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ABSTRACT

While traditional teaching and learning methods in education have turned to be more active
and engaging with the help of technology, this study proposes a Holistic Gamification Learning
Adventure (HGLA) framework, which integrates gamification principles, multidimensional
progression, and narrative-driven experiences for programming education. Different from
most other gamification models, adaptive pathways and collaboration in the HGLA frame-
work ensure novelty in accommodating diverse learning styles and proficiency levels of both
novice and advanced programmers. It’s a framework that uses responsive design to ensure
access across devices, creating ubiquitous learning environments. The embedment of gami-
fied missions and narrative-driven challenges shall make students active participants instead
of passive observers, while the motivation, engagement, and retention concerning program-
ming concepts shall be developed. The multi-dimensional progression within the framework
caters to individual learning paces, ensuring an individualized educational experience for
deeper conceptual understanding and long-term retention. The present study shows how the
HGLA framework has transformed programming education into an adaptive, inclusive, and
impactful learning journey—a beacon of change in innovative teaching methodologies.

KEYWORDS
gamification, multidimensional progression, narrative-driven experiences, adaptive learning,
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1  INTRODUCTION

Nowadays, education has transformed due to technologies and innovative
approaches; thus, it is taught and learned differently compared to several decades
ago [1, 2]. One of the crucial problems educators and researchers currently face
involves bridging the confidence gap in learners while mastering programming
skills. Gamification and multidimensional progression are two of the most prom-
ising strategies for solving this problem [3]. Programming education, in particular,
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requires creative insights to bridge obstacles brought about by traditional pedago-
gies and the nature of programming concepts themselves [4].

Traditional approaches, often characterized by lecturing and conventional
problem-solving using code, lack any depth in the effective engagement of learners,
resulting in adverse issues related to poor retention and shallow skill development,
as outlined in [5, 6]. Such difficulties worsen because of diverse individual ways of
learning and thinking among the trainees, as referred to in [7, 8]. All this requires
breaking barriers through innovative mechanisms allowing active participation and
individual paths to understanding. Gamifications, including the addition of elements
such as point-based awards, badges, or story-driven narratives, offers newer, per-
haps more playful ways, to explore educational materials [9, 10]. It facilitates learn-
ing in an active fashion for students by reimagining lessons as interactive missions
and challenges [11]. In this regard, multi-dimensional progress further enhances
learners’ opportunities for following a learning path unique to their learning style
and/or pace and toward collaboration and learning with their peers [12, 13]. Recent
researches [14, 15] have underlined the gamification potential enabled by mobile to
create engagement, motivation, and adaptability in education. The HGLA framework
integrates a mobile-responsive design based on these principles, with the assurance
of accessibility and smooth user experiences across devices.

Our paper explores the transforming power of gamification, multi-dimensional
progression, and narrative-driven experiences within programming education to
innovatively address some persistent challenges and change the way students learn
through personalization and engagement. By transforming lessons of programming
into immersive adaptive journeys, the framework seeks to provide a personalized,
engaging path to mastery, using mobile technologies to enable inclusive and effec-
tive learning experiences.

2  LITERATURE REVIEWS

The convergence of technology and pedagogy has brought about profound
changes in education, reshaping how learners interact with content and improving
student learning skills. This literature review focuses on three key concepts in this
adapting aspect: gamification, multidimensional progression, and narrative-driven
experiences. These concepts play a significant role in transforming pedagogical
practices, particularly in the field of programming education.

This section presents the various models and frameworks developed to enhance
learning through gamification. We will reflect on these in relation to our HGLA
framework, considering dimensions such as adaptive learning, multidimensional
progression, narrative-driven experiences, engagement metrics, support for prob-
lem-solving, performance progress measurement, collaborative elements, and
knowledge retention.

Among all the active areas of research, the integration of gamification in educa-
tional frameworks is one, with an ever-growing number of models and approaches
reviewed in our literature with the aim of amplifying student engagement, motiva-
tion, and learning outcomes. Gamification, or the use of approaches and game design
elements in non-game contexts is particularly promising in terms of rendering learn-
ing experiences more engaging and effective. However, despite all the developments
in this area, most of the currently available models have certain drawbacks concern-
ing adaptability, narrative-driven experiences, and personalized learning pathways.
This has motivated the further development of new frameworks, among which
the holistic gamification learning adventure-analog framework, presented in this
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section, focuses on uniting the best aspects of the previous models while simultane-
ously addressing the limitations imposed by their predecessors, as shown in Table 1.

Table 1. Comparative analysis: HGLA vs. existing frameworks

Narrative- Problem- Performance

Adaptive Multidimensional : Engagement . Collaborative Knowledge
Framework . . Driven . Solving Progress .
Learning Progression A Metrics ) Elements REE 0
Experience Support Measurement

Game Object Model No No No Moderate High Moderate Low Moderate
(GOM) [16]
Experiential Gaming Model No High No Moderate High Moderate Moderate Moderate
(EGM) [17]
Four-Dimensional Framework No Moderate High Moderate | Moderate High Low High
(4DF) [18]
Serious Games Conceptual No Low No High High High Low Moderate
Framework (SGCF) [19]
Triadic Game Design No Low High Moderate High Moderate Low Moderate
(TGD) [20]
Six Facets of Serious Games No Moderate High High High Moderate High Moderate
Design [21]
Learning Mechanics-Game No High No High High Low Low Moderate
Mechanics Mapping [22]
Gameful Design Heuristics High Low No High Moderate Moderate Moderate High
(GDH) [23]
Octalysis Framework [24] High Low No High Moderate Low Moderate High
Self-Determination Theory- Moderate Low Moderate High High Moderate Low Moderate
Based Gamification (SDT) [25]
Playful Learning Design Low Moderate Moderate Moderate Moderate Low Moderate Moderate
Framework [26]
Adaptive Gamification High Moderate Low High Moderate High Low High
Model [27]
HGLA Framework High High High High High High High High

An influential early model in this direction is the Game Object Model developed
by [16]. While this model is aimed at integrating game objects, rules, and scenar-
ios within the design of educational games, it has focused almost exclusively on
engagement and problem-solving. Although this model has driven the development
of some of the most engaging learning environments, it does not contain adaptive
learning capabilities that will help in tailoring learning to individual learners’ needs.
Additionally, it lacks the provision of experiences based on narratives, which reduces
its full immersion ability in educational content for learners across diverse learning
styles and age groups. The Experiential Gaming Model [17] is based on notions of
learning through experiences, with a strong focus on problem-solving. The model
caters to multidimensional progress, and for this reason, it is well set for a broad
range of learners. However, much like the Game Object Model, it does not fully inte-
grate adaptive learning or narrative-driven experiences, which are key aspects for
personalized and engaging learning experiences desired by participants.

