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Abstract—Background: Originally, developers aimed to identify most software requirements upfront in software development projects.
However, agile methods explicitly encourage software requirements to be changed throughout development, i.e., many Requirements
Changes (RCs) occur. Objective: The objective of this study is to better understand RCs and produce a taxonomy of RCs in agile
contexts. Method: We ran a mixed-methods approach comprising a series of studies: an interview-based study (10 participants from
New Zealand and Australia), a focused literature review, and an in-depth survey (40 participants world-wide). Results: Key
characteristics of RCs in agile we found relate to different types and forms, agile RCs have multiple reasons and sources, they are
brought by different carriers, and their emergence in agile is via a variety of events. Summary: The presented taxonomy provides a
guide for software practitioners to use to help manage RC-related issues in agile contexts.

Index Terms—agile software development, requirements engineering, requirements changes, software engineering, taxonomy

1 INTRODUCTION

The IEEE Standard Glossary of Software Engineering [1]
defines a “requirement” as “(a) a condition or capability needed
by a user to solve a problem or achieve an objective; (b) a condition
or capability that must be met or possessed by a system or system
component to satisfy a contract, standard, specification, or other
formally imposed documents; (c) a documented representation
of a condition or capability as in (a) or (b).” This original
definition of a software requirement has not changed over
time. However, the practical definition of a requirement has
changed with the invention of agile software development
methods — or what we call in this paper “Agile” for short.
Agile encourages emergent requirements and incremental
elicitation of requirements during development. This nat-
urally leads to a great many Requirements Changes (RCs)
throughout development [2], [3]. Agile teams must cope
with many such RCs, which can pose a risk to the cost,
quality, and schedule of the project [4].

There has been limited study of RCs in agile develop-
ment contexts to date. Therefore, we decided to comprehen-
sively study RCs in agile software development projects.
Our aim is to help software teams to gain a better under-
standing of RCs and ultimately to better anticipate, react to,
and handle different RCs during development.

First, we conducted a semi-structured interview based
study! (IBS) to acquire a broad sense of the multi-faceted na-
ture of RCs from an industrial perspective. We interviewed
10 software practitioners (indicated by IP<ID>) from New
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Zealand and Australia who had their current or most recent
projects driven by agile methods. We then used a Grounded
Theory (GT) analysis that identified some key facets (Fn) of
agile project RCs — types (F1), forms (F2), reasons (F3), sources
(F4), carriers (F5), and events (F6).

In order to understand these potential agile RC facets
more thoroughly, we conducted a focused literature review
(FLR) on taxonomies of RCs in Software Engineering. We
found that none of the existing studies have as yet com-
prehensively investigated these RC facets. Prior studies [5],
[4] resulted in an RC taxonomy for software development
based on origination sources, categorised as RCs originating
from market, organization, project vision, specification, and solu-
tion. Nurmuliani et al. [6] presents types of RCs, reasons why
they originate, and sources from which RCs originate as their
key findings. They categorised types of RCs as additions,
deletions, and modifications of requirements. Inpirom and
Prompoon classified RCs according to analysis and design
of software artefacts [7], but these were not applied to
handling RCs during agile software development. Saher et
al. [8] describe RCs in terms of time of change, type, reason, and
origin of RC. However only one study they used actually
focused on agile methods.

To discover more about agile project RCs in practice, we
then ran a detailed practitioner survey?. We obtained results
from 40 software practitioners from Asia (26 participants),
Oceania (9 participants), North America (3 participants),
and Europe (2 participants). We asked them about RCs in
their current or most recent project using agile methods.
We utilised descriptive statistical analysis to analyse the
quantitative data, and GT to analyse the qualitative data
from the survey.

The definition of what is an RC varied from participant
to participant in the IBS. For some, it was the change made

2. Approved by Monash Human Research Ethics Committee. Ap-
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Fig. 1. Mixed-Methods Research Including Semi-Structured Interviews, Focused Literature Review, and In-Depth Survey (IBS: Interview Based
Study, FLR: Focused Literature Review, *Included Questions which are Out of Scope of this Paper)

in the scope of the project. For others, it varied from pri-
oritisation of a change in a user story, minor modifications
to a current requirement, to major changes, such as user
stories moved, changed, deleted, or added. Due to the range
of definitions IBS participants had on RCs, we decided to
adhere to a single definition in our survey. We derived the
following definition of an RC from the IBS and FLR findings
and use it in the rest of this paper:

A Requirements Change (RC) is an addi-
tion/modification/deletion/bug fix/or combination of these
in terms of functional and non-functional requirements
presented in any form such as a user story and a use case.

We used this definition at the beginning of our survey
questionnaire so that participants’” understanding of the
term is in correspondence with our understanding. With
this definition, we also aim to relate our findings closer
to the use of requirements for the development team focus
i.e., software changes made, rather than the customer focus,
which is mostly on value delivered.

This study falls under “mixed-methods research” cate-
gory [9] as we used a sequence of different data collection
and analysis approaches. In this paper, we primarily focus
on results from the practitioner survey, complimented with
key findings from the IBS and FLR. The key contributions
of this research include:

1) Insights from interviews (10 practitioners) and sur-
vey (40 practitioners), all experienced agile based
software practitioners, on how RCs are handled in
real-world agile software projects;

2) A taxonomy of agile project RCs. These include RC
types, forms, reasons, sources, carriers, and events; and

3) A set of practical recommendations for software
practitioners to better handle diverse RCs in team
contexts.

The rest of this paper is structured as follows. Our
detailed mixed-methods study approach including research
questions is given in Section 2, and the end results of the
study are given in Section 3. The key findings are discussed
in Section 4 emphasising the avenues for further research,
and practical recommendations for software practitioners.
Threats to validity of the findings are given in Section 5.
Finally, the paper ends by a Summary given in Section 6.

2 STUuDY DESIGN

We adopted a mixed-methods approach to conduct this
study, outlined in Fig. 1. We conducted an IBS, then an FLR,

TABLE 1
Demographic Data of IBS Participants (XA: Experience in Agile
Methods; TX: Total Software Development Experience; XTA: Total Agile
Experience; *Some participants played more than one role)

Location # of Participants  Role* # of Participants
New Zealand I 3 Scrum Master |
Australia | ] Business Analyst | ]

XA # of Participants ~ Manager | )
Scrum I o Tester 11
Kanban . Architect 11

XP ] Senior Consultant 11

Scrum XP combo [l 4 Head of Global Projects 11

FDD K]

Spotify |}l

DSD 1

CBM 1

XT # of Years XTA # of Years
Minimum 2 Minimum 1
Maximum 56 Maximum 18

Mean 19.75 Mean 7.26

and finally a survey. The details of each of these steps are
given in subsequent sub-sections. The instruments for this
study, including the pre-interview questionnaire, interview
guide, survey questionnaire, and survey data are available
online®.

2.1 [Step 1]: Interview-Based Study

We indicate the number of participants by “N” in our stud-
ies below. With the objective of understanding the multi-
faced nature of RCs in agile contexts, we conducted 10
semi-structured (N=7 face-to-face, N=3 online) interviews
with agile practitioners in New Zealand (N=8) and Australia
(N=2). Each interview lasted 50-60 minutes. The demo-
graphic information of the participants is given in Table 1.
We analysed the collected data from the interviews using
GT analysis procedures including open coding and constant
comparison described in [10]. This analysis resulted in sev-
eral categories for the RCs — key facets (F1-F6) being types,
forms, reasons, sources, carriers, and events. In Table 2 we show
some example raw data from the interview excerpts. We
used these to refine the respective RC facets, through codes,
and concepts.

