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ABSTRACT

The rapid growth of Open and Distance Learning (ODL) has transformed educational delivery worldwide,
offering flexible and accessible opportunities for learners. However, the effectiveness of ODL largely
depends on the quality and design of multimedia learning materials, which must align with how learners
process information cognitively. This paper examines Richard E. Mayer’s Cognitive Theory of
Multimedia Learning (CTML) and its twelve evidence-based principles, providing a prescriptive guide
for instructional designers and developers engaged in creating ODL content. Mayer’s theory emphasizes
the dual-channel processing of verbal and visual information, limited cognitive capacity, and the necessity
for active learner engagement to foster meaningful learning. The paper discusses each principle in detail
such as the multimedia, coherence, signaling, spatial and temporal contiguity, segmenting, pre-training,
modality, redundancy, personalization, voice, and image principles and explains their practical
application in designing effective multimedia ODL materials. Special attention is given to managing
cognitive load, enhancing learner retention and success, and structuring content to accommodate diverse
learner needs in asynchronous and self-paced environments. Challenges such as technological constraints,
learner diversity, and balancing interactivity with cognitive demands are also explored. Furthermore, the
paper highlights best practices and tools for multimedia development, along with future directions
involving emerging technologies like virtual and augmented reality. By bridging cognitive theory and
instructional design practice, this guide aims to support the creation of engaging, accessible, and
cognitively efficient ODL materials that improve learner comprehension and retention. Ultimately,
applying Mayer’s multimedia principles can significantly enhance the quality and effectiveness of
distance education worldwide.
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INTRODUCTION

Open and Distance Learning (ODL) has revolutionized education by providing flexible access to learners
globally. The increased demand for remote education, accelerated by technological advances and global
events such as the COVID-19 pandemic, has underscored the importance of designing effective learning
materials that engage and support learners at a distance (Allen & Seaman, 2017). Multimedia learning,
which integrates text, images, audio, and video, has become central to ODL pedagogy because it aligns
with how the human brain processes information (Mayer, 2009).

However, there are impressive number of instructional technologies that can be used to enhance teaching
and learning, ranging from educational games play on mobile devices to virtual reality environments to
online learning with animated pedagogic agents and with video and animation. All these technologies are
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being applied to enhance teaching and learning from primary school to tertiary level, however despite the
application of all these technologies, several studies indicated inadequate promising result in students’
learning outcome. This may not be unconnected with the poor design, development and application of
these technologies in teaching and learning.

The main challenge in design, development and application of ODL materials, as in any learning
program, is to build lessons in ways that are compatible with human learning processes. Mayer and
Moreno (2007) recommended reasonable solution to the compromise use of technologies, the duo stressed
that instructional technologies should be used in ways that are grounded in research-based theory. The
overarching theme of this paper is that effective use of a new instructional technology must be guided by
a research-based theory of how students learn. Fortunately, advances in cognitive psychology provide the
starting point for such theories.

However, the mere presence of multimedia does not guarantee effective learning. Poorly designed
multimedia can overwhelm learners, causing cognitive overload and reducing comprehension (Sweller,
1994). Richard E. Mayer’s Cognitive Theory of Multimedia Learning (CTML) offers a scientifically
grounded framework that guides the design of multimedia instructional materials to optimize learning
outcomes. This paper explores Mayer’s 12 multimedia learning principles and provides a prescriptive
guide for designers and developers of ODL materials, focusing on how to apply these principles to create
engaging, accessible, and cognitively efficient learning experiences.

Cognition according to Seifert (2009) refers to thinking and memory processes, and cognitive
development refers to long-term changes in these processes. One of the most widely known perspectives
about cognitive development is the cognitive stage theory of a Swiss psychologist named Jean Piaget.
Piaget created and studied an account of how children and youth gradually become able to think logically
and scientifically. Piaget is of the view that, learning is proceeded by the interplay of assimilation
(adjusting new experiences to fit prior concepts) and accommodation (adjusting concepts to fit new
experiences). The to-and-fro of these two processes leads not only to short-term learning, but also to long-
term developmental change. The long-term developments are the main focus of cognitive theory. We are
convinced that one of the most important avenues of cognitive psychology is to understand how
technology such as multimedia can be used to foster student learning.

