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Abstract

Requirements changes (RCs) — actions such as additions, deletions, and modi cations
of functional and non—functional requirements — are inevitable in software development.
RCs not only pose a risk to the cost, quality, and schedule of the software projects but
can also result in negative responses from software practitioners involved in the RC
handling life cycle, e.g.: anxiety, fatigue or even anger! Despite the importance of han-
dling RCs well in software development, there remains a paucity of literature providing a
comprehensive understanding of RCs and of software practitioners' responses to them.

This thesis aims to explore the (A) multi-faceted nature of RCs, (B) emotional re-
sponses, and (C) emotional intelligence, of software practitioners in handling RCs.
A combination of qualitative (Strauss-Corbinian grounded theory, socio-technical
grounded theory), and quantitative (descriptive statistical analysis) approaches were
iteratively used in this empirical investigation.

This research was exploratory and interpretive in nature. To this end a faceted taxon-
omy of RCs (types, forms, reasons, sources, carriers, and events where RCs originate),
the emotion dynamics (emotions triggered at milestones of RC handling cycle, stimuli
that trigger the emotions, emotion regulation using time-related aspects) in handling
RCs, the inuence of stimuli (RCs, practitioners themselves, peers, managers, cus-
tomers) in handling RCs, the role of emotional intelligence in handling RCs (including
causes, consequences, contingencies), and how to capture and monitor the emotions
of software practitioners to improve the emotional intelligence were found.

Taken together, the deeper insights gained from this study contribute to both academia
and industry by providing knowledge including concepts and frameworks, recommen-
dations for practice including a decision guide, practices, strategies, and a software
prototype. Furthermore, this study lays the groundwork for future research into inves-
tigating technical responses to RCs, and how behavior change models can be used to
better understand the software practitioners.
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Glossary of Terms

The cited terms are directly from the sources and uncited terms were derived while

conducting this PhD research (own de nitions)

Term

Agility

Causal condition

Cause

Central phenomenon

Cognitive intelligence

Cognitive skills

Conation

Condition
Consequence

Context

De nition

Carrying out agile practices such as collaboration,
self-organisation, and cross—functionality

The condition that gives rise to the central
phenomenon [1]

This is what resulted in the central phenomenon

The focus of the study [1]

One's abilities to learn, remember, reason, solve
problems, and make sound judgments, particularly as
contrasted with emotional intelligence [2]

The skills involved in performing the tasks associated
with perception, learning, memory, understanding,
awareness, reasoning, judgment, intuition, and
language [2]

The proactive (as opposed to habitual) part of motivation
that connects knowledge, affect, drives, desires, and
instincts to behavior [2]

A factor that affects the central phenomenon [1]

The output of the cause [1]

This is where central phenomenon took place. This
includes participants' demographics, and their team

and project information [1]

XX



Glossary of Terms

XXi

Contingency
Covariance

Dimensions

Direct consequence

Emotion

Emotion dynamics

Emotion regulation

Emotional intelligence

Emotional response

Empathy

Extended consequence

Individual cognition

Intervening condition

Any event that can occur given a speci ¢ cause or
condition [1]

The change of one variable with another [1]

The range along which general properties of a category
vary, giving speci cation to a category and variation to
a theory [3]

The immediate output of the cause

A sequence of interrelated, synchronised changes in the
states of all the ve organismic subsystems (information
processing, support, executive, action, and monitoring)
in response to the evaluation of an external or internal
stimulus event as relevant to central concerns of the
organism [4]

The patterns and regularities with which emotions
uctuate over time [5]

Any process that decreases, maintains, or increases
emotional intensity over time, thereby modifying the
spontaneous ow of emotions [5], [6], [7]

Type of intelligence that involves the ability to process
emotional information and use it in reasoning and other
cognitive activities [2]

An emotional reaction, such as happiness, fear, or
sadness, to give a stimulus [2]

Understanding a person from his or her frame of
reference rather than one's own, or vicariously
experiencing that person's feelings, perceptions, and
thoughts [2]

The immediate output of the direct consequence

All forms of knowing and awareness, such as
perceiving, conceiving, remembering, reasoning, judging,
imagining, and problem solving [2]

The condition that alters the central phenomenon

in some way [3]



Glossary of Terms XXii

Motivation A person's willingness to exert physical or mental effort
in pursuit of a goal or outcome [2]

Perception The process or result of becoming aware of objects,
relationships, and events by means of the senses,
which includes such activities as recognising,
observing, and discriminating [2]

Project A temporary endeavor undertaken to create a unique
product, service or result [8]

Project life cycle The execution ow across time of any software project
that allows the software team to meet the project goal

Properties Characteristics of a category, the delineation of which
de nes and gives it meaning [3]

RC handling Aggregation of requirements engineering tasks/ or any
requirements engineering task that practitioners do
during RC's life cycle

RC life cycle The execution ow across time of an RC that allows the
software team to deliver it. RC life cycle begins when
the RC is introduced to the team and lies within the
project life cycle

Requirements Change (RC) Additions/modi cations/deletions of functional/
non-functional requirements in a software project

Self-ef cacy An individual's subjective perception of his or her
capability to perform in a given setting or to attain
desired results [2]

Social cognition Cognition in which people perceive, think about,
interpret, categorize, and judge their own social behaviors
and those of others [2]

Stimulus Any agent, event, or situation—internal or external—
that elicits a response from an organism [2]

Strategy An action that can be executed [1]

Sustained attention The ability to sustain attention over time in specic
goal-directed behaviors [2]

Team cohesion The unity or solidarity of a group, including the



Glossary of Terms

XXxiii

Team context

Team dynamics

Temporal matters

Variable

integration of the group for both social and task-related
purposes [2]

The socio-technical environment where software
practitioners work collectively as a team to achieve a
common goal

The processes, operations, and changes that occur
within social groups, which affect patterns of af liation,
communication, con ict, conformity, decision making,
in uence, leadership, norm formation, and power [2]
Time related concerns that have impacts on project
and RC life cycles

Context, condition, cause, consequence, or
contingency which are the elements of the

central phenomenon [1]



Chapter 1

Introduction

Requirements changes (RCs) are inevitable in software development and are capable
of triggering emotions in software practitioners who handle them. This chapter intro-
duces RCs, and the need for conducting this research (Section 1.1), motivation (Sec-
tion 1.2), thesis scope that explains how research objectives were derived and scope
was narrowed down (Section 1.3), key research questions needed answering in order
to achieve the research objectives, a summary of the key thesis contributions (Section

1.4), and nally an outline of the structure of this thesis (Section 1.5).