3. https:/ / github.com/kashumi-m/ReplicationPackageRCTaxonomy
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TABLE 2
Examples of GT Analysis of IBS Data (SM: Scrum Master; BA: Business Analyst; SSA: Senior Solutions Architect)
Raw Data Code Concept Category
“What they said one week, becomes not what they have decided they C letelv different
absolutely need the next, and there’s something completely different.” ompletely ditteren
—IP7 [SM] requirement
“You know, drop what they’re working on, and start working on this New requirements Additi
thing straight away, and that’s not just for changes where you ve ihon
g straight away, just f g y
encountered a requirement that wasn’t right, it’s also new requirements  New features
coming in or new features or new stories.” — IP8 [SSA]
New user stories
Type
“Requirement change? We do, for our team, we do live in this world
of, we don’t really know what’s wrong sometimes (laughter). It’s just Hidden bug
a hidden bug, we have no idea.” — IP10 [SM, Manager, BA]
“Requirement changes are broken into two groups in our organisation, Bug fix
50 one are feature request or feature changes, and the others are bugs.” Bugs
—IP2 [SM]
“We usually just have them, and sometimes we use stories, other times User stories User stories Form
it’s just an item on the backlog really.” — IP7 [SM]
“Edge, E-D-G-E, right, edge cases. So whenever there’s an edge case
you've got to be clear as to what happens exactly on that edge. And then Ed Missing
related to that is [product name] and [product name]. Most people, well g€ cases requirements
in English there’s no exclusive or, so that’s an issue.” — IP3 [BA]
“Well change can be for many reasons. And as I just said it can be Value for customer
because of you working out better ways of doing things, your customer R
changing what’s most important to them. It’s not only what they do External changes eason
but what’s most important. And of course there can be external changes  [competitive changes] Product strat
which are either possibly because of competitive changes or because roauct strategy
of regulatory changes.” — IP3 [BA] External changes
[regulatory changes]
“Most requirement changes that I was involved with, were as the team Discovering RCs
developed the product, they found the things about the product; as a team &
they do too.” — IP1 [Tester, SM]
“I think of myself as an end user. What if this product comes to me? How Technical team
do I feel about it? So it’s not like my job only limited to a tester, I can discussions
product ideas. Hey I feel like I've seen it, what do you guys think?
Hey I feel like checkbox is more appropriated. Because it’s something Suggesting RCs
related to rules or requlations. Checkbox sounds good. If it’s male or as a team
female stuff, probably a radio button. That’s how that works. So I could
have opinions on agile. We have to be keep thinking. Your mind should
be open.” — P9 [Tester] S
ource
“Suppose we are talking about an application which is bus tracking. So
you know hop card stuff. Previously you had to go to a machine or
somewhere to check the hop card balance. But now it's already showing
on you app. Suppose you are launching some app. And you know okay,
it’s like now you have no function like hop card balance. And suddenly
what do you say, your application is on the trial mode, not with, just a End user feedback User reviews
demo card with public. And they came out and say, okay, the beta
version is out. And we say oh it’s nice, can you write the feedback
for us. So we say it’s really nice to see the hop card balance. So its
mass people were like that and they wanted it. In that scenario they
wanted that. So it gave them heads up.” — IP9 [Tester]
“It can be, it can be anyone.” — IP8 [SSA] Anyone Anyone
“This is one of the area, marketing people bring the information. Marketing team Marketing team Carrier
Same way support people also bring the information.” — IP5 [SM]
User-support team User-support team
“they have their planning meeting” — IP6 [SM] Planning meeting Planning meeting
Ceremony/
“I think CR’s can come in at any point, generally, customers accept event

to see at any point in the process.” — IP2 [SM]

Any point

Any point
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2.2 [Step 2]: Focused Literature Review

Information about the key facets of RCs found in the IBS was
inconclusive and contradictory. To clarify and improve our
findings, we conducted a Focused Literature Review (FLR)
seeking existing categorisations and/or taxonomies of RC
in Software Engineering to date. We used the search string
“requirements change” AND taxonomy to search in digital
libraries. There were only small number of studies focused
on construction of an RC taxonomy. We found six studies
focusing on categorising RCs, and two studies by McGee
and Greer were very similar to each other. Among these six
studies, five focused on traditional software development
methods and only Saher et al.’s study [8] focused on agile
software development. A summary of these studies’ key
findings are given below.

McGee and Greer’s studies [4], [5] resulted in an RC
taxonomy for software development based on sources of
RCs, categorised as originating from market, organization,
project vision, specification, and solution. Their study found
that higher cost and value changes originate mostly from
organization and vision sources. These sources involve cooper-
ation of stakeholder groups with less control than the RCs
originating from specification and solution sources. Addition-
ally, except for RCs originating from market, RCs originat-
ing from other sources showed a considerable amount of
difference in cost, value to the customer, and management
considerations. They also found some key triggers and
uncertainties for each classified source. Furthermore, they
claim that using their RC taxonomy will help to manage
RCs, understand RCs, and gain risk visibility.

Nurmuliani et al. [6], classified different types of RCs,
reasons why they originate, and various sources from which
the RCs originate. They categorised types of RCs as addi-
tions, deletions, and modifications of requirements. They
found that defect fixing, missing requirements, functionality
enhancement, product strategy, design improvement, scope
reduction, redundant functionality, obsolete functionality,
erroneous requirements, resolving conflicts, and clarifying
requirements are the reasons that RCs originate. As sources of
RCs, they found defect reports, engineering’s calls, project
management consideration, marketing group, developers’
detailed analysis, design review feedback, technical team
discussion, functional specification review, feature proposal
review, and customer-support discussions. In addition to
their RC taxonomy based on type, reasons, and sources of
RCs, they also provided change request arrival rate and
requirements volatility measure. This is the ratio of a certain
kind of RC to the total number of RCs over a certain period
of time during development.

Harker et al. [11] defined mutable, emergent, conse-
quential, adaptive, and migration as RCs in their classifi-
cation. They also defined environmental turbulence, stake-
holder engagement in requirements elicitation, system and
user development, situation action and task variation, and
constraints of planned organizational development as the
origins of RCs. Inpirom and Prompoon [7] classified RCs
according to analysis and design of software artefacts. Their
RC taxonomy is based on Unified Modeling Language
diagram changes: use case diagrams, class diagrams, and
sequence diagrams. They identified that most research has

TABLE 3
Comparison of Our Study with Existing Literature on RC Taxonomies
(F1: Types; F2: Forms; F3: Reasons; F4: Sources; F5: Carriers; F6:
Events; lonA: Impact on Artefacts; SD: Software Development)

F1 F2 F3 F4 F5 Fé6 IonA
Requirements Changes Taxonomies in Traditional SD
McGee and Greer [4], [5]
Nurmuliani et al. [6]
Harker et al. [11]
Iniprom and Prompoon [7] (4

Requirements Changes Taxonomies in Agile SD

Saher et al. [8]
Our Study

focused on impact of RCs on source code, but they claim that
impact of RCs on design diagrams is also required. Like-
wise, Basirati et al.’s study [12] shows that RCs impact soft-
ware artefacts in various ways. They explored the changes
in use cases and their further analysis of problematic RC
changes resulted in their new taxonomy of RCs. They also
found the local and temporal dispersion of RCs as difficult
and risky.

The only taxonomy we found for RCs in agile software
development was Saher et al.’s [8] literature based study.
They described their taxonomy in terms of time of change,
type, reason, and origin of RC. However, out of the 9 studies
they used to build their RC taxonomy, 8 use traditional soft-
ware development while only one study actually focused
on agile software development methods. This highlights a
continuing gap in Software Engineering research where a
taxonomy of RCs in agile contexts is necessary, where a high
number of RCs is expected. In this paper we have tried to
fill this gap.

Type, reason, and source were repeatedly found in these
prior studies of RCs, confirming that these three key facets
are important when describing RCs. We decided to incor-
porate the closely related work from these studies with our
own IBS findings to construct our candidate proposed agile
project RCs taxonomy. We then aimed to confirm this RC
taxonomy through our practitioner survey. Comparison of
our study with the existing literature is given in Table 3. If
any given study included a key facet of RC, we indicate it by
a 8. Even though our study did not focus on the impact of
RCs on artefacts, Iniprom and Prompoon’s study [7] covers
this (indicated by ®in Table 3).

