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Gamification has become prevalent in educational settings, particularly in
human-centered software engineering. Using gamified learning environments
for comprehending software engineering concepts can significantly enhance
students’ human factors, including motivation, engagement, and cognitive
and critical thinking skills. Software requirements engineering constitutes
one of the disciplines in the software development lifecycle. Based on the
literature concerning agile-based software requirements engineering, coping
with changing user requirements and constant alterations is often challenging.
Consequently, both students and software developers must thoroughly grasp
agile-based software requirements engineering. Over the last few years,
educators and researchers have crafted gamified learning environments for
agile-based software requirements engineering activities. Therefore, this paper
aims to investigate the effectiveness of agile-based software requirements
engineering activities through a gamified design approach. For this purpose, an
application, ReGile, was developed and evaluated with 87 second and third-year
software engineering students using the M-3 evaluation framework. Overall,
the results were promising. Students expressed satisfaction with ReGile's
technological usability. They performed well (72.14%) in answering questions
related to software requirements engineering and agile methodology concepts.
Furthermore, gender-wise results indicated that male students outperformed
female students when using ReGile.

KEYWORDS

gamified, gamification, requirements engineering, agile method, human-centered,
content gamification design

1 Introduction

Gamification has emerged as a successful pedagogical approach for enhancing students’
cognitive skills (Ahmad et al., 2023; Dong et al., 2024), motivation, and engagement (De Porto
etal,, 2021) in software engineering education (Hermanto et al., 2018; John and Fertig, 2022).
Gamification involves integrating game design elements into non-gaming contexts (Deterding
etal, 2011) and is becoming increasingly prevalent across various learning domains. It offers
four key benefits for students (Hainey et al., 2016): (i) aiding in the acquisition and
comprehension of domain knowledge, (ii) fostering the development of cognitive and
problem-solving skills, (iii) enhancing motivation and engagement, and (iv) prompting
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behavioral changes. By incorporating game design elements into a
gamified environment, activities become more interactive and
enjoyable, potentially increasing engagement in non-gaming settings
such as the workplace, classroom, or software and web applications
(Garcia et al., 2019). The psychological foundation of gamification lies
in self-determination theory (John and Fertig, 2022). According to
this theory, learners are motivated when they encounter particular
basic needs within a game, including competence, social inclusion,
and autonomy (John and Fertig, 2022).

In literature focusing on gamification’s educational aspects, two
distinct types emerge: structural and content gamification (Cavalcanti
et al., 2018). Structural gamification entails offering rewards, such as
badges and points, to students (players) rather than modifying the
content. It aims to boost motivation within a course (content) by
providing feedback and rewards, thereby gamifying the structure
surrounding the content. On the other hand, content gamification
involves directly altering and gamifying the content to resemble a
game. Various approaches discussed in the literature encourage role-
playing for heightened engagement through content gamification
design, including designing simulations, crafting narratives, and
developing characters (Cavalcanti et al., 2018).

Teaching agile methodologies has become a focal point in software
engineering education due to the widespread adoption of agile
methods over traditional ones in the software industry (Scott and
Campo, 2023). In recent years, educators and researchers have
increasingly emphasized the design of gamified, agile-based interactive
activities to engage students in learning software engineering (De
Porto et al., 2021; John and Fertig, 2022). This emphasis arises from
recognizing that, at higher education levels, it is imperative to equip
software engineering students with an understanding of common
software engineering issues and meaningful learning experiences
regarding agile methods used in industry practices (Scott and Campo,
2023). Consequently, there’s a growing body of evidence in the
literature utilizing gamification within the software engineering
domain to facilitate students in gaining meaningful and engaging
learning experiences about agile methods (Rodriguez et al., 2021; Silva
etal., 2023).

Software requirements engineering is a crucial step in the software
development life cycle, facilitating the design of system requirements
documents for knowledge sharing among stakeholders (De and Qusef,
2010). Further, functional and non-functional requirements can use
the description of business proceses and, in turn, are a source of data
for any system design (Gorski, 2020, 2021). However, in agile-based
projects, requirements often rely on informally acquired individual
knowledge and skills rather than following a formalized mechanism
(Alhazmi and Huang, 2020). Moreover, the dynamic nature of
changing customer requirements has intensified challenges among
developers (Alhazmi and Huang, 2020). Consequently, learning about
agile-based software requirements engineering has become
increasingly necessary and significant in today’s software industry.
However, despite its importance, there has been relatively little focus
on agile-based requirements engineering using a gamified approach
(Garcia et al., 2019; Silva et al., 2023). Therefore, there is a pressing
need to explore environments that provide agile-based requirements
engineering activities through a gamified design approach.

To address this need, we have created ReGile, a gamified agile-
based requirements engineering application, to facilitate requirements
engineering activities using content gamification design. With ReGile,
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students can receive multiple tasks from various stakeholders and
engage in the requirement process steps within a gamified
environment, thus learning about software requirement engineering
processes. To evaluate its effectiveness, we employed the M3 evaluation
framework (Vavoula et al., 2009). The ensuing results and analyses are
detailed later in this paper.

