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Article Riwayat: Objective: This study aims to develop and evaluate G-Bond, a
Posted: March 11, 2025 gamification-based learning media designed to improve students' literacy,
Last Revised: May 10, 2025 visLnsatiun, and numeracy skills in learning chemical bonds. Methods:
Received: May 20, 2025 The research uses a Research and Development (R&D) approach witha 4D
Published: May 31, 2025 (Define, Design, Develop, Disseminate) model, limited to the development
Keywords: stage. A total of 35 high school students in Gresik Regency participated in
Literacy; Numeracy; Visualisation; the pretest-posttest design of one group. Five experts carry out validation
Gamification; Chemistry Learning through content assessment, design, and visualisation. Practicality was

tested through a student questionnaire, and effectiveness was measured
using an N-Gain score. Results: The G-Bond application obtained a perfect
validity score (average = 5), was rated very practical (95.14%), and showed
moderate to high effectiveness in improving literacy (N-Gain = 0.34),
numeracy (0.34), and visualisation (0.74). The most significant
improvement occurs in the visualisation aspect. Novelty: G-Bond is the
first gamification medium to simultaneously integrate three main skills in
one interactive platform based on the topic of chemical bonding. Unlike
previous media that focused only on a single aspect or were less connected
to the curriculum, G-Bond presents relevant and adaptive game-based
contextual challenges for both online and offline learning. Future
integration with Augmented Reality (AR) and Al technologies is proposed
to enhance immersive and personalised learning experiences.

INTRODUCTION

Chemistry learning at the secondary school level faces challenges in conveying
abstract concepts such as the structure and formation of chemical bonds, which require
high-level thinking skills, including submicroscopic representation, Numeracying, and
spatial visualization. Unfortunately, many students have trouble understanding the
relationship between theory and molecular representation. PISA 2022 data shows that
Indonesian students' science literacy and numeracy scores (396 and 379) are still far below
the OECD average, reflecting students' low scientific understanding and quantitative
skills (Bilad et al., 2024; PISA, 2023; Wijaya et al., 2024).

This condition demands an innovative learning approach. Conventional media such
as textbooks and two-dimensional simulations have not been effective in bridging
students' understanding. In contrast, technology-based approaches such as gamification
and augmented reality have been shown to improve understanding of abstract concepts
and learning engagement (Chiu et al., 2024; Wong et al., 2021).

In response to these challenges, the study developed G-Bond —a gamification-based
learning medium that integrates literacy, numeracy, and visualization in the topic of
chemical bonding. Based on constructivism theory, Self-Determination Theory (SDT),
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and floweory, G-Bond is designed to encourage active, interactive, and meaningful
learning. This research aims to: (1) develop a valid G-Bond media in content, design, and
visualization; (2) ass@fj its practicality; and (3) analyse its effectiveness in improving
students' skillm:hiu et al., 2024; Goldfarb et al., 2023; Salikhova et al., 2020).

The results of the Program for International Student Assessment (PISA) 2022 show that
the performance of Indonesian students in science literacy and numeracy is still far from
expectations, only recording scores of 396 and 379, respectively, far behind the OECD
Numeracy average, which is in the range of 489 and 492 (PISA, 2023; Wijaya et al., 2024).
These findings show that Indonesian students not only experience obstacles in
understanding scientific concepts but also have weaknesses in quantitative and
interpretive skills that are important in the field of chemistry. These low scores indicate
an urgent need for innovative learning approaches that not only address conceptual gaps
but also foster the quantitative reasoning and spatial understanding that are important
in chemistry. Traditional methods are not enough to bridge these shortcomings,
highlighting the urgency of adopting technologfienhanced interactive strategies such as
gamification and visual simulation to increase student engagement and understanding
of abstract scientific concepts(Bilad et al., 2024; Wijaya et al., 2024).

Unfortunately, commonly used learning media, such as textbooks and two-
dimensional static simulations, have not been fully effective in bridging students'
understanding of complex chemistry cofrepts(Baum et al., 2021). According to Wong et
al. (2021), technology-based approaches such as augmented reality (AR) and gamification
can create more immersive, interactive, and enjoyable lefgging experiences. Additionally,
the use of game-based quizzes and visual simulations has been shown to significantly
improve student learning outcomes(Wong et al., 2021).