2.3 [Step 3: Survey Development]: Research Questions
Formulation and Survey Questionnaire Development

2.3.1 Research Questions Formulation

The key facets of RCs (labelled F1 — F6) we found through
our IBS formed the basis of the research questions for our
survey. We wanted to determine answers to each of the
following key research questions:

RQ1. What are the different types of RCs found in agile
projects? 1l — We wanted to know what different
types of RCs developers encounter and which are

more or less common.
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TABLE 4
Research Questions Formulation and Survey Questionnaire Development (IBS = Interview-Based Study; FLR = Focused Literature Review)

Key Facet  Element IBS FLR RQ Survey Question Question Type
Addition In your experience, which of the following types of
Modification requirements changes have you received? Close-ended
F1 Deletion RQ1 (Multiple selection
Bug Fix <list of elements> with one text entry)
Combination 1 + “anything else other than the above?”
Epics
User stories In which form are requirements changes most regularly Matrix
B2 Use cases 2 RQ2 captured on your project? (Single selection
Tasks ¥ for each
Combination of forms 2 <list of RC types>x <list of elements> element)
Verbally, not documented *
Functional enhancement
Design improvement
Bug
Erroneous requirements
Redundant functionality
Obsolete functionality A . ts ch due + Close-ended
F3 Missing requirements RQ3 lfetqu;relm en Stc anget;an”occur ueto, (Multiple selection
Requirements clarification <listof elements>+ “other with one text entry)
Scope reduction
Resolving conflicts
Product strategy
Need for refactoring '
Outstanding technical debt ™
Defect reports Where to the requirements changes originate
Individual developer’s detailed analysis and how often? Matrix
Product backlog reviews (Single selection of
F4 Technical team discussions RQ4  <list of RC types>x <list of elements + frequency for each
User reviews [frequency: never, sometimes, always]> element with one
Marketing team + any other places where requirements changes text entry)
User-support discussions originate and how often?
Customer Who brings requirements changes to you
Product owner ™ and how often? Matrix
Agile coach ' (Single selection of
F5 Developer F5* RQ5  <list of RC types>x <list of elements + frequency for each
Other agile team member [frequency: never, sometimes, always]> element with one
Marketing team + any other person who brings the requirements text entry)
User-support team changes and how often?

During iteration planning
During daily standup
Fé6 During iteration review " RQ6
During iteration retrospective
After releasing the complete product

<]

When and how often do you receive requirements changes?

<list of RC types>x <list of elements +

[frequency: never, sometimes, always]>

+ any other occasions where you receive requirements
changes and how often?

Matrix

(Single selection of
frequency for each
element with one
text entry)

RQ2. In what forms are RCs documented? 2 — We
wanted to know how agile teams document their
RCs and if this documentation takes different forms.
What are the reasons that RCs originate? P — We
wanted to understand why RCs originate. i.e., the
justification or the motivation for RC origination.
What are the sources of RCs? [F4l — We wanted to
know the human and non-human artefacts which
lead to origination of RCs. i.e., where the RCs are
obtained from.

Who are the carriers of RCs to the agile devel-
opment team? — We wanted to know who provides
these RCs to the agile team. [F%!

In what events do RCs originate? [F*! — We wanted
to know where the RCs come from.

RQ3.

ROQ4.

RQ5.

RQ6.

2.3.2 Survey Questionnaire Development

Table 4 illustrates how each of our research questions and
associated survey questionnaire were developed. We consol-
idated the findings from the IBS with closely related work
of McGee and Greer’s [4] and Nurmuliani et al.’s [6] that
we found through the FLR to develop the in-depth survey

questionnaire. Certain elements of the key facets were not
directly found from the IBS and the FLR. These are indicated
in Table 4 with the corresponding key facet and an asterisk.
Table 5 provides the rationale for including these elements
in the survey.

Each close-ended question used to collect the data pre-
sented in this paper included one open-ended “Other” op-
tion as well. That allowed the participants to enter any other
responses they wanted to include apart from the options we
provided for the particular question. We followed Kitchen-
ham et al’s [14], [15] and Punter et al.’s [16] guidelines
to design the survey. We followed Smith et al.’s work [17]
on “improving developer participation rates in surveys” to
support survey distribution. The distribution was invoked
by the authority and credibility of us and our affiliation,
and time of distribution. We observed that developers in our
social media networks were more active during weekends.
Also, our known contacts preferred doing the survey during
the weekends. Therefore, we posted, and sent the survey to
the participants on Saturday mornings AEDT.



SUBMITTED TO IEEE TRANSACTIONS ON SOFTWARE ENGINEERING

TABLE 5
Rationale for Including Elements that were not found through the IBS
and FLR Studies

Rationale

IP4 and IP7 mentioned the RCs without specifying a distinct type.
Therefore, we hypothesised that there could be combinations of the RC
types we found. Hence, F1* one was included in the survey.
Furthermore, IP1 and IP2 stated ”functionality/functional changes”.
Therefore, we further replicated the found elements under functional
and non-functional requirements.

F1*

Even though, we did not find these forms through the IBS study, but as
F2*  these are forms of documenting RCs in practice, we decided to include
in the survey.

Even though the two reasons denoted by F3* are related, there are
other drivers for deciding on code refactoring [13] than technical debt.

"

F3* " Our interest in investigating whether these reasons on their own cause
the origin of RCs led to have this as an option in the survey.

F5* IP8 stated that “anyone brings RCs”. Therefore, we included the known
stakeholders as carriers for the participants to select in the survey.

F6* IP2 mentioned that RCs can be originated “at any point”. Therefore, we

included the accustomed agile ceremonies in the survey.

2.4 [Step 4.1]: Survey Data Collection

After the initial survey questionnaire was finalised, we sent
the survey to 2 Research Fellows and 2 Ph.D. students in
Australia and New Zealand who had software development
industrial experience. This pilot study enabled us to receive
feedback in terms of time for completion and any other
aspects such as wording. For example, one of the pilot study
participants suggested changing the title of the survey so
that the title stays in layman terms. They all recorded the
time spent to complete the survey, so that we could get a
rough idea of the actual time taken to fill out the survey
questionnaire. Following that, we updated the introduction
section in the survey so that our participants could get a
clearer idea of the time they have to dedicate to fill out the
questionnaire. We then distributed the survey via:

e posting the survey link on professional software de-
velopment groups and in our profiles in social media
such as LinkedIn, Twitter, and Facebook;

o sending the survey link to our known contacts in the
software development industry; and

o Agile Alliance posting the survey link on their
LinkedIn, Twitter, and Facebook channels.

The survey was available online for a period of a month.
106 participants started the survey and 42 participants fully
completed the survey. Two responses from the completed
responses were removed due to their feedback given at the
end of the questionnaire mentioned that they completed the
survey only to see what the questions were and that their
answers were arbitrary.

2.4.1 Demographic Information of Survey Participants

We targeted only agile software practitioners. We confirmed
this by the participants’” demographics and their self confir-
mation on practising agile prior to beginning the survey.
As given in Table 6, participants of our survey included
developers, agile coaches/scrum masters, testers, business
analysts, product owners, tech leads, and managers.
Participants had between 1 to 30 years of total experience
in the software industry. Their agile experience ranged from

6

1 - 20 years in Scrum, Kanban, ScrumBan, XP, Scrum XP
combo, Crystal, Feature Driven Development, Dynamic Sys-
tem Development, and SAFe. One of the participants (SP13)
had not mentioned which agile methods that they had expe-
rience in. Another participant (5P28) had selected their age
group as 20-25 even though his total experience in software
development industry was indicated as 30 years. As we did
not collect any contact information of the participants, we
were not able to follow up to find the true information in
both cases. The majority of the participants (N=26) were
from Asia (N(Sri Lanka)=22, N(Singapore)=2, N(India)=2).
9 participants were from Oceania (N(Australia)=6, N(New
Zealand)=3), 3 participants were from North America
(N(United States of America)=2, N(Colombia)=1), and 2
participants were from Europe (N(United Kingdom)=1,
N(Netherlands)=1).

2.4.2 Project Information from Survey Participants

Table 7 shows the project information from the survey
participants. The majority of our participants had their cur-
rent or most recent projects under the general Information
Technology domain (N=23); categorised as new develop-
ment (N=22); and used Scrum (N=28). The mean team size
was 14 members, where the mean iteration length was
3.28 weeks. The participants followed the agile practices
predominantly. But practising customer demos and pair-
programming counted less in comparison with other agile
practices. Practising collective estimations, review meetings,
and retrospectives followed a similar pattern where the
number of responses was the option “sometimes” were
closer to the options “most of the time”, and “always”.

2.5 [Step 4.2]: Survey Data Analysis

Quantitative data from the survey was descriptively anal-
ysed using Qualtrics and Microsoft Excel. Qualitative data
was analysed using Microsoft Excel. Similar to the IBS, quali-
tative data followed GT analysis as described in [10], where
concepts and categories were generated through constant
comparison.

3 SURVEY FINDINGS

3.1 What are the different types of requirements
changes found in agile projects? (RQ1)

Participants were able to choose multiple types. The rest
of the survey questions depended on the choices in this
question, as they only had to answer the other questions
regarding RC types that they selected in this question. We
provided the acronyms, definitions, and examples (see Table
8) for the participants to use as a guide to answer this ques-
tion. Additionally, we assumed that deletion and combination
were understandable terms.

