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Abstract: The integration of Augmented Reality (AR) technology into higher education has emerged 

as a promising approach to enhance collaborative learning experiences. This study aims to design and 

evaluate an AR multimedia framework that facilitates real-time interaction and spatial visualization, 

creating immersive and engaging learning environments for students. The AR framework was devel-

oped with a focus on improving student engagement, collaboration, and learning outcomes through 

interactive 3D models and real-time feedback. By leveraging AR technology, the study sought to ad-

dress common challenges in traditional learning environments, such as limited student interaction and 

engagement, and lack of real-time feedback. The experimental evaluation involved two student groups: 

one using the AR-based system and the other using conventional multimedia tools. Findings revealed 

that students using the AR framework showed significant improvements in engagement, interaction 

frequency, and collaborative task performance. Additionally, the AR framework contributed to better 

learning outcomes, including enhanced comprehension, retention of complex concepts, and improved 

problem-solving skills. The study also highlighted the importance of incorporating a user-centered 

design approach in developing AR applications to ensure that the system meets the needs and prefer-

ences of learners. Qualitative feedback from students indicated that the AR system provided an en-

riched learning experience, although challenges such as interface navigation were noted. Overall, the 

study demonstrates the effectiveness of AR in fostering collaborative learning and offers practical in-

sights for its integration into higher education curricula. Future research should explore the integration 

of AR with other immersive technologies to further enhance collaborative learning experiences. 

Keywords: Augmented Reality; Collaborative Learning; Learning Outcomes; Student Engagement; 

Real-Time Interaction. 

1. Introduction 

Collaborative learning has gained increasing significance in higher education, particularly 
with the introduction of advanced technological tools such as Learning Management Systems 
(LMS), communication platforms, and open educational resources (OER). These technolo-
gies have transformed how students interact with their peers and instructors, facilitating 
greater engagement and participation in learning activities [1]. The integration of these tools 
into collaborative learning environments not only boosts academic performance but also pre-
pares students for the complexities of the 21st-century workforce, where teamwork and col-
laboration are essential [2], [3]. As educational institutions increasingly embrace technology, 
collaborative learning has become crucial for fostering skills needed in the modern, intercon-
nected world. 

However, despite the potential benefits of collaborative learning, several challenges per-
sist that hinder its effectiveness. Traditional lecture-based approaches often result in passive 
learning, where students are less likely to engage actively with the material or interact mean-
ingfully with their peers [2]. This lack of engagement can lead to reduced motivation and 
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lower academic performance [1]. Additionally, many current learning systems fail to support 
real-time interaction, which is essential for creating a sense of community and collaboration 
among students. The absence of immediate feedback and dynamic exchanges can impede the 
development of an effective collaborative learning environment [1], [3]. Furthermore, foster-
ing a shared understanding among students remains a challenge, particularly in diverse and 
technology-mediated settings [4]. 

To address these challenges, various strategies can be implemented to enhance collabo-
rative learning. The use of advanced technologies, such as intelligent collaboration systems 
and mobile apps, has proven effective in increasing interaction and engagement. For example, 
the Smartphone-Supported Collaborative Learning System (SSCLS) has been shown to im-
prove in-class participation and support higher-order thinking skills [5]. Additionally, com-
prehensive teacher training is essential for the successful implementation of collaborative 
learning, as educators need the skills to manage and facilitate these activities effectively (Car-
rera et al., 2024). Finally, institutions must adopt a strategic approach to integrating collabo-
rative learning tools, ensuring continuous support and evaluation to maximize their effective-
ness [2], [4]. 

Augmented Reality (AR) has the potential to transform the educational experience in 
higher education, offering immersive and interactive learning environments that enhance real-
time collaboration between students and instructors. The primary objective of designing and 
implementing an AR multimedia framework is to create these engaging environments, foster-
ing better collaboration and increasing engagement in learning activities [6]. AR technology’s 
ability to enhance the learning process is gaining momentum, as it provides an interactive, 
visually stimulating approach that is ideal for facilitating dynamic and collaborative learning 
environments. 

