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ABSTRACT

Context: Requirements ambiguity in Natural Language stems from uncertain and unclear
requirements that often occur due to lack of user involvement and diverse background among
technical teams, users, and domain experts. Though formal methods are also used to mitigate

ambiguity, but they demand significant expertise and resources.

Existing Work and Limitations: Traditionally, requirements are collected using requirements
elicitation techniques such as interviews, surveys, and focus groups etc. The users may also find it
difficult to describe the requirements due to unclear system functions and purpose. They
may not have a clear idea of their requirements. Moreover, lack of user involvement leads
to misinterpretation of requirements during specifications, which also results in ambiguous
requirements. The existing approaches to eliminate ambiguity are reactive resulting in rework

and increased effort to detect and remove ambiguity. Due to the technical aspects of the process

and long meeting sessions, users often feel reluctant to get involved in the activity of reducing

ambiguity during elicitation.

Objective: The main objective of this study is to reduce requirements ambiguity by involving
users in the elicitation activity. Also, to elicit requirements keeping in view the ambiguity

rules.

Methodology: Firstly, we conducted a Systematic Literature Review (SLR) to empirically
validate the game elements identified in the initial literature review. The study designs and
develops a gamification tool Gamify4Req that encourages user involvement during
requirements elicitation to reduce requirements ambiguity. A tool is developed to reduce
requirements ambiguity based on game elements and game rules. A gamified tool
(Gamify4Req) incorporates ambiguity rules, game rules, and game elements such as avatar,
points, badges, leaderboard, levels, and progress to elicit requirements. The tool uses Rule-
Based Parts of Speech (POS) tags that uses ambiguity rules for identification of ambiguity
in user-provided requirements. Upon the completion of each task performed by the user,

points and badges are given. These awards motivate the user to participate and engage in
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elicitation and help to reduce ambiguity in requirements. The validation of the tool is

performed on two confirmatory case studies taken from the software industry.

Results: The gamified tool produces better results compared to those of existing approaches
used in the software industry. We found that the most useful game elements are points (68%)
followed by leaderboard (50%) and badges (37%) in requirements elicitation. For coverage
of game elements other than the PBL, SLR is conducted. As an outcome, 16 useful game
elements including levels (61%), feedback (44%), and progress (38%) are identified. The
effectiveness of Gamify4Req is evaluated on two case studies. In Project 1 total 41
requirements are collected. Gamify4Req identified 12 ambiguities, whereas existing
approach identified only 1 ambiguity in 41 requirements. Similarly, in Project 2, 35
requirements are collected. Gamify4Req identified 10 ambiguities i.e., 2 seconds on
identifying each ambiguity. Previous approach took 20 minutes to identify ambiguity in each
requirement. The response from user feedback survey shows that user involvement via
Gamify4Req results helps in timely identification and reduction of ambiguity in
requirements. The gamified tool reduces ambiguity in requirements by involving users in

elicitation and making elicitation more exciting and fun.

Conclusion: Ambiguity in requirements is a prominent challenge in NL requirements. It
becomes more crucial when user does not participate in elicitation and analyst specify
requirements without user involvement. The gamified tool Gamify4Req helps the team to
elicit ambiguity free requirements from the user. The game elements keep the interest of user
in the system. In this way user not only identifies more ambiguities but also helps to reduce
ambiguities during elicitation. Furthermore, this study also provides guidelines to

practitioners and researchers on design, development, and use of gamified tool.

Key Words: Requirements Elicitation, Requirements Ambiguity, Ambiguity Rules,

Ambiguity Identification, Ambiguity Reduction, Gamification, Game Rules, Game
Elements, Parts of Speech Tags
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Chapter 1. Introduction

Chapter 1 Introduction

1.1 Requirements Elicitation

Requirements elicitation is the foremost activity in Requirements Engineering (RE). During
elicitation, requirements are collected from the stakeholders, users, and customers to build
the system. Requirements elicitation means discovery of requirements, which is a critical
activity [1]. With the help of elicitation, the real needs of the customer and system are
identified. Elicitation holds a crucial place in the software development process. The analyst
keeps the focus on understanding the requirements, scope, vision, and constraint of the
system under development [2]. Similarly, requirements are defined in a broader context in
elicitation phase. Requirements elicitation tendsto focus on i) knowledge area where system
is applied, ii) specific customer problem where system will be applied, iii) system interaction

with environment, iv) investigation of user needs and v) constraints of system development

[3]

Figure 1.1 Requirements Elicitation
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Chapter 1. Introduction

As shown in the figure 1.1, requirements elicitation is performed for the discovery of
requirements. Stakeholders are identified and selected for requirements elicitation.
Requirements elicitation is performed by using number of elicitation techniques such as
traditional techniques, cognitive techniques, contextual techniques, and others [4]. These
techniques help the RE team to collect correct and valid requirements, such that it does not
affecttherest of the software development life cycle (SDLC) phases. The selected elicitation
techniques are based on different parameters specific to project such as technical factors and
project environment. After selection of related techniques, requirements are collected from
the users. The conventional textual elicitation techniques acquire requirements either by

asking questions, observing relevant documents or usage scenarios.

Requirements elicitation involves a variety of elicitation methods such as classic or
traditional [S] [6], observational, contextual, or social analysis, [7], and cognitive or
analytical to gather the requirements. These methods are further divided into a number of

techniques used by the RE team according to the nature of the project and convenience ¢f

use [8]. The elicitation techniques are given in detail below.

1.2.1 Traditional Elicitation Techniques

Traditional requirements elicitation techniques encourage verbal communication between
stakeholders and the team. It is a natural way of expressing needs by answering questions
[5]. Because of the nature of these methods, it is effective in understanding problems and
eliciting product requirements. The most common techniques used under conversational
methods are interviews, questionnaires/surveys, brainstorming sessions, and focus groups.
An analyst or experienced facilitator from within the organization or someone hired
externally conducts the brainstorming and focus group sessions. The techniques under
traditional methods focus on defining product features and creating innovative ideas, but

there are certain limitations to them.

1.2.2 Contextual Elicitation Techniques

This method provides a deep understanding of the system by closely observing human

behaviour [9]. Contextual techniques allow to elicit the requirements at a user’s workplace,
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which means the requirements are collected with a closed context of end-user. Ethnography,
social analysis, and observation [10] are some common techniques of this method. The

observer plays an important role in the execution of these techniques.

1.2.3 Cognitive Elicitation Techniques

Cognitive techniques extract requirements directly from the user’s behaviour. Besides
studying human behaviour, it also includes extraction of requirements from existing
documents or acquiring the requirements from series of inferences. Cognitive method
includes different elicitation techniques [5] such as card sorting [8], laddering, and repository

grids etc.

Each technique differs, based on its suitability to the scenario, the number of users, mode of
user availability, contextual informational, domain knowledge and others. Any problem with
the collected requirement may negatively impact the system, thus, it is important to select
an effective elicitation technique [11]. Traditional elicitation techniques comprise of
different problems including problems of scope, understanding, and volatility [12]. In
traditional techniques, it is difficult to ensure the presence of stakeholders [6] because either
they are reluctant to give information as they are busy, or consider this activity a burden or
boring, or lack of system knowledge. The lack of user involvement in providing
requirements may lead to erroneous, ambiguous and misunderstood requirements [13] [14].

Some common challenges identified from literature are shown in the table 1.1.

Table 1.1 Challenges of Traditional Elicitation Techniques

No. | Techniques Methods Challenges Reference
1.| Traditional Interviews Lack of user involvement, [2106][153[16][17]

Time consuming, 2]
Conversation between stakeholderand [18]

interviewer is often quite difficult,
Setting up meeting environment and {19]

scheduling meeting
Questionnaire Lacks user clarification on the topic, [5]
No flexibility in stakeholder’s [19]
language oridea,
Understanding issues due to dissimilar [18]
environments

Brainstorming Lack of user involvement, [6]
Time consuming in case not well- [19]
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organized
2.| Contextual Ethnography Limitation of the responsiveness and [10]
sensitivity of observation to real
environment, 9]
Requires skilled ethnographers, [6]1[9]
Time consuming
Social Analysis Time consuming [2]
Observation Hard to specify and analyse observer [6]
perception
3. Cognitive Card Sorting Participants must be included, {5]
Lack of user involvement, [6] [20]
Based on expert’s knowledge [5]
Laddering Domain information of stakeholder is [5]
important,
Lack of user involvement, [6]
Does not work well with new system [19]
development,
Adding or deleting user requirement [19]
in hierarchy is difficult
Repository Information gathering is done from [6]
Grids other sources,
Lack of user involvement, [6]
Time consuming [19]

One of the challenges in requirements elicitation is lack of user involvement [15] [16] [17]
which occurs due to reasons like reluctance in providing information as they are busy, or
consider elicitation activity boring. Some other challenges include selection of appropriate
elicitation technique(s) [18], effectiveness of elicitation technique(s) [11], lack of
understanding the system and conceptual domain, volatility [12] [21], conflicting and
ambiguous requirements [22] [23], lack of proper analysis [12] [18], and issues in sources
of requirements [21]. However, lack of user involvement is a one of the common challenges

in requirements elicitation [2] [6] [15].

1.2 Requirements Ambiguity

In software engineering, acquiring unambiguous natural language (NL) requirements is
critical for the success of software systems. The complex structure of NL results is an
inherent challenge of ambiguity. The term ‘ambiguity’ within RE, refers to the situation
whereby a reader can determine multiple interpretations despite his familiarity with the RE
context [24]. Previous studies claim that ambiguity is more intractable among other

requirements defects like incompleteness and misunderstandings [22]. According to the
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research [25], around 87.7% documents are specified in NL, and 5.3% of the documents are
specified in formal language. Thus NL is the most widely used requirement specification

language due to its comprehension and acceptability [26].

Formal languages use mathematical inductions to rigorously define both syntax and
semantics. This helps in verification of the equivalence between the speciation phase and
implementation, with unambiguous representation. Although the languages remove
ambiguity, they are quite complex to learn and implement [25], and require expertise, time
and effort for their use. They also lack the expressive power of NL due to their structured

nature [27].

NL is prone to ambiguity, which can lead to incomplete, inconsistent, and misunderstood
requirements specifications [28]. This misunderstanding occurs because NL expressions are
based on human judgments of real-world scenarios and are later transmitted to other stages

of software development [29]. Despite being a complex task [23], a more informed decision

regarding ambiguity can be made by understanding its nature and source.

Much research is conducted in requirements ambiguity. Ambiguity in requirements is
classified by the researchers, among which classification by Barry Boehm is quite notable
[30] [31]. Ambiguity is classified as lexical ambiguity, syntactic ambiguity, semantic
ambiguity, pragmatic ambiguity, and language errors. A detailed description of each

ambiguity type is provided below.

1.2.1 Lexical Ambiguity

Lexical ambiguity occurs when a single word has multiple meanings [32] [33] [34]. Lexical
ambiguity can be divided into two parts: homonymy and polysemy. Homonymy refers to
words that have different meanings and etymologies but have same spellings [35], such as
‘world bank’, which can refer to a financial institution or loping land. Polysemous words,
on the other hand, have several related meanings that may be based on context or etymology
[34], such as the word ‘green’, which refers to the colour or to unripe fruit [36]. Despite the

fact that lexical ambiguity is a crucial issue in RE, it has not received much attention from
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the research community [37]. However, some work is done on lexical expressions in order

to address other forms of requirements ambiguity [38] [39].

1.2.2 Syntactic Ambiguity

Syntactic or structural ambiguity occurs due to the parsing of a sentence in multiple ways,
leading to different meanings [33] [35] [39]. If a sentence contains one or more parse in text,
then it refers to as syntactic ambiguity [32]. Parse means to break down a sentence into parts
so that the meaning of the sentence can be understood. For instance, ‘I saw a girl with the
binoculars’ can be parsed into two different meanings: 1. The girl had a binocular or 2. I
used a binocular to see the girl. Syntactic ambiguity is further divided into attachment
ambiguity and scope ambiguity [34]. Attachment ambiguity occurs when there is a doubt of
attaching a part or clause of sentence to the other part of the sentence [40]. Scope ambiguity
refers to a situation where the meaning or interpretation of a word or phrase is unclear due
to its scope or range of application within a given context [33]. Moreover, the studies present
in literature have also discussed the misplaced use of ‘also’ [41], ‘only’ [42], and ‘cues’ as

syntactic ambiguity.

1.2.3 Semantic Ambiguity

Semantic ambiguity occurs when predicate logic leads to multiple interpretations of the
sentence without any lexical or structural ambiguity [35] [43]. In semantic ambiguity, there
is more than one logical expression in which a sentence can be translated [44]. The use of
quantifiers along with incorrect combination leads to semantic ambiguity [37]. Anaphoric
or referential ambiguity, and coordination ambiguity are two types of semantic ambiguity
[34]. Words like ‘many’, ‘some’, ‘each’ etc. come under scope ambiguity because these
words alter the scope of a sentence [45]. Anaphoric ambiguity occurs where there are
multiple possible references to a previously mentioned word within a sentence [46]. The
presence of quantifiers and, in particular, the word ‘all’ are cues for semantic ambiguity [47].
Other cues are ‘all’ and ‘plurals’ [48]. Coordination ambiguity occurs when there is more
than one conjunction with a modifier in a sentence. In RE, researchers have worked on

coordination ambiguity [49] such as conjunctions ‘and’, ‘or’, and differentiation between
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nocuous and innocuous ambiguities. Nocuous cases lead to misunderstanding, whereas, in
innocuous cases one reading is preferred [37]. Previous studies have identified that semantic
ambiguity is not considered in linguistic classification [41], which includes the cues of

syntactic ambiguity.

1.2.4 Pragmatic Ambiguity

Pragmatic ambiguity occurs due to the gap between uncertainty of common-sense
knowledge and contextual knowledge of humans [32] [33]. It focuses on the meaning and
context of a sentence [34] [35]. Pragmatic ambiguity depends on the context of requirements,
and on thereader’s knowledge. Due to the differences in readers’ backgrounds, requirements
are subject to varying interpretations. Furthermore, pragmatic ambiguity is considered as a
sub-class of referential ambiguity in RE, which occurs when a reader disagrees on how a
pronoun should be interpreted. Referential ambiguity [50] is considered in semantic
ambiguity class when the potential reference of pronoun is in the same sentence of the

pronoun [37].

1.2.5 Language Errors

Language errors occur when sentence grammar is poor, wrong, and difficult to understand
[33] [37]. Itis defined as a separate ambiguity class. Furthermore, figure 2.1 highlights the

types and sub-types of natural language ambiguity as discussed above.
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Figure 2.1 Types of natural language ambiguities

Ambiguity is also classified as: intentional and non-intentional [27], nocuous and innocuous
[37], acknowledged and unacknowledged ambiguity [51]. RE is more focused towards
ambiguity avoidance and detection. However, not all ambiguities are considered harmful,
preserving intentional ambiguity is considered helpful in providing flexibility in other

software development phases such as design and implementation [23].

1.2.6 Addressing Ambiguity

In previous studies, researchers have utilized Natural Language Processing (NLP)
techniques, tools, and methods as a remedy for addressing ambiguity in software
requirements. This includes identification, extraction, removal and management of
ambiguity [24]. Typically, ambiguity is not addressed during requirements elicitation. Most
approaches address requirements ambiguity in inspection phase where the user is not
engaged in the activity, and ambiguity is identified and detected [32] from Software
Requirements Specifications (SRS) written in NL. Requirements written in NL tend to be
ambiguous, thus pre-processing of SRS document is required to detect and resolve ambiguity

[52].
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Researchers have worked on requirements ambiguity detection, avoidance, resolution, and
removal. Most of the work is conducted manually or through semi-automation during
requirements inspection phase. Also, manual resolution of requirements ambiguity is time
consuming, error prone, and a costly process [2] [53]. Researchers have come up with the
introduction of more interactive interfaces to involve stakeholders in requirements

elicitation.

1.3 Gamification

The term ‘Gamification’ was first introduced in early 2000 but the concept was documented
in 2010 [54]. The goal of using gamification is to engage users, consumers, employees, and
partners etc. to collaborate and interact especially with the activities that are not enjoyable
for them. Researchers have defined gamification in various gaming contexts among which
the popular context is using gaming elements in non-gaming or serious context, as shown in

the following figure.

{Foints, Badges, Leademoards, Rubes)

1

-
E Game Elements and Mechanics

- ™\
User Involvement
(Engagement and Parlicipation)
\_ J
'l 7 T s 1 T TR T T
MET L Desired Ouitome
L : o

Figure 3.1 Gamification

As shown in Figure 3.1, gamification uses game elements and mechanics to involve users in

anon-gaming context. The user involvement helps in achieving the desired goal. However,
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a study [55] conducted in 2019 states that gamification is a state-of-the-art concept and has
gained much popularity since then. The essential elements of a gamification framework are
setting goals, rules, rewards, leaderboards, scoreboards, feedback, measurement etc. [56].
The common context of gamification is its widespread use in human resources, data
collection, e-leaming, healthcare [57] [S8], and e-commerce [59]. Moreover, it has become

a popular strategy for sustainable businesses [60].

According to the report conducted in 2012 [61], gamification can suffer from poor designs,
unrealistic goals, improper rules, and gaming mechanisms [62]. Some studies have stated
problems associated with the use of gamification [63] such as increase of stress and tension

which can affect productivity in the long run. Implementation requires analysis, awareness
to participate, lack of standard plugins; and difficulty to find active users [64]. These issues
need to be addressed for an effective gamification solution. However, it is used in research
and development because it incorporates mechanics and emotional appeal for encouraging

motivation, and sense of flow.

Gamification supports RE by enhancing user involvement and engagement in the process by
enjoyable ways [64]. By incorporating game elements and mechanics, gamification fosters
collaboration, motivation, and knowledge sharing among RE team and users. It transforms
the tedious and complex requirements elicitation activity, into an interactive and enjoyable
experience. Furthermore, gamification promotes feedback that is productive for continuous
improvements and refinement of the requirements. Gamification brings a fun-based

perspective to RE, enhancing efficiency, creativity, and overall project success.

1.3.1 Game Elements

Gamification, with the help of game elements, focuses on user involvement. Game elements
ensure user engagement in gamified systems. There are more than a hundred game elements
present in literature, and some popular ones include PBL i.e. points, badges [65], and
leaderboards {66] [67] [68], along with score, feedback, and display of the progress, and
avatars [69].

Hafsa Shareef Dar: 28-FBAS/PHDSE/F16 Page 23



Chapter 1. Introduction

1.3.2 Gamification in Requirements Elicitation

Gamification of some aspects of RE is already done by the researchers. Gamification in
elicitation is used in recent years [70] [71], and is focused on involvement of users and
gathering requirements. Gamification involves human-centric activities to involve and
engage the users that make the process of elicitation easier. It also helps to have close
interaction with the users for getting clear and understandable requirements for system
development. Gamification maintains the fun part by using game elements in serious
scenarios to gain user’s interest during elicitation [72]. Moreover, ambiguity occurs due to
the lack of information or no information at all. Thus, by motivating a user to involve in the
elicitation using gamification may help in getting unambiguous requirements from the user,

as shown in the figure 4.1 below.

(Points, Badges, Leaderboands, Ruses) ]

1

-~
User Involvement ]

(Engagemanl and Participation)

1

[ | ‘ 7 ' - “ ]
{Incrassas involvemant, leaming, tollaboration

ec)

Figure 4.1 Gamification in Requirements Elicitation

Gamification supports requirements elicitation activity [73]. Stakeholders’ involvement is
increased using the gamified tool named iThink [74]. iThink uses the concept of six thinking
hats to generate new requirements. Players (users) are awarded points/scores on providing
and updating each requirement. The researchers suggest that due to limitation of the study,
it is difficult to generalize the outcome [75]. Secondly, some aspects such as the design and

usability of the platform are missing as well [76] [77].

Hafsa Shareef Dar- 28-FBAS/PHDSE/F16 Page 24



Chapter 1. Introduction

Researchers have explored gamification in requirements elicitation with the help of different
techniques and tools. Requirements visualization is considered to attract more stakeholders
as participants, in eliciting requirements. For this purpose, Architect Use Case Diagram
(AUCD)is introduced [78]. AUCD uses images as communication media and requirements
are represented visually. The game works by setting goals, selecting players, explaining the
game rules, starting the game, consolidation, and analysing the results. AUCD is developed
to work between stakeholders and the elicitation process. Survey is conducted from the
players and the RE team. The tool is designed to work with functional requirements,

performance, and scalability requirements. AUCD does not support NL requirements and

works with use case diagram.

The gamified platform GREM is used for requirements elicitation based on user stories [79].
The purpose of this platform is to engage the user and enhance the performance of RE
process. Badges and points are awarded when users submit their story. It is used in a
dedicated and controlled environment where participants are informed about the purpose of
using this platform. A total of 12 stakeholders are involved, and split into two teams in the
process, and constrained to communicate with their team members only. Despite this, the

investigators stated that GREM is not a comprehensive model for requirements elicitation.

Requirements elicitation is enhanced using gamification to involve stakeholders in
requirements engineering [71]. For this purpose, a web based gamified platform is
introduced to address the problems of availability, and to increase the motivation of the
stakeholders. The requirements are elicited in the form of user stories. The researchers
conclude that the experiments may negatively affect collaboration between people by
minimizing the productivity level. One of the biggest challenges is the participation of
stakeholders during the experiment, because none of the participants thought it to be a fun
task, yet everyone agreed that it was an important one.

