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The low level of students’ spatial understanding and the limited
availability of dynamic visual media capable of facilitating three-
dimensional object representation in projection drawing learning
constitute a strategic educational problem. Students often experience
difficulties in visualizing spatial relationships, which affects both their
motivation and learning outcomes. To address this issue, this study
developed augmented reality (AR) learning media using the 4D
development model, consisting of Define, Design, Develop, and
Disseminate stages. The purpose of this research was to improve
students’ learning motivation and learning outcomes in projection
drawing instruction. This research was conducted in the Visual Arts
Education Study Program at Universitas Pendidikan Ganesha,
involving 22 students as research subjects. Data were collected
through interviews, observations, questionnaires, tests, and
documentation. The research instruments included expert validation
sheets, motivation questionnaires, and learning outcome tests. All
instruments were validated by content experts, media experts, and
instructional design experts. Data analysis techniques comprised
descriptive analysis, normality testing, Wilcoxon tests, paired-sample
t-tests, and N-gain analysis to determine the effectiveness of the
developed media. The results showed that the AR learning media was
highly feasible, with a validation score of 91% from content experts
and 88% from media experts. Individual, small-group, and field trials
indicated positive student responses, with acceptance rates between
81% and 91%. The mean pretest score increased from 41.00 to 72.41
in the posttest, with an N-gain value of 0.52 (moderate category).
Students’ learning motivation also increased significantly (p = 0.000).
Therefore, the developed AR media is feasible and effective for
projection drawing learning.
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1. INTRODUCTION

Education is a highly important process in the development of Human Resources
(HR). The success of education is not only determined by the system, but also highly
dependent on the role of teachers as designers and implementers of learning. The
effectiveness of learning is determined by the appropriateness of models, methods, and
strategies adjusted to the characteristics of learners [1]. This means that the quality of
learning depends on the teacher’s ability to accurately identify learners’ learning needs.

Based on this understanding, identifying learning needs becomes a crucial step in
designing effective instruction. Each learner has diverse learning needs, encompassing
cognitive, affective, and psychomotor aspects [2]. In the cognitive aspect, students require
clear understanding, well-organized material structures, and the development of critical
thinking skills [1]. International journals indicate that approaches such as Project-Based
Learning and Problem-Based Learning are effective in improving higher-order thinking
skills. This is reinforced by Pratiwi’s research [3], which found that the project-based e-
learning model significantly improved vocational high school students’ critical thinking
skills, demonstrating that project-based approaches are not only effective for knowledge
transfer but also for the development of higher-level cognitive skills.

In addition to cognitive aspects, the affective dimension also plays a central role in
learning. Emotional factors such as motivation, self-confidence, and teacher support
influence learning success. Intrinsic motivation encourages interest from within [4], while
extrinsic motivation arises from environmental stimuli [1]. Learners with high self-efficacy
tend to be more resilient in facing obstacles and more capable of achieving learning goals
[5]. Rampisela, in his research, confirmed that appropriate learning strategies can
simultaneously develop students’ achievement motivation and self-efficacy, where high
self-efficacy positively correlates with academic achievement [6]. A conducive school
environment is also an important factor in fostering learning comfort [7].

The psychomotor and social dimensions complement holistic learning needs. Social
needs such as interaction and collaboration are essential elements in learning. Vygotsky’s
theory through the concept of the Zone of Proximal Development (ZPD) emphasizes that
an individual’s ability can develop more optimally through assistance from more competent
peers [8]. Constructive feedback from teachers and peers has also been proven to enhance
understanding [9].
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Entering the digital era, the complexity of learning needs has undergone significant
transformation. Learners require access to digital resources and technology-based learning
methods, such as blended learning and e-learning [10]. Various studies emphasize the
importance of utilizing interactive media, digital evaluation, and the application of learning
theories such as Bloom’s Taxonomy, constructivism, and Kolb’s learning cycle [11]. The use
of active methods such as Flipped Classroom, gamification, Virtual Reality (VR), and
Augmented Reality (AR) has been shown to increase learners’ motivation and
understanding [12]. Warpala and Santyasa demonstrated that the flipped classroom model
significantly improves students’ critical thinking skills and positive attitudes in physics
learning, indicating that technological innovation in learning can fundamentally transform
classroom dynamics.