Another influential contributor is the Four-Dimensional Framework [18]. This
underscores the context, learner profile, and pedagogical concerns related to game-
based learning. Though it allows support for narrative-driven experiences and
provides a framework that supports performance progress measurement, it lacks
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adaptive learning and engagement metrics. These elements constitute the core of
dynamic personalized learning environments, continuously adapting to the evolv-
ing needs and capabilities of each learner.

Another approach is the Serious Games Conceptual Framework [19], which also
integrates engagement metrics and problem-solving support into an educational game.
While this framework provides tools to measure the progress of performance, adap-
tive learning and the narrative-driven component to fully address individual learning
needs and preferences are not available. Thus, the enhancement of certain aspects of
engagement and problem solving will be developed, while this framework does not
answer how a personalized learning experience will be comprehensively ensured.

A Triadic Game Design was proposed by [20] to balance reality, meaning, and
play within educational games. This model has adopted narrative-driven experi-
ences with problem-solving but embeds neither adaptive learning nor engagement
metrics. Without them, the Triadic Game Design could offer meaningful and contex-
tually relevant learning experiences but may fall short in adapting such experiences
to the needs of individual learners or keeping their interest over time.

The Six Facets of Serious Games Design [21] expanded earlier models by putting a
tight focus on six facets: motivation, integration, learning, immersion, emotion, and
social interaction. The model supports narrative-driven experience with engage-
ment metrics, thus making it a more holistic approach to gamification for education.
However, even this is deficient in an adaptive learning system for compiling person-
alized feedback that could seamlessly escalate the process into individual learning
trajectories for learners to traverse at their own pace.

Another technique, Learning Mechanics to Game Mechanics Mapping proposed
by [22], determines which game mechanics are the best to engage learners, effec-
tively identifies learning mechanics, and rediscover how to use them in an edu-
cational context. The scaled model supports multidimensional progression and
engagement metrics but excludes narrative-driven experiences or adaptive learning.
Therefore, it works as a basic structure for intermingling educational content with
game elements, but it might fail to hook learners or slowly adjust to their personal
learning demands. On the other hand, Gameful Design Heuristics [23] was aimed
at contexts where games were not participants but rather modulators of human
behavior in non-game design. This approach benefits from adaptive learning and
enhanced engagement metrics, yet misses story-driven experiences and multidi-
mensional progression. However, the experiences that we build with it will only
be engaging and motivational and not truly immersive or sufficiently connective if
all components are missing. The Octalysis Framework [24] is the science of human
motivation gamification that emphasizes eight core drives. Although adaptive learn-
ing and engagement metrics experience are facilitated, they fail to foster the layering
of three-dimensional progression and narrative-driven experiences that are crucial
to holistic immersion. This limitation means that the Octalysis Framework is likely to
motivate learners, but it may not provide as much granularity or personalization in
the pursuit of a transformative educational experience. Other models, such as Self-
Determination Theory-Based Gamification [25], Playful Learning Design Framework
[26], and Adaptive Gamification Model [27], offer unique perspectives and tactics
within educational gamification. Although they are technologically similar, there is
still a great degree of personalization, so much so that the result is most definitely
story-based and takes into account the needs of individual learners.

The literature of gamification, multidimensional progression, and narrative-
driven experiences typifies potential profiles for education. More broadly, the inte-
gration of these ideas into the HGLA framework provides a convincing synthesis
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that circumvents many challenges endemic to typical programming education. This
approach transports learners through gamified experiences and then iteratively nudges
them on an educational journey that is personalized to their own learning paths,
revealing not only a framework but also a transformative process as it gives a new
meaning for the learners to begin their quest for meaningful educational adventures.

Gamification in Educational Contexts: Gamification, defined as the incorpo-
ration of game design elements into non-game environments, has gained sig-
nificant traction in educational research [28, 29]. By taking advantage of innate
human tendencies for challenge, competition, and achievement, gamification
improves student engagement and motivation [30, 31]. Elements such as points,
badges, leaderboards, and narratives have been shown to positively impact stu-
dent engagement and knowledge retention in educational environments [32, 33].

Research has underscored that gamification strategies cultivate a sense of auton-
omy and competence, both essential components of intrinsic motivation [34].
The narrative-driven experiences submerge in gamified learning environments,
providing learners with a clear sense of purpose, supporting profound under-
standing of the course content, and contextualizing learning objectives [35, 36, 37].
Contextualizing Gamification in Jordanian Programming Education:
Gamification has proven effective in Western educational contexts, where infra-
structure, digital literacy, and teaching methodologies are often conducive to its
adoption [38]. However, the Jordanian educational landscape presents distinct
challenges that demand context-sensitive strategies. One key issue is the uneven
levels of digital literacy and access to technological resources across student pop-
ulations, which can significantly influence the adoption and success of gamified
learning environments [39, 40]. Additionally, Jordan’s cultural and pedagogical
norms emphasize collaborative and community-oriented approaches, necessitat-
ing the adaptation of gamified mechanics to reflect these values [40, 41].

For example, while individual achievement may drive motivation in Western
models, Jordanian students might respond more positively to gamification ele-
ments that reward group achievements or emphasize collective problem solving.
Addressing these nuances, future iterations of the HGLA framework will incor-
porate culturally aligned game mechanics, such as team-based challenges and
localized narratives, to increase engagement [42]. Furthermore, ensuring equita-
ble access to digital tools through institutional support and infrastructure devel-
opment will be pivotal in overcoming technological barriers.

By tailoring the HGLA framework to the Jordanian context, this study not only
enhances its applicability but also provides a blueprint for implementing gami-
fied learning systems in regions with similar educational and cultural dynamics.
Multidimensional Progression and Adaptive Learning: Multidimensional
progression is an approach that adapts learning paths to individual needs and
addresses the limitations of traditional (one-size-fits-all) education [43, 44].
Recognizing the diverse backgrounds, interests, and learning styles of learners, this
approach offers both adaptive content and challenges. It accommodates varying
proficiency levels while maintaining an optimal level of challenge for each learner
[45]. The associated personalized learning pathways have been linked to height-
ened learner motivation, improved knowledge retention, and enhanced critical
thinking [46, 47]. Learners are more likely to engage deeply with content aligned
with their existing knowledge and interests, supporting a sense of ownership over
their educational journey and promoting self-directed learning skills [48].
Applications in Programming Education: Gamification and multidimensional
progression have been most effectively applied to programming education, with
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an emphasis on challenges to engagement, knowledge retention, and learning
pace. The idea of earning points when finishing challenging codes and advancing
to levels has been useful for increasing learners’ interest levels and motivation
to learn programming [49]. The concept of multidimensional progression easily
fits the complexity of how programming concepts develop graphically. Tailoring
learning pathways to accommodate both beginners and advanced learners has
resulted in increased mastery and deeper understanding of coding principles [50].

