defect report” or “Engineering
analysis”, are also as important as the top four sources. The organisation (GDS) can
use this information to reassess their supporting software process, particularly when
a large number of requirements changes are generated from the developers” detailed

design analysis.
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Figure 4.14 Total requirements change classified by Change Origin and Change
Types — Project Release A

4.3.3.3 Reason Category and Change Types

The next example, a mapping between Reason Category and Change Types
provides an insight into the most significant reasons for requirements to be changed
during the development of software project. This mapping is illustrated in Figure
4.15, which shows the highest to the lowest number of requirements changes

according to the reasons for change.
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Figure 4.15 Total requirements change classified by Reason Category and Change
Types — Project Release A

As shown in Figure 4.15, the top reason for requirements change, particularly for
requirement additions is “Functionality enhancement” requests. This reason is indeed
aligned with the objectives of Project Release A, which are maintaining
functionality and enhancing software applications interoperability with new
emerging technologies, such as .NET and the Java-based component environment.
The other reasons for changing requirements are: “Product strategy”, “Design
improvement”, “Defects fix”, and the influence of third-party software.

Both Figure 4.14 and Figure 4.15 presented in this section demonstrate a brief
analysis of requirements change using the classification attributes. It provides timely
information about the sources of requirements change and their reasons. This
information leads to further assessment of improvement opportunities to anticipate
requirements change in future software development projects at GDS.

The next sections present more detailed insights from using the classification to

generate detailed information on the requirements change, for instance, the reason for
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change and the change types that occurred at each phase of the development

lifecycle.

4.3.3.4 Requirements Addition and Reason Category

Maintaining functionality and improving capability of the product release are part
of the objectives of this release (Project Release A). Aligned with these objectives,
most of the new requirements added in the early phases of the development process
are for the reasons “Functionality enhancement”, “Design improvement”, and other
reasons, such as “Performance enhancement”, “Missing requirements”, “Defect fix”.
The late additions (Jul02-Sep02) are mostly required to address functionality
upgrades (migration issues), changes to screen capabilities, product packaging and
installation media, and improvement of web server environment deficiencies. The

detailed reasons for adding new requirements are illustrated in Figure 4.16.
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Figure 4.16 Requirements Addition by Reason Category — Project Release A
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Additions of new requirements for “Design improvement” (May02, Aug02, and
Sep02) were aimed at improving the product application design to enhance the
product’s interoperability with new emerging technologies and security-related

functionality. Examples of the new requirement statements are:

‘Application Dev Security shall provide the capability to restrict

unauthorised users from creating and maintaining SQL Scripts’

‘The ASP Generator in the release XXC Tools software shall contain support

Jor Line and Box drawing functionadlity......".

“Product strategy” is another reason for adding new requirements (or a new
feature), which is related to the software release media packaging. This addition has
no impact on the project schedule since it was included in the planned schedule

earlier. An example of this new requirement is as follows:

“Release_A application developer release media shall be CD ROM”.

At the end of integration testing (October 2002), new requirements were added to
address the requirements issues related to product branding, licensing, and
packaging. The changed packaging and licensing was required to combine the two
applications (Dev and Bld) packaging styles to simplify the license for the products.

The requirements are:

“Application Dev CD shall be a keyless (concurrent) version”

“Application Dev and Bld shall not require a license key to install”

As the new functionality developed in this release had emerged from the
functionality provided in the previous release, defects were discovered and reported
by the users of the previous release. Fixing defects to improve the current release
capabilities led to additional new requirements, which were intended to address
specification deficiencies during migration from the previous releases, and to

improve error handling options. The new requirement is as follows:
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“The '‘PrmyHstCldDwn’ option shall be removed from the list of valid error-
handling options of the transmission mode type ABW for RDB in the...”

The interdependency of the software project with third-party hardware or
software vendors also contributes to requirements change. A requirement was added
to address the continued support of the third-party software. This requirement was
necessary since this release has to continue supporting the UNIX opérating system.

The new requirement is “Release_A shall be supported on Unixware.....".

4.3.3.5 Requirements Deletion and Reason Category

The main reasons for requirements deletion during the development lifecycle
were related to “Obsolete functionality”, “Redundant functionality”, “Scope
reduction”, and “Requirements redundancy”.

