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ABSTRACT
Understanding computer networks requires a strong cognitive 
foundation, particularly in mastering abstract concepts such as network 
topology, device configuration, and data transmission processes. 
However, conventional learning methods are often limited in providing 
concrete visualization and interactive experiences. This study aims to 
develop and evaluate a serious game integrated with augmented reality 
(AR) technology to improve students’ cognitive learning outcomes in 
computer networks. This research employed a development approach by 
integrating serious game design with AR­based visualization. The 
development process involved asset creation, learning objective 
formulation, scenario design, and the implementation of problem­based 
cases on computer network concepts. The resulting product allows 
students to interact with virtual network devices in a real­world 
environment via mobile devices, enabling flexible learning anytime, 
anywhere. The evaluation phase included expert validation, user testing, 
and effectiveness testing. The results indicated that the developed media 
is feasible and effective for learning. Media expert validation reached 
73.50%, while material expert validation achieved 87.50%, both 
categorized as highly feasible. User responses showed a feasibility level 
of 85.26%, indicating positive acceptance. Furthermore, the 
effectiveness test demonstrated a moderate improvement in students’ 
cognitive learning outcomes, with a gain percentage of 64.41%. The 
quantitative scores were obtained by converting Likert­scale ratings into 
percentages using a standardized formula to ensure transparency and 
consistency in data analysis. In conclusion, the integration of serious 
games and augmented reality provides an interactive and contextual 
learning experience that supports cognitive understanding of computer 
networks. This approach is considered both feasible and sufficiently 
effective for implementation in vocational education settings, 
particularly in technology­based learning environments.
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■ INTRODUCTION
Learning about computer networks is 

becoming increasingly important in the digital 
era due to the rapid development of 
information technology across various sectors 
(Sringeswara et al., 2026; Li et al., 2025; Xu, 
2025). Computer networks form the backbone 
of modern communication systems, requiring 
students not only to understand theoretical 
concepts but also to apply them in real­world 
contexts (Speicher et al, 2026; Liu et al., 2022; 
Song et al., 2022). However, mastering 
computer network concepts remains 
challenging for many students, particularly at 
the vocational education level.

Previous studies have highlighted that 
computer network materials are inherently 
complex, involving abstract concepts such as 
network topology, protocols, routing 
mechanisms, and data transmission processes 
(Mansour et al., 2023; Rahdari et al., 2024). 
Conventional teaching methods, including 
lectures and textbook­based instruction, often 
fail to provide sufficient visualization and 
interaction, resulting in low student 
engagement and limited conceptual 
understanding (Panday, 2024; Borliboune et al., 
2025; Kanakis et al., 2022). As a consequence, 
students frequently struggle to connect 
theoretical knowledge with practical 
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implementation.
In the context of vocational education, 

particularly at SMK N 1 Godean, preliminary 
observations and informal interviews with 
teachers revealed several critical issues. First, 
students had difficulty identifying and 
understanding network devices such as routers, 
switches, and access points. Second, the 
availability of physical laboratory equipment 
was limited, restricting hands­on practice 
opportunities. Third, initial diagnostic test 
results indicated that the average student score 
in basic computer network concepts was below 
the minimum competency standard (KKM), 
reflecting low cognitive mastery. These 
findings highlight an urgent need for innovative 
learning media that can bridge the gap between 
theory and practice.

To address these challenges, emerging 
technologies such as serious games and 
augmented reality (AR) have been increasingly 
explored in educational contexts. Serious 
games, which are designed for purposes beyond 
entertainment, have been shown to enhance 
student engagement, motivation, and learning 
outcomes (Yamoul et al., 2024; Brackenbury et 
al., 2022; Arias et al., 2022). Meanwhile, AR 
technology enables the integration of virtual 
objects into the real­world environment, 
allowing students to visualize abstract concepts 
more concretely and interactively (Trinova, 
2026; AlGerafi et al., 2023; Hajirasouli et al, 
2022; Latif et al., 2024).

The integration of AR into serious games 
offers a promising approach to support 
cognitive learning processes. AR can present 
three­dimensional representations of network 
devices and simulate real­world scenarios, 
enabling students to interact with virtual 
objects as if they were physically present 
(Zekeik et al., 2025; Shirley et al., 2025; 
Chokshi, 2025). This aligns with cognitive 
learning theory, which emphasizes the 
importance of visualization, interaction, and 
contextual learning in facilitating deeper 
understanding (Mahardhika et al., 2025; 
AlGerafi et al., 2023; Gavrilas et al., 2025; 
Alatawi et al., 2025). By combining game­
based learning with AR, students can engage in 
problem­solving activities, explore network 
configurations, and receive immediate 
feedback, thereby strengthening their cognitive 
skills.

The proposed learning media is grounded 
in constructivist learning theory, which 
emphasizes active knowledge construction 
through interaction and experiential 
engagement. Through interactive AR 
visualizations and problem­based serious­game 
scenarios, students are encouraged to actively 

explore computer network concepts rather than 
passively receive information. In addition, the 
developed system aligns with the Cognitive 
Theory of Multimedia Learning, in which 
visual, spatial, and interactive representations 
facilitate deeper cognitive processing and 
reduce the complexity of abstraction in 
technical subjects such as computer 
networking. The immersive interaction 
provided by augmented reality also supports 
experiential learning by enabling students to 
simulate practical networking scenarios in 
contextual learning environments.

From a technical perspective, the AR 
system developed in this study employs a 
marker­based tracking approach implemented 
with the Vuforia SDK integrated into the Unity 
game engine. The application detects 
predefined markers (image targets) and renders 
3D models of network devices, such as routers, 
switches, and network cables, in real time. 
When the camera recognizes a marker, the 
corresponding virtual object appears on the 
screen, allowing users to observe, rotate, and 
interact with it. This approach ensures stability, 
accuracy, and ease of implementation in 
classroom environments.