Ambiguity in requirements is a common challenge because not every stakeholder
participates in requirements elicitation activity. Even if they get involved in the activity, they
do not understand the system, hence, cannot tell the requirements. This results in ambiguous

requirements. Due to the limitations of current elicitation techniques, the problems are still
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there. While addressing the level of requirements ambiguity, three approaches are used i.e.,
ambiguity detection, ambiguity removal, and ambiguity reduction. Ambiguity detection and
removal are reactive approaches and require SRS or requirements document to detect and
remove ambiguity, whereas ambiguity reduction is a proactive approach. Pro-active
approach means to identify and remove ambiguity at the time when requirements are being
provided/written [80]. Ambiguity in requirements is detected and removed during
requirements inspection. Due to lack of user involvement in the inspection process, SRS
document is the source of requirements inspection. Moreover, the ambiguity identified at
this stage requires much rework and effort for its removal. The possibility of
misinterpretation of requirements remains high. However, the use of gamification enhances
user involvement in activity by employing fun elements or game elements. The use of
gamification in requirements elicitation helps in mitigating requirements ambiguity.
Traditional elicitation methods often encounter challenges in collecting comprehensive and
clear user requirements due to lack of user involvement. Whereas gamification offers more
structured and engaging approach that tumns elicitation process into a game-like experience.
By employing fun elements such as points, badges, rewards, and competition, it encourages
active participation, enhances user involvement, and fosters a more dynamic interactive
environment for collaboration. As a result, this not only makes the elicitation process
enjoyable but also helps the users to express their needs more explicitly, leading to reduced
number of ambiguities in requirements. It also facilitates in extraction of more precise

requirements for software development projects.

Due to complex structure of NL, it is hard to design a comprehensive solution to address all
types of ambiguities. For this reason, the scope of this study s limited to semantic ambiguity
only. Semantic ambiguity deals with the misinterpretation of a word/phrase which is
common in SRS during inspection. This study aims to design and develop a solution that
uses gamification to encourage user participation during elicitation for the purpose of
reducing ambiguity in NL requirements. Unambiguous requirements can be ensured while

ensuring the participation of users in requirements elicitation.
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1.4 Research Motivation

In previous studies, researchers have proposed several approaches for the identification and
removal of ambiguity in requirements [25] but there are very few platforms that involve
users during elicitation [81] [82] [83] [84] [85] for reducing ambiguity in requirements [86].
Another problem with requirements ambiguity reduction platforms is their non-interactive
and non-friendly interfaces, as they do not encourage users in the activity. If users are not
involved, then the requirements team misinterprets user requirements, which results in
requirements ambiguity and erroneous software models [82]. User involvement in the
system helps to reduce ambiguity. The motivation of this work is to reduce ambiguity in
requirements by 1). Involving users during elicitation, and 2). Using ambiguity rules. In this
way, not only user involvement is enhanced but the user becomes helpful in reducing
ambiguity at the time of elicitation. We have used gamification for the purpose of user

involvement during elicitation to keep them interested and engaged.

1.5 Problem Statement

Researchers have proposed several manual, automated, and semi-automated techniques,
methods, and tools etc. for the identification and removal of ambiguity in requirements.
There 1s limited work in previous literature on reducing ambiguity in NL requirements
because ambiguity is a complex problem and difficult to address comprehensively. The
proposed approaches are reactive and do not involve users in requirements elicitation. Even
if users are involved in the activity, they lack interest due to long meetings, boredom during
activity, and unclarity of the system. Existing approaches address ambiguity at the time of
requirements inspection, and consider SRS or requirements documents as source of
requirements, thus minimizing the need of users at the time of elicitation and maximizing
the chances of ambiguity during requirements elicitation. Furthermore, these systems are not

user friendly, interactive, and have limitations regarding responsiveness.
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1.6 Aims and Objectives

Ambiguous requirements have a negative impact on software development processes, and
results in system failure. This study aims to reduce requirements ambiguity by involving

users during requirements elicitation. For this purpose, the study has the following research
objectives (RO).

RO 1: To identify the game elements for requirements elicitation.
RO 2: To reduce ambiguity during elicitation via user involvement.

RO 3: To validate the tool with the help of multiple case studies.

1.6.1 Research Questions

This study comprises of following research questions (RQ), formulated to address the

objectives of this study.
RQ 1: What are the useful game elements for elicitation of requirements?
RQ 2: What are the game elements empirically validated for requirements elicitation?

RQ 3: How effective is the developed gamification tool in reducing ambiguity during

elicitation?

1.7 Research Methodology

Research methodology helps in systematically conducting the investigation to answer the

study questions. The research methodology of this study is as follows:

1.7.1 Literature Survey

A preliminary literature survey is conducted for problem identification and investigation.
The goal of the literature survey is to investigate the concept of requirements ambiguity and
gamification in requirements elicitation. It mainly covers related studies on requirements

ambiguity and identification of game elements that are useful in requirements elicitation.
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Computing databases such as IEEE, ACM, Springer, Science Direct etc. and search
repositories are used toaccess relevant material. The literature survey focuses on those game

elements that are useful in reducing ambiguity in requirements during elicitation.

1.7.2 Systematic Literature Review

A literature survey is performed at an initial level but for in-depth coverage and identification
of game elements, Systematic Literature Review (SLR) is performed as part of research
methodology. SLR is conducted for empirical validation of game elements for requirements
elicitation. Furthermore, it is performed to systematically identify, evaluate, and interpret all
evidence. Computing databases are selected to search relevant studies. These databases
include Google Scholar, IEEE, ACM, Springer, Science Direct etc. The SLR identifies game

elements that are useful in reducing requirements ambiguity during elicitation.

1.7.3 Tool Development

Gamification is an interactive platform through which users are involved in the system and
provide unambiguous requirements. The gamified tool is designed and developed for
reducing ambiguity in requirements during elicitation. The gamified tool is developed based
on game elements, game rules, and ambiguity rules. The web-based gamified tool is built in
Java Virtual Machine (JVM) using Apache webserver. It is deployed using MySQL database

at the back-end. The gamified tool supports RE teams during requirements elicitation for

collecting ambiguity-free requirements.

1.7.4 Tool Validation

Validation is a significant part of the study. It is performed by conducting two case studies
from the software market. The case studies are confirmatory in nature. Requirements

elicitation is performed with the help of the gamified tool. The tool is not an existing tool. It is

a gamified tool designed, developed, and validated as part of this research study.

Objective 1 is mapped on two RQs of the study. The method used to answer RQ 1 is literature
review, while SLR is used to answer RQ 1.1. The outcome of this phase are the identified

game elements that are useful during elicitation. Similarly, Objective 2 is mapped on RQ 2.
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A tool Gamify4Req is developed to identify and reduce ambiguity in requirements during
elicitation. Finally, objective 3 is mapped on RQ 2, in which case study and feedback survey
is used as a research method. The outcome of this phase is a validated tool and feedback on

user engagement in the activity. Figure 5.1 presents the research summary of research

objectives (RO), RQ, and research methods (RM) on research outcomes of this study.
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Figure 5.1 Research Summary: Mopping of RO, RQ and Research Methods
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Figure 5.1 shows the mapping of RO, RQ, and research method with respect to thesis
dissertation chapters of this research. We have also published all major sections of this
research in well-reputed journals and conferences. Chapter 2 and 4 present literature review
and SLR respectively, which are published in peer reviewed journals. Tool development is
discussed in chapter 5 and mapped on a conference publication related to tool design and
development. Lastly, the results and findings, mapped in chapter 6 and 7, are published in a

peer reviewed journal.

1.8 Thesis Contribution

The study offers contribution in this field by:

o Identifying useful game elements for reducing requirements ambiguity during
elicitation.

¢ Identification of useful game elements other than the PBL for reducing requirements
ambiguity during elicitation

¢ Defining game rules for gamified tool to reduce requirements ambiguity during
elicitation.

e Developing a gamified tool for reducing requirements ambiguity during elicitation.
The tool incorporates game elements, game rules and ambiguity rules to identify
ambiguity and reduce ambiguity with user involvement during elicitation.

e Performing validation of the tool in real world settings with two confirmatory case
studies selected from the software industry.

¢ Conducting a survey to get the feedback on user involvement in a gamified tool for

reducing requirements ambiguity during elicitation.

1.9 Dissertation Structure

To perform the research study in this dissertation, we have divided each part in a logical

manner. The thesis dissertation structure of the study is given below in Figure 7.1.
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Figure 6.1 Logical Structure and Relationship between Chapters

e Chapter 2 presents detailed literature review on requirements ambiguity,

requirements ambiguity in elicitation, gamification and game elements, and gamified

tools. The literature is extracted from computing databases, consisting of reputed

Journals and conferences.

e Chapter 3 covers important sections of research methodology of this study. For this

research, an initial review is extended and carried out in detail to identify gaps in

reducing requirements ambiguity. Game elements are also identified and used as

recommended by the literature.
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e Chapter 4 presents SLR on identification, analysis, and interpretation of relevant
studies on game elements, other than the game elements identified in chapter 2. In
this chapter, SLR protocol is presented along with the outcomes of SLR.

e Chapter 5 provides a discussion on gamification tools and parameters used in this
tool. Technical aspects of the tool development are discussed in this chapter. The
chapter covers the proposed solution. Chapter S also presents tool validation on
multiple case studies. Case studies are discussed along with the selected cases and
projects. Also, a feedback survey questionnaire is discussed in detail.

e Chapter 6 describes the results and analysis of requirements ambiguity gamification
tool. This chapter covers detailed results of both cases and projects. First, results with
previous approach are presented, which are later presented using the proposed tool.
Statistical analysis of the survey is presented in this chapter.

e Chapter 7 covers the findings and discussion section. Each objective is explained,
and research questions are answered in this chapter.

e Chapter § concludes the research with directions for future study. It is useful for
researchers and practitioners. There is an attempt to present the limitations of the
approach and relate them to future directions. Implications on research for industry
are also presented along with threats to validity.

o References presents all referencing material used in this research.

e Appendices cover appendix sections covering details on results, checklist, survey

questionnaire, and statistical tests

Hafsa Shareef Dar: 28-FBAS/PHDSE/F16 Page 33



ﬁf}g me;@

CHAPTER 2

LITERATURE REVIEW

-



Chapter 2. Literature review

Chapter 2 Literature Review

2. Literature Review

In this chapter, literature review is presented. Relevant studies on requirements ambiguity in

elicitation, gamification in elicitation, and game elements in RE are covered.

2.1 Background

Requirements elicitation helps to get user requirements, but it also suffers from the biggest
challenges in software development such as user understanding, involvement, and
expectation from the system [87]. Therefore, it is necessary to specify the requirements with
proper care to avoid confusion and ambiguity during software development. However,
resolving requirements ambiguity is a time taking, error prone and costly process [52] [88].
Ambiguity in requirements arise from the discrepancy between how customers articulate
units of information and how analysts interpret them [37]. These units of information contain
two types of data: one pertaining to system needs and the other to domain aspects. The term
‘articulation of unit of information’ refers to any spoken sentence fragment or set of words.
While NL is commonly used to specify requirements [89], requirements written in English
may contain problems such as ambiguity [90] and inconsistency. This ambiguity is present

due to the inherent ambiguity in English language.

2.1.1 Related Work on Ambiguity in Natural Language Requirements

A system is developed to document requirements in natural language in which wrntten
requirements are checked for validity and ambiguities, specifically lexical ambiguity
including ‘homonyms’, ‘homographs’, and ‘heteronyms’ [25]. The system works in two
phases: check requirements validity, and check ambiguity in requirements. For this purpose,
an algorithm is designed and implemented in eight steps. However, the authors claimed that
it is possible that any kind of ambiguity might be present in the examined sentence, even the

lexical one, because natural language is quite a vast field. Despite the conventional
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approaches to recognize the functionality of any system, Object-Oriented approach based on
natural language processing (NLP), has gained much popularity [91]. This is the reason
requirements are widely written in natural language. An approach named OpenNLP is used
to process SRS by producing parts of speech (POS) tag from NL statements. This approach
is designed to support developers and software engineers to extract object-oriented elements
from requirements. Ambiguity is addressed once requirements are collected from the user.

A theoretical framework is developed for categorizing ambiguity in interviews, during
requirements elicitation phase [92]. This framework is based on four sub-phenomena
including unclarity, multiple understanding, correct disambiguation, and incorrect
disambiguation. This work also shows the relationship between ambiguity and the
knowledge of the customer which is not passed to the analyst during interviews. Generally,
ambiguities that arise during interviews are due to misunderstandings. A set of 34 analyst
and customer interviews are conducted to study the phenomenon. It is concluded that
analysts should know what ambiguity means because it helps throughout the process of

requirements engineering.

Similarly, an approach is presented to enhance the concept of ambiguity with two categories
i.e., intentional, and unintentional [93]. The ‘intentional’ category deals with the concepts
presented in literature, whereas ‘unintentional’ focuses on misunderstanding in language
during communication. Reference material from literature is studied that presents semantic
ambiguity in words and sentences. It is concluded that ambiguity affects the ability of a
receiver, while in written and spoken language, to understand or communicate. However,
ambiguity reduction is significant if individuals have a better und erstanding of language and

know the implementation of the context.

A system in RE is implemented to show the need of deep semantics for understanding the
meaning of natural language requirements [94]. SenseGraph implements a deep semantic by
feeding NL requirements documents and generates a deep semantic version showing casual
and temporal links, which could be queried by NLP too. SenseGraph presents information
as objects and events: objects are the concepts derived subjects, and event generally

represents meaning of the sentence. This is helpful in supporting human activities by
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automating RE activities, thus overcoming the challenge of linguistic analysis that is based
on shallow semantics. The system is preliminary validated for analyzing national projects
on terrorism. Ambiguity resolution does not address the association of various contexts with

a given word relating to each other.

To identify defects in requirements such as ambiguity and incompleteness, an approach is
proposed [95] that investigates human cognitive and analytical abilities with automated
reasoning to find out if this will affect quality of a requirement. A proposed tool-based
approach pinpoints ambiguities between different viewpoints and missing requirements. For
this purpose, NLP is blended with visualization techniques to interpret the type of defects.
To validate the tool, a quasi-experiment is conducted on a small group of students, which
yields significant results in recall, but no significant difference is found in precision. It is
concluded that visual presentation of requirements in 2D space could be interesting and

opens door for future work in requirements.

A theoretical framework is proposed for the occurrence of ambiguity in requirements [96].
The proposed framework addresses semantic ambiguity in requirements elicitation and
analysis. The roles of the reader and author are interacting with the requirements, in which
author is committing a requirement whereas the reader is a participant in the development
process. Both roles may or may not recognize ambiguity present in requirements. A
framework to avoid ambiguity, known as SRAAF — Software Requirement Ambiguity
Avoidance Framework [97], is proposed to support requirement engineers for writing
unambiguous requirements by selecting an appropriate elicitation technique. The framework
was based on the evaluation of different attributes, conducted with the W6H technique. The
selection of elicitation technique was based on situational attributes such as project features,
attributes of requirements engineer and stakeholders, and W6H technique was then applied
to handle ambiguity. The focus of this study was to avoid ambiguities before writing any
statements to SRS document. The framework was not fully developed and implemented and

does notinvolve advanced NLP technology to apply W6H techniques, because it is currently

not available.
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Different stakeholders with diverse backgrounds need effective communication to reach a
common understanding during RE. A similar solution in NLP is proposed for identification
of ambiguous terms between different domains [98]. The approach is used to construct
domain specific models for ‘one for each stakeholders’ domain. The word embeddings of
each model are compared to measure the differences of term usages. The approach is
evaluated on five domains and seven scenarios of elicitation. During evaluation,
automatically detected ambiguity is ranked with the manually detected ambiguity. Although
the automatic ranking led to a maximum of Kendall Tau’s of 88%, yet its performance is

unsuccessful in several scenarios.

A framework for NL to Controlled Natural Language (CNL) is designed and prototype is
developed [99]. This proactive approach is designed to generate clear and understandable
requirements with the help of SBVR. SBVR provides semantic formulations to make
English statements controllable and distinct. It also eliminates the scope of ambiguity and
referential ambiguity. Data is collected from open-source SRS documents. The evaluation
of the framework is conducted via performance evaluation and document verification.
Furthermore, a rule-based parser algorithm is used to identify the tags. The approach yields
higher accuracy as compared to other NL-based tools with 0.94 recall and 0.97 precision

value.

Ambiguity is seen as an intrinsic problem in NL-based requirements, according to some
studies, whereas a study [100] indicates ambiguity in user stories as a linguistic and cognitive
problem. A framework is proposed to identify ambiguities in user stories. Firstly, human-
centred factors are identified that influence a reader’s interpretation of viewing user story.
Secondly, a framework is developed for detecting problems with the user stories containing

ambiguity. The framework is evaluated by conducting experiments, to test its effectiveness.

Ambiguity detection tools help to save time during RE. Four tools are compared with the
dataset of 180 system requirements provided by Alstom [101] namely: Automated
Requirements Management (ARM), Quality Analyzer for Requirements Specifications
(QuUARS), Requirements Template Analyzer (RETA), and Requirements Complexity

Measurement (RCM). These tools are used to analyse requirements and detect ambiguities.

Hafsa Shareef Dar: 28-FBAS/PHDSE/F16 Page 37



Chapter 2. Literature review

Results show that out of 180 requirements 74 requirements are ambiguous with the highest
precision obtained at 0.68 by RCM. RETA achieved the highest recall of 0.98. It is hard to

achieve high precision in ambiguity detection using pattern-based detection. High recall is

also possible, but it will also result in false-positive results.

Table 2.2 discusses the contribution of previous works presented in literature, identified area

of RE they worked on, and proposed approach.

Table 2.2 Requirements ambiguity in different phases of RE

Addressing Ambiguity

Source Proposed Approach Identified | Identified [ Detection | Avoidance | Reduction | Resolution | Removal
RE Area Amb.
2023 | « SLR on ambiguity detection in Regs. - v - - - -
{102] RE elicitation
60 papers between 2000-2023
2022 | e Fourtools used with dataset of [ NLReqs. | Semantic v - - - -
[1o01] 180 system regs. Amb.
¢ Shows different recall and
precision values
2022 | e Auto handling of anaphoric Regs. Anaphoric v - - v -
[103) amb.with NLP and ML tech. Specification Amb.
¢ Dataset of 1350 regs.
¢ SpanBERT for detection
2022 ¢ TAPSHIR is developed for Regs. Semantic v - - v -
[104] ambiguity  detection and | statements Amb.
resolution in requirements.
¢ Reviews pronouns and revises
the pronouns that create amb.
2022 | A framework to identify Regs Semantic v - - - -
[too0] ambiguity in user stories. elicitation: Amb.
e Human centered factors are | user stories,
identified. validation
o Framework is evaluated by
conducting experiments, to
test its effectiveness.
2021 | ¢ A framework for NL to CNL Regs. Semantic v - v - .
[99] o Proactive approach that uses | elicitation Amb.
SBVR.
¢ SBVR provides semantic
formulations to make English
statements ambiguity free.
e Yields higher accuracy as
compared to other tools with
0.94 recall and 0.97 precision
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value.
2021 ¢ Use of SBVR based CNL to Regs. Semantic v
[105] capture reqs. and prepare SRS. | Document Amb.
¢ Two sets of reqs., manually
validated
2019 | «SRAAF  helps to write | Selection Semantic
[97] unambiguous  reqs. by of Amb.
selecting appropriate | elicitation
elicitation techniques technique,
» Works with W6H techniques
for the evaluation of different SRS
attributes document
2018 | #To identify ambiguity in Regs. Semantic -
[95] requirements Statements Amb.
¢ Investigates human cognitive
and analytical abilities with
automated reasoning.
¢ Tool pinpoints ambiguities
between different viewpoints
and missing requirements.
2018 | e Developed software to create Regs. Refrential v
[106] unamb. regs. description by | description Amb.,,
combining expert tools. Lexical
e Developed linguistic Amb.
indicators
2016 | e Designed theoretical Regs. Semantic -
[92] framework for categorization | gathered Amb.
of amb. in interviews. during
¢ Based on correct and incorrect | interviews
disambiguation
2010 | ¢ A ML algorithm Regs. Coordinato -
[107] | ¢ A prototype tool named | document n Amb.
Nocuous Ambiguity | Wwritten in
Identification (NAI) used for NL
evaluation of given approach
2008 | eA systtm to document | Considers | Semantic -
[25] requirements in NL. entire NL Amb.
¢ Checks for ambiguity validity . reqgs.
* Developed an algorithm
2008 | o Designed an experimental tool SRS Words -
(108] SREE to detect and avoid ‘all, any,
amb. In requirements or, and,
but,
unless, if,
only, also,
it, they’
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[t can be seen from the Table 2.2 that existing approaches address ambiguity in detection,
avoidance, reduction, and resolution. There are certain limitations of existing approaches.
For instance frameworks and models are developed but there is no performance evaluation
and implementation of the frameworks [100] [98] [97]. Furthermore, practical usefulness of
the tool is not determined [104]; even tools fail to recognize ambiguity in requirements [96];

they are insufficient and not suitable for different types of ambiguity [25], and no

significance difference is found in precision of results [95].

2.1.1.1 Requirements Ambiguity Identification and Reduction Using Machine
Learning-Based Approaches

To detect ambiguity, a machine learning (ML) algorithm is used on requirements document
written in natural language [107]. The specific ambiguities present in sentences are first
extracted automatically. Based on a set of heuristics collected, drawn on human judgments,
a machine leaming algorithm determines whether the ambiguity is nocuous or innocuous.
Nocuous Ambiguity Identification (NAI) a prototype tool is implemented to evaluate the
approach. However, to explore further aspects of ambiguity, more heuristics are required to
enhance the validity of the tool. This tool cannot be used for all kinds of ambiguity and
focuses only on coordination ambiguity. An approach based on bidirectional encoder
representations from transformers (BERT) was used for identification of ambiguity in
requirements [109]. For all the contexts, in which a term or word is used in the requirements
document, this approach displays a list of similar words. Along with the word, it also shows
example sentences from the corpus of words signifying context-specific interpretation of the
word. The work was further validated on textual data taken from eight different application
domain. The proposed approach proved to be effective in identifying ambiguities in inter-
domains. Another tool named TAPSHIR [104] is developed for ambiguity detection and
resolution in requirements. The tool reviews pronouns in requirements specification and
revises the pronouns that create misunderstanding during the development process.
TAPSHIR works two-ways: firstly, it uses ML to detect anaphoric ambiguity in

requirements, and secondly, it automatically interprets anaphora occurrences. The results
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show that TAPSHIR has detected all ambiguous requirements with a recall value of 100%.

