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ABSTRACT

This study analyzes the integrated multi-representation learning model based on digital technology to improve students'
conceptual understanding. The main problem in this study is students' difficulty in understanding abstract and complex
concepts. This is especially evident in science and mathematics education, where many concepts are abstract and difficult to
visualize. Another problem in education is the gap between students' abilities, where some students may excel in verbal
understanding, while others may excel in visual or mathematical understanding. This study aims to analyze the development
of a multi-representation learning model in the digital era as an alternative effective learning model to improve students'
conceptual understanding and higher-order thinking skills. Through a qualitative approach using a literature review method,
this study analyzes various multi-representation learning models that have been developed and the integration of digital
technology in their implementation. Data were obtained from a review of relevant journal articles related to the research topic
conducted by previous researchers. The results of the study indicate that a multi-representation learning model integrated with
digital technology can facilitate students' understanding of complex concepts through interactive verbal, visual, graphic, and
mathematical representations. The application of this model has proven effective in improving students' multi-representation
skills, problem solving, conceptual understanding, and creativity.
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Introduction

The digital age has brought about significant changes in various aspects of life, including education. The rapid
development of information and communication technology has created opportunities and challenges for the world of
education to adapt to the needs and characteristics of 21st century learning. Today's students, who are digital natives,
have different learning styles than previous generations. They tend to access information quickly, prefer interactive
learning processes, and have the ability to process multiple pieces of information simultaneously. This situation
requires innovation in learning models that can accommodate the characteristics of students in the digital age. One of
the main challenges of education in the digital age is how to ensure that the learning process is not just a transfer of
knowledge, but also develops critical thinking, creativity, collaboration and communication skills in students.
Education in the digital age is not just about integrating technology into learning, but also about how technology can
be used effectively to improve the quality and outcomes of learning.

Responding to the challenges of education in the digital age requires innovative learning models that not only use
technology as a tool, but also consider how the learning process can be designed to develop higher-order thinking skills
in students. Traditional learning models, which tend to be teacher-centered and emphasize content mastery alone, are
considered irrelevant to the learning needs of the digital age. More adaptive, flexible learning models that can
accommodate the diversity of learning styles of learners are needed. A good learning model in the digital age should
be able to integrate digital technology with effective pedagogical principles to create meaningful and relevant learning
experiences for students. In addition, learning models must be designed to develop students' digital literacies so that
they are not only consumers of technology, but also able to use technology critically and creatively in the learning
process. Another challenge in developing learning models in the digital age is how to balance the use of technology
with social interaction and the development of interpersonal skills among students.
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One potential learning model to be developed in the digital age is the multirepresentation learning model.
Multirepresentation is a learning strategy that combines different forms and methods such as writing, numbers,
diagrams, and visuals to explain a particular concept in detail (Masrifah et al., 2020). This learning model allows
students to understand concepts from different perspectives and in different ways, thereby accommodating the diversity
of students' learning styles and abilities. In the digital age, which is characterized by an abundance of information in
different forms, the ability to understand and use different forms of representation is becoming increasingly important.
Multirepresentation skills are not only in the context of formal learning, but also as part of the digital literacy needed
in everyday life. By developing a model for multirepresentation learning in the digital age, it is hoped that students
will be better prepared to deal with the increasing complexity of information and knowledge.

Multirepresentation learning is learning that provides students with multiple opportunities to represent the same
concept using different forms or types of representation. Forms and types of representation can include verbal, graphic,
tabular, experimental, mathematical, pictorial, kinaesthetic, and visual (Waldrip et al., 2006). In multirepresentational
learning, students are encouraged not only to understand concepts from a single form of representation, but also to be
able to transform and connect different forms of representation to build a richer and deeper understanding. Multi-
representational learning is also consistent with Howard Gardner's theory of multiple intelligences, which states that
each individual has eight different types of intelligence, and that effective learning should accommodate this diversity
of intelligence.

As a complement, multirepresentation serves to provide additional information that cannot be accommodated by a
single form of representation. And as a builder of deeper understanding, multirepresentation encourages students to
abstract, generalize, and relate concepts. By observing the relationships between different forms of representation,
learners can identify patterns and structures underlying a concept, thereby building a deeper and more meaningful
understanding. In the context of learning in the digital age, these functions of multiple representations can be optimized
with the help of digital technology, which allows for more dynamic, interactive, and adaptive representations.