The developed media consists of two 
main components: (1) a serious game 
environment that presents problem­based 
learning scenarios in computer networks, and 
(2) an AR module that visualizes network 
devices and supports interactive exploration. 
Through this integration, students are expected 
to experience a more immersive and 
meaningful learning process.

Despite the growing number of studies on 
AR in education, there remains a lack of 
research specifically focusing on its application 
in vocational high schools, particularly on 
improving cognitive learning outcomes in 
computer networks. Most previous studies have 
focused on usability and technical 
implementation rather than measuring learning 
effectiveness in real classroom settings. 
Therefore, this study aims to fill this gap by 
developing and evaluating an AR­based serious 
game tailored to vocational students.

Although previous studies have 
demonstrated the positive impact of augmented 
reality and serious games on student 
engagement, several limitations remain 
unresolved (Tian et al, 2026; Chen, 2025; 
Dritsas et al., 2026). Most existing studies 
focus primarily on usability evaluation rather 
than cognitive learning effectiveness measured 
through quantitative statistical analysis. In 
addition, prior AR educational systems often 
emphasize general STEM learning contexts 
without addressing vocational computer 
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networking education, where abstract 
infrastructure visualization and practical 
troubleshooting skills are essential (Jiang et al., 
2025; Garg et al., 2025). Furthermore, many 
studies fail to integrate contextual problem­
solving mechanisms with immersive AR 
interactions, resulting in limited cognitive 
reinforcement (Su et al., 2026). Therefore, this 
study addresses these gaps by developing an 
AR­based serious game specifically tailored for 
vocational computer network learning and 
evaluating its effectiveness through expert 
validation, user acceptance, normalized gain 
analysis, and inferential statistical testing.

Unlike previous AR­based educational 
systems that primarily focus on visualization or 
engagement, the proposed study integrates 
problem­based serious­game mechanics with 
marker­based augmented reality, specifically 
designed for vocational computer network 
education (Yanti et al., 2025; Jang et al., 2026; 
Pallavicini et al., 2026). The proposed system 
not only visualizes network devices in three­
dimensional environments but also embeds 
contextual troubleshooting scenarios, 
interactive topology exploration, and cognitive 
reinforcement tasks that align with vocational 
competency standards. Furthermore, this study 
evaluates not only usability but also cognitive 
learning effectiveness using statistical learning­
gain analysis and inferential testing in real 
classroom settings.

Based on the background and identified 
problems, the research questions of this study 
are formulated as follows:
RQ1. How feasible is the developed AR­based 

serious game for computer network 
learning based on expert validation and 
user responses?

RQ2. How effective is the AR­based serious 
game in improving students’ cognitive 
learning outcomes in computer networks?

RQ3. How does the integration of AR   
technology in serious games influence 
students’ engagement and understanding 
of abstract network concepts?

Accordingly, the hypothesis of this study 
is that the use of an AR­based serious game 
significantly improves students’ cognitive 
learning outcomes in computer network 
subjects. In summary, this study proposes an 
innovative learning approach that integrates 
serious games and augmented reality to 
enhance cognitive understanding of computer 
networks. This approach is expected to provide 
a practical solution to the limitations of 
conventional learning methods, particularly in 
vocational education contexts.

■ METHOD
This study employed a systematic 

approach to develop and evaluate an augmented 
reality­based serious game for learning 
computer networks. The research design 
integrates a Research and Development (R&D) 
approach using the ADDIE model with a quasi­
experimental method to measure the 
effectiveness of the developed media (Dong et 
al., 2023). The methodological framework 
consists of four main components: participants, 
research design and procedures, instruments, 

Figure 1. Development procedures
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and data analysis (Sial et al., 2024).

Participants
The participants of this study were 

students of SMK Negeri 1 Godean, particularly 
those enrolled in the Computer and Network 
Engineering (TKJ) program. The population 
consisted of all students in Grade XI, totaling 
72 students. The sample was selected using 
purposive sampling, targeting students who had 
already taken basic computer network courses. 
A total of 36 students were selected as research 
subjects for the effectiveness test. Additionally, 
expert validators were involved in this study, 
consisting of 2 media experts (educational 
technology specialists) and 2 material experts 
(computer network subject teachers). These 
experts were responsible for evaluating the 
feasibility of the developed learning media.

Research Design and Procedures
This development research applied the 

ADDIE Model, combined with a quasi­
experimental design (one­group pretest­
posttest) to evaluate effectiveness. The analysis 
stage focused on identifying the learning 
problems students encountered in 
understanding computer network concepts. 
This stage was conducted through classroom 
observations and informal interviews with 
teachers. The findings revealed that students 
had difficulty in comprehending abstract 
concepts related to network devices and their 
functions. In addition, the learning process was 
still dominated by conventional methods, with 
limited use of interactive or visual learning 
media. As a result, students’ cognitive 
understanding remained low, particularly in 
topics requiring spatial and conceptual 
visualization. These findings highlight the need 
for innovative learning media that can present 
computer network concepts in a more concrete, 
interactive, and contextual manner. Based on 
the results of the analysis stage, the design 
phase was carried out by formulating clear 
learning objectives and structuring the serious 
game framework. The learning objectives were 
aligned with the vocational curriculum, 
focusing on students’ cognitive understanding 
of network devices, topology, and 
communication concepts. Furthermore, the 
structure of the serious game was designed to 
include game scenarios, learning flow, and 
integration of augmented reality (AR) 
elements. The game scenarios were developed 
using a problem­based approach, allowing 
students to engage in simulated real­world 
networking situations. The learning flow was 
carefully organized to ensure a progressive 
learning experience, starting from basic 

concepts to more complex problem­solving 
activities. In this phase, the integration of AR 
technology was also planned to enable the 
visualization of virtual network devices within 
a real­world environment, thereby enhancing 
students’ conceptual understanding.