2 Related work

In the literature, gamified design in software engineering activities
has been shown to enhance participants’ engagement and motivation
in performing requirement engineering activities and improve agile-
based processes (De Porto et al., 2021). Several applications have been
developed to facilitate requirement engineering activities, as outlined
in Table 1. REfine (Snijders et al, 2015) is an online gamified
application designed to support crowd-centric requirement
engineering, incorporating two requirement activities, elicitation and
analysis, to engage stakeholders in refining requirements. This
application adopts a structural gamification design, targeting six game
elements, including roles, resources and points, leaderboards, group
forming, exploration, and endorsements. Similarly, iThink (Tebib,
2019) adopts a design science approach to develop gamified industrial
requirement engineering activities, also employing a structural
gamification design. IThink was evaluated through interviews with
software professionals to assess the effectiveness of the
gamified environment.

Similarly, the structural gamification design has been applied in
other gamified applications, including DMGame (Kifetew et al., 2017),
GARUSO (Kolpondinos and Glinz, 2020), and MAF (Piras et al.,
2017). In DMGame (Kifetew et al., 2017), software project design
decision-makers collaborate to prioritize software requirements.
GARUSO (Kolpondinos and Glinz, 2020) is another gamified
platform where stakeholders collaborate to support elicitation and
analysis processes in software requirement engineering. This research
investigates suitable online channels to identify external stakeholders
from the organizational reach. Furthermore, this platform utilizes
gamification to motivate different stakeholders to participate
voluntarily. MAF (Piras et al., 2017) is a research study focusing on
organizational studies, wherein University professors engage in a
gamified environment to support elicitation and analysis processes in
software requirement engineering.

A study examined the effectiveness of a gamified environment,
RE-PROVO, to foster participants’ engagement in designing business
requirements for legacy system replacements (Alexandrova and
Rapanotti, 2020). In this research, participants from various
government agencies engaged in requirement engineering activities,
including elicitation, analysis, and management. In another study,
BakeRE (Delen et al,, 2019) is an educational game where University
students participated in creating, analyzing, and prioritizing user
stories during a software requirements engineering course at Utrecht
University. Set in a bakery, students solved cake-related puzzles,
following elicitation and analysis processes within the game. Similarly,
Biyubi (Garcia et al., 2019) is an educational game where
undergraduate computer engineering students at NovaUniversitas
University, Mexico, learn about the software requirement elicitation
process in a software engineering course. Played in the university’s
library, students conducted interviews with stakeholders to elicit
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TABLE 1 Relevant gamified requirements applications.

Application Name/

Author Name (s)

Requirement
activity

Agile based
approach

Gamification
design

10.3389/fcomp.2024.1442081

Participants

Domain

REfine
Snijders et al. (2015)

Elicitation, Analysis

Structural Gamification

Software Project

Stakeholders

Software Requirement

Engineering

Kolpondinos and Glinz (2020)

iThink Elicitation - Structural Gamification Students and Software | Industrial Requirement
Tebib (2019) Professionals Engineering

DMGame Analysis - Structural Gamification Software Project Software Requirement
Kifetew et al. (2017) Stakeholders Engineering

GARUSO Elicitation, Analysis - Structural Gamification Online Channels Energy Efficiency

Visitors

MAF
Piras et al. (2017)

Elicitation, Analysis

Structural Gamification

University Professors

Organizational Studies

RE-PROVO Elicitation, Analysis, - Content Gamification Public Organization Government Legacy

Alexandrova and Rapanotti (2020) Management Employees System

BakeRE Elicitation, Analysis - Content Gamification University Students Bakery

Delen et al. (2019)

Biyubi Elicitation - Content Gamification University Students Library

Garcia et al. (2019)

Yilmaz and Oconnor (2016) Analysis Scrumban Structural Gamification Software Development | Software Process
Practitioners

PRIUS Analysis Scrum and XP Structural Gamification University Students Agile Software

Silva et al. (2023)

Requirement Engineering

requirements. All these applications employed the content
gamification design.

However, relatively limited research has been conducted using a
gamified design approach on human-centered agile-based
requirement engineering activities. In one study (Yilmaz and
O'connor, 2016), software development practitioners participated in a
technology research center at the Middle East Technical University,
Tiirkiye. This study comprised two phases: transitioning from Scrum
to Scrumban and implementing a gamified framework to enhance the
software development process. These phases aimed to improve
engagement and motivation among software development
practitioners during the requirement analysis process. In another
example, PRIUS (Silva et al., 2023) is an online gamified application
where students from the University of Pernambuco and the Federal
University of Pernambuco, Brazil, participated. This application
employed Scrum and XP agile approaches to promote participant
interactions in prioritizing user stories. Both of these applications
employed a structural gamification design.

The relevant research studies indicate that gamified designs
significantly enhance requirement engineering activities (Garcia
et al., 2019; Kolpondinos and Glinz, 2020; Silva et al., 2023). Most
of these applications employ a structural gamified design, as
outlined in Table 1. However, there are only a few studies on
content-gamified design for requirement engineering activities
(Delen et al., 2019; Garcia et al., 2019; Alexandrova and Rapanotti,
2020). Moreover, there is a limited number of studies on the
utilization of agile-based approaches in requirement engineering
activities through gamified environments (Yilmaz and Oconnor,
2016; Silva et al., 2023). To our knowledge, no prior studies have
examined content-gamified design for agile-based requirement
engineering activities. This gap presents an opportunity for us to
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explore a gamified learning environment for human-centered
software requirement engineering activities in this research.