One of the most common problems in education today is the difficulty students have in understanding abstract and
complex concepts. This is especially true in science and mathematics, where many concepts are abstract and difficult
to visualize. The use of multiple representations can sharpen and strengthen students' understanding of concepts and
reduce their difficulty in understanding them. This is because the meaning of a concept becomes clearer when it is
presented in different representations. Another problem in education is the gap between students' abilities, where some
students may excel in verbal understanding, while others may excel in visual or mathematical understanding (Suhandi
and Wibowo, 2012). Learning with a single-representation approach tends to benefit students with certain learning
styles and disadvantage students with different learning styles. A multi-representation learning model can be a solution
to address this gap by presenting concepts in different forms of representation, thereby accommodating the diversity
of students' learning styles.

The primary goal of developing a multi-representation learning model in the digital age is to improve the effectiveness
and quality of learning, especially in helping students understand complex and abstract concepts. Digital technology
allows for more dynamic and interactive representations, such as simulations, animations, and 3D visualizations, which
are difficult to achieve in traditional learning. In addition, the development of multi- representation learning models in
the digital age aims to equip students with multi-representation skills, which include the ability to understand, analyze,
and use different forms of representation to solve problems. This skill is critical in the digital age, which is characterized
by an abundance of information in multiple forms. Learners with strong multirepresentational skills will be more
adaptable to different situations and problems, both in academic contexts and in everyday life. The development of
multirepresentational learning models also aims to accommodate the diversity of learning styles and abilities of
learners, thereby creating more inclusive and effective learning for all learners. This model of learning can also help
educators to accommodate the diversity of students, thereby creating more inclusive learning. For the education system
as a whole, the development of a multi-representation learning model in the digital age can be part of efforts to
transform education to meet the challenges and opportunities of the digital age. Based on the background and problems
described above, the research questions in this study are What is the form of multi-representation learning model
development in the digital age, and how can digital technology be integrated into multi-representation learning models?
By answering these questions, it is hoped that this study can make a significant contribution to the development of
learning models that can improve the quality of education in the digital age.
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Literature Review

Table 1 shows the overview of previous research.

Table 1. Overview of Previous Research

. Year of Research -
Research Title Researchers Publications Methods Research Findings
Improving Students' Hidayat et al. 2022 Quasi- Experimental ~ The results of the study showed
Conceptual Understanding that the experimental class using
Through Media Kit KIT C2 experienced a significant
Covalent Creator Based On increase with an average post-test
Multirepresentation score of 75.74, compared to the
control class using LKPD
(60.63). KIT C2 was successful
in connecting three levels of
representation, namely
macroscopic, submicroscopic,
and symbolic, and was able to
actively involve students,
according to Edgar Dale's theory.
The Use of Multi- Masrifah et 2020 Quasi- Multi-representation learning
Representation Learning al. Experimental strategies are well suited for use
Models Supported by in science education because
Educational Games on they can overcome students'
Conceptual Understanding difficulties in understanding
Ability concepts.
Using a problem-based Taufiq 2010 Pre-experimental ~ There was an increase of 52.38%
learning model with a in the average percentage of
multi-representation students' multi-representation
approach ability after using the PBL
model with a multi-
representation approach.
Multirepresentasi sebagai ~ Irwandani 2014 Literature study Multirepresentation can be an
Alternatif Pembelajaran alternative learning method that
dalam Fisika facilitates students with different
abilities and effectively
improves conceptual
understanding.
Students' Theasy 2018 Qualitative Multi-representation skills help
Multirepresentation descriptive students solve physics problems
Ability in Completing more comprehensively.
Physics Evaluation
Problems
The Effect of Multimedia-  Susilo 2018 Experiment There were changes in the types

Based Multi-
Representation Learning
on Changes in Students'
Representation Types
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Multi-Representative Anita et al. 2021 Research & The use of multi-representation

Learning Module in Development  based geometry modules is more

Geometry Course to effective in encouraging student

Improve Creative creativity.

