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Abstract

The integration of digital technology into physics education has revolutionized instructional practices,
enhancing student engagement and comprehension. This literature review explores the application of four key
learning theories—Multimedia Learning Theory (MLT), Experiential Learning Theory (ELT), Self-
Determination Theory (SDT), and Spaced Repetition—in the context of digital physics education. Research
highlights the effectiveness of multimedia tools, virtual laboratories, and personalized digital platforms in
fostering a deeper understanding of abstract physics concepts. However, challenges such as cognitive overload,
lack of social interaction, and isolated theory applications limit their full potential. By synthesizing findings
across multiple theories, this review identifies gaps in current research and suggests that a multi-theory approach
may provide a more robust framework for improving learning outcomes. Future directions include exploring the
combined use of these theories to create comprehensive digital learning environments that address student
motivation, retention, and engagement in science education.

Keywords: Physics Education, Digital Instruction, Multimedia Learning Theory, Experiential Learning, Self-
Determination Theory.

Introduction

In recent years, the integration of digital technology into physics education has gained significant traction,
largely driven by the need to modernize instructional practices and enhance student engagement. Digital tools
such as multimedia simulations, virtual laboratories, adaptive learning platforms, and spaced repetition systems
offer innovative ways to engage with abstract and complex physics concepts. However, as asserted by Mayer
(2009), the effectiveness of these tools depends on their alignment with sound pedagogical principles. To
maximize their potential, educators must draw from established learning theories that provide a framework for
their implementation. One such theory is Multimedia Learning Theory (MLT), which suggests that students
learn more effectively when both visual and auditory channels are activated simultaneously. According to
Mayer’s (1997) dual-channel theory, combining visual representations with explanatory audio can significantly
improve comprehension. This theory has gained traction as digital tools like simulations and educational videos
increasingly form part of science education curricula. For instance, as demonstrated by Parong and Mayer
(2021), multimedia learning, when used correctly, fosters a deeper understanding of physics concepts by
engaging multiple cognitive pathways. Similarly, Experiential Learning Theory (ELT), as conceptualized by
Kolb (1984), argues that students learn best when actively involved in the learning process. Virtual labs, which
simulate real-world experiments in physics, are prime examples of experiential learning in digital environments.
These labs allow students to engage in activities such as manipulating variables and observing outcomes,
mimicking the hands-on experience of traditional labs but without the limitations posed by physical resources.
As noted by Tsirulnikov et al. (2023), virtual labs can enhance both understanding and engagement by offering
students opportunities to explore and experiment freely.

Furthermore, the Self-Determination Theory (SDT), developed by Deci and Ryan (1985), emphasizes the role of
autonomy, competence, and relatedness in driving intrinsic motivation. Digital learning environments that
provide students with control over their learning pace and path can satisfy these psychological needs, fostering a
more self-directed and motivated learning experience. Kaldaras et al. (2024) posited that digital tools that allow
for autonomy and provide immediate feedback can significantly enhance motivation and engagement in physics
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education. However, as highlighted by Chiu (2023), these environments often fail to address students' need for
relatedness, suggesting a gap in the social interaction element within digital platforms.

Lastly, Spaced Repetition is a learning strategy based on the spacing effect, where information is reviewed at
strategically spaced intervals to improve long-term retention. This method is particularly effective in helping
students retain complex concepts, such as those found in physics, over extended periods. As stated by Dutta et
al. (2024), digital platforms incorporating spaced repetition systems, such as adaptive learning algorithms, have
been instrumental in improving students’ retention of physics knowledge. However, Gilbert et al. (2023)
cautioned that spaced repetition works best when combined with active learning strategies, emphasizing the
need for integrated learning approaches. In this review, we aim to explore how the combined application of
these theories—Multimedia Learning Theory, Experiential Learning Theory, Self-Determination Theory, and
Spaced Repetition—can enhance the effectiveness of digital tools in physics education. While these theories
have been individually validated in various contexts, their potential synergy remains underexplored. This review
will examine the practical applications of these frameworks in current digital learning environments and identify
gaps for future research, with a focus on how these approaches can be integrated to create more engaging,
effective, and personalized learning experiences in physics education.