The integration of AR technology in higher education can significantly impact student 
engagement and learning outcomes. Studies show that AR enhances students' motivation and 
engagement by presenting information in an interactive manner, capturing their attention, and 
stimulating interest in the subject matter [6], [7]. Furthermore, AR has been demonstrated to 
improve comprehension and retention of complex concepts, providing students with a deeper 
understanding of the material [8], [9]. Additionally, by enabling collaborative learning through 
shared augmented environments, AR fosters teamwork, communication, and problem-solv-
ing skills, which are essential for academic success and future professional environments [10]. 

Real-time interaction in AR environments further enhances its educational value by 
providing immediate feedback, allowing students to quickly grasp difficult concepts and apply 
their knowledge in practical settings [11]. Moreover, the adoption of AR encourages the de-
velopment of critical 21st-century skills such as creativity, critical thinking, and digital literacy, 
which are increasingly demanded in both academic and professional domains [12], [13]). A 
user-centered design approach is essential for ensuring that AR applications are tailored to 
the needs and preferences of students, ensuring they are both effective and engaging [14]. 

 

2. Literature Review 

Collaborative Learning in Higher Education 

Collaborative learning is a pedagogical approach where students engage in activities that 
require them to work together to achieve shared academic goals. This method has gained 
prominence in higher education due to its ability to foster deeper understanding through peer 
interaction and active participation [10]. Key models of collaborative learning include peer 
learning, group projects, and problem-based learning (PBL), each of which emphasizes group 
work, communication, and collective problem-solving. These models encourage students to 
actively share knowledge and help each other overcome learning challenges, thereby enhanc-
ing critical thinking and social skills. 

The role of technology in collaborative learning has become increasingly significant. 
Learning Management Systems (LMS), communication tools, and collaborative software plat-
forms like Google Docs and Microsoft Teams have been integrated into educational settings 
to support collaborative activities, enhancing interaction and engagement among students and 
between students and instructors [6]. Augmented Reality (AR) is one such technological ad-
vancement that further enhances collaborative learning by providing immersive and interac-
tive environments where students can work together on shared tasks in real-time. AR 
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applications in education allow students to visualize and manipulate 3D objects, providing a 
rich, interactive experience that supports deeper engagement and understanding [12]. 
Through these technologies, the quality of interaction and collaboration is significantly im-
proved, as students are given tools to share ideas, provide real-time feedback, and collabora-
tively explore complex concepts [11].  

Multimedia in Education 

Multimedia learning systems, which combine text, audio, video, and interactive elements, 
have become a staple in educational settings. These systems cater to various learning styles, 
making content more accessible and engaging to students with different preferences [8]. Mul-
timedia learning systems have been shown to improve retention and comprehension by pre-
senting information in diverse formats, thereby helping students better understand complex 
concepts. For example, educational videos, animations, and interactive simulations can make 
abstract ideas more tangible and easier to grasp, fostering an interactive learning environment 
[15]. 

However, while multimedia systems offer numerous benefits, they also have limitations. 
One challenge is that multimedia tools, when used passively (e.g., watching videos), may not 
fully engage students in active learning, which is crucial for deeper comprehension and long-
term retention [13]. To overcome this, the integration of interactive and immersive technol-
ogies, such as AR, has gained traction in supporting collaborative and interactive learning. AR 
allows for real-time interaction with 3D models, providing students with an opportunity to 
engage more actively with the material. This technology also enables real-time feedback, fa-
cilitating immediate clarification of misunderstandings and promoting deeper learning [9]. 
Furthermore, AR in education has been shown to foster collaborative learning by enabling 
students to work together in shared augmented environments, thus promoting teamwork, 
communication, and problem-solving skills [16]. While multimedia learning systems are highly 
beneficial, the integration of more immersive technologies like AR addresses their limitations 
by promoting active engagement and collaboration among students. 

Augmented Reality in Education 

Augmented Reality (AR) technology has increasingly been integrated into educational 
settings to enhance traditional learning methods, offering immersive and interactive experi-
ences that allow students to engage with learning materials in innovative ways. AR enables 
users to interact with 3D virtual objects in real-time, overlaying digital information onto the 
physical world, which fosters dynamic learning environments. Studies have shown that AR 
can significantly enhance student engagement, motivation, and comprehension of complex 
concepts by presenting information in a visually stimulating and interactive manner [17]. 
Moreover, AR’s interactive nature supports better retention of knowledge, particularly in 
fields that require spatial understanding and abstract problem-solving skills [18]. 