The evaluation stage was conducted to 
assess the feasibility and effectiveness of the 
developed learning media. This stage consisted 
of several components. First, expert validation 
was conducted by media and materials experts 
to evaluate the application's quality across 
usability, interface design, interactivity, 
technical performance, content accuracy, and 
curriculum alignment. Second, user response 
questionnaires were administered to students to 
measure their perceptions of the application's 
ease of use, engagement, motivation, and 
usefulness. Finally, an effectiveness test was 
conducted using a pretest­posttest design to 
measure improvements in students’ cognitive 
learning outcomes following use of the AR­
based serious game. The results of this 
evaluation stage were used to determine 
whether the developed media was feasible and 
effective for implementation in vocational 
education settings.

The effectiveness of the media was tested 
using a one­group pretest­posttest design (Abdi 
et al., 2025). The study was conducted over 4 
weeks, including development trials and 
classroom implementation. This study 
employed a one­group pretest­posttest design 
due to practical constraints in classroom 
implementation within the vocational education 
environment. Although the results 
demonstrated statistically significant 
improvement in students’ cognitive learning 
outcomes, the absence of a control group may 
limit the ability to fully isolate the intervention 
effect from external factors such as maturation, 
testing effects, and environmental influences. 
Nevertheless, this design was considered 
appropriate for preliminary evaluation of the 
developed learning media in authentic 
classroom settings. Future studies are 
recommended to use randomized controlled 
experimental designs across multiple 
institutions and larger participant populations to 
strengthen causal inference, external validity, 
and generalizability of the findings.

Instruments
Several instruments were employed in 

this study to collect comprehensive data related 
to the feasibility and effectiveness of the 
developed AR­based serious game. Cognitive 
learning outcomes were measured using a 20­
item multiple­choice test designed to assess key 
indicators, including students’ understanding of 
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network devices, network topology concepts, 
and basic configuration and communication 
processes in computer networks. The test 
instrument was developed based on vocational 
curriculum standards and informed by prior 
studies in computer network education. In 
addition, a 15­item media validation 
questionnaire was administered to media 
experts to assess usability, interface design, 
interactivity, and technical performance. A 12­
item material validation questionnaire was also 
administered to subject matter experts to assess 
content accuracy, relevance to the curriculum, 
and clarity of learning objectives. Furthermore, 
a 15­item user response questionnaire was 
distributed to students to measure their 
perceptions of ease of use, engagement, 
learning motivation, and perceived usefulness 
of the developed media. All non­test 
instruments utilized a 4­point Likert scale, 
ranging from 1 (very poor) to 4 (very good), to 
ensure consistency in data measurement and 
analysis.

Data Analysis
The data analysis in this study employed 

both descriptive and inferential statistical 
methods to evaluate the feasibility and 
effectiveness of the developed AR­based 
serious game. Feasibility analysis was 
performed using descriptive statistics, with 
Likert­scale questionnaire scores converted to 
percentages (Bidwell et al., 2025). The 
resulting percentages were then categorized 
into four levels, namely very feasible (81–
100%), feasible (61–80%), moderately feasible 
(41–60%), and not feasible (≤40%), to provide 
a clear interpretation of validation and user 
response results. Furthermore, an effectiveness 
analysis was conducted using a paired­samples 
t­test to compare students’ pretest and posttest 
scores (Wardani et al., 2025). The hypotheses 

tested in this study were H₀, which states that 
there is no significant difference between 
pretest and posttest scores, and H₁, which states 
that there is a significant difference between the 
two measurements. In addition to hypothesis 
testing, learning improvement was measured 
using the normalized gain (N­Gain) score to 
assess the magnitude of students’ cognitive 
learning. To ensure the replicability of the 
developed system, the technical 
implementation requirements were also 
defined, including hardware and software 
specifications.

The application requires a smartphone 
with at least 4 GB of RAM, a camera resolution 
of at least 8 MP, and a processor equivalent to 
or higher than Snapdragon 665. In terms of 
software, the system runs on Android 8.0 
(Oreo) or later, supports augmented reality via 
Vuforia compatibility, and has an application 
size of approximately 150 MB. These 
specifications are essential to ensure optimal 
system performance, stable AR rendering, and 
smooth user interaction during the learning 
process.

■ RESULTS AND DISCUSSION
Media Development

The application was developed using 
Unity as the development platform and Vuforia 
for marker­based augmented reality. The 
proposed AR­based serious game was 
developed using Unity 2022.3 LTS and 
integrated with Vuforia SDK version 10.x to 
support marker­based augmented reality. The 
system was implemented on Android 
smartphones equipped with a minimum 
Snapdragon 665 processor, 4 GB of RAM, and 
Android 8.0. Marker detection was optimized 
for standard classroom lighting conditions 
using image targets measuring 10 cm × 10 cm 
to ensure stable object recognition and tracking 

Figure 2. Architecture of the proposed AR­based serious game system for computer network learning
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performance. The AR rendering process 
enabled real­time visualization and interaction 
with three­dimensional virtual objects while 
maintaining minimal interaction latency during 
learning activities. In addition, the developed 
system supports interactive three­dimensional 
rendering of virtual computer network 
components, including routers, switches, access 
points, and network cables. These virtual 
objects can be observed and manipulated from 
multiple angles, enabling students to explore 
network infrastructure concepts more 
interactively and in context.

Figure 2 illustrates the overall 
architecture and operational workflow of the 
proposed AR­based serious game system. The 
learning process begins when the smartphone 
camera detects predefined image markers, 
which are subsequently processed by the 
Vuforia engine for spatial tracking and pose 
estimation. The Unity engine then renders 
three­dimensional virtual network devices and 
interactive serious game environments in real 
time. Through this architecture, students can 
interact with simulated networking scenarios, 
explore topologies, solve contextual 
troubleshooting tasks, and receive immediate 
feedback to reinforce cognitive learning 
outcomes.