In response to this need, researchers developed G-Bond, a gamification-based learning
app designed to integrate three essential competencies in 21st-century chemistry
learning: science literacy, spatial visualization, and quantitative numeracy. This media
leverages interactive features and game-based narratives to facilitate the real-time
exploration of chemical bond concepts. With a points system, challenge level, and instant
feedback, G-Bond encourages active student engagement and supports autonomous and
continuous learning (Abukari et al., 2022).

Theoretically, G-Bond's gamification approach refers to the Theory of Self-
Determination (SDT), which states that motivation to learn will increase if students feel
autonomy, competence, and connectedness. In addition, the app also refers to the
Csikszentmihalyi scheme theory, which emphasises the importagp of challenge and
focus in building an optimal learning experience. This combination is expected to be able
to overcome low student involvement and make the learning process more meaningful
(F@liyanto & Anjariyah, 2024; van Dinther et al,, 2023).

The novelty of this research lies in the development of G-Bond as a digital-based
gamification media that integrates literacy, visualization, and numeracy simultaneously
in one interactive learning platform. The uniqueness of this approach compared to
previous research is the integration of cross-domain competencies in a single game-based
application tailored to a specific chemical topic, namely chemical bonds. Previously,
many studies focused only on one aspect of skills, such as literacy or visualization, or
used educational games without a deep alignment with chemical numerical competence.
This research offers a holistic approach based on constructivism theory and Self-
Determination Theory (SDT) in designing gamification that not only facilitates
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conceptual understanding but also builds students' intrinsic motivation simultaneously.
Additionally, the use of challenge-based scenarios, contextual numerical quizzes, and 3D
animation makes G-Bond superior to similar learning media because it conmfjines
substantive content with pedagogically relevant interactive elements (Dwiningsih et al.,
2022; Lutfi et g, 2021; Wijanarko et al., 2023; Wijanarko & Solikhin, 2023).

Therefore, this study aims to develop and evaluate the effectiveneggjof G-Bond
learning media in the context of technology-based chemistry learning. This research
specifically aims to: (1) develop G-Bond learning media that is valid in content, design,
and visual @gplay; (2) assess the practicality of G-Bond based on student responses; and
(3) analyse the effectiveness of G-Bond in improving students' literacy, numeracy, and
visualization skills on the topic of chemical bonding.

RESEARCH METHODS

Research Design

This research uses a Research and development (R&D) approach with a 4D (Define,
Design, Develop,fnd Disseminate) model developed by Thiagarajan (Thiagarajan et al.,
1974). However, this research has only been carried out until the development stage,
namely the development angf§esting of the application of G-Bond in chemistry learning.
The research design used is the One Group Pretest-Posttest Design, where one group of
students is given a pretest before treatment (using the GgBond application) and a posttest
after treatment. This design was chosen to measure the effectiveness of the G-Bond
application in improving students' literacy, numeracy, and visualization in
understanding the concept of chemical bonding. However, it does not allow for direct
comparisons with conventional learning methods

G-Bond Application Flowchart

Leaming
Objectives

Display
leaming
objectives

Display
instructions

for using the
G-Bond app

Figure 1. G-Bond Application Flowchart

To provide a comprehensive overview of the G-Bond application workflow, this
section presents a flowchart that represents the sequence of processes, key features, and
user interactions during learning. This flowchart aims to show how G-Bond is designed
to facilitate a gamification-based learning experience systematically, from initial access to
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challenge-based quiz completion. By understanding these flows, developers and
educators can gain a mter understanding of the logical structure of the app, as well as
how each component supports the development of literacy, visualization, and numeracy
skills in an integrated manner. The G-Bond Application Flowchart is illustrated in Figure
1.
27

Sample Population and Research

Thegpopulation in this study consists of grade XI students majoring in Natural Sciences
(IPA) at one of the secondgfly schools in Gresik Regency during the 2023/2024 school
year. A total of 35 studeffy were selected using purposive sampling techniques based on
specific criteria that are in line with the research objectives, including: (1) the availability
of technology-based learning facilities, such as computer laboratories and stable internet
access to ensure optimal use of the G-Bond application; (2) heterogeneous student levels
of understanding, determined through pretest scores and teacher observations,
categorised as low (<50), medium (50-75), and high (>75) to represent diverse academic
abilities; and (3) institutional support from the school, which includes infrastructure
readiness, permits for research activities, and students' willingness to engage in G-Bond
interventions. This intended sampling approach is aligned with developmental research
principles, ensuring that product testing takes place in a realistic and varied educational
context

Bgsearch Instruments
The instruments used in this study include three main aspects: validity, practicality, and
effectiveness of the G-Bond application.