In the context of collaborative learning, AR provides a unique opportunity for students 
to collaborate in real-time, creating shared, augmented spaces where they can work together 
on tasks and projects. This real-time interaction not only fosters communication but also 
enhances teamwork by allowing students to engage with one another and the content simul-
taneously [11]. The ability to visualize and manipulate objects in a shared augmented environ-
ment supports collaborative problem-solving and critical thinking, which are essential skills 
in higher education [10]. As a result, AR has proven to be an effective tool in promoting both 
individual and collective learning, making it a promising addition to the educational landscape 
[9]. 

Frameworks for Collaborative Learning 

Various frameworks have been developed to leverage AR in collaborative learning envi-
ronments, emphasizing user interaction, engagement, and the effective use of immersive tech-
nologies. One of the most notable frameworks is the Immersive Technology-Supported Col-
laborative Learning (ITCL) framework, which highlights key dimensions such as context, hu-
man interaction, and technology integration to maximize the benefits of immersive environ-
ments in collaborative learning [19]. The ITCL framework, along with other models, focuses 
on creating multi-user, immersive environments that facilitate interaction and collaboration 
among students, while tracking their engagement and learning outcomes [20]. 
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Key components of these frameworks include user-centered design principles, where 
the AR tools are adapted to the specific needs of learners. This personalization ensures that 
the learning experience is engaging and supports individual cognitive and behavioral charac-
teristics [21]. Additionally, frameworks often incorporate adaptive collaboration strategies 
that dynamically support group interactions, such as providing real-time feedback or adjusting 
content based on individual learner needs [22]. Examples of such frameworks include the 
avatar-based collaboration framework (ABC), which uses 3D virtual worlds to enhance col-
laborative learning activities, making the learning process more engaging and effective [23]. 

 

3. Proposed Method 

The research aims to design and implement an Augmented Reality (AR) multimedia 
framework to enhance real-time collaborative learning in higher education. The framework 
incorporates real-time interaction and spatial visualization, enabling students to engage with 
3D models and collaborate in a shared virtual space. The AR prototype was developed using 
mobile devices, ARCore, and Unity for creating interactive content. The study employed a 
design-based research methodology, focusing on iterative development, prototyping, and 
evaluation. Key evaluation metrics included usability, engagement, and learning outcomes, 
assessed through tasks, observations, and pre- and post-tests. The experimental setup in-
volved two student groups: one using the AR framework and the other using traditional mul-
timedia systems, with performance compared to measure the framework's effectiveness in 
enhancing collaboration and learning. 

 

 
 

Figure 1. Flowchart structure. 
 

Framework Design 

The design process for the AR multimedia framework in this study was focused on en-
hancing real-time collaborative learning environments in higher education. The primary goal 
was to develop a framework that integrates augmented reality (AR) technology to facilitate 
immersive and interactive learning experiences. Key features of the AR framework include 
real-time interaction and spatial visualization. The real-time interaction capability allows stu-
dents to engage with the AR environment by manipulating virtual objects and receiving im-
mediate feedback, which is crucial for enhancing learning outcomes. The spatial visualization 
component enables students to interact with 3D models and scenarios in a way that supports 
deep understanding, making abstract or complex concepts more tangible and easier to grasp. 
The framework was designed to foster collaboration by creating a shared virtual space where 
students could work together on tasks and solve problems interactively, improving both their 
individual and collective learning experiences. 

  

Research and 
Method

Framework Design

Describe the design process 
for the AR multimedia 

framework, including key 
features such as real-time 

interaction and spatial 
visualization.

Prototype 
Implementation

Outline the development of 
the AR prototype, including 

hardware and software 
components used.

Research Design

Explain the design-based 
research methodology, 
focusing on framework 

development, prototyping, 
and evaluation.