As shown in Figure 4.17, the deletions of redundant requirements and obsolete or
redundant functionality were detected early in the development phase. This early
detection is useful for the organisation in avoiding rework in the later phases of the
development process. Besides those reasons mentioned above, reducing the scope of
the work or removing a lower-priority sub-feature due to lack of resources has also

led to removing some existing requirements.
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Figure 4.17 Requirements Deletion by Reason Category - Project Release A

Other reasons, such as “Resolving conflicts”, were intended to remove an existing
requirement from this release that triggered functionality conflicts. This action
indicates that the development team at GDS did not want to take the risk of keeping
this requirement, which could trigger conflicts between two sub-functionalities.

The dependency of this release on “third-party software or hardware” also
contributes to requirements deletions. An example of this deletion was removing a
requirement relating to the third-party software (Oracle) because this party was not
available to support the application being developed for a particular operating
system.

Although most requirement deletions occurred in the early phases of the
development lifecycle, requirements were still being deleted in the later phases due
to “Erroneous requirement” and “Functionality enhancement”. The former was
related to a requirement that was wrongly included in one of the software platforms,
while the latter was intended to improve the consistency between two application

environments of Listbox Data File handling.
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4.3.3.6 Requirements Modifications and Reason Categories

Requirements are modified during software development for various reasons. A
modification is referred to as rewording a requirement statement by adding,
removing, or replacing words in the requirement statement that may or may not
change the meaning of the requirement itself.

Most of the requirements modifications in this release were related to
“Functionality enhancement”, “Resolving conflicts”, and “Clarifying requirements”.
These modifications mainly derived from functional and design specification
changes that occurred during May02 and June02 (see Figure 4.18). They are, for
examples, rewording requirements to address the functional specification changes in
a data transfer mechanism, rewording requirements to include all the screen from all
host runtime systems that can be accessed in ‘GIW”, and to improve the integration
of ‘Listhox Data File Handling’ within two application environments (either ‘WDP’
or ‘WebServer’). All these modifications indicate the enhancement of the product

specifications to maintain their capabilities.
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Figure 4.18 Requirements Modifications by Reason Category - Project Release A
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An example is resolving functionality conflicts that exist in the functional
specification when a unique version identifier (GUID) for graphical presentation is
used, instead of a date-time comparison for the graphical presentation format. This
functionality can lead to the circumstances where the software will not operate as the

user would want it to. An example of this modification is as follows:

“The CS Implementation shall provide the capability to compare the current
graphical presentation version-information on the local workstation against
the latest-generated-screen-in-the-host-runtime deployed version on the Web

Server or distribution master when a Web Server is not used to deployed the

client interface files"

It seems that this modification captured more detailed information (the
underlined portion) that improved the clarity of the requirements as well as removing
the ambiguity of the requirement.

Rewording a requirement’s text may or may not change the meaning of the
requirement itself. For instance, as a result of feature proposal reviews, some
requirements had to be modified to remove specific words in the requirements text

‘that were not within the scope of this release. The following example presents a
modified requirement text to remove a reference to “Unix”, which was not included

" in this release:

“Application Release A shall support read/write access of the generated
application databases on 2200 and Windows end-Unix platform from Dev

test”

The following modified requirement is intended to amend the clarity of a
requirement without changing its whole meaning. This modification originated from
the Marketing group. The requirement was modified by adding ‘multiple’ to the
_requirement text:

“Application Release_A must be able to take advantage of the mpc

architecture by .......that on multiple commodity 4-x and 8-x servers”
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Another example of modification requests resulting from design improvement
initiatives was a modification of requirement text to reduce its complexity. The
software developers at GDS claimed that this functionality simplification required

less effort to implement. The modified requirement is as follows:

“dpplication Dev shall be enhanced to include the GIW functionality such
that each text object can be defined as a multi-line display with-shifi-enter

“Product strategy” refers to changes that are concerned with product packaging,
installation or licensing. The following is an example of a modified requirement for
this reason, which was requested by the Marketing Group to include “Business
Integrator” software in this product release. The requirement is modified as follows

(“Business Integrator” added):

“CTs CD-ROM set shall contain installation software and the following

components: CE; CE Viewer; ASP Generator; .....; Business Integrator and

all the documentation for these components.”’