3 Research aim and research
questions

The research aims to develop and evaluate the ReGile application
using a content-gamified design approach for conducting human-
centered agile-based requirement engineering activities. To achieve
this aim, we address three research questions (RQs).

RQ1: How the ReGile application be developed using content-
gamified design approach to facilitate human-centered agile-based
requirement engineering activities?

In content gamification design, content is transformed into a
game-like format, often achieved through designing simulations and
creating narratives and characters to promote role-playing and
enhance interactivity. To address research question 1 (RQ1), ReGile
is developed as a 3D simulation multiplayer application following a
content gamification design, where characters facilitate role-playing
using narratives within a gamified learning environment. ReGile
comprises three main components: requirement engineering
process, agile method, and gamification, adapted from existing
studies by Garcia et al. (2019) and Silva et al. (2023), as depicted in
Figure 1 (see section 4. ReGile: an agile-based gamified requirement
engineering application).

RQ2: How does the ReGile application enhance students’ learning
experience through its gamified design approach?
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Validate Software vy .
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FIGURE 1

Components of ReGile [adapted from Garcia et al. (2019) and Silva et al. (2023)].

The technological usability of an application is crucial in
enhancing students’ learning experience when utilizing a gamified
design approach. In this context, students evaluated the technological
usability of the ReGile application. To address research question 2
(RQ2), an experiment was conducted with university students to
assess the technological usability of ReGile. The Micro level of the M3
evaluation framework (Vavoula et al., 2009) was explored through a
questionnaire administered after performing agile-based requirement
engineering activities using ReGile, as detailed in section 6.1. Micro
level evaluation.

RQ3: How effective is ReGile in assisting students to learn about
software requirement engineering processes and agile methods
through gamification?

To address research question 3 (RQ3), the effectiveness of the
ReGile application was evaluated through an experiment involving
university students. This evaluation utilized the Meso level of the M3
evaluation framework (Vavoula et al., 2009). At this level, learning
scores attained by students during agile-based software requirement
engineering activities were calculated, as outlined in section 6.2.1.
Students’ learning achievements. Additionally, a gender-wise
comparison was conducted to discern differences in learning
achievements among all genders. Furthermore, students’ perceptions
were explored through semi-structured interviews, focusing on three
game behavioral aspects, as detailed in Section 6.2.2. Students’
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perceptions. This research question aims to determine the overall
effectiveness of the ReGile application in terms of learning achievements
and students’ perceptions of using such a gamified application.

4 ReGile: an agile-based gamified
requirement engineering application

ReGile is a 3D simulation multiplayer game that visualizes the
process of Scrumban, an agile methodology, and the requirement
development phase of requirement engineering (RE). Developed on the
Unity gaming engine, ReGile also features a multiplayer capability
implemented using the PUN 2: Photon Unity Networking package.'
Additionally, ReGile incorporates a Natural Language Processing (NLP)
model, specifically stsb-roberta-base-v2,> which is part of SBERT(Chu
et al,, 2023), a popular family of deep learning models used for
determining semantic similarity between texts. To address research
question 1 (RQ1), a content-gamified design approach was employed in
developing ReGile. The application comprises three main components:
Requirement Engineering Process, Agile Method, and Gamification,

1 https://assetstore.unity.com/packages/tools/network/
pun-2-free-119922

2 https://huggingface.co/sentence-transformers/stsb-roberta-base-v2
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Objective: Find stakeholders and talk to them.
Select the relevant stakeholder for interview
Accountant
FIGURE 2
|dentify stakeholders for interviews.

adapted from Garcia etal. (2019) and Silva et al. (2023), as illustrated in
Figure 1. Further details of these components are provided below.

4.1 Requirement engineering process

This component comprises four phases: Elicitation, Analysis,
Specification, and Validation. Each phase contains different tasks and
activities the player performs, as shown in Figure 1.

4.1.1 Elicitation phase

In this phase, a player needs to identify the task through
stakeholder interviews. Further, a player elicits the requirements from
the stakeholders, as shown in Figure 2.

4.1.2 Analysis phase

In this phase, the elicited requirements are analyzed, involving the
players to classify and prioritize the tasks’ functional requirements.
The classification part of requirements includes classifying the
requirements into three categories: complete, incomplete, or
ambiguous, as depicted in Figure 3. Moreover, the prioritizing task
involves assigning a numerical priority to each corresponding
requirement according to its importance in the project.

4.1.3 Specification phase

The players need to specify the non-functional requirements for
the project they are working on. These include writing non-functional
requirements like Performance, Availability, Reliability, Recoverability,
Security, Usability, Data Integrity, and Scalability. The model of SBERT
is used to compare the requirements written by the players (i.e., the
ideal and accurate requirements of the project) and identifies the
similarity of meaning between both. The Use Case and context
diagrams are to be drawn by players to represent their project visually,
as displayed in Figure 4. Furthermore, the SRS (Software Requirement
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Specification) is generated at the end of the sprint, as shown in
Figure 5. This displays all the work done by players before the present
sprint — the requirements elicited, analyzed, and specified together in
one document.