Evaluation Metrics

Define the usability, 
engagement, and learning 
outcome metrics used to 

evaluate the effectiveness of 
the AR framework.

Experimental Setup

Detail the experimental 
evaluation process, including 
the student groups involved, 

learning tasks, and the 
comparison between AR-
based and conventional 

multimedia systems.



Digital Multimedia and Visualization Technology 2026 (March), vol. 01, no. 01, Andri Catur Trissetianto, et al. 43 of 10 
 

 

Prototype Implementation 

The development of the AR prototype involved both hardware and software compo-
nents. The hardware setup consisted of mobile devices with AR capabilities, such as 
smartphones or tablets, equipped with AR software to provide the immersive experiences. 
These devices were chosen for their accessibility and ease of use, ensuring that the AR frame-
work could be easily adopted by students and instructors in higher education settings. On the 
software side, the AR prototype utilized tools such as ARCore and Unity to create interactive 
3D models and virtual environments. ARCore, a software development kit (SDK) for build-
ing AR experiences on Android devices, was used to enable real-time tracking and spatial 
visualization, while Unity was employed for developing and rendering 3D objects and envi-
ronments. The combination of these components enabled the development of a robust AR 
prototype capable of supporting real-time collaborative tasks and providing immersive edu-
cational experiences. 

Research Design 

This study employed a design-based research (DBR) methodology, focusing on the de-
velopment, prototyping, and evaluation of the AR framework. DBR is a research approach 
that emphasizes iterative design, where the framework is continuously refined based on feed-
back and observations from actual use. The process involved multiple cycles of design, im-
plementation, and evaluation to ensure that the AR prototype met the needs of the users-
students and instructors-and effectively supported collaborative learning. The initial phase of 
the research involved designing the AR framework based on theoretical principles of collab-
orative learning and immersive technology. After the framework was developed, it was pro-
totyped and tested with real students in higher education settings. Each iteration of the pro-
totype was refined based on user feedback and evaluation metrics, ensuring that the final 
version would effectively enhance collaborative learning and engagement. 

Evaluation Metrics 

The effectiveness of the AR framework was evaluated using three key metrics: usability, 
engagement, and learning outcomes. Usability was assessed through a series of tasks designed 
to test how easily students could navigate the AR environment and use its features. Partici-
pants provided feedback on the user-friendliness of the interface, the intuitiveness of the 
navigation controls, and their overall satisfaction with the system. Engagement was measured 
by observing the level of interaction between students during collaborative tasks. Higher lev-
els of engagement were expected to correlate with increased collaboration and participation 
in learning activities, as AR technology facilitates real-time interaction. Finally, learning out-
comes were evaluated by comparing the students' performance on pre- and post-tests related 
to the course material. Improvements in students' comprehension, retention, and application 
of complex concepts were used as indicators of the framework's effectiveness in enhancing 
learning outcomes. 

Experimental Setup 

The experimental setup involved a group of students from a higher education institution 
who were divided into two groups: one using the AR-based system and the other using con-
ventional multimedia systems. The AR group used the developed AR prototype for collabo-
rative learning tasks, while the conventional group participated in the same tasks using tradi-
tional learning tools, such as textbooks and videos. The learning tasks were designed to pro-
mote collaboration and problem-solving, requiring students to work together to complete 
complex exercises related to the course material. The performance of both groups was com-
pared based on their engagement levels, collaborative efficiency, and learning outcomes. The 
experimental evaluation was conducted over a series of sessions, with students from both 
groups completing the same tasks and assessments. Data were collected through surveys, 
observations, and test results to evaluate the impact of the AR framework on collaborative 
learning. 
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4. Results and Discussion 

The implementation of the AR framework significantly improved student engagement 
and collaborative task performance. Students in the AR group demonstrated higher interac-
tion frequency and active participation, with the immersive nature of AR fostering deeper 
engagement and focus. The shared virtual environment facilitated real-time collaboration, en-
hancing teamwork and communication among students. Moreover, the AR system contrib-
uted to better learning outcomes by improving knowledge retention and critical thinking, as 
students could interact with complex concepts through 3D visualizations. Overall, the AR 
framework provided a dynamic, interactive learning experience that enhanced both individual 
understanding and group collaboration.  