Requirements Engineers can easily review and validate the outcome produced by TAPSHIR.

In a similar work [103] an automated approach was designed for addressing anaphoric
ambiguity in requirements. Both NLP and ML technologies were utilized to pursue six
alternative solutions for empirically assessing each solution with 1350 requirements
collected from the industry. Side-by-side empirical investigation of each solution was
helpful in examining the usefulness of different NLP and ML technologies for addressing
RE challenges. Supervised ML for large-scale language model outperformed in ambiguity
detection, whereas for anaphora interpretation SpanBERT — a variant of BERT, yielded

accurate solution.

These approaches are a way to identify and reduce ambiguity in requirements but are not

related to scope of our study.

2.1.2 Visual Techniques in Requirements Elicitation

The requirements elicitation process is supported by an interactive visual analytic tool named
ELICA - ELICitation Aid [110]. Its purpose is to record intentions of the speaker with the
help of interactive visualization, combined with emotions and an analytical tone to get
requirements from a repository of existing documents. Hence, user participation is missing
in this ELICA which makes it limited in its use.

This limitation can be managed in collaborative requirements elicitation by using
visualization tools. These visualization tools are used to increase awareness and
understanding of the system, among users [111]. Examples of these tools are Borland’s
Caliber Analyst, GatherSpace, and Requirements Composer with features of dashboards, 3D

tags, bubble charts, and tree maps for supporting visualization in requirements elicitation.

Another important aspect is to send frequent reminders to the users for using elicitation
platforms regularly. One such visualization supporting tool is AirT [112] that uses
storyboards to elicit users’ feedback. Few of its limitations include infeasibility with the
project resources and timeline, due to which some requirements were postponed to later

versions.
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Itis observed that more than one elicitation technique is used during requirements elicitation.
However, researchers have worked on the development of more interactive interfaces for
increasing users’ involvement and interest during elicitation, to extract required information
from them. Inrecent years [71] [73], ‘gamification’ has been used in requirements elicitation

with a purpose to involve more users to gather requirements.

2.2 Gamification
2.2.1 Background

Originated in the digital media industry in 2008, the term ‘gamification’ was adopted at a
global level in 2010 [54]. The main reasons behind its widespread popularity were
conferences and industry players. Since then, gamification has gained much popularity [68]
[113] because it includes game elements just like video games, that tend to entertain the
users by creating more fun. Gamification is an informal term, that refers to enhancing user
involvement and experience, using game elements in non-gaming systems [56]. According
to the Cambridge Advanced Learner’s Dictionary and Thesaurus [114], it is “the practice of
making activities more like games in order to make them more interesting or enjoyable”.
Similarly, Oxford Learner’s Dictionary [115], defines it as “the use of elements of game-
playing in another activity, usually in order to make that activity more interesting” .
According to its more formal definitions, gamification makes non-gaming activities more
interesting [116]. However, the effectiveness of gameful systems depend on the way they
help the user to achieve their goals [117] [118] [119]. There are similar concepts associated
with gamification such as ‘game layers’, ‘behavioural games’, ‘applied gaming’, ‘ludic
qualities’, ‘applied gaming’, ‘gamenics theory’, ‘taskification’, ‘productive games’,

‘gameful design’, ‘storyfication’ and ‘includification’.

Gamification is a significant approach used in non-gaming settings [120], and is
recommended in those applications where boredom, repetition and passiveness are dominant
to encourage a desired behaviour. Not only this, but it also describes interactive features to

engage and motivate [55] [121] [122] end-users to participate [123] with the help of game
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mechanics and elements [113]. In other words, it makes boring tasks interesting and
enjoyable [76] with the help of gaming elements involved in it, whereas personalized
gamification is more effective than non-personalized gamification [124] possibly due to an

increased level of user motivation.

There is a lot of difference between gamification and digital games [125]. A digital game is
taken as a formal system based on rules with a quantifiable outcome, where player(s) puts
effort to shape the outcome [126]. On the other hand, gamification applies the gaming
elements to enhance user experience and engagement in non-gaming contexts. Table 3.2

shows the difference in a more comprehensive manner.

Table 3.2 Digital games vs. Gamification

Digital Games Gamification
Rules and objectives derive games Reward and points are deriving forces
Outcome is in the form of winning or losing | To motivate users, points are given. Losing is not possible
Complex and costly Not complex and costly
Based on some story, content-based Addition of gaming features without content

A digital game is based on rules and objectives, where the result is always either winning or
losing a game. Games are also considered to be expensive mediums with complex structures.
On the other hand, gamification motivates the players by giving rewards and points, and is

not considered as expensive and complex a medium.

2.2.2 Game Elements and Game Rules

Gamification doesn’t create games but rather uses gaming elements to solve business
problems [66]. Hence, it is important to know which game elements are included in
gamification. Generally, the elements described as ‘ten ingredients of great games’, include
avatars’ self-representation, 3D environments, narrative contexts, levels and ranks,
feedback, reputation, economies and marketplace, rule-based competition, teams, parallel
configurable communication systems, and time pressure [127]. The way these elements are
perceived can also be affected by the role i.e., designer or a user and must be taken as

important features or building blocks shared by the games.
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Previous studies have discussed some commonly used gaming elements such as
awards/rewards, points, badges [65] [128], leaderboards (PBL) [66] [128], ranking, levels,
quests, bets, avatars [69] [65], and stories [125]. Table 4.2 shows the description of some

game elements used in gamification.

Table 4.2 Game elements

Game Elements Description
Points A reward given in the form of points when a certain task is completed
Badges A representation of achievements
Leaderboards | Leaderboards allow users to compare themselves in ranking
Ranks A rank increases competence level with the top players, such as votes
Levels A level is increased when users achieve certain number of points
Avatars A virtualcharacterof users havingattributes that can be personalized based on interests
Quests A story-based task that users must complete, presented as a quest
Bets Like estimation where users bet on certain event
Awards/Rewards | Given to the player on completion of some task ora behaviour
Stories A background narrative and dramatic sequence to arouse users’ emotions

Despite having a variety of game elements, previous studies reveal that points, badges, and
voting systems are the most used game elements [65]. Some researchers believed that with
a single gaming element, a leaming experience can be gamified [120]. However, these
elements are classified based on their structural characteristics and motivational significance
[117], but these classifications do not help the designer to decide which pattemis well suited
to solve user needs. As a result, they often choose a combination of these elements such as

PBL [129], because of their easy implementation.

To design gamified systems, three main factors are attached to the games: rules, goal, and
feedback system [125]. To play a game, some clear and easy rules should be assigned for
fair play. Game rules are specifically defined for this gamified tool. They give directions to
the users for correctly performing the desired tasks and explain how rewards are given upon

completion of a task or activity.
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2.3 Related Work on Gamification in Requirements Elicitation

Requirements are an integral part of the system [130] and require a lot more attention and
interest of users, because they describe the behaviour, functionalities, and attributes of the
system [67]. In recent years, gamification has grabbed attention in many applications due to
making low-interest and unattractive tasks look more fun. It has also been used in RE to
allow the users to express their goals and needs [77]. Because of the narrative context used

in gamification, users can relate to the real-life examples rather than abstract concepts.

Gamification has been applied to the RE process that consists of elicitation, negotiation,
prioritization, validation, and specification. However, specification and validation are the
least explored areas in gamification. Gamification is used among virtual teams during the
elicitation process [131]. Inrequirements elicitation, few aspects are gamified, yet there are
many to be explored. Currently, the issues in practices do exist such as lack of technological

support, reliability of results of gamified platforms, and evaluation problems.

A platform developed in 2012, named iThink [74], is a gamified tool used to increase
stakeholder’s participation and collaboration. iThink was based on the concept of six thinking
hats, which is a method of creative thinking behind gamification. The players are rewarded
if they generate new requirements, also if they refine any requirements. There are different
roles involved in iThink including player/user and project manager. A project manager sets
up the project, but this role is not considered as a player, thus it doesn’t get any rewards. The
game was implemented with the help of an agile platform named Outsystems Agile Platform.
For the evaluation of iThink, two case studies were conducted: one took place at a childcare
centre for revamping its information system, while the second case study was conducted in a
classroom where students were asked to use the prototype information system for some
course. iThink was engaging and motivating but according to the participants’ feedback, it
has drawbacks such as depending on how ideas are generated. Furthermore, the generalization

of results was difficult because test samples were quite limited.

A similar work, to increase- the collaboration and knowledge sharing among the RE team,

was proposed with the name REVISE [130]. Requirement Elicitation and Verification
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Integrated in Social Environment (REVISE) was based on cognitive theories and
gamification elements. REVISE was developed using a set of CARE principles i.e., create,
ask for review, review, and extend. The creator has the role of system analyst, the reviewer
reviews the requirements, and the customer selects requirements and discusses them using
collaborative environment. All stakeholders can add and trace new requirements. It was
proposed that the scoring would be individual, and team based, where reviewers would be
rewarded with additional scores. Similarly, gaming elements like leaderboards, badges and
profiles would be used. As the proposed game would be based on distribution cognition and
boundary objects, complete requirements document is mandatory as an input to the system.

In this work, only theoretical framework was given.

The insufficient engagement of stakeholders leads to low quality requirements and poor
system performance. The GREM — Gamified Requirements Engineering Model [71] was
proposed to use gamification platform for requirements elicitation. The aim of GREM was to
engage stakeholders in elicitation for improving performance of system. Therefore, it used
variables including one independent variable i.e., gamification, and two dependent variables
i.e., stakeholder engagement and performance. Dichotomous variables were used to measure
these variables, and motivation was measured with Reiss Profile, and PANAS (Positive and
Negative Affect Schedule) was used for emotions. User stories were used for requirements
elicitation, whereas acceptance test was performed with the help of gaming platform. The
platform was developed in WordPress and Captain UP API was used to embed different
gaming elements such as PBL, levels, activity feeds, and challenges. For evaluation of
GREM, a controlled experiment was conducted in a company involving 12 employees
categorized into two groups based on gender and expertise, and motivation. The positive
aspects of GREM were recorded as per participants’ feedback and it was concluded that
gamification helped in raising quality, productivity, and creativity in the system, yet the
communication and collaboration among stakeholders was reduced, and might have negative
effects. Furthermore, the choice of using different gaming elements has also an overall impact
on stakeholder engagement and performance of the system. To represent requirements, more
experiments using GREM were required because it was not evaluated by keeping in mind the

engagement of stakeholders.
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Similarly, to engage stakeholders in elicitation process, a digital platform for scenario based
RE is developed using gamification [77]. The platform is based on three concepts i.e.,
engagement, performance, and gamification, and developed using WordPress and API
named Captain UP. Three variables were used with two controlled variables of stakeholder
expertise and motivation. To engage the user, three sub-dimensions were defined including
emotions, cognition, and behaviour whereas performance was further categorized into
creativity and quality. The platform was developed with 17 gaming elements and to measure
different elements like emotions etc., Reiss profile test, PANAS, and Flow Shor Scale (FSS)
were used. Points and badges were rewarded to the user after submission of user stories. For
evaluation of platform, an IT firm was selected for conducting experiments. It was observed
that behaviour created more statistical differences than emotions. Stakeholders who were
exposed to gaming elements were more active in requirements production, thus user
engagement was high during elicitation. Also, gamification indirectly had an impact on user
performance, which derived a change in the behavioural dimension. Despite having active
participation, it was concluded that keeping track of user stories was difficult because of
having too many people involved, the sample size was small, and only interested employees
took part in the experiment. It was also observed that extrinsic rewards are effective but in

short term use, however long-term effects of using gaming elements are unknown.

For prioritizing ~ requirements  and stakeholder engagement in RE, a tool
supported collaborative requirements prioritization process is presented [132]. The
tool named DMGame used gaming elements to involve stakeholders in effective decision
making. The tool was developed using genetic algorithms and Analytic Hierarchy Process
(AHP). For prioritization of requirements, a set of requirements was considered for inclusion
in the next iteration. The people involved in prioritization were stakeholders having different
roles (supervisor, opinion-provider,  and negotiator) and significance. Progress, time-
pressure and pointsification were used as game elements. Moreover, Java was used on the

server  side, relying  on Spring Framework. The tool has been validated on

three industrial case studies taken from SUPERSEDE project.
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A generic framework for acceptance requirements was designed using gamification [127].
The purpose of the framework was to model, analyse and fulfil acceptance requirements
with the help of gamification. The Agon framework was composed of four models namely
acceptance model (AM), tactical model (TM), gamification model (GM), and user context
level (UCM) integrated at three different levels. AM, TM, and GM were designed by
extending Non-Functional Requirements Framework (NFR), whereas UCM was based on
Context Dimension Trees. With 270 goals and 376 relationships among refinements,
operations, and contributions, it was validated on a Meeting Scheduler example. Different
gaming elements were used, including points, leaderboards, and ranking. As it was
performed on an already developed example, therefore no thorough evaluation was
performed. It was observed that Agon was a large model and could become larger. More
complex and real case studies were required to confirm the generality, utility, and versatility
of Agon. Later, Agon and Motivational Antecedents Framework (MAF) were compared and
performed on the same case study of Meeting Scheduler [134]. Both frameworks were
compared based on concepts, tools, and gamification techniques. MAF was designed on the
principles of Human and Organizational Behaviour (HOB), while Agon design was drawn
from Software Engineering. Agon advocates user perspective, software, cognitive and
psychological aspects for user engagement. On the other hand, MAF is more inclined
towards social behaviour such as work environment etc. and is conceptual. Agon in RE
framework provides gamification solution for acceptance requirements. Similarly, a meta-
model for Agon was described [135] using a Systematic Acceptance Requirements Analysis
Framework based on gamification, to support analysis and design of software systems. A
Participatory Architectural Change Management in ATM Systems (PACAS)was introduced
for Air Traffic Management (ATM) system. The meta-models of all four models used
previously [133] were defined and composed of psychological strategies and gaming
solutions. It was concluded based on preliminary evidence that Agon was a useful
framework, as evaluated by both non-experts such as students, and experts of RE and

gamification (from PACAS).

While designing gamified solutions, acceptance and motivational aspects are needed. For

this purpose, stakeholders are required to participate in the process. A work [136] presented

Hafsa Shareef Dar: 28-FBAS/PHDSE/F16 Page 48



Chapter 2. Literature review

in 2019, discussed set of key requirements to design a gamification solution. The two major
components of the system were design thinking and Agon framework. To identify key
requirements, different models and existing case studies including SUPERSEDE and

DMGame [132] were analysed.

A systematic literature review is conducted to explore gamification in requirements
elicitation [137]. The purpose is to know suitable game elements for requirements elicitation.
Initially 525 studies were collected out of which 48 studies were selected as primary studies.
In SLR, other than PBL, 18 suitable game elements were studied. Interaction with other

users and privacy risk are some of the challenges of gamified systems.

Requirements elicitation using gamification strategies is discussed and deployed [138]. The
system gives incentives to the users based on their performance. Two surveys are conducted:
one with a gamification system, and one without it, to study the impact of gamification on
requirements elicitation. Game elements such as PBL, activity feed, avatar, and quest are
used while conducting surveys. It is concluded that although gamified strategy helps to

engage users yet communication between participants should be improved. After a change

management is performed, its impact assessment is not performed.

Table 5.2 presents some of the gamified platforms, models, and tools in requirements

engineering, with the contribution they have made, and game elements used.

Table 5.2 Previous studies on gamification in different phases of RE

Source Proposed Work Game Phases of Requirements Engineering

Elements Elicitation | Analysis | Specification | Validation | Management
2023 | o Gamified approach to Time, v - - - -
[139] improve the | challenges

understanding of reqs.
gathering by students

e Use of  multiple
methods including
survey, empirical
evaluation,
observation, and
brainstorming

2020 | e Regs. discussion game Badges, - v - - -
[140] RE-PROVO points, roles,
Evaluate gamifying RE | challenges
activities through
developed game in
legacy replacement to
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encourage innovation

and minimizing
unnecessary changes
2019 * A gamification Points,
[141] approach GARUSO levels
¢ Stakeholders from
outside of
organizations were
involved in the RE
process
2019 | o A gamified approach to | Feedback v
{791 make RE easier to use
and learn.
e Offer more games to
RE activities.
¢ Presented idea is still
under evaluation
2018 | e Gamified requirement | Rules, goal, -
[142] inspection and
¢ Ring-i process to allow feedback
users and  other system
stakeholders for
verification ~ of  i*
models
2017 | e A gamified framework Badges, N
[135] SARAF in  regs. paths,
analysis and designing | leaderboard,
engaging systems. points, roles,
e Also guide analyst in avatars,
acquiring  acceptance rewards,
reqgs. challenges
2017 | « DMGame to engage Progress, -
[132] and motivate time
stakeholders in | pressure, and
requiremnents pointsificatio
prioritization. n
o for decision making
2017 | e Crowd centred RE Roles,
[143] method to  engage points,
stakeholders in the | leaderboard,
process of group
requirements formation,
engineering. and
o With the help of | exploration
REfine tool
2016 | o A new method of regs. | Points, rules _
[78] elicitation and analysis
AUCD
» For user participation
2016] | ¢ GREM, a model to | PBL,levels, -
[73] engage more | challenges,
stakeholders. and activity
e To  improve  the feeds
performance of RE
2015 | o Web-based gamified | Leaderboard R
[73] platform to involve , badges,
users points,
rewards
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2015 | » Developed online Points, v 4 v
[77] gamified platform for badges,
scenario based RE leaderboard,
e Selected user stories levels,
with scenarios from | challenges,
behavioural driven avatar,
development method activity feed,
e Performed controlled progress,
experiment quiz, time,
prize etc.
2015 | « CCRE in Software | Leaderboard v v v v v
[144] Product Organization, , points, and
* Prototype tool named roles
REfine used to involve
stakeholders in RE
2015 | « REVISE, a tool for Score, v v - - -
[130] requirements badges, and
elicitation and | leaderboards
verification
2012 | e iThink, a game-based Points v - - - -
[74] tool for collaboration, (scoring)
to gather requirements.
» Creative thinking
technique ‘Six
Thinking Hats’ was
also used.

Table 5.2 shows that RE has been benefited using gamification, yet it requires awareness of
participation. Existing work has some limitations such as less attractive platforms [144],
ineffective results [106], absence of conceptual foundations [130], invalidity of developed

solutions [145], theoretical framework without implementation and evaluation [130], and

results biases [141].

2.3.1 Game Elements for Elicitation

Game elements are the driving force for gamified solutions in requirements elicitation.
Literature is evident on the use of game elements for the purpose of engaging user to the
system, as mentioned in above sections. However, in table 6.2 the following game elements

have been identified according to their application in RE.

Table 6.2 Identified game elements in different phases of RE

Requirements Engineering
2] _Game Elements Elicitation | Analysis | Specification | Validation | Management
Y Points 11 5 2 3 2
z Badges 6 3 0 1 0
Hafsa Shareef Dar: 28-FBAS/PHDSE/F16 Page 51



Chapter 2. Literature review
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Table 6.2 presents 18 game elements in RE based approaches, tools, and systems. These
game elements include points, badges, leaderboard, levels, roles, feedback, challenge,

reward, avatar, paths, group formation, explore, rules, progress, score, goals, and feed.

Game Elements in Elicitation
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Figure 7.2 Game elements in requirements elicitation
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In previous work on requirements elicitation, the frequency of occurrence of points is more
than any other game element, that is, 68%, followed by leaderboard 50% and badges 37%

as shown in figure 4.2.

Game Elements in Analysis
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Figure 8.2 Game elements in requirements analysis

Figure 5.2 shows game elements used in requirements analysis. In requirements analysis,
points are the most used game element with 31% of frequency of occurrence, whereas

badges, leaderboard, and roles come with 18% each.

Game Elements in Specification
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Figure 9.2 Game elements in requirements specification

Figure 6.2 shows game elements used in requirements specification. In requirements

specification, points are the most used game element with 12% of frequency of occurrence.
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Game Elements in Validation
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Figure 10.2 Game elements in requirements validation

Figure 7.2 shows game elements used in requirements validation. In requirements validation,
points are the most used game element with 18% frequency of occurrence, followed by

leaderboard.

Game Elements in Reqs. Management
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Figure 11.2 Game elements in requirements management

Figure 8.2 shows game elements used in requirements management. [n requirements
management, points are the most used game element with 12% frequency of occurrence.
Literature shows that gamification is used in almost every activity of RE. The use of

gamification in requirements elicitation is still highest in number. We have covered 16
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studies of gamification in RE and identified 18 game elements including the popular ones
such as PBL, levels, ranks, roles, rules, challenges etc. According to figure 1.2, points are
the widelyused game elements in requirements elicitation with 68% of occurrence, however,
not the only game element used. Leaderboards are the second most used game element with

50% occurrence, and badges with 37% occurrence in requirements elicitation.
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Chapter 3 Research Methodology and Design

3.1 Research Methodology

This chapter describes the research process and research methods adopted at each step of the
process, along with the rationale for their selection. This study uses a confirmatory research
approach [146] [147] to perform field research. Confirmatory rescarch has a clear research
question to test existing theories [148]. This is further used to derive a proposition about the
intention of the study, selection of cases, and collection of data. In confirmatory studies,
evidence is built when case studies also support the related theory. Confirmatory case
studies, in this research, provide evidence that the gamified tool cffectively reduces
ambiguity by actively engaging users during elicitation, which is supported by empirical
data from the industry. Moreover, the study involves the conducting of a literature survey to
get an mnsight into the related work presented in literature. Secondly, gamification tool is
designed. Gamification tool is developed and validated on two case studies from the
industry. The feedback of users on involvement in a gamified tool is tuken by conducting a

survey. Finally, the results are analysed and concluded doing statistical analysis.

Following figure 12.3 shows the research methodology of study.

