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Multimedia is ubiquitous in 21st-century education. Cognitive load theory
and the cognitive theory of multimedia learning both postulate that the qual-
ity of multimedia design heavily influences learning. We sought to identify
how to best design multimedia and review how well those learning theories
held up to meta-analyses. We conducted an overview of systematic reviews
that tested the effects of multimedia design on learning or cognitive load. We
found 29 reviews including 1,189 studies and 78,177 participants. We found
11 design principles that demonstrated significant, positive, meta-analytic
effects on learning and five that significantly improved management of cogni-
tive load. The largest benefits were for captioning second-language videos,
temporal/spatial contiguity, and signaling. We also found robust evidence for
modality, animation, coherence/removing seductive details, anthropomor-
phics, segmentation, personalization, pedagogical agents, and verbal redun-
dancy effects. Good design was more important for more complex materials,
and in system-paced environments (e.g., lectures) than self-paced ones (e.g.,
websites). Results supported many tenets of both theories. We highlight a
range of evidence-based strategies that could be implemented by educators.
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Multimedia is everywhere. So, it is critical educators understand how to design
it well. Done well, multimedia leverages both of our key information processing
systems—sight and sound—using the strengths of each. Compared with media
that only use one information processing channel (sight or sound), multimedia
can improve learning (Mayer, 2008; Noetel et al., 2021; Rolfe & Gray, 2011). But
this is not always the case. Done poorly, multimedia can lead to cognitive over-
load, needless distraction, and poorer learning (Mayer, 2008, 2009; Sweller et al.,
2019; van Merriénboer & Sweller, 2005). How can educators design effective
multimedia? What explains the differences between good and bad multimedia?

Previous reviews have either advanced theoretical proposals explaining
well-designed multimedia using a selection of empirical studies (e.g., Mayer,
2008; Sweller et al., 2019; van Merriénboer & Sweller, 2005) or conducted
meta-analyses on the effects of one discrete, actionable recommendation for
multimedia (e.g., remove distracting details; Sundararajan & Adesope, 2020).
Our meta-review aims to synthesize both sets of literature, assessing the hypoth-
eses of theoretical papers against the results of empirical meta-analyses. A
meta-review (or overview of reviews) functions like a systematic review of pri-
mary studies, but instead of comprehensively collating the primary studies on a
topic, meta-reviews collate systematic reviews. We first outline the theoretical
explanations for effective multimedia, then discuss limitations of existing
reviews. We describe our systematic search for systematic reviews of multime-
dia effects, compare the effectiveness of different design principles, then inte-
grate those results with key theoretical models. Given multimedia is the lingua
franca of 21st-century education, we outline how to design good multimedia
and explain why good design works.

Multimedia Works Well When Managing Cognitive Load Across Two Processing
Systems

Multimedia includes any form of communication that combines words and
pictures (Mayer, 2008, 2009). Lectures, videos, textbooks, videoconferences, and
online learning almost always contain both words and illustrations. It is almost
easier to define multimedia by what the term does not include: podcasts are exclu-
sively words (via audio), photos are just an image, and many academic papers
present only text. Almost everything else involves multimedia.

Multimedia varies wildly in its effectiveness. As we all know, just because
presenters use videos or PowerPoint slides does not mean they are presenting
effectively. Meta-analyses of video and PowerPoint show considerable unex-
plained heterogeneity—some interventions work very well and others are harm-
ful—which is likely due to variability in how well the media are designed (Baker
et al., 2018; Noetel et al., 2021). One key design consideration is how well multi-
media manages cognitive load.
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Cognitive Load Theory

Cognitive load theory describes how learning is affected by the natural
limits of our working memory (Sweller et al., 1998; Sweller et al., 2019; Van
Gog et al., 2005; van Merriénboer & Sweller, 2005). We can usually hold
only a small number of elements in our mind simultaneously (Kalyuga,
2011; Sweller, 2010). In contemporary approaches to cognitive load theory,
the key bottleneck is our ability to manage the element interactivity (Sweller,
2010): the complexity of the materials, operationalized by the number of
links between concepts. For example, learning flags of foreign countries
would be “low element interactivity” because each element could be studied
in isolation (the image of the flag and the name of the country). In contrast,
learning how the lymphatic system works requires “high element interactiv-
ity” because the learner must understand the relationships between many
elements (e.g., how the thymus gland, spleen, bone marrow, and lymph
nodes work together).

Intrinsic load refers to working memory requirements that are inherent in
the task itself (e.g., mentally holding the country name “Chad” and an image
of its flag). When a task is inherently too difficult for a learner (e.g., “1,456
X 2,134”) it is because the intrinsic load uses more working memory than is
available. In this case, we would need pen and paper to free some of our
cognitive load. Alternatively, when learning a concept with high element
interactivity, we can either change the basic task or try to increase the learn-
er’s knowledge (Kalyuga, 2011; Sweller, 2010). When learning the lym-
phatic system, we could focus on one component of the system (e.g., the
spleen) to reduce the number of elements that interact. If done successfully,
the learner develops more complex models of each concept (e.g., what a
spleen does), meaning the one “element” represents a more complex con-
struct. As a result, increasing the learner’s knowledge reduces the amount of
intrinsic load placed on the learner, because each “element” becomes more
complex (Kalyuga, 2011; Sweller, 2010). Once learners have easily acces-
sible internal models of each component in a system (e.g., complex models
of a spleen and of lymph nodes) they can then more easily handle the inter-
actions between each element.

So, intrinsic load is complexity inherent in acquiring knowledge. Extrinsic
load, on the other hand, is the complexity that a teacher adds to a learning task that
detracts from learning (Kalyuga, 2011; Sweller, 2010). If the intrinsic load is high
enough, extrinsic load detracts from learning because the learner cannot hold both
the relevant and irrelevant element interactions at the same time (Kalyuga, 2011;
Sweller, 2010). Poorly designed multimedia overwhelms our cognitive systems
by requiring that we connect more elements than we can handle (Kalyuga, 2011;
Sweller, 2010). A familiar example of multimedia overload is “death by
PowerPoint,” when slides flood our visual system with words, while our auditory
system is trying to process additional, often conflicting, words (Sweller et al.,
2019; van Merriénboer & Sweller, 2005). This is overwhelming because some of
these element interactions are extrancous—they take up working memory but do
not facilitate learning.
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One of the key goals of implementing cognitive load theory is to reduce this
extraneous cognitive load (Sweller et al., 1998; Sweller et al., 2019; Van Gog
et al., 2005; van Merriénboer & Sweller, 2005). Reducing extraneous load frees
up attention that can be redirected to cognitive processes that facilitate learning
(Kalyuga, 2011; Sweller, 2010). For complex tasks, removing extraneous load
provides space in working memory for the interactions inherent in the learning
task (Kalyuga, 2011; Sweller, 2010). For simple tasks, this freed space allows for
more sophisticated approaches to learning the content (Kalyuga, 2011; Sweller,
2010). Early models of cognitive load theory identified a third type of load called
germane load, which involved cognitive processes not inkerent in the task but that
facilitated learning (Sweller et al., 1998). For example, a learner might not need
to know a metaphor for how a spleen works, but hearing it described as “an elabo-
rate wetland” (Angier, 2009) may help some learners connect their new under-
standing of a spleen to an established mental model (i.e., of wetlands). Students
may draw concept maps, connecting their new knowledge to existing, related
knowledge (Nesbit & Adesope, 2006). Newer models of cognitive load theory do
not describe this load as a different type of cognitive load, but instead as a type of
intrinsic load for more complex schema construction (Kalyuga, 2011; Sweller,
2010). As above, metaphors or concept maps might not be inherently required for
learning the basics of a concept, but they do help develop more sophisticated and
robust internal models (Nesbit & Adesope, 2006). These types of intrinsic load
could be initiated by the educator (e.g., asking the class to draw a concept map of
the lymphatic system) or by sufficiently motivated students (e.g., by coming up
with their own metaphors) provided they are not overwhelmed by the extrinsic
load. Learning designs that reduce extraneous load allow for more attention to be
directed to fruitful learning processes.