1. Instruments of Validity

The validity of ﬂa media was tested through expert assessments from five validators,
consisting of expert lecturers in the fields of chemistry education, learning technology,
and learning media. The validation process includes aspects of content validity,
f@nstruction, and visual display, as recommended by Nieveen (1999), who emphasises
the importance of validation in the development of learning tools to ensure the
appropriateness of instructional content and design. A 5-point Likert scale is used in this
process, wifll categories 1 = Invalid to 5 = very valid. G-Bond Media is declared valid if
it obtains an average score of = 4, which falls into the valid category or very valid
category.

2. [mstruments of Practicality
The practicality of the application was measured using a student response
questionnaire, which included thr main indicators: (1) Ease of use of the application,
(2) Readability and presentation of the material, and (3) Student involvement in learning.
This concept of practicality refers to the usability theory put forward by Nielsen (1994),
where ease of use and efficiency are the main benchmarks in the assessment of
educational digital media. Practicality data are analysed using the following percentage
formula: 4
The practicality category is determined based on the evaluation standards of learning
media as follows:
e 81-100% = Very Practical
s« 61 -80% = Practical
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¢ 41 -60% = Quite Practical
s« 21 -40% = Less Practical
¢« 0-20% = Impractical

3. Effe@fveness Instruments

The effectiveness of the G-Bond application was evaluated through a pretest and
posttest, which were designed based on lit@gcy, numeracy, and visualization indicators
in chemistry learning. Better analysis of learning outcomes is carried out using the
Normalised Gain (N-Gain) method, as introduced by, which is the standard method in
measuring the effectiveness of pretest and pogfijtest-based learning interventions.

The N-Gain formula used is Effectiveness data analysis was carried out by calculating
the N-Gain score formch literacy, numeracy, and visualization indicator, referring to
Hake (1998). To test the significance of the d#fference in pretest and posttest results, a
paired sample t-test is performed. All of these statistical analyses used IBM SPSS Statistics
software version 23.0. The consistent use of a single version of the software aims to
guarantee transparency and ease @f replication.

The interpretation criteria for the N-Gain score refer to the research of Hake (Hake,
1998), namel}ﬁ
¢ g=0.7=High
e 03<g<0.7=Medium

< =
e g<03=Low =

Furthermore, N-Gain data was processed using Software Statistical Package for
Social Sciencg#§PSS) version 23.0. Based on the descriptive data, the normalised gain data
obtained the maximum value, minimum value, average, and standard deviation of the
final test in the experimental class and control class, and then continued by calculating
the normality test

RESULTS AND DISCUSSION
Result
Validity Results

Five experts in chemistry education and learning technology validated the G-Bond
application. This validation process incll@s three main aspects: content validity,
construction validity, and visual validity. Based on the results of the assessment, an
average score was obtained, as listed in Table 1.

Table 1. Classification of Interpretation of Validity Coefficients

Validation Aspects Average score Category

content 48 Highly Valid
Construction 4.6 Highly Valid
Visual 4.7 Highly Valid

B

The results of the study showed that the G-Bond application met excellent standards
of academic validity in every aspect assessed. This high validity signifies that the app can
present learning materials that are aligned with the curriculum, intuitive navigation, and
visualizations that support concept understanding. This is in line with Azizah and
Ardhana's research, which confirms that technology-based learning media can increase
chemical effectiveness if it has strong academic validity.
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Figure 2. G-Bond Application Design (a) Visual skills, (b) Numeracy skills,
(b) Literacy skills

Practical Results

The practicality of the G-Bond app is measured through a student response
questionnaire after they use it to learn. The results of the analysis showed that 95.14% of
respondents stafgf that this application is very practical and easy to use. Details of the
practical results are shown in Table 2.

Table 2. Practical Results

Practical Aspects Percentage (%) Category

Ease of Use 96.5 Very Practical
Material Readability 91.3 Very Practical
Student Engagement 97.8 Very Practical

These findings show that G-Bond is not only designed to present materials effectively
but also considers the factors of ease of access and user convenience. In line with the
results of Christina, Selanfgt, and Sanjaya's research, interactive and game-based learning
media have been proven to be able to improve students' learning experiences in a more
flexible and interesting way.