Table 8 shows the different types of RCs reported. The top
most received RC type as reported by the participants was
FR addition (N=33). It was followed by FR bug fix (N=29), and
FR modification (N=28). Same amount of participants (N=25)
reported that they received FR deletion and NFR modification.
23 out the 40 participants reported that they receive NFR
additions as RCs. FR combination (N=16), NFR bug fix (N=15),
NFR deletion (N=12), FR-NFR combination (N=12), and NFR
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TABLE 6
Demographics of the Survey Participants (P#: Participant ID; XT: Total Experience in Software Development Industry in Years; XTA: Total
Experience in Agile in Years; XA: Experience with Agile Software Development Methods; SL: Sri Lanka; Au: Australia; USA: United States of
America; CO: Colombia; NZ: New Zealand; SG: Singapore; UK: United Kingdom; NL: Netherlands; In: India)
P# Age Group Gender Country XT XTA XA Role in the Project
SP1 26-30 Male SL 2.5 2 Scrum, Kanban, ScrumBan Developer
SP2  20-25 Male SL 2.5 2.5  Scrum Developer
SP3  26-30 Female  SL 2 2 Scrum Agile Coach/Scrum Master, Developer
SP4  26-30 Male SL 3.5 3.5  Scrum, Kanban Developer
SP5 26-30 Female SL 2 1 Scrum Tester
SP6  26-30 Female SL 2 2 Scrum Tester
SP7  26-30 Male SL 3 1 Scrum Developer
SP8 20-25 Female AU 2 1  Scrum, XP Developer
SP9 20-25 Female SL 2.5 2.5  Scrum, Feature Driven Development Tester
Scrum, XP, Scrum XP combo, Kanban, Crystal,
SP10  20-25 Male SL 5 8  Feature Driven Development, Agile Coach/Scrum Master
Dynamic System Development
SP11  26-30 Female SL 3.5 25  Scrum Tester
SP12  26-30 Female  SL 2.5 2.5  Scrum Business Analyst
SP13  41-45 Male USA 20 10  Not specified Developer
SP14  31-35 Female CO 9 3.5 Scrum Business Analyst
SP15 31-35 Male SL 6 1  Scrum, Kanban Developer
Agile Coach/Scrum Master,
SP16  31-35 Male SL 10 10 Scrum P;%duct Owner, Developer, Tech Lead
SP17  26-30 Male AU 4 2 Scrum Developer
SP18 26-30 Female SL 2.5 2.5  Scrum Agile Coach/Scrum Master
SP19 31-35 Male NZ 10 7  Scrum, XP, Kanban Agile Coach/Scrum Master
SP20 46-50 Male AU 16 5  Scrum Product Owner
SP21  26-30 Female SL 2 2 Scrum Tester
SP22  26-30 Female AU 3 2 Scrum, Kanban Developer
SP23 36 -40 Male SL 12 8 Kanban Developer
SP24  26-30 Male SL 5 2.5  Scrum, Kanban, ScrumBan Tester
Feature Driven Development,
Dynamic System Development,
SP25  Above 50 Male AU 30 15 PIZmarﬂy tl}',1e Values & P};inciples of Manager
The Agile Manifesto
SP26  26-30 Female NZ 1 1 Scrum Tester
SpP27 31-35 Male SL 8 1  Scrum, Kanban Developer
SP28 20-25 Male AU 30 20  Scrum, XP, Scrum XP combo, Kanban Product Owner, Manager
SP29  26-30 Female SG 2 2 Scrum Developer
SP30 26 -30 Male SG 2 1 Crystal Developer
SP31 31-35 Male UK 3 3 Scrum, Kanban, SAFe Business Analyst
SP32  41-45 Male USA 23 15  Scrum, XP, Kanban Developer, Manager
SP33  36-40 Male NL 10 5  Scrum Product Owner
SP34 31-35 Female SL 9 5  Scrum, Kanban Agile Coach/Scrum Master
SP35 20-25 Female IN 3.5 3 Scrum, XP, Kanban, Feature Driven Development  Developer
SP36 31-35 Male SL 9 4  Scrum Tester
SP37  41-45 Female NZ 25 5  Scrum, Kanban Product Owner
SP38 31-35 Male SL 8.5 4 Scrum, Kanban, Feature Driven Development Agile Coach/Scrum Master
P39 31-35 Female IN 13 2 Scrum #sile Coach/Serum Master,
roduct Owner
SP40 26 -30 Male SL 4 4  Scrum Developer

combination (N=7) were also received by the participants
as RCs. In addition, participant SP12 [Business Analyst]
reported that she had experienced a type of an RC called
“transition requirements addition”, which we considered as
either a functional or a non-functional RC.

FR changes were the most commonly received RCs type
in agile contexts and included FR additions, bug fixes, mod-
ifications, and deletions (N(Total FRs)=131). A substantial
number of RCs were also NFR modifications and additions
(N(NFRs)=82).

3.2 In what forms are requirements changes docu-
mented? (RQ2)

Even though agile does not encourage the use of detailed
documentation [2], RCs must still be documented in some
way for ease of use by the teams [18], [19]. RCs are docu-
mented in several forms such as epics, user stories, use cases,

and tasks. Along with these forms, we provided combination
of forms, and verbally, not documented for the participants to
choose. As shown in Fig. 2, participants chose the forms they
used the most commonly for each type of RC. Below, we
summarise results for each documentation form reported by
survey participants.

Epics: Epics are groups of related user stories and are
very widely used in agile contexts.

User Stories: Changed, new or deleted user stories are
the most common form used to document almost all fypes of
RCs, excepting for FR bug fixes, NFR additions, and NFR
bug fixes.

Tasks: Tasks (fractions of work) are most common form
used to document FR Bug fixes, NFR additions, and NFR
bug fix RC types.

Use Cases: Use cases are widely used in more traditional
software development methods but are also still in use
in many agile contexts. They are a much less common
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TABLE 7
Project Information of Survey Participants

Project Domain

# of Participants

Project Category

# of Participants

Agile Method Used

# of Participants

T
Healthcare

Manufacturing
Finance &
Banking

HRM

Defence

ERP

Food Services

Telecom

Tourism
Transport

I
[P
K]

| P
| )

11

11
11

11

11
11

New Development I 2> Scrum I )3
Software as a Service [ Kanban |l
Migration K] ScrumBan )
New De‘{elopment H: Feature Driven ]
& Migration Development
Maintenance | Crystal [}
Maintenance with Dvnamic Svstem
Continuously Adding 11 Dy 1 ¢ yste 11
New Features cvelopmen
All 1 SAFe 1

Scrum, XP, DevOps, 1

Kanban
Team Size # of People Iteration Length # of Weeks
Minimum 3 Minimum 2
Maximum 80 Maximum 10
Mean 14.36 Mean 3.28
Standard Deviation 15.54 Standard Deviation 2.25

Practices Followed (Order of the Bars in Each Graph Below: Never — Sometimes — About half the time — Most of the Time — Always)

Short iterations/Sprints =_mil Iteration Planning _=_mui User Stories — )
Product Backlog p—— Sprint Backlog —m_al Collective Estimation _m=mm
Daily Standup/Team Meeting _ _ _ = 1 Release Planning --ull Pair Programming ~Eom
Self-assignment el Customer Demos _H_mm Review Meetings =—ull
Scrum/Kanban Board __--1 Definition of Done ] Retrospectives —m_mE
TABLE 8 100% -
. .06% 1071% 12% 6.90% 3,04 8% . 6.67%
Requirements Change Types 0% - 671
80% 27.27% 12.86%
. . o 36% 33.33%
Acronym Definiton g = » Dy 067
FR: Functional Requirement E‘; o 2 s
NER: Non-Functional Requirement 5 5w - e
Bug Fix: Correction in the codebase - &
i A new requirement arising due to a g Lo - 333
Addition: . L > £ 30 el
change in an existing requirement Bh a4 m o]
7 34.78% -
Modifying an actual requirement. 0 - B
e E.g., Modify the actual user story/ 10%
Modification: split the user story/ change user story o
partially & & ¢ ¢ & & 55
& F s & § o
Combination: Combination of given types &Q& @\C&b & & g°"°¢ ééfb ﬁ@s 4 &
<& &
Requirements Change Type # of Responses &
FR Addltlon 33 mEpics User Stories  m Use Cases Tasks ~mCombination of Forms Verbally, Not Documented
FR Bug Fix 29
FR Modification 28 : : .
. Fig. 2. Documentation Forms of Requirements Changes
FR Deletion 25 g q 9
NFR Modification 25
NFR Addition 23
FR Combination 16 quality of the software.
EEE g‘;igg‘n 1 215 Combination of forms: Combination of forms was se-
FR-NFR Combination 1 lected by the participants for a small number of RC types,
NFR Combination 7 including FR deletion, FR bug fixes, NFR deletion and FR-

form used to document RCs. They are sometimes used to
document FR addition, FR modification, NFR addition, NFR
modification, NFR deletion and FR-NFR combination RC
types.