Cognitive load can be influenced by many factors, from the goals given to
learners, to the presence of worked examples, to the skills of the learner (Sweller
etal., 1998; Sweller et al., 2019; Van Gog et al., 2005; van Merriénboer & Sweller,
2005). However, given the ubiquity of multimedia for learning, particular atten-
tion has been drawn to the influence of multimedia design on cognitive load
(Mayer, 2008). This is also because multimedia needs to manage cognitive load in
two separate information processing systems.

Cognitive Theory of Multimedia Learning

The cognitive theory of multimedia learning (Mayer, 2008, 2014) focuses on
how cognitive load theory explains variations in the effects of multimedia. The
theory identifies how our visual and auditory processing channels respond to
information, and how that information is integrated into long-term memory
(Mayer, 2008; Mayer et al., 2001). It assumes that our cognitive architecture is
built around two parallel systems, one for what we see and one for what we hear.
This is called the dual-channel assumption (Mayer, 2009). These systems interact
and are cross-functional; for example, we can read text with our eyes that is trans-
lated into our phonological loop (used for hearing). However, good multimedia is
hypothesized to use each channel in its natural format (seeing images and hearing
sounds; Mayer, 2008, 2014). As with cognitive load theory, the cognitive theory
of multimedia learning proposes that the attention available for each channel is
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limited (limited-capacity assumption; Mayer, 2009). One final, “active process-
ing” assumption is that learning involves an active, coordinated cognitive pro-
cess; mere passive exposure is not sufficient (Mayer, 2009).

Together, these theories propose that learning is optimized when students are
given tasks they can handle, when they are free from distracting content, when
they leverage both streams of information processing, and when they actively
engage in learning (even if only to reduce extraneous processing). Some key ben-
efits from these theories are the many hypothesized interventions to improve
learning. These “multimedia design principles” aim to improve learning by reduc-
ing extraneous load, by making intrinsic load more manageable, or by leveraging
our dual processing channels. The theories also seek to explain when the interven-
tions work and when effects might be weak.

Multimedia Design Principles and Hypothesized Moderators

Modality principle is a useful example of a multimedia design principle that
leverages both theories, but where the two theories suggest distinct mechanisms.
The modality principle proposes that images should be complemented with audio
rather than with text (Mayer, 2009). For example, educators may use videos
instead of textbooks for prelearning, or delete words from presentation slides and
instead explain images verbally. From the perspective of cognitive load theory,
this change reduces extrinsic load because the instructional design requires less
effort to connect interacting elements (Mayer & Moreno, 2010). That is, it takes
less effort to connect what we hear to what we see than it does to connect text we
read with images on a page, so the extra effort is extraneous load (Mayer &
Moreno, 2010). From the perspective of the cognitive theory of multimedia learn-
ing, the major problem with text accompanying images is that the design over-
loads the learner’s visual channel (Mayer & Moreno, 2010). Both the text and the
image may be essential, so is “intrinsic load,” but offloading the text to the audi-
tory mode makes that intrinsic load more manageable (Mayer & Moreno, 2010).
This example highlights the main ways both theories improve instructional
design: both describe the need to reduce extraneous load, the cognitive theory of
multimedia learning emphasizes the need to leverage both processing channels
(auditory and visual), and cognitive load theory describes strategies that apply
outside of multimedia learning (e.g., the goal-free effect, described below).

Strategies to Reduce Extraneous Load

There are a range of strategies both theories use to reduce extraneous load
(Mayer, 2008, 2009; Sweller et al., 2019; van Merriénboer & Sweller, 2005). The
coherence principle, or “seductive detail effect,” suggests educators should avoid
content that could distract learners from core content required for the task. They
may remove distracting music or footage from a video, remove distracting images
from presentation slides, or remove tangentially relevant stories from a lecture.
These “seductive details” add extraneous load because they increase element
interactivity, but for content that is not relevant (Mayer & Moreno, 2010).
Similarly, “personalization” involves educators using learner-focused conversa-
tional language so people are not overloaded by complex vocabulary or jargon
(Mayer, 2009). Educators might use metaphors to explain abstract concepts, or
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use common verbs (e.g., “think”) instead of abstract noun-formations (e.g., “con-
siderations”; avoiding so-called “nominalization”). Sometimes jargon is intrinsic
to the task at hand (e.g., learning what “photosynthesis” means), but where it is
not, simple language reduces the complexity of the interacting elements, reducing
extrinsic load (Sweller, 2010).

Sometimes the amount of information is difficult to change, but instead educa-
tors can make it easier for learners to direct their attention usefully by cueing,
timing, or spacing. The signaling (or “cueing”) principle helps learners know
where to focus so they do not expend effort either searching for ideas or connect-
ing them together (Mayer, 2009). It might involve circling a key point on a video,
using a laser pointer to direct attention on slides, or emphasizing a key point with
a phrase that focuses learner attention (e.g., “this is important™). Each of these
help the learner to focus their attention on the intrinsic elements and ignore the
extraneous materials (Mayer, 2009). The contiguity principle serves a similar pur-
pose, but by presenting related material in the same place or the same time (Mayer,
2009). For example, educators might present key points, one at a time, as they
explain them, rather than having multiple key points visible at once (temporal
contiguity). Alternatively, they might label images directly, rather than using leg-
ends, where learners have to connect the legend to the image (spatial contiguity).
Like signaling, these help manage extraneous load by both focusing attention on
what is most important and by helping the learner to connect interacting elements
(e.g., spoken words with the correct section of the slide; Mayer, 2009).

Strategies to Better Manage Intrinsic Load

As described with the modality principle, the cognitive theory of multimedia
learning proposes that we can better manage cognitive load by better using both
modes of information processing (auditory and visual, Mayer, 2008, 2009). As
with moving text to speech (modality principle), educators can also use informa-
tive graphics to offload some intrinsic load to the visual system (i.e., multimedia
principle; Mayer, 2009). Educators might add visuals to textbooks, add informa-
tive images to presentation slides, or display data visually, instead of only using
text. Both cognitive load theory and the cognitive theory of multimedia learning
propose a range of other approaches for making intrinsic load more manageable.
Both discuss how breaking longer content into smaller chunks allows for better
processing of the intrinsic load (segmenting principle; Mayer & Moreno, 2010).
This may involve converting long recordings into shorter clips, adding breaks or
discussions to a workshop/lecture, or using subheadings or short chapters in writ-
ten work. Similarly, learners might be encouraged to learn simpler components in
isolation before moving onto more complex concepts (Sweller, 2010). Cognitive
load theory also describes many phenomena that help optimize learning beyond
the presentation of multimedia. Educators could provide learners with worked
examples so they are not burdened with the task of finding the correct way to do
something while also learning how to implement that approach (Sweller, 2010). In
designing learning activities, educators can reduce cognitive load by making
activities “goal-free” (Sweller, 2010). If students are asked to “find as many val-
ues as possible,” instead of “find x,” they are not encumbered by the goal-state
and the discrepancy between their current state and the goal.
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Hypothesized Moderators of Effects

Both theories hypothesize that a number of factors increase or decrease these
effects of these design principles. The core mechanisms here are that our limited
working memory capacity plays a bigger role when (a) the materials are more
complex, so intrinsic load is higher; (b) we are newer to an area, so more cognitive
load is needed for each concept; and (c) the presentation format is less forgiving,
such that we cannot make up for overload through time and effort. Specifically,
good design principles are more important for concepts that have high element
interactivity (i.e., they are more complex; Sweller, 2010). They are more impor-
tant for novices who are more likely to become cognitively overloaded and can
sometimes reverse when implemented in experts (expertise reversal effect;
Sweller, 2010). For example, junior doctors may find anatomy clearer with labels
directly on the image (e.g., brain regions), but senior doctors may be so familiar
with anatomy that the labels become distracting. Finally, multimedia design may
be more important when learners cannot self-pace (Mayer & Moreno, 2010). If
learners can pause, rewind, or reread content, then they can somewhat manage
their own cognitive load by taking things more slowly if they are overwhelmed
(Mayer & Moreno, 2010). Many environments, however, do not allow such
learner-control (e.g., lectures, workshops). All of these moderators and design
principles are empirically testable hypotheses, and the best data for testing them
are from systematic reviews.