Thinking Skills

Implementation of a Puspitasari 2018 Experiment Using different representations

guided discovery learning to explain a concept helps

model accompanied by students understand the concept

multi-presentation more easily.

worksheets based on

problem solving.

The Effectiveness of the Putri et al. 2020 Experiment Multi-representation learning is

Multi-Representation effective in improving students'

Approach in Problem- conceptual understanding in

Based Learning to problem solving.

Improve Conceptual

Understanding

Develop multi- Rahman et al. 2024 Research & PhET based virtual practice

representation virtual Development module using multiple

lab modules to increase representations of interests

student interest developed in the very positive
category

A Study of Alatas 2021 Literature study The multirepresentation

multirepresentation approach can be integrated into

approaches in the various  physics  learning

context of physics models to improve cognitive

learning performance

The role of representation ~ Murtono et 2014 Qualitative Good representation skills

in students' access to al. descriptive correlate with better mastery of

mastery of physics physics concepts.

concepts

Development of multi- Harti 2022 Research & Multirepresentation-based

representation based Development physics teaching materials

physics teaching materials effectively improve analytical

to improve analytical thinking skills

thinking skills

Analysis of students' Prakoso et. al. 2019 Qualitative Multi-representation skills help

multi-representation descriptive students solve physics problems

abilities in solving more comprehensively.

uniformly accelerated

motion problems

Multi-representation Lestari 2015 Quasi experimental ~Multi-representation learning

learning to improve
conceptual understanding
and critical thinking skills

effectively improves students'
conceptual understanding and
critical thinking skills.

Multirepresentation

Multirepresentation is a learning strategy that combines different forms and methods such as writing, numbers, diagrams,
and visuals to explain a particular concept in detail (Masrifah et al., 2020). Multirepresentation serves as a supplement,
interpretation limiter, and deep understanding builder. In the digital context, technology extends these functions through
interactivity, such as virtual labs for chemical experiments that are too dangerous to perform in person.
Multirepresentation in learning has three main functions, namely as a supplement, an interpretation limiter, and a deep
understanding builder (Ainsworth, 1999).
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Multirepresentation is rooted in theories that further inform its role in technology integration, where learners actively
construct knowledge by exploring representations. Tools such as GeoGebra and MATLAB facilitate independent
experimentation, consistent with the effectiveness of multimodality in science learning (Waldrip et al., 2006). By
combining the power of multirepresentation with advances in digital technology, it is hoped that a richer, more
interactive, and meaningful learning experience can be created for students.

Methods

This study uses a qualitative approach with a literature review method to explore and develop a multirepresentation
learning model in the digital age. The qualitative approach was chosen because this study aims to understand phenomena
and concepts in depth, as well as explore different perspectives and interpretations regarding thedevelopment of
multirepresentation learning models in the digital age. Literature review is a research method that involves the process
of collecting, evaluating, and analyzing various literature sources relevant to the research topic in order to gain a deeper
and more comprehensive understanding.

In the context of this study, a literature review was conducted to examine various multi-representation learning models
that have been developed and how these models can be integrated with digital technology to create a more effective and
meaningful learning experience. In conducting the literature review, the researcher focused not only on concepts and
theories, but also on empirical evidence from previous studies on the effectiveness of multi- representation learning
models in improving learning outcomes and student skills.

Data Analysis

The data collection process in this study was conducted through searching and analyzing various literature sources
relevant to the research topic, especially those related to multirepresentation learning models and the use of digital
technology in learning. The literature sources used in this study include scientific journal articles, books, conference
proceedings, dissertations, and other credible sources published within the last 10 years. Literature review was conducted
through academic databases such as Google Scholar, Scopus, Science Direct, and ERIC using keywords such as
“multirepresentation,” “multirepresentation learning,” “multirepresentation learning models,” “digital technology in
learning,” “learning in the digital age,” and other relevant keyword combinations. To ensure the quality and relevance
of the literature sources, the researcher established several inclusion and exclusion criteria. The inclusion criteria include:
literature sources published within the last 10 years, literature sources that examine multirepresentation learning models
or the use of digital technology in learning, literature sources with clear and valid research methodologies, and literature
sources published in indexed journals or by credible publishers. Exclusion criteria include: literature sources that are not
relevant to the research topic, literature sources with unclear or weak research methodologies, and literature sources not
published in indexed journals or by credible publishers.