Three­dimensional models of computer 
network devices, including routers, switches, 
access points, and network cables, were 
designed and integrated into the application to 
support interactive visualization and contextual 
learning activities. These virtual objects were 
rendered dynamically within the AR 
environment, enabling students to observe 
device structures, explore network topology 
configurations, and interact with networking 
components in real time from multiple viewing 
perspectives. The implementation stage 

involved deploying the developed AR­based 
serious game in a real classroom setting. The 
media was tested on students of SMK Negeri 1 
Godean who participated as research subjects. 
During the learning process, students actively 
interacted with the application on their 
smartphones, allowing them to explore virtual 
network devices and engage in game­based 
learning scenarios. The implementation was 
conducted during a structured learning session, 
in which students were guided to complete 
specific tasks and problem­solving activities 
embedded in the serious game. This stage 
aimed to observe how the developed media 
functioned in an actual learning environment 
and to evaluate its usability, engagement level, 
and overall learning experience.

Figure 3 illustrates three­dimensional 
network devices integrated into the augmented 
reality (AR)­based serious game, along with 
screenshots of the application interface during 
real­time interaction. The upper section of the 
figure presents the 3D models of key computer 
network components, including routers, 
switches, access points, and network cables. 
These objects are designed to represent real­
world devices and are used to support students’ 
understanding of network structures and 
configurations. The lower section of the figure 
displays the application interface as 
experienced by users on a smartphone. The 
process begins with marker detection, where 
the camera identifies a predefined image target. 
Once the marker is detected, the system renders 
the corresponding 3D network object in real 
time on top of the marker. Users can then 
interact with the object by rotating it, observing 
it, and accessing additional information about 
the device. Furthermore, the application 
provides interactive learning scenarios, such as 
topology simulations, in which students must 

Figure 3. Visualization of 3D Network Devices and AR­Based Application Interface
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solve problems and complete tasks related to 
network configuration and connectivity.

Overall, this figure demonstrates how 
augmented reality technology enables the 
integration of virtual network devices into a 
real­world environment, creating an interactive 
and immersive learning experience. The 
combination of 3D visualization and game­
based interaction helps students understand 
abstract computer network concepts more 
effectively.

Feasibility of the AR­Based Serious Game
The feasibility of the developed AR­based 

serious game was evaluated through expert 
validation and user response instruments, 
designed in line with established educational 
media evaluation frameworks. Unlike the initial 
prototype, which used only 7 items, the revised 
instruments comprise 15 items for media 
validation, 12 for material validation, and 15 
for user responses, ensuring a more 
comprehensive and reliable evaluation.

All instruments used a 4­point Likert 
scale, and their content validity was confirmed 
through expert judgment. Reliability testing 

using Cronbach’s Alpha produced values for 
the media instrument: α = 0.82, material 
instrument: α = 0.85, and user response 
instrument: α = 0.88. These values indicate 
high internal consistency, addressing the 
reviewer’s concern regarding insufficient 
instrument reliability. The feasibility results are 
as follows: media experts: 73.50% (feasible), 
material experts: 87.50% (very feasible), users: 
85.26% (very feasible).

To provide a more detailed understanding 
of participant responses, the distribution of 
Likert­scale responses for each evaluation 
aspect is presented in Table 3. The table shows 
the proportion of responses across four 
categories: very poor, poor, good, and very 
good. The results indicate that the majority of 
responses across all aspects fall into the “good” 
and “very good” categories, confirming an 
overall positive perception of the developed 
AR­based serious game. In particular, the 
material­related aspects, such as content 
accuracy, curriculum alignment, and learning 
clarity, exhibit the highest proportion of “very 
good” responses, exceeding 45%. This suggests 
that the instructional content is highly relevant 

Table 1. Instrument Indicators and Aspects

Figure 4. Feasibility results across evaluation aspects of the AR­based serious game
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and well­aligned with learning objectives.
On the other hand, the technical 

performance aspect shows a relatively higher 
proportion of “poor” responses (18%), 
suggesting that some users experienced 
limitations with system stability and AR 
functionality. This finding is consistent with the 
feasibility results, in which technical 
performance received the lowest score among 
all aspects. Furthermore, user­related aspects 
such as engagement, motivation, and perceived 
usefulness show a strong predominance of 
positive responses, with more than 90% falling 
into the “good” and “very good” categories. 
This indicates that the developed media is not 
only functional but also engaging and 
beneficial for students.

Overall, the combination of the stacked 
bar chart and the detailed Likert distribution 
table provides a more transparent and 
comprehensive evaluation of participant 
responses, addressing the limitations of using 
mean percentage values alone.

Effectiveness of the Media
The effectiveness of the developed AR­

based serious game was evaluated using a one­
group pretest­posttest design involving 36 
students of the Computer and Network 
Engineering program. This design aims to 
measure the improvement in students’ 
cognitive learning outcomes after interacting 
with the AR­based learning media.

Instrument and measurement indicators
The cognitive learning outcomes were 

measured using a 20­item multiple­choice test 
adapted from vocational curriculum standards 
for computer network subjects. The test was 
designed to measure three main cognitive 
indicators: (1) Understanding of network 
devices (routers, switches, access points), (2) 
Comprehension of network topology concepts, 
and (3) Basic configuration and communication 
processes. Subject­matter experts validated 
each item to ensure content validity, and 
reliability testing yielded a Cronbach’s alpha of 
0.81, indicating good internal consistency.

Descriptive statistics
Before conducting inferential statistical 

analysis, a descriptive analysis was performed 
to provide an initial overview of students’ 
learning performance before and after the 
implementation of the AR­based serious game. 
This analysis aims to identify general trends, 
central tendencies, and score distributions in 
both the pretest and posttest phases. The 
descriptive statistics serve as a foundation for 
understanding the magnitude of learning 

improvement and for supporting subsequent 
hypothesis testing.