4.3.4 Phase_2: Additional Findings on the Change
‘Control Process and the CR Form

In parallel ‘v\;ith the quantitative analysis of requirements volatility conducted
during the Phase 2 — Change Analysis 1 activity, the researcher also examined the
Change Control Process (CCP) document that is used by GDS. The following are
various challenges encountered during this phase:

1. Most of the proposed CR forms have insufficient information to be used for
analysing the importance of thekproposed changes. Essential information such as
rationales behind the proposed CR and work products impacted by the change are
very important information during CR evaluation and approval. Although the CR

template form provides these essential fields, they are not mandatory.
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2. Although the CR template form provides fields to record the change impact
analysis, most of the downstream impacts of requirements change were not
captured and recorded in the submitted CR forms. No formal change impact

analysis was performed, and no impact analysis guidelines were available.

In order to overcome this difficulty, the researcher had to elicit the missing
. information through direct communication with the person who submitted the change
request (henceforth called the Initiator), asking questions, such as: What is the
- change request about? Why do you need this change? How many work products are
impacted by the proposed change? During these informal discussions, the researcher
took notes or wrote a memo (summary) of the discussion immediately after the

meeting.

4.3.5 Phase_2: Summary

During this phase, CR documents were inspected and analysed, and requirements
volatility rates were calculated and presented in graphical views. In further analysis,
a classification of requirements changes was developed and used to characterise
requirements volatility issues in depth. In addition, the GDS change control process
(CCP) and CR form documents were also inspected.

The additional findings on the CCP and CR documents led the researcher to
conduct the activity of Phase_4, which is a detailed assessment of the CCP
documents and GDS participants’ survey on the process. Findings for Phase 4
activities are presented in Chapter 5. |

The classification of requirements change consists of three components. One of
- the components, Reason category had to be defined carefully because not all the
written CR forms explicitly stated the rationale for the proposed change, while other
components such as Change fypes and Change origin were easily identified. This is a
problem faced by the researcher in identifying patterns in the reasons for
requirements change. In this phase, the researcher defined the Reason category
attributes based on the researcher’s understanding of information stated in the CR
forms and also by gathering more detailed information from the project manager and

the person who submitted the CR. Therefore, in order to validate and triangulate this
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preliminary classification, the researcher conducted card sorting exercises with the
GDS staff. This technique enabled us to gain insights into the way software

developers or project managers classified change requests. Detailed explanations of

the card sorting exercise are given in Section 4.4.

4.4 Phase_3: Validation of the Classification

This section describes research activity Phase_3 (as illustrated in Figure 4.1),
which is aimed at verifying and validating the classification of requirements changes
generated from Phase_2, particularly the ‘Reason category’ attributes. Since the
preliminary classification (RC-1) in Phase 2 was mainly based on the researcher’s
understanding and assumptions, it had to be validated in order to ensure the accuracy
of the interpretation of CR data.

The card sorting technique was used as a data collection method to gather
information about the requirements change classification from the software
developers’ perspective at GDS. Face to face interviews during the card sort
- exercises were also employed. GDS’s software engineers and change request
documents were the main sources of evidence used in this phase.

This section also describes in detail the process and procedures of conducting the
card sort exercises as well as the analysis of the card sort data. Findings from

Phase_2 activities are then presented.

4.4.1 Phase 3: Card Sorts Overview

Although it is a simple technique for knowledge elicitation, the card sort is an
~established method and has been widely used in various fields such as psychology,
knowledge engineering, software engineering, and website design. In the field of
requirements engineering, card sorting is described as one of the effective methods
for eliciting requirements (Maiden and Rugg, 1996).

Card sort exercises typically consist of the researcher creating approximately 60
index cards (3” x 57), on which a description of domain entities is printed. The

participants in the card sort arrange the cards into groups or categories, and explain
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the criteria they use for sorting and the names they assign to groups (Palmer et al.,
1988, Maiden and Hare, 1998, Upchurch et al., 2001).