The integration of digital technology into physics education has gained momentum in recent years as schools
seek to modernize their instructional practices and increase student engagement. The application of theories
such as Multimedia Learning Theory, Experiential Learning Theory, Self-Determination Theory, and Spaced
Repetition has the potential to transform learning environments, particularly in subjects that involve abstract and
complex concepts like physics. However, the success of these digital tools relies heavily on a solid theoretical
foundation and the effective alignment of technology with pedagogical principles. Several studies have
explored various approaches to digital instruction in science education, particularly in physics, yet many focus
on only one theory or method. This review seeks to explore how a multi-theory approach can be more
beneficial, specifically focusing on recent findings about multimedia, experiential learning through virtual labs,
self-determination in online environments, and spaced repetition systems.

Theme 1: Multimedia Learning Theory and Physics Education

The Multimedia Learning Theory (MLT), originally articulated by Mayer (1997, 2009), is pivotal for
understanding how digital tools can enhance learning by leveraging both visual and auditory channels.
According to Mayer’s dual-channel assumption, individuals process verbal and visual information separately but
simultaneously, leading to a more integrated understanding when both channels are used effectively. Recent
studies build on Mayer’s foundational work. For instance, Alpizar et al. (2020) conducted a meta-analysis of
multimedia learning applications in science education and found that animations, interactive simulations, and
educational videos significantly enhanced students' conceptual understanding of physics, particularly when
aligned with narrative explanations. This aligns with Mayer's coherence principle, which states that extraneous
content should be minimized to avoid cognitive overload (Mayer, 2009). Their research further emphasizes that
students tend to perform better when the multimedia elements are concise, relevant, and paired with well-
designed auditory descriptions. Similarly, Katai and Osztian (2023) explored the benefits of dynamic versus
static visualizations in multimedia learning environments. Their findings suggest that animations, which
visualize time-dependent phenomena (e.g., the behavior of waves or the movement of electrons in an atom), are
particularly effective in teaching physics because they offer students dynamic representations of processes that
are otherwise difficult to conceptualize. Despite these benefits, some research critiques the one-size-fits-all
application of multimedia learning tools. Knoster and Goodboy (2023) found that while multimedia tools can
enhance comprehension for novice learners, they may also overwhelm students with low prior knowledge,
suggesting a need for adaptive designs that adjust the complexity of multimedia presentations based on student
ability. This underscores the importance of Mayer’s personalization principle, which advocates for tailoring
multimedia content to individual learner characteristics.

Theme 2: Experiential Learning Theory and Virtual Labs

Experiential Learning Theory (ELT), as conceptualized by Kolb (1984), argued that learning is best achieved
through direct experience, reflection, conceptualization, and experimentation. Virtual laboratories, an
increasingly common feature of digital physics instruction, embody these principles by providing students with
interactive, simulated environments where they can conduct experiments without the constraints of physical
laboratories.

Research by Bazelais et al. (2024) highlighted the effectiveness of virtual labs in science education. In their
study, they found that virtual labs facilitated a deeper understanding of abstract physics concepts, such as
Newtonian mechanics and electromagnetism, by allowing students to manipulate variables, observe outcomes,
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and draw conclusions through active experimentation. This mirrors Kolb's experiential learning cycle, where
students move from concrete experiences (conducting experiments) to reflective observation (analyzing results),
abstract conceptualization (forming new understandings), and active experimentation (testing their ideas
further). A more recent study by Serrano-Perez et al. (2023) examined the comparative effectiveness of
traditional versus virtual labs in teaching physics concepts. They concluded that virtual labs not only help in
understanding theoretical concepts but also offer a platform for experimentation that surpasses physical
limitations, such as safety risks and resource constraints in traditional labs. Students reported higher engagement
and satisfaction with the hands-on experiences provided by virtual labs, which allowed them to test hypotheses
in ways that would be impractical in a standard classroom environment. However, Nungu et al. (2023) raised
concerns about the lack of social interaction in virtual labs, which can sometimes limit students’ ability to reflect
and conceptualize collaboratively. This gap highlights an area for further development in virtual learning
environments—one that combines the independence of virtual labs with collaborative elements to foster both
individual and group-based experiential learning.