1.1 Background

A requirement, de ned by the IEEE Standard Glossary of Software Engineering, is “(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, speci cation, or other formally imposed doc-
uments; (c) a documented representation of a condition or capability as in (a) or (b)”
[9]. Even though this original de nition has remained the same over the years, with
the advent of modern software development methods such as agile, the practical def-
inition of a requirement has changed. Agile loosely describes a set of newer software
development approaches, such as Scrum and Kanban, that are highly iterative and in-
cremental. Hence, it naturally encourages requirements to evolve through its iterations,

and incrementally elicit requirements. This leads to frequent requirements changes

1



[10, 11], and therefore having RCs in a software development context has become a
natural phenomenon. RCs in software development include such actions as additions,
deletions, and modi cations of functional and non—functional requirements [12]. Even
though RCs are generally welcomed in agile software development, RCs impact the
cost, quality, and schedule of the software development project [13]. Therefore, it is

vital to understand RCs during development.

However, RC handling is easier said than done. The challenges faced by software prac-
titioners during RC handling are manifold. Some of these challenges include, but are
not limited to, lack of requirements traceability [14], incorrect requirements prioritisation
[14], minimal requirements documentation [12, 14-16], contractual issues [14], and
customer agreement [14]. Given that majority of these challenges have already been
identi ed, several practices are in place to mitigate these challenges and allow a better
RC handling experience. For example, several practices such as face-to-face commu-
nication [17-20], iterative requirements [19-22], prototyping [21-23], review meetings
[19, 22], and prioritisation [19, 21, 22]. However, challenges with adopting these prac-
tices in different software contexts still exist [24]. But still, as RCs may signi cantly
impact the software products, software practitioners are required to handle RCs care-
fully. Hence, this pressing need for careful handling of RCs, make RCs a stimulus

(trigger) in software development contexts.

RCs have the potential to elicit responses from practitioners handling them. Respond-
ing to stimuli in different ways is natural to human beings. One such way is through
emotions. Emotion is de ned as “a sequence of interrelated, synchronised changes in
the states of all the ve organismic subsystems (information processing, support, ex-
ecutive, action, and monitoring) in response to the evaluation of an external or internal
stimulus event as relevant to central concerns of the organism” [4], for example excite-
ment, satisfaction, anxiety, and fatigue [25], and reaction to a given stimulus through
emotions is called emotional response [2]. Emotions act as behavioral motivators [26],
and have direct linkages to cognition [26], productivity [26—28], and decision—making

[29].

Better cognition, productivity, and decision-making are key to better handle RCs. Given
that software practitioners' emotions can have a direct link to these requisites, it is nec-

essary for software practitioners to be aware of their emotions during RC handling. This



is a key aspect of emotional intelligence (El), and being aware of one's own emotions
while working has been shown to increase developer ef ciency and effectiveness in

practice [30].

Salovey and Mayor, who proposed the concept of El, de ne it as “a type of intelligence
that involves the ability to process emotional information and use it in reasoning and
other cognitive activities” [31]. While many de ne EI from different perspectives, El
from a point of view of workspaces can be seen in the four aspects self-awareness
(aware of own emotions), self-management (manage own emotions), social-awareness
(aware of others' emotions), relationship management (build relationships with others).
Handling RCs is crucial. It requires a great deal of effort [32], as RCs are not limited
to a single phase in software development. Software practitioners emotionally invest
in RC handling throughout software development [33]. Therefore, understanding the
role of El in RC handling is important. Having a more comprehensive understanding
of requirements changes, emotional responses, and emotional intelligence during RC

handling should allow nding ways to better handle RCs during software development.

1.2 Motivation

“Welcome changing requirements, even late in development” (Q) and “Responding to

change over following a plan” (0) — Agile Manifesto [10]

The agile manifesto has 4 key values and 12 principles. These values and principles
were set to make software development easy. The principle Q and value 0 are one of
the principles and one of the values, respectively. Q speci cally focuses on embracing
changing requirements, even late in the development whereas as in traditional software
development, late changes in requirements impacts scope, cost, and time. 0 states
that responding to the change is necessary more than following a plan. As agile meth-
ods are being used widely in software development, we wanted to know more about
changes in software development, and how software practitioners respond to them.
Therefore, the principle Q and the value 0 were the key motivators for inspiring this

research project.



These led to conducting an interview—based study to explore the broad idea of
change in agile software development. For this study, 10 software practitioners
from New Zealand (8 participants) and Australia (2 participants) participated. Each
semi-structured interview (7 face—to—face interviews and 3 online interviews) lasted
50-60 minutes. Data were analysed using open—coding and constant comparison as
in Strauss—Corbinian Grounded Theory [3], sentiment analysis using SentiStrength?,

and emotion analysis using Job Emotion Scale [34].

The ndings from this study were that mainly due to stakeholder and market demands,
and due to the iterative nature of agile, changes such as organisational changes, pro-
cess changes, changes in practices, and RCs occur. RCs were found as the most
prominent and important to study. Further, it was found that RCs have a multi—faceted
nature, and RCs trigger behavioral, technical, and emotional responses in software
practitioners (the preliminary ndings we found through this motivational study are pre-
sented in Chapter 4). Therefore, the ndings from this study indicated that it is nheces-
sary and important to comprehensively study RCs, and software practitioners' behav-

ioral, technical, and emotional responses to RCs.

FIGURE 1.1: An Example of a Requirements Change

Suppose, Kash a developer gets a feature request like Fig. 1.1. This is an RC, where
Kash's team needs to add a new feature (RC type: addition — indicates the multi—
faceted nature of RCs) requested by a customer (RC carrier: customer — indicates
the multi-faceted nature of RCs). Kash might feel excited, relaxed, anxious, or even
depressed after seeing this (emotional responses). Kash might laugh loudly or even
cry (behavioral responses) at this point. But still, Kash will think about this RC and
will add to the product backlog (technical response). The participants shared multiple

examples like this during this interview—based study.

http://sentistrength.wiv.ac.uk/



Even though we found the above empirical evidence through the interview—based study,
we wanted to know what are the existing research gaps identi ed by the researchers so
that we can con rm whether it is worth to study. We found some key secondary studies
that provided a general overview of requirements engineering in agile contexts ([35—
37]), practices and challenges in agile with requirements engineering in agile contexts
([14, 38, 39]). As agile methods are currently the default in most cases in software
development, these key secondary literature helped us gain a better picture of what
was studied, and what was not. Below, a summary of the ndings are given. Targeted
literature on the topic of this thesis can be found in Chapter 2 and related work sections

of the other chapters.