This transformation aligns with the characteristics of digital native learners, who
bring new challenges. They are accustomed to rapid access to information, the use of
gadgets, digital communication, and a preference for visual and interactive media [13]. This
generation is more interested in flexible, personalized, and technology-based learning [13].
Therefore, modern learning media must fulfill aspects of interactivity, visualization,
accessibility, personalization, and gamification elements. Suartama [14], in his research on
gamification for case and project-based online learning, found that the implementation of
gamification elements in project-based learning significantly increased student engagement
and learning achievement in higher education.

To address these needs, educational technology plays a strategic role. According to
AECT (1994) in Muldiyana [15], instructional technology includes the processes of
designing, developing, utilizing, and evaluating learning resources. Digital technology that
operates automatically and practically offers great potential to improve learning quality
[16]. Digital learning media have been proven to facilitate material delivery and increase
students’ interest through visualization and interaction [17].

In the context of art education, the need for advanced learning media becomes
highly relevant. Art education in higher education does not only focus on expressive ability
but also emphasizes mastery of technical competencies, one of which is projection drawing
skills. The Projection Drawing course in the Art Education Study Program at Universitas
Pendidikan Ganesha (Undiksha) is a foundational course aimed at developing systematic
visual representation, spatial ability, and form construction skills. Mastery of projection
concepts—whether orthogonal, isometric, perspective, or other views—serves as an
essential foundation for the development of advanced skills such as graphic design,
technical illustration, product design, architecture, and animation.

However, the observed learning conditions among first-year students indicate an
imbalance between the complexity of the required competencies and the instructional
approaches used. Initial observations suggest that learning is still dominated by expository
patterns: lecturers explain material through lectures or simple demonstrations without the
support of interactive media that enable active student involvement. Students tend to
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become passive recipients of information. Meanwhile, according to Marhamah [1], learning
success is largely determined by the suitability of models, methods, and strategies applied
to learner characteristics and material needs. Widiana [18], in a needs analysis of student-
centered learning model development, emphasized that student-centered learning is an
urgent necessity to improve students’ reasoning and character, especially in subjects
requiring deep conceptual understanding.

The mismatch in instructional approaches is confirmed by empirical data. The
inconsistency in instructional approaches is reflected in the preliminary questionnaire data
given to students, presented in Figure 1 below.

Motivation to learn Learning outcomes
3.8 4
3
3.6 2
1 i
3.4 I 0
3.2 . N N P
N & S S Ny &
Attention Relevance ConfidenceSatisfaction ) 9
B Motivation to learn MW Learning outcomes

Figure 1. Needs Analysis Chart

Based on the results of the motivation questionnaire administered before the
implementation of Augmented Reality-based learning media, students” motivation levels in
the Projection Drawing course were categorized as low to moderate. The Attention
dimension obtained an average score of 2.8, indicating that students were less interested
and focused in conventional learning. The Relevance dimension, with a score of 2.9,
indicates that students had not fully understood the connection between the material and
their academic needs or future careers. In the Confidence dimension, the average score of
2.7 shows low self-confidence in completing Projection Drawing-based tasks, while the
Satisfaction dimension, with a score of 2.6, indicates that the learning experience had not
provided optimal satisfaction. Overall, the average motivation score of 2.75 falls within the
Low-Moderate category, making it an important baseline for the need to develop more
interactive media. This low motivation needs to be understood within the framework of
learning motivation theory. Lasha [4] explains that intrinsic motivation arises from internal
drives when learners feel interested and satisfied with learning activities. Conversely, Liang
Gie [1] emphasizes that extrinsic motivation is influenced by external stimuli such as the
learning environment and instructional media. Tegeh and Warpala [19] also proved that
project-based learning models can increase motivation by up to 34% compared to
conventional learning.

1246 P.ISSN: 2086 — 4981
E.ISSN: 2620 - 6390
tip.ppj.unp.ac.id



https://doi.org/10.24036/jtip.v19i1.1099

Jurnal Teknologi Informasi dan Pendidikan
Volume 19, No. 1, March 2026
https://doi.org/10.24036/jtip.v19i1.1099

In addition to motivation, students’ understanding of basic projection concepts is
also a major obstacle. Projection Drawing material requires three-dimensional spatial
ability, while the learning process is still dominated by two-dimensional visualization
through whiteboards and static illustrations. This condition causes students difficulty in
conceptually understanding the transformation of 3D objects into 2D representations.
Marhamah [1] states that an individual’s cognitive aspect is influenced by interaction with
the learning environment and experiences gained; therefore, the use of appropriate visual
media is essential to build deep understanding. The lack of concrete visualization media
limits students’” exploration and knowledge construction in understanding projection
concepts.