%, Systematic Literature Identified game
: Review elements

Ny, Using Game Rules and -
% A Gamified Tool
. biguity Rules Gamify4Req

Results

Figure 12.3 Research Methodology
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3.2 Research Process

The research process comprises of different steps including SLR, tool design and
development, validation of tool on multiple case studies, and fecedback survey from the users.
The SLR helps to identify game elements useful for gamified systems in reducing ambiguity
in requirements. Another important step is to design a gamified tool for reducing
requirements ambiguity by involving users during elicitation. The tool incorporates game
elements and game rules. Based on the design, a web-based tool ‘Gamify4Req’ is developed
to reduce ambiguity in requirements during elicitation. The tool identifies ambiguity in each
requirement, by involving and engaging users, that helps to reduce ambiguity. On
performing each task, the user is awarded with points and badges. Whereas other game
elements are also used to engage users thorough the activily. The gamified tool performs
three tasks. It: a) identifies ambiguity in requirements, b). involves users in the activity, and
¢). reduces ambiguity in requirements during elicitation. The tool validation is performed by
conducting two case studies [149]. The RE teams and users provide the requirements using
gamified tools, and results are then recorded. A feedback survey on user involvement in the

tool is also conducted. After recording all results, they were analyzed and concluded.

Following figure 13.3 shows the research process of study.

Hafsa Shareef Dar: 28-FBAS/PHDSE/FI16 Page 57



Chapter 3. Research Methodology and Design

Identinied Useful
Gama Elemants

Tool Design &
Development

Gamified Tool

Gamify4Req: Web-Based Gamifisd Tool to Reduce
Reguirements Ambiguity duning Elicitagon

Figure 13.3 Research Process

In the following sections, each step of the research process is presented in detail.

3.2.1 Literature Review

The first step of the research process is a detailed literature review. Litcerature review is also
a significant part of this study because the focus of the review is to study relevant work on
requirements ambiguity, gamification, and identification of useful game elements that help
to reduce requirements ambiguity during elicitation. All the articles and relevant material
are accessed using computing databases such as IEEE, ACM, Springer, and Science Direct.
These databases are selected because of their relevance and vast coverage of articles. The
data is accessed in an organized manner by applying the tollowing scarch querics to collect

relevant studies, Therefore, the search strings used are:

a. (Requirements ambiguity AND requirements elicitation OR requirements gathering)
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b. (Gamification OR game design OR gamified system AND requirements elicitation
OR requirements gathering)

c. (Requirements ambiguity AND gamification AND requirements elicitation)

In the above-mentioned strings AND is used to connect different keywords, and OR is used
for merging of two synonyms giving hundreds of results in Google Scholar. The period for
the search in which papers are published is not restricted, therefore papers published up to
2023 are included. The papers which are not written in English language are excluded.

Tutorials, abstracts, and posters are also excluded in the study.

3.2.2 Systematic Literature Review

The purpose of conducting SLR is to systematically identify, cvaluatc and analyse all
relevant information pertaining to a specific research topic. SLR is an effective way for
gathering comprehensive insights on existing studies, as suggested by Kitchenham [150].
SLR has gained popularity in the field of software engineering as researchers increasingly
publish their findings using SLR.

There are numerous reasons for conducting an SLR. It involves a systematic method for
reviewing literature, helps in identification and comprehensive analysis of relevant factors
and data from previous studies. Researchers can ensure the possible coverage of related
articles that have been previously published. This approach also emphasizes the retrieval of
the most pertinent data, and on the selection of high-quality papers. SLR focuses on
establishing a protocol that outlines the research questions to be addressed and provides an
overall strategy for conducting a review. This strategy contains details such as maximum
number of papers to be included, databases to be searched, and specific keywords and strings
to be utilized. Additionally, inclusion and exclusion criteria are developed to select the

articles from the SLR study.

In this study, one of the purposes of conducting SLR is to identify the empirically validated
useful game elements other than commonly used game elements i.e., points, badges, and

leaderboard or PBL, for requirements elicitation. Before conducting an SLR, we reviewed
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the literature and identified game elements that are used in different phases of RE, as

mentioned in section 3.2.1.

3.2.2.1 Process of SLR

The process of conducting an SLR involves nine main steps, which are further categorized
into three phases. The first phase refers to ‘planning’ an SLR which involves formalizing
the research objective, developing, and evaluating the review protocol. The second phase is
‘conducting’ an SLR, where studies are identified and sclected articles undergo quality
assessment; also, data is extracted and synthesized. The third phase is ‘reporting’ the
findings of an SLR where the results obtained from the second phase are reported and

discussed. Following figure 14.3 shows the nine steps under three phases of an SLR.

ar——.

-

-, -

o

P SLR Reporting

«

Figure 14.3 Process of SLR
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Figure 11.3 illustrates the entire process of SLR, highlighting the nine steps. The process
begins with the identification of the research question to be addressed in literature. This is
followed by the development and validation of the protocol, which outlines the overall
strategy, list of databases, keywords, and inclusion/exclusion criteria for papers. The
subsequent steps involve the identification and selection of rescarch studics followed by a
thorough scrutiny of the studies based on quality assessment critcria. Finally, data is
extracted and synthesized, leading to the final step of reporting the results. SLR is further

presented in chapter 4.

3.2.3 Tool Design

A pro-active approach is used to reduce ambiguity in requirements using gamification. For
this purpose, a gamified tool is designed for reducing requirements ambiguity using
gamification during elicitation. It has four major parts: provision of user requirements, game

elements and game rules, identification of ambiguity, and ambiguity rules.

Figure 15.3 presents a complete picture of the tool design.

e e

Book my Tight

i e

Ao E

Figure 15.3 Gamified tool design

In figure 15.3 tool is designed comprising of four main parts.

1. Provision of user requirements

2. Game elements and game rules

Hafsa Shareef Dar: 28-FBAS/PHDSE/F16 Page 61



Chapter 3. Research Methodology and Design

3. Identification of ambiguity
4. Ambiguity rules

Provision of User Requirements

|
Three user roles are involved in the tool. Project Manager (PM) sctups tLe prolec‘, assigns

roles to the project, and closes the activity. User (User/Customer/DE) and Requirements
Engineer (ReqEngr.) provide requirements. Later these requirements are updated, verified,

and validated by the users.
Game Elements and Game Rules

Each user performs a certain set of tasks in the tool. For the involvement and engagement of
users in thetool, game elements are used. These game elements arc identified from literature.
Game elements are used based on the activities and design of the tool. For instance, PM is
managing the activity but not involved in providing requircments, thus the game elements
assigned to PM are avatar, levels, and progress of the activity. Similarly, User/Customer/DE
and ReqEngr. are involved in providing, verifying, and validating requirements, thus the
game clements assigned to them are avatar, levels, points, badgcs, and leaderboard. These
game eclements keep users involved and engaged in the tool throughout the activity. The

following table 7.3 shows user roles, set of tasks and game elemcenty assigned to each role.

Table 7.3 Game elements assigned to users

User Roles Game Elements Tasks
Profile completion, providing new requirements, updating
User/Customer/DE requirements,  validating  requirements,  reviewing

Avatar, Points, Badges, requirements document

Leaderboard, Levels Profile complction, providing new requirements, updating
RegEngr. requirements,  verifying  requirements,  reviewing
requirements document
Profile creation, adding pruject, assigning roles, checking
PM Avatar, Levels, Progress | progress, review requiremients docament for ambiguity,
close activity

The gamified tool incorporates game rules to give directions to the uscrs. Game rules specify

how certain objectives are met and rewards are given.

Hafsa Shareef Dar: 28-FBAS/PHDSE/F16 Page 62



Chapter 3. Research Methodelogy and Design

Table 8.3 Game rules

No. Rules

Rewards

1. | IfReqEngr. and User/Customer/DE etc. provide new

Points on providing cach requirement.

requirements Level completion badge.
2. | If ReqEngr. and User/Customer/DE etc. update | Points on cach updated requirement .
requirements

3. | If User/Customer/DE etc. validate requirements

Points on providing validated
requirements.

4. | If ReqEngr. verifies requirements in level 2

Points on providing verified requirements,

5. | If user/customer/DE etc. provides review of

Points on proviling review,

requirements document Task completion trophy.
6. | If ReqEngr. provides review of requirements | Points on providing review.
document Task completion trophy.

Table 8.3 displays the game rules defined in gamified tool. Points and badges are given on

performing tasks like provide requirements, update requirements, verify requirements,

validate requirements, and review requirements document. Similarly, the leaderboard of

each user is maintained alongside.

Identification of Ambiguity

Another important part of the tool is to identify ambiguity in user provided requirements,

When user provides requirements, the tool identifies ambiguity in the given requirement.
Parts of Speech (POS) tagging [151] is used to identify ambiguous words. For instance, a
sentence ‘Book my flight’ is provided by the user. The words ‘Book™ *my’ and ‘flight’ are

assigned parts of speech ‘verb’ ‘pronoun’ and ‘noun’, as shown in figure 16.3 below.

Flgure 16.3 Ambiguity identification
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In figure 16.3 POS tags uses dictionary of words containing nouns, pronouns, adverbs,
conjunctions, and other man-made rules. However, for identification of ambiguity in given

requirements, rule-based POS tags are used.

Rule-Based POS Tags

Rule-based POS taggers in NLP assign grammatical tags to words in a sentence based on a
set of predefined rules. The rule-based approach relies on linguistic rules and patterns to
 determine the approprate POS tags for words, allowing accurate analysis and understanding

of requirements [151].

The rule-based POS tagger, based on defined rules, assign the "OS tags, as shown in the

given example of NL requirement statement.
Requirement: The system shall assign the course to the teacher

Tags: “The” (Determiner), “system” (Noun), “shall” (Verb), “assign” (Verb), “the”
(Determiner), “course” (Noun), “to” (Preposition), “the” (Determiner), “teacher” (Noun).

In this example, the rule-based POS tagger successfully identifics and lugs in the words
based on linguistic rules. The implementation of rule-based POS tagger involves creating
and finetuning rules based on grammatical pattemns. These rules cnable the tagger to
accurately identify POS categories such as nouns, adjectives, adverbs, pronouns,
prepositions, conjunctions, etc. in the text document, providing valuable information about
the action or state expressed by the words. The specific rules used in the tagger depends on

the linguistic requirements and the targeted POS category for analysis.

In our tool, when the user provides NL requirements, rule-based POS tagger assign
respective parts of speech to each word in the sentence. Ambiguity rules and dictionary of

words work together to identify ambiguity in requirement.
Ambiguity Rules

In gamified tool, POS tags identify each word and check whether the woid is ambiguous or

not. Semantic ambiguity in NL requirements occur when a word has more than one
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interpretations in a given context [30] [35] for instance ‘Aly stood on the bank’ where bank
is an ambiguous word in this context leading to multiple meanings [42|. For this purpose, it
combines a dictionary of words and ambiguity rules [80] [152] to identify any ambiguity in

the requirement. The rules are given in table 9.3.

Table 9.3 Ambiguity rules

Ambiguity Rules

Referential | RA Use of noun instead of pronoun throughout the specification, specially where two
or more nouns precede the pronoun in same sentence.

Coordinatio | CA1 | Compound sentence containing two or more ‘and’ should be split into simpler,

n sma ller sentences (without ‘and’).
CA2 | Ifaspecification containsa conjunction (*and’ or ‘or’) and a modifier, and modifier
is used for both conjoined words, then explicitly add modifier before each word to
disambiguate.

CA3 | Ifaspecification containsa conjunction (‘and’)and a modifier, and modifier is used
for only one word, then split the sentence after ‘and’,

Ambiguity rules for semantic ambiguity are followed to identify and reduce ambiguity in
requirements. Referential ambiguity in a requirement occurs when a word has more than one
references in a sentence, for example ‘The truck shall treat the roads before they close’ [46].
In this example the word they has two references fruck and roads which makes the sentence
ambiguous. Similarly, coordination ambiguity occurs when more than one conjunction
and/or is present in a sentence or when one conjunction is used with a modifier [30] thus
making it a compound ambiguous sentence, for instance ‘I saw Aly and Hina and Hira saw
me’ or ‘Young boy and girl’. The rules as shown in Table 9.3 are designed for referential

and coordination ambiguity sub-types.

3.2.4 Tool Development

The purpose of web-based gamified tool, Gamify4Req, is to facilitate the user, RE and RE
teams to perform requirements elicitation from the User/Customer/DE and ReqEngr.
Therefore, PM is the administrator of this system. The gamified tool has the following

functionalities, that is, to:

e Provide requirements: The requirements given by the user/customer/DE (Domain

Expert) and requirements engineer.
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o Identify ambiguity: Identification of ambiguity in given requirement by the gamified
tool.

o Verify requirements: Verification of the given requirement by the requirements
engineer.

e Validate requirements: Validation of the given requirement by the
User/Customer/DE

* Review requirements document: Review of requirements document by the

User/Customer/DE, ReqEngr. and PM, generated at the end of the activity.

The gamified tool is web-based and multi-player involving Uscr/Customer/DE, ReqEngr.,
and PM. Different game elements are used to involve and engagc users in the system and
motivate them to provide requirements. The game elements support each user according to
their role in the system. Game elements for each role are used, for instance when a user
provides the requirements, it is awarded with points; upon completion of major task, a badge

is given; a leaderboard is maintained to display the user’s points and achicveimnents.

Similarly, when User/Customer/DE and ReqEngr. provide requirements, the system checks
the requirements for identification of ambiguity using ambiguity rules, with the help of POS
tags. At this stage, requirements are not considered from any other source other than the
users. The User/Customer/DE provides, updates, validates, and reviews the requirements.
The ReqEngr, provide, update, verify and review the requirements. I'M registers all users,

adds projects, assigns roles to the projects, track progress, and review the final requirements

document.

3.2.5 Tool Validation

The validation of a tool is an important step in this study. The gamificd tool is validated by
two case studies. The purpose of selecting two case studies is to confirm that the gamified
tool helps and supports requirements elicitation activity in ambiguity identification and

reduction by involving users during elicitation.
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Furthermore, confirmatory research is conducted to find out if the gamification theory is
supported by the facts [153]. The goal of confirmatory research is to confirm the pre-
specified relationship between reducing requirements ambiguity, by involving the users via
gamification. It provides statistically significant results with decfinitive answers to the

research hypothesis.

The validation of gamified tool ‘Gamify4Req’ is done by conducting multiple case studies
in the software market of Pakistan. The type of case studies selected for validation are
confirmatory in nature. In our research, confirmatory case studics helped to find out the

extent to which gamification is supported by the industry.

3.2,5.1 Case Study Design

A case study represents the story of something interesting or uniquc stories about people,
organizations, processes, events etc. [154]. In this work, a case study is selected as we want
to study the phenomenon of reducing ambiguity in requircments during elicitation using
gamification in real settings. Within the case study, cases are sclected because of their
effectiveness and relevance. Similarly, we have selected two casc studies from small-sized
software houses, and the case or unit of analysis is projects. There are six steps involved in

designing and conducting the case study, as shown in table 10.3 below.

Table 10.3 Case study design

No. Stages Steps Activities
1 Plan Identification of stakeholders Users/Customers/DE, requirements engineer,
project manager
Finalization of case study topic, cases Confirmatory case study, software projects
Identification of sources of information
and from whom Sources Infurmation
User/Customer | Requirements elicitation +
DE Validation
RegEngr. Requirements elicitation +
Verification
PM Tnitiation + Role assignment
Following ethical standards e Local
Required documents s Requirements docunients/SRS
2 Intervention Software tool e Use of tool to reduce ambiguily in
requirements during elicitation.
s User involvement and cngagement
3 Train Data Identification and training of data o Training of the tool to perform elicitation,
Collectors collectors o Data collection using gamified tool
4 Collect Data | Gathering of relevant data e Each user uses the system.
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o Data is recorded using the tool.

|0 A

5 Analyse Data | Analysis of the results e Analysis and review of collected data and
results
6 Disseminate Report ¢ Thesis dissertation write-up
Findings Dissemination  Publication of results

In table 10.3, case study design is presented in six steps. Specific set of activities are
performed with relevance to our study design. The following are the details of six steps of a

case study as given in the table 10.3.

Plan

The first step involves planning a case study that includes identification of stakeholders,
finalization of cases, and identification of sources of information. In sciccted case studies,
PM and ReqEngr. are involved from RE teams, and User/Customer/DE are involved as
clients to give requirements. Another important source of information is the requirements
document. While conducting case studies, it is important to follow ethical standards which

are applicable particular tothe case. Inboth case studies, local ethical standards are followed.

Intervention

Next step in conducting case study is intervention. In this step, a gamified toolis used as an
intervention. Firstly, Gamify4Req, a gamified tool, is developed to reduce ambiguity in
requirements by involving users to the system. The tool is used by the participants involved

in both case studies.

Train Data Collectors

In both cases, it is important to train the data collectors ie., PM, ReqEngr., and
User/Customer/DE. They are already identified during planning. Onc¢ member of each team
is trained to use the system, and they further train their team as well as the users involved in

the system. Training is crucial and a time-consuming part of the study.

Collect Data

Collection of datais a significant step in both cases. Each RE team is requested to provide

the details on requirements elicitation, ambiguity identification and reduction, and any

Hafsa Shareef Dar: 28-FBAS/PHDSE/F16 Page 68






Chapter 3. Research Methodology and Design

documents available. In both cases, a manual approach of collecting requirements is used.
After collecting data using the existing approach, both teams arc given the tool to elicit
requirements from the user. Gamify4Req identify and reduce ambiguity in requirements and

store all requirements in given template, which is downloadable in MS Word file.

Analyze Data

Once the data is collected, it is reviewed and analysed using graphs and statistical tests. The

results are checked against the hypothesis of the study.

Disseminate Findings

After analysis of data, the findings are reported in the thesis. The results are also published
as a part of the PhD degree requirement.

A proactive approach is used to reduce the ambiguity in requirements, provided by the users
during elicitation, Moreover, the existing techniques are reactive because they first elicit
requirements, document these requirements, manually detect the ambiguity, and manually
remove it. However, our technique cannot be compared with the cxisting techniques present
in literature.

3.2.6 Case Study I

Company Name: ABC

Details: The first case belongs to Pakistan's software market. ABC is a small level software
house comprising of team with nine team members including project manager, product
owner, software developers, technical report writers, designers, and others. The team works
with Systematic Customer Resolution Unraveling Meeting (SCRUM) methodology, and
team to client meetings are quite frequent. Requirements are elicited during these meetings
in which the client is mostly not clear about the system, hence could not provide proper
requirements. Due to uncertainty in requirements, the projects go over schedule and over the
budget with compromised system at the end. Generally, requircments elicitation,

documentation and ambiguity identification are manually performed by the product owner
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in almost 2 months. It also includes requirements specification, verification, and validation.
However, ABC has its own template for recording requirements. A project manager is

involved in the activity throughout the project.

We have considered Project (P1) as a case study I for our research.

Project: Student Direction App (SDA)

Details: SDA is a mobile application for studentsto maximize their performance by reducing
lengthy manual work. This application creates a real time interaction among administration,
teachers, students, and parents/tutors with the chat box feature. Parents and teachers can stay
well connected and updated about student’s current performance. By using the digital diary,
teachers can upload daily homework. A teacher can add an activity and a dcadline for that
activity as well as upload homework remarks, test marks, activity feedback of an individual
student. It provides easy access to notes and helping materials uploaded by teachers and is

time-saving for the students.
3.2.7 Case Study II

Company Name: XYZ

Details: This casc also belongs to Pakistani software market. XY Z is a small level software
house with seven team members. Included roles are project manager. senior developer,
junior software developers, technical writers, and others. XYZ also works in agile
methodology SCRUM, where the requirements elicitation process takes 2-3 months to get
requirements. These requirements are collected in initial meetings. Scnior developer and
project manager review these requirements and contact the client if any ambiguity is found.
Most of the time the client is not clear about the system, hence couldn’t provide proper
requirements. Due to uncertainty in requirements, the project is over scheduled and goes
over the budget with a compromised system at the end. Once the senior developer finalizes
the requirements, it is handed over to the technical writer for requircments specification.
Like company ABC, XYZ has its defined template for requirements, in which requirements

are specified as features. A project manager is involved in the activity throughout the project.
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We have considered Project (P2) as a case study II for our research.

Project: GOTCHA -Depression Helpline (GOTCHA)

Details: ‘Gotcha’- Depression Helpline’ is a mobile application that determines the
depression level of the user via an assessment quiz (provided by an cxpert psychologist). It
also recommends appropriate exercises according to the depression level of the user and
monitors a patient’s progress over time. It also features an app-to-app calling system which
will allow the users to talk to the therapists via voice call. The therapist can provide talk
therapy sessions which can play a vital role in the treatment of depression and anxiety in

people.

Case studies are important part of the validation yet not the only part of it. After getting
results from both cases, another important factor is measured i.e., user involvement in the

tool. For this purpose, users engaged during requirements clicitation are asked to provide

feedback by filling a survey questionnaire.

Rasuit of Cate

Figure 17.3 Tool validation
Figure 17.3 shows how both case studies are examined during validation. After that the
feedback survey is conducted by the participants to know users’ involvement in the activity.

Finally, overall results are analysed and reported.
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3.2.8 Feedback Survey

Measuring user involvement during requirements elicitation is an important part of this
research. It is measured by conducting a feedback survey from the users involved in P1 and
P2. The questionnaire instrument is designed by following the guidelines of Mark Kasunic
[155), and divided into three sections including demographic information, game elements
and game mechanic, and ambiguity identification and reduction. There are seven stages in

the survey suggested by Kasunic, as shown in the figure 18.3.

Result
Identifying Design analysis
research sampling Pilot test and

objective plan questionnaire repuorting

Identifiation of Design Distribution of

targeted questionnaire questionnare
audience

Figure 18.3 Survey design

The purpose of conducting this survey is to get user feedback on their involvement in the
system and to know if a gamified tool reduced ambiguity during clicitation. Each section
comprises of a different number of relevant questions. The questionnaire 18 self-

administered, designed using Google Forms, and the link is shared with the users via email,

Figure 19.3 shows the mapping of survey steps of this study on the survey steps by Kasunic.
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Research Steps of this Study
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Figure 19.3 Survey steps of the study

3.2.7.1 Identification of Research Objectives

At stage one of conducting a survey, identification of the rescarch objective is done. The
objectives of this study have already been identified earlier in Chapter {. Same objectives
are considered while designing the questionnaire. However, the objectives of this
questionnaire, which are in line with the objectives of this study, are defined. The objectives
of survey are defined and are as follows:

Objective 1: To conduct user response on using the gamified tool.