It has been demonstrated that card sort exercises have many positive aspects that
make them a useful elicitation tool, such as (Rugg and McGeorge, 1997):

1. the card sort technique can be used to investigate respondent’s recall knowledge

of the domain entity;

2. this technique is useful to distinguish between high- and low-level problems;

3. within card sort sessions, it offers more insights into the target population’s views

of the topic;
4. card sort results provide an input to be used for further analysis or classification;

5. card sort exercises can be done relatively quickly, at minimal cost, and are

flexible and easy for the researcher to handle

In general, most researchers have suggested that the card sort method is an
excellent approach to help develop classifications and that it delivers the

classifications that people actually use.

4.4.2 Phase_3: Data Collection and Analysis
Framework

Card sort and interview techniques were used as data collection methods in this
phase. The card sort exercises were conducted at GDS with GDS’s
managers/software developers as participants. The interviews were carried out at the
end of the card sort sessions using open-ended questions, and the interviews were
recorded on an audio tape recorder and transcribed for a further analysis.

The main source of evidence used in this activity was the change request
documents, in which the context of each change request was summarised. As the
card sort sessions were completed, the data were analysed using card sort data
analysis, while the interview data were transcribed and analysed using content

analysis.
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Figure 4.19 Phase 3: The validation process

The process steps involved in this phase are illustrated in Figure 4.19, in which at
the end of the activity, the software developers’ classification of requirements change
requests was constructed. This classification is later used to improve the preliminary
classification of requirements changes constructed in Phase 2. Findings of the card
sort sessions have also been published in a major international conference®

(Nurmuliani et al., 2004b) to gain feedback from the relevant experts.

4.4.3 Card Sort Setting and Participants

Prior to the card sort exercises, verbal permission was obtained from GDS
management to involve their staff. The management then selected 12 out of 20 senior
software developers in the organisation. The management sent a notification letter to
all selected participants requesting their contribution to the study. The software
developers were contacted to introduce the goals of the study, and sought their
commitment to the project. Only two engineers could not participate because they

were on leave.

¥ The 12™ IEEE International Requirements Engineering Conference
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Thus, a total of 10 senior software developers agreed to participate in the card
sorting exercises, which were scheduled during a one-week period and the time slot
for each participant was arranged according to the participant’s availability. These
participants represented various functional areas in GDS, such as senior manager,
project manager, management lead, systems architect, and technical lead. They have

also acted as Initiator, Reviewer/Approver, Implementer, or Verifier of CR.

4.4.3.1 Card Sort Materials

Before the actual card sort exercises commenced, a list of candidate entities was
prepared, i.e. requirements change problems. The entities were extracted from the
change request database. The preparation stage was the most challenging and time
consuming. A brief description of each change request was extracted from the
change request forms, as illustrated in Figure 4.20.

As a result of the initial preparation, a set of 52 cards were produced and each
card contained a brief description of a requirement change. These cards represent
actual requirements change requests submitted to the GDS projects. The description
includes the type of changes, the rationale or reasons for a requested change, and
change activities involved. The description of each item was printed on a 3 x 57
card. All the cards are the same size and each is numbered with a unique randomly

generated number.
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Figure 4.20 An example of the Cards
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4.4.3.2 Card Sort Procedures

The card sort exercise was conducted as a one-on-one session with each
participant. Since the software developers have very limited time available within
their tight daily schedules, the exercise only involved ‘single-criterion sorts’, i.e.
sorting the same set of cards, using a single criterion, which is reason for change.

The card sort proceeded in the following five steps:

1. At the beginning of the exercise, a brief explanation of the sorting exercise, and
verbal instructions were given to the participant. The main purpose of the sorting

was to classify the change requests related to changing requirements.

2. The participant was given the cards. Before the sort began, the participant was
given time to read through all the cards to familiarise himself with the contents of

cards.

3. The participant was instructed to sort the cards into groups of similarity
according to his own single criteria. The cards were placed on the table and
arranged into groups or piles. The participant was free to form as many groups of

cards as they felt necessary,

4. After the sorting was completed, the participants’ chosen criteria and categories
were recorded. The unique number of each card was used to record which cards
were placed in which categories. Each participant was also given a pad of blank
Post-It stickers to write a label or the name of each of the categories. An example

of a participant’s set of cards is illustrated in Figure 4.21.