These comprehension difficulties directly impact students” academic achievement.
Grade recapitulation shows an average achievement of only 3.0, far below the graduation
standard, as presented in Figure 1. This low learning outcome indicates weaknesses in
mastering basic concepts that should be acquired at the early stage of art education. Sibarani
[5] explains that students with low self-efficacy tend to lack confidence in facing academic
tasks, including technical tasks such as projection drawing, which ultimately affects
learning outcomes. When motivation, conceptual understanding, and self-efficacy are
simultaneously at low levels, the learning process cannot proceed optimally and requires
innovation in media and more effective instructional strategies.

This issue is further confirmed through the perspective of institutional leaders. Field
findings were reinforced through interviews with the Head of the Study Program (May 29,
2024) and the Head of the Department of Art and Design (May 2, 2024). Both revealed that
the limited innovation in digital learning media is one of the main factors behind the low
effectiveness of learning. This is ironic considering that current art students belong to the
digital native generation. According to Carolina [13], individuals born in the digital era tend
to learn through fast, interactive, and visual media. Therefore, instructional approaches that
fail to accommodate these characteristics will create obstacles in content delivery, student
engagement, and conceptual understanding.

In this context, the use of Augmented Reality (AR) technology emerges as a potential
solution. AR enables the integration of the real world and three-dimensional virtual objects
in real time, providing a more immersive, concrete, and interactive learning experience.
Darmawan [20] shows that the use of appropriate learning media can significantly increase
motivation, interest, and understanding of material. Through AR, students can observe 3D
object models, manipulate viewing angles, and understand the relationship between three-
dimensional objects and their two-dimensional representations. Yoga and Tegeh [21], in
their recent study, developed a 3D Augmented Reality media based on animated video for
elementary science learning, which proved effective in improving students’ conceptual
understanding, with an increase of up to 42% compared to conventional learning. This
finding is highly relevant to Projection Drawing learning, which also requires 3D
visualization to build conceptual understanding.
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Patiro [17] and Setiawan [22] emphasize that AR technology can increase student
engagement and provide a more enjoyable learning experience. Furthermore, AR enables
flexible learning as it can be accessed through mobile devices. This flexibility aligns with
current students” learning patterns, which require fast access and user-friendly media in
various situations, including outside the classroom. Thus, AR has the potential to overcome
visualization constraints and encourage active student participation. Darmawan [23]
developed augmented reality media to improve conceptual understanding and biomotor
skills in traditional Balinese games, demonstrating that AR is not only effective for
conceptual learning but also for psychomotor skill development—an aspect that is highly
important in Projection Drawing learning.

The potential of AR in education is supported by various recent research findings.
A study by Akcayir and Akgayir in Trisnawati [24], in their meta-analysis of 68 studies,
identified that AR consistently improves content understanding, learning motivation, and
student engagement across various educational fields. In the context of technical and visual
learning, Cheng and Tsai in Harahap [25] found that AR effectively improves students’
spatial ability, which is highly relevant to projection drawing learning. Furthermore,
research by Ibdfiez and Delgado-Kloos in Yuhelman [26] shows that AR-based learning
results in better knowledge retention compared to conventional methods due to more
concrete and contextual learning experiences.

However, the presence of technology alone is not sufficient to ensure learning
success. Media must be integrated into a learning model oriented toward student activity.
Among various learning models, Project-Based Learning (PjBL) is highly relevant for art
education. PjBL emphasizes problem-solving processes through project activities requiring
critical, creative, and collaborative thinking skills. Riyanti [27] shows that PjBL can enhance
creativity and students’ achievement motivation. Through PjBL, students not only
understand concepts theoretically but also apply them in real projects relevant to the field
of art.