Verbally, Not Documented: Surprisingly, the RC types
FR modifications, FR deletions, FR bug fixes, FR combina-
tions, NFR modifications, and NFR bug fixes are verbally
provided to the teams but were reported as often not for-
mally documented. Not documenting such RCs may lead
to serious concerns in project schedule, cost and impact the

NFR combination.

3.3 What are the reasons that requirements changes
originate? (RQ3)

We categorised the key reasons found through our IBS and
FLR as software-centric and human-centric reasons, as shown
in Table 9. By software-centric we mean the reasons that are
directly linked to the software being developed. By human-
centric we mean the reasons that are caused due to the
various development and team and customer management
approaches taken by the humans involved in the project.
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TABLE 9
Categories of Reasons for Requirements Changes Origination

Reason # of Responses
Functional enhancement = I 2
Design improvement = I 03
Bug ™ (Error arising in the codebase) N |
Erroneous requirements = I |7
Redundant functionality = I

Obsolete functionality = I

Missing requirements & I Y
Requirements clarification I 5
Scope reduction & I 19
Resolving conflicts & I (6

Product strategy & I 15

Need for refactoring L}l

Outstanding technical debt & I 10

As shown in Table 9, most participants (N=32; 80%)
reported that the key reason for most RC origination is
functional enhancement. Design improvement (N=28; 70%),
missing requirements (N=27; 68%), requirements clarifica-
tion (N=25; 63%), and bug (N=21; 53%) were chosen as
the common reasons for RCs to occur by more than half
of the participants. Scope reduction (N=19; 48%), erroneous
requirements (N=17; 43%), resolving conflicts (N=16; 40%),
product strategy (N=15; 38%), need for refactoring (N=11;
28%), and outstanding technical debt (N=10; 25%) were se-
lected by 25% or more of the participants. Obsolete function-
ality and redundant functionality were selected (N=9; 23%)
by participants as the least common reasons for origination
of RCs.

Considering the responses which are above half of the
sample size (>N=20), 3 out of 5 reasons (functional enhance-
ment, design improvement, and bug) for RC occurrence we
term software-centric. The other 2 reasons (missing require-
ments, and requirements clarification,) we term human-
centric. Taking the rest of the responses (<N=20) into con-
sideration, 5 out of 8 reasons (scope reduction, resolving
conflicts, product strategy, need for refactoring, and out-
standing technical debt) we term human-centric. The other 3
reasons (erroneous requirements, obsolete functionality, and
redundant functionality) we term software-centric.

Additionally, certain opinions of the IBS participants
had may be caused by “missing requirements”. Missing
requirements can be due to:

Vagueness in the requirements: “And the requirement
changes, like we have to, sometimes we actually have very bad
requirements, it’s very vague, it’s just identified what’s happening,
fix, test, and deploy I guess (laughter).” — IP10 [Scrum Master,
Manager, Business Analyst)

and Omissions from requirements: “those are the sort of
trivial, tricky little omissions from requirements.” — IP3 [Business
Analyst]

We also found the following additional reasons reported
for the origination of RCs in our open-ended responses of
the survey:

Inadequate communication: “Individuals and interactions
over processes and tools” is a core value in agile [2]. In order
to have better interactions, high quality team and customer

9

communication is needed. Communication has been shown
in many studies to be a key construct for better software
development [20], [21]. However, if communication among
the stakeholders is inadequate, origination of RCs can be
expected as reported by the participants. In this case, it is
required for the team to be mindful and overcome this issue
so that unexpected RCs do not originate. Quoting an IBS
participant who encountered similar experiences: “Change
happens all the time unfortunately, and there’ll always be some
who neglected to tell you some information” — IP7 [Scrum Master]

Inadequate documentation: Even though agile encour-
ages “working software over comprehensive documentation” [2],
as reported by our survey participants, inadequate docu-
mentation is a reason for many RC origination. Documenting
the requirements to a sufficient level is therefore recom-
mended. IP3 had a similar experience where omissions in
requirements occurred due to inadequate documentation.
Thus, leading to origination of RCs: “there’s information that
needs to be exchanged and it wasn’t written down to start with.
So you might refer to that as omissions in the requirements.” —
IP3 [Business Analyst]

This is also inline with the previously mentioned reason
“missing requirements”.

Rushed analysis when defining requirements: Even
though the root causes are unknown for rushing the analysis
of requirements, it causes the RCs to originate later: “The
people defining what the software should do have either rushed
their analysis...” - SP25 [Manager]

Wrong set of initial requirements: Having the wrong set
of initial requirements unsurprisingly also causes RCs. RCs
are necessary to redirect the software development in the
correct direction so as to meet the actual customer require-
ments: “If the requirements change, that means the previous set
of requirements was wrong, and who wants to build the wrong
thing?” - SP32 [Developer/Manager]

3.4 What are the sources of requirements changes?
(RQ4)

We define the human and non-human artefacts which lead
to the origination of RCs as the RC sources. We found that
RCs originate from defect reports, individual developer’s detailed
analysis, marketing team, product backlog review, technical team
discussion, user reviews, and from user-support discussions.
The sources of each type of RC are shown in Table 10. We
categorised these sources as in-team software-centric ( oL, in-
team human-centric (@), out-team software-centric (Okd), and
out-team human-centric (Oda). We define in-team to mean from
the agile team, and we define out-team to mean from stake-
holders outside the agile team. We define software-centric
to mean the non-human artefacts directly linked to the
software being developed. We define human-centric to mean
the approaches taken in terms of activities by the humans
involved in the software development process. Below we
discuss the most commonly found RC types (cases where the
number of responses were highest for the options: “average”
and/or “more than average”) for each source category.
In-team Software-centric Sources: The most commonly
found RC types from in-team software-centric sources were:
Defect reports: FR bug fix, NFR bug fix, NFR combination;
and Individual developer’s detailed analysis: FR bug fix,
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TABLE 10
Sources of Requirements Changes ( <Average [TAverage! JEFNEY; FR: Functional Requirement; NFR: Non-Functional Requirement)
Individual Developer’s Product Backlog Technical Team User-Support
Defect Reports® . . . . . User Reviews®™ Marketing Team©% . .
P o Detailed Analysis®~ Reviews' Discussions®® & Discussions©®
Functional Requirements Changes
FR Addition 1848% PR | s o Tl s S45h Bl o sS4 Bl o S45 [ | 51z o) )|
FR Modiﬁcatiol’\ 50% 3939% 1. 3929% 5357%. 7.. 2857% 5357%. - 2857% 3571% - 243% 57.14% - 5357 1429% - 2857% 4643% -
FR Deletion 6% 0% lﬂﬂl 5% % . % 5% - % 60%. - 50% 8% . 0% 8% . 40% h -
FR Bug Fix 206%% 483% - 1.24% 517 - 3793% 483% - 2759% S172% - 3448% 4483% - S862% £ 3793% 4138% -
FR Combinaﬁon 50% 50% 4375% % 6' 3125% 50% - 3750% 3125% - 4375% 375% . 375% 3750 - 3125% 3750% -
Non-Functional Requirements Changes
NFR Addition 652% o [ s 2% 1% e 87 REEY 478% wos [ 2% EEE | e o [N
NFR Modification o NN - Dl . RN PG - DGR - EnE - e
NFR Deletion 5833% 3333% &. 0% B3 - 1667% 8333% 25% 6667%. ' 8% 6667%. l. 4L6T%. B - 2% 6667%. l.
NFR Bug Fix 0% 5333% - 3333% 5333 . 2667% 60% - 1333% 5333% - 3333% 3333% - 4667 266M% - 2% 40% _
NFR Combination 4286% 57.14% ST14% BT - 4286% 57.14% 1429% T143% - 4286% 57.14% 285 S114% - 2857% 7143%
FR_NFR Combination 50% 50% 67 5833 833% 5% - 3333% 6667% A167% 5833% S0% 3B33% - A167% 50% &.
TABLE 11