Theme 3: Self-Determination Theory in Digital Learning

Self-Determination Theory (SDT), developed by Deci and Ryan (1985), emphasizes the role of autonomy,
competence, and relatedness in motivating learners. Digital learning environments, especially those involving
multimedia and virtual labs, must address these psychological needs to foster intrinsic motivation and deeper
engagement. In a study by Chiu (2023), the design of online learning environments that foster autonomy by
offering students control over their learning pace and path significantly improved student motivation and
engagement. Virtual labs, in particular, allow students to choose how to approach tasks, which aligns with the
autonomy principle of SDT. These labs also offer immediate feedback, fostering a sense of competence by
allowing students to see the immediate results of their actions and experiments. However, Wong (2023)
highlighted that the psychological needs of relatedness—the sense of connection with others—are often
neglected in digital learning environments. Their study demonstrated that students in digital environments,
especially those working in isolation, can experience a lack of social interaction, which may hinder motivation.
To address this, digital physics environments can incorporate collaborative features, such as peer review and
group experiments, ensuring that students feel connected to their classmates and instructors, even in an online
setting. Kuo et al. (2023) also emphasized the importance of competence in fostering intrinsic motivation. Their
research shows that digital tools that provide scaffolded challenges—tasks that gradually increase in difficulty—
help students build mastery in subjects like physics. Virtual labs and computer simulations that adapt to
students' learning levels can enhance both competence and autonomy, two pillars of SDT.

Theme 4: Spaced Repetition in Physics Education

Spaced Repetition is a learning technique based on the spacing effect, first proposed by Ebbinghaus (1913),
which suggests that information is better retained when review sessions are spaced out over time. This principle
is particularly important in physics education, where students need to retain complex concepts over the long
term. In a study by Bego et al. (2024), spaced repetition was shown to significantly improve long-term retention
in STEM subjects, particularly physics. By revisiting concepts over time, students were better able to
consolidate their understanding and apply it to problem-solving scenarios. Job and Muralidharan’s (2024)
research demonstrates the efficacy of spaced repetition in reducing the forgetting curve, ensuring that students
retain critical information throughout the course. Similarly, Zhang (2024) found that digital platforms
incorporating spaced repetition algorithms—such as adaptive learning systems—can personalize the review
process, adjusting the timing of reviews based on each student's performance. These systems have been
particularly effective in helping students retain fundamental physics concepts, such as kinematics and
thermodynamics, by spacing out review sessions based on individual learning curves. However, some
challenges remain. Nikitina (2024) points out that while spaced repetition is effective; its benefits are
maximized when combined with active learning strategies, such as problem-solving and experimentation. This
means that digital learning environments should not rely on spaced repetition alone but integrate it with hands-
on activities and multimedia elements for optimal retention.

Applications in Science Education

The theoretical frameworks discussed—Multimedia Learning Theory, Experiential Learning Theory, Self-
Determination Theory, and Spaced Repetition—have substantial applications in the field of science education,
particularly in physics. This section outlines how these theories are implemented in practical settings, highlights
successful examples, and identifies some of the challenges faced in their application.

Multimedia Learning Theory in Practice
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Multimedia Learning Theory (MLT) suggests that integrating visual and auditory information enhances learning
by leveraging the brain’s dual-channel processing capabilities. This approach has been widely adopted in the
creation of digital educational materials. A prominent example is PhET Interactive Simulations, developed by
the University of Colorado Boulder. These simulations provide dynamic visual representations of physics
phenomena, such as electrical circuits and quantum mechanics, paired with explanatory audio and textual
information. Studies have shown that PhET simulations significantly improve students’ understanding of
complex concepts and increase engagement in the learning process (Banda & Nzabahimana, 2023). However,
the design of multimedia tools like PhET requires careful attention to avoid cognitive overload. Research by
Howie et al. (2023) indicates that excessive or irrelevant information can hinder rather than enhance learning.
To address this challenge, educational tools should adhere to Mayer’s principles, such as the coherence
principle, ensuring they remain pedagogically sound and focused.

