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The Human Excretory System is an abstract, microscopic topic that often causes student
misconceptions. This R&D study, using the ADDIE model, developed an Audio-Comic Video
integrated with Marker-Based Augmented Reality (AR), using Assemblr 3D assets to
interactively visualize excretory organs. The subjects were eleventh-grade students at SMAS
Muhammadiyah Jayapura. Validation results showed the medium was very valid according to
the material expert (92.22%) and valid according to the media expert (81.25%). Practicality
tests with students (93.57%) and teachers (88.57%) fell into the very practical category. The
effectiveness test on 35 students showed scores increasing from 50.02 (pretest) to 84.07
(posttest), with an N-Gain of 0.626 (medium category) and a significant difference (Sig. 2-
tailed = 0.000). The medium proved feasible and effective as an alternative biology learning
medium accommodating visual, auditory, and kinesthetic learning styles.
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Materi Sistem Ekskresi Manusia bersifat abstrak dan mikroskopis sehingga sering memicu
miskonsepsi pada peserta didik. Penelitian R&D dengan model ADDIE ini mengembangkan
media Video Audio-Komik terintegrasi Marker-Based Augmented Reality (AR) menggunakan
aset 3D Assemblr untuk memvisualisasikan organ ekskresi secara interaktif. Subjek
penelitian adalah peserta didik kelas XI SMAS Muhammadiyah Jayapura. Hasil validasi
menunjukkan media sangat valid oleh ahli materi (92,22%) dan valid oleh ahli media
(81,25%). Uji kepraktisan pada peserta didik (93,57%) dan guru (88,57%) menunjukkan
kategori sangat praktis. Uji efektivitas pada 35 peserta didik menunjukkan peningkatan nilai
dari 50,02 (pretest) menjadi 84,07 (posttest), dengan N-Gain 0,626 (kategori sedang) dan
perbedaan yang signifikan (Sig. 2-tailed = 0,000). Media ini terbukti layak dan efektif sebagai
alternatif pembelajaran biologi yang mengakomodasi gaya belajar visual, auditori, dan
kinestetik.
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1. Introduction

The transformation of education in the era of Industrial
Revolution 4.0 and Society 5.0 demands the integration of
digital technology not merely as a supplement, but as a core
component of immersive and meaningful learning. Immersive
technologies such as Virtual Reality (VR) and Augmented
Reality (AR) have been shown to increase engagement and
conceptual understanding through more authentic and
interactive learning experiences [1]. Theoretically, this is
reinforced by the Cognitive Affective Model of Immersive
Learning (CAMIL), which asserts that immersion and
interactivity play a significant role in improving learning
outcomes through cognitive and affective engagement [2]. A
review of recent research trends also confirms that publications
on the use of AR in biology learning increased sharply from
20202024, with cells, viruses, the skeletal system, and the
human digestive system being the most widely developed topics,
while cognitive learning outcomes, motivation, and critical
thinking skills were the most frequently researched variables [3].
This situation indicates that other human anatomy-physiology
topics, including the Excretory System, still offer ample research
potential for further development.

In implementing the Merdeka Curriculum, educators are
required to provide differentiated learning that accommodates
the diversity of student learning profiles: Visual, Auditory, and
Kinesthetic (V-A-K). AR-based media in STEM learning shows
great potential for increasing motivation, engagement, and
learning outcomes by integrating spatial visualization with
digital interactivity [4]. Various marker-based AR development
applications, one of which is Assemblr Edu, have been widely
utilized by teachers and researchers in Indonesia to present
three-dimensional objects in biology lessons without requiring
complex programming skills, while also being proven to
encourage students' critical thinking skills [5].

In the Human Excretory System, the processes of glomerular
filtration, tubular reabsorption, and augmentation occur at the
microscopic level within the complex organ structure.
Conventional media such as two-dimensional textbooks and
passive videos have not been able to facilitate active student
interaction to build in-depth spatial understanding [2]. However,
immersive and interactive learning experiences have been
shown to significantly improve cognitive processing and
concept retention compared to passive media [6] This problem
is exacerbated by the findings of a four-level diagnostic in
secondary school students, which revealed that nearly all
subtopics of human excretion from kidney filtration mechanisms
to skin function and body thermoregulation remain riddled with
significant misconceptions, with the proportion of pure
misconceptions reaching nearly one-third of the total
respondents. This fact underscores the urgency of developing
more concrete and interactive visualization media for this
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material [7,8].