Objective 2: To know if the gamified tool helped in reducing ambiguity in requirements

during elicitation.
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3.2.7.2 ldentification of Target Audience

In stage two, the target audience is identified. In our study, RE teams and users are included

in the special groups which are under study. It is also significant to know who is more

suitable for providing the required information. In RE teams, project managers, and
requirements  engineers are identified, whereas to provide clients’ feedback

User/Customer/DE is identified.
3.2,7.3 Sampling of Population

In stage three, sampling of population is done. Generally, sampling is done to select who can
be approached for filling the survey. In this study all individuals from the population must
provide their feedback. We have selected census as our sampling strategy, which engages
the whole population as a sample. Census helps to increase the precision and lessen sampling
errors. Gamification is an emerging field which is not widely adapted yet; therefore, the

population size is small and coverable.
3.2.7.4 Designing Questionnaire

In stage four, the questionnaire is designed and aligned with the rescarch objectives. Firstly,
questions are determined, the type and format of each question is specified, sequence of
questions and overall layout is designed, and finally supplementary documents are
developed and attached. The questionnaire is divided into three sections according to the
objectives. The first section is about demographic information of the participants, in which
different questions related to their personal information are asked. In section two, the use of
game elements is focused upon, and they are asked about their experience of using the
system. The last section three focuses on ambiguity identification and reduction questions.

All questions are closed ended and Likert scale is used to get response on each question.
3.2.7.5 Pilot Testing of Questionnaire

A pilot testing of questionnaire is conducted to verify the questions from cxperts before

distributing it among the participants. In stage five, the pilot test of questionnaire is done by
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the target audience including project managers, requirements engineers and users. The

questionnaire is modified after getting their suggestions and feedback.
3.2.7.6 Distribution of Questionnaire

In Staﬁe Sixf Cluestionnaire distribution among resrondcnts is done, Questionnaire is designed

using Google Forms and its web link is shared through email. Web based surveys are easy
to disseminate and reach maximum target audience in time. Keeping in mind the time and

availability of participants, we limit the total duration of the questionnaire (0 15-20 minutes.
3.2.7.7 Result Analysis and Reporting

In stage seven, data from all respondents is collected in an MS Excel sheet. Questions from
each section are answered individually. However, data in raw form is processed into
meaningful information in the form of graphs and charts. The Likert scale helped to cover
more perspectives on the answer and provided complete coverage of each question. Data is
then analysed and reported. User involvement is an important part of our research study

therefore, it is significant to report the results in thesis dissertation.
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Chapter 4 Systematic Literature Review

4.1 SLR Planning

The initial stage of SLR involves the process of planning, during which all the necessary
steps for conducting SLR are carefully outlined. The following section provides a

comprehensive overview of our SLR planning, highlighting its key aspects,
4.1.1 Specify Research Question

The main objective for conducing SLR is to identify useful gamec clements, that are
empirically validated for requirements elicitation. These useful game clements are identified

from the literature. For this purpose, the formulated research question of this study is:
RQ 2: What are the game elements empirically validated for requirements elicitation?

As discussed earlier in chapter 2, PBL are the most useful game clements in requirements
elicitation. Besides PBL there are some other game elements that can be used in requirements

elicitation.

4.1.2 Develop Review Protocol

The review protocol involves a comprehensive strategy of the steps involyved in the SLR. It
keeps the record of all the steps performed during SLR and helps in identifying relevant

studies. Review protocol consists of the following steps:

4.1.2.1 Keywords and Strings

The selection of appropriate keywords is quite significant in any rescarch. The effectiveness
of data retrieval relies heavily on the specific keywords identified during the research, After
keen observation of the research question and objective of SI.R, the most appropriate

keywords of our research were determined.
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The keywords of this study are ‘game elements’ and ‘requircments clicitation’. Next step is
to assign synonyms to the keywords to create a search string. The creation of search strings
involves the process of combining keywords and synonyms. The objective of the research
questions and SLR is considered while developing the string. Boolcan terms OR and AND
are utilized to create a string by effectively combining keywords and synonyms. This search

string is helpful in extracting relevant data for our study, as shown in table 11.4.

Table 11.4 SLR keywords, synonyms, and string

No. Keywords Synonyms Search Strings
1. Game elements Game components, (Game components OR game
Game features Jeatures)
2. Requirements Requirements gathering method, AND
elicitation Requirements discovery practice, | (Reguirements gathering method OR
Requirements collection requirements discovery practice OR
requirements collection)

Table 11.4 presents two keywords and related synonyms. We have created one string which

is related to the research question and objective of this SLR.

4.1.2.2 Data Sources

The search string is implemented on scientific databases and digital libraries to get relevant
studies. We have selected some renowned databases for conducting SLR, including IEEE,
ACM, etc. Table 12.4 provides the list of digital databases and libraries used in this study.

Table 12.4 SLR Data sources

Sr. No. Digital Databases Weblink
1. 1EEE https.//iceexplore jece org/ Xploie/homejsp
2. ACM https://dl acm ory/
3. Springer https://link spriggercom/
4, Science Direct https:/fwww.sciengedirect.com/
5. Google Scholar https://scholar.guggle com/

Furthermore, study selection criteria are employed to address any potential redundancies in

the retrieved data.
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4.1.2.3 Inclusion and Exclusion Criteria

The resources encompass a significant amount of data that may not be relevant to the
research. Also, it is not practical to include all the papers obtained as a result of running the
string on digital databases. Furthermore, it is not feasible to examine cach paper in detail to
determine its relevance to our research. In the review protocol of the SLR, we established a
specific inclusion and exclusion criteria to filter out the papers that should be included in the

study. The inclusion and exclusion criteria are given below.

o We selected those articles that are related to the domain of software enginecring, but
also focused on requirements engineering and gamification.

s Research articles and book chapters are included.

o To cover recent advancements and trends within our domain, wc selected
publications from the year 2015 and onwards,

e To conduct this SLR, we specifically chose the articles available in the HEC (Higher
Education Commission) repository, freely accessible and openly available,

o The articles where an abstract is available but full text is unavailable are excluded.

o Articles written in English are included, whereas papers wiitten in other languages

are excluded.

» Position papers, posters and letters are excluded.

4.1.3 Validate Review Protocol

Review protocol is validated to ensure fairness during the collection of research articles. The
validation criteria proposed by Kitchenham is used to validate our protocol. Additionally,

expert researchers in the field have also verified the validity of the rescarch protocol.

4.2 SLR Conduction

After SLR planning, next phase is the conduction of SLR. In this phase, the focus is on
identifying the articles that need to be studied. Initially, a significant number of articles may
appear from various databases based on the keywords and string. 'Ihis is considered the

primary data. To refine and narrow down this primary data, a selection procedure is applied
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to identify the most relevant articles. A quality criterion is also applicd to assess the selected
studies, ensuring that only high-quality articles are included in the final analysis. The data
extraction and synthesis process specifically target the papers sclected after undergoing the

quality assessment.
4.2.1 Identify Research Studies

Systematic search strategies are implemented to collect relevant research articles for this
study, aiming to ensure an unbiased selection of articles. This mecthod of a systematic search
strategy differs SLR from a traditional literature review. All primary studies relevant to
addressing the research question are identified from a diverse data source. The query string
is executed across the selected digital databases, generating a list of articles that are

subsequently subjected to selection criteria for inclusion.

Following the review protocol, query is executed on different digital libraries as specified
earlier. The outcome of query is recorded and presented in a table formal. These represent
the candidate articles collected from each source in response to the string. Table 13.4

presents the count of articles retrieved from each digital library against the string.

Table 13.4 5LR initial screening

Sr. No. Data Sources Initial Screeninp
L. TEEE 50
2. ACM 37
3. Springer 38
4. Science Direct 30
S. Google Scholar 45
Total 204

After running the query string on selected databases, 200 articles are selected during initial
screening, as shown in table 13.4. During initial screening, 50 articles from IEEE, 37 articles
from ACM, 38 articles from Springer, 30 articles from Science Direct, and 45 articles from
Google Scholar are selected. This step is followed by the selection of studies for conducting
SLR.
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4.2.2 Select Studies

After the initial screening of research articles have been completed, the articles undergo a
filtration process for the selection in the study. Multiple filtration levels of study selection
are implemented. The first level involves assessing the total number of results retrieved from
the query string, according to the inclusion and exclusion criteria. The duplicated articles are
excluded from the list. The selected articles are further filtered through quality assessment.
The same selection criteria are applied on the research question. The filtration levels of

selecting studies are outlined as follows:

15t filter: In 1%* filter, abstract and keywords are selected based on the relevance to research

question.
204 Filter: In 27 filter, duplicate articles are removed from the selection.
Final filter: In final filter, the articles from 1%t and 274 filters are included only,

Table 14.4 presents multiple levels of filtration and selection of studics.

Table 14.4 SLR filtration and selection of studies

Sr. No. Data Sources 1%t Filter | 274 Filter [ Final Filter
RO I

1. IEEE 19 12 8

2. ACM 5 2 0

3. Springer 8 6 3

4. Science Direct 4 2 1

5. Google Scholar 15 7 6
Total - 51 29 18

During 18 filter, 51 articles are selected among which 19 articles fromn IEEE, 5 articles from
ACM, 8 articles from Springer, 4 articles from Science Direct. and 15 articles from Google
Scholar are gathered. In 27 filter, 29 articles are selected among which 12 articles are
collected from IEEE, 2 articles from ACM, 6 articles from Springer, 2 articles from Science
Direct, and 7 articles from Google Scholar are collected. Similarly, the final filter extracted

18 articles for the research question. The final filter results in collecting 8 articles from IEEE,

3 articles from Springer, 1 article from Science Direct, and 6 articles from Google Scholar.
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The schematic filtration process extracted 18 research articles for research question.
4.2.3 Quality Assessment of Studies

The selected research articles are further assessed for quality. For this purpose, a quality
assessment (QA) checklist by Kitchenham is followed. This checklist helps to check whether
articles should be included in SLR or not. The checklist is used to check if the aims, findings,
techniques and methodology, results, and conclusions are clearly mentioned in the article.
The QA checklist consists of questionnaire with predefined answers. The answer to any
question the options of “Yes’ and ‘No’ are given, where ‘Yes' is further assigned the value

‘1’ and ‘No’ is assigned a value of ‘0.

4.3 SLR Reporting

Reporting is the final phase of SLR in which the consolidated information is used to answer
the research question. We have focused on the contribution of the SLR to investigate the

domain and new findings related to our study.

4.3.1 Data Extraction

Once the selection of studies is completed, all the collected studies are read according to the

predefined criteria. The studies that provided relevant information to answer the research

question are then selected. The data extraction template is used to extract data from each

study.

We aim to find the useful game elements that are empirically validated for requirements
elicitation, other than the PBL. Therefore, the information extracted from each primary study

is shown in the table 15.4.

Table 15.4 SLR data extraction

ID Reference Author Year
1 [156] Garcia et. al. 2020
2 [157] Carolina et. al. 2018
3 [158] Gafniet.al 2018
4 [159)] Shih et. al, 2017
5 [160] Brull et. al. 2016
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6 [161) Hishamuddin et. al. 2018
7 [162] Nasirzadeh et. al. 2020
8 [163] Sailer et. al. 2017
9 {57] Darejeh et. al. 2016
10 [164) Toda et.al. 2019
11 165] Wee et. al. 2019
12 [71}) Lombriser et. al. 2016
13 [166] Robson et. al. 2015
14 [167] Ghabanet. al. 2019
15 [168] Ferrer Conill 2016
16 {169] Bertholdo et. al. 2018
17 [170] Schobelet. al. 2020
18 [171 Mese et. al. 2019

The 18 primary studies are categorized to answer the research question, as shown in the

figure 20.4.
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Figure 20.4 SLR data extraction year-wise
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The year-wise data extraction of primary studies is shown in the figure 20.4. After data

extraction, data synthesis is performed.

4.3.2 Data Synthesis

In data synthesis, the useful game elements other than the PBL arc dcscribed. After reading
18 articles, 16 game elements other than the PBL are identified. These game elements can

be seen in the table below.

Table 16.4 SLR data synthesis

Sr. No. Game Element Reference o N=18 | Percentage
1. Trophy [158][166])[167] k] 16.6%
2. Level [156][157][158] [160] [162][57] 1 61.1%

[1641[71]1 [166][1701[171]
3. Medals and Scoreboards [1581[167][168][170] 4 22.2%
4. Virtual Goods [158][159][162] [170] 4 22.2%
5. User Profile and [157]1[161][163][165](71] 5 27.7%
Storytelling
6. Activity Feed [171] 1 5.5%
7. Feedback [156] (1591 (1611 [162][163]{71] R 44.4%
[1701[171]
8. Time Limit [156][170] - 2 11.1%
9. Achievement and Gift [157]{166] 2 11.1%
10. Quest [157](159) 2 11.1%
1. Status [157)[158]]71) 3 16.6%
12. Penalty and count down [162] 1 55%
13. Performance [163] | 5.5%
14. Progress [162] [164] [71] [166] [169][176] 7 38.8%
(171}
15. Mission [156] I 5.5%
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16. Blocked Content [156] | 5.5%

In table 16.4, game elements collected from the primary studies. The frequency of game
elements occurrence is mentioned in the field where total number of studics N=18. The game

elements other than the PBL include trophy, level, medal and scoreboard, virtual goods etc.

4.3.3 Results and Discussion

In this section, the results after conducting SLR are presented and discussed. The research

question is also answered to fulfil the aim of this study.

4.3.3.1 Answering the Research Question

After data extraction and synthesis, 16 game elements are identificd. According to table 6.4,
the most useful game elements that are empirically validated for requireinents elicitation are
level (61.1%), feedback (44.4%), and progress (38.8%). Howcver, other game elements have
not frequently occurred during investigation. These game elements, other than the PBL, are
useful in requirements elicitation. Furthermore, in Chapter 2 we have identified the game
elements that are useful in requirements elicitation. According to our investigation, points
(68%) are the widely used game elements, followed by the badges (50%) and leaderboards
(50%).

Game elements play a significant role in gamification and considered as a key concept of
gamification. The use of game elements is significant in gamified systems, for collecting
user requirements. The involvement of users during requirements e¢licitation has a direct
influence on the quality of requirements. Thus, using game elements is advantageous in

enhancing user involvement within the system.
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Chapter S Proposed Solution

5.1 Tool Development

In this chapter, we describe how requirements ambiguity is reduced using gamification
during requirements elicitation. We outline the tool i.e., Gamify4Reqy, based on the design
presented in Chapter 3. In the next sections, game elements for all users are defined, also

tool development is presented in detail.

5.1.1 Game Elements for the Users

Each user role has its set of responsibilities in the system; hence the motivation is different
for different types of users. Similarly, in this system we have used game clements according
to user roles and activities. The roles of User/Customer/DE uud ReyEungr. are assigned the
game elements of ‘avatar’, ‘points’, ‘badges’, ‘levels’, and ‘leadeiboard’. The PM is

assigned ‘avatar’, ‘levels’, and ‘progress’.

Table 17.5 shows the game elements used for user/customer/DE cte, 1espectively.

Table 17.5 Tasks and game elements for Users/Customers/DE etc.

Tasks Game Elements

Registration and profile completion Avalar

Level 1

Providing new requirements Points
After providing at feast 15 requirements Points, Task complction badge Leaderboard

Level 2

On updating and validating requirements Points
After providing 5 updated and valid Points, badge Leaderboand

requirements

Level 1

Review requirements document Points, Activity completion trophy Leaderboard

Table 17.5 shows the tasks of User/Customer/DE and game clements against cach task and
activity. User/Customer/DE completes profile and represents its presence by selecting an
avatar. Level 1 unlocks as soon as User/Customer/DE completes avatar. In level 1,

User/Customer/DE provides requirements. Each requirement carries 10 points. In level 1, at
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least 15 requirements must be provided. The number of requirements is fixed at 15 for the
purpose of validation only to help maintain the game balance. Too few requirements may
make the activity short-lived or too many requirements may make the activity tedious.
Moreover, each level of the game introduces different tasks related to requirements. Fixing
requirements gives clear sense of progression to the uscrs in an cnjoyable way. After
providing 15 requirements, User/Customer/DE is awarded with a badge. Leaderboard of
User/Customer/DE is maintained alongside. In level 2, requirements can be updated, and
validated by the User/Customer/DE if required. This number is fixed at 5 requirements to
increase the complexity of Level 2 to make it more fun. Each validation carries points and
on completion of level 2, a task completion badge is awarded. Similarly in level 3,
User/Customer/DE reviews the requirements document generated by the tool. Points are

awarded along with activity completion trophy.

Table 18.5 Tasks and game elements for ReqEngr.

Tasks Game Elements
Registration and profile completion Avatar
Level |
Providing new requirements Points
After providing at least 15 requirements Points, Task completion badgc Leaderboard
Level 2
On updating verifying requirements Points, badge Leaderboand
Level 3
Review requirements document Points, Activity completion trophy Leaderboand

Table 18.5 shows game elements of ReqEngr. ReqEngr. completes the profile and represents
its presence by selecting an avatar. Level | unlocks as soon as RegEngr. Completes an
avatar, In level 1, ReqEngr. provides requirements. Each requirement carries 10 points, In
level 1, at least 15 requirements must be provided. After providing 15 requirements,
ReqEngr. is awarded with a badge. Leaderboard of ReqEngr. is maintained alongside. In
level 2, requirements coming from the User/Customer/DE are verified and checked.
Verification of each requirement carries points and on completion of level 2, a task
completion badge is awarded. Similarly in level 3, ReqEngr. 1eviews the requirements
document generated by the tool. Points are awarded along with activity completion trophy.

The leaderboard is updated after each reward and all achieveiments are displayed on the
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leaderboard. As the system is multi-player, thus the leaderboard not only displays user

individual score but also the score of other users of the system.

In table 19.5 game elements of PM including avatar, levels, and progress of the activity are

shown. The system has initially only one PM.

Table 19.5 Tasks and gome elements for PM

Tasks Game Elements
Registration and profile completion Avatar
Level |
Add project titles and description
Assign roles Progress
Level2
Review requirements document Activity completion trophy Progress

PM tasks are different during requirements elicitation, as compared to the tasks of ReqEngr.
and User/Customer/DE. However, major tasks include adding projects, assigning roles,
managing users, and reviewing the requirements document once the whole process is

completed.

5.1.2 Requirements Specification Guidelines

It is important to mention the guidelines of specifying rcquirements in NL to the users so
they may provide accurately specified requirements. These guidelines aim at specifying
requirements of gamified tool. These guidelines are inspired from IEEE guide to software
requirements specifications [172]. Therefore, the following guidelines are designed to

specify requirements.

Table 20.5 Requirements Specification Guidelines

No. Requirements Specification Guidelines
1 For functional requirements, use the word ‘shall’
2 For statements of fact, use the word ‘will’
3 For goals, use the word ‘should’
4 Avoid the words ‘are’, ‘is’, ‘was’, ‘must’, ‘support’, ‘etc.’, ‘and/or’, ‘not limited to’

Users provide requirements according to the guidelines provided in table 20.5, For the input

of functional requirements into the gamified tool, each requirement must use the word ‘shall’
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for example ‘The customer shall register to the system’. The requirements presenting
statements of fact must use the word ‘will’ such as ‘The system will track user’s daily steps
to provide feedback on their activity levels’. Similarly, the requirements showing goals of
the system must use the word ‘should’ such as ‘The system should motivate users to practice
on a regular basis’. However, toavoid ambiguity at first place thc words likc ‘is’, ‘are’, ‘was’

etc. must be avoided in requirements.

5.1.3 Tool Specifications and Architecture

The architecture of web-based Gamify4Req-Tool is presented in this section. Gamify4Req
is a web-based graphical tool to elicit requirements from the user. For this purpose, PhP7.4

with Apache web server is used, as shown in the figure 21.5.

Gamified Tool

Faduced

AMmEIGU Ty

Flgure 21.5 Design of GamifydReq

For identification of ambiguity, rule-based POS tagging [15}] [173] is used. MySQL

database is used at the back-end. The details of tool specifications are shown in figure 22.5.
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Gamify4Req

i b L L

users Gamified Too Apache Web Server hyvs.2 Database

Figure 22.5 Specifications of Gamify4Req
Gamify4Req has three tier client-server architecture having presentation layer, application

layer, and data layer.

Presentation Layer Application Layer o Nata Layer
PHP Script 7.4 L T
e
| Web browser
Game Elomants Quury DB
Users
Semantic e "
Ambiguity
Rules

Figure 23.5 Architecture of GamifydReq
The users tend to interact with the interface, which is linked to Apuche web server,
incorporated with the identified game elements, ambiguity rules, and connected to the

database, as shown in figure 23.5.

5.1.4 Software Design Validation

For validity of software design and architecture, we shared a checklist of software design to
experts who are working or have worked in local and global software houses ‘The design of
Gamify4Req includes Unified Modelling Language (UML) Models, software architecture,

requirements specification guidelines, ambiguity rules, game rules, and game elements.
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Furthermore, we published the design of tool in IEEE conference [152] and got feedback on
software design from two reviewers, which is incorporated in the system; details can be

found in appendix A.

5.1.5 Gamify4Req — Gamified Tool

In this section, some of the images of PM dashboard are presented to present Gamify4Req
in a glance. The following figures show the login page, dashboard, and some of the game

elements. Gamify4Req has mainly three user roles performing their activities.

Welcome Back!

Figure 24.5 Login

Figure 24.5 displays the login for all the users. Each registered user must enter an email
addressand password toaccess the dashboard, whereas new users can create the account and

proceed further after verification.

prOIZCT
HANATLH

Frajacs Do ption e Ay

A W REC e oL e

Figure 25.5 Add projects
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Figure 25.5 shows that PM adds projects by selecting the option of *Add Project’. The
description of the project is also added and displayed to the PM.