Systematic Reviews Robustly Assess When Interventions Work, and Help Clarify
Why

In the previous section, we compiled a range of hypothesized multimedia
design principles drawn from key theory papers (Mayer, 2008, 2009; Mayer &
Moreno, 2010; Sweller, 2010; Sweller et al., 2019; van Merriénboer & Sweller,
2005). These papers are important theoretical contributions, integrating large sets
of existing literature into refined theories and actionable recommendations.
However, they employed unsystematic methods of determining the strength of
proposed effects. For example, Mayer (2008) presented 10 separate meta-analy-
ses of multimedia design principles using the studies conducted in his lab alone.
The studies were not drawn from a systematic review of the literature. Rather,
Mayer calculated the unweighted median effect size from a group of studies he
and his colleagues had conducted. A more robust, gold-standard method of assess-
ing the effects of these interventions is a systematic review and meta-analysis
(Alexander, 2020; Pigott & Polanin, 2020). Systematic reviews are more robust
because they aim to reproducibly collect all the available evidence on a topic and
synthesize it in a way designed to minimize bias (Alexander, 2020; Pigott &
Polanin, 2020). Systematic reviews exist for some of these multimedia design
principles (e.g., Adesope & Nesbit, 2012; Ginns, 2005; Ginns et al., 2013;
Reinwein, 2012; Rey, 2012). Those reviews help resolve controversies—where
different theory papers make divergent hypotheses—and help assess the strength
of the evidence in support of those hypotheses.

As a concrete example, verbal redundancy has been a controversial design
principle, with some saying it helps (Adesope & Nesbit, 2012; Moreno & Mayer,
2002) and others saying it hinders (Mayer, 2008). Verbal redundancy is where
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multimedia present words via both visual and auditory pathways (e.g., if lecturers
were to read quotes also presented on their slides) rather than via one channel
(e.g., just reading the quote or putting it on slides). Cognitive load theory pro-
poses that this redundancy creates unnecessary duplication that becomes extrane-
ous load (Mayer, 2008; Sweller, 2010). Conversely, the dual-channel assumption
of multimedia learning suggests that the two channels could symbiotically facili-
tate learning (e.g., seeing the text could help learners who missed what the pre-
senter said; Moreno & Mayer, 2002). Adesope and Nesbit’s (2012) systematic
review synthesized the available studies on verbal redundancy to determine when
it helped, when it hindered, and the size of the effects. The overall pooled effect
size showed that verbal redundancy modestly improved learning (g = 0.15, 95%
confidence interval [CI 0.08, 0.22], k = 57), supporting the dual channel assump-
tion. Specifically, it helped add text to audio presentations but not the other way
around (Adesope & Nesbit, 2012). This finding may be because audio is less
forgiving than reading text. If learners lose focus or they mis-read something, it is
easier to self-correct by rereading than to go back and re-listen.

Regardless, effects are small, particularly when compared with meta-analyses
of a related principle: the modality effect (Ginns, 2005; Reinwein, 2012). The
modality effect suggests that media are more effective when we hear words and
see pictures rather than seeing both. Pooled effect sizes of these effects are mod-
erate-to-large (d = 0.72,95% CI[0.52, 0.92], k = 39; Ginns, 2005; d = 0.38, 95%
CI [0.27, 0.50], £ = 86; Reinwein, 2012) and robust to a number of sensitivity
analyses. This meta-analytic evidence substantiates stronger causal claims (e.g.,
“redundancy is helpful”) than reviews that either present a subset of confirmatory
papers (Sweller et al., 2019) or pool effects from an unrepresentative sample of
studies (Mayer, 2008).

Comparing these three meta-analyses (Adesope & Nesbit, 2012; Ginns, 2005;
Reinwein, 2012) highlights the need for our overview of reviews. First, the impli-
cations for teachers are clearest when interpreting multiple meta-analyses in par-
allel. Taking the above-mentioned examples, teachers should strive to present
content using their voice rather than via text (Ginns, 2005; Reinwein, 2012), but
only when there are accompanying images. Teachers using their voice without
any visual prompts inhibits learning, so when images are not available, adding
text on screen facilitates self-correction (Adesope & Nesbit, 2012). Second, there
are hundreds of studies on implementing a range of multimedia design principles.
A single systematic review of all these primary studies would be intractable, but
an overview of reviews allows for the most robust interventions to be collected
and compared. Third, there are frequently multiple meta-analyses on the same
topic that can produce substantially different effect sizes (e.g., Ginns, 2005, vs.
Reinwein, 2012) or effects on different metrics (e.g., Cohen’s d, Hedge’s g,
Pearson’s r, Fisher’s z). An overview of reviews allows us to synthesize the
effects, compare them on a common metric, and make judgments accounting for
the quality of the reviews. These comparisons contribute to theory by determining
whether there are common factors that underlie the most powerful effects, or fac-
tors that might explain weaker ones. Finally, some moderators of intervention
effects—like the expertise reversal effect—are observational by nature (Deeks,
2019). Participants might be randomized within studies, but they are not
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randomized to one study or another (Decks, 2019). As a result, an overview of
reviews can help determine which of these moderators are robust across reviews,
in the same way a review of primary studies can determine whether an interven-
tion is robust across studies.

This Overview Aims to Catalogue, Critique, and Compare Literature on
Multimedia Design

In this overview of reviews, we aimed to identify sow educators can most reli-
ably make learning from multimedia more effective. We collated the best evi-
dence on the various multimedia design principles, compared them on a common
metric, and quantified their relative effects using meta-meta-analysis. We also
assess whether proposed moderators of effects—Ilike the expertise reversal
effect—are robust across multimedia design principles. Reviews of multimedia
design are particularly well suited to meta-meta-analysis because each interven-
tion is hypothesized to operate via a similar causal pathway (improved manage-
ment of cognitive load), most primary studies have a consistent comparison
condition (presence vs. absence of a design principle), and reviews report a con-
sistent set of outcomes (standardized measures of learning or cognitive load). This
allowed us to assess the influence of these design principles across all kinds of
learning environments where multimedia are present (lectures, videoconferences,
videos, textbooks, schools, universities, online, face-to-face), allowing us to make
more generalizable conclusions. We hypothesized that learning is increased by
multimedia design that aims to better manage cognitive load.

Method

Presentation in this article is aligned with the PRISMA 2020 statement (Page
et al.,, 2021) and the Reporting Standards for Research in Psychology (APA
Publications and Communications Board Working Group on Journal Article
Reporting Standards, 2008). Where possible, we adhered to recommended pro-
cesses for high-quality systematic reviews of educational research (Alexander,
2020; Pigott & Polanin, 2020).

Eligibility Criteria

We selected studies on the basis of prespecified inclusion criteria:

1. Design: We included systematic reviews, meta-analyses, or similar
reviews characterized by Grant and Booth (2009), which includes rapid
reviews, scoping reviews, state-of-the-art reviews, systematic searches
with review, systematized reviews, mapping reviews, or systematic maps.
All these methods have focused research questions and reproducible
methods for sourcing and evaluating research, so are less likely to be sub-
ject to biases like selective reporting. For these reasons, we excluded non—
systematic reviews, primary studies, theory papers, or narrative reviews
(e.g., Sweller, 2010).

2. Interventions: We included any modification to a multimedia intervention
designed to influence learning or cognitive load. We excluded reviews
only comparing the effects of multimedia against other instructional
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technologies (e.g., multimedia vs. nothing, multimedia vs. tutoring; e.g.,
Baker et al., 2018; Noetel et al., 2021).

3. Comparisons: We included reviews that compared multimedia with and
without a multimedia design feature (e.g., with and without signaling). To
be eligible, the participants did not need to be randomized in all primary
studies (e.g., we included reviews that contained pre-post or quasi-exper-
imental primary studies).