Effectiveness Results
At this stage of the effectiveness test, pretest and posttest sheet instruments consisting of
Literacy, Visual, and Numeracy skills were reviewed from several aspects.

Literacy and Numeracy data results
The results of Literacy and Numeracy data are presented through the Normality Test, as
shown in Table 3.
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3
Table 3. Literacy and Numeracy Normality Test

Kolmogorov-Smirnova Shapiro-Wilk
Statistics Df Sig. Statistics Df Sig.
Prates 188 23 035 889 3 05
ost-tests 145 23 .200" 961 23 490

Thg normality test was carried out using the IBM SPSS Statistics application version
23.0. Based on the Table, the nomﬁl‘y test found that the mark. For the pretest, it is 0.15,
and for the posttest, it is 0.490. The Shapiro-Wilk test indicated that the pretest and
posttest scores were normally distributed (p > 0.05).

The results of the normality test are then used to perform the t-test. The t-test aims to
determingef there is a significant difference between the pretest and the posttest.

Table 4. T-test on the difference in pretest and posttest scores of literacies and numeracy
Mean Difference

Std. 95% Difference Sig. (2-
Mean Star.lcla.rd Standard Confidence t Dr tailed)
Deviation
Error Interval
Pretest- ¢ 7757 1.617 9833 3124 -4005 22 001
Pastates

g
Table 4 shows the significance value (2-tailed) is 0.001 (< 0.05), indicating that Ho is
rejected and Ha is accepted, which means that there is a significant difference between
pretest and posttest scores. Inaddition, the effect size calculated using Cohen's d was 0.84,
categorised as large, suggesting that G-Bond had a strong impact on improving students'
literacy and numeracy skills. In addition, qualitative feedback from participants
supported these quantitative findings. Some participants stated that:
e “The bond energy calculation quiz feature in G-Bond helped me
understand faster how to calculate bond strength without feeling bored
like I would during reqular class exercises.” (Participant 7)
e “The explanation of the types of chemical bonds in G-Bond is easier to
understand because it is presented through interactive stories and
images, not just textbook definitions.” (Participant 5)
o “When working on problems about covalent and ionic bonds, I became
more excited because there were points and animations when my
answers were correct. So, I read the questions and calculated more
carefully.” (Participant 16)

Thus, the integration of gamification in G-Bond notgBly improves learning outcomes
quantitatively but also strengthens motivation and understanding of the concept of
chemical bonding through an interactive and fun learning experience.

Table 5. N-Gain score for literacy and numeracy
Pretest Pascates N-Gain Category
82,13% o 88,60% 0,34 Medium

Based on Table 5, the N-Gain score shows 0.34, meaning that the N-Gain score is= 0.7
in the medium category. Thus, the G-Bond application that has been developed is
effectively used to improve Literacy and Numeracy.
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Visual Data Results

able 6. Normality Test for students' visual comprehension

Kolmogorov-Smirnova Shapiro-Wilk

Statistics Df Sig.. Statistics Df Sig..
Pretest 151 3 189 897 3 022
Post-tests 387 23 .000 645 23 .000

The normality test was carried out using the IBM SPSS Statistics application version
23.0. Based on Table 6, the normality test found the mark. For the pretest, it is 0.022, and
for the posttegg, it is 0.000. From the data, pretest scores, and posttests are usually
ﬁstributed in the Shapiro-Wilk test, with a mark. >0.05. A t-test was carried out based on
the results of the normality test.

Table 7. T-test on the difference in pretest and posttest SCOEFp visualization

Mean Difference t Df Sig. (2-
Mean  Standard  Std. 95% Difference tailed)
Deviation Standard  Confidence Interval
Error Lower Above
Pretest - - 15.142 3157 -19.330 -6.235 - 22 .001
Pastates 12.783 w 4.049

Based on Table 7, the significance value (2-tailed) is < 0.001, indicating that g;;
rejected, and Ha is accepted, which means that there is a significant ¢ffference between
pretest and posttest scores. This confirms that the G-Bond application is very effective in
improving students' visual comprehension.