Based on the Cognitive Theory of Multimedia Learning
(CTML), learning will be more effective when information is
presented in an integrated manner through visual-pictorial and
verbal-auditory channels. This principle aligns with Mayer's
initial ideas on multimedia learning, which assert that structuring
multimedia messages into meaningful segments and adjacent
word-image pairs can reduce extraneous cognitive load while
optimizing learners' generative processing [9] Empirical studies
have shown that AR designs aligned with multimedia learning
principles can reduce extraneous cognitive load and increase
germane cognitive processing [10,11]. Visual narrative media
such as digital comics and audio-comics have also been shown
to be effective in packaging abstract science concepts into
structured stories, increasing learners' engagement, scientific
literacy, and conceptual understanding [12—14].

On the other hand, the integration of three-dimensional virtual
objects through AR allows students to explore the structure and
relationships between organs in more depth. Systematic reviews
and meta-analyses show that AR significantly improves learning
outcomes and spatial abilities in science and biology learning,
especially in material that requires three-dimensional
visualization such as human anatomy ([15—17]. The approach of
embedding AR markers into comics media is not entirely new;
[18], for example, developed comic books as AR markers and
proved that this integration was able to significantly improve
students' critical thinking abilities. However, studies that
integrate narrative audio-comics (equipped with dubbing and
sound effects) with interactive AR in a hybrid system based on
cognitive theory, especially on Excretory System material, are
still very limited. This is the novelty that underlies this research:
combining a Narrative Layer in the form of a comic animated
video equipped with dubbing and sound effects, with an
Interactive Layer in the form of AR Markers embedded in the
video frame, so that when the video is paused at a certain scene
students can scan the screen to reveal a 3D model of the
excretory organs that can be manipulated (rotated, enlarged).

Based on the description above, this study aims to: (1)
produce a prototype of an Audio-Comic Video learning medium
integrated with Marker-Based AR on Human Excretory System
material; (2) examine the validity of the product through expert
validation; (3) measure the practicality of the medium as a
support for differentiated learning; and (4) evaluate the
effectiveness of the medium on students' learning outcomes. The
findings of this study are expected to contribute to the growing
body of empirical research on the integration of narrative media
and immersive technology in secondary-level biology
education, as well as to serve as a practical reference for teachers
in designing differentiated learning media that align with the
demands of the Merdeka Curriculum.
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2. Method

This research is a Research and Development (R&D) study
that adapts the ADDIE (Analysis, Design, Development,
Implementation, Evaluation) model as developed by [19]. The
ADDIE model was chosen because it is systematic but remains
flexible to be revised at each stage, so that it is in accordance
with the characteristics of technology-based learning media
development which requires design iteration and multilevel
testing [19].

In the analysis stage, researchers identified abstract concepts
in the Excretory System material - including nephron structure,
glomerular filtration mechanism, tubular reabsorption, and
augmentation - and examined the needs of students and the
characteristics of the V-A-K learning style at the research
location. At this stage, a study was also carried out on the
availability of 3D excretory organ assets in the Assemblr
application library, a marker-based AR development application
that has been widely used in biological media development
research in Indonesia [5]. At the design stage, the researcher
prepared an integration storyboard to map the audio-comic video
frames that would be inserted with markers, determined the
dialogue script and scientific narrative, and designed a scanning
interaction scenario that referred to the principles of segmenting
and spatial contiguity in multimedia learning [9], namely
breaking the material into meaningful segments and placing AR
visual elements at break points that were relevant to the
narrative.

At the development stage, the selected 3D assets are
embedded in the markers specified in the AR project, then the
audio-comic video prototype and AR application are integrated
into a single product. The prototype was then validated by
material experts and media experts using a Likert scale
validation sheet to ensure the accuracy of the scientific content
and technical quality of the media before being tested on
students. At the implementation stage, the media is tested in
stages, starting from small-scale trials to obtain initial input to
large-scale trials to measure effectiveness. At the evaluation
stage, formative evaluations are carried out at each stage
(revisions based on validator input and the results of small trials)
as well as summative evaluations in the form of analysis of
media effectiveness on student learning outcomes in large-scale
trials.