4.1.4 Validation phase

The players must go back to the stakeholders to validate the SRS. If
the players have a passing score, then the stakeholders will approve the
SRS. In contrast, if the passing score is not achieved, the stakeholders
disapprove of the SRS and ask the players to replay the game.

4.2 Agile method

This is the second component of the ReGile component diagram,
as depicted in Figure 1. In ReGile, Scrumban activities are performed
within a fixed period in which an amount of work must be completed,
known as a Sprint (Hermanto et al., 2018). The basic workflow of
scrumban activities in ReGile is mentioned in Figure 6. Each sprint has
four sub-activities namely Sprint Planning, Daily Scrum Meetings, Sprint
Review, and Sprint Retrospective. In ReGile, players must traverse all
four Sprint activities for software engineering requirements activities.
In the sprint planning sub-activity, players are required to decide which
work items are supposed to be completed in the upcoming sprint and
how the work is to be achieved. In the daily scrum meeting activity,
players are involved as attendees to state which work items they worked
on yesterday, which are the ones they are doing today, and whether they
are facing any obstacles in performing those tasks, as shown in Figure 7.
The other two activities are related to review meetings. A Sprint review
meeting is held at the end of each sprint with the stakeholders and
getting feedback from the stakeholders. However, the sprint
retrospective is an internal review meeting among the team members.

There are a few other elements in the agile method component, as
mentioned in Figure 1. Product Backlog (work items required to

frontiersin.org
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. Application should be desktop-based.

FIGURE 3
Requirements classification in ReGile.

Requirements (Classification

| Application users should include employees and administralor (sccountant) of Incomplete
the company.
. Eroployee can view his'her details and can update them. Null

. Tax should be deducted if salary is > Rx. 50,000, otherwise 5% if < Rs, 50,000,

. Administrator can keep a record of employees” salaries and perform operations
like add, update, search and deete on them,

. Salaries should be calculated per hour of the employees,

v

SUBMIT

FIGURE 4
Drawing use case diagram in ReGile.

be completed in an overall developed solution), Sprint Backlog (work  of a player throughout the game. Further, it displays all the tasks that
items needed to be completed in a sprint), and Kanban Board (shows  need to be completed, the ongoing ones, and those that have been
the progress of the tasks or scores achieved by a player in each sprint), ~ completed in a Sprint. The board visualizes Sprint’s progress and the
as shown in Figure 8. A Kanban board is used to display the progress ~ workload immediately to the players.
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Note : Please scrall to view content,

4. Non Functional Requirements
oL System should be able load pages within two sceonds
02. Uscrs must be able 1o use the system nincty cight peroent of the time

(03, The system must be recoverable within two days if a major incident happens

04. e system must be available nincty five percent of the total time

05. The system must be available ninety five percent of the tatal time

06. The system must not leave cookies on the compuler which

07. The system must keep of a backup of all the data every time it is updated

08. The system must be able to support an annual growth of five percent of new users

FIGURE 5
SRS specifying non-functional requirements in ReGile.

Sprint Planning Update Kanban Board

Daily Scrum Meeting

Perform Requirement

AL Development tasks

Sprint Review

Sprint Retrospective

FIGURE 6
Workflow of scrumban activities in ReGile.

Three prominent roles engage in the Scrumban activities (Silva  works with the Scrum team to prioritize the tasks), and the Scrum
et al., 2023): The Scrum Master (the one who facilitates the Scrum Team (software developers, testers, and architects who are responsible
team in the Scrum process), the Product Owner (an individual who  for working and delivering the solution). All these roles are designed
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FIGURE 7
Daily scrum meeting in ReGile.

FIGURE 8
Kanban board in ReGile.

as non-playable characters (NPCs) in the ReGile. The game’s plot
involves two requirement engineers (players), as shown in Figure 9.
These requirement engineers (players) are working on a Payroll
Management System project in which they perform all the associated
Sprint activities using the requirement engineering process, as
mentioned in Figure 1. This component tracks the player’s score,
which increases each time a player successfully completes an activity.
Upon reaching the passing score, players are deemed to have
successfully finished the game, and their scores are recorded.

Frontiers in Computer Science

4.3 Gamification

This is the final component of ReGile, focusing on the content-
gamified approach for performing requirement engineering process
activities. It incorporates various game elements including: Score (the
player’s score in the ReGile game), Progress Board (a board showcasing
the progress made by a player in the sprint), Avatar (the player’s and
non-playable character’s graphical representation), Scrumban activities
(the tasks performed using the Scrumban method), Requirement

frontiersin.org
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Player 1
Scrum Master -> )&
Player 2
= i B
= *?9\‘; s = 4

e — B N e & — \\ N
B Good! Our Daily Scrum Meeting is finished here. \We will nesume our tnks for today after a break, the caris | R

B waiting outside.

FIGURE 9

Requirement engineers (players) interact with scrum master in ReGile.