4. Outcome: We only included reviews that reported learning, achievement,
or cognitive load. We excluded reviews that only reported effects on other
outcomes (e.g., health; Hirschey et al., 2020; or enjoyment), but extracted
all outcomes from reviews that met criteria.

5. Participants/context: Reviews on any participants were eligible for inclu-
sion. Similarly, reviews on learning in any context (e.g., schools, universi-
ties, adult learning, public health) were eligible for inclusion; as presented
below, results were moderated by the context in which they were observed
(where reported).

6. Finally, reviews published in any language were eligible, but searches
were limited to post-1989 when systematic forms of review were intro-
duced (Smith et al., 2011).

Information Sources and Search Strategy

To ensure it was comprehensive (Alexander, 2020), we generated our search
strategy using the titles and abstracts of an initial sample of target systematic
reviews (Adesope & Nesbit, 2012; Ginns, 2005; Ginns et al., 2013; Reinwein,
2012; Rey, 2012). We also used the names of all interventions listed in papers
outlining the cognitive theory of multimedia learning (e.g., “signaling,” “tempo-
ral contiguity”; Mayer, 2008, 2009, 2014, 2019). We generated a list of terms that
identified all target papers (Eriksen & Frandsen, 2018) optimizing for sensitivity
while maintaining specificity. The list of search terms were as follows:

e Design: (meta-anal* or metaanal® or meta-regress™ or “systematic review”
or “rapid review” or “scoping review” or “State-of-the-art review” or
“Systematic search and review” or “Systematized review” or “Mapping
review” or “Systematic map”’) and

e [ntervention: (Multimedia or Video or “Modality effect” or “Segmenting
effect” or “Modality principle” or “Segmenting principle” or “Spatial con-
tiguity” or “Temporal contiguity” or “Signalling effect” or “Signaling
effect” or “Signalling principle” or “Signaling principle” or “Verbal
Redundancy” or Pretraining or Pre-training or “Coherence effect” or
“Coherence principle” or “Personalization effect” or “Personalisation
effect” or “Personalization principle” or “Personalisation principle” or
“Spatial ability”) and

e Qutcome: (Learn* or Achiev* or Cognitive)

We entered this set of terms into four databases: ERIC, PsycINFO, Scopus, and
Web of Science (translations in Supplementary File 1, available in the online
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version of this article). We conducted searches in January 2020 and updated
searches in December 2020.

Study Selection

We removed duplicates using the deduplication tool in SR-Accelerator
(Rathbone et al., 2015). To screen against inclusion criteria, two reviewers inde-
pendently screened titles and abstracts in duplicate using abstrackr (Wallace
et al., 2012), with conflicts resolved by moving the article to full-text screening.
Two reviewers then independently assessed each full-text against the inclusion/
exclusion criteria in duplicate, with conflicts resolved through discussion or con-
sultation with a third reviewer. Reviewers logged reasons for excluding any
potentially relevant reviews. One reviewer completed forward and backward cita-
tion searching for papers that may have been missed by the search strategy (Pigott
& Polanin, 2020).

Data Items and Collection Process

Two reviewers developed, piloted, and revised a data extraction form. The
form extracted details regarding the review methods (i.e., inclusion/exclusion cri-
teria, search strategy, search terms, databases searched), review results (i.c.,
search yield, cumulative participants, author summaries of results), and results of
each meta-analysis including moderation/sensitivity analyses (i.c., pooled effect
size estimates with variances; number of studies and participants informing effect
size; participants, intervention, comparison, and outcome for each effect). We
independently extracted all data items in duplicate and resolved disagreements via
discussion. A third author adjudicated, when required.

Quality Assessment of Reviews

We assessed the quality of the included reviews using an abbreviated list of
quality criteria drawn from AMSTAR?2 (Shea et al., 2017). The full AMSTAR2
tool was developed on the basis of a scoping review of tools for assessing the
quality of systematic reviews, followed by iterative workshops with content
experts (Shea et al., 2017). This abbreviated list has been used to assess core
quality requirements for systematic reviews, such as those discussed by
Alexander (2020) and others (Pigott & Polanin, 2020): comprehensive search,
clear inclusion/exclusion, duplicate screening, duplicate quality assessment,
presentation of each included study, assessment of heterogeneity, and assess-
ment of publication bias. These quality assessment items are judged to be the
most important in assessing the reliability and validity of systematic reviews
(National Heart, Lung, and Blood Institute, n.d.) and deliberately omit
AMSTAR?2 criteria that are seldom applied in education (e.g., searching trial
registries). The “comprehensive search” criteria assessed whether the search
strategy was likely to find the majority of studies meeting inclusion criteria.
The “clear inclusion/exclusion” criteria assessed the reproducibility of the sys-
tematic review’s eligibility criteria. The “duplicate screening” and ‘duplicate
quality assessment” criteria assessed whether tasks prone to consequential
errors or judgement are done in duplicate. The “presentation of each included
study” criteria assessed the transparency of the results from the systematic
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review, used to inform conclusions. Finally, the “assessment of heterogeneity”
and “assessment of publication bias” criteria assessed how well the reviews
accounted for these two sources of uncertainty in conclusions. We did not tally
different criteria into a summative score because each criteria carry different
risks that should not be weighted equally (Higgins et al., 2011). We instead
presented the results of each criteria for each review.

Summary Measures and Synthesis of Results

The primary outcome was the pooled effect size of the multimedia design
principle on learning. We also extracted effects on transfer and on other proximal
learning outcomes, like cognitive load or learning speed. We conducted a
meta-meta-analysis to allow for comparison between the pooled effect sizes
using the metasem package (Cheung, 2014a) and msemtools (Conigrave, 2019)
in R (R Core Team, 2020) to construct a maximum likelihood estimate of the
pooled meta-meta-analytic effect size using all available information (Cheung,
2014b). We used random-effects multilevel meta-analyses because these analy-
ses are robust to effect sizes that are clustered (Moeyaert et al., 2016); in our
review, effect sizes on the same design principle were not independent because
the studies informing each effect were overlapping (e.g., one study on signaling
might report both retention and transfer scores). That is, samples were some-
times dependent within design principles (because experiments sometimes
reported multiple outcomes) but were independent between design principles
(because experiments tested one design principle at a time). We chose random
effects models to account for heterogeneity in effects from different design prin-
ciples. Our analyses, therefore, met all the assumptions for a second-order meta-
analysis: random effects between and within meta-analyses, inverse sampling
weights, and between-sample independence (Hennessy et al., 2019; Schmidt &
Oh, 2013). These models are the current best practice for pooling meta-analytic
findings, accounting for both within- and between-review variance (Hennessy
et al., 2019; Schmidt & Oh, 2013).

First, we converted all reported, pooled effect sizes to a common metric,
Hedges’s g, which corrects for biases in small sample sizes (Hedges, 1981). We per-
formed calculations using the compute.es package (Del Re, 2020). If reviews
failed to report the number of participants, we used the median number of par-
ticipants per study across all reviews, then used the number of studies to esti-
mate the pooled sample size. Because multiple systematic reviews on the same
topic have overlapping primary studies, we followed the Cochrane Collaboration
advice to select the largest of those reviews for each multimedia design princi-
ple to avoid double-counting older primary studies (Pollock et al., 2018). Given
reviews each assessed different design principles, there was no overlap between
reviews and therefore no correction required for overlap (e.g., Hennessy &
Johnson, 2020). Where reviews reported multiple effect sizes for learning (e.g.,
retention and transfer) we calculated pooled effect sizes, nesting effects within
reviews. As described above, we used multilevel random effects meta-analysis,
clustering effects within interventions to control for covariance between multi-
ple measures of the same outcome. We then conducted moderation analyses for
the most commonly reported moderators:
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1. The type of learning outcome (retention test, transfer test, learning [gen-
eral; for example, pooled effect of retention and transfer])

2. The pacing of the media (self-paced, like a website, or system-paced, like
a TV show)

3. The prior knowledge of the learner (low or high, as coded by reviewers)

4. The level of “element interactivity” (complexity of the multimedia, with
more complex media having more interactions; low or high, as coded by
reviewers)

5. The education level of the learner (school or university/adult)

6. The presentation mode of the media (e.g., online or via paper)

7. The subject domain (science, mathematics, humanities, etc.)

For moderation analyses, we calculated the percentage of variance in outcomes
explained by the moderator using R? (Cheung 2014a). To assess whether this
change in variance was significant, we used the likelihood ratio test (Cheung,
2014a, 2014b).