The effectiveness of PjBL in education has been well documented. Research by
Kokotsaki, Menzies, and Wiggins in Nu'man [28] identified that PjBL improves students’
critical thinking skills, collaboration, and learning independence. In the context of art and
design education, research by English and Kitsantas (2013) shows that PjBL provides
authentic contexts for students to develop technical and creative skills simultaneously. A
meta-analysis study by Chen and Yang [29] found that PjBL significantly improves intrinsic
motivation and learning outcomes across various educational levels, with larger effect sizes
in learning involving technical and spatial skills. Suastra (2017) proved the effectiveness of
the PjBL model with authentic assessment in junior high school science learning to develop
critical thinking, scientific attitudes, and student self-efficacy. Furthermore, study [30]
shows that the implementation of PjBL increases students’ learning independence and
critical thinking skills, with significant improvement in both variables (p <0.001).
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The importance of integrating AR with PjBL is further strengthened by research
findings examining their synergy. Sandra [31] showed that integrating AR into project-
based learning significantly improves students’ problem-solving skills and learning
motivation in STEM subjects. Lin [32] found that the combination of AR and PjBL creates a
more immersive and collaborative learning environment, encouraging students to engage
more actively in exploring abstract concepts.

Findings from various needs analysis studies align with the real conditions observed
by the researcher in the field. Initial observations conducted on students of the Art
Education Study Program at UNDIKSHA show patterns consistent with international
literature. The results of a learning needs questionnaire administered to 34 students
revealed that 82.4% experienced difficulty visualizing the transformation of 3D objects into
2D representations in projection drawing, a figure very close to Saltan and Arslan’s (2021)
finding of 85%. Furthermore, 88.2% of students stated that conventional learning media
(whiteboards and 2D handouts) were insufficient to help them understand orthogonal,
isometric, and perspective projection concepts. In terms of technology preference, 91.2%
expressed very high interest in AR-based learning, with 85.3% specifically stating the need
for media that allows real-time manipulation of 3D objects to understand various projection
angles. Regarding learning models, 79.4% preferred more active, project-based approaches
rather than lectures and passive demonstrations. Most significantly, 86.8% stated that they
needed learning media accessible flexibly via smartphones, both inside and outside the
classroom, confirming the characteristics of digital natives [13]. These observational data
not only confirm international literature findings but also provide strong empirical
justification that the development of AR-based PjBL media is not merely a technological
innovation but a direct response to students’ real needs identified through both global
studies and local conditions at UNDIKSHA.

Based on these theoretical and empirical foundations, the integration of AR and PjBL
has great potential to provide meaningful learning. AR helps present object visualization in
real three-dimensional form, while PjBL facilitates students in developing that
understanding through creative projects. This integration is expected to enhance learning
motivation, strengthen conceptual understanding, and improve student learning outcomes.
In addition, this approach aligns with the characteristics of digital native students who are
more interested in technology- and visual-based learning experiences [13].

From observations, interviews, document analysis, and literature review, it can be
concluded that the main problems in Projection Drawing learning include low student
motivation, low understanding of projection concepts, and low learning outcomes in this
course.

The absence of Augmented Reality learning media with a Project-Based Learning
approach within the Department of Art and Design at UNDIKSHA gives this research
significant novelty value. This study not only aims to develop learning media but also to
provide theoretical contributions regarding the integration of AR and PjBL in the context of
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art education. Ultimately, the use of AR-based PjBL is expected to provide a more effective,
interactive, and meaningful learning experience, thereby improving the quality of learning
and student outcomes in the Projection Drawing course. This research is expected to
continue and expand the tradition of innovative PjBL-based learning media development
pioneered by previous researchers, with the addition of an AR technology dimension that
has never previously been implemented in the Department of Art and Design at
UNDIKSHA.

2. RESEARCH METHOD

This study employed a Research and Development (R&D) approach using the 4D
development model, which consists of Define, Design, Develop, and Disseminate stages
[23]. The research subjects were 22 students from the Art Education Study Program at
Ganesha University of Education. This development model was chosen due to its systematic
structure in producing quality educational products [33].

In the Define stage, a needs analysis was conducted through observations,
interviews, and preliminary questionnaires to identify problems in Projection Drawing
learning. The Design stage involved designing the AR-based PjBL instructional media,
developing learning materials, and designing the application interface. The Develop stage
included content expert validation, media expert validation, individual trials, small group
trials, and field testing. The Disseminate stage was carried out through the implementation
of the media in PjBL-based learning activities.

The research instruments consisted of expert validation sheets, learning motivation
questionnaires, and learning outcome tests (pretest—posttest). Data analysis was conducted
using descriptive quantitative analysis, the Wilcoxon Signed Rank Test to analyze changes
in learning motivation, and N-Gain analysis to measure improvements in learning
outcomes.