A general overview of requirements engineering in agile contexts. Curcio et al.'s
systematic mapping [35] covering agile RE research from 2001 to March 2017 shows
that functional and non-functional requirements, process support and management,
process quality and improvement, requirement negotiation, and acceptance tests have
been studied extensively, while topics such as requirement elicitation, change manage-
ment, measuring requirements, software requirement tools, and comparative studies on
traditional and agile RE require further investigation. Heikkila et al.'s systematic map-
ping study [36] covers agile RE research from 2004 to 2015. Their study indicated that
exploring the bene ts of agile RE over traditional RE as a research area is saturated.
Presumably, this falls under comparison of traditional and agile RE which Curcio et al.
mention as an area which requires further investigation. However, Curcio et al. have
not speci cally hinted at the areas where comparison of traditional and agile RE are
required. In addition to that, Heikkila et al. state RE as a phenomenon in ASD still are
weak, and the de nition of agile RE is in a vague state. Both these studies state that
empirical studies are scarce and require to be conducted. Schon et al's systematic
literature review [37] conducted in 2017 covers agile RE studies from 2007 to 2015.
Their ndings allude that studies on user and stakeholder involvement are in a high
volume. They have found that the topic of requirement management, however, requires
further empirical evaluation as it lacks appropriate guidelines in practice. A common
gap found between Curcio et al.'s and Schon et al's studies is management. Change
management mentioned by Curcio et al. refers to changes in requirements, and Schon
et al. clearly mentions that requirement management lacks attention in research. Com-

bining the two, investigating requirements change management seems to be a relevant



area to explore. Moreover, all three studies mention that empirical studies are less in

number and are required to be conducted.

Practices and challenges in requirements engineering in agile contexts. Saleh
et al.'s [38] systematic literature review published in 2018 covering agile RE challenges
research from 2002 to March 2018 mentions that 59% of the studies on agile RE are
insuf cient empirical assessment studies. They also found that studies on change man-
agement, requirement measuring, and impact of agile RE practices are limited. In addi-
tion to that, their study shows that non-functional requirements were neglected in agile
RE studies. The RE practices review [39] by Zamudio et al. captures studies from
2006 to January 2016. This review recommends that application of RE techniques
in personalised software development methods, and tools supporting RE combining
traditional and agile RE require further exploration. Their study suggests that agile ap-
proaches and comparative studies on traditional and agile RE have been studied widely,
but empirical studies are still lacking in agile RE research domain. The systematic lit-
erature review on agile RE practices and challenges conducted by Inayat et al. [14] in
2015 shows that requirement prioritisation and testing before coding have been stud-
ied widely between the secondary study's coverage period between 2002 and June
2013. Moreover, they point out that studies on agile RE practices are still in an im-
mature state and further empirical evaluation is required. Also, their study highlight
that studies on change management, cross-functional teams, prototyping, requirement
modelling, review meetings and acceptance tests, code refactoring, shared conceptu-
alisations, pairing for requirement analysis, and continuous planning are in shortage.
Change management was found as a research gap by both Saleh et al's and Inayat
et al.'s studies. Signi cantly, all three studies recommend more empirical studies are

required.

After going through the key secondary literature, we identi ed that requirement changes
and management (multi-faceted nature of RCs and RC handling) research needs at-
tention. And also, surprisingly, none of the secondary studies mentioned the need to
study the practitioners' responses to requirement changes. These ndings were used

to identify the scope of this thesis, and it is explained in the next section.



1.3 Thesis Scope

The approach taken in conducting this PhD was iterative, hence, deriving the research
objectives and narrowing down the scope was iterative. Fig. 1.2 shows this process,

and sub—sections below explain this in detall.

FIGURE 1.2: Deriving Objectives and Narrowing Down the Thesis Scope

1.3.1 In Scope — Deriving research objectives and narrowing down the

scope of the research

As mentioned in Section 1.2, the ndings from the interview—based study indicated that

it is necessary and important to comprehensively study:

* requirements changes*

 software practitioners' responses (behavioral, technical, and emotional*) to re-

quirements changes

However, due to the time constraints of the PhD, we decided to scope the research
only to study the areas marked with an asterisk. Therefore, they became two key

objectives of this PhD thesis. Namely:



ROA. Understanding the multi—faceted nature of RCs

ROB. Understanding software practitioners' emotional responses to RCs

As the study was conducted to meet the objective ROB, some additional ndings
on Emotional Intelligence during RC handling were found and identied as worth
exploring. Therefore, we decided to focus the rest of this PhD on it. Hence it became

the third key objective of this PhD.

ROC. Understanding software practitioners' emotional intelligence during RC handling

ROA, ROB, and ROC are explained further in Section 1.4.

1.3.2 Out of Scope

As stated in previous section, we found evidence of technical and behavioral responses
to RCs from the interview—based study. These two aspects remain out of scope of this
thesis as a result of the narrowing down procedure of the scope. However, we published
two short papers ([40] given in Section 4.1, and [41] given in Section 4.2) reporting the
preliminary ndings on these two aspects and these are ideal candidates for conducting

full, in-depth studies on in the future.

1.4 Research Objectives, Questions, and Thesis Contribu-

tion

To meet the research objectives (presented through scoping in the previous section and
listed below), research questions were developed for each. Answering these research
qguestions (provided under each research objective), led to the achieving of research
objectives, and resulted in various contributions to both academia and industry (listed
under each research objective). Note, the term “software practitioner” is used to rep-
resent software engineering professionals working in software development contexts,

and does not include customers or end-users.



ROA. Understanding the multi—-faceted nature of RCs

ROB. Understanding software practitioners' emotional responses to RCs

ROC. Understanding software practitioners' emotional intelligence during

RC handling

1.4.1 ROA. Understanding the multi—faceted nature of RCs

Having a comprehensive understanding of the faceted nature of RCs may potentially

make it easy to better handle them. In this objective, we focused on gaining a 360

degree view of RCs. This included understanding the types of RCs, form they are

documented in, origin of RCs — reasons for the emergence, what are the sources, who

carries them, and the events where they originate.

Research Questions:

RQAL.

RQA2.

RQAS3.

RQA4.

RQAS.

RQAG.

What are the different types of RCs found in agile projects? - We wanted
to know what different types of RCs developers (software practitioners) encounter

and which are more or less common.

In what forms are RCs documented? - We wanted to know how agile teams

document their RCs and if this documentation takes different forms.

What are the reasons that RCs originate? — We wanted to understand why

RCs originate. i.e., the justi cation or the motivation for RC origination.

What are the sources of RCs? —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 development team? — We wanted to

know who provides these RCs to the agile team.

In what events do RCs originate? — We wanted to know where the RCs come

from.

To answer the above RQs, we used a mixed—methods approach which consisted of

a series of studies including the interview—based study (10 participants from New
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Zealand and Australia), a focused literature review, and an in—depth survey (40 par-
ticipants worldwide). The collected quantitative data were analysed using descriptive
statistics, and the qualitative data were analysed using Strauss—Corbinian Grounded
Theory [3]. The ndings — different types and forms of RCs, the reasons and sources
of origination, the carriers of RCs, and their emergence via variety of events led to the
below contribution which provides guidance for software practitioners to help manage

RC-related issues.