The research was carried out at SMAS Muhammadiyah
Jayapura, Papua, with validation subjects consisting of one
biology teacher as a material expert validator and two Biology
Education lecturers as media expert validators. The small-scale
trial involved 12 students, while the effectiveness test involved
35 class Data collection instruments include expert validation
sheets, student and teacher practical response questionnaires, as
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well as learning outcomes test questions (pretest-posttest) which
have been tested for validity and reliability before being used.

Validity and practicality data were analyzed by calculating the
score percentage using the formula NP = (R/SM) x 100%, where
R is the score obtained and SM is the maximum score (modified
from Purwanto) [20,21], which is then categorized based on the
criteria in Table 1.

Table 1 Criteria for Interpretation of Validation and Practicality Scores

Interval Criteria Interval

<54% Very Invalid / Not Practical

55% - 64% Less Valid / Not Practical

65% - 79% Fairly Valid / Quite Practical

80% - 89% Valid / Practical

90% - 100%

Very Valid / Very Practical

Data on the effectiveness of learning outcomes were analyzed
using the normalized N-Gain score test to see the increase in
understanding before and after media use. The N-Gain formula
used refers to the Hake formula (1998) [22], namely the
difference between the posttest and pretest scores divided by the
difference between the ideal maximum score and the pretest
score (g) = (%posttest — %pretest) / (100% — %pretest). Hake
classified N-Gain results into three categories, namely high (g >
0.7), medium (0.3 < g < 0.7), and low (g < 0.3), which became
the reference for interpreting categories in this study [22]. In
addition, a Paired Sample t-Test was carried out to see the
significance of differences in pretest and posttest scores, with the
help of SPSS 30. Before the t-test was carried out, the data was
first tested for normality using the Shapiro-Wilk test to ensure
that parametric statistical assumptions were met.

3. Result and Discussion

3.1. Media Validity

Material expert validation was carried out by a biology
teacher at SMAS Muhammadiyah Jayapura regarding the
suitability of the Excretory System content presented in AR
integrated audio-comic videos. Aspects assessed include the
accuracy of scientific concepts, suitability to learning outcomes,
clarity of story narrative flow, and suitability of AR marker
placement to the stages of the concept being explained. The
results are presented in Table 2.

Table 2. Results of Material Expert Validation

Validation | Assessment | Total Criteria

Items Score

Percentage
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Subject 19 83
Experts

92,22% Very Valid

The results of the material expert assessment of the Excretory
System content presented in the media obtained a percentage of
92.22% with very valid criteria, indicating that the audio-comic
narrative and AR marker placement have accurately represented
the concepts of glomerular filtration, tubular reabsorption, and
the structure of the excretory organs. This high validity score is
important to ensure that the media does not reinforce
misconceptions that have been identified as occurring frequently
in the topic of human excretion, especially regarding the
mechanism of kidney filtration and the function of other
excretory organs. In other words, the accuracy at the validation
stage of the material expert plays a role in maintaining scientific
quality before the media is widely used by students.

Table 3. Media Expert Validation Results

Validation | Assessment | Total | Percentage | Criteria
Items Score
Media Expert 16 65 81,25% Valid
(Validator 1)
Media Expert 16 65 81,25% Valid
(Validator 2)

The two media expert validators gave a consistent assessment,
namely 81.25%, with valid criteria. Aspects assessed include the
visual quality of the comic, audio synchronization (dubbing and
sound effects), ease of scanning markers, and the quality of the
3D model of the excretory organs in the AR application. The
consistency of validation results from material experts and
media experts strengthens the theoretical justification that the
integration of multimodal audio-comic narratives with 3D AR
visualization is in line with CTML principles in presenting
visual and verbal information cohesively [9,10,23]. The media
validity score which is in the valid category, although slightly
lower than the material validity, indicates that there is still room
for technical improvement, for example in the aspect of marker
tracking stability when mobile devices are used in less than ideal
lighting conditions, a technical challenge that has also been
widely reported in other marker-based AR development
research [18].

3.2. Media Practicality

Small-scale trials were carried out on 12 students to obtain
input before large-scale trials. The practicality response
questionnaire was prepared to include aspects of ease of
operation of the media, clarity of marker scanning instructions,
visual appeal, and the benefits of the media in helping
understand concepts. A recapitulation of the results of the
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response questionnaire is presented in Table 4.