[ Define ] [ Design ] [ Develop ] [Disseminate]

Figure 2. The 4-D Development Model is adapted from Thiagrajan, Semmel, and Semmel modified

3. RESULTS AND DISCUSSION

This section explains the research results and, at the same time, a comprehensive
discussion. Results can be presented in figures, graphs, tables, and others that make the
reader understand easily [7]. The discussion can be made in several sub-sections.
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The results of the needs analysis showed that students require more interactive
media. This is in line with the view that the school environment and the availability of
learning facilities significantly influence student learning outcomes [22]. Therefore,
innovative media is needed that can transform abstract information into more concrete

visual representations [32]

3.3. Design

Login Page

Dashboard

Media
Usage
Tutorial

Introduction

N —
----------- N
Featuring AR media developer
biographies

Figure 3. Flowchart of Material on Media as a whole

The Augmented Reality (AR) product developed in this research is a mobile-based
learning application designed to help students understand spatial concepts and three-
dimensional (3D) representations in the Projection Drawing course. This application can
display 3D objects in real time when the device's camera is pointed at specific markers,
allowing students to manipulate, rotate, zoom, and observe visual forms more concretely.
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In this design, the aspect of usability was a top priority so that students could focus on the
learning content [16]

Pedagogically, this AR supports project-based learning (PjBL) by allowing students
to conduct initial observations of 3D objects as a basis for planning and completing project
assignments. Thus, AR media serves as a bridge between 2D image representations and 3D
spatial understanding.The integration of AR with the PjBL model created a more active and
collaborative learning environment. Students were directly involved in exploring 3D
objects, planning projects, and reflecting on learning outcomes. This supports the
Experiential Learning theory, which emphasizes learning through concrete experiences [11].

A

DASHBOARD

(a)

HALAMAN UTAMA

UeamseElar bidang 1 %dan’ tegak lurus bidang

(8
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Figure 4. (a) Login, (b) Dashboard, (c) Media Usage Tutorial, Main Page, Developer Profile, and
About the Application, (d) Main Page, (e) Introduction, (f) Marker, (g) Start AR, (h) Material, (i)
Practice Questions, (j) Game Questions, (k) Correct Answers, (I) Wrong Answers

3.4. Develop

Product Validation

92%
90%
88%
86%
84%

82%
80%
—
76%

Learning Content Media Expert Individual Testing  Small Group Testing Field Testing
Expert

B Product Validation

Figure 5. Product Validity

The results of the material expert validation showed a feasibility percentage of 91%,
and the media expert validation reached 88%. These figures indicate that the developed AR
learning media is highly feasible for use [34]. Furthermore, the development of this media
also considered pedagogical aspects in science and art learning [35].

3.5. Disseminate

3.5.1. Effectiveness on Learning Outcomes

Table 1. Output SPSS Uji N-Gain

Descriptive Statistics

N Minimum Maximum Mean Std. Deviation

P.ISSN: 2086 — 4981 1253
E.ISSN: 2620 - 6390
tip.ppj.unp.ac.id



https://doi.org/10.24036/jtip.v19i1.1099

Jurnal Teknologi Informasi dan Pendidikan
Volume 19, No. 1, March 2026
https://doi.org/10.24036/jtip.v19i1.1099

Pretest 22 26 57 41.00 7.728
Posttest 22 66 82 72.41 4.339
Ngain_Secore 22 21 .66 .5232 11109
Ngain_Persen 22 20.93 66.22 52.3193 11.10889
Valid N (listwise) 22

The analysis of learning outcomes showed a significant increase from the pretest
mean score (41.00) to the posttest mean score (72.41). The N-Gain value of 0.52 falls into the
moderate category, indicating that the AR instructional media is effective in improving
students” understanding of projection drawing concepts. This finding is consistent with the
Cognitive Theory of Multimedia Learning, which states that three-dimensional
visualization supports the integration of verbal and visual information [13].

The effectiveness of the AR media was proven by the increase in learning outcomes
(N-Gain 0.52) and significant learning motivation [17]. The use of games within AR also
provides a new perspective for students in understanding material physically and
cognitively [22]. Socializing the use of AR content within the educational environment is an
important step for the sustainability of this innovation [36].