M3 - Micro Level

Technological usability questionnaire about ReGile

M3 — Meso Level

PERCEPTION
® (O

£
o [\

~

Learners’ Perceptions Learning Achievements

Gamified agile based learning activities

FIGURE 10

Use of micro and meso levels of M3 evaluation framework (adapted from Ahmed and Parsons, 2013).

Development Activities (the tasks performed in the Requirement
Engineering Process), and Software Engineering Artifacts (collecting
and reading several documents; SRS, Vision Scope, Data Dictionary,
Gantt Chart, and Stakeholder’s profile) throughout the ReGile game.

5 Methodology

In a learning application, evaluation plays a vital role in assessing
its effectiveness (Ahmed and Parsons, 2013). To evaluate the ReGile
application, we utilized a part of the M3 evaluation framework
(Vavoula et al., 2009), encompassing three levels: Micro, Meso, and
Macro. The Micro level focuses on exploring the applications
effectiveness and usability, while the Meso level explores learners’
perceptions and achievements regarding underlying learning
activities. In this research, we examined both the Micro and Meso
levels to analyze the overall effectiveness of the ReGile application,
following adaptations from (Ahmed and Parsons, 2013), as depicted

Frontiers in Computer Science

in Figure 10.The Macro level investigates the longer impact of such
gamified design approach. At this research stage, it is not possible to
evaluate students’ learning peformances and their learning experiences
for the longer impact (two-three years time).

5.1 Experimental design

In the experimental design, ReGile was assessed using the Micro
and Meso levels of the M3 evaluation framework (Vavoula et al., 2009).
The Micro level focused on investigating the effectiveness of ReGile in
facilitating agile-based requirement engineering activities through
gamification. This assessment evaluated four usability aspects:
learnability, operability, understandability, and attractiveness (Chua and
Dyson, 2004). Table 2 provides explanations for each of these aspects.

At the Meso level evaluation, students (players) were asked to
perform the requirements engineering process through the agile-based
gamified application, ReGile. The achieved score out of the total score
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TABLE 2 Usability aspects for evaluating ‘ReGile’ (adapted from Chua and Dyson, 2004).

Characteristic Sub-Characteristic

Usability aspects Learnability
Operability
Understandability

Attractiveness

Explanation

Can a player use ReGile easily?
Can a player use ReGile without much effort?
Does a player comprehend how to use ReGile?

Does the interface look good?

TABLE 3 Questionnaire Statements for technological usability of ReGile.

Code No. Statements Usability sub-characteristics Mean + Standard Error

S1 This application was easy to use Learnability 4.07+0.10

S2 It was easy to move players in the application Operability 3.72+0.11

S3 This application has a nice interface Attractiveness 3.91+0.12

S4 It was easy to understand the use of this application Understandability 3.62+0.11

S5 It provided enough time to complete all the given Operability 3.65+0.11
tasks in the game

S6 The visibility of stakeholders and their conversations Attractiveness 3.55+0.12
with players were clear

S7 This application helps me to understand the concepts | Understandability 3.82+0.13
of requirements engineering phases

S8 I enjoyed the overall gaming and learning experience | Learnability 3.76+0.12
of this application

of the players in this application is considered as students’ learning
achievements. The achieved score helps determine whether the players
can perform the given tasks in this application. Further, students’
perceptions about using the ReGile application were evaluated through
a semi-structured interview. Gamified learning for agile-based
requirement engineering activities using ReGile is considered the
independent variable of this study, while students’ learning achievements
and perceptions are the dependent variables. The evaluation of students’
learning achievements and perceptions determines how well each
student has learned and enjoyed during human-centered agile-based
requirement engineering activities using ReGile.

5.2 Participants

ReGile was evaluated by 87 students, aged 19 to 21, from the
Department of Software Engineering at Bahria University Karachi
Campus, Pakistan, with 30 males and 57 females, all voluntarily
participating. These students, in their second and third year of the
Bachelor of Software Engineering program, possessed basic prior
knowledge of agile methodologies and software requirement
engineering processes. The experimenters described the study’s
purpose to the students, who were then invited to participate and
complete individual consent forms detailing the research’s objectives
and activity instructions.

5.3 Procedure
Initially, course instructors introduced the research team

(experimenters) to the students and explained the purpose of the study,
followed by basic instructions on playing the game provided by the
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researchers. The students were then divided into pairs to engage in the
game’s multiplayer feature, with four groups of students participating.
Each group was allotted 50min to play the game and complete the
assigned tasks. Students’ learning achievement was assessed based on
the scores obtained from correctly answering questions within the game.
Subsequently, students completed a five-point Likert scale questionnaire
to provide feedback on their overall experience, consisting of eight
questions related to usability aspects outlined in Table 3. Additionally,
students’ perceptions were evaluated through semi-structured
interviews focusing on game behavioral aspects (Yang and Chen, 2020).

6 Results and discussions

In this study, two levels of the M3 evaluation framework (Micro
and Meso) were explored through RQ2 and RQ3. The purpose of the
evaluation of ReGile was to investigate its technological usability and
the use of ReGile to comprehend human-centered agile-based
requirement engineering processes in a gamified learning
environment. The results and discussions of each research question
(RQ2 and RQ3) are below.