The HGLA framework is an advanced model that incorporates the best fea-
tures of previous models as well as a workable approach to their shortcom-
ings. Engaging in influential learning with the HGLA framework ensures that
learning is competent, challenging, and customized to individual needs in real-
time learning.

Another important gap is the lack of standardized m-learning frameworks that
are inclusive of gamification principles while also considering equal access to
technology. According to [51], a need exists for those kinds of frameworks that
may correlate the gamification mechanics with unique affordances of mobile
technologies, such as portability and connectivity, taking into consideration vari-
ous challenges relating to digital literacy and inequalities in infrastructure.

The HGLA is a novel perspective for gamifying a programming course by
combining elements from existing models and frameworks that are worth keep-
ing and introducing new features aimed at solving some of their deficiencies.
Offering students the content and services they need to begin an enriching learn-
ing experience or continue with it within a flexible framework so that they can
succeed. As such, the HGLA model presents an important development with
regard to learning in terms of a new way of looking at gamification from the
perspective of education design and development, dealing with both holistic and
effective aspects of learning design.

METHODOLOGY

Our methodology was driven by the overarching goal of revolutionizing

programming education by synthesizing the principles of gamification, multidimen-
sional progression, and narrative-driven experiences. The framework’s foundation
was built upon an extensive review of existing literature on gamification, learning
games, and adaptive learning. This preliminary research helped to identify gaps in
conventional programming education methods and paved the way for the develop-
ment of an integrated approach that addresses these deficiencies.

User Experience
Considerations

The user experience (UX) was a focal
point in the design of the HGLA
framework...

Ul Design: Intuitive and visually
appealing interface.

Iterative Testing: User feedback
from educators and learners.
Design Elements: Visual cues, clear
instructions, consistent design.

Cross-Game Quests and
Learning Pathways

A hallmark of the HGLA framework is
the integration of cross-game quests
and learning pathways...

Quest Integration: Meticulously
designed quests.

Learning Pathways: Interconnected
with quests.

Narrative Thread and
Immersive Experience

Recognizing the power of narrative
in engagement, the HGLA framework
employs a narrative thread...

Narrative Integration: Virtual world
where learners play coding
apprentices.

Contextualization: Challenges and
quests as meaningful steps within a
larger storyline.

Collaborative Elements
and Peer Learning

The HGLA framework fosters
collaboration and peer learning
through collaborative challenges...

Collaborative Challenges:
Opportunities for learners to team
up.

Interactive Features: Encourages
teamwork and cooperation.
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Fig. 1. Guiding design principles
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3.1 Design principles guiding the framework

As shown in Figure 1, the implementation of the HGLA framework is under-
pinned by a set of carefully curated design principles aimed at creating a seam-
less, engaging, and effective learning experience for programming education. These
principles were drawn from pedagogical best practices, gamification theories, and
insights from user-centered design.

User experience considerations. Designing for user experience (UX) is a
top priority in the design of the HGLA framework. We ensured that the user interface
was intuitive and visually appealing to improve the navigation and engagement.
We iteratively tested the framework by using educators and learners. The interface
was similarly refined through an iterative process to maximize engagement and
minimize cognitive load [52, 53]. To provide guidance and continuity, visual cues,
explicit instructions, and design elements were placed for similar activities across
the framework to help learners.

Cross-game missions and learning pathways. The HGLA framework features
cross-game missions and learning pathways. All missions were designed to be applied
to programming code in the sense that students had to use programming concepts,
information, and programming code that they learned from different programming
games to solve problems [54]. This leads to a better and broader understanding of
how things are related in programming language, is useful for making them think
critically, and also helps in problem-solving techniques. In this regard, the learning
pathways and mission enable learners to navigate their learning around program-
ming primitives in a self-paced and style manner that allows each person’s pathway
of learning to be uniquely personalized [55].

Narrative thread and immersive experience. With engagement performance
driven by the narrative, bringing structure to this design approach, HGLA archi-
tecture uses a sort of narrative thread that ties back all the different kinds of learn-
ing games and challenges provided. The learner is placed in a virtual environment
with the coding apprentice as part of an interactive narrative story. The narrative
thread places challenges and missions in contexts that transition these activities
from discrete exercises into stages along a story in a dynamic narrative, converting
them from one-off exercises into steps in a larger storyline, giving quests specifically
designed not only context but also meaning [56]. This is a fun way to get learners
excited and show how programming concepts are grounded in something that they
can understand and relate to.

Collaborative elements and peer learning. The HGLA framework supports
collaboration and peer learning through competitive challenges and interactive
mechanisms. Collaboration: Working on difficult coding puzzles together, learners
can form teams to solve more complex side-by-side challenges. This collaborative
experience helps build the community to share, learn from one another, and solve
problems with code tricks [57, 58].

Combining these design principles within the HGLA framework results in a
distinctive, immersive learning ecosystem. The combination of user experience,
cross-game missions, and narrative thread not only overcomes the flaws in tradi-
tional programming courses but also changes the image learners have of program-
ming concepts.
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Instructor Management Content
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Content & Student, Profile Database, and Cloud Services API Integration

Fig. 2. Holistic Gamification Learning Adventure (HGLA) framework

3.2 Holistic Gamification Learning Adventure (HGLA) framework

As shown in Figure 2, the foundation of the framework was built on the design
principles shown in Figure 1 and an extensive review of the existing literature on
gamification theories, user-centered design ideas, learning games, adaptive learn-
ing, and best practices in education.

User Interface Layer. The User Interface Layer, as shown in Figure 2, is the entry
point for students to the gamified learning platform, offering a visually appealing
environment for the students to interact with the learning platform, with a simple
and nice interface. Student Profiles and Accounts as part of this layer keep the infor-
mation, progress, and accomplishments of each student and metadata about the
users, enabling the creation, editing, and safekeeping of usernames and passwords.
Such systems of control also include authentication of users to prevent unauthorized
users from using the platform. Data collection looks for user interaction data in terms
of how well the user interacts with the system, performs on it, and what preferences
the student has for the purposes of personalizing the learning path and learning style.

Content Layer. The Content Layer is important in the delivery of educational
content within a gamified learning platform, offering a wide variety of materials and
challenges. It works as an active intermediate access point to learning modules, chal-
lenges, and resources and utilizes Recommendation Engines for personalized and
optimized learning experiences. It comprises structured educational content, practi-
cal application challenges, supplementary materials, and a student progress tracker.

Gamification layer. The gamification layer offers huge value to the learning
experience of the gamified learning platform by seamlessly integrating game ele-
ments, challenges, and missions into the educational content. It interacts with other
modules, such as the Content Layer, Recommendation Engine, and Data Analytics
& Personalization of the Core Engine, to ensure a consistent and engaging gamified
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environment. User data and feedback were analyzed continuously to improve and

optimize the gamification elements.