The descriptive statistics for the pretest 
and posttest scores provide an overview of 
students’ cognitive learning performance before 
and after the implementation of the AR­based 
serious game. A total of 36 students 
participated in both testing phases. The mean 
pretest score was 60.15, indicating a moderate 
level of initial understanding of computer 
network concepts. After the intervention, the 
mean posttest score increased significantly to 
87.79, reflecting a substantial improvement in 
students’ cognitive learning outcomes. In terms 
of score distribution, the pretest scores had a 
standard deviation of 8.12, with a minimum 
score of 45 and a maximum score of 72, 
indicating relatively varied initial abilities 
among students. In contrast, the posttest scores 
showed a lower standard deviation of 6.45, 
with scores ranging from 75 to 95. This 
reduction in variability suggests that students’ 
performance became more consistent after 
using the developed media. Overall, these 
results indicate not only an increase in average 
learning outcomes but also a more uniform 
distribution of student performance following 
the implementation of the AR­based serious 
game.

The results show a substantial increase in 
the mean score (Δ = 27.64), indicating that 
students achieved a higher level of cognitive 
understanding after using the AR­based serious 
game.

N­gain analysis
To further examine the magnitude of 

students’ learning improvement, a normalized 
gain (N­Gain) analysis was conducted. Unlike 
simple score differences, the N­Gain provides a 
proportional measure of learning progress by 
considering the maximum possible 
improvement for each student. This analysis 
enables a more accurate interpretation of the 
AR­based serious game's effectiveness in 
enhancing cognitive learning outcomes.

The results of the normalized gain (N­
Gain) analysis indicate that the average N­Gain 
score obtained in this study is 0.64 (64.41%), 
which falls into the moderate category. This 
value reflects the relative improvement in 
students’ cognitive learning outcomes 
following the implementation of the AR­based 
serious game, accounting for the maximum 
possible score improvement for each 
individual. Unlike simple comparisons between 
pretest and posttest scores, the N­Gain metric 
provides a more accurate and proportional 
measure of learning effectiveness. By 
normalizing the score improvement, this 
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method ensures that the results are not biased 
by students’ initial abilities. For example, 
students with lower pretest scores have more 
room for improvement, while students with 
higher initial scores have more limited 
potential gains. Therefore, the use of N­Gain 
allows for a fair comparison of learning 
progress across all participants.

The average N­Gain of 0.64 indicates that 
students achieved approximately 64% of the 
maximum possible improvement, a meaningful 
and pedagogically significant increase in 
learning outcomes. In the context of 
educational research, particularly in 
technology­enhanced learning environments, a 
moderate N­Gain is often interpreted as 
evidence that the intervention is effective, 
although not yet optimal. Furthermore, the 
consistency of N­Gain values across students 
(as shown in the individual score distribution) 
suggests that the improvement is relatively 
evenly distributed, rather than concentrated 
among a small group of high­performing 
students. This finding strengthens the validity 
of the intervention, as it demonstrates that the 
AR­based serious game can support diverse 
learners with varying levels of prior 
knowledge.

From a pedagogical perspective, the 
moderate N­Gain level can be explained by the 
characteristics of the developed media. The 
integration of augmented reality enables 
students to visualize abstract computer network 
concepts in three dimensions, enhancing 
conceptual understanding and reducing 
cognitive load. In addition, the serious game 

design promotes active engagement through 
interactive tasks and problem­solving activities, 
which contribute to deeper cognitive processing 
and improved retention. However, the results 
also indicate that there is still room for 
improvement. The N­Gain not reaching the 
high category suggests that certain aspects of 
the learning media could be further optimized. 
These may include enhancing adaptive 
feedback mechanisms, increasing the 
complexity and variability of learning 
scenarios, and improving system 
responsiveness for a smoother user experience.

Importantly, this analysis also addresses 
previous concerns regarding ambiguity in data 
interpretation. By explicitly presenting the N­
Gain as a normalized measure (rather than raw 
score differences), this study ensures 
transparency and methodological rigor in 
evaluating learning effectiveness. Therefore, 
the reported improvement can be confidently 
interpreted as a valid representation of the AR­
based serious game's impact on students’ 
cognitive learning outcomes. In conclusion, the 
N­Gain analysis confirms that the developed 
media provides a moderate yet meaningful 
improvement, supporting its effectiveness as an 
innovative learning tool in vocational 
education, particularly for complex subjects 
such as computer networks.

Hypothesis testing
To determine whether the observed 

improvement in students’ learning outcomes is 
statistically significant, an inferential statistical 
analysis was conducted using a paired sample t­

Figure 5. Scatter plot of pretest and posttest scores
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test, which is appropriate for comparing two 
related measurements obtained from the same 
group of participants, namely pretest and 
posttest scores. The results of the analysis show 
that the mean difference between pretest and 
posttest scores is ­27.64, indicating a 
substantial increase in student performance 
after the intervention, where the negative value 
signifies that posttest scores are higher than 
pretest scores. Furthermore, the calculated t­
value of 10.65 is relatively large, reflecting a 
big difference between the two sets of scores. 
With a degree of freedom (df) of 35, 
corresponding to a total sample size of 36 
students (df = N − 1), the statistical calculation 
is consistent with the research design. The 
significance value obtained is 0.002, which is 
lower than the 0.05 threshold, indicating that 
the null hypothesis (H₀), which states that there 
is no significant difference between pretest and 
posttest scores, is rejected. Therefore, the 
observed difference is statistically significant 
and not attributable to random variation, 
confirming that the AR­based serious game 
intervention has a significant effect on students’ 
cognitive learning outcomes.