6.1 Micro level evaluation

For answering RQ2, the effectiveness of usability of the application
ReGile was investigated through the Micro level of the M3 evaluation
framework. For this purpose, the questionnaire consisted of eight
statements and was given to students once they had completed all the
requirement engineering processes using ReGile. These questionnaire
statements address various aspects of technological usability
(learnability, understandability, operability, attractiveness) as described
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in Table 2. A five-point Likert scale was employed, ranging from
‘strongly disagree’ (Ahmad et al., 2023) to ‘strongly agree’ (John and
Fertig, 2022). The results of the questionnaire responses are presented
in Table 3.

Two statements (S1 and S8) were related to the learnability
aspects of technological usability. The responses to the statement ‘S1’
were promising. One of the students mentioned that “no doubt, this
application is very easy to use” In another instance, a student
highlighted that “... easy game to play and learn about requirement
engineering and sprint. I like this” The students also communicated
positively towards statement 8, which asks about the overall gaming
and learning experience of ReGile. For example, one of the students
responded, “I have enjoyed this game and learning about agile and
requirement engineering processes” In another instance, a student
mentioned “a nice application to play with. Through this, I learn phases
of the software requirement engineering process” These responses were
also interpreted similarly by a one-sample t-test against the neutral
value of 3.00 (tg=10.11, p<0.01 for QI; tgs=6.31, p<0.01 for Q8).

The sub-characteristic (operability) of the ReGile application was
evaluated by asking two question statements, ‘S2° and ‘S5’ as
mentioned in Table 3. The results indicated that most students were
satisfied with the application’s ability to guide them through player
movements and provide sufficient time to complete all assigned tasks
promptly. One sample t-test verified these explanations (ts=6.62,
p<0.01 for S2; tg=5.85, p<0.01 for S5). A few responses regarding
§2’ were “It is easy to move player in a game” and ... moving player in
a game is easy and interesting” In response to ‘S5, one of the students
mentioned, “the given time for completing the tasks was appropriate”
In another instance, a student indicated “a nice application that gives
enough time to do requirement activities” However, one of the negative
comments was received as “the time was not given appropriately for the
tasks” Some students might have faced difficulties in completing tasks
on time, possibly stemming from a lack of understanding of the
rationale behind the application, which was to assist them in learning
about requirement engineering phases and agile method concepts.

In responses to S4 and S7, the results of another sub-characteristic,
understandability showed that ReGile was perceived as a
straightforward application comprehensible by students (tg=>5.35,
Pp=0.01 for S$4; tyx=6.31, p<0.01 for S7). Most of the students gave
positive responses to ‘S4’ Some students indicated it as “a quite simple
game to understand. I enjoy playing this” and “...easy game to learn
about sprint and software requirements” However, one of the students
highlighted that “it is a good application, but I suggest some more
interactive characters may be developed through technology (e.g.,
augmented reality) so that players may enjoy more” ReGile was
designed to provide learning content related to requirement
engineering phases in an environment using 3D characters. The
suggestion may be to further enhance the game in the future. The
responses to S7 were straightforward. For instance, a student
commented, “A nice application that helps me to learn about
requirement engineering and agile methodology concepts” The other
student described her experience as “an interactive game in which as
a player we are getting tasks from other stakeholders (e.g., Scrum
Master). This helps me to learn how sprint and requirement engineering
processes can work?

Statements ‘S3” and ‘S6’ addressed one of the usability aspects,
namely, attractiveness. The responses to ‘S3’ showed that most
students felt that the application ReGile has an appealing interface
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(tss=7.63, p=0.01 for S3; tys=4.73, p<0.01 for S6). One student
indicated in such a way that “a nice interface to play a game and learn
at the same time. I enjoy it.” Another student highlighted, “no doubt,
a good interface to learn about requirement engineering concepts and
sprint cycle” On the other hand, the responses to ‘S6’ were marginally
good. There were a few students who submitted their reservations on
the vision of the interaction between stakeholders and players, such as
“an interactive application can be used. When we are communicating
with stakeholders (e.g., Scrum Master) in a game. The messages appear
in the screen was not visible” and “... audio may be used to communicate
with stakeholders (e.g., Scrum Master) during the game instead of using
text messages. It will be more interactive to use this application” These
comments suggest that the application poses challenges to students
regarding its attractiveness and the interactivity between players and
stakeholders. However, new approaches could be implemented in the
future to address these concerns and better satisfy students
using ReGile.

In summary, the overall responses received from the students
were encouraging, with a positive endorsement rate of 75.3%,
indicating that ReGile exhibits good technological usability aspects.
However, there is room for further improvement, particularly in
enhancing usability aspects in general and attractiveness in particular,
in future iterations.

6.2 Meso level evaluation

6.2.1 Students’ learning achievements

To address RQ3, the students’ learning achievements were
assessed through ReGile activities, including interactions with
stakeholders, scrumban activities, and answering questions, as
illustrated in Figure 11. The ReGile application presented students
with 10 multiple-choice questions (MCQs) regarding the requirement
engineering process and agile methods, as outlined in Table 4. Each
student was asked two questions about each requirement engineering
phase and agile methodology. The application awarded a score of ‘1’
for each correct answer submitted by a student. A student could
achieve a maximum 10 score by answering all questions correctly. The
subsequent sections present the results of learning achievements at the
Meso evaluation level.