Table 4. Recapitulation of Students' Practical Responses (Small Scale)

Aspect Number of | Average | Percentage | Criteria
Respondents Score
Student 12 65,5 93,57% Very
Responses Practical

From 12 respondents, a total score of 786 was obtained with
an average of 65.5, equivalent to a percentage of 93.57% (very
practical). Students stated that the AR integrated audio-comic
video media was easy to operate, the markers were easy to scan,
and the 3D display of excretory organs helped them imagine
organ structures that were previously abstract. These findings
strengthen the argument that interactive three-dimensional
visualization can bridge the gap between textual representations
and actual microscopic biological structures [15].

Table 5. Biology Teachers' Practical Responses

Validation Assessment | Total | Percentage | Criteria
Items Score
Biology 14 62 88,57% Very
Teacher Practical
Response

Biology teachers also gave a very practical assessment
(88.57%), noting that this media has the potential to be used as
a variety of differentiated learning strategies because it
accommodates visual (comics and 3D models), auditory
(dubbing and sound effects), and kinesthetic (activities of
scanning markers and manipulating 3D objects) learning styles.
This finding is in line with the results of previous research that
the development of audio-comic media received a very positive
response in the field because it combined storytelling elements
with science visualization [13,14,24]. Apart from that, these
findings are also in line with the results of the development of
comics as AR markers which reportedly received enthusiastic
responses from students and teachers because they provided a
more participatory learning experience than conventional
printed comics [18]. The high level of practicality in both groups
of respondents - students and teachers - shows that this media is
not only accepted technically, but is also considered relevant
pedagogically to support learning differentiation as mandated by
the Merdeka Curriculum.

3.3. Effectiveness of Media on Learning Outcomes
Media effectiveness was measured through pretest and

posttest on 35 class XI students. The average pretest score of
50.02 (SD =22.393) increased to a posttest average of 84.07 (SD
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= 12.531) after using AR integrated audio-comic video media.
The decrease in the standard deviation value from pretest to
posttest also indicates that this media not only increases the
average achievement, but also narrows the gap in understanding
between students, which indicates equal understanding of
concepts in the class.

Table 6. Summary of N-Gain Test Results

Indicator Value
N-Gain Score 0,626
N-Gain Percent (%) 62,59%
Category Moderate

The results of the N-Gain test show an increase in student
learning outcomes of 62.59% after implementing the integrated
Marker-Based AR audio-comic video media, which according
to Hake's (1998) criteria is classified in the medium category
(0.3 <g<0.7), and even approaches the high category threshold
(g > 0.7). This indicates that the media is quite effective in
increasing students' understanding of the abstract and
microscopic Human Excretory System material. As a
comparison, [22] reported that conventional lecture-based
learning methods consistently only produced N-Gain in the low
category (average around 0.23), while interactive-engagement
methods were able to reach the medium to high category; The
position of N-Gain media in this research which is in the medium
category confirms that the hybrid-immersive approach which
combines audio-comic narration with AR interactivity has
succeeded in placing learning in a group of methods that are
more active and participatory than conventional learning.

Table 7. Paired Sample t-Test Results

Variabel Mean Std. df Sig. (2-
Deviation tailed)
Pretest 50,02 22,393 - -
Posttest 84,07 12,531 - -
Selisih -33,051 21,669 34 0,000

The Paired Sample t-Test yielded a significance value (2-
tailed) of 0.000 (< 0.05), indicating a significant difference
between students' learning outcomes before and after using the
Marker-Based AR-integrated audio-comic video on the Human
Excretory System material.

This improvement in learning outcomes reinforces the finding
that AR designed in accordance with CTML principles can
reduce extraneous cognitive load and enhance germane
cognitive processing, thereby positively impacting learning
outcomes [25]. Interactive three-dimensional visualization
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through AR has likewise been shown to surpass two-
dimensional images in facilitating spatial understanding of
human body organs [26-28]. These effectiveness findings are
also consistent with research trends on AR in biology education,
which consistently report significant improvements in cognitive
learning outcomes as the most frequently studied variable [3],
while further extending the scope of human anatomy topics
shown to benefit from AR—previously concentrated mainly on
the skeletal and digestive systems. The combination of audio-
comic narration with AR interactivity in this study represents a
Hybrid-Immersive Learning approach that fosters a more
comprehensive and participatory learning experience, consistent
with findings that pedagogically designed AR integration can
enhance student participation and academic performance
[25,28], and aligns with evidence that comic media embedded
with AR markers can promote high levels of student cognitive
engagement [18].