Contribution:

(Al) A faceted taxonomy of RCs (types, forms, reasons, sources, carriers, and events

where RCs originate) — by answering above RQs

This contribution is presented in Chapter 3, and reported in the publication: K.
Madampe, R. Hoda and J. Grundy, “A Faceted Taxonomy of Requirements Changes
in Agile Contexts,” in IEEE Transactions on Software Engineering, doi:
10.1109/TSE.2021.3104732.

1.4.2 ROB. Understanding software practitioners' emotional responses
to RCs

As given in Section 1.4.1, an RC has a multi-faceted nature. These RCs result in
emotional responses of software practitioners who handle them. Therefore, having a
thorough understanding of emotional responses to RCs will help in coming up with
solutions to better handle RCs. This research objective aimed at gaining an in—depth

understanding of the emotions felt in handling RCs.

Research Questions:

RQB1. How do software practitioners respond emotionally to requirement
changes? — We wanted to gain a comprehensive understanding of emotional

responses to RCs in software teams.

RQB2. What are the factors that make RC handling a challenge? We were interested

in understanding “what” makes the RC handling a challenge.
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RQB3. How practitioners feel when it is challenging to handle RCs? We wanted to

know when practitioners feel various emotions when they handle RCs.

RQB4. How do stakeholders in uence the handling of RCs and how do practition-
ers feel this inuence?  As we identi ed a range of key stakeholders — practi-

tioner, peers in the team, manager, and customers.

To answer RQB1, RQB3, and RQB4 a mixed—methods study was conducted. Data
were collected using an in—depth survey (201 participants). The collected quantitative
data were analysed using descriptive statistics, and the qualitative data were analysed
using Socio—Technical Grounded Theory [42] (as Socio—Technical Grounded Theory
which is tailored for socio—technical environments was introduced by the time we con-
ducted this study, we decided to use it) and Job Affective Well-being Scale [25]. The
ndings led to identify the most common emotions felt during RC handling, stimuli that
trigger emotions of software practitioners such as the RC, the practitioner, team, and
manager through their own characteristics, emotion dynamics — the changes in emo-
tions during the RC handling life cycle, the stages of RC handling life cycle where the
emotions are triggered, time—related aspects that regulate the emotion dynamics, prac-
titioners' emotional responses to challenges they face when handling RCs, the stake-
holders' in uence during RC handling. These resulted in making the contributions B1
and B2 that are helpful to understand the emotion dynamics in handling RCs in detalil,
and use at work to decide when to introduce and accept an RC, respectively by answer-
ing RQB1, and B3 and B4 — a framework on the in uence of stimuli in handling RCs,
and practices for handling RCs which were contributions of RQB3, RQB4, and RQB2
which is explained next. This further showed that El needs to be used with agility and

cognitive intelligence to better handle RCs.

RQB2 was answered using the same mixed—methods approach described in Section
1.4.1. The series of studies resulted in identifying the factors that make RC handling a
challenge, which are either technically intensive or socially intensive. Technically inten-
sive factors include complexity, cascading impact, size, de nition, and priority. Socially

intensive factors include effort, cross—functionality, and relationship management.

Contributions:
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(B1) The concepts of emotion dynamics (emotions triggered at milestones of RC han-
dling cycle, stimuli that trigger the emotions, emotion regulation using time related

aspects) in handling RCs — by answering RQB1

(B2) A decision guide on when to introduce and accept RCs based on emotional re-

sponses of software practitioners — by answering RQB1

(B3) A framework on the in uence of stimuli (RCs, practitioners themselves, peers,

managers, customers) in handling RCs — by answering RQB2-RQB4

(B4) Practices for handling RCs — by answering RQB2—-RQB4

The contributions B1 and B2 are presented in Chapter 5, and reported in the publi-
cation: K. Madampe , R. Hoda and J. Grundy, “The Emotional Roller Coaster of Re-
sponding to Requirements Changes in Software Engineering,” in IEEE Transactions on

Software Engineering, doi: https://doi.org/10.1109/TSE.2022.3172925.

The contributions B3 and B4 are presented in Chapter 6, and reported in the submitted
paper: K. Madampe , R. Hoda and J. Grundy, “Emotion—centric Requirements Change

Handling in Software Engineering,” in IEEE Transactions on Software Engineering

1.4.3 ROC. Understanding the emotional intelligence during RC handling

As we identi ed in ROB that El has a role in better handling RCs, we recognised the
necessity of studying EI thoroughly. The aim of this objective was to gain an overall
and in—depth understanding of emotional intelligence during RC handling, and come
up with a software prototype of a tool to support improving the emotional intelligence of

software practitioners.
Research Questions:
RQCL1. How do software practitioners use emotional intelligence in handling RCs?

— We wanted to gain a comprehensive understanding of software practitioners'

emotional intelligence in handling RCs.

RQC2. Can developers' emotional responses to project requirements be captured

effectively by extending project management tools, such as Trello? - We
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wanted to develop a software protype of a tool to capture and monitor emotions

during RC handling, which helps to improve emotional intelligence.

To answer RQC1, we collected data using 18 interviews in 2 iterations. Iteration 1 data
were collected through the same interview—based study explained in Section 1.2. Iter-
ation 2 data collection had a strong emphasis on aspects around EI. The collected data
followed a Socio—Technical Grounded Theory data analysis. This resulted in a six C
model — context (software teams in Australia, New Zealand, Sri Lanka, and Singapore),
conditions (causal condition — practitioners handling RCs; intervening condition — mode
of work such as remote and in-person), causes (being aware of own emotions, be-
ing aware of others' emotions), consequences (direct consequences — regulating own
emotions, managing relationships; extended consequences — sustaining productivity,
setting and sustaining team goals), contingencies (12 strategies including open and
regular communication, focusing on learning from the RC), and covariances (strategies
vary with the causes, strategies vary with the direct consequences, ease/ dif culty in
executing strategies vary with intervening conditions). This six C model is presented as

a framework, which is contribution C1.

