Software Requirements Change Taxonomy: Evaluation by Case Study
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Abstract—

Although a number of requirements change classifications have been proposed in the
Iiterature,/there is no empirical assessment of their practical value in terms of their capacity
to inform change monitoring and management.
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This paper describes an investigation of the informative efficacy of a taxonomy of

‘organisation’, ‘project vision’, (specification’ and ‘solution’.
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requirements change sourcesEvhich distinguishes between changes arising from ‘market’j

This investigation was effected through a case study/where change data was recorded over
a 16 month period covering the development lifecycle of a government sector software
application.
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While insufficiency of data precluded an investigation of changes arising due to the change
source of ‘market’, for the remainder of the change sources, results indicate a significant
difference in cost, value to the customer and management considerations.
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Findings show that/higher cost and value changes arose more often from ‘organisation’ and
‘vision’ sources;
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these changes also{generally involved the co-operation of more stakeholder groupg and
were considered to be less controllable than changes arising from the ‘specification’ or
[solution‘ sources. J
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Overall, the results suggest that/monitoring and measuring change using this classification
is a practical means to support change management, understanding and risk visibility.
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I. INTRODUCTION
Software requirements continue to evolve/during software development and maintenance,
and the associated risk to cost, project schedule and quality appeals to the need for
increased understanding of the phenomena.
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The case-study introduced here is the second in a family of collaborative empirical initiatives,
each of which addresses objectives related to the ultimate goal of requirements change
anticipation.
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Requirements changes can vary greatly in terms of their cost and value;
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the metric ‘requirements changes = 2’ which results from the addition of one change costing



£100 to a second change at a cost of £1000 is not that informative.
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The first step, therefore, is to establish a means by which a change can be classified and
measured.
2T, BRYDATYI T, EEEDELTAETAENTEOFREMILTH_ETHD.

A system of classification intended for the purpose of change measurement and monitoring
should be practical and easy to apply to changes/ as well as reflective of cost and and/or
value.
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A previous study [1] addressed the observation that/existing classifications were incomplete,
or difficult to use, and Established standardized constructs/to represent the reason or cause]
of the requirements change.
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The study used the expert knowledge of experienced project managers to consolidate and
classify 73 change source constructs elicited from the literature.
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Using individual card sorting and workshops, a classification of change sources was derived
comprising the five change domains illustrated in table 1.
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In addition, an important distinction was made between constructs relating to a situation
such as ‘insufficient stakeholder involvement’ and those relating to an event such as
‘business process change’.
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A full taxonomy relating the domains in table 1 to uncertainties (situational constructs) and
triggers (event constructs) can be found in the appendix.
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With the initial focus on software development, the taxonomy was extended to include the
maintenance phase of a project [2].
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However, the informative or explanatory value of categorizing requirements change in this
way, or any other, has not been determined.
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The academic objective of the case study introduced here is to provide an empirically
founded evaluation of the potential of the requirements change source taxonomy to provide
a meaningful and practical means of change classification and measurement.
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At the same time there is an immediate business objective to improve visibility and
understanding of requirements change.
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Effort was therefore required to clearly identify research questions and define mutually
expedient case study data.
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The following research questions are addressed:
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Across change domains, is there a significant difference in:
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1) Change cost;
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2) Change value;
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3) Proportion of opportunity vs. defect related change;
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4) The activities during which changes are found;
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5) The number of stakeholders involved; and
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6) The level of project management control?
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With our industrial partner, the Goal Question Metric (GQM) approach [3] was largely
adhered to in order to firstly articulate these questions and secondly identify case study
data.
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Past change data were used as the basis of discussion, and this was supported by UML
modeling of project processes and work products/which enabled the identification of the
possible values of the variables under study.
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The project under investigation designed and delivered a solution within the government
sector, lasting 16 months having a total cost of 4222 days effort.
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Overall 282 changes were recorded at a total cost of 2405.5 days effort.
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This paper is organized as follows.
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Following a review of related research in section 2, the design of the case study, including
variable selection and data collection protocol is presented in section 3.
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Section 4 introduces the results and these are discussed alongside the limitations of the
study in section 5.
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Section 6 concludes and outlines the future direction of this work.
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CHANGE DOMAIN DESCRIPTION

Market Differing needs of many customers, government regulations.
Customer Changing strategic direction of a single customer, customer
Organisation organisation considerations, political climate.

Project Vision Change to the problem to be solved, product direction and

priorities, stakeholder involvement, process change.