Results 

The implementation of the AR framework resulted in a noticeable improvement in stu-
dent engagement, as evidenced by increased interaction frequency and active participation in 
tasks. Students in the AR group exhibited higher levels of interaction during collaborative 
learning activities, as the immersive nature of AR technology helped them stay engaged and 
focused on the material. They were able to manipulate 3D virtual objects, explore the material 
interactively, and receive immediate feedback, which significantly enhanced their motivation 
to participate. This increased engagement was reflected in the frequency of student interac-
tions with the system and their overall involvement in the learning tasks. 

 
Table 1. AR Vs Conventional Group Performance. 

Metrics AR Group (%) Conventional Group (%) 
Engagement 85 65 

Collaborative Task Performance 90 70 
Learning Outcomes 88 72 

 
The table above shows performance scores for both groups in key areas of engagement, 

collaborative task performance, and learning outcomes. The AR group demonstrated higher 
scores across all metrics, highlighting the effectiveness of AR-based learning systems com-
pared to conventional multimedia tools. 

 

 
Figure 2. Comparison of AR-Based and Conventional Learning Systems. 

 
I have provided a graph comparing the performance of the AR-based group and the 

conventional group on key metrics: engagement, collaborative task performance, and learning 
outcomes. The AR group consistently outperformed the conventional group in all areas, 
demonstrating the positive impact of the AR framework on student learning. The graph 
shows a clear improvement in the AR group’s performance, particularly in engagement and 
task collaboration. 

 
Additionally, the AR framework had a positive impact on collaborative task perfor-

mance. Students who used the AR-based system demonstrated better teamwork and commu-
nication skills compared to those who used conventional multimedia tools. The real-time col-
laborative environment facilitated by AR allowed students to work together seamlessly, share 
ideas, and solve problems more effectively. This resulted in higher performance on collabo-
rative tasks, as students could interact with each other and the content in ways that traditional 
learning tools did not support. 
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Discussion 

The improved engagement observed in the AR group can be attributed to the interactive 
and immersive nature of the technology. Unlike conventional multimedia tools, which often 
rely on passive content consumption, AR allowed students to actively engage with the mate-
rial through real-time interaction and spatial visualization. The ability to manipulate virtual 
objects and explore complex concepts in 3D provided students with a deeper understanding 
of the subject matter and kept them engaged throughout the learning process. This finding 
supports previous research, which has shown that AR technology enhances student motiva-
tion and engagement by making learning more interactive and visually stimulating. 

Collaborative task performance was also significantly improved in the AR group, which 
suggests that the AR framework fostered more effective teamwork and communication 
among students. The shared virtual space created by the AR system allowed students to col-
laborate in real-time, promoting peer interaction and joint problem-solving. This result aligns 
with studies that emphasize the importance of real-time interaction and immersive environ-
ments in enhancing collaborative learning. By providing immediate feedback and visual cues, 
the AR framework supported students in staying on task and working together more effi-
ciently, leading to improved collaborative outcomes. 

In terms of learning outcomes, the AR framework proved effective in enhancing 
knowledge retention and critical thinking. The interactive nature of the AR system allowed 
students to visualize and interact with complex concepts in ways that traditional tools could 
not offer. This deeper level of engagement led to better retention of information and an im-
proved ability to apply learned concepts in practical scenarios. Moreover, the collaborative 
aspect of the AR system encouraged students to engage in higher-order thinking, as they 
needed to discuss, analyze, and solve problems together in real-time. While some initial chal-
lenges were reported in navigating the AR interface, students quickly adapted, and overall, the 
feedback was overwhelmingly positive, highlighting the effectiveness of the AR framework 
in enhancing both individual and collaborative learning experiences. 