EERNE3

Results

The results of the literature review indicate that the development of multirepresentation learning models in the digital
age must pay attention to several important components that are integrated with each other. Multi-representation learning
models in the digital age are an advancement of conventional multi-representation learning models by integrating digital
technology as a medium to facilitate different forms of representation. Based on the results of analyzing various
literatures, it was found that multirepresentation learning models in the digital age ideally have the following
characteristics: (1) based on constructivist principles that allow learners to actively construct their own understanding
through various forms of representation, (2) integrating digital technology as a medium to facilitate more dynamic and
interactive representations, (3) learner-centered, providing opportunities for learners to choose and use forms of
representation that suit their learning styles and needs, (4) collaborative, encouraging interaction and discussion among
learners in constructing shared understanding, and (5) adaptive, able to adapt to individual learners' needs and abilities.
The development of a multirepresentation learning model in the digital age also needs to pay attention to good learning
design principles, such as clear learning objectives, relevant and meaningful learning activities, and assessment that can
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comprehensively measure learners' understanding.

The components of a multi-representation learning model in the digital age include several important and interrelated
elements. Based on the results of a literature review, these components include: (1) clear, specific, and measurable
learning objectives that focus not only on mastery of content but also on the development of students' multirepresentation
skills, (2) learning content presented in various forms of representation, such as verbal, visual, graphical, mathematical,
and digital simulations, (3) learning activities that encourage students to use, analyze, and transform various forms of
representation, (4) digital learning media and resources that allow for dynamic and interactive representations, such as
simulations, animations, and videos, (5) Learning strategies that encourage students to be active in the learning process,
such as problem-based learning, project-based learning, and inquiry- based learning, (6) The role of teachers as
facilitators who help students develop their multirepresentation skills, and (7) Assessments that can comprehensively
measure students' conceptual understanding and multirepresentation skills. These components do not stand alone, but
are interrelated and integrated into a holistic learning system. For example, learning objectives determine the content
and learning activities to be undertaken, as well as the types of assessments to be used to measure the achievement of
these objectives

Discussions

The integration of digital technology into multi-representation learning models is a crucial aspect that distinguishes this
model from conventional multi-representation learning models. Based on the results of a literature review, digital
technology can be integrated into multirepresentation learning models in several ways: (1) the use of interactive
multimedia that can present content in different forms of representation simultaneously, such as text, images, audio,
video, and animation, (2) the use of simulations and virtual labs that allow students to explore phenomena and concepts
virtually, especially for concepts that are difficult to observe directly, (3) the use of specialized applications and software
designed to facilitate specific representations, such as graphics software, mathematics software, and so on, such as
graphics software, mathematical software, and modeling software, (4) the use of online learning platforms (e-learning)
that allow access to various multirepresentational learning resources anytime and anywhere, and (5) the use of augmented
reality (AR) and virtual reality (VR) technologies that can provide a more immersive and interactive learning experience.
The integration of digital technologies into multi-representation learning models not only enriches the forms of
representation that can be used, but also enables more dynamic, interactive, and personalized representations according
to the needs and abilities of the learners. However, it is important to remember that digital technology is only a tool to
facilitate learning and its use must always be based on good pedagogical principles and clear learning objectives.

The stages of implementing a multi-representation learning model in the digital age, based on the results of an analysis
of various literature, can be developed into five main stages. The first stage is orientation, where the teacher presents
students with a problem or question related to the concept or material and communicates the learning objectives. In this
stage, the teacher can use digital media such as videos, animations, or images to attract students' attention and get them
interested in the topic to be studied. The second stage is inquiry, where students try to solve problems or answer questions
through observation, reading information from various digital learning resources, and collaborative discussion. Digital
technologies such as the Internet, e-books, and online databases can be used at this stage to facilitate access to different
sources of information. The third stage is multi-representation presentation, where students present their answers to
problems using a concept in different forms of representation (visual, symbolic, verbal, mathematical). At this stage,
digital software and applications such as graphing tools, simulations, and presentation applications can be used to help
students create and present different forms of representation. The fourth stage is implementation, where students use
different forms of representation to solve other, more complex problems or in different contexts. Digital educational
games, simulations, and virtual labs can be used at this stage to provide a more interactive and engaging application
experience. The fifth stage is assessment, where teachers and students reflect on the learning process and outcomes, and
measure the achievement of learning objectives. Digital assessments in various forms, such as online quizzes, e-
portfolios, and performance-based assessments with electronic rubrics, can be used at this stage.