To answer RQC2, we developed a prototype of a Trello power—up called Emotimoni-
tor. Emotimonitor allows software practitioners to self-report their emotions, and allows
monitoring the reported emotions using a dashboard. These were made a reality using
a web app and a backend that has a PostgreSQL database accompanying REST API.
The developed power—up was preliminarily evaluated with 4 participants. Emotimonitor

is the contribution C2.
Contributions:
(C1) A framework on the role of emotional intelligence in handling RCs (context, con-

ditions, causes, consequences, contingencies: strategies, covariances) — by an-

swering RQC1
(C2) A software prototype of a tool to capture and monitor the emotions of software

practitioners to improve the emotional intelligence — by answering RQC2

The contribution C1 is presented in Chapter 7, and reported in the submitted paper:

K. Madampe, R. Hoda and J. Grundy, “The Role of Emotional Intelligence in Handling
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Requirements Changes in Software Engineering,” in IEEE Transactions on Software

Engineering

The contribution C2 is presented in Chapter 8, and reported in the submitted paper:
M. A. Abd EI-Migid, D. Cai, T. Niven, J. Vo, K. Madampe, J. Grundy, and R. Hoda,
"Emotimonitor: A Trello power-up to capture and monitor emotions of Agile teams,’

Journal of Systems and Software, 2021. doi: https://doi.org/10.1016/j.jss.2021.111206

Taken together, the deeper insights gained from this PhD study contribute to both
academia and industry by providing knowledge including concepts and frameworks
(A1, B1, B2, C1), recommendations for practice including a decision guide (B2), prac-
tices (B4), strategies (C1), and a software prototype (C2). Furthermore, this PhD study
lays the groundwork for future research into investigating technical responses to RCs,
and how behavior change models can be used to better understand the software prac-
titioners. The summary of the objectives, contributions, and reported publications are

illustrated in Fig. 1.3.

1.5 Thesis Structure

This thesis is structured as follows. From Chapter 3 to 8, this thesis consists of publi-

cations, they are listed below under the corresponding chapters.

Chapter 1 provides an introduction to this thesis. This includes the background and
motivation, thesis scope, research objectives, research questions, and thesis contribu-

tion.

Chapter 2 presents the literature review which includes the background and related

work on handling RCs, emotions, and El in SE.

Chapter 3 gives an in—depth understanding of the multi-faceted nature of RCs . This
includes a faceted taxonomy of RCs describing the types of RCs, forms they are docu-

mented in, reasons, sources, carriers, and events where RCs originate.

Kashumi Madampe, Rashina Hoda, and John Grundy. 2021. A Faceted
Taxonomy of Requirements Changes in Agile Contexts. IEEE Transactions on

Software Engineering. (Accepted for publication on 8th Aug, 2021)
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Chapter 4 introduces the responses to RCs by software practitioners. These re-
sponses are behavioral, technical, and emotional. While the rst two are introduced
to provide an aerial view of the responses to RCs, the third is the starting point for the
rest of the chapters of this thesis. Even though this chapter does not belong to any
of the research objectives of this thesis, the preliminary work presented in this chapter
which also has the potential to conduct future studies on, outlines the responses to

RCs, and makes it easy to read the rest of this thesis.

Kashumi Madampe, Rashina Hoda, and John Grundy. 2020. Towards Better
Understanding of Agile Teams through Behavior Change Models. ASEW'20:
Proceedings of the 35th IEEE/ACM International Conference on Automated

Software Engineering Workshops.

Kashumi Madampe, Rashina Hoda, John Grundy, and Paramvir Singh. 2020.
Towards Understanding Technical Responses to Requirements Changes in
Agile Teams. ICSEW'20: Proceedings of the 42nd IEEE/ACM International

Conference on Software Engineering Workshops.

Kashumi Madampe, Rashina Hoda, and Paramvir Singh. 2020. Towards Un-
derstanding Emotional Response to Requirements Changes in Agile Teams.
ICSE-NIER '20: Proceedings of the 42nd ACM/IEEE International Conference

on Software Engineering: New ldeas and Emerging Results.

Chapter 5 gives a comprehensive understanding of the emotional roller coaster of

responding to RCs in SE. This includes most commonly felt emotions during RC han-
dling, the key milestones they are felt, the stimuli that trigger the emotions — RCs, soft-
ware practitioners themselves, their peers, their managers, and their customers, and

how time related aspects can be used to regulate the emotions.

Kashumi Madampe, Rashina Hoda, and John Grundy. 2022. The Emo-
tional Roller Coaster of Responding to Requirements Changes in Software
Engineering. IEEE Transactions on Software Engineering. (Accepted for pub-

lication on 29th Apr, 2022)

Chapter 6 describes the factors that make RC handling a challenge for the software

practitioners, how stakeholders in uence the RC handling, and how software
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practitioners emotionally respond to the challenging factors and the stakeholder
in uence through a framework. This chapter also highlights that agility, cognitive intel-
ligence, and emotional intelligence need to cooperate with each other when handling

RCs.

Kashumi Madampe, Rashina Hoda, and John Grundy. 2022. Emotion—
centric Requirements Change Handling in Software Engineering. IEEE Trans-

actions on Software Engineering. (Submitted on 11th May, 2022)

Chapter 7 provides an in—depth understanding of the role of EI during RC handling
through a framework. This includes causes, consequences, and contingencies in using

El during RC handling.

Kashumi Madampe, Rashina Hoda, and John Grundy. 2022. The Role of
Emotional Intelligence in Handling Requirements Changes in Software Engi-
neering. IEEE Transactions on Software Engineering. (Submitted on 23rd

June, 2022)

Chapter 8 present a software prototype of a tool to capture and monitor emotions
This software prototype is a Trello power—up which can be enabled in Trello boards

which is popular project management tool.

Mohammed-Amr Abd EI-Migid, Damon Cai, Thomas Niven, Jeffrey Vo,
Kashumi Madampe, John Grundy, and Rashina Hoda. 2022. Emotimonitor:
A Trello Power-Up to Capture Emotions of Agile Teams. Journal of Systems

and Software.

Chapter 9 concludes this thesis by providing a summary of key contributions of this

thesis, evaluation of the ndings, limitations, and future work.
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FIGURE 1.3: Contributions through Publications (TSE: Transactions on Software En-
gineering; ICSE: International Conference on Software Engineering; JSS: Journal of
Systems and Software; CHASE: Cooperative and Human Aspects in Software Engi-
neering workshop; ASE: International Conference on Automated Software Engineer-
ing; HCSE&CS: Human—Centric Software Engineering and Cyber Security workshop)



Chapter 2

Literature Review

This chapter gives an overview of agile software development, then an overview of
Requirements Change (RC) handling, and nally summarises the existing literature on
emotions in Software Engineering (SE), and Emotional Intelligence (EI) in SE. Literature
related to speci ¢ study ndings is discussed with the ndings in each corresponding

chapter.