5. At the end of the sorting exercise, a set of questions (see Appendix D) was
administered to obtain further information about the participants and their views
on classification and the card sorting method. The interview was recorded on

audiotape and transcribed.
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4.4.3.3 Card Sort Analysis

Since the purpose of this activity was to establish the way managers/software
developers categorise requirements change requests and to gather more information
about the kinds of classification they produce, the analysis is primarily qualitative.
Since a small sample of participants was involved in this exercise, statistical analysis
was not appropriate. The card sort data was analysed in terms of: [lists of the
participants’ criteria, number of categories, lists of named categories, and the
agreement between the participants on their categories.

Content analysis was used to assess the agreement between respondent’s
classifications. There are two forms of agreement, verbatim and gist. Verbatim
agreement takes place when different participants use exactly the same words. Gist
agreement takes place when different participants use different words for the same
ultimate meaning (Rugg and McGeorge, 1997). For gist agreement, independent
Jjudges (two other members of the Requirements Engineering Research Group at
UTS) were asked to identify which criteria and categories are forms of gist
agreement.

In addition to the content analysis, since this card sort is an open sort (no
predetermined categories were used), the respondents’ categories need to be

standardised in order to effectively analyse the strength of a category.
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Furthermore, the transcripts of the interviews with the participants were analysed
to gather more information about the participants’ perspective on the requirements

change classification and the Card Sort technique.

4.4.4 Phase 3: Card Sort Findings

4.4.4.1 Criteria and Categories generated by the participants

Each participant completed the Card Sort exercise, in which each took an average
of 40 minutes, though some took 60 minutes. The average number of categories
given by each participant was 6.6 with the minimum number of categories 4 and the
maximum number 10 (see Appendix E for the detailed results).

As a result of the Card Sort analysis, the criteria used by the SE practitioners
include: reason for change, general changes, schedule impacted, and the magnitude
of effort involved. The most common criterion, used by 60% of the participants was

‘Reason for changing requirements’ (see Figure 4.22).
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Figure 4.22 Criteria generated by the participants at GDS

A total of 66 categories were generated from the 10 participants’ sorts. The
distribution of each participant’s categories and criteria, which shows that each
participant has different number of categories constructed, is presented in Figure

4.23.
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Figure 4.23 The distribution of categories according to the sorting criteria

(Note: SM=se¢nior manager, PM=project manager, MI.=management lead, and Eng=software engineer)

One interesting finding is that the two management leads used the same criteria
to sort the cards and produced the same number of categories. However, they named
their categories differently. Figure 4.23 also shows that only one participant (a
software engineer), used “the magnitude of effort involved” as a sorting criterion,
while the rest of the participants used “reason for change”. The number of categories
varied across the different participants. The following bullet points present findings
from those criteria.

e Categories and Criteria: Reason for changes and General changes

The following findings represent the card sort results from the participants who
used the criteria of “reason for change” and “general changes”. Since the Card Sort
exercise we conducted at GDS is an open-sort type and no predetermined categories
were used, the participants’ categories are standardised by converting their raw
categories into a higher-level abstraction. In this initial analysis of the cards, the
agreement between the participants is assessed. Once the verbatim and gist
agreement has been analysed, the raw categories are grouped into “superordinate
constructs” (higher-level constructs), in which each construct was given a name that

represents the identified categories. For instance, “software environment-related to
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interoperation with COTS” and “external influences/customer/third-party software”
can be grouped into the superordinated construct of “third-party hardware/software
changes”.

' Table 4.4 shows the superordinate constructs identified in this case study. It
presents the number of raw categories, which represent the number of participants
who generated the construct. A superordinate construct with a high number of raw
éategories (e.g. “Design improvement””) may indicate clear agreement amongst the
participants on the name of the category where a group of the cards belongs, whereas
a low number (e.g. “Missed requirements™) indicates the categories that few agree
on.

The least elicited categories are the last five constructs, which are unique
categories. These categories do not easily fit into any of the superordinate constructs
defined above. Although these unique categories indicate that the participants have
widely different opinion on the content of the categories, they are equally as
important as the others when used to validate the preliminary requirements change
classification.

- The card sort findings may be used to investigate the placements of individual
cards, categories, or defined group of categories. In this study, the focus of the card
~ sort was mainly to identify the participants’ categories.