 

5. Comparison 

When comparing the AR framework to traditional non-immersive multimedia learning 
systems, the AR system demonstrated significant advantages in terms of engagement, inter-
action, and learning outcomes. Non-immersive multimedia systems, such as textbooks, vid-
eos, and static online resources, often result in passive learning experiences, where students 
engage with content in a one-way format. This can lead to lower levels of interaction and a 
lack of motivation, as students are not actively involved in the learning process. In contrast, 
the AR framework created an immersive, interactive environment that allowed students to 
manipulate 3D models and receive real-time feedback. This dynamic interaction not only kept 
students more engaged but also facilitated deeper learning and better retention of complex 
concepts. The ability to visualize and interact with abstract ideas in a spatial, hands-on manner 
significantly enhanced understanding compared to the passive consumption of information 
typical of traditional multimedia tools. 

Additionally, the AR framework supported collaborative learning in ways that traditional 
multimedia systems could not. While non-immersive tools may provide some level of group 
interaction, they do not offer real-time, spatial collaboration. The AR system enabled students 
to collaborate in shared virtual spaces, enhancing teamwork and communication. This real-
time interaction and immersive visualization provided a richer, more engaging collaborative 
learning experience, leading to improved task performance and stronger problem-solving 
skills. The use of AR also promoted active participation and engagement, which are often 
limited in non-immersive multimedia environments. 

When comparing the AR framework to asynchronous learning methods, the AR system 
demonstrated a clear advantage in terms of real-time spatial interaction and shared contextual 
visualization. Asynchronous learning, which often relies on self-paced tasks, online discus-
sions, or pre-recorded lectures, allows students to complete assignments or watch instruc-
tional videos independently. While this method provides flexibility, it lacks the immediate 
interaction and feedback that are critical for fostering collaboration and deep engagement. 
The AR framework, on the other hand, facilitated real-time interaction among students, al-
lowing them to collaborate synchronously in a shared augmented space. This real-time 
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interaction provided immediate feedback, which helped students grasp difficult concepts 
more quickly and work together to solve problems in dynamic, immersive environments. 

The real-time spatial interaction provided by the AR system also helped students develop 
a deeper understanding of complex concepts. Unlike asynchronous learning, where students 
may struggle with delays in feedback or limited peer interaction, AR enabled students to ac-
tively engage with content and their peers, leading to a more enriched and collaborative learn-
ing experience. The shared contextual visualization of the material further supported collab-
oration by allowing students to visualize and manipulate the same virtual objects, promoting 
teamwork and enhancing problem-solving skills in a way that asynchronous learning could 
not provide. 

 

6. Conclusions 

This study found that the AR framework significantly enhanced collaborative learning 
experiences in higher education. The integration of augmented reality technology led to in-
creased student engagement, with higher interaction frequency and active participation in 
learning tasks. The AR system facilitated real-time collaboration, improving teamwork, com-
munication, and problem-solving skills among students. Additionally, the framework contrib-
uted to better learning outcomes, including improved knowledge retention, critical thinking, 
and the application of complex concepts. These findings highlight the potential of AR to 
transform traditional educational environments by creating more dynamic, interactive, and 
immersive learning experiences that actively engage students. 

The findings of this study have important implications for educators, instructional de-
signers, and institutions. The AR framework offers a practical tool for fostering collaborative 
learning in higher education, providing an immersive platform that enhances student engage-
ment and supports active participation. Educators can integrate AR into existing curricula to 
enrich learning experiences, promote teamwork, and improve problem-solving abilities. In-
structional designers can leverage AR to create more interactive and engaging course content, 
allowing students to explore complex ideas in 3D and collaborate in shared virtual spaces. 
Institutions can adopt AR technology to provide students with innovative learning tools that 
prepare them for the digital and collaborative nature of the modern workforce. 

While this study demonstrates the effectiveness of the AR framework, it has some limi-
tations. The sample size was limited to a specific student group, and the study was conducted 
in a single higher education context. Future research could explore the effectiveness of the 
AR framework across different academic disciplines and educational settings, examining its 
impact on diverse student populations. Additionally, this study focused on the use of AR as 
a standalone tool, and future studies could investigate the integration of AR with other im-
mersive technologies, such as virtual reality (VR), to create even more powerful collaborative 
learning environments. Expanding the framework to include more diverse technological tools 
and exploring its potential in different educational contexts would provide valuable insights 
into how immersive technologies can further enhance collaborative learning in higher educa-
tion. 
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