Core Engine. The Core Engine as shown in Figure 3, consists of three primary
components: 1) Data Analytics and Personalization, 2) the Recommendation Engine,

and 3) Multidimensional Progression Principles.

Data Collection

~
e ™
Analyze &
Personalize
{83 CORE ENGINE
Data Analytics
and
Personalization
~
Feed Data
Multidimensional
Recommendation P;,?%':’}Sf:;n
Engine P
Secure Data .. Collect User Recommend Inform Design Collect
Handling Ensure Secufity —patg Content Recommendalions Challerjges Adapt Pathways Feedback
@ @ Design Adaptive
) Content Challenges Learning
Data Security Recommendation Pathways
Adapt Path
Check Recommend Enhance
Compliance User Engages  Challenges Platform

User
Interaction

Compliance
Check

Track Progress

Skill Trees &
Achievements

User Engages

Challenge
Recommendations

Reinforce
Behaviors

Influence Fu|

Challengg

L3
ure Continuous
® Enhancement

N

Feedback Loop

Fig. 3. Gamification core engine of HGLA
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Data Analytics and Personalization. The Data Analytics and Personalization
component forms the Core Engine for improving user learning within the gamified
learning platform by capturing, analyzing, and using data. Integrated layers such as
the Recommendation Engine, Gamification Layer, and Content Layer contribute to
personalized content recommendations, adaptive learning pathways, and the con-
tinuous enhancement cycle of the platform. Considerable importance is attached to
data security and compliance with privacy for the ethical handling of users’ infor-
mation. Collecting user data includes personalization by feeding the data collected
into the Recommendation Engine, which then makes personalized recommenda-
tions of the contents. Continuous data collection adapts to changes in user behav-
ior, preference, and learning patterns over time; hence, the platform is dynamically
aligned with student needs.

Recommendation Engine. The Recommendation Engine is a crucial part of
our framework, which would make this learning journey for each student unique
within the gamified learning platform through recommendations of different con-
tent based on the profile, preference, and performance of the learner. Because it was
integrated with both the Content Layer and the Gamification Layer, it was designed
to make the experience cohesive and engaging, adding value to effectiveness.

Multidimensional Progression Principles. The Multidimensional Progression
Principle is one of the core parts of the framework for forming game-based learn-
ing, as they relate to both the Gamification Layer and Recommendation Engine in
driving the design of challenges, missions, and learning modules. Such principles
lead to diversity and personalization within the educational process and ensure
that the learning experience caters to various competencies and preferences of stu-
dents as individuals. The Recommendation Engine is informed by Multidimensional
Progression Principles, which provide insights into multiple ways of progressing
through learning paths and challenges. They recommended challenges reflecting the
principles of multidimensional progression that offer a range of tasks with gradually
increasing complexity. Skill trees and achievements integrated with the Gamification
Layer serve as motivational elements that create a feedback loop, reinforce positive
learning behaviors, recognize user accomplishments, and influence future challenges.

Gamemaster Dashbhoard. The Gamemaster Dashboard is a comprehensive tool
for teachers to manage content and see how students are doing, allowing them to
help in real time. It provides a unified view of the learning environment by inte-
grating components such as the Data Analytics engine, personalization engine,
Recommendation Engine, and Content Layer, enabling instructors to maximize stu-
dent learning experience. On the other hand, the Gamemaster Dashboard allows
instructors to design educational content and challenges (Instructor Management
and Content Creation) that can control the Recommendation Engine and Content
Layer. Instructors can adapt learning modules, challenges, and resources to specific
learning objectives and curriculum needs.

Feedback & Communication. In our gamified learning framework, the most
salient component is the Feedback & Communication component, which allows peer
collaboration, teacher support, and communication through discussions and chat
forums. This shows a way to improve the learning experience because help is pro-
vided in real time and at a collaborative level while generating valuable data for the
Core Engine’s Data Analytics & Personalization part.

Database and cloud services. Databases and cloud services are the backbone
of data integrity, availability, and scalability. It interacts with the Content Layer,
Recommendation Engine, Gamemaster Dashboard, and Core Engine Data Analytics
& Personalization. Furthermore, this allows for a personalized experience across the
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platform, where user profiling, preferences, learning history, and achievements are
stored in real time based on the user’s interactions and progress.

Cloud services that prime platforms for scalability, reliability, and accessibility
support an ever-growing user base and interactions across locations and devices.
The protection of data through encryption, access controls, and privacy standards
for mitigating risk with the implementation of disaster recovery processes.

Integration with learning management systems. The integration with learn-
ing management systems (LMS) via API within the system architecture ensures that
everything goes right with the learning experience data being kept in sync, con-
tent is the same, and transitions between the gamified platform and external LMS
go smoothly. This provides two-way communication whereby user progress and
achievements can be exchanged in real time, keeping courses and learning mod-
ules aligned across platforms. This integration facilitates cross-platform accessibility,
enabling users to seamlessly access content from both systems.

Security and privacy. Security and privacy within the system architecture provide
a safe learning environment within the gamified platform by covering user authenti-
cation, data encryption, privacy compliance, and security measures. It interoperates
with both the Gamemaster Dashboard and learning management systems.

User authentication involves secure processes for logging, multifactor authentica-
tion, and identity verification. Role-based access control manages various levels of
access for students, teachers, and administrators through secure account recovery sys-
tems. Security updates are aimed at preventing potential threats. Federated authenti-
cation makes it easy to seamlessly log into all the integrated systems. This would ensure
that data encryption and privacy compliance are of the utmost importance, whereby
stringent protocols are in place to protect user information during both transmission
and storage. Privacy standards shall have been met, whereby the assurance of safety
for user data is within the system. Second, privacy policies should be transparent;
regular privacy audits should be carried out with data anonymization techniques. The
system should also ensure the consent of users and a policy on data deletion.

3.3 Gamification Core Engine Algorithms and programming course

Student progress analytics. In a programming course, the Data Analytics &
Personalization of Core Engine uses advanced programming skill metrics based on
features of complexity, efficiency, and correctness that could be extracted from code.
Core Recommendation Engine suggests advanced coding challenges based on stu-
dents’ mastery levels, supporting a deeper understanding of programming concepts
as shown in Algorithm 1.

Algorithm 1: Student Progress Analytics Implementation

Step1. Analyzing programming progress
Step 2. Generating a personalized analytics report
Step 3. If the average mastery is greater than or equal to Threshold Mastery Average Value GOTO
Step 4 ELSE GOTO Step 5
Step 4. Acknowledging high mastery, GOTO Step 6
Step 5. Handling cases where the average mastery is less than Threshold Mastery Average Value.
{
e Provide tips for improvement.
o Suggest additional learning resources.
e Encourage practice and continuous learning.
}
Step6. End
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Student challenges. The Core Recommendation Engine, adjusted to a program-
ming environment, can provide intellectual suggestions related to challenges that
match the user’s selected programming language or focus area. The multidimen-
sional progress within Core Engine justifies a varied set of challenges, whereas one
encourages students to explore many different dimensions of programming, as
shown in Algorithm 2.