Carriers of Requirements Changes ( <Average

PR vrags B

FR: Functional Requirement; NFR: Non-Functional Requirement)

Customer Product Owner Agile Coach Developer Other Agile Team Member Marketing Team User-Support Team
Functional Requirements Changes
FR Addition 21.21% | 30300 _ 1515%  4848% - 63.64% 2717%9.. 1848% 2039% . 5758% 3333% 9' 6364% 2% - 5758% 2A24% -
FR Modification YRR IR | 7143% 2857% sa57% o 1 6429% 25% 0l §071% o [ 571486 w71 710
FR Deletion o ron GO we SN 4% we B 2% w0 5% w0 0% w [ 7% o0 [l
FR Bug Fix 2759% 4828% - 3448% 4138% - 58.62% 34.48% 5.’ 3793% 4028% - 4483% 4138% - 58.62% 31.03% l' 4483% 31.03% -
FR Combination 3750% 18.75% _ 3125% 6250% 61' 68.75% 31.25% 50% B75% 61. 56.25% 3750% ﬁll 6250% 5% . 6250% 1875% -
Non-Functional Requirements Changes
NER Addition VN BRGS0 s652% sa3% 140000 sostw i 4ssf] 6s22% 30439 4350 6957% v 6087% 26050 150084
NER Modification 2% 36% _ 0% 4% - 60% 2% . s6i 3% . S6% 40% 4' 6% 4% . 2% 36% .
NEFR Deletion 25% 4167% - 16.67%; 75% B. 5833% 4167% 2% 6% . 50% 3333% - 66.67% 5% K. 50% 25% -
NFR B\Jlg Fix 667%  5333% _ 40% 40% - 66.67% 3333% 4667%. 4667%. 55. 466T% 40% l. 60% 333 &6. 3333% 3333% -
NFR Combination 2857% 4286% - 4286% 4286% - 57.14% 2857% 1- T1A3% 285T% 4286% 57.14% T143% 14_1%. T143% 2857%
FR-NFR Combination %% [ asas [0 st asm o3 6667% 16673 16670 E EY 5% 15679 8380 657% w6 o 5657% % o

NFR bug fix, FR combination, FR-NFR combination This
suggests that bug fixes commonly originate from both defect
reports and individual developer’s detailed analysis.

In-team Human-centric Sources: Product backlog re-
views and technical team discussions are key sources for all
RC types. This shows that for practices where team members
work collectively, all RC types result.

Out-team Software-centric Sources: As reported by our
participants, user reviews are a key source for all RC types ex-
cept for FR deletion, FR combination, and NFR bug fix (same
number of responses). As half of the participants claimed
that FR deletions did not originate from user reviews, this is
a possible indication of users being less focused on having
FRs removed from the software.

Out-team Human-centric Sources: The marketing team
is a key source for NFR combination RC type, and user-
support discussions a key source for FR modification, FR
deletion, FR bug fix, FR combination, NFR deletion, and
FR-NFR combination RC types. Similar to in-team human-
centric sources, user-support discussions also originate the
majority of the RC types. This suggests that collective human
actions are sources for more RCs.

3.5 Who are the carriers of requirements changes to
the agile development team? (RQ5)

We define the carriers of RCs as the person or people the
different RC types are brought to the agile team by. These
are shown in Table 11. Similar to previous sections, below

we report the most common RC types carried by the RC
carriers.

Customer: Participants reported that all RC types ex-
cept FR-NFR combination are carried to the team by the
customer. The most commonly carried RC type by the
customer is NFR bug fix (average=53.33% and more than
average=40%). This suggests that customers are more con-
cerned about fixing bugs related to NFRs than other RC
types.

Product Owner: Product owner acts as the carrier of
RCs for all RC types except FR-NFR combination. The same
number of responses were found for the options “less than
average”, and “average” for NFR bug fix (40%), and NFR
combination (42.86%). Among the RC types Product Owner
carries, FR modification take the most prominent place
(average=53.57% and more than average=39.29%).

Agile Coach: Perhaps unsurprisingly, the majority of the
participants claimed that RC types are not brought to the
team by agile coaches. This suggests that agile coaches do
have responsibilities related to RCs such as carrying them
to the team, but rather focus on their core task of guiding
the team in terms of practising agile methods. However,
one wonders whether coaches should highlight RCs they
recognise the team should be addressing.

Developer: FR bug fix is the only RC type which our
participants mentioned as carried by the developer to the
team. The same number of responses were found for the
options of “less than average”, and “average” for NFR bug
fix (46.67%), and FR-NFR combination (50%). This aligns
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with the finding on bug fixes and FR-NFR combinations
being abundant in individual developer’s analysis (Section
3.4).

Other Agile Team Member: NFR combination is the
only RC type that is commonly carried to the team by other
agile team members, as reported by our participants. This
suggests that team members in the agile team, other than
developers, are concerned more about NFR combinations
whereas, developers are concerned more about bug fixes.

Marketing Team and User-Support Team: Our survey
findings show that RC types are not carried to the team by
these two particular parties. However, as stated in Section
3.4, the marketing team may themselves produce NFR com-
binations even though they do not carry the RCs to the
team. In the case of user-support team acting as the carrier
of an RC, the same number of responses were found for
all three options “less than average”, “average”, and “more
than average” for NFR bug fix (33.33% each). It is possible
that the user-support team could act as the carrier of NFR
bug fixes, as our participants mentioned that user support
discussions result in NFR bug fixes (Section 3.6).

Apart from the carrier options we provided for the par-
ticipants to choose in our survey, carriers who fall under
the category “other agile team member” as reported by the
participants included:

Security team: In some cases, a security team exists in
the project and they have the ability to identify NFR changes
and carry these to the agile team. This hints that security
teams are subject matter experts in NFRs whereas cus-
tomer/product owner brings other RCs : “Our security team
most often identifies NFR changes.” - SP37 [Product Owner]

Business Analysts, Delivery Leads, Development Man-
ager: These three roles are connected to interaction with ex-
ternal stakeholders such as customers and users. Therefore,
it can be said that, due to their engagement with external
stakeholders, they may carry RCs in different circumstances
to the team: “Other BAs, Delivery Leads & Development Man-
ager (especially on critical requirements).” - SP25 [Manager]

3.6 In what events do requirements changes originate?
(RQ6)

Agile “ceremonies” are development process events that for-
malise ways a team goes about performing different aspects
of agile software development. We summarise the most
common agile development process events that originate RC
types. Results are summarised in Table 12.

During Iteration Planning: FR addition, FR modifi-
cation, FR bug fix, NFR addition, NFR bug fix, FR-NFR
combination are the most common RC fypes during this
event. This indicates that RC additions and bug fixes of both
FRs and NFRs are common during iteration planning. This
could be due to the software delivery made in the previous
iteration. In terms of bug fixes, this leads to the very inter-
esting question: “does delivering in iterations produce more
bug prone software?” The same number of responses were
found for the options less than average, and average for the
RC types: FR combination (43.75%), NFR addition (39.13%),
and NFR modification (44%). We thus cannot infer whether
these RC types originate during iteration planning or not.

During Daily Standup: FR bug fix and NFR bug fix are
the most common RC types produced during this event. This
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is an indication of software teams giving their formalised
stand-up discussions priority to bug fixes over other RCs.
Aligning with this, Stray et al. [22] emphasise that dis-
cussing and solving problems is one of the process charac-
teristics of a daily standup. In addition, as the same amount
of responses (42.86%) were found for less than average and
average options for NFR combination, we cannot tell if
the origination of NFR combination RC type is from daily
standups.

During Iteration Review: All RC types except for NFR
combination are RC types produced during this event. An
iteration review is where the customer and the team discuss
the delivery of the completed iteration. It is a key event for
RCs to originate. All types of RCs are possible to originate
here.

During Iteration Retrospective: None of the RC types are
commonly produced in this event. Iteration retrospectives
are mainly for the team to discuss their experience of the
last completed iteration. It is often more about self-reflective
team improvements. Our analysis suggests that teams do
not seem to generate RCs in these retrospectives.

After Releasing the Complete Product: FR addition,
NFR addition, NFR modification, NFR deletion are com-
mon RC types produced during this event. After releasing
a completed, the main functional RC that is common is FR
addition. Hence, the interest of the stakeholders is primarily
in adding new functionalities to their software. As the
majority of the RCs originating after delivery as reported by
the participants were NFRs, this leaves us with the question
whether NFRs are given less focus until complete delivery?