Experiential Learning Theory in Virtual Laboratories

Experiential Learning Theory (ELT) emphasizes the importance of learning through hands-on experiences and
reflection. Virtual laboratories offer a valuable application of this theory, providing interactive environments
where students can conduct experiments and explore scientific concepts. An example of ELT in action is
Labster, a company that provides virtual laboratory simulations for high school and college students. Labster's
simulations cover a wide range of physics topics, including mechanics, waves, and electromagnetism. Research
by Menchafou et al. (2024) demonstrates that students who use virtual labs perform better in understanding and
applying physics concepts compared to those in traditional lab settings. These simulations align with Kolb’s
experiential learning cycle, allowing students to experiment and reflect in a simulated environment. Despite
their advantages, virtual labs face certain limitations, such as the lack of tactile feedback and social interaction
found in physical labs. Wahidha and Kardena (2024) suggest that virtual labs should incorporate collaborative
elements and opportunities for social interaction to better align with ELT principles and improve learning
outcomes.

Self-Determination Theory in Digital Learning Environments

Self-Determination Theory (SDT) emphasizes the importance of meeting students' needs for autonomy,
competence, and relatedness to foster motivation and engagement. Digital learning environments increasingly
incorporate these principles to create a more motivating and effective learning experience. Khan Academy is a
well-known example of SDT in practice. The platform allows students to set their own learning goals, receive
personalized feedback, and track their progress. This approach provides students with autonomy in their
learning journey and enhances their competence through immediate feedback. The adaptive learning algorithms
employed by Khan Academy cater to individual needs, promoting both motivation and engagement (Kaur et al.,
2024). However, ensuring a sense of relatedness in digital environments can be challenging, as students may
feel isolated. To address this issue, Keele (2024) suggests incorporating collaborative features, such as
discussion forums and group projects, to support students’ social needs and enhance their overall learning
experience.

Spaced Repetition in Educational Technologies

Spaced Repetition involves reviewing material at increasing intervals to improve long-term retention, and it has
been effectively integrated into various educational technologies. An example of this is Anki, a flashcard
application that employs spaced repetition algorithms to help users retain information more effectively. In
physics education, students use Anki to review and retain key concepts and formulas. Research by Abbas et al.
(2022) showed that spaced repetition systems significantly improve retention rates, especially when combined
with active learning strategies. While spaced repetition is effective, its implementation requires careful
consideration of the timing and content of reviews. Alamelu and llankumaran (2024) argued that although
spaced repetition aids retention, it should be paired with other active learning techniques to maximize its impact
and prevent rote memorization.

Gaps and Future Directions

While each of these theories—Multimedia Learning Theory, Experiential Learning Theory, Self-Determination
Theory, and Spaced Repetition—has been shown to improve learning outcomes in physics education, there is a
notable gap in the literature regarding their combined application. Most studies focus on one theoretical
framework at a time, missing the potential synergy of integrating these approaches in digital instruction. Future
research should investigate how combining these theories can create more comprehensive and effective learning
environments. For instance, how might virtual labs (based on experiential learning) be enhanced by
incorporating spaced repetition and multimedia tools? Or how can autonomy and relatedness, as emphasized in
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SDT, be more effectively embedded in adaptive learning platforms? Exploring these intersections could lead to
even greater improvements in student engagement and learning outcomes in digital physics education.

Conclusion

The integration of digital tools and learning theories has shown great promise in transforming physics education.
By fostering student engagement, enhancing comprehension, and supporting long-term retention, these
strategies pave the way for more effective and personalized learning experiences. Yet, as with any educational
innovation, challenges remain. Finding the right balance between autonomy and social interaction, adapting
digital tools to various learning styles, and combining these theories cohesively are areas that still need
attention. There is hope that future research will not only address these gaps but also refine these digital
environments, ensuring they meet the diverse needs of learners. As we continue to explore the possibilities, it is
exciting to imagine how advancements in technology will deepen our understanding of how students learn best,
leading to even more impactful educational experiences in the years to come.
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