Theoretical foundations of Multimedia Learning

Mayer’s Cognitive Theory of Multimedia Learning (CTML) had a theoretical precedence from Paivio’s
(1986) dual coding theory, Mayer's (1996) model of meaningful learning and Sweller's (1991) cognitive
load theory. Developed by Richard Mayer, the multimedia learning derives from the concept that learning
works effectively with the use of words and images. Multimedia learning draws upon three major
assumptions: our working memory can only process a limited amount of received information at a given
time; the way we process verbal and visual stimuli in working memory are independent of each other;
information needs to be actively processed to make sense of the presented information (Reed 2006).
Cognitive load is a concept proposed by John Sweller who states that having a high amount of
information at a given time, will exceed the capacity of the working memory (Schweppe & Rummer
2013), which composes of articulatory and acoustic components. A human’s working memory, is
assumed to only have a limited capacity at a given moment, as it is continuously processing information.
If the information received by the human brain exceeds the limit of what the working memory can
temporarily hold, then it cannot be retained into storage (Schweppe & Rummer 2013). Because the
working memory acts as a system for storing and processing new information, we face the challenge of
transferring acquired information for long term memory, ultimately placing strain on learning, when there
are exceeding amounts of incoming stimuli. According to model of working memory, there is limited
capacity of working memory, therefore people can actively process only a few pieces of information in
each channel at one time. Cognitive load theory argues that working memory is limited, learners may be
bombarded by information and, if the complexity of their instructional materials is not properly managed,
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this will result in a cognitive overload. This cognitive overload impairs schema acquisition, later resulting
in a lower performance (Sweller, 1988).

Allan Paivio’s Dual-Coding theory separates audio and visual information, stating a human’s mind
analyzes visual and verbal responses in separate independent codes (Reed, 2006). Cognition according to
dual coding theory involves the activity of two distinct sub-systems, a verbal system specialized for
dealing directly with language and a nonverbal (imagery) system specialized for dealing with
nonlinguistic objects and events. According to Mayer’s multimedia model, learning, primarily enters the
human brain through words and images. In fact, visual imagery, when compared to verbal texts that
require a person to generate a kind of imagery in one’s mind, provided a more reliable and retention in
memory (Reed, 2006). Mayer’s research indicates that through the simultaneous use of images and words,
learning becomes much more meaningful. In order to test this statement, many researchers conducted
studies to find correlations for improved performance through the use of multimedia learning principles.
Active processing, is the last assumption that is based on the cognitive theory of multimedia learning. It
states that the human mind processes information actively, in order to construct meaningful learning and
retention of memories, through three main cognitive measurements: selection, organization, and
integration (Mayer, 2005). More specifically, humans are active learners because of their ability to
process received input. How well people process incoming information however, depends on their ability
to make sense of the materials they draw from and to make connections with information gathered, in
order for meaningful learning to take place. This idea draws from Wittrock’s theory of generative
learning, which states that humans make connections between prior knowledge and new incoming
knowledge, leading to the creation of new understanding (mayer, 2005). It may be helpful then, to
examine strategies or methods that help to foster active learning in people through paying attention,
filtering, and organizing selected materials in to coherent representations, thereby integrating it with
previous and new information.