Algorithm 2: Student Challenges Implementation

Step 1. Getting programming challenges for the student
Step 2. Assessing smart challenge completion
Step 3. If the number of completed challenges is greater than or equal to Threshold completed
challenges Value GOTO Step 4 ELSE GOTO Step 5
Step4.  Unlocking the ‘Code Master’ achievement, GOTO Step 6
Step 5. Handling cases where the number of completed challenges is less than Threshold Completed
Challenges Value.
{
e Encourage student to take on more challenges.
e Provide suggestions for specific challenge types.
o Offer rewards for completing a certain number of challenges.
}
Step6. End

Student progress review. Smart recommendations through the Core
Recommendation Engine, powered by data analytics and personalization of core
engines as shown in Algorithm 3, present adaptive insights into student prog-
ress reviews. The dynamic nature of Core Engine’s Multidimensional Progression
ensures that recommendations align with student learning paths to support the
novel approach to reviewing their progress.

Algorithm 3: Student Progress Review Implementation

Step 1. Conducting a smart programming progress review for the student
Step 2. Analyzing the progress review analytics
Step 3. Providing adaptive progress recommendations
Step 4. If the star rating is greater than or equal to Threshold Star Rating Value GOTO Step 5 ELSE
GOTO Step 6
Step 5. Unlocking the ‘Coding Prodigy’ achievement, GOTO Step 7
Step 6. Handling cases where the star rating is not greater than or equal to Threshold Star Rating
Value to handle non-perfect reviews.
{
e Encourage student to review feedback and recommendations.
e Provide additional resources based on the feedback.
o Ask for specific areas where improvement is desired.

}

Step7. End

Student engagement analysis. Data analytics and personalization of the Core
Engine refine the analysis of student engagement by considering programming hab-
its, such as code contribution frequency or participation in coding discussions, as
shown in Algorithm 4. The Core Recommendation Engine provides dynamic sug-
gestions for maintaining or increasing engagement and enhancing practical coding
experience.
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Algorithm 4: Student Engagement Analysis Implementation

Step 1. Analyzing programming engagement data
Step 2. If the average session time is greater than or equal to Threshold Session Time Value minutes
GOTO Step 3 ELSE GOTO Step 4
Step 3. Commending high engagement, GOTO Step 5
Step 4. Handling cases where the average session time is less than Threshold Session Time Value
minutes (handle low engagement).
{
o Encourage student to explore more content for an enhanced learning experience.
e Provide tips for effective learning and time management.
o Suggest joining collaborative activities or challenges.

Step5. End

Student challenges feedback. The Core Recommendation Engine, powered by Data
Analytics & Personalization from the Core Engine as shown in Algorithm 5, intelligently
responds to challenges with feedback on how one could have done better, thereby sug-
gesting improvements that align with students’ preferences. This smart feedback loop
creates a more adaptive and enjoyable experience in addressing challenges.

Algorithm 5: Student Challenges Feedback Implementation

Step 1. Retrieving programming challenges feedback
Step 2. Analyzing Programming Challenges Feedback to provide smart challenges improvements
Step 3. If the total points from feedback analysis are greater than or equal to Threshold Feedback
Total Points Value GOTO Step 4 ELSE GOTO Step 5
Step4. Granting a feedback achievement GOTO Step 6
Step 5. Handling cases where the total points are less than Threshold Feedback Total Points Value,
handle low feedback points.
{
e Encourage student to provide more detailed feedback for better improvements.
o Highlight the importance of constructive criticism for enhancing the platform.
e Introduce incentives for users who actively contribute valuable feedback.
}
Step6. End

Student accessibility preferences. In a more specific context such as program-
ming, students’ accessibility preferences can involve code readability preferences,
syntax highlighting, or even language-specific settings. Core Engine applies accessi-
bility settings as shown in Algorithm 6 for coding preferences to ensure the effective-
ness and personalization of the coding experience.

Algorithm 6: Student Accessibility Preferences Implementation

Step 1. Retrieving user accessibility preferences
Step 2. Applying personalized accessibility settings
Step 3. If the total points from accessibility preferences are greater than or equal to Threshold Total
Accessibility Preferences Points Value GOTO Step 4 ELSE GOTO Step 5
Step 4.  Granting an accessibility reward, GOTO Step 6
Step 5. Handling cases where the total points are less than Threshold Total Accessibility Preferences
Points Value, handle low accessibility points.
{
¢ Provide student with tips on how to enhance their accessibility settings.
¢ Encourage student to explore additional accessibility features for a better experience.
o Seek direct feedback from users to understand specific accessibility needs.
}
Step6. End
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Student progress comparison across modules. The multidimensional pro-
gression comparison refines the comparison of student progress across the cod-
ing modules using the Core Engine as shown in Algorithm 7, thus offering an even
more complete and personalized cross-module comparison with advanced insights
through the Core Recommendation Engine and Data Analytics & Personalization of
the Core Engine.

Algorithm 7: Student Progress Comparison Across Modules Implementation

Step 1. Comparing student progress across programming modules

Step 2. Providing advanced cross-module insights

Step 3. If the total points from module comparison are greater than or equal to Threshold Total
Module Comparison Points Value GOTO Step 4 ELSE GOTO Step 5

Step4.  Granting a module comparison reward, GOTO Step 6

Step 5. Handling cases where the total points are less than Threshold Total Module Comparison
Points Value, handle low module comparison points.

{
¢ Encourage student to explore additional modules for a more comprehensive learning
experience.
e Provide insights on how to optimize learning strategies to improve module
comparison points.
o Offer assistance or resources to address specific challenges identified in module
comparison
}
Step6. End

Student exploration of advanced topics. Core Advanced Learning Opportu-
nities by Core Engine as shown in Algorithm 8; therefore, the Core Recommendation
Engine and Data Analytics & Personalization influenced the Core Engine recom-
mendation for further advanced learning in programming with the help of real-
time exploration carried out by students. This makes exploration more dynamic and
adaptive to student performance.