The impact of implementing a multi-representation learning model in the digital age on students' learning outcomes and
skills has proven to be very positive based on the results of the studies that have been analyzed. Multi- representation
learning strategies are very suitable for use in science learning because they are able to overcome students' difficulties
in understanding concepts (Masrifah et al., 2020). This is supported by a study (Taufiq, 2010) that found that the average
percentage of students' multi-representation ability increased by 52.38% after using a PBL model with a multi-
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representation approach. (Susilo, 2018) also stated that there was a change in the type and quality of students'
representations after learning with multimedia-assisted multirepresentation, where the percentage of students who
created representations using three models changed from 3.5% to 47.4%. In the context of higher- order thinking skills,
multirepresentation-based learning is effective in improving students' conceptual understanding and critical thinking
skills (Lestari, 2015). Furthermore, the use of multi-representation-based geometry modules is more effective in
enhancing students' creativity, with the mean post-test score of the experimental class (73.89) being significantly higher
than that of the control class (50.04) (Anita et al., 2021). Positive effects are also evident in terms of interest and
motivation to learn, as the PhET-based multi-representation virtual lab modules can increase students' interest, with an
average score covering all indicators of 82% in the "very positive" category (Rahman et al., 2024). Overall, the research
results consistently show that the multirepresentation learning model in the digital age has a significant positive impact
on various aspects of learning, ranging from concept understanding, critical and creative thinking skills, problem solving
skills, to students' interest and motivation to learn.

Although the multi-representation learning model in the digital era has many advantages, its implementation also faces
various challenges and constraints. Based on the literature analysis, some of the major challenges and constraints in
implementing the multirepresentation learning model in the digital era include: (1) limited technological resources, such
as hardware, software, and adequate Internet connectivity, especially in schools in remote areas or schools with limited
budgets, (2) lack of digital literacy among teachers in using and integrating digital technology in learning, resulting
in suboptimal use of technology, (3) digital divide among students, where not all students have equal access to digital
technology, both at school and at home, (4) the complexity of designing and developing high-quality
multirepresentational learning content that is appropriate to students' needs and characteristics, (5) the difficulty of
conducting assessments that can comprehensively measure students' multirepresentational skills, (6) the resistance to
change on the part of teachers, students, and the educational system as a whole, which tends to perpetuate conventional
learning practices, and (7) the tendency of students to rely on digital technologies and representations that are easiest for
them, without trying to develop their ability to use other representations. These challenges and barriers need to be
overcome to ensure that the implementation of multirepresentation learning models in the digital age can be effective
and provide optimal benefits to students.

Comprehensive and systematic strategies are needed to overcome the challenges and obstacles in implementing
multirepresentation learning models in the digital age. Based on the results of the literature review, several strategies that
can be applied include: (1) investment in technological infrastructure and digital access, both in schools and in
communities, to ensure that all students have equal access to digital technology, (2) professional development and in-
service training for teachers in the integration of digital technology and multirepresentational approaches to learning, so
that teachers have adequate competencies to implement this learning model effectively, (3) collaboration among teachers,
content developers, and educational technology experts in the development of quality multirepresentational learning
content and materials that meet the needs of students, (4) adoption of a blended learning approach that combines face-
to-face learning with online learning so that it can address access limitations and barriers to learning, and (5) the use of
technology to improve the quality of learning, (5) Developing rubrics and assessments that can comprehensively measure
students' multirepresentation skills, not just focus on one form of representation, (6) Providing policy support and
leadership to schools and educational authorities to encourage innovation and change in learning practices, and (7)
Creating a community of practice where teachers and educational practitioners can share experiences, best practices, and
resources in implementing the multirepresentation learning model in the digital age. By implementing these strategies in
an integrated and sustainable manner, it is hoped that the challenges and barriers to implementing the multirepresentation
learning model in the digital age can be overcome, thereby providing optimal benefits for the development of students'
skills.