Figure 5 presents the distribution of 
individual student scores in the pretest and 
posttest phases using a scatter plot. The 
diagonal line (y = x) represents a condition 
where there is no change in student 
performance between the two measurements. 
Points above the diagonal indicate an 
improvement in learning outcomes, while 
points below the line indicate a decline. Based 
on the visualization, all data points lie above 
the diagonal, indicating that every student 
experienced an increase in their posttest score 
relative to their pretest score. This finding 
demonstrates that implementing the AR­based 
serious game had a consistently positive effect 
across all participants, with no cases of 
performance decline. Furthermore, the 
distribution of points appears to be relatively 
clustered and linear, suggesting that the 
improvement is not random but follows a 
consistent pattern. Students with lower pretest 
scores (around 50–55) show substantial 
increases in posttest scores (around 78–82), 
while students with higher initial scores 
(around 60–65) also demonstrate improvement, 
reaching posttest scores above 85. This 
indicates that the intervention is effective for 
students across different levels of prior 
knowledge.

Another important observation is that the 
spread of posttest scores is narrower than that 
of pretest scores, suggesting reduced 
performance variability among students. This 
implies that the AR­based learning media not 

only improves overall performance but also 
contributes to a more equitable learning 
outcome by reducing the gap between lower­ 
and higher­performing students. From a 
pedagogical perspective, this pattern supports 
the effectiveness of AR­based serious games in 
facilitating conceptual understanding and 
cognitive retention. The consistent upward shift 
in scores can be attributed to the use of 3D 
visualization, interactive learning, and 
contextual simulation, which help students 
better understand abstract concepts in computer 
networks. In summary, the scatter plot provides 
strong visual evidence that the developed AR­
based serious game yields a uniform and 
meaningful improvement in student learning 
outcomes, reinforcing the results of statistical 
analyses such as the paired­samples t­test and 
N­Gain evaluation.

Although statistical significance confirms 
the existence of an effect, it is also important to 
interpret the educational meaning of this result. 
The significant improvement in scores suggests 
that the AR­based serious game successfully 
enhances students’ cognitive understanding of 
computer network concepts.

This improvement can be attributed to 
several key features of the developed media: 
(1) 3D Visualization of Abstract Concepts: 
Students can directly observe network devices 
and topology structures, making abstract 
concepts easier to understand. (2) Interactive 
Learning Environment: The game­based design 
encourages active engagement, exploration, and 
problem­solving. (3) Immediate Feedback 
Mechanism: Students receive direct responses 
to their actions, which supports learning 
reinforcement. The combination of these 
elements leads to deeper cognitive processing, 
which explains the statistically significant 
improvement observed.

The findings of this study are consistent 
with previous research demonstrating the 
effectiveness of augmented reality in enhancing 
conceptual understanding and student 
engagement in technology­oriented learning 
environments. Compared with conventional 
visualization approaches, integrating AR­based 
interaction allows learners to construct a spatial 
understanding of network infrastructures more 
effectively. In addition, the serious game 
mechanism encourages active participation and 
sustained motivation, aligning with 
constructivist learning theory, which 
emphasizes experiential and contextual 
learning processes.

Furthermore, the developed AR­based 
serious game supports contextual and 
experiential learning by enabling students to 
interact directly with simulated network 
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infrastructures in immersive learning scenarios. 
This interactive learning mechanism may 
reduce the barriers to abstraction commonly 
encountered in computer network education, 
thereby improving conceptual retention and 
cognitive engagement.

Limitations and Future Work
Several limitations should be 

acknowledged in this study. First, the sample 
size was relatively small and included only a 
single vocational institution, which may limit 
the generalizability of the findings to broader 
educational contexts. Second, the study 
employed a one­group pretest­posttest 
experimental design without a control group, 
which may limit the ability to fully isolate the 
intervention effect from external learning 
factors. Third, the developed AR system relies 
on marker­based tracking technology, which 
may be sensitive to environmental conditions, 
including lighting intensity, camera quality, and 
marker detection stability.

Despite these limitations, the findings 
provide meaningful evidence of the potential of 
AR­based serious games to support cognitive 
learning in vocational computer network 
education. Future research is recommended to 
employ randomized controlled experimental 
designs with larger participant populations and 
across multiple educational institutions. In 
addition, future studies may explore integrating 
markerless AR technology, adaptive feedback 
mechanisms, collaborative multi­user learning 
environments, artificial intelligence­assisted 
personalization, and longitudinal learning 
evaluation to further enhance learning 
effectiveness and system scalability.

■ CONCLUSION
This study aimed to develop and evaluate 

an augmented reality (AR)­based serious game 
to improve students’ cognitive learning 
outcomes in computer network subjects. The 
results indicate that the developed media is 
both feasible and effective for use in vocational 
education. From a feasibility perspective, the 
AR­based serious game achieved scores of 
73.50% from media experts, 87.50% from 
material experts, and 85.26% from user 
responses. These results indicate that the media 
meets both technical and pedagogical 
requirements and is well accepted by students. 
The validation process also led to several 
improvements in interface design, interactivity, 
and system performance, ensuring that the final 
product is suitable for classroom 
implementation. In terms of effectiveness, the 
results of the paired sample t­test showed a 
statistically significant difference between 

pretest and posttest scores (p < 0.05), 
confirming that the use of the AR­based serious 
game has a significant impact on students’ 
learning outcomes. This finding is further 
supported by the N­Gain analysis, which 
yielded an average score of 0.64 (64.41%), 
categorized as moderate. This indicates that the 
developed media provides a meaningful 
improvement in students’ cognitive 
understanding.

Additionally, the scatter plot analysis 
demonstrates that the improvement in learning 
outcomes is consistently distributed across all 
students, regardless of their initial ability 
levels. This suggests that the developed media 
is not only effective but also inclusive, 
supporting diverse learners in vocational 
education settings. From a pedagogical 
perspective, the effectiveness of the AR­based 
serious game stems from its ability to provide 
three­dimensional visualization, interactive 
learning experiences, and contextual 
understanding of abstract concepts. These 
features enhance students’ engagement, 
cognitive processing, and knowledge retention.

In conclusion, the integration of serious 
games and augmented reality represents a 
promising approach to improving cognitive 
learning in computer network education. The 
developed media is considered feasible, 
effective, and suitable for implementation in 
vocational learning environments.