Nevertheless, the medium N-Gain category—rather than a
high one—should be interpreted proportionally. Several
contextual factors, such as the limited number of mobile devices
compatible with the AR application, variation in internet
connectivity quality at the research site, and the relatively brief
duration of media exposure (a single trial session), are thought
to have constrained the extent of the improvement in learning
outcomes. This aligns with observations from various systematic
reviews indicating that the effectiveness of AR in biology
education is largely shaped by the quality of instructional design
rather than by technological sophistication alone ([3,15].

Several studies on the development of comic/video-based and
Augmented Reality (AR) leamning media show consistent
patterns in terms of validity, practicality, and effectiveness. For
example, Pratiwi & Bayu reported that AR-comics with a
metacognitive approach were deemed valid and able to improve
cultural literacy and reading engagement based on student
responses [29-31]. Swarjawa et al. found that AR-assisted
comics based on local wisdom were also deemed highly valid
and practical, and effective in improving learning outcomes in
reading and story comprehension [32,33]. In media that combine
physical-digital elements with marker-based AR, Ibrahim S et
al. reported hybrid media that were declared valid and practical
for ecosystem learning, supported by stable marker-based
tracking performance [34,35]. In another context, Muttakin et al.
confirmed that AR science media in elementary schools was
deemed feasible and practical by teachers and students,
accompanied by positive responses during use [36,37]. For
science material, Nurachmadani et al. also reported that AR
media was deemed feasible/valid, practical, and effective in
improving student learning outcomes [38,39]. Meanwhile,
studies of video comics (without AR) continued to show that the
integration of visual-story and audio elements could make the
media deemed valid and practical and impact learning outcomes
[40,41]. In a more controlled evaluation, Firdaus et al. reported
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that contextual e-comics were deemed valid and practical, and
had the effect of improving student learning performance [42—
44].

Overall, the results regarding validity, practicality, and
effectiveness demonstrate that the Marker-Based Augmented
Reality-integrated Audio-Comic Video is suitable for use as an
alternative learning medium for the Human Excretory System
material, as well as serving as an edutainment solution that
supports differentiated learning in line with the demands of the
Merdeka Curriculum.

4. Conclusion

The findings of this study demonstrate that the Marker-
Based Augmented Reality-integrated Audio-Comic Video
developed for the Human Excretory System material is highly
valid according to the material expert (92.22%) and valid
according to the media expert (81.25%). The medium was also
rated highly practical based on both student responses (93.57%)
and biology teacher feedback (88.57%). In terms of
effectiveness, its use significantly improved students' learning
outcomes, as reflected in an N-Gain score of 0.626 (medium
category) and a statistically significant result from the Paired
Sample t-Test (Sig. 2-tailed = 0.000). These findings
collectively confirm that the Hybrid-Immersive medium is both
feasible and effective as an alternative approach to biology
instruction, accommodating visual, auditory, and kinesthetic
learning styles.

The primary contribution of this study lies in the integration
of two distinct media layers—the Narrative Layer of the audio-
comic and the Interactive Layer of Marker-Based AR—into a
single hybrid product grounded in the Cognitive Theory of
Multimedia Learning, a combination that remains rarely
explored specifically for Human Excretory System material.
This finding extends the empirical evidence that a hybrid-
immersive approach can serve as a viable solution to the
persistent challenge of visualizing microscopic biological
concepts that have long contributed to student misconceptions.

This study is nonetheless limited by its relatively small
sample size and its scope, which was confined to a single school,
meaning that generalization of the findings should be
approached with caution. Future research is recommended to test
this medium on a larger sample scale and across other abstract
biology topics, to consider a quasi-experimental design with a
control group to strengthen causal claims, and to further explore
contextual factors—such as device availability and duration of
media exposure—that may influence the magnitude of learning
gains.
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