Algorithm 8: Student Exploration of Advanced Topics Implementation

Step 1. Gathering data on user exploration of advanced programming topics
Step 2. Analyzing the exploration data
Step 3. Providing adaptive advanced learning opportunities based on the analysis
Step 4. If the total points from exploration are greater than or equal to Threshold Total Exploration
Points Value GOTO Step 5 ELSE GOTO Step 6
Step 5. Granting an exploration achievement, GOTO Step 7
Step 6. Handling cases where the total points are less than Threshold Total Exploration Points Value,
handle low exploration points.
{
e Encourage student to explore a broader range of advanced topics for a more
diversified skill set.
e Provide guidance on specific advanced topics that align with the student’s interests.
o Offer additional resources or challenges to boost points in advanced topic
exploration.
}
Step7. End

Student mastery challenges. The Core Engine’s Smart Mastery Improvement
Recommendations, as shown in Algorithm 9, use advanced analytics and
personalized insights to recommend Mastery Challenges that target the strengths
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and weaknesses of students in programming concepts. The Core Engine
ensures the multidimensionality of the student progression within the mastery
experience.

Algorithm 9: Student Mastery Challenges Implementation

Step 1. Gathering data on student mastery programming challenges
Step 2. Analyzing the mastery Programming challenges data
Step 3. Providing smart mastery improvement recommendations based on the analysis
Step 4. If the total points from mastery challenges are greater than or equal to Threshold Total
mastery challenges Points Value GOTO Step 5 ELSE GOTO Step 6
Step 5. Granting a mastery challenges achievement, GOTO Step 7
Step 6. Handling cases where the total points are less than Threshold Total mastery challenges
Points Value, handle low mastery challenges points.
{
e Encourage student to revisit and practice specific challenging concepts.
e Provide additional resources or hints for mastering complex programming challenges.
e Suggest participating in collaborative challenges or discussions for shared learning
experiences.
}
Step7. End

Student profile update. The Core Engine, as shown in Algorithm 10, verifies
and applies dynamic profile updates to a greater range of user interactions specific
to the programming course. The Core Recommendation Engine makes suggestions
regarding updates related to the community, while data analytics and personal-
ization of the Core Engine make these suggestions by personalizing evolving stu-
dent profiles.

Algorithm 10: Student Profile Update Implementation

Step 1. Updating the student’s dynamic programming profile
Step 2. Validating the dynamic programming profile update, if student profile updated GOTO Step 3
ELSE GOTO Step 5
Step 3. Applying the dynamic programming profile update GOTO Step 5
Step 4. Handling cases where the profile update is not valid
{
o Inform student that the profile update was not valid and guide them on the correct.
e Provide a link or resource for student to review guidelines on updating his/her profile.
}
GOTO Step 8
Step 5. Checking if the total points from the student’s profile update are greater than or equal to
Threshold Total Student’s Profile Points Value GOTO Step 6 ELSE GOTO Step 7
Step 6. Granting a dynamic community participation reward, GOTO Step 8
Step 7. Handling cases where the total points are less than Threshold Total Student’s Profile Points
Value, handle low community participation points.
{
¢ Encourage student to participate in more community activities to earn
additional points.
e Highlight the benefits of active participation and contributions to the community.
}
Step 8. End

Student Satisfaction Survey. Smart student Satisfaction Surveys, run by Core
Engine as shown in Algorithm 11, use advanced analytics to understand user
sentiments within the programming context. The Core Recommendation Engine,
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supported by data analytics and personalization of the Core Engine, further refines
the survey results and recommends improvements that are needed for an even
more satisfying learning journey.

Algorithm 11: Student Satisfaction Survey Implementation

Step 1. Conducting the smart programming student satisfaction survey
Step 2. Analyzing the results of the Programming student satisfaction survey
Step 3. If the satisfaction score is greater than or equal to Threshold Satisfaction Score Value GOTO
Step 4 ELSE GOTO Step 5
Step4.  Commending high satisfaction.
{
e Display a message commending student for his/her high satisfaction.
o Offer additional rewards or benefits for highly satisfied student.
}
GOTO Step 6.
Step 5. Handling cases where the satisfaction score is below Threshold Satisfaction Score Value,
handle low satisfaction scores.
{
e Encourage users to provide specific feedback on areas that need improvement.
o Offer support channels for student to address their concerns or issues directly.
}
Step6. End

Student collaboration with peers. Through the multidimensional progres-
sion of Core Engine as shown in Algorithm 12, Adaptive Collaborative Learning
drives the assurance of collaboration opportunities for programming projects or
code reviews. The core recommendation engine with data analytics and person-
alization builds further collaboration data to continuously improve programming
peer learning.

Algorithm 12: User Collaboration with Peers Implementation

Step 1. Retrieving data on student collaboration with programming peers
Step 2. Analyzing Student Collaboration with Programming Peers, the collaboration data
Step 3. Encouraging adaptive collaborative learning
Step 4. If the total points from collaboration are greater than or equal to Threshold Total
Collaboration Points Value GOTO Step 5 ELSE GOTO Step 6
Step 5. Granting dynamic community participation reward, GOTO Step 7
Step 6. Handling cases where the total points are below Threshold Total Collaboration Points Value,
handle low collaboration points.
{
e Provide suggestions on how student can increase collaboration with peers.
e Highlight the benefits of collaborative learning and its impact on student progress.
}
Step7. End

Student time management analysis. Core Engine’s Dynamic Time Management
Analysis, as shown in Algorithm 13, with suggestions from the Core Recommendation
Engine and insights provided by Core Engine’s Data Analytics and Personalization,
offers customized time management tips dynamically concerning programming.
This dynamic nature ensures that time is used effectively and aligns with students’
learning styles.
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Algorithm 13: Student Time Management Analysis Implementation

Step 1. Analyzing the data related to student time management

Step 2. Providing dynamic time management tips based on the analysis

Step 3. If the total points from time management are greater than or equal to Threshold Total
Management Points Value GOTO Step 4 ELSE GOTO Step 5

Step4.  Granting module comparison reward for effective time management, GOTO Step 6

Step 5. Handling cases where the total points are below Threshold Total Management Points Value,
handle low time management points.

{
o Offer personalized advice on improving time management skills.
e Provide challenges or activities to enhance time management.
o Display personalized tips for effective time management.
e Provide specific suggestions for improving time management skills.
e Propose challenges or tasks to help users practice and enhance time management.
}
Step6. End

Student reflection on learning journey. Core Engine Data Analytics and
Personalization recommend a learning path based on the adaptive learning paths
of students that are reflected in programming journeys as shown in Algorithm 14.
Core Engine Multidimensional Progression ensures variety and enrichment in the
learning process regarding coding.