. Categories and Criteria: The magnitude of effort involved and Schedule
impact
- There were two participants who used two different criteria in the card sorts, e.g.
‘tfze magnitude of effort involved' and ‘schedule impact’. These two participants
produced significantly different categories. The first participant (Eng) used a
criterion of ‘the magnitude of effort involved’ to group the cards into four categories:

1. “High Effort” — functionality changes in known complex area.

2. “Medium Effort” — requirements changes that have reasonable impacts on

development effort.
3. “Low Effort” — minor changes to requirements or functionality.

4. “No Effort” — rewording requirements statement.
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Table 4.4 Number of Categories Elicited in Superordinate Construct Groups

Total raw
Superordinate construct Examples of raw categories categories
elicited
Design improvement o Requirements change to match design 8
o Requirements change due to increased
knowledge and further designs experience gained
o Low-level design changes
o Detailed design discovery
o Top-level design changes
Third-party hardware/software | o Changes in external software 8
change o Changes to the consistency of
configuration/platform-supported
hardware/software
o External influence/Customer/third-party software
o  Hardware/software environment changes or
conformance to industry trends
o Changes related to interoperation with COTS
Scope reduction o Management consideration on budget/schedule 6
issues
o Resources and technical reason (functionality not
needed)
o  Eliminating requirements deemed to be of low or
no value to customers
o Requirements may affect commitments schedule
o Resources availability
Installation/Branding/Packaging | o  Changes related to the physical form in which the 5
changes (Product Strategy) product is delivered
o Packaging/branding
o Product marketing or packaging/branding or
licensing
Clarification o Requirements clarification 5
o Rewording requirements to eliminate chances of
misinterpreting requirements
Functionality enhancement o Migration-related to maintaining/ managing 4
functionality as the product is released at known
versions
o Functionality changed (upgrade)
Redundant requirements o Resolving requirement overlaps or redundancy 3
o Rewording/removing duplicates or redundant
requirements
Missed requirements o Missing requirements — identified via traceability 3
o Missed requirements that were not captured at
the beginning of the product definition
Testability o Modification of requirement due to test 3
scenario/test specification changes
o Modification to increase test coverage or ensure
that test correctly address requirements
Wrong requirements 1
Unnecessary Requirements 1
capture
Architectural incompleteness 1
Bug fix 1
Incomplete requirements 1
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The second participant (PM2), categorised the cards into five categories based on

‘schedule impact’. His categories are:

1. New requirements with high impact on schedule,
New requirements with low impact on schedule,
Modified requirements with significant impact on schedule,

Modified requirements with no impact on schedule,

I

Removal of requirements that have no impact on schedule (i.e. less work).

Thus, this participant was mostly concerned about the impact on project schedule
of adding new requirements or modifying existing requirements.

Based on the card sort findings, the superordinate constructs identified and
presented in the Table 4.4 are valuable information for the validation of the
preliminary classification of requirements change and for constructing a future
classification. Besides the findings described earlier, the recorded interview data
were transcribed, analysed, and the summary of the interview is presented in this

section.

4.4.4.2 Verification of the Preliminary Classification

Based on the card sort findings, it appears that GDS participants’ classification
produced more or less similar categories as the “Reason Category” within the
preliminary classification. Although there are differences in a few categories between
the two classifications, such as, “Obsolete functionality, “Redundant functionality”,

~ “Resolving conflict”, and “Testability”, the majority of the categories are similar.
The most elicited categories from GDS participants’ classification and the reason
category from the preliminary classification are listed in Table 4.5. In terms of
‘Reason Category’, these two classification attributes are the valuable sources of

information to be used for further analysis of requirements change.
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Table 4.5 The Reason Category attributes from two classifications

Reason Category Preliminary Classification GDS’s classification

Third-party software/tool
influence

Clarifying Requirement

Defects Fix

Design Improvement

Erroneous Requirements
Functionality enhancement
Missing requirements

Obsolete Functionality

Product Strategy
(Installation/Branding/Packaging)
Redundant Functionality
Requirements Redundancy
Resolving Conflict

Scope change

Testability °

4.4.4.3 The Participants’ Feedback on the Card Sort

At the end of each card sort exercise, the participant was asked to give his or her
opinion about the requirements change classification scheme and the card sorting
technique. The full questionnaire is presented in Appendix F

The majority of participants responded very positively to the card sort exercise.
They viewed a card sort as a good technique for grouping the cards that represent the
requirements change requests quickly. The following comments reflect their positive

reaction:

“...1It is good and forces you to make decision”
“...It not only forces you to make decision, it also gives you an ability to
make decision”

"It is a useful technique because you can separate or sort them (requirements

change requests) easily”
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Another participant explained that the card sort is useful “for me to start thinking

about categories”. He continued to say “It forces me to put cards into some sort of

categories that I never thought of before”.