3.5.2. Improvement of Learning Motivation

Table 2. Output SPSS Uji N-Gain

Paired Samples Test

Paired Differences

95% Confidence Interval of

Std. Std. Error the Difference Sig. (2-
Mean Deviation Mean Lower Upper t df tailed)
Pair Pretest - -48,045 5,827 1,242 -50,629 -45,462 -38,676 21 ,000

1 Posttest

The results of the Wilcoxon test indicated a significant difference in learning
motivation before and after the use of AR instructional media (p <0.05). The AR media was
able to attract students’ attention, increase learning relevance, build confidence, and provide
learning satisfaction, in accordance with the ARCS motivation model [13].

4. CONCLUSION

The Project-Based Learning-based Augmented Reality instructional media
developed in this study is proven to be valid, practical, and effective in improving students’
motivation and learning outcomes in the Projection Drawing course. This media facilitates

1254 P.ISSN: 2086 — 4981
E.ISSN: 2620 - 6390
tip.ppj.unp.ac.id



https://doi.org/10.24036/jtip.v19i1.1099

Jurnal Teknologi Informasi dan Pendidikan
Volume 19, No. 1, March 2026
https://doi.org/10.24036/jtip.v19i1.1099

concrete spatial visualization, enhances student engagement, and supports meaningful
project-based learning.

Project-Based Learning-based Augmented Reality instructional media has proven
to be valid and effective [22]. This technology not only improves learning outcomes but also
helps students master spatial concepts in Projection Drawing in a more enjoyable and
interactive way [37].

REFERENCES

[1] Marhamah, M., & Zikriati, Z. (2024). Mengenal Kebutuhan Peserta Didik Diera Kurikulum
Merdeka. Wathan: Jurnal IImu Sosial Dan Humaniora, 1(1), 89-106.
https://doi.org/10.71153/wathan.v1i1.32

[2] Efriyanti, S. S., & Albina, M. (2025). Strategi Pembelajaran Berdasarkan Analisis Kebutuhan
Belajar Dalam Pendidikan Inklusif. QOSIM: Jurnal Pendidikan, Sosial & Humaniora, 3(1), 367-
376.

[3] Pratiwi, N. W. E., & Santyasa, I. W. (2021, July). Project-based with flipped learning. In 5th Asian
Education Symposium 2020 (AES 2020) (pp. 186-190). Atlantis Press.

[4] Lasha, R. R. (2023). Mengenal Kebutuhan Peserta Didik Di Era Kurikulum Merdeka.
Seminar Nasional.

[5] Sibarani, S., Rajagukguk, A. Y., Tarihoran, N., Rikson, S., & Sihombing, E. (2025). Pengaruh
Efikasi Diri Terhadap Keberhasilan Pembelajaran Berbasis Web di Era Digital. Sukacita: Jurnal
Pendidikan Iman Kristen, 2(1), 135-142.

[6] Rampisela, T., Korlefura, C., & Suhry, H. (2025). Peran Dukungan Orang Tua Dan Self-Efficacy
Dalam Meningkatkan Motivasi Belajar Peserta Didik. Netizen: Journal Of Society And
Bussiness, 1(12), 740-748.

[7] Shodiq, M. F., & Darmawan, D. (2025). Pengaruh Lingkungan Sekolah Terhadap Hasil Belajar
Siswa Sekolah Menengah Pertama. IHSANIKA: Jurnal Pendidikan Agama Islam, 3(1), 292-307.

[8] Sihaloho, W., Pratiwi, R. U., Sari, I. P, Aini, I. Q., Yunita, Z.,, & Winanda, T. (2023).
Perkembangan Konsep Pendidikan dan Klasifikasi Pendidikan. Jurnal Dirosah Islamiyah,
5(3), 756. https://doi.org/10.47467/jdi.v5i3.4169

[9] Nurhayati, R, Sir, N. U., Arifin, A., Ningsih, D. A., Suwito, A., & Sudarsifa, N. A. (2025).
Manajemen Kurikulum Pendidikan Dasar di Era Digital. Jurnal Pendidikan Dasar dan
Keguruan, 10(1), 108-116.

[10] Nurfitriani, N. (2025). Strategi Pembelajaran Digital bagi Guru PAI: Meningkatkan Efektivitas
Pembelajaran di Masa Depan. Jurnal Kualitas pendidikan, 3(1), 258-265.

[11] Ristiani, R., Ali, A., & Apriyanto, A. (2025). Konsep Dasar Pembelajaran IPA. PT. Sonpedia
Publishing Indonesia.