2.1 Agile Software Development

In the mid-nineties, software practitioners started to realise that the traditional approach
of building software is not appropriate for them [43]. They understood that volatility is
not met through single-function groups working sequentially from analysis to testing
with weak feedback groups [44]. Therefore, they created methodologies by combin-
ing old and new ideas to suit the given situation [43]. An empirical process control was
used to develop these methodologies in which transparency, inspection, and adaptation
were the basis [44, 45]. All these methodologies focused on high collaboration between
the business stakeholders and the software development team, the software develop-
ment team being self-organising, delivery of business value frequently, smart ways of
working, con rming, and delivering the product [43]. These methodologies spread as
frameworks among other organisations fast [43]. In 2001, a group of 17 people who
decided to meet to see the commonalities and differences among these frameworks

came up with the Agile Software Development Manifesto [10].
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Ultimately, the term “agile software development” is an umbrella term for frameworks
and practices based on the 4 values and 12 principles stated in the Agile Manifesto
[10]. Some of these frameworks are Scrum, Extreme Programming (XP), and Feature-
Driven Development (FDD) [43], and some agile practices are pair programming, stand-
ups, planning sessions, sprints [43], face-to-face communication [17-20], iterative re-
quirements [19-22], prototyping [21-23], review meetings [19, 22], and prioritisation
[19, 21, 22]. Agile by its very nature encourages RCs, compared to older waterfall
type models where few RCs were expected post the requirements engineering phase.

Hence, RCs are frequently introduced to agile software development contexts.

2.2 Handling Requirements Changes

Requirements Engineering (RE) is the umbrella term for the activities that support dis-
covering, analysing, documenting, and maintaining the requirements for a computer-
based system [46]. Traditional SE focused on a master design upfront, including ac-
quiring requirements upfront. Therefore, in traditional SE, RE is performed initially in
the process as a con ned phase. This gave rise to many challenges, encompassing
dif culty in incorporating changes later. Due to this unrealistic assumptions of tradi-
tional SE, iterative approaches including Agile Software Development (ASD) grew in

popularity to be used in practice.

However, following traditional RE became challenging with the advent of ASD as agile
welcomes and responds to requirement changes even late in the process [10]. This
led to the emergence of agile RE, which involves carrying out RE practices iteratively

during the entire process instead of during a con ned phase at the beginning [37].

Performing RE practices well is crucial in agile projects [47]. Commonly used agile
RE practices are face-to-face communication, extreme prioritisation, constant planning,
prototyping, and reviews and tests [48]. As agile values recommend minimum docu-
mentation [10], the lack of documentation [48, 49] has become a major challenge in
agile RE. In addition to that, inappropriate software architecture, project, budget, and
time estimation, ignoring non-functional requirements, change of requirements and re-
evaluation, client unavailability, and poor communication are main challenges in agile

RE [49].
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Moreover, many projects experience delayed delivery due to a lack of focus on RE prac-
tices, most commonly, stakeholder communication [50]. Stakeholder and customer-
related communication challenges in agile RE include: customer disagreement on prod-
uct vision, unwanted communication, large amount of unstructured feedback, in exible

customers wanting to stick to deadlines, and requirement approvals [51].

Software requirements speci ed by users are often vague, ambiguous, and incom-
plete [47]. Due to the nature of ambiguity, requirements can be discovered, evolved,
changed, and disappeared during software development [47]. Moreover, RCs are seen
to bring a negative impact on the agile project success overall [52]. RCs impact cost,
guality, and schedule of the project [13]. Final product adaptability, ef cient execution,
and willingness to adapt to change are positive moderating effects on the relationship

between changing requirements and agile success [52].

2.3 Emotions in Software Engineering

“Software development is technical activity conducted by human beings.” — Niklaus

Wirth [53]

As stated by Niklaus Wirth, software development is carried out by humans, who are
also emotional creatures. Emotions act as behavioral motivators [26], and have direct
linkages to cognition [26], productivity [26—28], and decision—making [29]. Visualise a
software development environment using well-established agile methods and practices.

How does the software development team react to requirements changes?

Research on understanding emotions and their impact on SE is gaining momentum at
present. Majority of studies focused on emotions during and post software develop-
ment. This includes exploring emotions during/post software development [28, 30, 54—
63], nding relationships between emotions and productivity [64—66], progress [29, 67],
practices [68], and problem-solving [69]. In addition, the relationship between affective
states (emotions fall under the umbrella term “affect”) and software metrics [70] have
been studied. However, fewer studies [71] on emotions during RE exist in the current
literature. Majority of these studies [28-30, 60, 61, 64, 65, 68—71] focused on exploring

emotions, while few studies [57, 67] focused on proposing emotion based studies in
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SE. In order to support exploring emotions in SE, studies on tools are also available.
Especially, tools which provide the ability to extract emotions [54, 56, 59], analyse emo-
tions [55], visualise emotions [63], and extract, analyse, store, and visualise emotions
as a whole [58] exist. Furthermore, emotion annotated datasets such as [57] are also

available for researchers to use.

Most of these studies were case studies, and the rest were user studies, survey, lit-
erature, mixed-methods, and interview based. Among the case studies, the studies
[69, 71] had direct data collection from the participants. Data from mailing lists [63],
mined data from repositories such as GitHub [58-60], other open-source repositories
[54, 56], open-source bug repositories [55], and Stack Over ow [57, 62] which are
indirect methods of collecting data from participants were also used to understand the
emotions of software practitioners. The studies [28—-30, 67] were user study based, and
[65, 69] were literature based. [70] followed a mixed-methods approach which had ex-
perience sampling (daily diary method) and mined data from GitHub. Also, participant
observation method was proposed in [66] as a method of collecting data on emotions

of software practitioners.

In the next sub—sections, these are detailed. First, under emotions during/post software
development, the literature on exploring emotions in general, emotions vs productivity,
emotions vs progress, emotions vs practices, emotions vs problem-solving, affective
states vs software metrics are presented. Then literature on emotions during require-

ments engineering is presented.

2.3.1 Emotions During/Post Software Development

Exploring Emotions. In their study [61], Graziotin et al. summarises existing psy-
chology and SE merged studies to demonstrate the practitioner calling for psychology
based SE studies. Pletea et al. conducted sentiment analysis of discussions and com-
ments of commits and pull requests [60]. They found that security related discussions

on GitHub contain negative emotions than other discussions.

The paper [30] on exploring emotions of software developers while working suggested
that emotional awareness increases developer's progress by mitigating negative emo-

tions. They used biometric sensors (EEG, a galvanic skin response device, eye tracker)
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to capture emotions of the participants. [28] which is on multimodal emotion recognition
of software developers while working proposed application scenarios in software devel-
opment and testing processes using multimodal emotion recognition (vision, sound,
text, physiological signals). They used Ekman's basic emotion model in their study.
Novielli et al's paper [62] on exploring emotion in questions and answers in Stack Over-
ow argues that emotions of a technical question impacts the probability of obtaining
satisfying answers. They also provide an emotion annotated dataset [57] of questions,
answers, and comments from Stack Over ow which can be used in developing predic-

tive models.