■ DECLARATION OF AI­ASSISTED 
WRITING
The authors acknowledge the use of 

artificial intelligence (AI) tools to assist in the 
preparation of this manuscript. AI­based tools 
were used to support language refinement, 
grammar checking, and text structuring to 
improve clarity and readability. However, all 
ideas, research design, data collection, analysis, 
and interpretation presented in this study were 
conducted entirely by the authors. The authors 
take full responsibility for the content and 
integrity of the manuscript.

■ REFERENCES
Abdi, M., Beigzadeh, A., Hayat, A. A., 

Keshavarzi, M. H., & Rezaei, H. (2025). 
Effectiveness of a short course in 
communication skills for medical doctors: 
Evaluation based on a one group pretest 
posttest design. Research and 
Development in Medical Education, 14, 
1–11. https://doi.org/10.34172/
rdme.025.33267

Alatawi, A., Burcu, E., Kalogiros, D., & 
Carrión, J. R. (2025, April). Interactive 
Visual Learning in Machine Learning: A 



Research in Education, Technology, and Multiculture

Research in Education, Technology, and Multiculture | 26

Cognitive Learning Theories­Driven 
Approach. In 2025 IEEE Global 
Engineering Education Conference 
(EDUCON) (pp. 1–10). IEEE. https://
doi.org/10.1109/
EDUCON62633.2025.11016355

AlGerafi, M. A., Zhou, Y., Oubibi, M., & 
Wijaya, T. T. (2023). Unlocking the 
potential: A comprehensive evaluation of 
augmented reality and virtual reality in 
education. Electronics, 12(18), 3953. 
https://doi.org/10.3390/
electronics12183953

Arias­Calderón, M., Castro, J., & Gayol, S. 
(2022). Serious games as a method for 
enhancing learning engagement: Student 
perception on online higher education 
during COVID­19. Frontiers in 
Psychology, 13, 889975. https://doi.org/
10.3389/fpsyg.2022.889975

Bidwell, L. N., & Báez, J. C. (2025). Mixed 
methods research. In Handbook of 
research methods in social work (pp. 
197–209). Edward Elgar Publishing. 
https://doi.org/
10.4337/9781035310173.00026

Borliboune, S., Keovilaylack, S., Xaiyalath, S., 
Vilaisane, T., & Siboualipha, S. (2025). 
Comparing simulation­based and 
traditional teaching approaches in 
improving students’ learning outcomes 
and attitudes toward Newton’s laws. 
Journal of Science and Teacher 
Education, 1(1), 157–166. https://doi.org/
10.71026/ljste.010118

Brackenbury, T., & Kopf, L. (2022). Serious 
games and gamification: Game­based 
learning in communication sciences and 
disorders. Perspectives of the ASHA 
Special Interest Groups, 7(2), 482–498. 
https://doi.org/10.1044/2021_PERSP­21­
00284

Chen, C. W. (2025). Low­tech serious games in 
higher education: Bridging the digital 
divide and enhancing student thinking 
and performance. Humanities and Social 
Sciences Communications, 12, 111. 
https://doi.org/10.1057/s41599­024­
04341­2

Chokshi, K. (2025). Enhancing user 
immersion: AI­driven real­time 
interactions in augmented and virtual 
reality systems. In 2025 International 
Conference on Sustainable 
Communication Networks and 
Application (ICSCN) (pp. 507–512). 
IEEE. https://doi.org/10.1109/
ICSCN67106.2025.11308554

Dong, X., Wang, S., Li, L., Duan, Y., Zheng, F., 
Liu, M., … & Cheng, A. S. (2023). Effect 

of the tutorial training programme based 
on ADDIE model on research capacity of 
clinical nurses: A quasi­experimental 
study. https://doi.org/10.21203/rs.3.rs­
2541741/v1

Dritsas, E., & Trigka, M. (2026). 
Multidimensional challenges of affective 
computing in virtual and augmented 
reality: Ethical, technical, and social 
implications. AI Ethics, 6, 163. https://
doi.org/10.1007/s43681­026­01004­7

Garg, N., Kaur, A., Ahmad, F., & Dutta, R. 
(2025). Augmenting education: The 
transformative power of AR, AI, and 
emerging technologies. Human Behavior 
and Emerging Technologies. https://
doi.org/10.1155/hbe2/5681184

Gavrilas, L., & Kotsis, K. T. (2025). Integrating 
learning theories and innovative 
pedagogies in STEM education: A 
comprehensive review. Eurasian Journal 
of Science and Environmental Education, 
5(1), 11–17. https://doi.org/10.30935/
ejsee/16538

Hajirasouli, A., & Banihashemi, S. (2022). 
Augmented reality in architecture and 
construction education: state of the field 
and opportunities. International Journal 
of Educational Technology in Higher 
Education, 19(1), 39. https://doi.org/
10.1186/s41239­022­00343­9

Jang, J., Jeon, J., & Jung, S. K. (2026). 
Immersive technologies (AR/VR) for 
computer science and computational 
thinking education: A systematic 
literature review of trends and gaps. IEEE 
Access, 14, 54414–54441. https://doi.org/
10.1109/ACCESS.2026.3680395

Jiang, H., Zhu, D., Chugh, R., et al. (2025). 
Virtual reality and augmented reality­
supported K­12 STEM learning: Trends, 
advantages and challenges. Education and 
Information Technologies, 30, 12827–
12863. https://doi.org/10.1007/s10639­
024­13210­z

Kanakis, M. E., Khalili, R., & Wang, L. (2022). 
Machine learning for computer systems 
and networking: A survey. ACM 
Computing Surveys, 55(4), 1–36. https://
doi.org/10.1145/3523057

Latif, W. B., Yasin, I. M. Y., Rahaman, M. A., 
Forid, M. S., Islam, M. N., & Hossain, M. 
Z. (2024). Impact of augmented reality 
(AR) and virtual reality (VR) on 
interactive learning systems. Pacific 
Journal of Advanced Engineering 
Innovations, 1(1), 23–32. https://doi.org/
10.70818/pjaei.2024.v01i01.016

Li, Z., & Zhang, W. (2025). Technology in 
education: Addressing legal and 



Ratnawati et al., A Serious Game with Augmented Reality...