Regarding the classification of requirements change requests, the majority of

participants considered that the change classification may provide substantial

benefits in improving their current change process and in the way they analyse

changes.

4.4.4.4 Benefits of Change Classification

The following lists the benefits of the change classification (in general) extracted

from the participants’ interviews:

L
2.
3.

The classification could be used as a means of controlling and managing changes.
It can help in assessing the impact of requirements change in a reliable way.

It can promote a common understanding within the software development team

of what the changes actually mean.

It can be used to identify risk associated with each change request or the group of

changes.

It can help in determining the change acceptability (i.e. reject or approve
changes), hence supporting crucial decision making throughout the software

development lifecycle (project manager and system architect).

The categories and the subsequent constructs could be used to develop a multi
dimensional matrix of all change requests. “The particularly useful dimensions
for more effective decision making are schedule, effort and reasons for changes”,
said one of the project managers, PMI. He further commented that the matrix
could be populated with all the requirements change requests after categorisation
had been performed. For example, when project managers need to schedule
change implementation, they could consult the matrix to identify the effort,

schedule and the reasons for each change request for their assessment (PM1).
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4.4.5 Phase_3: Summary

The card sort technique has been applied to validate the preliminary classification
attributes developed earlier in the Phase_2. A set of participants’ categories and
criteria on requirements change classification has been identified. This classification

~was also used to verify and improve the preliminary classification developed earlier.

The card sort exercises have been successfully conducted in a real-life software

.' industry environment. The findings generated from the card sort data are interesting
and provide insights into the way software practitioners classify requirements change
requests. These results also revealed that the criteria used by the participants to
classify change requests were likely associated with the practitioner’s role in the

organisation.

4.5 Summary

This chapter has covered the empirical findings from the first three phases of the
research activities (Phase_I, Phase_2, and Phase_3). Different data collection
-~ methods, sources of evidence, and analysis methods were applied to address the
~ objectives of each phase (see Figure 4.1). The detailed process of each phase to meet
the objectives is described and the findings of each phase are also discussed.

Phase_1 is the preliminary research activities conducted to learn about the
organisation structure and processes used in managing software requirements. The
GDS organisation was chosen because it met the criteria for a case study site
considered in this thesis to investigate the problems of requirements volatility during
software development lifecycle.

Phase_1 activity was followed by Phase_2 which describes change request
analysis activities. A classification technique was used to analyse each change
request and a preliminary classification of requirements changes was constructed.
This classification, with its three main elements (Change Types, Reasons Category,
and Change Origin), has proved to be a strategic tool to characterise the nature of

~ requirements volatility.
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The rates of requirements volatility throughout the development lifecycle were
measured and represented in graphical forms. This measurement and analysis
approach was found useful to improve our understanding of requirements volatility
problems. The classification developed in Phase__? was also used to assess the
amount of effort required to implement each change. Findings from this assessment
provide valuable information for effort estimation purposes. However, because the
-source of effort data is the ‘estimated’ effort data as identified in the CR form, a
more accurate analysis would benefit from having actual effort.

Phase_3 is the research activity to elicit the perspective of GDS software
-engineers. This activity was aimed at validating the classification constructed in
Phase_2. The card sort technique was chosen to address the Phase_2 objectives
because it is a simple technique that can be used to investigate GDS software
engineers’ recall knowledge of requirements change issues. The results of the card
sorting activities represent the perspectives of GDS software engineers. These results

have been used to refine the preliminary classification developed in Phase 2.
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Chapter S:  Case Study Findings -
Part 2