Yang et al. [55] improved Na've Bayes Multinomial algorithm for emotion analysis. They
used SentiWordNet, an emotion word based dictionary on bug reports to improve the
algorithm. Werder and Brinkkemper [59] presented a tool for extracting emotions from
GitHub comments. They used Ekman's and Davidson's emotional framework in their
tool. Murgia et al. [54] also presented a tool for extracting emotions from issue com-
ments. They found that words such as thanks and sorry are emotion-driven. Also,
they found their machine learning classi ers for love and joy shows an overlap be-
tween them. Guzman's study [63] on visualisation prototype, which includes general
and detailed views of topics and emotions expressed in software project collaboration
artefacts, suggested how topic modelling can be applied to extract sentiment score and
topics in the text. Neupane et al.'s work [58] on automatic extraction of communication
records of software development teams, identi cation of emotions and the intensity, and
model them into time series data provides end to end support on data collection, mod-
elling, storage, analysis, and presentation of emotions. Similarly, through their study
[56] on automatic extraction of emotions from issue comments found that issue reports
express emotions and emotions such as love, joy, and sadness can be automatically

mined. Parrot's emotion framework was used in their study.

Emotions vs Productivity. Through their study [64] which focused on the impact
of emotions on productivity during software development, Wrobel found that frustration
is felt most often, and it lowers productivity, anger increases productivity, enthusiasm
increases productivity, and emotions transit from frustration to anger to contentment to
enthusiasm. They used Job Emotions Scale in their study. Wrobel also proposed par-

ticipant observation can be used to conduct experiments on understanding emotions
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in SE teams [66]. As suggested, this can be used as an assessment tool to mea-
sure valence and arousal of emotions, and productivity of SE teams. Crawford et al.'s
work [65] on the relevance of emotions in software development noted the need of con-
ducting emotion based research in software contexts. Giradi et al's work [72] provide
evidence on connection between emotions and productivity, where they utilised experi-
ence sampling to capture the emotions through biometric sensors. They also present a
taxonomy of triggers which includes collaboration, and self perception, which we also

found through our research.

Emotions vs Progress. Muller and Fritz's work [29] on relationship between emo-
tions and progress of software developers concluded that emotions have direct poten-
tial impact on developer's work and productivity. They also found that the reasons for
increase in emotions/progress: localising relevant code, better understanding of parts
of the code, clear next steps, writing code, and having new ideas. As the reasons for
decreases in emotions/progress, they found dif culty in understanding how parts of the
code/API work, dif culty in localising relevant code, not being sure about next steps,
realising that hypothesis on how code works is wrong, and missing/insuf cient docu-
mentation. They used Russell's 2-dimensional Circumplex model to capture emotion
arousal and valence in their study. Girardi et al's paper [67] proposes replicating a
previous study to determine the extent to which biometric sensors can be used to auto-
matically detect emotions during software development to nd the relationship between

emotions and progress.

Emotions vs Practices. In their study [68], Colomo-Palacious et al. used Discrete
Emotions Questionnaire to compare emotions felt while presenting and coding. They
found that anxiety and nervousness are felt when presenting and satisfaction and en-

joyment are felt when coding.

Emotions vs Problem Solving. Graziotin et al's work [61] on relationship between
affective states, creativity, and problem-solving skills demonstrated the need for psy-

chology based SE studies.

Affective States vs Software Metrics. Kuutila et al's study [70] on identifying links
between software developers' affective states and work well-being, used job well-being

related items from the Heponiemi et al's survey and found that a negative link exists
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between hurry and number of commits, and a negative relationship exists between

social interaction and hindered work well-being.

2.3.2 Emotions During Requirements Engineering

The research done on emotions in requirements engineering is extremely limited [73].
Pleasure and Arousal of Emotions vs State of Requirements. Colomo-Palacious
et al's study [71] on comparison of pleasure and arousal in nal and non- nal require-
ments, stated that pleasure felt is high in nal requirements and arousal is low in nal

requirements. They used Affect Grid on pleasure and arousal in their study.

2.4 Emotional Intelligence and Its Role in Software Engi-

neering

While many de ne emotional intelligence (EIl) from different perspectives, Salovey and
Mayer, who proposed the concept of El, de ne it as “a type of intelligence that involves
the ability to process emotional information and used it in reasoning and other cognitive
activities” [31]. Since the inception of the concept of El, researchers have considered
assessing El worthy of attention. Hence, various El assessment measures exist cur-
rently. These EI assessment measures can be divided broadly into two categories.

Namely, ability—based or mixed—based models.

Ability—based models (e.g.: [74, 75]) are grounded in Salovey and Mayer's 1997 model
which consists of four abilities. The four abilities include, how humans perceive and
appraise emotions accurately, how they use/evoke emotions when facilitating cogni-
tion, understanding the emotional language and using the emotional information, and
managing their own and others' emotions in promoting growth and well-being. The EI
assessment measures, that are in the category of ability—based models, use either a
performance—based or a self—report approach where the former is challenging to eval-

uate correct responses.

Mixed—based models (e.g.: [76, 77]) comprise additional aspects such as motiva-

tion, and traits apart from the abilities common to ability—based models. The idea of
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mixed—based models in El is known to be weak from a construct validity perspective
[78]. Furthermore, Salovey and Mayer critically highlight that EI can only be considered
as a type of intelligence if El is de ned through the lens of abilities connected to cog-
nition, rather than ways of behaving and so forth [79]. The El assessment measures
in this category take a self-report approach. Scholars have used these El measures
in their studies to investigate correlations such as El and leadership [80], El and stress
[81], and EI and performance [82]. Even though assessing El has been common, look-

ing at El aspects in—depth through a qualitative eye is rare.

Studies focusing on El in SE are extremely limited ([81, 82]). The study [82] talks about

El and work preference and the study [81] discusses El, stress, and trust.

Emotional Intelligence vs Work Preference. Kosti et al's work [82] shows that El is
signi cantly related to project responsibility preference, project duration preference, and
task prioritisation preference. They claim that people having high EIl prefer taking the
responsibility of the entire software development process, and they prefer to prioritise
their tasks by themselves rather than having a manager to prioritise the tasks for them.

These ndings were from a study conducted with 279 master level university students.

Emotional Intelligence vs Stress and Trust. In their study [81], Rezvani and Kohsavi
say that the in uence of El on developers' stress takes a negative form, and El fosters
trust among the developers. They have found this through a study with 630 participants

who worked as software developers in Australia.

Both these studies have studied correlations and highlight the importance of El in SE.
However, as yet, there exists no literature studying El in—depth focusing EI during RC

handling.

In summary, even though RC handling is vital in SE, less attention has given to it in
research. Furthermore, researchers have already identi ed the importance of studying
emotions and El and SE, but none have studied emotional responses and EI during
RC handling. Therefore, in the next chapters of this thesis, the multi—facted nature
of RCs, a brief overview of the responses that could be expected in handling RCs,
extensive explanations on emotional responses to RCs, and El during RC handling in

SE contexts are presented.