[12] Amelia, H.S., Fisshobah, D. N. F.,, Dayendria, A. E., & Wahyuda, B. (2025). Strategi pembelajaran
inovatif untuk meningkatkan kompetensi siswa. Jurnal Ilmiah Penelitian Mahasiswa, 3(1), 321-
330.

[13] Carolina, Y. Dela. (2022). Augmented reality sebagai media pembelajaran interaktif 3d untuk
meningkatkan motivasi belajar mahasiswa digital native. Ideguru: Jurnal Karya Ilmiah Guru,
8(1), 10-16. https://doi.org/10.51169/ideguru.v8il.448

P.ISSN: 2086 — 4981 1255
E.ISSN: 2620 - 6390
tip.ppj.unp.ac.id



https://doi.org/10.24036/jtip.v19i1.1099

Jurnal Teknologi Informasi dan Pendidikan
Volume 19, No. 1, March 2026
https://doi.org/10.24036/jtip.v19i1.1099

[14] Suartama, I. K., Simamora, A. H., Susiani, K., Suranata, K., Yunus, M., & Tisna MS, G. D. (2023).
Designing Gamification for Case and Project-Based Online Learning: A Study in Higher
Education. Journal of Education and E-Learning Research, 10(2), 86-98.

[15] Muldiyana, M., Lintong, F. D., Judijanto, L., & Sepriano, S. (2026). Pengantar Teknologi
Pendidikan. PT. Sonpedia Publishing Indonesia.

[16] Hidayat, L. (2024). Pengembangan Media Belajar IPA Materi Tata Surya Melalui Aplikasi
Augmented Reality Untuk Peningkatan Motivasi Belajar Mahasiswa SD Negeri Di Kecamatan
Adiwerna Kabupaten Tegal. Journal of Education Research, 5(1), 781-794.

[17] Patiro, S. P. S., Aryani, D., Hendrian, H., Damayanti, P., Rekarti, E., & Gaol, L. L. (2024).
Sosialisasi Implementasi Konten Augmented Reality Sebagai Alternatif Media Pembelajaran
Untuk Meningkatkan Motivasi Belajar Mahasiswa. Community Development Journal: Jurnal
Pengabdian Masyarakat, 5(3), 4469-4478.

[18] Widiana, I. W., Jampel, 1. N., Tegeh, I. M., & Parwata, 1. G. L. A. (2024). Metacognitive-Based
Learning Model Model Pembelajaran Berbasis Metakognitif. PT. RajaGrafindo Persada-Rajawali
Pers.

[19] Sunaryati, N. K. A., Tegeh, I. M., & Warpala, I. W. S. (2023). Pengaruh Model Project-Based
Flipped Learning Terhadap Motivasi dan Prestasi Belajar Bahasa Inggris. Jurnal Teknologi
Pembelajaran Indonesia, 13(2), 94-106.

[20] Darmawan, P., & Firdausa, R. A. (2024). Motivasi Belajar Siswa Sekolah Dasar Pada Mata
Pelajaran IPAS Menggunakan Media Pembelajaran Augmented Reality (AR). Jurnal Cerdik:
Jurnal Pendidikan dan Pengajaran, 4(1), 26-35.

[21] Yoga, I. D. G. A.K,, & Tegeh, 1. M. (2024). Media Augmented Reality 3D Berbasis Video Animasi
untuk Meningkatkan Pemahaman Konsep Sains Siswa Kelas IV Sekolah Dasar. Jurnal Media
dan Teknologi Pendidikan, 4(3), 339-349.

[22] Setiawan, R. H., Fatahillah, A. Kristiana, A. I, Susanto, S.,, & Adawiyah, R. (2024).
Pengembangan Media Pembelajaran Augmented Reality Pada Materi Bangun Ruang Sisi Datar
Untuk Meningkatkan Motivasi Belajar Mahasiswa. Jurnal Edukasi, 10(2), 70-77.

[23] Darmawan, G. E. B., Parwati, N. N., Warpala, I. W. S., & Divayana, D. G. H. (2023). The Effect
Of Augmented Reality Media And Motivation Towards Students’learning Outcomes In
Traditional Games: Physical, Sport, And Health Education. Synesis (ISSN 1984-6754), 15(4), 206-
219.