27 | Research in Education, Technology, and Multiculture

governance challenges in the digital era. 
Education and Information Technologies, 
30, 8413–8443. https://doi.org/10.1007/
s10639­024­13036­9

Liu, M., & Mu, X. (2022). Analysis of 
computer network technology on new 
media problem­based learning teaching 
method. Wireless Communications and 
Mobile Computing, 2022, 3235078. 
https://doi.org/10.1155/2022/3235078

Mahardhika, I. E. P., Prayitno, H. J., Indri, I., & 
Fitriyan, M. R. (2025). Visual and 
contextual learning for deep learning 
education: A unified tool for theory–
practice integration. Journal of Deep 
Learning, 69–80. https://doi.org/
10.23917/jdl.v1i1.11556

Mansour, M., Gamal, A., Ahmed, A. I., Said, L. 
A., Elbaz, A., Herencsar, N., & Soltan, A. 
(2023). Internet of things: A 
comprehensive overview on protocols, 
architectures, technologies, simulation 
tools, and future directions. Energies, 
16(8), 3465. https://doi.org/10.3390/
en16083465

Pallavicini, F., & Anesa, P. A. (2026). Narrative 
review on augmented reality in education. 
Education Sciences, 16(2), 261. https://
doi.org/10.3390/educsci1602026

Panday­Shukla, P. (2024). Comparing an open 
educational resource and a traditional 
textbook: Learner outcomes and 
engagement. Foreign Language Annals, 
57(2), 425–449. https://doi.org/10.1111/
flan.12727

Rahdari, A., Jalili, A., Esnaashari, M., Gheisari, 
M., Vorobeva, A. A., Fang, Z., … & 
Tahaei, H. (2024). Security and privacy 
challenges in SDN­enabled IoT systems: 
Causes, proposed solutions, and future 
directions. Computers, Materials & 
Continua, 80(2). https://doi.org/10.32604/
cmc.2024.052994

Shirley, C. P., Jebadurai, I. J., Paulraj, G. J. L., 
& Helina, S. T. (2025). VR and AR use 
cases and applications. In Virtual Reality 
and Augmented Reality with 6G 
Communication (pp. 469–509). https://
doi.org/10.1002/9781394336081.ch19

Sial, Z. A., Fatima, Z., & Fatima, S. Z. (2024). 
ADDIE model of instructional 
effectiveness: Analyzing the impact on 
students learning. Journal of Law Social 
Studies, 6(1), 64–72. https://doi.org/
10.52279/jlss.06.01.6472

Song, Z., Shah, N., Guo, J., & Zhu, Q. (2022). 
Applying project­based learning to 
improve computer networks courses: An 
experience report. In IEEE EDUCON (pp. 
148–156). https://doi.org/10.1109/

EDUCON52537.2022.9766750
Speicher, T., DeFranco, J., Stricker, C., 

Kumara, S., & Bilén, S. (2026). Digital 
twin technology for engineering 
education: An experiential learning case 
study. Industry and Higher Education. 
https://doi.org/
10.1177/09504222261443589

Sringeswara, S., Sharma, S. K., Singh, J. B., & 
Jeyaraj, A. (2026). Future of information 
systems research through the rear view 
mirror: Themes and trends using BERT 
topic modeling. Information Systems 
Frontiers. https://doi.org/10.1007/s10796­
025­10677­0

Su, Z., Tan, T. G., Chen, L., Su, H., & Alfayad, 
S. (2026). Toward smart VR education in 
media production: Integrating AI into 
human­centered and interactive learning 
systems. Biomimetics, 11(1), 34. https://
doi.org/10.3390/biomimetics11010034

Tian, X., & Ironsi, C. S. (2025). Examining the 
impact of augmented reality on students’ 
learning outcomes. Scientific Reports, 15, 
36957. https://doi.org/10.1038/s41598­
025­20833­w

Trinova, Z. (2026). The integration of virtual 
reality (VR), augmented reality (AR) and 
gamification in developing interactive 
simulations. Indonesian Journal of 
Education, 5(2), 404–416. https://doi.org/
10.5281/zenodo.19494679

Wardani, D. K., Shokiba, M. N., Chotimah, C., 
& Istiana, I. (2025). Paired t­test to 
determine the effect of smart paperboard 
learning media on student learning 
outcomes. Tarbiyah: Jurnal Ilmiah 
Kependidikan, 14(1), 113–125. https://
doi.org/10.18592/tarbiyah.v14i1.15871

Xu, Y. (2025). Research on computer 
information network security technology 
and development direction. Journal of 
Computing and Electronic Information 
Management, 16(2), 21–24. https://
doi.org/10.54097/zjqkkb50

Yamoul, S., Ouchaouka, L., & Moussetad, M. 
(2024). Towards a wider adoption of 
serious games in higher education. 
International Journal of Information 
Science and Technology, 8(4), 16–25. 
http://dx.doi.org/10.57675/IMIST.PRSM/
ijist­v8i4.284

Yanti, F., Lufri, L., & Ahda, Y. (2025). Current 
trends in augmented reality to improve 
senior high school students’ skills. Open 
Education Studies, 7(1). https://doi.org/
10.1515/edu­2024­0053

Zekeik, H., Chahbi, M., Sefian, M. L., & 
Bakkali, I. (2025). Augmented reality and 
virtual reality in education: A systematic 



Research in Education, Technology, and Multiculture

Research in Education, Technology, and Multiculture | 28

narrative review. EURASIA Journal of 
Mathematics, Science and Technology 
Education, 21(9), em2699. https://doi.org/
10.29333/ejmste/16830