Algorithm 14: Student Reflection on Learning Journey Implementation

Step 1. Obtaining student reflection on their dynamic programming learning journey
Step 2. Analyzing the student’s reflection to derive insights
Step 3. Providing personalized dynamic programming learning path recommendations
Step 4. If the total points from the reflection analysis are greater than or equal to Threshold Total
Reflection Analysis Points Value GOTO Step 5 ELSE GOTO Step 6
Step 5. Granting accessibility reward for a well-reflected learning journey GOTO Step 7
Step 6. Handling cases where the total points are below Threshold Total Reflection Analysis Points
Value, handle low reflection points.
{
e Encourage students to reflect more deeply on their learning experiences
o Send prompts or questions that encourage student to reflect more
profoundly
e Provide additional resources or challenges to enhance reflection
o Propose specific activities or challenges to enhance student
reflective practices

Step7. End

4  EXPERIMENTS AND RESULTS

To verify the analytical research results, experimental results are introduced
in this section. The experiment was conducted on students enrolled in an Internet
Programming course at Al Hussein Bin Talal University. It is an undergraduate-level
course taken by students majoring in computer science, artificial intelligence, and
software engineering. This study proposes that our gamification system improves
students’ performance more than the traditional university classroom method for
learning HTML programming. This section summarizes the statistical power analy-
sis performed to test the alternative hypotheses.
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4.1 Ethical considerations

Our study has been conducted according to ethical guidelines in the best interest
of privacy, data security, and equity in the analysis of students’ performance. Key
ethical measures include:

o Participant consent: Participants were informed of the purpose and the proce-
dures of our research methodology. The participants were informed in detail on
how their data would be used through an informed consent form. Participants
had the right to withdraw from the study at any time without any consequences.
The consent form clearly stated the purpose of the study, how the data would be
treated, and the rights of the participants.

o Data anonymization and security: All data about participants were ano-
nymized, using unique identifiers that ensured no direct link to personally iden-
tifiable information (PII). Anonymized data were securely stored in encrypted
formats on password-protected servers, with access restricted to authorized
researchers. Only aggregated data used for analysis and publication are effec-
tively minimized risks of identification of participants.

¢ Data handling and confidentiality All data handling followed institutional
data protection guidelines. All personnel who handling data signed confidential-
ity agreements to avoid misuse. Data collection, storage, and disposal procedure
were planned in a manner would ensure that the ethical best practices were
followed to protect participant data throughout the research.

e Minimizing potential biases: The participant sample has tried to be diverse on
the dimensions of gender, age, and academic backgrounds. Pre-tests were done
to establish a baseline with regard to familiarity with gamified learning systems
so that assessment would be on an equitable basis. Double-blind data analysis
protocols were followed to avoid subjective bias in interpreting the results.

e Transparency and accountability: The research methodology and analysis
processes were documented in detail to ensure reproducibility and enable peer
review. Where relevant, participants were given access to findings, promoting
openness and trust.

4.2 Materials
The materials used in this experiment were as follows:

e Gamification system: Develop an online learning game based on the HGLA
framework, embedding game elements such as points, badges, leaderboards, and
challenges in a manner relevant to learning HTML programming,.

e Traditional classroom materials: General textbooks, lecture notes, and
in-class exercises are deployed in the conventional method of teaching program-
ming in HTML.

¢ HTML programming proficiency tests: A similar standardized HTML
proficiency test, pre-test, and post-test were given to both groups, and were
designed to measure the student attainment of knowledge and skills in HTML
Programming, with scores ranging from 0 to 100 for both tests. At the begin-
ning of the study, all students in both groups took the same standardized HTML
proficiency test (pre-test) to ensure knowledge equivalence regarding HTML

International Journal of Interactive Mobile Technologies (iJIM) 59


https://online-journals.org/index.php/i-jim

Alshalabi et al.

programming between the two groups. At the end of the instructional period,
all students took the same standardized HTML proficiency test (post-test) in
both groups. This test measured students’ understanding and practical skills in
HTML programming at the end of the course.

4.3 Procedure

The quantitative semi-experimental study, using a convenience sample, was con-
ducted at the IT College of Al Hussein Bin Talal University. It involved four classes
of an HTML programming course covering HTML, CSS, and JavaScript. The classes
were divided into two groups: an experimental group and a control group (tradi-
tional classroom), both randomly assigned to the HTML programming course. The
experimental group and the control group followed the same syllabus, content
coverage, and study duration.

e Experimental group (gamification system): This group used a gamification
system to learn HTML programming.

e Control group (traditional classroom): This group used the traditional class-
room method to learn HTML programming,.

¢ Instructional period: Both groups underwent an instructional period of 16
weeks, covering the same syllabus and content but using different methods.

e Teaching method: Experimental group engaged with the gamification system,
which included interactive lessons, quizzes, and game-like elements, to motivate
learning. The control group attended traditional classroom sessions involving lec-
tures, discussions, and hands-on exercises, without any gamified elements.

¢ Monitoring and support: Both groups had access to the teacher for guidance and
support throughout the instructional period. Additionally, periodic assessments
were conducted to ensure that both groups progressed according to the syllabus.

e Results assessment: At the beginning of the study all students for both groups
took the same standardized HTML proficiency test (pre-test) to ensure the knowl-
edge equivalence of HTML programming between the two groups. also, At the
end of the instructional period, all students took the same standardized HTML
proficiency test scores (post-test) of both groups, this test measured their under-
standing and practical skills in HTML programming

4.4 Statistical analysis

This experimental design ensured a controlled comparison between the gamifi-
cation approach and the traditional classroom method, allowing for rigorous evalu-
ation of the impact of gamification on students’ HTML learning outcomes.

The primary analysis involved comparing the mean test scores of the two groups
to determine the effectiveness of the gamification system. The following statistical
procedures were used.

Descriptive statistics. Descriptive statistics are used to calculate the mean and
standard deviation for both groups. The pre-test scores, as shown in Table 2 and
Figure 4, were analyzed to ensure that both the experimental and control groups
were equivalent at the beginning of the study. The post-test scores shown in Table 3
and Figure 5 were analyzed to evaluate the effectiveness of the gamification system
compared to the traditional classroom method.
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Table 2. HGLA and control groups pre-test descriptive statistics of scores

Group Experimental Group Control Group
Mean 52.450 52.256
SD 3.823 3.324
Sig. Difference 0.8054
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w
~

Experimental Group Control Group

Fig. 4. Pre-test for the HGLA experimental group and control group student’s comparison graph

Table 3. HGLA and control groups post-test descriptive statistics of scores

Group Experimental Group Control Group
Mean 87.875 75.302
SD 3.770 3.067
Sig. Difference <0.001
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Experimental Group Control Group

Fig. 5. Post-test for the HGLA experiment group and control group student’s comparison graph
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Independent samples t-test. The independent samples t-test is compare the
mean scores of the experimental group (Mx) and the control group (My) and test the
hypotheses:

e Pre-test hypotheses:
HO (Null Hypothesis): There is no difference in the mean HTML profi-
ciency pre-test scores between the gamification and
traditional classroom groups (Mx-My = 0).
Ha (Alternative Hypothesis): The mean HTML pre-test scores of the two groups
were not equivalent (Mx-My = 0).