According to the overall results, students achieved an average
score of 72.14% across all questions posed. Across different question

FIGURE 11
Students are conducting activities using ReGile.
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TABLE 4 Questions asked while evaluating learning achievements.

10.3389/fcomp.2024.1442081

Question No. Questions Question type
1 Which requirement-gathering technique is used in this project? Elicitation

2 From which group of people, the requirements are taken?

3 Which activity is not a part of requirements analysis? Analysis

4 Who is responsible for writing non-functional requirements?

5 Which document is generated at the end of the Specification phase? Specification

6 Which modeling language is used for this project?

7 Which document is validated at the end of the Validation phase? Validation

8 Who is responsible for validating the document?

9 How long is a sprint in this project? Agile Methodology
10 Which visualizing system is used for the scrum process in this project?

Learning Achievements At Each Question Type

FIGURE 12
Overall learning score of students at each question type.
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types, students scored more than 70% correct answers, indicating
significant performance across all question categories. The highest
score (74.13%) was obtained in the Elicitation question category,
while the lowest score (70.69%) was recorded in the agile
methodology questions category, as shown in Figure 12. Similarly, in
other studies employing a gamified approach, students performed
strongly in requirement elicitation and prioritization (Garcia et al.,
2019; Silva et al., 2023).

Comparing these results regarding gender, male students
answered more questions correctly than female students, with a
success rate of 76% for male students and 70.5% for female students.
Male students excelled in the Analysis question type, achieving a high
accuracy rate of 83.33%. In contrast, female students demonstrated
more robust performance in the Validation question type, with a
success rate of 73.68%, as illustrated in Figure 13. Male students
performed well in both the Elicitation and Analysis question types.
Similarly, male students marginally outperformed female students in
the Specification and Agile methodology question types. However,
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female students outperformed male students in the Validation
question type, as depicted in Figure 13.

6.2.2 Students’ perceptions

A semi-structured interview was conducted to gather insights
into learners’ perceptions of ReGile for addressing RQ3, posing three
questions focusing on game behavioral aspects adapted from (Yang
and Chen, 2020), as detailed in Table 5. These aspects encompassed
game achievement, game socialization, and in-game assistance,
aimed at comprehending students’ learning perceptions and overall
gaming and learning experiences with ReGile. Additionally, existing
literature underscores the significant role of gamification with agile
methodology in understanding software development processes
(Yilmaz and Oconnor, 2016; Silva et al., 2023). The qualitative content
analysis method (Hsieh and Shannon, 2005) was employed to analyze
students’ responses, involving categorizing textual data into distinct
groups (Weber, 1990). This research utilized conventional content
analysis, following an inductive process entailing the identification of
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FIGURE 13
Gender-wise learning score of students at each question type.

TABLE 5 Questions asked during semi-structured interviews based on game behavior aspects adapted from Yang and Chen (2020).

Question No. Questions Game behavior aspects
1 How do you feel after using this game application? Game Achievement
2 What do you think about the interactions provided in a game for learning requirement engineering Game Socialization

phases and agile methodology?

3 How much assistance was provided while playing this game application? In-Game Assistance

TABLE 6 Categories and frequencies related to question responses of game behavior aspects.

Question No.  Game behavior = Subcategories Categories Frequencies  Total (Out

aspects (Out of 87) of 87)

1 Game achievement Nice feeling; enjoyable experience; interesting Pleasant 68 78.1%
application; good interface; nice environment;

feeling good; satisfied; happy; lovely; enjoy

Unhappy; not good; unsatisfied Unpleasant 9 10.3%

2 Game socialization Interactive game; responsive; effortless, friendly; Interactive game 65 74.7%

easy; nice interface for interaction; enjoyable

experience
Interaction with stakeholders was good; visibility | Supportive learning 57 65.5%
in communication; helps in learning about game

requirement engineering and agile;

Not clearly visible messages: more interactive Challenging 15 17.2%
characters required; audio messages may environment for
be provided; not much assistance provided; interactions

difficulty in movement of characters

3 In-game assistance Quick guidance; support in time; options are Timely Guidance 64 73.5%

available; helpful instructions;

Not much assistance; not responsive game; no Improper assistance 12 13.8%

hints provided for interaction with stakeholders;

difficulty in understanding tasks

grouped categories, designing a concept map, and open coding (Elo  categories were identified from students’” responses to each question
and Kyngis, 2008). Researchers repeatedly reviewed the content  and grouped into broader categories based on game behavior aspects,
through open coding to comprehend observed phenomena and  with frequencies calculated (Ahmed et al., 2019), as outlined in
generate distinct categories (Andrews, 1997). Subsequently, distinct ~ Table 6.
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In the response to question 1, most students (78.1%) indicated
positive feelings after using ReGile. According to them, ReGile is
an appealing game where players not only easily engage in a game
but also learn about requirement engineering phases and agile
methodologies. For instance, some students highlighted “a
genuinely nice environment to play in. I enjoy while conducting
requirement activities” and “I am so happy to play this game as it
helps me to learn about sprints” However, there were very few
students who were unhappy with this game (i.e., 10.3%). One of
them explains his concern, “I am not feeling satisfied with this game
as the movement of characters was difficult”