Conclusion

Based on the results of a literature review on the development of multirepresentation learning models in the digital age,
it can be concluded that this learning model is an effective alternative for improving the quality of learning in the digital
age. Multirepresentation learning models in the digital age integrate different forms of representation (verbal, visual,
graphical, mathematical) with digital technology to create a richer, more interactive and meaningful learning experience
for students. The development of this learning model takes into account the principles of constructivism, learner-
centeredness, collaboration, and adaptability, and integrates digital technology as a medium to facilitate more dynamic
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and interactive representations. The components of the Multi-Representation Learning Model in the Digital Age include
learning objectives, learning content, learning activities, digital media and learning resources, learning strategies, the
role of the teacher, and assessment. The implementation of this learning model consists of five main stages, namely
orientation, inquiry, multi-representation presentation, implementation, and evaluation, with the integration of digital
technology in each stage. Digital technology can be integrated into the multi-representation learning model through the
use of interactive multimedia, simulations and virtual laboratories, special applications and software, online learning
platforms, as well as augmented reality and virtual reality technologies.

The results of the analysis show that the application of the multi-representation learning model in the digital age has a
significant positive impact on various aspects of learning. This learning model has proven to be effective in improving
concept understanding, critical and creative thinking skills, problem solving skills, as well as students' interest and
motivation to learn. Despite its many benefits, the implementation of multi-representation learning models in the digital
age also faces various challenges and obstacles, such as limited technological resources, lack of digital literacy among
teachers, digital divide among students, complexity in designing learning content, difficulties in conducting assessments,
resistance to change, and the tendency of students to become dependent on technology.

To optimize the implementation of the multi-representation learning model in the digital age, comprehensive and
systematic strategies are needed, ranging from investment in technological infrastructure, professional development for
teachers, collaboration in content development, adoption of blended learning approaches, development of comprehensive
assessments, policy support and leadership, to the creation of communities of practice. The development of the multi-
representation learning model in the digital age must continue, taking into account technological developments and
future learning needs. Thus, the development of multi-representational learning models in the digital age can not only
improve the quality of current learning, but also prepare students for the increasingly complex and dynamic challenges
and opportunities of the future. The development of these learning models is part of the effort to transform education to
meet the challenges and opportunities of the digital age and to equip students with the skills needed in the 21st century.

Limitations and Future Studies

The development of a multi-representation learning model in the digital age has several limitations and constraints that
need to be considered. First, this study uses a qualitative approach with a literature review method, so the empirical
validation of the proposed model has not been extensively conducted in different educational contexts. This limits the
generalizability of the research findings.

Second, the implementation of multi-representation learning models in the digital age faces structural challenges in the
form of limited technological resources, especially in schools located in remote areas or with limited budgets. The digital
divide between students from different socio-economic backgrounds is also a significant limitation to the equitable and
inclusive implementation of this learning model.

Third, the complexity of designing and developing high-quality, multi-representational learning content tailored to the
needs and characteristics of learners remains a technical constraint that has not been fully addressed. Difficulties in
conducting assessments that can comprehensively measure learners' multirepresentation skills are also a limitation of
this study.

Fourth, the varying digital capacity and competence of teachers is a limitation in the implementation of this model.
Without adequate competence, the use of digital technology in multirepresentation learning cannot be optimal, so its
potential benefits are not fully realized.

Based on the limitations and findings of this study, several directions for further research can be suggested:
1. Development and validation of multirepresentation assessment instruments.
2. Comparative effectiveness studies.
3. Development of teacher training models.
4. Longitudinal impact studies to analyze the impact of multi-representation learning models in the digital age on
the development of students' cognitive, metacognitive, and self-regulated learning skills.
5. Develop adaptive learning content that can be tailored to the needs, learning styles, and individual ability levels
of students.
6. Explore blended learning models that integrate face-to-face and online learning within a multi-
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representation approach.

7. Implementation studies in different socio-economic contexts.

8. Development of a community of practice as a forum for collaboration and sharing of experiences among
educators in implementing multi-representation learning models in the digital age.

With further research in these areas, it is hoped that the obstacles and challenges in implementing multirepresentation
learning models in the digital age can be overcome, thereby providing optimal benefits for the development of students'
skills to meet the challenges of 21st century education.
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