Results

The PRISMA flow diagram (Figure 1) outlines the study selection process.
Through database searching, we identified 3,982 possible reviews. After remov-
ing duplicates, two reviewers independently screened each of 1,526 titles and
abstracts, three of which were found through forward and backward citation
searching. After screening titles and abstracts, two reviewers independently
reviewed each of 102 full-text articles. Consensus reasons for exclusion are docu-
mented in Online Supplementary File 2. Following this full-text screening, we
included 29 systematic reviews. These reviews included a combined total of 1,189
studies and 79,415 participants. The characteristics of each included review are
available in Table 1.

Effect of Design Principles on Learning

We dual-extracted 674 pooled effect sizes (Online Supplementary File 3) from
23 reviews that presented quantitative data. To avoid double-counting any pri-
mary studies and to maintain independence between reviews, we chose the most
comprehensive review when conducting each analysis.

To assess whether retention and transfer measures could be validly meta-meta-
analyzed, we first assessed whether the specific outcome measure moderated
the effects of multimedia design principles. From all included reviews, we
extracted retention, transfer, and mixed retention/transfer measures, even if the
review reported a pooled estimate (of both retention and transfer). To avoid
double-counting older primary studies, we selected the biggest review for each
design principle that reported these effects. The specific learning outcome
(retention vs. transfer) did not moderate the effects of these design principles
(N pootedrgecss = 235 R; = 0.12,p = 0.51). The effects of each design principle,
separated by outcome, are displayed in Figure 2. The pooled effects of multime-
dia design principles were almost identical for measures of retention (g = 0.42,
95% CI [0.32, 0.52]) and transfer (g = 0.43, 95% CI [0.31, 0.54]).
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FIGURE 1. PRISMA flow diagram.

Because the specific learning outcome did not moderate effects, we calculated
pooled retention and transfer measures where they were not available. To assess
the relative influence of each design principle, the 11 largest reviews pooled a
combined 808 effect sizes from 66,553 participants. The average effect of multi-
media design principles on learning was moderate and statistically significant
(g = 0.38,95% CI[0.27, 0.49], k = 808). The specific design principle explained
most of the variance in learning outcomes ( Np,appecs = 16, Rz2 =1.00,p <
0.001). As shown in Figure 3, some design principles had much larger effects than
others. Specifically, reviews found moderate-large benefits from captioning sec-
ond-language videos, integrated designs, the modality effect, and signaling.
Effects were weak and positive for verbal redundancy and pedagogical agents.
Most other effects were small to moderate. The anticipated effects of each design
principle are explored in detail below.

Effects of Design Principles on Cognitive Load

Overall, multimedia design interventions led to small improvements in man-
agement of cognitive load (g = 0.22, 95% CI [0.04, 0.40], k = 68). As with effects
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2[95% CI] k  Citation
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Segmentation G 023(0.13,033] 20  Reyetal.,2019
Pedagogical Agent  ==fipre 0.13(-005,0.31] 10 Davis, 2018
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Standardised Mean Difference with 95% CI

FIGURE 4. Pooled, meta-meta-analytic estimates of intervention effects on cognitive
load.

on learning, effects on cognitive load were moderated by the multimedia design
principle (Npoorearpoes = S R22 = 1.00, p = 0.01). As outlined in Figure 4, a
small number of primary studies found large effects personalization (g = 0.62,
95% CI1[0.13, 1.11], £ = 4; Ginns et al., 2013) and the modality effect (g = 0.62,
95% CI[0.27, 0.96], k = 2; Ginns, 2005). Larger reviews found small effects for
for segmentation (g = 0.23, 95% CI [0.13, 0.33], k£ = 20; Rey et al., 2019), signal-
ing (g = 0.11, 95% CI [0.04, 0.18], £k = 32; Xie et al., 2017), and pedagogical
agents (g = 0.13, 95% CI [-0.05, 0.31], k£ = 10; Davis, 2018).

Synthesis of Review Findings for Each Design Principle

Effects of Captioning Videos

There were large effects were for captioning videos on second-language learn-
ing (g = 0.99, 95% CI [0.60, 1.38], k£ = 15; Montero Perez et al., 2013). While
two reviews assessed this phenomenon (Kang, 2019; Montero Perez et al., 2013),
the review by Montero Perez et al. (2013) was rated more favorably on four out of
seven quality assessment criteria. This review found captioning led to large ben-
efits for both comprehension (g = 0.99, 95% CI [0.60, 1.38], k£ = 15; Montero
Perez et al., 2013) and vocabulary acquisition (g = 0.87, 95% CI [0.58, 1.15], &
= 10; Montero Perez et al., 2013).

Effects of Contiguity
Three reviews explored the benefits of contiguity (a.k.a., integration; Ginns,

2006; Schroeder & Cenkci, 2018; Schroeder & Cenkci, 2020). Overall, there were
large benefits of having materials presented contiguously (g = 0.74, 95% CI
[0.67, 0.82], k = 46; Ginns, 2000).

Spatial contiguity is where related material is put close together rather than in
different parts of the media (e.g., labels on a diagram, rather than in a legend). The
larger of these reviews found that spatial contiguity led to significant improve-
ments in learning compared with spatially distant designs (g = 0.63, 95% CI
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[0.55,0.71], k = 58; Schroeder & Cenkci, 2018). The spatial contiguity principle
was also validated by eye-tracking studies (Alemdag & Cagiltay, 2018). These
showed contiguity led to more focused attention and better integration between
visuals and text, both of which improved learning (Alemdag & Cagiltay, 2018).
Spatial contiguity appears to improve management of cognitive load, reducing
intrinsic and extrinsic load and increasing the opportunity for germane load
(Schroeder & Cenkci, 2020). Although Schroeder and Cenkci (2020) described
the increases in germane load as the most robust, they did not conduct a meta-
analysis to establish the relative pooled effect sizes.

Temporal contiguity, like spatial contiguity, refers to the benefits of presenting
connected information together, but in time, rather than in space (e.g., presenting
one bullet-point at a time as the presenter talks to each rather than all bullets at
once). Moderation analyses from reviews have found strong benefits of this
design principle too (g = 0.78, 95% CI [0.64, 0.92], £ = 13; Ginns, 2006).

Effects of Signaling

Five reviews have explored the benefits of signaling (Alpizar et al., 2020;
Richter et al., 2016; S. Schneider et al., 2018; Xie et al., 2016; Xie et al., 2017).
Signals are cues that help the learner know where to direct their attention (e.g.,
arrows, highlighted text, a laser pointer). Signaling has been extensively studied
and was shown to increase learning (g = 0.43, 95% CI [0.35, 0.50], £ = 209; S.
Schneider et al., 2018) and reduce cognitive load (g = 0.25, 95% CI [0.04, 0.45],
k = 27; S. Schneider et al., 2018). Most other reviews found similar results.
Signaling increased learning-relevant fixations (g = 0.39, 95% CI [0.09, 0.68], k
= 14; S. Schneider et al., 2018) and motivation (g = 0.13, 95% CI [0.04, 0.22],
k = 13; S. Schneider et al., 2018). It was also validated by eye-tracking studies
that showed these elements helped learners focus on key details, which then
improved learning (Alemdag & Cagiltay, 2018).