[24] Trisnawati, W., Balti, L., & Fadhila, G. D. (2025). Pelatihan Desain Media Pembelajaran Berbasis
Augmented Reality Untuk Guru Smp Negeri 18 Tebo. Jurnal Pengabdian Pendidikan
Masyarakat (JPPM), 6(2), 444-452.

[25] Harahap, R. D., Judijanto, L., Hasibuan, L. R., & Sutrisno, S. (2025). Aplikasi Media Pembelajaran
Berbasis Augmented Reality: Inovasi untuk Mendukung Pendekatan Deep Learning. PT.
Sonpedia Publishing Indonesia.

[26] Yuhelman, N., Rivaldo, I., Burhan, K., & Sazaliana, A. (2025). Innovative Acid-Base Learning
Based On Augmented Reality: A Literature Review on Its Effectiveness in Enhancing Student
Learning Outcomes. TOFEDU: The Future of Education Journal, 4(5), 1514-1520.

[27] Riyanti, T. (2024). Pengaruh Strategi Pembelajaran Berbasis Proyek (Project-Based Learning)
Pada Motivasi Belajar Mahasiswa Pendidikan Teknik Bangunan. Humanitis: Jurnal Homaniora,
Sosial Dan Bisnis, 1(8), 427-435.

[28] Nu'man, M., & Retnawati, H. (2022). Model Pembelajaran Matematika Berbasis Proyek dalam

1256 P.ISSN: 2086 — 4981
E.ISSN: 2620 - 6390
tip.ppj.unp.ac.id



https://doi.org/10.24036/jtip.v19i1.1099

Jurnal Teknologi Informasi dan Pendidikan
Volume 19, No. 1, March 2026
https://doi.org/10.24036/jtip.v19i1.1099

Kerangka Integrasi Sciences, Technology, Engineering, Mathematics, and Islam (STEMI).

[29] Chen, C. H,, & Yang, Y. C. (2019). Revisiting the effects of project-based learning on students’
academic achievement: A meta-analysis investigating moderators. Educational Research
Review, 26, 71-81.

[30] Lestari, N. A. P, Suastra, I. W., Suma, K., & Suarni, N. K. (2024). Improving Students’ Learning
Independence and Critical Thinking Ability by Applying Project Based Learning Model: A Case
Study in Jembrana. Interciencia, 404(4), 160-179.

[31] Sandra, R., Firman, F., Razak, A., & Handrianto, C. (2025). A novel problem-based learning
model incorporating team teaching to enhance self-determination in nursing students:
Development and validation. Pedagogika, 157(1), 45-72.

[32] Lin, Y.C. (2024). The evaluation of a scaffolding-based augmented reality educational board
game with competition-oriented and collaboration-oriented mechanisms: differences analysis of
learning effectiveness, motivation, flow, and anxiety. Interactive Learning Environments, 32(2),
502-521, ISSN 1049-4820, https://doi.org/10.1080/10494820.2022.2091606

[33] Mahayani, K. E. (2023). Pengembangan virtual reality berbasis case based learning pada mata
pelajaran matematika kelas viii (Doctoral dissertation, Universitas Pendidikan Ganesha).

[34] Mokmin, N.A.M., Hanjun, S., Jing, C. et al. Impact of an AR-based learning approach on the
learning achievement, motivation, and cognitive load of students on a design course. J. Comput.
Educ. 11, 557-574 (2024). https://doi.org/10.1007/s40692-023-00270-2

[35] Stalheim, O.R., & Somby, H. M. (2024). An embodied perspective on an augmented reality game
in school: pupil's bodily experience toward learning. Smart Learning Environments, 11(1), 24.

[36] Trengginas, W. L. T., Fachrie, M., & Ardiani, F. (2024). Penerapan Teknologi Augmented Reality
sebagai Media Pembelajaran Fauna Berbasis Mobile Android. Jurnal Indonesia: Manajemen
Informatika dan Komunikasi, 5(2), 1619-1628.

[37] Weng, C., Tran, K. N. P, Yang, C. C., Huang, H. I., & Chen, H. (2024). Can an augmented reality-
integrated gamification approach enhance vocational high school students' learning outcomes
and motivation in an electronics course?. Education and Information Technologies, 29(4), 4025-
4053.

P.ISSN: 2086 — 4981 1257
E.ISSN: 2620 - 6390
tip.ppj.unp.ac.id



https://doi.org/10.24036/jtip.v19i1.1099