[ 1

Progect True

Coty pron
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Figure 26.5 Assign roles

Figure 26.5 shows the project roles which are added and assigned by the PM. PM can also
view the assigned users to the added projects.
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User Manual
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Figure 27.5 PM dashboard

Figure 27.5 shows the dashboard of PM, where PM can view ongoing projects, current users,

assign roles, and check rules.
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Figure 28.5 Validate requirements

Figure 28.5 shows all the requirements validated and verified by the users. PM can view the

progress of ongoing activity and the project, as shown in figure 29.5.

Project Progress

Totx Requremants. 31
Progect Progress

Vartwdt 1%
e i,
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Figure 29.5 Project progress

Project progress helps to keep track of the progress in terms of collected requirements,

verified, and validated requirements.

PM has mainly three game elements including project progress, levels, and avatars. In figure

30.5 level 1 is completed.
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Figure 30.5 PM Achievements

Figure 31.5 shows PM leaderboard. PM can view username, designation, points, and badges

achieved by each user under a project.

Show 10 3 entnes

e Noove b Vear Desgnatien Poats
. G wetromet! Fory wil A AN AYA) {
USRS
. N O USTe e A\ Y AVAVWAY
Tirm Nosar User o
Shanvnig Lt 2 ot 2 2mnes i - P v

Figure 31.5 PM leaderboard

Furthermore, the user manual of the tool used by the users is presented in Appendix D.
5.1.6 GamifydReq ~ Working Example

To demonstrate the functionality of our gamified tool Gamify4Req, we provide a dry-run
example of its usage. The scenario is selected where the tool is reducing the ambiguity by

involving users during elicitation.
1. Upon launching gamify4Req, User/Customer/DE and Reqlingr. are presented with
the personalized profile pages where they first select the avatar of their choice, as

shown in the figure 32.5.
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Flgure 33.5 User Personalized Page/ dashboard

Figure 33.5 shows the personalized page/dashboard of the users, where the assigned projects
are listed.
2. The User/Customer/DE and ReqEngr. provides requirements and the tool checks the

given requirement for ambiguity, as shown in the figurc 34.5.
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Add Requirement
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Figure 34.5 Providing requirement

The tool identifies the ambiguity present in the given requirement, as shown in the figure

35.5.
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Figure 35.5 identifying ambiguity

The tool highlights and categorizes the ambiguity so that the User/Customer/DE and
ReqEngr. can easily remove the ambiguity and provide ambiguity-free requirement again.
3. The User/Customer/DE and ReqEngr. updates, verifies, and validates the
requirements
4. Each user has to provide 15 requirements in level 1. Once User/Customer/DE
provides requirements, ReqEngr. verifies the requirements, as shown in the figure
36.5.
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Figure 36.5 Verlfy requirements

5. User/Customer/DE also validates the requirements, once verification of requirements

is completed, as shown in the figure 37.5
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Figure 37.5 Valldate requirements

6. As the users begins the activity, the gamified tool tracks the requircments
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7. Throughout the elicitation, the tool displays points, badges, and levels to keep the
users motivated and involved. Each user/Customer/DE and ReyEngr. are shown their
leaderboard and achievement, as shown in the figure 38.5.

Leaderboard/Achievement/Next Level
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Figure 38.5 Leaderboard

8. All users can monitor their overall progress over time through the leaderboards

9. To ensure sustained user involvement, Gamify4Req introduces 3 levels of activities
to maintain user interest and excitement.

10. After eliciting requirements, User/Customer/DE and RegEngr downloads the

requirements document to review the final requirements once again, as shown in the

figure 39.5.
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Figure 39.5 Requirement Document
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11. User/Customer/DE and ReqEngr. view their achievement and progress on
leaderboards, comparing their performance with other users and fostering a sense of

healthy competition, as shown in the figure 40.5.
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Figure 40.5 Leaderboard for all users

This dry-run example presents the potential functionality of our gamified tool, and user
involvement in the tool in reducing requirements ambiguity during elicitation. By
incorporating game elements, game rules, and ambiguity rules, the tool aims to create an

enjoyable experience for the users. User manual of the tool is provided in Appendix D.
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Chapter 6 Results and Analysis

6.1 Results

This chapter presents the results of gamification tool Gamify4Req for reducing ambiguity in
requirements during elicitation by involving and engaging users, and results of the survey

collected from the users as their feedback on user engagement in the system.

Both case studies are analysed based on following factors:

1. Total number of requirements
Time taken to identify an ambiguity

Total number of ambiguities

B

Time taken to resolve/reduce an ambiguity

The above-mentioned factors help to analyse and compare approaches used in both cases. It
is important to know the total number of elicited requirements, time taken to identify an

ambiguity in an existing and proposed approach, and the total number of identified and

reduced ambiguities.

6.1.1 Results from Case study I

In Chapter 3, it is presented that Pl is selected from casc study I. For the comparative
analysis of the results, an existing approach for reducing ambiguity in requirements has also
been recorded and later compared to the results generated by the gamilicd tool. In the next
section, results from the existing approach i.e., manual way ol requirements elicitation,

ambiguity reduction are discussed in detail.

6.1.1.1 P1-SDA-Existing Approach

Previously in P1, for requirements elicitation ‘interviews’ are used as clicitation technique.

The answers are recorded manually and documented on text editor. For identification and
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reduction of ambiguity, documents are reviewed and if any ambiguity is found, it is

discussed with the client, and updated in the document accordingly.
6.1.1.2 P1-SDA-Gamify4Req

Gamify4Req is used by the same RE team that elicited requircments using the existing
approach in PI1-SDA. In Gamify4Req, three user roles: PM, ReqgEngr, and
User/Customer/DE provide the requirements. Each user must provide at least 15
requirements. Gamify4Req is a multiplayer proactive tool and engages more than one user
in a project(s). Currently, it allows only one PM to add projects and other related activities.
The tool facilitates the team to elicit requirements and verify/validate requirements at the

same time. It also generates requirements document once the activity is completed.

Gamify4Req identifies ambiguity right aftera user submits a requircment. The tool identifies
ambiguity and displays ambiguous words. User/Customer/DE is asked to remove the
ambiguity and enter the correct requirement. ReqEngr. verifics each requirement, and user
validates all requirements. As shown in table 1.6, requirements collected using both

approaches are presented.

Table 21.6 Requirements ambiguity in case [

SDA-Existing SDA-Gamify4Req
No. NL Regq. Ambiguity Ambiguity Ambiguity Ambiguity
Identification Rules Identification Rules
1 | The school administration shall X X v CA2
guickly register and login into the
~system.
2 | The school administration shall X X v RA
enter the details of each user to
register fint,
3 | Teachers shall be able to enter X X v CA3
marks and ypload the attendance
of students,
4 | The teachershallbe able to add an X X v RA
activity or task with jfg deadline
5 | Teachers shall be able to upload v X v RA
helping material or notes of tleir
course.
6 | Teachers shall be able to view X X v RA
inquiry requests of parents about
their children.
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7 | Teachers shall be able to reply to X X v CAl
complaints, gnd inquires, gnd
assistance requests through chat
box.
8 [ Teachershall be able to view the X X v RA
timetable to know hjs daily
schedule
9 | Students and parentsshall be able X X v RA
to view their daily homework
10 | Students and parentsshall be able X X v RA
to view the timetable to know
_their daily schedule
11 | Parents shall be able to make a X X v RA
complaint to the teacher about
hejr child's performance
12 | Parents shall be able to make an X X v RA
inquiry request to a teacher about
theip child's performance

Table 21.6 displays identified ambiguities using existing and gamificd approaches.
User/Customer/DE removes the ambiguity in given requirement and provides the correct
requirement. In P1-SDA-Existing approach, 41 requirements are elicited from the user and
product owner. In manual ambiguity identification of requirements, the team identified
ambiguity which is later discarded due to irrelevance to the scope of the tool. Using
Gamify4Req, 41 requirements are elicited by the ReqEngr. and User/Customer/DE. In a
similar way requirements are provided by the users. Once the activity is completed, the team
downloads the requirements document for final review and approval. A ficr the completion

of the activity, the PM formally completes the activity on the tool.

Gamify4Req not only identified 12 ambiguous requirements but also categorized ambiguity
type as well. According to the factors mentioned earlier, the tool identified ambiguity in

given requirement in two seconds, and almost 35 seconds to resolve ambiguity.

6.1.1.3 Comparative Analysis of the Results from Case |

A comparison of results using both approaches i.c., existing and Gamify4Req, based on the

factors given in table 22.6 are given below.
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Table 22.6 Comparative analysis of results from case |

No. Factors P1- Existing Approach P1-Gamify4Req
1 Total number of requirements 4] 41

2 Total number of ambiguities I 12

3. Time taken to identify each ambiguity 20 minutes 2 seconds

4 Time taken to resolve/reduce an ambiguity 5 minutes 35 seconds

The comparison in table 22.6 is based on the factors that have been identified earlier to
compare the results of both approaches. It is evident that Gamify4Req produced far better
results than the existing approach used in P1-SDA. Not only are more ambiguities identified
in a short time, but also reduced in visibly less time. Using Gamify4Req, the tool identified
12 ambiguities during elicitation, out of which 9 belonged to RA, 1 to C'Al, 1 to CA2, and
1to CA3.

Using the existing approach, the team was unable to categorize the ambiguity type, but with
Gamify4Req, the tool identified 12 ambiguities during elicitation, out of which 9 belonged
toRA,1to CAl,2t0 CA2,and 1 to CA3. Table 3.6 presents the categorization of ambiguity

of each rule.

Table 23.6 Ambiguity categorization in case |

P1-Existing Approach P1-Gamify4Req
Cutegorizution
Users Categorization RA | CaAl CA2 CA3
ReqEngr. X 8 1 - |
User/Customer/DE X 1 - |

Gamify4Req also categorizes each ambignity according to its ambiguity type. In table 23.6,
the breakdown of ambiguities is given according to the user roles who have identified and

removed ambiguity in requirements.

The results of Gamify4Req shows a significant difference in identification and reduction of
ambiguity. Similarly, figure 41.6 shows a graphical presentation of both approaches and

number of identified ambiguities.
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Figure 41.6 Comparative analysis of both approaches In case |

This comparative analysis presents a clear view of ambiguitics identified in both approaches

during elicitation.
6.1.2 Results from Case study II

As mentioned in the previous chapter, P2 is selected as our case study Il. For comparative
analysis of the results, existing requirements elicitation and ambiguity reduction method is
selected, which is later compared to the results of Gamify4Req. In the next section, the case
is presented using existing approach which is manual elicitation of requircmnents, ambiguity

identification, and reduction.

6.1.2.1 P2-GOTCHA-Existing Approach

Interviews are used for requirements elicitation of P2-GOTCHA. During interviews,

requirements are recorded manually which are later specificd in formal template by a
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technical writer. If any ambiguity is found during inspection, the client is inquired about it

via telephonic call to resolve the ambiguity.

6.1.2.2 P2-GOTCHA-Gamify4Req

Gamify4Req is used for elicitation and reduction of ambiguity in requircments by the same
RE team. In P2-GOTACHA-Gamify4Req, a total number of 35 requirements are elicited.

The tool identifies ambiguity after the user provides any requirement.

Table 24.6 shows requirements elicited from both approaches.

Table 24.6 Requirements ambiguity in case Il

No. Requirements P1-Existing P1-GamilydReq
Ambiguity T Ambigity Ambiguity Ambiguity
Identification Rules ldentification Rules

1. | In case moderate to severe the system X X v CA2
shall recommend exercises and therapy
to patient i

2. | The system shall perform authenticaton X X CA2
and verification of therapist

3. | Thesystem shall prompt the therapistto v X v RA
tell is available working hours

4. | The system shall show the therapist his v X v RA
schedule every time e logs in

5. | The system shall show the therapist his X X v RA
schedule of pending therapy sessions
that therapist need to conduct

6. | After the session is completed, the X X v CAl
system shall prompt the therapist gnd
patient to give feedback gnd write
complain

7. | The system shall require the admin to X v RA
log into the system to perform iy duties

8. | The system shall give access to admin X v CA2
for registered therapist and patient
record e

9. [ The system shall let the admin to view v X v CAl
feedback gnd complains from patients

therapists o

10. | The system shall let the admin to block v X v CA2
registered patient and therapist account
after reviewing the complains

Table 24.6 shows 10 ambiguous requirements. Using the existing approach, 35 requirements

are elicited from the users. These requirements are recorded manually. Among the
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ambiguous requirements, 6 ambiguous requirements are discarded due to their irrelevance
to the scope of the tool whereas the approach does not categorize ambiguity into any type.
All requirements are checked in a similar way. All requirements are clicited and checked for
ambiguity using Gamify4Req. Once the process is completed, the user generates the
requirecments document to review the requirements. A fter requircments are clicited, activity

is formally completed by the PM. Further details are given in Appendix C (Section 1).

6.1.2.3 Comparative Analysis of the Results from Case study 11

A comparison of results using both approaches i.e., existing and Gamify4Req of case II,

based on the factors are given in table 25.6 below.

Table 25.6 Comparative analysis of results from case Il

No. Factors P2- Existing Approach P2- Gamify4Req
1. Total number of requirements 35 35
2. Total number of ambiguities 6 ~ 10
3. Time taken to identify each ambiguity 10 minules 2 seconds
4. Time taken to resolve/reduce an ambiguity 7 minutes | 3Uscconds

The comparison in table 25.6 is based on the factors that have been identified earlier to
compare the results of both approaches. Itis evident that Gamify4Rcy produced betterresults
than the existing approach used in P2-GOTCHA. The number of atbiguitics identified are
more in number than the ones identified manually. Howcver, using Gamifyd4Req, the

ambiguities are identified in short time, but also reduced in visibly less time.

As mentioned earlier, using the existing approach the team was unable to categorize
ambiguity during elicitation, but with Gamify4Req, the system categorized ten ambiguities

during elicitation. Table 26.6 presents categorization of ambiguity.

Table 26.6 Ambiguity categorization in case Il

P1l-Existing Approach Pl-Gamify4Req
Users Cuategorization
Categorization RA CAl CA2 | CA3
RegEngr. X 4 2 3 -
User/Customer/DE X - - | -
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Detailed breakdown of ambiguity categorization by users is given in table 26.6. The results
of Gamify4Req show a significant difference in reducing ambiguity in requirements.
Similarly, figure 42.6 presents a graphical presentation of both approaches and number of

identified ambiguities.
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Figure 42.6 Comparative analysis of both approaches in cose Il

This comparative analysis presents a clear view of ambiguities identificd and reduced in both

approaches during elicitation.

Table 27.6 Time taken to identify and reduce ambiguity in Case [ and I

No. Factors P1-SDA P2-GOTCHA
Existing Approach | Gamifi4Req Exusting Approach | GamifydReq
. | Time taken to identify each 20 minutes 2 seconds 10 minules 2 seconds
ambiguity
2. | Time takento resolve/reduce 5 minutes 35 seconds 7 minutes 30 seconds
an ambiguity

Table 27.6 shows time taken to identify and resolve/reduce ambiguity in both cases and
approaches. A significant difference can be seen between both approaches. Gamify4Req

takes 2 seconds to identify ambiguity, and almost 30 seconds to reduce ambiguity.
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Another aspect of the system is to engage users in the system by using game elements. For
user involvement, we incorporated five game elements for Uscr/Customer/DE and
ReqEngr., and three game elements for the PM. Table 28.6 shows the game clements of each

user role.

Table 28.6 Game elements in GamifydReq

ReqEngr. and User/Customer/DE PM
Avatar Avatar
Levels Levels
Points Progress
Badges -
Leaderboard -

These game elements are incorporated to enhance user involvement in the system. To get
feedback on user involvement in the tool, a survey is conducted from the users and RE teams

who have used the system.

6.2 Survey Results

The purpose of conducting this survey is to know aboutuser involvement in the tool. Another
purpose is to get their feedback on ambiguity identification and reduction. The results of the
survey are analysed using MS Excel; however, a statistical test is applied to determine the
significance difference in results. Survey results of the users involved in the projects P1-
SDA and P2-GOTCHA are presented in detail. Survey questionnaire is attached in Appendix
E.

Before asking for user involvement, ambiguity identificationand reduction, the demographic

information is collected from the respondents, which includes:

¢ Userroles
e Experience

e Software development methodology
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As shown in figure 43.6, users are asked about the role they have played while using the

system. The roles are already defined i.e., PM, ReqEngr., and User/C'ustomer/DE.

What role you played while using this system?

6 responses
@ Software Pioject manager (PM)
@ Requiremsnlts Engineer (ReqEngr.)
B User/Customer/DE efc.
Figure 43.6 User roles

There are 2 PM, 2 ReqEngr, and 2 Uscr/Customers/DE as respondents. Among 6
respondents, 2 User/Customer/DE and 1 ReqEngr. has less than cqual to 1 year of
experience, whereas 1 PM has 8 years of experience while the other | has 2-4 years of
experience. Similar, 1 ReqEngr. has almost 5-7 years of experience as shown below in figure
44.6 and 45.6.

What is your experience in using similar system(s)?
b responses

@ <=l yen
@ ? dyeius
L 57 years
@ 8 (und above) years

Figure 44.6 User experience

Figure 446.6 shows that almost 50% of the respondents have less than | year of experience
of using a similar system. Whereas figure 37.6 shows that there are 3 respondents who have

less than 1 year of experience. Only 1 PM has almost 8 years of experiencing a similar

system.

Hafsa Shareef Dar: 28-FBAS/PHDSE/FI6 Page 107



Chapter 6. Results and Analysis

Experience in Years
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Experience in Years

Figure 45.6 User experience graph year-wise

Itis also asked to mention software development methodology the software house has been
using for projects: agile or the traditional one. In both projects agile software development
methodology has been used. After demographic information, the responsc is collected on
user involvement and engagement. As shown in figure 46.6, the purposc and objective of

using the tool is asked from the respondents.

Purpose and objective of using the Tool

No.of Responses
QO = NW S T
N

Agree

2 Total 2 4

Purpose and objective of usingthis system
Figure 46.6 Purpose and objective
Among 6 respondents 4 strongly agreed that the purposc and objective of using this tool is

clear to them, whereas 2 respondents agreed that the purpose and objective of using this tool

is clear.
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Avatar

Figure 47.6 further shows the response on use of avatars, where 3 respondents agree that

avatar is easy to select, and 3 strongly agree to it.

Avatar

No. of Respondents
ORNWAUNO~NDOW

™ it was easy to select 3 ‘ 3 ’4{

Avatar in my profile

# Avatar well represents
my role in the system

Respanse

M [t was easyto select Avatarin myprofile

B Avatar well represents myroleinthe systein

Figure 47.6 Avatar
Figure 47.6 presents that the 5 respondents agree that avatar well represents their role in the

system, whereas 1 respondent strongly agrees to it.

Levels
Afteravatar, response on another game element ‘levels’ is selected, to which 2 users agree

that levels kept the curiosity of what is coming next in the system, whereas 3 are neutral,

and 1 strongly agrees to this, as shown in figure 48.6.
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Levels
] 6
g ;
» 3
& 2
w 1
g ° SW I N
tron
z Bl Neutral
Agree
& Each Level has different
set of tasks to be 2 4
performed
B Levels kept me curious
to know what is coming 2 1 3
next in the system
Response

Figure 48.6 Level

# Each Level has different set of tasks to be performed

® Levels kept me curious to know what is caming nextin the systern

Figure 48.6 presents the response on different set of tasks in a level. 2 respondents agree that

each level has a unique set of tasks, whereas 4 respondents strongly agree to this.

Badges

Figure 49.6 shows the number of responses on feeling of achievement rclated to the *badges.

Figure 49.6 Badge

Badges

6
2 S
@ 4
e 3
g 2
b4 1
g 0
a 'Badge’ gives a feeling of achievement m
s the system
W Strongly Agree 4
® Neutral 2
& Series3

Response
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Figure 49.6 shows 4 respondents strongly agreeing that badges give a feeling of achievement

while using the system.
Points

In figure 50.6 respondents provided their responses on ‘points’ upon adding each

requirement. 2 respondents agree that points are rewarding, 2 stay neutral, whereas 2

strongly agree on this.
Points
g 6
h: 5
iy 4
U
b 3 2
o S
g 2
z 1 .2 2
0
Strongly Agree Neutral
& Points positively affected
my engagement in the 1 3 2

system

B |t felt rewarding to get
points on adding each 2 2 2
requirement

Axis Title

® Points positively affected myengagementinthe system
mitfeltrewardingto get points onadding each v quirement
Figure 50.6 Points

In figure 50.6, 3 respondents strongly agree that points helped Lo engage them in the system,

1 respondent agree to this, and 2 stay neutral on it.

Leaderboard

Figure 51.6 shows the response on user engagement in using leaderbouard. According to the
response, 4 respondents agree that leaderboard is significant to check the points of other

users, whereas 2 users stay neutral about it.
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Leaderboard

2.
2

Neutral

No.of Respondents
ORNWHLU NI

® Leaderboard helps to
compare the score of all 4 2
users

% It is important to view
Leaderboard to check 4 2
the points of other users

Response

w Leaderboard helps to compare the score of all users
@ Itis important to view Leaderboard to check the points ofothar users
Figure 51.6 Leaderboard

According to response, leaderboard also help to compare the score of all users involved in

the activity. 4 respondents agree to it and 2 stay neutral on it.
Progress

Project progress is an important game element especially for RE tcams. In figure 52.6, 4
respondents strongly agree that project managers can view progress of the project when
required, whereas 1 respondent agree to it and | stay neutral on it.
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Progress
9
) 8
b 7
2 6
2 5
v
3 4
- 3
: i ;
0 - S S
Strongly Agree Neutral
% Project Progress helps to |
keep track of the activities 0 4 2
being performed by the
users
B PM can view the Progress
. . 1 4 1
of each project anytime
Response
M Project Progress helps to keeptrackof the activities being performed by the users

# PM can view the Progress of each project anytime

Figure 52.6 Progress
Project progress helps to keep track of activities being performed by the users involved in
the project, which is strongly agreed by 4 respondents, while 2 respondents stay neutral on

it, as shown in figure 52.6.
Game Elements

Game elements motivate the user to use the system. In figure 53.6. 1 respondent agrees to
this, and 5 respondents strongly agree. The responses show that inclusion of game elements
is a source of fun while using the system. 4 respondents strongly agree while 2 respondents

agree.