Chapter 3

The Multi-Faceted Nature of

Requirements Changes

Contribution:

(Al) A faceted taxonomy of RCs (types, forms, reasons, sources, carriers, and

events where RCs originate)

With the advent of agile methods, RCs occur throughout the project. Currently, agile
methods are used widely in SE, making agile methods the default SE approach. This
chapter provides a 360 degree view of such RCs including the types, forms, reasons

for the emergence, sources, carriers, and events RCs originate in agile contexts.

This chapter meets the research objective, ROA — understanding the multi—facted na-

ture of RCs, and answers its RQs given below.

RQA1. What are the different types of RCs found in agile projects?
RQA2. In what forms are RCs documented?

RQA3. What are the reasons that RCs originate?

RQA4. What are the sources of RCs?

RQAS5. Who are the carriers of RCs to the agile development team?

RQAG6. In what events do RCs originate?

26
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The research paper with answers to the above RQs has been accepted for publication
in the IEEE Transactions of Software Engineering, and the corresponding citation is as
follows:

K. Madampe , R. Hoda and J. Grundy, “A Faceted Taxonomy of Requirements Changes
in Agile Contexts,” in IEEE Transactions on Software Engineering, doi:

10.1109/TSE.2021.3104732.

A comprehensive description of the research design, ndings, and discussion including
the faceted taxonomy of RCs, and recommendations for practitioners are available in

the complete version of the manuscript attached in the subsequent pages.
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Chapter 4

Software Practitioners' Responses
to Requirements Changes — A

Bird's—Eye View

Software practitioners respond to RCs mainly through behavior, techniques, and
through their emotions. These response categories were found via the interview—
based study conducted at the beginning of the PhD. This chapter presents a high—level
overview of these responses in each section. Even though sections 4.1, and 4.2 are
out of the scope of this PhD, the preliminary ndings are presented in this chapter to

provide a bird's—eye view of software practitioners' responses to RCs.

4.1 Understanding of Software Practitioners through Behav-

ilor Change Models

It is necessary to better understand the behavior of members of agile teams to address
the concerns that they are having in software development. This section introduces
well—established behavior change models and how they can be used to better under-

stand software practitioners' behavior, especially in agile contexts.

This research work has been published in the Proceedings of 2020 35th IEEE/ACM

International Conference on Automated Software Engineering Workshops (ASEW), and
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the corresponding citation is as follows:

K. Madampe , R. Hoda and J. Grundy, “Towards Better Understanding of Agile Teams
through Behavior Change Models,” 2020 35th IEEE/ACM International Conference on
Automated Software Engineering Workshops (ASEW), 2020, pp. 53-56, doi:
10.1145/3417113.3422148.

A comprehensive description of the behavior change models, how these models can
be applied to study the agile teams, a vision for understanding agile team behaviors in
response to RCs, and ideas for future research are available in the complete version of

the manuscript attached in the subsequent pages.
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4.2 Technical Responses to Requirements Changes

Software practitioners respond to RCs via different RC handling techniques. This sec-
tion introduces a set of such techniques, and how they vary according to the role of the

software practitioners.

This research work has been published in the Proceedings of 2020 42nd IEEE/ACM
International Conference on Software Engineering Workshops, and the corresponding
citation is as follows:

K. Madampe , R. Hoda, J. Grundy, and P. Singh, “Towards Understanding Technical
Responses to Requirements Changes in Agile Teams,” 2020 42nd IEEE/ACM Interna-

tional Conference on Software Engineering Workshops, 2020.

A comprehensive description of the research method and approach, results, and dis-
cussion are available in the complete version of the manuscript attached in the subse-

quent pages.
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4.3 Towards Understanding Emotional Responses to Re-

guirements Changes

In addition to behavioral and technical responses, software practitioners show emo-
tional responses to RCs, and these emotional responses are shown at some key mile-
stones of the RC handling life cycle. This section provides preliminary ndings on
emotional responses and milestones where emotional responses are shown by the
software practitioners in handling RCs. This section is also the starting point for the

next chapters of this thesis.

This research work has been published in the Proceedings of 2020 42nd IEEE/ACM
International Conference on Software Engineering: New Ideas and Emerging Results,
and the corresponding citation is as follows:

K. Madampe, R. Hoda, and P. Singh, “Towards Understanding Emotional Response
to Requirements Changes in Agile Teams,” 2020 42nd IEEE/ACM International Confer-

ence on Software Engineering: New Ideas and Emerging Results, 2020.

A comprehensive description of the research method, results, and discussion are avail-

able in the complete version of the manuscript attached in the subsequent pages.
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Chapter 5

The Emotional Roller Coaster of
Responding to Requirements

Changes in Software Engineering

Contributions:

(B1) The concepts of emotion dynamics (emotions triggered at milestones of RC
handling cycle, stimuli that trigger the emotions, emotion regulation using

time-related aspects) in handling RCs

(B2) A decision guide on when to introduce and accept RCs based on emotional

responses of software practitioners

Emotions are de ned as “a sequence of interrelated, synchronised changes in the
states of all the ve organismic subsystems (information processing, support, exec-
utive, action, and monitoring) in response to the evaluation of an external or internal
stimulus event as relevant to central concerns of the organism” [4]. Humans experience
several emotions ranging from high pleasurable high arousal emotions such as energy,
excitement, ecstasy, enthusiasm, inspiration, to low pleasurable low arousal emotions
such as boredom, depression, discouragement, gloom, and fatigue [25] (detailed list
of emotions are available in Table 1 of the paper presented in the subsequent pages).
Emotions have direct linkages to cognition, productivity, and decision—making. Gain-

ing a comprehensive understanding on the role of emotions may potentially help better
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handle situations such as RC handling. This chapter gives a detailed understanding of
(1) emotional responses to RCs, i.e., the most common emotions felt by practitioners
when handling RCs; (2) different stimuli — such as the RC, the practitioner, team, man-
ager, customer — that trigger these emotions through their own different characteristics;
(3) emotion dynamics, i.e., the changes in emotions during the RC handling life cycle;
(4) RC stages where particular emotions are triggered; and (5) time related aspects

that regulate the emotion dynamics.

This chapter meets one of the four sub-parts of the research objective, ROB — under-

standing emotional responses to RCs, and answers the following research question.

RQB1. How do software practitioners respond emotionally to requirement changes?

The research article with answers to the above RQ has been accepted for publication
in the IEEE Transactions of Software Engineering, and the corresponding citation is as
follows:

K. Madampe, R. Hoda and J. Grundy, “The Emotional Roller Coaster of Responding
to Requirements Changes in Software Engineering,” in IEEE Transactions on Software

Engineering, doi: https://doi.org/10.1109/TSE.2022.3172925.

A comprehensive description of the research design, ndings, and discussion including
the decision guide, and recommendations for practitioners are available in the complete

version of the manuscript attached in the subsequent pages.
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