Effects of Changing Modality

Students learn better when hearing text alongside visuals (e.g., in a textbook)
than when reading text alongside visuals (e.g., in a textbook). Two reviews have
explored this phenomenon (“modality effect”’; Ginns, 2005; Reinwein, 2012). The
larger of these reviews found moderate benefits on learning (g = 0.38, 95% CI
[0.33, 0.43], £ = 86; Reinwein, 2012). Effects were smaller, but still significant,
when statistically accounting for publication bias (g = 0.20, 95% CI [0.15, 0.25],
k = 86; Reinwein, 2012). These benefits were also validated by eye-tracking stud-
ies (Alemdag & Cagiltay, 2018). When text and images were displayed, learners
preferentially attended to text, but did so at the expense of attending to images,
which reduced their learning (Alemdag & Cagiltay, 2018). Omitting text for spo-
ken words meant people attended more to images, which increased their learning
(Alemdag & Cagiltay, 2018).

Effects of Pleasant Colors or Anthropomorphics

One review explored the benefits of using either pleasant colors or anthropo-
morphics in multimedia (Brom et al., 2018). Anthropomorphics are human fea-
tures that an instructor might add to a graphics, like putting an angry face on an
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image of a virus entering the body. This review pooled pleasant colors and
anthropomorphics because they may operate by similar mechanisms (i.c.,
increased cognitive engagement; Brom et al., 2018); however, as a result, we
could not disentangle their distinct effects. Pooled together, these interventions
lead to moderate improvements in learning (g = 0.35, 95% CI [0.29, 0.42], k =
45; Brom et al., 2018). Anthropomorphism and colors had small benefits for
intrinsic motivation (g = 0.25, 95% CI[0.17, 0.34], £ = 23; Brom et al., 2018)
and they made materials feel less difficult (g = 0.21, 95% CI [0.08, 0.33], k =
14; Brom et al., 2018).

Effects of Segmentation

Segmenting materials involves breaking the lesson or video into meaningful
chunks. For example, rather than presenting one long lecture on multimedia
design principles, segmenting would involve a series of smaller lessons, one on
each design principle. Rey et al. (2019) found segmenting had moderate benefits
for learning (g = 0.34, 95% CI [0.30, 0.38], £ = 123; Rey et al., 2019). It also
reduced the cognitive load students experienced (g = 0.23, 95% CI [0.13, 0.33],
k = 20; Rey et al., 2019). Students learned better when instructors segmented
learning for students (g = 0.41, 95% CI1[0.32,0.50], k = 32; Rey et al., 2019)—as
opposed to allowing students to segment for themselves (g = 0.20, 95% CI [0.11,
0.28], k = 32; Rey et al., 2019)—presumably because instructors can more easily
ensure that the chunks are meaningful and appropriately sized. It took students
longer to learn segmented content than when it was unsegmented (g = 0.92, 95%
CI[0.82, 1.02], k = 19; Rey et al., 2019), suggesting they used time between seg-
ments to consolidate their learning.

Effects of Personalization

One review explored the benefits of personalization: changing language to
be either simpler, more polite, or more related to the learner (Ginns et al.,
2013). This review showed that all of these modifications were equally effec-
tive, and they increase learning (g = 0.33, 95% CI [0.23, 0.44], k = 55; Ginns
et al., 2013), and reduced cognitive load (g = 0.62, 95% CI [0.13, 1.11], k =
4; Ginns et al., 2013).

Effects of Removing Seductive Details

Two reviews explored the benefits of removing seductive, irrelevant details
(a.k.a., “coherence principle”; Rey, 2012; Sundararajan & Adesope, 2020).
Removing these details has moderate benefits for learning (g = 0.33, 95% CI
[0.18, 0.48], £k = 68; Sundararajan & Adesope, 2020). Effects were bigger when
seductive details were otherwise displayed persistently onscreen (g = 0.43,
95% CI [0.29, 0.57], k = 47; Sundararajan & Adesope, 2020) as opposed to
being transient (g = 0.12, 95% CI [-0.33, 0.57], £ = 18; Sundararajan &
Adesope, 2020). Materials that incorporate seductive details appear to reduce
available cognitive load by taking up space that could otherwise be directed to
the core materials: eye-tracking studies that showed seductive details drew
attention away from core information, and doing so consistently led to poorer
learning (Alemdag & Cagiltay, 2018).
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Effects of Animation

Three reviews compared the effects of animated, dynamic graphics, compared
with static images (Berney & Bétrancourt, 2016; Hoffler & Leutner, 2007;
Kaushal & Panda, 2019). Berney and Bétrancourt (2016) conducted the most
comprehensive of these reviews with 61 primary studies (vs. 26 primary studies,
Hoffler & Leutner, 2007; 22 primary studies, Kaushal & Panda, 2019). Their
review found significant learning benefits (g = 0.23, 95% CI [0.12, 0.33]). Eye
tracking studies found that learners directed more attention toward animated
graphics than static ones (Alemdag & Cagiltay, 2018). Animations were only
helpful when the animations communicated something meaningful, like how
gears work (g = 0.40, 95% CI [0.34, 0.46], k = 59; Hoffler & Leutner, 2007).
Decorational animations had no learning benefits (g = —0.05, 95% CI [-0.17,
0.07], k = 17; Hoffler & Leutner, 2007).

Effects of Pedagogical Agents

A pedagogical agent is a multimedia design feature in which there is an artifi-
cial “teacher” to guide the learner. Four reviews explored the benefits of these
pedagogical agents (Castro-Alonso et al., 2021; Davis, 2018; Kim, 2005;
Schroeder et al., 2013). Some reviewers argue that pedagogical agents are not
seductive details because they increase learning (g = 0.19, 95% CI1[0.12, 0.27],
k = 43; Schroeder et al., 2013). But, when only using studies where the agent
gestured toward what was important—that is, when the agent served a signaling
function—effects of the agent were stronger (g = 0.28, 95% CI [0.01, 0.54], k =
7; Davis, 2018). Learners also preferred these agents to those that did not serve a
signaling function (g = 0.44, 95% CI [0.08, 0.81], £ = 8; Davis, 2018). Agents
that were presented in three dimensions showed no benefits (g = 0.11, 95% CI
[-0.06, 0.27], k = 21; Castro-Alonso et al., 2021), presumably because those
agents are more distracting than those in two dimensions (g = 0.38, 95% CI
[0.16, 0.60], £ = 11; Castro-Alonso et al., 2021).

Effects of Verbal Redundancy

Verbal redundancy refers to the effects of communicating words both visu-
ally and aurally. For example, what happens when text is added to slides accom-
panying a lecture (adding text to audio) or when narration is added to written
text (adding audio to text)? One review explored this phenomenon (Adesope &
Nesbit, 2012). Verbal redundancy enhanced learning outcomes overall (g =
0.15, 95% CI [0.08, 0.22], k = 57; Adesope & Nesbit, 2012), but only when
adding text to audio (g = 0.29, 95% CI [0.20, 0.39], £ = 34; Adesope & Nesbit,
2012), not when adding audio to text (g = -0.04, 95% CI [-0.14, 0.06], k = 23;
Adesope & Nesbit, 2012).

Other Design Principles

A number of other reviews explored multimedia principles that were either less
extensively explored (by the extant literature), or less well defined (by reviewers).
Rahim et al. (2015) described how cognitive conflict (eliciting knowledge-gaps;
identifying and refuting misconceptions) may lead to increases in learning from
multimedia (pooled effects not reported). Cromley and Lawrence (2018) argued
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that “theoretically driven” multimedia simulations were more effective than those
which were not theoretically driven (pooled effects not reported). In addition to
the effects of captioning (described earlier), Kang (2019) found that students
learned second-languages better from video than audio alone (g = 0.34, 95% CI
[0.23, 0.45], k = 20).