Table 8. N-Gain score for visualization
Pretest Post-tests N-Gain Criterion

79,82% 92,60% 0,74 Tall

1
Based on Table 8, ae N-Gain score shows 0.74, meaning that the N-Gain score is=> 0.7
in the high category. Thus, the degploped G-Bond app effectively improves students'
visual comprehension. To measure the effectiveness of the application, an N-Gain Score
test was conducted to comparfgstudents' pretest and posttest results after using G-Bond

in chemical bonding learning. The results of the analysis are sh in Table 9.
Table 9. Recap of the Effectiveness of G-Bond Media Based on N-Gain
Category Pre-test (%) Posttest (%) N-Gain Category N-Gain
Literacy 62.5 81.2 0.50 Medium
Many 58.7 793 0.45 Medium
Visualization 64.2 90.5 0.74 Tall

The data showed that the most significant improvements occurred in the visualization
aspect, which reached the highest category. This shows that using simulations and
interactive animations in G{gnd is essential in helping students understand abstract
chemical bonding concepts. These findings are in line with Hasanah's research, which
states that interactive visual-based learning media can improve students' understanding
of complex chemical concepts.
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Discussion

Validity Analysis

Five experts in chemistry education and learning technology evaluated the validity
of the G-Bond application. This validation includes three main asp@ts: content validity,
construction, and visualization. The results showed that the app obtained an average
score of >4 (a very valid category), which shows that G-Bond has met academic standards
in presenting learning materials according to the curriculum. According to Johnstone's
Triangle Theory, understanding chemistry must consider the relationship between
macroscopic, symbolic, and submicroscopic representations. G-Bond successfully
provides a visualization-based approach to bridge the difficulties in understanding
abstract chemical bond concepts. This suggests that technology-based media can improve
understanding of chemistry through more intuitive visual representations (Coduto et al.,
2024; Lutfi et al., 2021; Nurviandy & Dwiningsih, 2021)

Practical analysis

The practicality of the G-Bond application is measured tffrough a student response
questionnaire, which includes ease of use, readability of the material, and student
involvement in learning. The anaysis showed that 95.14% of respondents stated that the
app is practical and easy to use. This is in line with previous research that showed that
the use of technology-based media can increase student engagement. According to Self-
Determination Theory, students' engagement in learning increases when they feel they
have control over their learning experiences. G-Bond enables interactive exploration,
provides game-based challenges, and provides hands-on Edback, supporting students'
needs for autonomy, competence, and connectedness in the learning process. The
practicality of this application is also supported by a gamification-based design that
utilises the Flow theory of Csikszentmihalyi. This theory states that students are more
motivated when they are in a state of "flow," where they are fully engaged in activities
without external barriers. G-Bond uses this principle by providing a system of points,
challenge levels, and instant feedback to enhance the student learning experience (Anisa
Lailatul Azizah & Ardhana, 2023; Chiu et al., 2024; Goldfarb et al., 2023; Mills & Allen,
2020; Rohman & Fauziati, 2022; Salikhova et al., 2020).

Analysis of Effectiveness in Literacy, Numeracy, and Visualization
Literacy

Literacy in chemistry learning includes students' ability to read, understand, and
interpret chemical texts, graphs, and symbols. A good understanding of chemical literacy
is essential in improving analytical and scientific problem-solving skills. G-Bond helps
improve students' literacy by providing narrative-based content and interactive
discussions that connect theory with real-life applications. This allows students to see
how their concepts are applied in everyday situations, such as using chemical bonds in
the pharmaceutical industry and environmental contextual-based learning theories.
students' understanding is enhanced when they can directly relate chemical concepts to
the phenomena they experience. G-Bond supports this approach by providing problem-
based scenarios that require students to analyse and interpret data before making
scientific decisions. Thus, the app not only improves reading skills and understanding of
chemical symbols but also trains students' critical thinking skills in applying concepts in
various fields.
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In addition, based on Vygotsky's theory of constructivism, learning will be more
effective when students interact with the material actively and socially. At G-Bond,
interactive discussions facilitated by the game-based learning feature allow students to
exchange understandings, build arguments, and build their concepts through
collaborative reflection and problem-solving. This interaction strengthens science literacy
as students not only read and understand but also communicate their scientific ideas in
a more structured way Overall, the gamification approach implemented in G-Bond
improves students' chemistry literacy in a more contextual, collaborative, and actively
exploration-based way The main effect of this literacy increase is the increased ability of
students to read experimental data, understand the relationship between chemical
concepts, and translate the theory into more tangible scientific practice. These difficulties
are often caused by students' inability to relate mathematical concepts to the chemical
context and limitations in quantitative understanding of the relationship between
molarity, reaction equations, and mass conservation.