A few other events where RCs originate were also re-
ported by participants.

Quarterly Planning Meetings: When the duration of
the entire product development is long, such planning is
required. In this case, some origination of RCs can be
expected.

While Coding: It is common to see customers present
if the team is onsite. In this case, the customer may di-
rectly provide RCs during development, as reported by
participant SP28. Presence of a subject matter expert is
possible on-site or off-site. However, how the presence
of users at the working premises provides RCs was not
clear. This also suggests that a free form of communicating
RCs is done by various stakeholders: “The most common
place is user/customer/SME directly working with the devel-
opment team whilst coding the requirement.” - SP28 [Product
Owner/Manager]

Workshops and Testing: When workshop-based verbal
communication and interactions are prominent, there is a
high chance for RCs to originate. As testers have high atten-
tion to detail when writing test cases, testing is also a place
likely for RCs to originate: “BA’s “unboxing” (workshopping)
new User Stories with Dev Team; Testers trying to build test
cases.” - SP24 [Tester]

Customer Demos: Usually customer demos are expected
to occur during iteration reviews. However, our findings
suggest that separate sessions for customer demos exist and
RCs can originate during these customer demos.
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TABLE 12
Events Where Requirements Changes Originate ( <Average [TAverage BEFNEZA; FR: Functional Requirement; NFR: Non-Functional Requirement)

During Iteration After Releasing the

During Iteration Planning During Daily Standup During Iteration Review Retrospective Complete Product

Functional Requirements Changes

FR Addltlor\ 2424% 4848% - 63.64% 30.30% &ll 33.33% 45.45% - 4545% 33.33% - 39.39% 4242% -
FR Modlﬁcatlon 32.14% 35.71% - 64.29% 2143% - 2143% 57.14% - 57.14% 32.14% 1- 46.43% 32.14% -
FR Deletion 40% 36% - 48% 36% - 28% 64% . 60% 28% - 44% 36% -
FR Bug le 37.93% 44.83% - 3448% 44.83% - 24.14% 55.17% - 55.17% 31.03% - 41.38% 34.48% -
FR Combination 43.75% 43.75% - 50% 37.50% - 37.50% 50% - 50% 31.25% - 50% 31.25% -
Non-Functional Requirements Changes

NFR Addition 39.13% 39.13% - 5652% 78% . 3043% 5217% - 65.22% 2609% ﬂ. 3478% 4348% -
NFR Modification 4% 4% - 52% 32% - 36% 48% - 56% 32% - 32% 48% -
NFR Deletion 41.67% 50% H.. 4167% 3333% - 3333% 66.67% 66.67% 33.33% 3333% 58.33% 8..
NFR Bug FlX 26.67% 60% - 2667% 53.33% - 20% 60% - 46.67% 40% - 26.67% 40% -
NFR Combinaﬁon 7143% 14‘29%- 4286% 4286% - 57.14% 42.86% 85.71% 14.29% 7143% 14.29%-
FR-NFR Combination HL67% i) offl o = [ 2% GRS B'. 5833% 3333% H. 5833% 25% -

4 DISCUSSION

We discuss a new taxonomy of requirements changes in
agile contexts that we developed from this study. We also
discuss some key findings from our mixed-methods study
and promising further areas for research.

4.1 Taxonomy of Agile Software Project Requirements
Changes

Using information from our IBS, FLR, and survey, we devel-
oped a comprehensive taxonomy of agile software project
RCs, shown in Fig. 3. The overview of the taxonomy, its
facets, and relationships between them are illustrated in Fig.
4. The aim of this RC taxonomy is to assist software practi-
tioners to: identify the respective sources, carriers and events
of each and every type of RC in their project; gain a sense of
common forms which RCs are documented in general and
to use these forms at appropriate times during their agile
software development practices; and better understand the
key underlying reasons why RCs originate in their projects
and to act accordingly to action these RCs. Based on our
interviews, literature review, and survey responses, we be-
lieve this will help teams improve their understanding of
agile software project RCs and assist with better managing
RCs as they occur.

Some elements for different facets that we initially added
were found less common after the analysis of our survey
data. For example, participants seldom mentioned that they
receive RCs types via an agile coach, marketing team, or
through user-support team. These elements are shown in
gray text in the taxonomy. However, some new elements
were found during the survey (indicated by &in Fig. 3) and
we incorporated these into the taxonomy. We encourage fur-
ther research to study their usefulness in this RC taxonomy,
and to find other elements that we have not yet captured.

Consider a self-organising agile team. A new developer,
Kash joins the team and she is assigned to an ongoing
development project. Kash wants to know about the current
work the team is doing. Kash asks about this from her peers.
Kash’s peers tell her that they receive a lot of RCs; but
they do not have time to explain the multi-faceted nature
of their RCs to Kash. Kash then goes through the product

backlog, the current sprint backlog, and communication the
team has had. Kash is still lost. To address such issues,
using our taxonomy the team members define what types
of RCs they have received so far, in what forms they are
documented, what are the main reasons of RC origination,
what are their sources, who are the carriers, and events where
they originated mostly. They find that the taxonomy has the
capability of predicting the future of multi-faceted nature
of RCs they will have. By going through this classification,
the team finds key reasons that could have been addressed
proactively to mitigate some unnecessary RCs and manage
some unexpected RCs. Using the taxonomy as a framework,
the team discusses their current approach to RCs in their
next retrospective meeting. The team can see that they are
not documenting RCs with sufficient details. The team finds
that inadequate communication has also led to some un-
expected RCs. The team identifies some unexpected sources
and carriers of their RCs that need to be better identified and
supported. They review their key agile events where most
of their RCs originate to provide more proactive planning
for their RCs. These discussions guided by the taxonomy
result in some action points that the team decides to work
on to improve their RCs management.

4.2 Key Findings and Recommendations

The majority of agile project RCs are functional RCs:
The root causes likely include: All stakeholders are fo-
cused on functional requirements and/or; non-functional
requirements are implemented well and do not require to
be changed and/or; non-functional RCs are less common
and/or; less focus is given to non-functional requirements.
Exploring this further is worthwhile to confirm these four-
fold root causes. Taking both functional and non-functional
RCs into consideration, the majority are additions in agile
projects. This is in contrast to traditional software develop-
ment methods, as reported in our FLR, and agile projects
seem to have many more RC additions. This suggests that
stakeholders are primarily interested in adding new require-
ments during agile iterations and deliveries. It also leaves
us with the question as to whether agile software project
stakeholders are more interested in adding new require-
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Taxonomy of Requirements Changes in Agile Contexts
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Fig. 3. Taxonomy of Requirements Changes in Agile Contexts
(G:Software-centric; £: Finding through survey. May require further
investigation; &: Human-centric; @: In-team; O: Out-team; BA: Business
Analyst; Del. Lead: Delivery Lead; Dev. Mgr.: Development Manager)
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Fig. 4. Facets of Requirements Changes in Agile Contexts and Their
Relationships (A: Variate)

ments rather than improving the existing requirements. We
encourage researchers to investigate this in the future.

Even though bug fixes are not considered as a type
of RC, as reported by some of our survey participants,
bug fixes are prominent in agile contexts according to
our findings: For example, “I do not think bug fix can be
a requirement change. Requirement is a user need/problem and
design depicts the solution suggested to solve the problem. A
bug fix is needed to correct a design not a requirement.” - SP12
[Business Analyst]. If more and more bug fixes occur in every
iteration, a team would not be able to deliver the product in
a timely manner. This may also increase project technical
debt. “Depending on the scenario often there’s actually a lot of
technical debt, for example, very common to have technical debt
inside an organisation which the team is attempting to address
simultaneously while delivering a product. And sometimes only
the product owner will know that, that it’s important enough to
stop delivering something to the customer in order to address
some of that debt. Because it will then give them a platform to
springboard off, and produce things more faster, more quickly.”
— IP6 [Scrum Master] In future, both aspects are worth
investigating: whether bug fixes should be considered as
a type of RC; and the relationship RCs have with addressing
technical debt.

Our study did not find the reasons for the origination of
bug fixes in particular. Knowing the root causes of bug fixes
and remedying them accordingly could help to minimize
the amount of bug fixes needed in agile iterations. On
the other hand, predictive models such as Krishna et al.’s
predictive model [23] which forecasts the number of bug
reports to be expected given a list of issues could be used to
be proactive and be ready to handle any future bugs.