Mayer’s cognitive theory of multimedia learning as cited by Clack and Mayer (2001) claims that learning
is an active process of selecting relevant information to create new knowledge with the integration of the
prior knowledge. The brain picks relevant words, pictures and auditory information to organise
knowledge actively to produce logical mental pictures. This new information will be integrated into the
existing knowledge stored at the brain. The theory was based on three assumptions about how people
learn from words and pictures: the dual channel assumption, the limited capacity assumption, and the
active processing assumption as stated above. In dual channel assumption, the human cognitive system
consists of two distinct channels for representing and manipulating knowledge: a visual-pictorial channel
and an auditory-verbal channel (Baddeley, 1986, 1999; Paivio, 1986). Pictures enter the cognitive system
through the eyes and may be processed as pictorial representations in the visual-pictorial channel. Spoken
words enter the cognitive system through the ears and may be processed as verbal representations in the
auditory-verbal channel. In Limited capacity assumption, human cognitive system has a limited capacity
for holding and manipulating knowledge (Baddeley, 1986, 1999). When a lot of pictures (or other visual
materials) are presented at one time, the visual-pictorial channel can become overloaded. When a lot of
spoken words (and other sounds) are presented at one time, the auditory-verbal channel can become
overloaded. In active processing assumption, meaningful learning occurs when learners engage in active
processing within the channels, through selecting relevant words and pictures, organizing them into
coherent pictorial and verbal models, and integrating them with each other and appropriate prior
knowledge (Mayer, 2001). Mayer‘s theory regards the learner as a constructor of his or her own
knowledge, actively selecting, organizing, and integrating relevant visual and verbal information. This
theory further claims that information should be presented in such a way that the learners’ limited
working memory resources are employed as efficiently as possible. Mayer (2002) proposed a cognitive
theory model in order to explain the effects of multimedia materials on learning.
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The dual channel principle is represented by the two rows one for processing words (across the top) and
one for processing pictures (across the bottom). The limited capacity principle is represented by the large
working memory box in the middle of the figure, in which knowledge construction occurs. The active
processing principle is represented by the five arrows in the figure selecting words, selecting images,
organizing words, organizing images, and integrating which are the cognitive processes needed for
meaningful learning.

Consider what happens when you are presented with a multimedia lesson. In the left column, a lesson
may contain graphics and words (in printed or spoken form). In the second column, the graphics and
printed words enter the learner’s cognitive processing system through the eyes, and spoken words enter
through the ears. If the learner pays attention, some of the material is selected for further processing in the
learner’s working memory where the learner can hold and manipulate just a few pieces of information at
one time in each channel. In working memory, the learner can mentally organize some of the selected
images into a pictorial model and some of the selected words into a verbal model. Finally, as indicated by
the “integrating arrow,” the learner can connect the incoming material with existing knowledge from
long-term memory the learner’s storehouse of knowledge.

There are three important cognitive processes indicated by the arrows in the figure: Selecting words and
images:- the first step is to pay attention to relevant words and images in the presented material;
Organizing words and images:- the second step is to mentally organize the selected material in coherent
verbal and pictorial representations; and Integrating:- the final step is to integrate incoming verbal and
pictorial representations with each other and with existing knowledge. Meaningful learning occurs when
the learner appropriately engages in all of these processes.

The main challenge to the learner is to carry out these processes within the limits of the working memory
at one time. This refers to the capacity limits of working memory that is, people can generally think about
only a few items at any one time. Mayer (2011) pointed out three processes in learning with multimedia,
1) Extraneous processing which is cognitive processing that does not support the instructional objective
and is created by poor instructional layout (such as having a lot of extraneous text and pictures); ii)
Essential processing is cognitive processing aimed at mentally representing the core material (consisting
mainly of selecting the relevant material) and is created by the inherent complexity of the material; and
iii) Generative processing is cognitive processing aimed at deeper understanding of the core material
(consisting mainly of organizing and integrating) and is created by the motivation of the learner to make
sense of the material. The multimedia principles are explained more fully by Clark and Mayer (2011), and
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have generated a series of experiments yielding 12 major principles of how to use multimedia to help
students understand a scientific explanation.

Mayer’s 12 Principles of Multimedia Learning

L.

10.

11.

12.

Multimedia Principle

Learners understand and retain information better when words are combined with relevant
pictures rather than words alone. For example, a narrated animation explaining a scientific
process is more effective than a text-only description.