Hafsa Shareef Dar: 28-FBAS/PHDSE/F16 Page 113




Chapter 6. Results and Analysis

Use of Game Elements
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use the system system is more to use
fun to use
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- Agree 1 2 1
Response

-~ Agree IStronglyAgree

Figure 53.6 Response on game elements

Lastly, in user engagement, S respondents strongly agree that overall, the system was funto

use, whereas 1 respondent agrees to this, according to figure 53.6.
Most Useful Game Elements
In figure 54.6, respondents selected the most exciting and useful game elements.

Avatar

Levels

Points 3 (50%)

Badges -3 (50%)

Leaderboard 4 (66.7%)

Project Progress

Figure 54.6 Response on maost liked game elements
It is shown that leaderboard is more significant according to 4 respondents, followed by

points and badges responded by 3 and 3 respondents respectively. Levels and project

progress are selected as liked element by 2, 2 respondents respectively. Respondents also
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selected the least liked game elements. According to their response, avatar is the least liked
item responded by 6 respondents, followed by levels which are responded by the 2

respondents. 1 respondent also selected points as the least liked game element.
The second section of the survey is about identification and reduction of ambiguity using

Gamify4Req.

The tool helped to identify ambiguity in
each requirement

No.of Responses
(V%)

1
0 e T
N/A
& Total 4 2 |

Figure 55.6 Response on ambiguity identification

4 respondents agree that the system helps toidentify requirements ambiguity, whereas 2 stay
neutral on this, as presented is figure 55.6.

The tool took less time to identify
ambiguity in requirements

No.of Responses
O R N W H o

Strongly f*ﬁ!ﬁ‘}i__.!

[ Total 1 3 - R

Figure 56.6 Response on time taken on ambiguity identification
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In figure 56.6, 2 respondents strongly agree that the tool identifies ambiguity in less time, 1

respondent agrees, whereas 3 respondents remain neutral on this.

More ambiguities were identified using

this tool
6
§ 5
b=
g 4 3
o 3
@x 2
5 2 1 )
[}
z 1
0 I
Agree N/A
| = Total 3 1 I

Figure 57.6 Response on number of identified ambiguities

In figure 57.6, 2 respondents strongly agree that the system identifies more ambiguities in

the given time, 3 respondents agree, whereas 1 respondent rcmains ncutral on this.

The tool took less time to reduce ambiguity

6

No.of Responses
W

1

0

[® Total 1 1 4

Agree Neutral ~ Strongly agree 4}

Figure 58.6 Response on time taken to reduce ambiguity
Next, the respondents are asked if the system takes less time to reduce the ambiguities, upon
which 4 respondents strongly agrees, 1 respondent agrees, and 1 respondent remains neutral

on this, as shown in figure 58.6.
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It was easy to provide, verify, and validate
requirements with the help of given
specification guidelines and ambiguity rules

No. of Responses

Neutral / » "Strongly Agree
ETotal 1 1 4

Figure 59.6 Response on ease in requirements elicitation activity

In figure 59.6, respondents believe that with the help of given specification guidelines and
ambiguity rules in the system, it is easy to provide, verify, and validate requirements, 4
respondents strongly agree with this, whereas | respondent agrees and | stays neutral on
this.

It was easy to generate requirements
document

No. of Responses
(=] [ d o I ¥9 Y un

§trongly Agree
= Total 2 4

'

Feedback

Figure 60.6 Response on ease In generating requirements document

In figure 60.6, 4 respondents strongly agree that requirements document is casy to generate
from the system, and 2 respondents agrees to this.
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The respondents also shared the challenges while using the tool. They reported that the tool
is used under a controlled environment where training of the tool requires more time. The
users are also convinced that gamified toolis less cost effective as compared to manual way

of requirements elicitation and ambiguity reduction.

6.2.1 Statistical Analysis

The responses received from the survey are analysed and presented in this section. A tool
named ‘Jamovi’ [174] is used to perform all the tests. Jamovi is a free alternative to SPSS
tool for performing statistical analysis. Significance difference is checked to know if

nominal data has any significance over the results.

6.2.1.1 Significance Difference

Significance difference is checked to know if there is any difference between ordinal and
nominal data. In our study, we need to see if the roles of PM, ReqEngr. and

User/Customer/DE, and experience has led to any significant difference. Firstly, groups of
nominal datahave been made, and then tests are selected. We used the Mann Whitney U test
because the data is ordinal. Mann Whitney U Test compares two sample means that belongs
to the same population [175]. It is also used to check if two samplc means arc cqual or not.
The datais checked for test applicability, and groups are made. The following grouping is

used for execution of Mann Whitney test in Jamovi.
Roles: User/Customer/DE., ReqEngr., PM (Measured in 3 groups)

» Group ] User/Customer/DE. — ReqEngr.
¢ Group2 User/Customer/DE/. — PM
o Group3 ReqEngr. ~ PM

Experience: 4 levels (Measured in 6 groups)
e Groupl <=] — 24 years

¢ Group 2 <=] - 5-7 years
e Group3 <=1 - 8 (and above) years
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s Group 4 24 years — 5-7 years
o Group 5 2-4 years — 8 (and above) years
e Group6 5-7 years - 8 (and above) years

Software development methodology: Agile (Scrum, XP, DSDM, FDD, Kanban), Traditional
(Waterfall, Spiral, Prototype, RAD, V-Model).

s We don’t see any group in methodology because both organizations are following

Agile Scrum.

For this test we are ignoring the ‘other’ option. The grouping is composed in a way that each
group has exactly two values to find the difference. Furthermore, if the p value is between
0.01 and 0.05 then there is a significant difference. The detailed Mann Whitney U test is
given in Appendix F. The main findings of the tests are given below:

Group I User/Customer/DE. and ReqEngr.

i. To evaluate the difference between frequency of the ‘usc of game elements’ and
‘ambiguity reduction’, Mann Whitney test is conducted. The test revealed no
significant difference in the use of game elements and ambiguity reduction between
the roles of ReqEngr. and User/Customer/DE, whereas User/Customer/DE
experience of using the similar system is <=1 year and Reqlingr. has <=1 - 5-7 years

of experience.

Group U User/Customer/DE. and PM

ii.  There is no significant difference between the roles of User/Customer/DE and PM
having experience of using the similar system <=1 - 5-7 years, and <=1 - 8 (and

above) years.

Group III RegEngr. and PM

iii. To evaluate the difference between frequency of the ‘use of game clements’ and
‘ambiguity reduction’, Manan Whitney test is conducted on the roles of ReqEngr. and

PM having experience <=1 —5-7 years and 2-4 years — 8 (and above) years. The test
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revealed no significant difference in the use of game elciments and ambiguity

reduction between both roles.

As shown in figure 61.6 below.

f Different

ranges of p
value from
0.01100.05

«Each group has »Tocompare two » No significance
two values samples from difference is
population tound

Figure 61.6 Summary of Test

Figure 61.6 summarizes the outcome of Mann Whitney U Test. After running the test on

groups taken from the population, no significant differencce is found.
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Chapter 7 Findings and Discussion

7.1 Findings

The aim of this study is to reduce requirements ambiguity with the help of gamified tool by
involving users during elicitation. This tool is helpful for RE teams to timely elicit
requirements, identify and reduce ambiguity in requirements. An intcresting part of the tool
is to involve users in the tool with the help of useful game elements such as avatar, levels,
points, badges, leaderboard, and progress. The purpose is to get the user involved in the tool
in fun ways, so the user gives requirements by involving and engaging in the activity. The
motivation of this work is to reduce ambiguity in requirements by i). involving users to the
system, and 2). using ambiguity rules. Furthermore, ambiguity in requircments is identified
and reduced at the time of elicitation. Whereas in previous studies, ambiguity is identified
in requirements inspection phase with SRS. However, this is a proactive approach that
identifies and reduces ambiguity during elicitation, by involving and cngaging uscrs in the

activity.

Our research study has three research objectives which helped us to achieve the goal of this
study. Each objective is listed below along with the contributions of the research.

equirements gliiition,

Lt g

First objective of this study is to identify the game elements for requirements elicitation. For
this purpose, in-depth literature survey is conducted to know the existing studies on
gamification and game elements in RE, After reviewing related studics, useful game

elements are selected for different phases of RE including requirements elicitation, analysis,

specification, and validation. Almost 17 game elements are listed down from hterature.

SLR is also conducted to systematically identify game elements other than the PBL, used in
requirements elicitation. We identified 16 game elements from SLR that are useful during

elicitation.
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Objective 1 is also linked with objective 2 of the study.

jcitation via user involvement.
e

Along with selecting game elements, ambiguity rules, and requirements specifications

guidelines are also covered from literature. Semantic ambiguity rules are also adopted that
further address referential and coordination sub-types of ambiguity. A fter thorough analysis
of requirements ambiguity rules and game elements, the tool is designed and developed. The
design of gamified tool includes game rules, ambiguity rules, user roles and responsibilities,
user interfaces, use-case model, and other related models. The design is validated by the
industry and academia experts. The design of tool in a technical track of IEEE 5%
International Conference on Computing and Informatics, Cairo Egypt [152] was presented

where reviewers provided the feedback on the tool.

After the completion of design, the tool was developed using NLP technique i.c., POS
tagging, in PHP and Java Virtual Machine (JVM). Apache web server is used at the back-

end. The tool is tested and revised according to the feedback received.

il of mulivle gagg dles

The validation of tool is an important step of the study. Firstly, the steps of case study were
designed, variables were defined, instrument was selected, and other protocols were
observed. Secondly, software houses were listed down and contacted for implementation of
the tool. The participants were given a training session on how to use the tool. Using the
gamified tool, requirements from the users were elicited and then analysed for further action.
For getting user feedback on user involvement and engagement in the tool, we conducted a
feedback survey. In the previous approach, uscr involvement was not considered as an
important factor during requirements elicitation. Whercas it is an important part of our

research study. The users fully participated in the survey.

The tool supports RE teams to elicit requirements from the useis, identifies ambiguity,
performs requirements verification and validation, and generates requirements document in

less time with more involved users.
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7.2 Discussion

Our study comprises of three research questions which are closely linked to the objectives
of this study. In this section, with the support of findings, these questions arc discussed and

answered for concluding our work.

7.2.1 Answering Research Question 1

We investigate the answer to research question 1 ‘What are uscfiul gume elements for
elicitation of requirements?’. In the first phase, literature review is conducted to find which
game elements are useful for requirements elicitation via gamified tool. In literature review,
15 studies are reviewed, and 18 game elements are listed down. These game elements are
used in gamified systems covering RE phases such as requirements elicitation, requirements

analysis, requirements specification, and requirements validation. 1t is observed that:

¢ Game elements are mostly used in requirements elicitation than any other activity of
RE

» Game elements in requirements elicitation are points (68%), lcaderboard (50%) and
badges (37%)

e Other than elicitation, game elements are also used in requirements analysis with
points (31%), leaderboard (18%), badges (18%) and roles (18%)

e The use of game elements in requirements specification is very low and widely used
game element is point (12%)

o The useful game element in requirements validation is points (18%)

Among the 18 game elements, points, leaderboard, and badges are the usclul game clements

that are widely used in gamified tools and systems, as shown in the tigure 62.7.
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Badges (37%)

Leaderboard
(50%)

are Points
= Badges
o ) Leaderboard
ostly used in (PBL)
Requirements
Elicitation

Figure 62.7 Results of RQ1

Moreover, according to user feedback survey after using the gamified tool, the useful game
elements are points (50%), leaderboard (66%), and badges (50%).

7.2.2 Answering Research Question 2

To investigate the answer to research question 2 ‘What are the game clements empirically
validated for requirements elicitation?’ A detailed SLR, covering background knowledge
and related studies, is conducted. SLR is planned, conducted, and reported for the identified
game elements that are used during elicitation. After investigation, we identified 16 game
elements including trophy, levels, feedback, virtual goods, time limit, medals, cte. According

to SLR outcomes, it is observed that:

¢ There are useful game elements other than the PBL that arc used in RE.

e The most useful game elements among 16 game clements are level (61.1%),
feedback (44.4%), and progress (38.8%).

¢ The game elements other than the PBL are useful in clicitation.

o Level, feedback, and progress are widely used, yet other game elements are not

frequently occurred during investigation.
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As shown in the figure 63.7.

O Levels (61%)

Feedback (44%)

. W Mdstly used Progress (38%)
© 7" " Game Elements
other than the

PBL are Levels,
; Feedback,
W 16 Game Progress
~==  Elements other

than PBL are
identified

Figure 63.7 Results of RQ2

The results of RQ 2 in figure 63.7 shows that in our gamified tool, the game elements play
a vital role in collecting user requirements. The active involvement of users during
requirements elicitation directly impacts the quality of collected requirements. Therefore,
employing game elements provide a valuable advantage in increasing user involvement

within the system.

7.2.3 Answering Research Question 3

We investigate the answer to research question 3 ‘How effective is the developed
gamification tool in reducing ambiguity during elicitation?’ ‘To answer this question, a
technique to identify ambiguity in requirements and ambiguity rules is sclected. The
gamified tool incorporates game rules and game elements to involve users. For this purpose,
a gamified tool is designed. Afterthe design, gamified elicitation tool is developed. During
elicitation, User/Customer/DE and RE teams provides uscr requirciments which are checked
for ambiguity at the time of elicitation. On provision of unambiguous requirement, gamified
tool awards users with points and badges, and maintain leaderboard of all the users. The tool
prompts the user to provide unambiguous requirement after highlighting the identified

ambiguity in requirement. Gamification engages the user to use the tool for what’s coming
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next and who has achieved what (points and badges). In this way unambiguous requirements

are elicited via gamification during requirements elicitation.

The validation of the developed gamified tool is also performed. The validation is performed
on industrial case studies. Software houses are selected for implementation of the tool. Out
of four software houses, two were willing to participate in the study. Unfortunately, the
response rate was not good. The participants were given training on using the gamified tool.
The results from both case studies were recorded and analysed. Another aspect of the study
is to compare the results of existing approaches with the results generated after using our
gamified tool. The comparison is based on the following factors: number of requirements,

number of ambiguities, time to detect ambiguity, and time to reduce ambiguity.

The comparison is made while conducting the case study. The results showed that gamified
tool helps to reduce ambiguity in requirements by involving users in elicitation. The
effectiveness of Gamify4Req is evaluated. In P1, 41 requircments are collected and in P2,
35 requirements are collected. Gamify4Req identified the ambiguities in each project, as
shown in the figure 64.7.

Case study I and Il

W P1-Existing - Pl-Gamify4Req ® P2-Existing M P2-GannfydRey

A

Total number of Total number of
requirements ambiguties

Figure 64.7 Case | and Case Il
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Afteranalysing the results of both case studies, a significant difference is observed between
existing and gamified approaches. Gamify4Req supports elicitation process and helps the
team and users to provide requirements in a time saving manner. As shown in figure 64.7,
P1 and P2 acquired 41 and 35 requirements respectively. Total number of ambiguities vary
in both cases and approaches as well. The user feedback survey is also conducted with the
participants. The user involvement survey has two major sections: user involvement, and

ambiguity identification and reduction.

O Points (50%)

Leaderboard
S bouts, (66%0)
Leaderboard, Badges (50%%)
Badges

elements
according to the
participants

Figure 65.7 User feedback on user involvement in GamifydReq

The results showed that using gamification to reduce ambiguity during elicitation works very
well, as shown in the figure 65.7. The process took less time in elicitation and efficiently

identified and reduced ambiguity in requirements.

Furthermore, summary of mapping answers to RQs and Ros are presented in the figure 66.7

below.
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Figure 66.7 Mapping of answers on ROs and RQs
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In figure 66.7, we have mapped research findings to their respective RQ and then RO. All

the RQs are answered, hence the Ros of this study are successfully met.

7.2.4 Threats to Validity

While designing and conducting case study, there were possible threats to its validity such

as case selection bias, documentation and information quality, and sampling issues. These

threats are discussed as follows.

e Internal Validity

In internal validity of the study, the purpose of this rescarch was focused for

minimizing the threat of selection bias of IT company, projects, and participants.

Different aspects like type of the company and project, informiation availability, and

overall feasibility of conducting this research were considered.

e Construct Validity

Inconstruct validity, the validity of tool design and case study design were performed

with the help of industry experts and researchers.

The requirements document

provided by the PM was inadequate, thus it was difficult to cstablish a clear cause-
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and-effect relationship betweendifferent elements ot the study. Moreover, it was first
completed and then verified by the PM.

o External Validity
In external validity of the study, different factors like population, sample size, and
tasks given to them were considered. The small sample size limits the
generalizability of the findings. Similarly, convincing PMs und project teams to
spend time on using the tool and recording the results was also very diftficult. Dueto

which it was hard to draw broader conclusions from limited cases and participants.

We address these threats by careful consideration of each aspect during the design and
execution of the case study. The transparency and rigor to enhance the overall validity of the

research was also ensured.
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Chapter 8 Conclusion and Future Work

8.1 Conclusion

In this study we aim toreduce ambiguity in requirements during elicitation. NL requirements
are ambiguous due to language complexity. User may encounter challenges in expressing
their requirements due to unclear system function and objectives. They might not possess a
clear understanding of the requirements. Additionally, the absence of user involvement in
elicitation leads to misunderstanding and ambiguities in requirements  specification.
According to previous literature, researchers have primarily focused on identifying
ambiguity, while less attention is given to reducing ambiguitics in requirements.
Furthermore, the existing approaches are reactive and do not involve uscers in the process of
reducing ambiguity during elicitation. The aim of conducting this tesearch is to reduce
ambiguity in requirements during elicitation by involving users during the elicitation and

incorporating ambiguity rules to identify ambiguity.

In this study we have designed and developed a gamified tool for reducing ambiguity in
requirements during elicitation. Our aim is to support RE teams and users to elicit
unambiguous requirements by encouraging user involvement. Existing approaches are
reactive and do not involve users in reducing ambiguity in requircnient. The web-based
gamified tool incorporates interesting game elements like avatar, levels, points, badges,
progress, and leaderboard to involve and engage user in requirements clicitation for reducing
ambiguity in requirements. The results show that our tool not only identifies and reduces
ambiguity in NL requirements, but it also involves user in requirements elicitation.
Furthermore, Gamify4Req is an interactive tool which is based on conceptual foundations
of gamification and NL requirements. The tool validation is performed to show the

effectiveness of the tool, which is later compared with the existing mcthod of addressing

requirements ambiguity.
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8.1.1 Implication of Research

The implications of this research are significant and far-reaching. By incorporating
gamification into requirements elicitation, we have created an involving and interactive
environment for the users and RE teams. This proactive approach has the potential to
enhance user involvement in reducing ambiguity in requirements, ultimately leading to
clearer and more concise requirements. Furthermore, the gamified tool uses the technique of
gamification. Gamification makes the requirements elicitation activity more cnjoyable and
motivating for users. It uses game elements that motivates the users to provide their

requirements.

The implications of this research extend to other processes of softwarc development such as
project management and user-centred design, where clear and unambiguous requirements

are vital for successful software development.
8.1.2 Research Contribution

The idea behind this research is novel in a way that gamification is not previously used for
identification and reduction of requirements ambiguity during elicitation. Following are the

research contributions:

1. Reviewing and analysing existing literature on requirements ambiguity and
gamification
2. Conducting literature review to get an insight on uscful game clements used in
requirements elicitation
a. Identification of game useful game elements
3. Conducting SLR to systematically review the literaturc for cmpirically validated
useful game elements
a. Identification of useful game elements other than the PBL
4, Designing a gamified tool based on ambiguity rules and game elements
5. Developing a web-based gamified tool

a. Incorporating POS tags for identification of ambiguity in given requirements
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b. Using gamification to involve users for reducing ambiguity in given
requirements

6. Performing validation of gamified tool while conducting muitiple case studies.

Though it was a difficult stage to convince software houses to implement and use the

tool, and it took time to get the results, it is done in a comprehensive manner.
8.1.3 Limitations of Research

Working on this idea is a whole new leaming experience. However, the study contains

certain limitations.

1. Gamification is comparatively a young concept in RE. Therefore, there is not much
literature present in using gamification for ambiguity identification and reduction in
requirements.

2. Dueto traditional approaches present for requirements elicitation in software houses,
it was difficult to convince the PMs to invest their time on using the tool.

3. For design validation, lack of responses was the challenge. We reached out to several
experts but only a few of them responded. The response time was quite slow,
therefore only two case studies are conducted.

4. Currently, the system considers only those requirements that are written in natural
language (English).

5. Currently, the system allows only one PM to manage thc activity, projects, and users.
However, Gamify4Req is a multiplayer system and more than onc ReqEngr. and
User/Customer/DE can be added.

6. The tool is used in a controlled environment witha fixed nwinber of users including
RE teams and users.

7. The tool may not be a cost-effective solution for small-sized software houses. Trade-

offs could be possible depending upon the priorities of the higher management.
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8.1.4 Research Ethics

Throughout the execution of this research, utmost attention has been given to ethical
considerations. All participants involved in this study were provided with comprehensive
information regarding the research objectives, and their consent was obtained prior to their
participation. We have also made sure that no information on participants and their data
provided is disclosed in the document. Furthermore, for case study and survey design generic
guidelines are used. Statistical analysis of the data from Google Forms is saved in MS Excel
file and the results are not manipulated. The research is conducted in compliance with ethical
guidelines and regulations. We firmly believe that our rescarch can scrve as a model for
conducting ethical research in the domain of software engineering and allied domains.

Furthermore, we ensure that our research contributes well to knowledge.

A part of research work has been published in conferences and journals and is available

online. All the submissions are made by keeping in view the research cthics.