Robustness of Other Moderators From Included Reviews

Many reviews assessed both theoretical and emergent moderators of interven-
tion effects. The key theoretical moderators were the pacing of the material
(learner vs. system paced), the complexity of the materials (high vs. low element
interactivity), and the prior knowledge of the learner (high vs. low). The pacing of
the materials was a significant moderator of effects (Npyyeirpees = 22, R =
0.34, p = 0.02). Design principles were more important when the multimedia is
system-paced, like in a lecture (g = 0.41, 95% CI1[0.33, 0.49]), than when learner-
paced, like on a website (g = 0.27, 95% CI [0.19, 0.35]). Element interactivity
does not refer to interactivity between the learner and the materials, but the com-
plexity of the materials, with higher interactivity meaning more concepts for the
learner to connect. The element interactivity moderated the effects of design prin-
ciples (N pootedtgoes = % R22 = 1.00, p < 0.001). Multimedia design principles
were more important in complex media (g = 0.70, 95% CI[0.59, 0.81]) than more
simple media (g = 0.20, 95% CI[0.02, 0.39]). The prior knowledge of the learner
did not moderate effects (NPooledEjj"ects = 30, R22 = (.14, p = 0.14). Emergent
moderators included the education level of participants (e.g., school vs. univer-
sity), the media presentation (e.g., paper vs. computer), and the subject domain
(e.g., STEM vs. social science). Neither the educational level of learner
(N potearpors = 305 R; =0.05, p = 0.95), the presentation format (N PooledEffects =
8, RZ = 0.98, p = 0.24), nor the subject being studied (R; = 60, R? = 0.15,p =
0.22) consistently moderated results. Forest plots demonstrating all of these mod-
eration effects are available in Online Supplementary Figures S1 through S6.

Quality Assessment of Included Reviews

The results of our quality assessment are described in Table 2. Most reviews
presented a focused question (28/29) with clearly specified inclusion criteria
(25/29). Most also appeared to conduct a comprehensive search for studies that
addressed those questions (23/29). Only two explicitly reported duplicate study
screening (Alemdag & Cagiltay, 2018; Berney & Bétrancourt, 2016). Only one
review reported a formal quality assessment (Adesope & Nesbit, 2012), and that
quality assessment was done in duplicate. Most reviews explicitly described each
included study (23/29). Most reviews assessed publication bias (20/29) and pos-
sible sources of heterogeneity (22/29).

Discussion

With this overview of reviews, we aimed to collate evidence from systematic
reviews on how to optimize multimedia for learning. We were able to find meta-
analyses supporting many of the multimedia design principles hypothesized by
cognitive load theory and the cognitive theory of multimedia learning. Some of
these design principles produced robust, moderate-to-strong benefits for learning
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(e.g., contiguity, signaling). As hypothesized, interventions also led to better man-
agement of cognitive load (e.g., signaling, modality effect). We used meta-meta-
analyses to assess the reproducibility of three hypothesized moderators of design
principles (pacing, prior-knowledge, and element interactivity). We found multi-
media design principles were more important for complex materials (i.e., high
element interactivity) than simple ones, and more important in system-paced
environments than self-paced ones. Finally, we found robust support for multime-
dia design features that were seldom highlighted by previous theoretical papers
(e.g., animation, anthropomorphics, captioning) and some emerging design prin-
ciples that do not yet have meta-analytic support (e.g., cognitive conflict).

Findings Support Cognitive Load Theory and the Cognitive Theory of
Multimedia Learning

Some multimedia design principles rely most heavily on the dual-channel
assumption of multimedia learning. That is, the amount of information is rela-
tively constant, but the media more effectively leverages both auditory and
visual channels. For example, captioning second-language videos had a strong
positive effect, arguably due to the way it facilitates encoding via both visual
and auditory pathways (Montero Perez et al., 2013). Similarly, we found moder-
ate, robust benefits from implementing the modality principle (replacing text +
images with voice + images; Reinwein, 2012). With this principle, the amount
of information is relatively constant, which is why effects might be lower than
for captioning, where information is added. Similarly, we saw small benefits
from adding animations (Berney & Bétrancourt, 2016) and only if they com-
municated meaning (Hoffler & Leutner, 2007). Again, the animations provided
benefit only if they added information beyond the static image, for instance, by
helping learners understand how components of the image move and interact
(Berney & Bétrancourt, 2016; Hoffler & Leutner, 2007).

For these design principles, people learn better because adding richness to the
visual stream leverages both channels of information processing (Mayer, 2008,
2009). Dual-channel presentations (voice + images) also allow information to be
presented for easy integration; that is, it reduces the extraneous load required to
find connections between interacting elements (Mayer & Moreno, 2010; Sweller,
2010). It is easier for a learner to receive a voice and image simultaneously than
to read text and view an image simultaneously (i.e., temporal contiguity is easier;
Schroeder & Cenkci, 2018), because in the latter, the learner must scan between
related elements on the page. It is easier for them to hear how gears move while
watching them interact, than to see a static image and have to imagine them turn-
ing. The importance of design principles like these might help explain why media
that typically use voice and images (e.g., video) do better than media that do not
(e.g., textbooks; Noetel et al., 2021). The positive effect of redundancy also shows
the importance of leveraging both channels. Where cognitive load theorists often
presume that both reading and hearing words adds extraneous load (Mayer, 2008;
Sweller et al., 1998), our meta-review found small positive benefits of verbal
redundancy (Adesope & Nesbit, 2012). The increased cognitive load of redundant
text appears to be offset by the benefit of using both channels. Combining the
strong benefits from captioning with the modest benefits of verbal redundancy, it
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may be that text on the screen is intrinsic, not extraneous, when it facilitates cle-
ment interactivity aligned to learning objectives (Sweller, 2010). In some cases,
like learning second languages from videos, connecting the caption to speech is
tightly aligned with the learning objectives. In many other cases, like learning the
jargon associated with a concept, having the key words duplicated visually helps
connect those words with the spoken description of the concept. It may be only in
cases of very bad design—so-called death by PowerPoint—where verbal redun-
dancy is destructive: Where the effort required to connect the speech to written
text is so high that it leads to cognitive overload.

Interventions that reduced extraneous load were robustly useful for improving
learning. The strategies designed to direct attention toward important concepts all
demonstrated similar effects. Highlighting important information somewhat
reduced extraneous cognitive load (Xie et al., 2017) and led to moderate increases
in learning (S. Schneider et al., 2018). Removing seductive details increased
learning with similar effect sizes (Sundararajan & Adesope, 2020). Pedagogical
agents were often seductive details (Castro-Alonso et al., 2021) and seldom
reduced cognitive load (Davis, 2018), but modestly increased learning (Schroeder
et al., 2013), likely because they often serve a signaling function (Davis, 2018).
When used well, all of these strategies reduce extrancous cognitive load by focus-
ing attention toward elements inherent in learning and away from elements that
add extraneous load. As a result, it is consistent with theory that all strategies
would demonstrate similar effect sizes.

Strategies to make intrinsic load more manageable consistently increased
learning, also with similar effects. Segmenting modestly reduced cognitive load
and led to moderate increases in learning (Rey et al., 2019). Using simpler, more
informal language increased learning by the same amount, and reduced cognitive
load (Ginns et al., 2013). Across design principles, effects were larger when mul-
timedia were system-paced than when self-paced (e.g., Reinwein, 2012; Rey,
2012), because when self-paced, learners can more easily use their own strategies
to manage high levels of cognitive load. Overall, the results of our meta-review
support the notion that providing learners with ways of managing the intrinsic
load (i.e., allowing self-pacing, segmenting materials, using personalized lan-
guage) increased learning.

Our moderation analyses generally found support for the role of element
interactivity in cognitive load (Sweller, 2010). The benefits of these design prin-
ciples were usually larger for complex materials because—compared with sim-
ple materials—they were more likely to cause cognitive overload without good
design (e.g., Ginns, 2005, 2006). That is, multimedia design is most important
for concepts with high element interactivity, because those with low element
interactivity are less likely to exceed our cognitive capacities (Sweller, 2010).
In a similar vein, some of the largest pooled effect sizes were for forms of con-
tiguity (i.e., presenting interacting elements in the same time and space). This
design principle explicitly facilitates element interactivity, reducing the effort
required for learners to search for links between interacting elements. In addi-
tion, findings are consistent with new conceptualizations of germane load as a
form of intrinsic load made possible when students are motivated and extrane-
ous load is low (Kalyuga, 2011; Sweller, 2010). Brom et al. (2018) found that
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pleasant colors and anthropomorphics modestly increased learning despite the
risk of them being seductive details. They argue these improve learning because
they promote increased cognitive engagement, meaning students are more likely
to use free cognitive load for germane processes. Similarly, emerging research
on “cognitive conflict” (e.g., presenting students with misconceptions then cor-
recting them) may also increase learning (Rahim et al., 2015) because such
conflict uses free cognitive capacity for germane processing. These findings are
all consistent with theory: educators should reduce extraneous load and instead
use that cognitive capacity for germane processes that promote deeper learning,
or motivate students to do this themselves (Kalyuga, 2011; Sweller, 2010).