Coherence Principle

Extraneous content such as irrelevant words, sounds, or images should be excluded to reduce
cognitive overload. Research shows that background music or decorative images that do not
support learning can distract learners and impair comprehension.

Signaling Principle

Visual or verbal cues such as arrows, highlights, or changes in voice emphasis help direct learner
attention to key information, improving retention. For instance, highlighting important steps in a
procedure guides learners’ focus.

Spatial Contiguity Principle

Words and corresponding images should be placed close together on the screen to facilitate
integration. Disjointed placement forces learners to split attention, increasing cognitive load.
Temporal Contiguity Principle

Presenting corresponding words and pictures simultaneously rather than sequentially supports
better learning. Synchronized narration with animation helps learners form connections more
effectively.

Segmenting Principle

Breaking content into learner-controlled segments allows pacing and reduces overload, especially
important in ODL where learners study asynchronously. Segmentation enables learners to digest
complex information step-by-step.

Pre-training Principle

Providing foundational knowledge or definitions before complex lessons helps learners build
mental models more effectively. Pre-training prepares learners to understand new concepts by
activating prior knowledge.

Modality Principle

Graphics explained through audio narration rather than on-screen text reduce visual channel
overload and improve learning. This principle leverages both auditory and visual channels
efficiently.

Redundancy Principle

Avoid presenting identical information simultaneously in multiple forms (e.g., narration and on-
screen text) to prevent cognitive overload. Redundant information can split attention and hinder
learning.

Personalization Principle

Conversational style narration increases learner engagement and motivation compared to formal
language. Using a friendly, informal tone fosters social presence.

Voice Principle

A friendly human voice enhances learning more than machine-generated voices. Human voices
increase learner attention and perceived instructor presence.

Image Principle

Including the speaker’s image does not necessarily improve learning outcomes and may distract
learners. Visual presence of the instructor is less important than clear narration and well-designed
multimedia.
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Application of Multimedia Principles in ODL Material Design

1. Managing Cognitive Load in ODL

ODL learners often study independently, making cognitive load management critical. Applying
the coherence and redundancy principles ensures learners focus on essential content without
distraction. For example, removing unnecessary animations or sounds helps maintain learner
attention.

Enhancing Learner Engagement

Personalization and voice principles foster a sense of social presence, which is often lacking in
ODL environments. Conversational narration and a warm tone can simulate instructor presence
and increase learner motivation.

Structuring Content for Accessibility and Flexibility

Segmenting content into manageable chunks supports learner control over pacing, critical in
asynchronous ODL. Pre-training modules introduce key concepts, scaffolding learners’
understanding.

Leveraging Dual Channels Effectively

ODL materials should combine visuals with audio narration rather than text-heavy slides to
optimize working memory capacity and reduce overload.

Practical design guidelines

These guidelines help manage cognitive load by minimizing extraneous processing, supporting essential
processing, and fostering active learner engagement. Applying them systematically ensures multimedia
ODL materials are cognitively efficient, accessible, and effective in enhancing learner comprehension and
retention.

These are actionable guidelines were derived from Mayer’s 12 multimedia learning principles to optimize
ODL multimedia content design:

L

11

111

V.

Vi

VI

ViII.

Use Both Words and Pictures (Multimedia Principle):

Combine verbal explanations (text or narration) with relevant visuals such as images, animations,
or videos to engage both auditory and visual channels for better learning.

Keep Content Focused (Coherence Principle):

Remove any extraneous words, images, sounds, or animations that do not directly support
learning objectives to reduce cognitive overload.

Highlight Key Information (Signaling Principle):

Use cues like arrows, highlights, or changes in font to guide learner attention to important content
and structure the information logically.

Place Text and Visuals Close Together (Spatial Contiguity):

Align related text and graphics near each other on the screen to help learners integrate verbal and
visual information easily.

Present Corresponding Words and Pictures Simultaneously (Temporal Contiguity):

Synchronize narration with visuals rather than presenting them separately to support mental
integration.