Requirements Change to the specification of the requirements of the established
Specification problem, resolution of ambiguity, inconsistency, increased

understanding.

Solution Change accommodating new technical requirements, design

improvement, solution elegance.

. RELATED WORK
As far as the authors are aware, there is no existing study that uses an empirical basis for

the evaluation of requirements change classifications.
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(The reader is referred to to [1] for details of the associated literature review).
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This is substantiated in a comprehensive literature review of change based studies
undertaken by Banested [4].
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In this review, three primary objectives for empirical studies of requirements change are
identified, among them the characterization of evolution.
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A number of classifications have been proposed, focused upon software development,
maintenance, or both, which often have the intention of meeting different objectives.
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A traditional classification of change during software development includes the categories
add, modify and delete.
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This has been used in the prediction of requirements change [5]/as the measure of the
health of a project [6] [7],/and to support process technique selection [14].
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Much empirical and theoretical work focused upon software maintenance re-uses or builds
upon Swanson’s classification [18] which includes corrective, adaptive and perfective
changes.
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Chapin et al. [19] provide a thorough review of literature referring to maintenance change
types, and propose a new classification which focuses upon the type of change being made.
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Both Kemerer & Slaughter [20] and Heales [21] take a different approach and classify
changes according to what is being changed.
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Alternative empirically derived classifications include that proposed by Harker et al [16], and
Nurmuliani [23].
B DRERBIIZE A NT-2%E(F, Harkers[16]ENurmuliani[23][C&>TIRESNE=EDZET.

While they share the objective of defining a generic classification based upon the reason for
the change, there is little commonality in either change construct or classification.
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Sommerville [17] largely adopts Harkers framework.
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From a different perspective, Nakatani et al [24] consider that different types of requirements
mature at different times in the development process, and recommends the categorization
of groups of requirements according to maturation type.
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The classification under investigation in this study was derived initially from previous
empirically founded change classifications that focused upon software development.
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In so doing, the resulting classification is more exhaustive in terms of change constructs,
and can be regarded as a synergy of earlier work.
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Given its generic nature, it is readily applicable to software development projects and
triggers can be used as a as a pick list when maintaining change data.
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Importantly, like that of Harker et al [16] and Sommerville [17], the ontological distinction is
based upon the source of the change.
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This facilitates causal analysis which supports change review and management and also
may contribute to change anticipation.
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A. Case Study Design

The study|was designed in accordance with the case study guidelines outlined by Runeson
and Host [11] and Wohlin et al [12i|and is a single unit case studﬂ in which the unit of
analysis is the requirements change.
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B. Case Study Context

1) Organisation

Our industrial partner in this research employs 300 staff, has offices in England and Ireland,
an(ﬂjelivers IT solutions to clients across both the public and private sectors:|
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Most of their contracts involve a single customer and/roughly 80% of these relate to
governmental work.
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Of importance to collaborative research, their invoIvemenlEs supported by both upper and
middle managemenE| and reflects their stated initiative to become a centre of project
management excellence.
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2) Project

The project of interest in this study is in the government sector, has an estimated cost in
excess of a million pounds, comprises on average 15 software developers and analysts, and
follows a traditional waterfall lifecycle.
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Beginning in April 2009, the project was completed in August 2010 and data was collected
during the entire development lifecycle.
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Since the software development work was the result of a successful tender, at the
commencement of the project,Ehe requirements made available to the software provider
during that tendering process|became the basis of the initial requirements specification
effort.
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There were four main stakeholder groups involved,/comprising the software provider and
three departments on the customer side.
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C. Data Specification

As well as supporting the needs of the academic objective, the data to be collected will also
replace the company’s existing change control database and be used for project
retrospective analysis.
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The Goal Question Metric Approach defined by Basili [3], was operated initially in a focus
group setting consisting of a researcher and 2 project managers.
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En addition to research questions regarding the cost and value of change (questions 1 and 2£|
the selection of research questions related to management issues (questions 3-6)/reflected
the needs of our industrial partner to understand and thus better manage their changing
requirements.
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|:As well as discovering when change was happening, and whether it represented an
opportunity to add functionality or attend to a defect,|they wanted to determine if a greater
number of involved stakeholders influences the number of changes seen.
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Also, an important issue was whether the change could have been avoided.
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Project management control was understood to meanEWith hind-sight could/should this

change have been discovered earlier’, perhaps by the use of alternative techniques or

additional resources.
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The selection and practical implementation of metrics to answer the research questions was
not straightforward. In the main a pragmatic approach was taken, which often required

compromise between research and practice.