Question 2 deals with the game socialization aspect, which
investigates the interactions provided by ReGile to learn about
requirements for engineering phases and agile methodologies. As
per the results indicated in Table 6, three broader categories were
identified from students’ responses interactive game, supporting
learning game, and challenging environment for interactions. Of 87
students, 65 (74.7%) agreed that ReGile provides an interactive
game environment for socializing while conducting requirement
engineering activities. 57 (65.5%) students also highlighted that
this game offers good learning support. Few responded as “a nice
game that provides relevant information about requirement
engineering tasks through different stakeholders” and “it is an
interactive and easy game to play. I enjoy it” In other instances,
students mentioned, “This game is well supported in terms of
providing learning content, interaction with the scrum master and
others” and “the communication between stakeholders was nicely
presented.” This indicates that most students were satisfied with
the aspect of socialization in the game. On the other hand, 17.2%
of students highlighted the issues regarding challenges faced while
conducting activities using ReGile. One of the concerns was “a
nice interface but description about the tasks were not visible.
I think audio recording may be provided for the given tasks” In a
similar vein, a student showed his displeasure about ReGile as “not
reasonable guidance provided by the application. I face a lot of
difficulty in understanding the movement of characters from one
place to another” These few concerns are good suggestions for
further improvement of the game.

In Question 3, one of the game behavioral aspects, in-game
assistance, was evaluated in which students answered about the
guidance provided by the ReGile application. In response to
question 3, 64 out of 87 (73.5%) students were positive about the
in-game assistance offered by the ReGile application. This is
because an interactive environment was given to students where
they can communicate with the Scrum Master and other
stakeholders to do requirement engineering activities using agile
methodology. One of these students indicated that “instructions
are given to us on time” The other student also mentioned it as a
“nicely guided game in which messages are helpful” However, only
12 students (13.8%) were dissatisfied with the in-game assistance.
One of them showed her reservations as “no hints provided by the
application while interacting with the stakeholders” This could
be attributed to some students not fully understanding the game’s
purpose. ReGile is structured around agile methodology, wherein
students engage with stakeholders to receive tasks. Consequently,
less guidance may be offered to students in this context.
Nonetheless, this feedback could be taken into account for future
iterations of the ReGile application.
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Overall, the qualitative analysis showed that ReGile has
encouraging results in all three-game behavioral aspects: game
achievement, game socialization, and in-game assistance. The learners’
perceptions of these aspects were significant as all these aspects
received more than 73% positive feedback from students.

7 Conclusions and future work

This research demonstrates the application of the gamified
platform, ReGile, to educate students on agile-based requirement
engineering activities. ReGile not only offers a gamified environment
for student engagement but also facilitates learning about human-
centered agile-based requirement engineering processes through
interactions with various stakeholders. This approach aims to
enhance students’ motivation and enthusiasm in acquiring knowledge
about software requirements engineering and agile methodology
concepts. Additionally, it provides educators, researchers, and
software developers with a framework to design gamified
environments for teaching software engineering concepts. This study
introduces several contributions previously unexplored in the
literature, including using a content gamification design for learning
human-centered agile-based requirement engineering activities and
the practical implementation of such a gamified learning environment.

This research addresses three main questions. Firstly, the
development of the ReGile application, answers the first research
question. To tackle the second and third questions, ReGile underwent
evaluation at two levels of the M3-Evaluation framework: Micro and
Meso. For the second question, the technological usability of ReGile was
assessed via a questionnaire at the Micro level. The findings were
promising, with 75.3% of students acknowledging its considerable
technological usability. Regarding the third question, students’ learning
achievements and perceptions were examined. In terms of learning
achievements, students performed well across all question categories,
scoring over 70% in each. Gender-wise analysis indicated that male
students generally outperformed female students, particularly excelling
in the Elicitation and Analysis categories. However, female students
fared better in the Validation category. Additionally, students’
perceptions of game behavioral aspects were evaluated through a semi-
structured interview. Results indicated positive responses (over 73%)
across all aspects, suggesting an enjoyable learning experience with
ReGile. While the overall results are promising, the study has some
limitations. ReGile was only evaluated with students from one
university, warranting replication with students from other institutes to
validate interpretations. Furthermore, the inclusion of more questions
per category may yield different results.

ReGile could evolve into a collaborative gamified environment
tailored for conducting agile-based requirement engineering
activities in the future. Moreover, there’s potential for the
application to create a digital immersive setting for such learning
experiences. This would offer insights into utilizing modern
technologies within the software engineering domain. Additionally,
ReGile could adapt by providing questions aligned with students’
knowledge levels, be it basic or advanced. This adaptation could aid
researchers in evaluating learners’ achievements and engagement
based on their proficiency levels. While this research delved into
two levels of the M3 evaluation framework, future endeavors could
explore the Macro level to grasp the long-term impact of employing
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gamified environments for learning agile-based requirement
engineering concepts.
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