Numeracy

G-Bond provides a numerical practice feature that allows students to practice
number-based problem-solving gradually, with immediate feedback. Based on cognitive
load theory, students have difficulty in Numeracying due to excessive mental workload
when they have to simultaneously understand the relationship between numbers,
chemical concepts, and mathematical equations. G-Bond reduces this burden by
implementing a phased approach in which students are given practice questions that
start with basic concepts before moving on to more complex calculations. Although the
increase in numeracy in this study is still in the moderate category, gamification-based
methods have shown positive results in improving students' analytical skills. In the study
by Anisa Lailatul Azizah and Ardhana, students who studied with a gamification
approach and greater involvement in solving chemical calculations compared to
conventional methods (Anisa Lailatul Azizah & Ardhana, 2023).

In addition, Vygotsky's scaffolding principle suggests that students will have an
easier time understanding numeracy if given gradual support that matches their level of
cognitive development. In G-Bond, students are given step-by-step instructions in
solving bond energy calculations and stoichiometric problems before finally being asked
to solve the problem independently. Overall, the gamification-based approach at G-Bond
not only increases students' interest in numerical problems but also facilitates a more
systematic process of understanding numeracy concepts. Integrating interactive and
scenario-based features allows students to connect chemical calculations with their real-
life applications, improving their analytical abilities and quantitative problem-solving
skills.

Visualization

The most significant improvement in this study was observed in the visualization
aspect (N-Gain = 0.74, high category), highlighting the important role of interactive 3D
models in improving students' understanding of complex molecular structures.
According to Dual Coding Theory (Paivio) and Cognitive Load Theory, combining visual
and verbal information reduces cognitive load and improves retention, which explains
why G-Bond's dynamic simulation effectively supports conceptual mastery.

These findings are consistent with studies by Wong et al. (2021) and Dwiningsih et
al. (Isaloka & Dwiningsih, 2020; Nisa & Dwiningsih, 2021), which shows that technology-
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based visual tools significantly reduce misconceptions in abstract chemistry concepts by
offering manipulable representations. Traditional 2D methods often fail to convey the
spatial relationships that are essential for understanding covalent and ionic bonds.

In addition, based on the Spatial Intelligence Theory, direct interaction with visual
models enhances students' ability to mentally manipulate molecular geometry, fostering
a deeper understanding. G-Bond integrates gamification tasks that require the
exploration of molecular structures, thus promoting active engagement and conceptual
clarity.

In contrast, the increase in literacy and numeracy is moderate due to their reliance
on textual and mathematical reasoning, which requires different cognitive strategies and
longer engagement for mastery. Overall, these results underscore the importance of
embedding interactive visual simulations within gamification frameworks to effectively
address the abstractions inherent in chemistry learning and to develop students' spatial
reasoning skills that are essential for mastering molecular concepts.

CONCLUSION

Key Findags‘. This study shows that G-Bond is a valid, practical, and effective
gamification-based learning medium in improving students' skills in literacy, numeracy,
and especially the visualization of chemical bond concepts. Through a narrative-
interactive approach and game-based challenges, G-Bond has succeeded in creating a
more engaging and participatory learning experience. Implications: The results of the
study confirm that gamification can be an effective instructional strategy to overcome
difficulties in understanding abstract concepts of chemistry. The use of G-Bond can
support learning that is more contextual, motivating, and aligned with the needs of 21st-
century learning. Theoretical Contribution: G-Bond contributes to the development of
cross-domain gamification models in chemistry education, integrating literacy,
visualization, and numeracy simultaneously. This integration is based on constructivism
theory, Self-Determination Theory, and Flow Theory, which strengthens the pedagogical
framework of technology-based interactive learning. Limitations: The single-group
pretest-posttest design without the control group limits the generalisation of results.
Research has also not evaluated the long-term impact on student learning retention.
Recommendation: Follow-up research is recommended using an experimental design
with a control group. G-Bond also needs to be further developed by integrating Al
technology for adaptive learning paths, as well as AR simulations and analytics
dashboards to improve personalisation, engagement, and effectiveness of monitoring
students' learning processes.
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