RCs in agile are mostly documented in the form of user
stories and tasks: This partially agrees with Wang et al.’s
findings on user stories and use cases being the mostly used
form of requirements representation in agile [24]. In addition,
we found that a number of RCs are verbally communicated,
but not documented, and different forms of documentation
seem to suit different types, sources and carriers of RCs to the
agile team. We suggest researchers study this to produce a
mapping of most appropriate forms of documentation for
the RC against type, source, and carrier of RCs.

The majority of reasons for the origination of RCs
were software-centric: This suggests that stakeholders are
interested in enhancing the functionalities of the software
more than any other reason. Even though the majority of
the reasons are software-centric, human-centric issues such
as missing requirements, requirements clarification, and
conflict resolvent also exist in a considerable amount. As
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it is the customer who brings the RCs to the team the
most, according to our findings, these human-centric issues
as reasons depict that the level of engagement between
customer and the team is probably low, even though the
customers’ attempt to be involved in the process is high.
This impacts the project quality as better commitment from
stakeholders is required to decrease project failure risks
[25]. Corroborating this, Hoda et al. [26] highlight along
with problems in gathering and clarifying requirements,
prioritising, securing feedback, pressure to overcommit, loss
of productivity, and business loss can be also caused by
inadequate customer collaboration.

Similarly, reasons such as inadequate communication
whereas intensive communication with customer lead to
capture the RC [24], inadequate documentation, rushed
analysis when defining requirements, and wrong set of
initial requirements were also mentioned as reasons for
RC origination:

The majority of our survey participants (N=28; 70%)
used Scrum in their projects, and according to the 14th
State of Agile Survey Report [27], 58% of their respondents
used Scrum. Positing this fact, Pikkarainen et al.’s findings
[28] indicate that Scrum and XP do not allow stakeholders
to communicate well, especially in situations where the
number of stakeholders are high. This is a major concern
for agile researchers to study in the future: how Scrum/XP
hinders communication as a method by its own, which also
causes origination of RCs.

Cao and Ramesh [29] found that rapidly changing com-
petitive threats, stakeholder preferences, software technol-
ogy, and time-to-market pressures (which we define as
human-centric reasons) are key reasons for that pre-specified
requirements become inappropriate. These can be viewed as
the the root causes for the wrong set of initial requirements.
As a remedy to this, Gall et al. [30] proposed a framework
in which the requirements elicitation meetings are recorded,
and important stakeholder statements are automatically
extracted and stored in a database. However, their frame-
work is most suitable for traditional software development
where specific events are set to elicit requirements. If their
approach is used in agile, all agile team events are required to
be recorded, especially daily standups. This is because our
findings suggest that many RCs originate at daily standups.
This will have a number of practical implications given that
standups are done daily.

The majority of the sources of RCs are human-centric:
We found that the majority of RCs’ origin is not directly
related to software-centric artefacts, but instead to activities
where humans heavily interact with each other, such as
when building product backlog, undertaking project re-
views and in technical team discussions. Therefore, as long
as human interaction/collaboration is high, there is a chance
for an RC to originate.

Using our taxonomy to help agile teams better under-
stand and manage their project RCs: Our study suggests
that teams need to be more knowledgeable about the range
of types of RCs; in which forms they can be best documented;
key reasons that can addressed proactively to minimise un-
expected origination of RCs; which sources that RCs can be
found; from whom their RCs can be expected to be carried
to the team; and the events where most RCs can originate.
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Document RCs with ample details: Despite agile soft-
ware development’s aim to minimise documentation, well-
documented RCs are needed to improve project outcomes.
Irrespective of the medium used to document the RC e.g.
can be an online tool/a white board/or even post-its, the
RCs need to be documented to a satisfactory level. Our
results suggest that different RC documentation approaches
suit different types, sources and carriers of RCs.

Maintain sustained and adequate communication
about RCs: Even though this is repeatedly recommended by
various studies [31], [26], our study found that communica-
tion issues result in more RCs, causing teams more work and
impacting quality, delivery etc. We highlight the importance
of sustained and adequate communication, which helps to
capture and also to mitigate some unnecessary RCs from
originating.

5 THREATS TO VALIDITY

Internal Validity: Our survey questionnaire was based on
our initial IBS and FLR findings. Therefore, some RC el-
ements may not have been presented for the participants
to directly select. For example, “usage logs/issue trackers”,
could have been given as an option along with “defect re-
ports” as a RC sources. Further research is needed to investi-
gate other such missed RC elements to enhance our agile RC
taxonomy. Answers to the questions in the survey may have
depended on different situations of the participants. For
example, a developer could play the role of an agile coach
simultaneously and could act as the carrier of the RC. How-
ever, it is impractical to cover all such scenarios through a
survey. Future research through in-depth interviews would
reinforce the findings by complementing them with such
scenarios. Even though we provided the definitions of the
terminology we used, participants may have not grasped
all cases we assumed. For example, one might think that
decomposing an epic representing a single requirement into
multiple user stories to have one acceptance criteria per user
story as addition of RCs. This situation is dissimilar to where
an epic representing multiple requirements decomposed to
multiple user stories to document multiple requirements.
Due to the nature of surveys, it is hard to provide the
definitions for all choices and therefore to expect that all
participants to share the same understanding of them. For
example, in our case, one participant may consider the
reason “need for refactoring” as a “design improvement”
which we provided as a different choice for them to select.
Such tangential choices pin a threat to validity to surveys by
default.

The level of details the RC could vary from RC to RC.
Thus, the utilisation of forms of RC may also vary. All
forms, including use cases are heterogeneous. i.e., they are
not homogeneous rule-based entities, and not used in the
same way in all software development teams, or in all
organisations. Therefore, the level of detail they capture
may widely vary. For example, one team or organisation
may have abstract level representation of the RC whereas
another team or organisation may have a detailed level
representation of the RC in the same form. In relation to
the level of details, a special scenario could be that NFRs
might not be explicitly documented, but could be hidden
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behind an FR, or considered as something tacit. We did
not capture the level of detail of the RC the participants
documented. Hence, leaving a threat to the validity of our
findings. Therefore, when replicating this study or when
doing further research, we encourage the participants to
capture the level of detail of the RC to sharpen the findings.
The dropout rate of the survey completion was high as 106
participants started it but only 42 completed the survey and
with what we determined to be sufficient quality answers.
The main reason was that the survey was overly lengthy and
it contained questions with matrices which took an exces-
sive amount of time. Unfortunately, this was not reported by
any of the participants who participated in our survey pilot
study. However, when designing the survey, we placed the
participant demographic questions at the end of the survey
with the intention of giving participants enough time to
answer the survey questions. A positive consequence of this
was we were able to gather in-depth and detailed informa-
tion about RCs from those who completed it. Even though
we provided open-ended questions for the participants to
provide other options, we found that many did not take
the opportunity to give more detailed opinions in our open-
ended questions. Collecting further data through in-depth
structured interviews would further enrich our findings.

Construct Validity: Interview transcripts of the IBS and
answers to the open-ended questions were coded and anal-
ysed by the first author. To mitigate potential bias, we had
rounds of discussions between all authors of findings as
they emerged. During the IBS, the first author, second au-
thor, and a Professional Teaching Fellow at The University
of Auckland discussed the analysis. During the FLR, and
the survey, first, second, and third author discussed the
emerging categories to reach consensus.

External Validity: Given the sample size of our study,
the findings and conclusions can not represent the entire
global agile community. For example, the majority of the
participants used Scrum as their agile software development
method, but only a single participant had experience with
SAFe. Therefore, the findings and conclusions we have de-
rived are biased towards Scrum-based agile contexts. There
was no equal distribution of the participants across the
world. Our initial IBS was based solely on New Zealand and
Australian participants, and the majority of our survey par-
ticipants (65%) were from Asia. Therefore, the results may
be biased towards practice of agile software development
in some parts of the world. This territorial bias may hinder
generalizing the findings to the entire agile global software
development community.

6 SUMMARY

In this paper, we presented an analysis of RCs in agile
software development projects. We carried out a mixed-
methods approach comprising a series of studies: an
interview-based study (10 agile software practitioners from
New Zealand and Australia), a focused literature review,
and an in-depth survey (40 agile software practitioners). The
key facets of RCs in agile projects that we found are, types,
forms, reasons, sources, carriers, and events. We produced a
new taxonomy of agile software project RCs that can be
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used by software practitioners to help guide their analysis,
management, and actioning of RCs in their projects.
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