8.2 Future Work

Requirements ambiguity is a serious challenge in NL requircments. Generally, ambiguity 1s
handled during inspection phase when requirements are specified in SRS. Handling
ambiguity in inspection is a time consuming and costly activity. In this study, we have
designed and developed a web based gamified tool for reducing ambiguity in requirements
during elicitation by involving users in elicitation. Gamify4Req is developed to help teams
and users to not only elicit requirements but identify and reduce ambiguity in requirements
by using game elements, game rules, and ambiguity rules to keep user interest in the activity.
However, we encourage researchers and practitioners to work in the following future

directions:

1. Due to scope and limited time-frame of the study, we conducted SLR to identify
useful game elements other than the PBL. Whereas for morce detailed coverage of

game mechanics in RE, SLR can be conducted to cover more related studics.

Hafsa Shareef Dar: 28-FBAS/PHDSE/F16 Page 133



Chapter 8. Conclusion and Future Work

2. Currently, only semantic ambiguity is addressed in a proactive approach. Other types
of requirements ambiguity like lexical, pragmatic, language crrors, and syntactic are
equally challenging. Therefore, gamification with other types of requirements
ambiguity can be incorporated.

3. Due to scope of the study, user involvement in requirements clicitation activity is
focused, whereas other aspects such as user communication and collaboration with
other users, while reducing ambiguity, is an interesting idca to explore.

4. The influence of using a gamified tool for reducing requircments ambiguity is an
interesting area to explore. Therefore, the scope of the study can be expanded further
on mid and large-scale projects.

5. The investigation of long-term effects of gamification on the quality and
completeness of requirements would be an interesting idea.

6. As ambiguity types and preferences differ, a personalized gamification solution can
be developed that caters preferences of RE teams tor moie cffuctive ambiguity
reduction.

7. Another direction is to integrate gamification with other clicitation techniques such
as prototyping or scenatio-based analysis, to provide a comprehensive approach for
reducing requirements ambiguity.

8. Sustainability in requirements is an interesting and trending research area. A
gamified RE platform mapped on software development goals of sustainability can
be helpful for project teams.

9. Using gamification as prompt for ambiguity reduction in requirciments engineering

can be helpful for project teams.
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Appendices

Appendix A Design Validation Checklist
Response 1 (from industry experts)

General Information

Project Name: Gamify4Req (Reducng Requirements Ambiguiy via Gamification)
Reviewer: Mr. Shahzad Badar

Designation: CTO

Organization: SafeKids.ai

Date: 10/11/2021

Artifacts reviewed: General design, models and Ul, game elements and rules

Artifacts Assessment | Recommendations
(Y/N) {if any)

General Design

Does the design support development step? Y
Does the design support project goals? v
{s the design feasible with the technology used? ¥
Are the notations, methodology etc. used in the design appropriate? ¥
Does the design have conceplual integrity? ¥

Is the design complex? K

Is the desagrn flexible? Y UI should be responszve

Does the design address all issues from the requirements? Y
Models and User Interfaces (Storyboards)
n appropriate, are there multiple, consistent, models andlor views that

sepresent the dasgn?

Where there are multiple models of the software are those models consistent
with each other?
Have al interfacing sysiems been wentified? ¥
s the flow of data in all nterfaces consistant? v
s the design consistent with related artifacts (i.e., other modules, designs,
lc.)?

Does user nlertacas provide services and inpuls and outputs?
Do the colors adhere to industry or organizational style? ’
is the wording appropriate and consistent? v
Game Elements and Rules
Does the system adhere to the game nules? ¥
Does the system adhere to semantic ambiguity rules? Y
Are requirements spectiied according to the defined rules? Y
Does the game elements according to the user roles? v
Loes game elements spectiic 1o the task? v

Figure 1 Appendix A Response |

- Give user option to update requirements once submitted

- Can we show progress of the project to the PM

- Add charts to the dashboard to show progress of the project
- User guide will help new users to understand the system

- Make Ul responsive, sometimes buttons get overlapped
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Response 2

General Information

Project Name: Gamify4Req (Reducing Requirements Ambiguity via Gamificaton)

Reviewer; Dr. Ansar

Designation: Assistant Professor

Organization: Dept. of Software Engineering, Univessity of Gujrat
Review Date: 1/7/2022

Artifacts Reviewed:

a. General Design

b. Models and User Interfaces (Storyboards)

¢. Game Elements and Rules

Table Appendix A Response 2

Artifacts

Assessment
(Y/N)

Recommendations
(if any)

General Design

Does the design support development step?

Does the design support project goals?

s the design feasible with the technology used?

Are the notations, methodology etc. used in the design appropriate?

Does the design have conceptual integrity?

s the design complex?

Is the design flexible?

<|=|z|==<|=<|=<|=<

Does the design address all issues from the requirements?

Models and User Interfaces (Storyboards)

When appropriate, are there multiple, consistent, models and/or views
that represent the design?

<

Where there are multiple models of the software are those models
consistent with each other?

Have all interfacing systems been identified?

Is the flow of data in all interfaces consistent?

Is the design consistent with related artifacts (ie., other modules, designs,
ete.)?

Does user interfaces provide services and inputs and outputs?

Do the colors adhere to industry or organizational style?

< |

1s the wording appropriate and consistent?

Game Elements and Rules

Does the system adhere to the game rules?

Does the system adhere to semantic ambiguity rules?

Are requirements specified according to the defined rules?

Does the game elements according to the user roles?

Does game elements specific to the task?

<|=|=<|=|=<
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Response 3

General Information

Project Name:; Gamify4Req (Reducing Requirements Ambiguity via Gamification)

Reviewer: Amna Mukhtar

Designation: Associate Manager -Software Development Services
Organization: Contour Software

Review Date: 8-07-2022

Artifacts Reviewed:

d. General Design

e. Models and User Interfaces (Storyboards)

f. Game Elements and Rules

Table Appendix A Response 3

Artifacts Assessment | Recommendations
(Y/N) (if any)
General Design
Does the design support development step? Y
Does the design support project goals? Y
Is the design feasible with the technology used? Y
Are the notations, methodology etc. used in the design appropriate? Y
Does the design have conceptual integrity? Y
Is the design complex? N
Is the design flexible? Y
Does the design address all issues from the requirements? N
Models and User Interfaces (Storyboards)
When appropuate, are there multiple, consistent, models and/or views that Y
represent the design?
Where there are multiple models of the software are those models consistent | Y
with each other?
Have all interfacing systems been identified? Y
Is the flow of data in all interfaces consistent? N
Is the design consistent with related artifacts (i.e., other modules, designs, Y
ete.)?
Does user interfaces provide services and inputs and outputs? May be
Do the colors adhere to industry or organizational style? Y
Is the wording appropriate and consistent? Yy
Game Elements and Rules
Does the system adhere to the game rules? Y
Does the system adhere to semantic ambiguity rules? Y
Are requirements specified according to the defined rules? Y
Does the game elements according to the user roles? Y
Does game elements specific to the task? Y
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Response 4 and S (from the reviewers of conference)

The reviewers provided comments on research paper covering software design and architecture. We have
incorporated the changes before submission. The paper is published now. The following figure shows their
reviews on paper.

#24 Gamification Tool Design for Reducing
Requirements Ambiguity during Elicitation

Reviewer #1

Decision
Accepted after Modification

Notes for Autors

Figures are mixed up. Figure 1 is not referred to
by the text. Figure 2 "the system for automated
software testing based on ML " needs to be
explained.

Figure 5: is it "Proposed Model" or "pseudocode”.
Table 1 is referred in text as "table 7" need to

be discussed in a separate paragraph before
conclusion.

Reviewer #2

Decision
Accepted after Modification

Notes for Autors

1.Fig 1 is not a.software architeral design.

2. The describtion of the proposed tool is not a tool
design,

3. The author has to specify both the software
architeral design and the detailed design according
to software engineering basics.

Figure 2 Appendix A Response 4 and 5
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Appendix B Case Study SDA

P1-SDA-Manual

User response

Project Title: Student Direction App
Filled By (User Role): RE team (ReqEngr + User/Customer/DE)
Mode (Manual/Tool): Manual

Table Appendix B Response P1-M

Factors

Response

Total number of requirements

41

Time taken to detect ambiguity

20 mints cach

Total number of ambiguities

!

Time taken to reduce/resolve an ambiguity

5 mints each

Time taken to finalize requirements

50 mints

Table Appendix B Factors P1-M

User Experience Factors

Response (User percentage/Good/Fair/Not

good) comment if any

User involvement in th

e system (e.g., game elements etc.)

Good

Experieace of the tool (e.g., efficiency etc.)

Ambiguity reduction process

Fair

P1-SDA-Gamify4Req

User response
Project Title: Student

Filled By (User Role):
Mode (Manual/Tool);

Direction App
RE team (ReqEngr + User/Customer/DE)

Tool/ Gamify4Req
Table Appendix B Response P1-G

Factors

Response

Total number of requirements

41

Time taken to detect ambiguity

2 secs coch

Total number of ambiguities

12

Time taken to reduce/resolve an ambiguity

35 sces cach

Time taken to finalize requirements

27 mints

Table Appendix B Factors P1-C

User Experlence Factors

Resp.nse (User percentage/Good/Fair/Net

good) comment if any

User involvement in the system (e.g., game elements etc.)

Guouod

Experience of the tool (e.g.,, efficiency etc.)

Goud

Ambiguity reduction process

Good

Hafsa Shareef Dar: 28-FBAS/PHDSE/F16




Appendix

Appendix C Case Study GOTCHA
P2-GOTCHA-Manual

User response

Project Title: GOTCHA

Filled By (User Role): RE team (ReqEngr + User/Customer/DE)
Mode (Manual/Tool): Manual

Table Appendix C Response P2-M

Factors

Response

Total number of requirements

35

Time taken to detect ambiguity

10 mints cach

Total number of ambiguities

6

Time taken to reduce/resolve an ambiguity

7 mints each

Time taken to finalize requirements

80 mnts

Table Appendix C factors P2-M

User Experience Factors

Respanse (User percentage/Good/Fair/Not

good) comument if any

User involvement in the system (e.g., game elements etc.)

Good

Experience of the tool (e.g., efficiency etc.)

Ambiguity reduction process Good
P2-GOTCHA-Gamify4Req
User response
Project Title: GOTCHA
Filled By (User Role): RE team (ReqEngr + User/Customer/DE)
Mode (Manual/Tool): Tool/ Gamify4Req
Table Appendix C Response P2-G -
Factors Response
Total number of requirements 35
Time taken to detect ambiguity 2 secs each
Total number of ambiguities ]
Time taken to reduce/resolve an ambiguity 30 secs each
Time taken to finalize requirements 20 mmts

Table Appendix C Factors P2-G

User Experience Factors

Response (User percentage/Good/Fair/Not
good) comment if any

User involvement in the system (e.g., game elements etc.)

Good

Experience of the tool (e.g, efficiency etc.)

Good

Ambiguity reduction process

Goad
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Appendix D User Manual

FOR PROJECT MANAGER

STEEL:
Login Into the system

Welcome Back!

Hereise ke

Fuigut Pacm il ]

Corale ot S cnank?

STER L

if proﬂic avatar is not selected, then select it.

Upload Avatar

R TR P

STEE

PM can view assigned projects in dashboard section.
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Your Projects

thin 19 Teuong progct

View Frogect | Vicw Project Progeess

Add project at first level.

Add Projects
Prggect Title
Preyect Tite

Propact Desciption

e Activer

---5Sakect Status-

After adding project PM can view projects lists,
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Projects

Projact Lists

Show 10 @ Cotes

Projact Titte " Project Dascnption Creatad By Creand Dave TR .
vk Ty M ar a0 DT oy ST WS 2w b b 2 anre N ! I
Praject Totie Project Dasanption Craated By Crearerd Uar:

Lo LU 3 0f S ontres n '

STEP 3:

Now, add users and ReqEngr. of projects from assign users option.

Assupn Role

Proect Teie

~wSaiect Promct-- M
Vswr Rotes .

- Setact Vset v - -Sel Usw Ty . ERCA I
Usar Rotas N

STEFP 6:

View assigned roles.

View Axsigred Rotes

Frogeed Tk Inventary Managemoent System

Usar Rulps t b,

TR 3 [+ T P " ! ’
Lyt pweer Hndey Hequr ame=L by "

A fan as ) [NERRE b S NN Ay v\

user Aot LN B}

Hafsa Shareef Dar: 28-FBAS/PHDSE/F16 Page 155



Appendix

Level 1 is complete after adding project and assigned roles

Leaderboard/Achievement/Next Level

lenel ¥
Crashboard | Mext Level
Shiw 10§ Ctines
User Namg b User Dosignation Pamis

Also, PM can view badges from dashboard.

Dashbourd | Mext Level

Stow 18 % emmes

User Mame User Desgriation Fots

Lt DR e e

D $418

e Gyen Fawar Hade Seaueement Erg? A
o

Shawirg 11 2 a7 2 ootnos

PM can view project progress.

o
&
\d
-
\
«

o
LY
o
a
T
-
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Project Progress

Total Requicaments: 66

e metd ke Projecr Progress

Jortind 3G

CRIES SUEY ey

STEP 8:
PM can download project requirement document and mark project status as complete to suhieve his second
level

14n B b O CDs Syers el G Verifird
Ha e [N

Vi e by s arfap 34 HITON L Vabdalug
T

'

Showang * 1o 10 of B8 £1itrics AR ’ " bt

PM can view his level 2 status from dashboard

Leaderboard/Achievement/Next Level

RIS

[iashboard | Next Leve!

PM Manual END P ——
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FOR USER/CUSTOMER/DE

STEP I:
Login Into the system

Welcome Back!

Foter Frean) Aot

Hemamtzes W2

Forgpat FPALLwordd

Create an Acrent

If profile avatar is not selected, then first select it.

Upload Avatar

Gutu bbb e

STEP 3:

User/Customer/DE can view his assigned projects.
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USRI . L
. HUSTOMER
7 Sttt - .
LA  'our Projects
Jrvmartocy Mansgemem Syston
g o Ll ad ey ¥
Yew Paopett

User/Customer/DE can add new requirement from add requirement option.
Add Hequirement
Hilas for Adding Requitement
At RUGINEEMONAT

Prapat Diilo Ievatvorr y Mund0eme it S e

Regui wment Dagormitrsn

Compunnris

STEER 5:

User/Customer/DE can add at least 15 requirements to complete level | After completmg levelone
User/Customer/DE can update given requirements and can add new requirements also.
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Validate Requirement / View Leaderboard/Achievement/dext t et

Lrwed &Y Audd Reguirement
wetw 100 & entnen

Creatmd
Requiremant Tithe : By Created Date [ VRN I ]

t catbiet 6ana ¢ catie A Fiana cabe ] HTEuT Ayt Ide s It

o ANA L Al atnisg Haa called me Vs AL FRR W st t pcare
ot Updaie d Herquuament

Tosthodt sae Being ¢ Al el e asud Cgee TR IFE R SN

- THEe Vurilindd Valnialn
[N R § AR WITH TH om0

rravtescd aara unek e mina ¢ slerd s STRAN B PPV RTEERN Fin e | ban Upscdate
: .
[ R LN et atent Rguarpment

SIEP 6:

User/Customer/DE can view validated/updated requirements.

Validate Requirement / View Leaderboard/Achievement/Mext Level

st 21 Agd Reguirement

Show 10 4 oabees

Craated
Requiremant Titla t By Created Daty Rutuib g m S ,tet ot
10Us req by uses 2+ fure g RITr SIS B ahdated
1371440
Hihresiby woo orhan 3z
ik vy b wor Arfan agd S
T4l

STEF 7:

User/Customer/DE can view his leaderboard and view badges.
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{eaderboard/Achievement/Next Level

Dastboard | Mext Lo

Sheay 10 3 A4

Uner Name T User Desgnaton R

FOR REQENGR.

STEP L:
Login Into the system

USER/CUSTOMER/DE Manual END——m8F—————

Welcome Back!

Enten £l Adds s w

C Resteenoes be

Forgot TCanswurd®

Create an Accoant

SIEP 2:

If profile avatar is not set, then select it first.
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Upload Avatar

STER 3:

ReqEngr. can view his assigned projects in dashboard

RELHIeMENTL
[N IENTELY 34

TR .
bt Your Prajects

vvantory Managemont System
L R L e TV I e

Vaps Proday

STEP 4:

ReqEngr. can give at least 15 requirements to complete level |
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RAdles for Adding Regqusrement

Add Requirement

P oot T NI Manghome S L v
——— e e

FQurE et UL AT

Loy

SIEP 3:

ReqEngr. can verify User/Customer/DE and his own updated requirements.
validate Requirement / View Leaderboard/Achievement/Noext 1 evil

faved 2 | Add Requiremard
Shuwe 16 & entnls

Heguirement fitle " Creates By Creatud Date iy

rot s T S
tot A Ve ° Uipiebatend Vertby
1.

Ohowdg 1t Tt 3 st cfltunad om0l ooy n
wnueg)

STEP 6:

ReqEngr. can update his given requirements.
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Validate Requirement / View Leaderboard/Achievement/Next Lo s

1o wol 2§ Adkd Requirernent

Show 1 8 ot

Creatud
Reguiremant Title By Created Date LR P AT
sathied vana boaued corng Hira edlled g arfan as¢d U2 s ThC aert e d Hop th e

Ly Talo et Hegrineron it

vald sara ame) Zuliesy . oF s e arton g ez Lo 2o

CakLek By AR LR

veadlind o el arnra haescale o e fan anad 2040y 1
TAEL IV

STEP7:

Dashixard ) Mt lo ol

w Y8 mind

User Narme ' User Desgration [T

Login Details (For Testing)

Web Link: http:/www.gamify4req.com

Credentials (For Testing)

PM: muhammadghazan82@gmail.com (Password: Hd22910mg)
ReqEngr.: hafsa_darr@yahoo.com (Password: 514haha514)
User/Customer/DE: hafsa.dar@uog.edu.pk (Password: 709036725)
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Appendix E User Engagement Survey

Nection § - Demographic Information

This section collects the demographic information of the users

What role you played while using this system?
»  Software Project manager (PM)
* Requirements Engineer (ReqEngr.)
s User/Customer/DE etc.

What is your experience in using similar system(s)?
e <=| year
s 24 years
e 5-7years

8 (and above) years

Which of the following software development methodology is used n your softwate house?
e Agile - Scrum

o Agile - XP

s Agile - DSDM
s Agile - FDD

¢ Agile - Kanban

Traditional - Walerfall
Traditional - Spiral
Traditional - Prototype
Traditonal - RAD
Traditional - V-Model
Other

section H - Game Llements and Mechanies

This section inquiries about user engagement in a gamified system, including gume clements. rules

I know the purpose and objective of using this tool
» Strongly Disagree

e Disagree

o Neutral

o Agree

o Strongly Agrce
o NA

The 'Avatar well represents my role in the tool
s Strongly Disagree

» Disagree

* Neutral

o Agree

o Strongly Agree
e NA

It was easy to select 'Avatar' in my profile
Strongly Disagree

Disagree

Neutral

Agree

Strongly Agrec

® & & o o
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*« N/A

'Levels' kept me curious to know what is coming next in the tool
e Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

N/A

Each 'Level has different set of tasks to be performed
e Strongly Disagree

o Disagree

* Neutral

s Agree

» Strongly Agree
e NA

It felt rewarding to get Points' on adding each requirement
e Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

N/A

Points' positively affecled my engagement in the tool
¢ Strongly Disagree

o Disagree

o Neutral

o Agree

+ Strongly Agree
» NA

'Badge' gives a feeling of achievement in the tool
* Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree

N/A

Itis important to view ‘Leaderboard’ to check the points of other users (players)
s Strongly Disagree

s Disagree

e Neutral

e Agree

¢ Strongly Agree
e NA

Leaderboard’ helps to compare the score of all users (players)
Strongly Disagree

Disagree

Neutral

Agree
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s  Strongly Agree
« NA

PM can view the 'Progress’ of each project anytime
Strongly Disagree

s Disagree

¢ Neutral

*  Agree

¢ Strongly Agree
s N/A

Project Progress' helps to keep track of the activities being performed by the users
s  Strongly Disagree

e Disagree

¢ Neutral

e  Agree

e Strongly Agree

e NA

Game clements motivates to use the tool
s Strongly disagree

Disagree

Neutral

Agree

Strongly agree

N/A

With the inclusion of game elements, system is more fun to use
Strongly disagree

Disagree

Neutral

Agree

Strongly agrec

N/A

I liked to use this game element the most
*  Avatar

Levels

Points

Badges

Leaderboard

Project Progress

This game element attracted me the least
Avatar

Levels

Points

Badges

Leaderboard

Project Progress

Overall, the tool was fun to use
e Strongly Disagree
¢ Disagree
¢ Neutral
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e Agree
« Strongly Agree
N/A

Scetion fI - Reduction of Reguirements Ambiguaity

This section inquiries about identification and reduction of requirements ambiguity 1 a gamified svstem

The system helped to identify ambiguity in each requirement
¢ Strongly Disagree

s Disagree

e Neutral

s Agree

* Strongly Agree
e« NA

The system took less time to identify ambiguity
e Strongly Disagree

e Disagree

e Neutral

e Agree

o Strongly Agree
e NA

More ambiguities were identified using this tool
e Strongly Disagree

o Disagree

¢ Neutral

o Agree

¢« Strongly Agree
e NA

The tool took less time to reduce ambiguity
o Strongly disagree

Disagree

Neutral

Agree

Strongly agree

N/A

Overall time taken to identify and reduce requirements ambiguity 1s less
o Strongly Disagree

s Disagrec

s Ncutral

» Agree

e Strongly Agree
e NA

It was easy to provide, verify, and validate requirements with the help of given specilication guidehnes and
ambiguity rules
» Strongly Disagree

s Disagree

s Neutral
Agree
Strongly Agree
NA
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1t was easy to generate requirements document

* ¢ o ¢ ¢

Strongly Disagrec
Disagree

Neutra!l

Agree

Strongly Agree
N/A
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Appendix F Statistical Analysis

Mann Whitney U Test
Roles: Group 1 (User/Customer/DE and ReqEngr.)
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Figure 1 Appendix E
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Roles: Group 3 (ReqEngr. and PM)
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Figure 2 Appendix E
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