Segment Content into Manageable Chunks (Segmenting Principle):

Break learning materials into smaller parts with learner-controlled pacing to prevent overload and
allow processing time.

Provide Pre-training on Key Concepts:

Introduce essential terminology and concepts before complex content to build foundational
knowledge and ease cognitive load.

Prefer Narration Over On-screen Text with Graphics (Modality Principle):

Use spoken words with visuals instead of text plus visuals to better distribute cognitive
processing across channels.
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X

XL

XII

Avoid Redundant Text and Narration (Redundancy Principle):

Do not display identical text while narrating the same content, as it can overwhelm the visual
channel.

Use Conversational Language (Personalization Principle):

Write and narrate in a friendly, informal style to increase engagement and motivation.

Use a Human Voice for Narration (Voice Principle):

Employ a natural, friendly human voice rather than a machine-generated voice to reduce
cognitive strain.

Be Cautious with Instructor Images (Image Principle):

Avoid unnecessary talking head videos as they may distract; use meaningful visuals aligned with
content instead (Clark & Mayer, 2016).

Challenges and Considerations in ODL Multimedia Development

1.

2.

3.

Technological Constraints

ODL learners access materials on diverse devices and internet connections. Designers must
optimize multimedia for accessibility without compromising quality, balancing file size and
interactivity.

Learner Diversity and Prior Knowledge

ODL learners vary in background, motivation, and learning preferences. Incorporating pre-
training and multiple content representations accommodates diverse needs.

Balancing Interactivity and Cognitive Load

While interactivity can enhance engagement, excessive or poorly designed interactive features
may increase cognitive load and distract learners.

Recommended best practices for designing ODL Multimedia Learning Materials

By combining these best practices with insights from the case studies, designers and developers can create
ODL materials that are cognitively efficient, engaging, and effective in improving learner outcomes the
following best practices are recommended:

L

IL

III.

Iv.

VL

VIL

VIIL

IX.

Start with Clear Learning Objectives: Define what learners should achieve to guide content and
multimedia choices.

Apply Mayer’s Multimedia Principles: Use words and relevant pictures together, avoid
extraneous content, synchronize narration with visuals, segment content into manageable chunks,
and personalize language.

Manage Cognitive Load. Reduce unnecessary complexity by chunking information, using
signaling cues, and avoiding redundant text and narration.

Use Human Narration: Employ a friendly human voice rather than machine voices to enhance
learner engagement.

Provide Learner Control: Allow learners to pace content delivery (segmenting) and revisit
materials to accommodate diverse learning speeds.

Iterative Design and Testing: Continuously test multimedia materials with real learners, gather
feedback, and refine to improve usability and effectiveness.

Integrate Multimedia Seamlessly: Ensure multimedia elements support and reinforce the
curriculum rather than serve as distractions.

Leverage Emerging Technologies Judiciously: Incorporate tools like virtual or augmented reality
carefully to enhance immersion without overloading cognitive capacity.

Encourage Active Engagement: Design interactive elements such as quizzes, clickable diagrams,
or decision-based scenarios to promote learner participation.

Consider Technological Constraints: Optimize materials for bandwidth and device variability to
ensure accessibility.
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XI.  Use Generous Layouts and Answer Spaces: Structuring materials with clear layouts and spaces
for learner responses encourages completion and reflection.

Case Study: Biology ODL Course

A biology course used narrated animations to explain cell division, applying modality, spatial contiguity,

and signaling principles. Learner feedback indicated improved comprehension and satisfaction compared

to text-only materials (Mayer, 2009).

Research opportunities

Further research is needed on multimedia principles’ interaction with learner motivation, culture, and

cognitive styles in diverse ODL populations (Clark & Mayer, 2016).

CONCLUSION

Richard Mayer’s multimedia learning principles provide a scientifically grounded framework for
designing effective ODL materials. By managing cognitive load and leveraging dual-channel processing,
instructional designers can create engaging, accessible, and cognitively efficient multimedia content.
Applying these principles addresses key challenges in distance education and enhances learner success
worldwide.
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