5.1 Introduction

This chapter presents empirical findings that resulted from the last three phases
of research activities carried out at GDS. As highlighted in Figure 5.1, the phases are
Phase_4 — Change process assessment, Phase_5 — Change analysis 2, and Phase_6
— Evaluation of a new change process. Various data collection methods, sources of
evidence, and analysis techniques were applied across the three phases. This chapter
is organised as follows:

e Section 5.2 describes the assessments of the existing change control process and
pre-survey on the process conducted at GDS (Phase_4)
e In Section 5.3 empirical findings of requirements volatility study from Project

Release B data are presented (Phase_5)

e In Section 5.4 the evaluation of a new change control process is described

(Phase_6)

e Section 5.5 provides a summary of this chapter
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Figure 5.1 The last three phases of research activities

5.2 Phase 4: Change Process Assessment

This section presents the findings of Phase 4 (Change Process Assessment)
activities. As illustrated in Figure 5.1, this phase is a follow up to the activity carried
out during Phase 2. The objective of Phase 4 is to further analyse the existing
Change Control Process (CCP) documents and to investigate the usage of the CCP
and its accompanying Change Request (CR) form in the context of the users’
perspectives (GDS change participants). This activity addresses the following
research questions:

[RO3b] What strategies does the organisation use to manage requirements

volatility in practice?

[RO3c] What are the current limitations of these strategies?

In this section, data collection methods and sources of evidence used to achieve

the objectives are described. The overview of the Change Control Process (CCP),
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limitations of the process and its usage based on the change participants’

perspectives are also presented.

5.2.1 Phase_4: Data Collection and Analysis
Methods

Data gathering in this phase was accomplished using document inspections and a
survey technique. Extensive inspections of the CCP document and the CR form were
initially conducted during the activities of Phase_2 and continued during this phase.
In addition, a survey technique with a structured questionnaire was used to collect
GDS participants’ perspectives or opinions about the current Change Control Process
(CCP) and the Change Request (CR) form. The survey includes a set of questions,
which were reviewed and refined through several iterations before administering to
the participants. A pilot of the survey questionnaire was conducted at the
Requirements Engineering Research Laboratory of UTS, Faculty of IT. Four
colleagues of the researcher participated in this pilot. The questionnaire for this
survey is included in Appendix G.

The participants of this survey are GDS employees who have been involved in
processing change requests. The change participants are the Initiator,
Reviewers/Approvers, Implementers, and Verifiers of the change requests. Their
names were collected from the change request records. This pre-survey was
conducted prior to rolling out of the new CCP and CR form. The following describes
the steps for conducting this survey:

e Step 1: A list of the participants’ names was collected from the CR documents
submitted to the project repository and 50 staff were selected as the survey
participants. However, after a careful assessment and discussion with the
management, five staff were not available at the time this survey was conducted.
They have either left the organisation, were on leave, or were on overseas duty.
As a result, the total number of participants for this pre-survey was 45

respondents.
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e Step 2: An invitation letter with the pre-survey questionnaire was emailed to all
participants through the project manager. This pre-survey was conducted in a
four week period, from April 2004 to May 2004,

e Step 3: A reminder was sent to the participants in the third week after the
questionnaire has been distributed.

e Step 4: Completed questionnaires were collected both via email and in person
within the survey time frame.

e Step 5: At the end of the time frame, information from the completed

questionnaires was recorded and analysed by the researcher.

5.2.2 Phase 4: Findings on the Assessment of
Change Process Documents

In the beginning of Phase 4, several discussions were initiated with GDS’s
project manager of Project Release_A about the implementation of the existing CCP
and CR form. Besides the document inspections, the researcher also observed the
way the project manager tracks and monitors the progress of proposed/approved
change requests. Details of the observations and inspections are described in this

section.

5.2.2.1 Change Control Process

The CCP is the centre of change management scheme, which supports GDS in
- controlling changes to the project deliverables during development process. The CR
form, as part of the CCP, is used as a medium to report problems or requests for
changes to project deliverables that are placed under configuration management. The
. CR form is a MS Word-based form and is submitted electronically to the project
database. The project manager is responsible for facilitating change requests
submitted to the project.

Based on the CCP documents inspected, there were three types of changes

covered by this process. They are as follows:
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1. Changes to project deliverables and milestones, for examples changes to
requirements specification, functional specifications, and project plans or
milestones. Any changes to these documents are communicated through a CR

form.

2. 