The independent samples t-test for the pre-test scores showed that there was no
significant difference between the groups (t = 0.2472, p = 0.8054), indicating that the
random assignment was effective and that the groups were comparable.

e Post-test hypotheses:
HO (Null Hypothesis): There is no difference in the mean HTML proficiency
test scores (post-test) between the gamification and
traditional classroom groups (Mx-My = 0).
Ha (Alternative Hypothesis): The mean HTML proficiency test score (post-test) of
the gamification group was greater than that of the
traditional classroom group (Mx-My > 0).

The independent samples t-test for the post-test scores revealed an extremely
statistically significant difference between the groups (t = 16.7181, p < 0.001), with
the Experimental Group outperforming the Control Group. This result supports the
alternative hypothesis (Ha) that the mean HTML proficiency test score of the gamifi-
cation group is higher than that of the traditional classroom group.

This study investigates the impact of a gamified learning system on HTML pro-
gramming proficiency among graduate students at Al Hussein Bin Talal University.
The results indicate that the HGLA Gamification Framework significantly enhances
students’ learning outcomes compared with traditional classroom methods. These
findings suggest that incorporating game-like elements into educational systems
can be an effective strategy for improving student engagement and academic
performance.

5  DISCUSSION

The results of this study have highlighted the effectiveness of the HGLA framework
in enhancing programming education, particularly for HTML programming. The
findings showed that the gamified approach was more effective than the traditional
classroom approach in engaging students in efforts to improve their proficiency.

A major advantage of the HGLA framework is its potential to scale in mobile
learning environments. The framework, by applying the use of mobile technologies,
can offer flexibility and accessibility to a greater number of students. The main key
features with high levels of relevance to mobile learning include real-time adap-
tive feedback, cross-device synchronization, and location-based tasks. These aspects
make the HGLA framework suitable for use at distance and low-resource environ-
ments where mobile devices have been found as the preferred medium choice for
accessing the learning material. Further developments may focus on fine-tuning
the framework to use it on more types of mobile devices and operating systems.
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Its offline capability and multilinguality will add much worth to make it accessible
for various learning environments.

While the study was focused on a convenience sample from the IT College of
Al Hussein Bin Talal University, its design lays a foundation for future research in
the extension of these findings across multiple programming courses, institutions,
and more diverse students. Such extensions would enhance the generalizability of
the results and, consequently, validate the applicability of the framework in var-
ied educational and cultural contexts. Therefore, a greater balance of participants
across institutions with various demographics and academic profiles might serve
to enhance this study in establishing the efficacy of the framework. Further, such a
longitudinal design tracking students over semesters will shed more detailed infor-
mation on the deeper impact that can be brought in by the HGLA framework.

In fact, the HGLA framework bears transformative potential in programming
education both over time and across a variety of institutions. Its gamification fea-
ture, combined with learning through narrative, maintains consistency in student
engagement and retention to attain skills in programming by continuously practic-
ing and learning progressively. Over several semesters, this translates into deeper
understanding and long-term expertise. Further standardization of the framework
across institutions would provide a basis for resource sharing and collaboration
toward developing a unified ecosystem for gamified learning. Its data-driven insights
support iterative improvements to ensure ongoing relevance and effectiveness. This
framework is thus, in addition to being applied across cultural and educational con-
texts, a useful tool in the effort to address inequities, foster inclusivity, and expand
access to quality education. Periodically updating the curriculum with respect to
industry standards will better prepare students to compete in technology-related
careers and assure their long-term success in an ever-changing job market.

6  LIMITATIONS AND FUTURE WORK

While the study and the HGLA framework present promising results and pro-
vide meaningful insights into programming education, several limitations should be
considered to properly contextualize the findings and guide future research efforts.

o Limitations in mobile applications: Despite the potential, the mobile application
of the HGLA framework is not without its limitations. First, the reliance on consis-
tent internet connectivity can be a barrier in regions with limited digital infrastruc-
ture. While the current framework provides a seamless experience for connected
learners, future development should consider offline capabilities to ensure conti-
nuity of learning in low-bandwidth or offline scenarios. Second, the user interface
design must be device and screen size-compatible, from a smartphone to a tablet
computer. Ensuring usability across those platforms is important for keeping learn-
ers engaged. Moreover, the design of mobile-specific gamification features needs
to consider cultural and educational contexts since they may affect the acceptance
of the gamified approach. Third, the integration of mobile technologies introduces
problems with privacy and security. While the study has emphasized data ano-
nymization and secure handling practices, mobile devices may add other vulnera-
bilities that must be addressed through robust cybersecurity measures.

o Exclusion of multilingual and non-English studies: One of the limitations
is that the literature review was conducted mainly based on research articles
published in English, excluding other language publications. This restrains the
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possibility of including potentially important findings from regions where gam-
ification in programming education has been studied but remains underrepre-
sented in publications released in the English language.

e Varied familiarity with gamified learning systems: The experience with
gamified learning systems was manifold among the participants, which may
influence their levels of engagement and, accordingly, their learning outcomes.
While initial assessments were conducted, these differences in previous expe-
rience might result in inconsistent results. This could be further controlled in
successive research by having a standardized initial introduction phase that famil-
iarized all participants with the gamified system before the intervention started.

e Cultural and educational context: These results may reflect the cultural and
pedagogical practices particular to the Jordanian educational system. The cul-
tural and pedagogical practices might influence the acceptance and effectiveness
of gamification in ways that could diverge from other educational systems. This
would be further supported by comparative studies across different cultural con-
texts to establish a wider applicability of the HGLA framework.

7  CONCLUSION

The HGLA framework, enriched with Core Engine components, opens a new
perspective in programming education. The integration of the Core Engine’s Data
Analytics & Personalization, Core Recommendation Engine, and Multidimensional
Progression into the programming courses offers an innovative adaptive environ-
ment. Students receive a dynamic and personalized learning process that helps them
engage in mastering their coding skills with satisfaction. The important strength of
the HGLA framework is that it is open to further development on mobile learning.
Since it is designed to be fully accessible, the framework provides for the learner
to work on content easily on a smartphone, tablet, or other mobile platforms. This
allows for inclusivity, especially for countries with different levels of digital infra-
structure, and gives an equitable opportunity for learning. Besides, the added value
of mobile-specific gamification features, such as location-based tasks, real-time adap-
tive feedback, and cross-device synchronization, extends the practical relevance of
the HGLA framework to a wide variety of educational contexts.

Long-term impacts of the HGLA framework on programming education out-
comes will be considered in future research, with particular emphasis on mobile
learning, along with its adaptability to other subjects and levels of education. The
proposed study will involve a larger sample from multiple institutions to ensure that
the results are more generalizable. Also, this might be complemented with the inclu-
sion of other triangulation methods and qualitative data through student feedback
for deepening insight into students’ experiences and preferences to further refine
gamified learning environments.
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