This interpretation helps explain our findings regarding the expertise reversal
effect. Most theory papers hypothesized that prior knowledge should nullify the
benefits of good multimedia design (Mayer, 2008, 2009; Sweller et al., 2019; van
Merriénboer & Sweller, 2005). This moderation would exist because, compared
with novice learners, knowledgeable learners would require less intrinsic load
for the same task, and they can better manage their own cognitive load. For
example, they could identify where they should be focusing without needing
signaling. Unlike previous narrative reviews (Kalyuga, 2007), we did not find
this effect was robust across meta-analyses. Some reviews found larger benefits
for low prior-knowledge learners, as hypothesized (Kaushal & Panda, 2019;
Sundararajan & Adesope, 2020), but others found the reverse (Rey et al., 2019;
Richter et al., 2016). It is possible that these conflicting results may be explained
by the idiosyncratic fit between some design principle and high versus low prior-
knowledge learners. That is, there may be some reason that segmentation/signal-
ing benefits high prior-knowledge learners more than low prior-knowledge
learners, but that the reverse is true for animation/removing seductive details.
However, this difference was not significant in our analysis and thus may be due
to sampling error. We found the pooled effects of multimedia design principles
were, on average, equivalent for high and low prior-knowledge learners. Good
educators calibrate the challenge to the knowledge of the learner. Most educators
would know when they are working with a high prior-knowledge sample (e.g.,
postgraduate medicine) rather than a low prior-knowledge one (e.g., primary
school mathematics). We think it is self-evident that most educators would offer
the high prior-knowledge learners more difficult tasks, closer to their zone of
proximal development (Schnotz & Kiirschner, 2007). While it is more likely that
complex materials do benefit more from good multimedia design, we hypothe-
size that the prior knowledge of the learner is less important. That is, the exper-
tise-reversal hypothesis—that good multimedia design helps nonexperts and
hurts experts—was not supported by our analyses.

Similarly, reviews often addressed whether design principles were moder-
ated by the subject being studied or the level of education. Neither of these fac-
tors consistently moderated effects. We argue that the reasons are similar to that
of prior knowledge. Some subjects and levels of education may indeed be more
prone to cognitive overload. But, good educators calibrate their teaching to the
challenge involved in the subject. As a result, while there could indeed be some
reason why signaling is stronger in universities than primary schools (S.
Schneider et al., 2018), we are hesitant to overinterpret findings that may be
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better explained by sampling error. Findings may also be explained by the high
chance of Type I error that is typical of social science meta-analyses, where
multiple testing is rife (Cafri et al., 2010). Specifically, most of the meta-analy-
ses included in this overview used a p < 0.05 critical value while conducting
dozens of tests for moderation.

Nevertheless, this overview highlights the importance of using systematic
reviews and meta-analyses to estimate effect sizes. Effect sizes of these design
principles were generally small to moderate (Funder & Ozer, 2019), which is
more conservative than previous reviews of multimedia design principles (e.g.,
Mayer, 2008). In those nonsystematic reviews, pooled effect sizes were very large
(d > 1.0). In contrast, effects from the meta-analyses we found were more consis-
tent with expected effects in psychology and education (Funder & Ozer, 2019;
Hattie, 2008; M. Schneider & Preckel, 2017). So, while most were still significant
and in the hypothesized direction, educators should have more conservative
expectations for the effects of multimedia design on learning.

Practical Implications for Educators and Instructional Designers

Many of these design principles have robust support from systematic reviews
and meta-analyses. More broadly, we found support for the premises underlying
the cognitive theory of multimedia learning: that learners integrate information
more effectively when it is presented via both sight and sound, as long as care is
taken to reduce the chance of cognitive overload. Specifically, this means most
educators could improve learning if they

e Speak to meaningful pictures, rather than relying on text, so learners are
using both visual and auditory systems in the optimal way (visual system
for pictures, auditory for sound)

e Where meaningful images are not possible, use some words presented
visually (e.g., on slides) so the learner can use both visual and auditory
systems in some way

e Present related words and pictures as close together as possible in both
time and space, so learners are not using working memory to connect
related material

e Help the learner know what is important using verbal emphasis, a pointer,
arrows, highlighting (etc.), so learners are focused on key information

e Remove words or images that are not directly relevant to the core learning
objectives so learners are not wasting mental resources attending to and
processing irrelevant content

e Make visuals attractive by using pleasant color palettes that use color pur-
posefully (e.g., use a contrast color to indicate something important) so
visuals are engaging

e Animate visuals meaningfully, where possible, so the learner understands
how something moves and how it works without having to fill in the motion
of a static visual themselves

e Make abstract concepts more concrete by giving them agency and human
features (e.g., with an “aggressive” virus drawn with a scowl, “attacking”
the immune system)
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e Ensure all additions—Ilike colors, animations, and human features—are
meaningful, not distracting (e.g., avoid using many colors, avoid distract-
ing animations)

e Use simple, personal language that connects the learning concept to the
learners’ experiences, so they can construct the new knowledge in light of
what they already know

e Break learning into meaningful chunks rather than long, uninterrupted pre-
sentations, so learners can consolidate each learning objective before mov-
ing on

e Include a person/character on screen only if they help direct attention to
what is important, and even then consider if a more simple signal would be
less distracting

Most of these features would be applicable across learning domains (e.g.,
STEM, social science), across ages (e.g., school, university, adult professional
learning), and across uses of multimedia (e.g., online, face-to-face). Some other
design features might only be useful in some contexts, like captioning of video for
those learning second languages. Nevertheless, given the ubiquity of multimedia,
the strategies above are useful for most educators to consider when designing how
they present materials.

Limitations of This Overview of Reviews

Although our overview of reviews allowed us to explore more interventions
than a review of primary studies, it was by no means exhaustive. Multimedia
are only one component of how educators teach, and should be considered in
light of the other evidence-based educational strategies that enhance learning
(Hattie, 2008). Similarly, we only included reviews that focused on learning
and cognitive load. In doing so, we excluded reviews that only addressed out-
comes like student satisfaction, motivation, and engagement, which are impor-
tant outcomes for both institutions and educators (Lawson & Lawson, 2013;
Lazowski & Hulleman, 2016; Spooren et al., 2013). While we excluded no
reviews on the basis of that criteria, we excluded a number that reported only
health outcomes (e.g., Chandan et al., 2020; Ruiz-Roca et al., 2020). Health
may be an important area where multimedia directly influences health and
wellbeing (e.g., health promotion). Future reviews could identify how well the
findings from this review translate to behavior-change outcomes sought in
other domains (e.g., health or marketing).

By focusing on modifications to multimedia, we excluded reviews that only
assessed person-level moderators. For example, meta-analyses have shown that
higher spatial ability increases the benefits of visualizations, particularly when
visualizations are abstract, system-paced, and lack signaling (Hoffler, 2010).
Similarly, nonsystematic reviews have collated evidence that supports the exper-
tise reversal effect, where higher prior-knowledge reduces the benefit of good
multimedia design (Kalyuga, 2007). While we used moderation effects reported
in reviews to explore some of these questions, we were reliant on reviewers hav-
ing assessed them in their meta-analyses. Future meta-analyses could robustly test
these hypotheses by collecting all the primary studies that test these moderators
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(e.g., expertise reversal) and identify whether the phenomena are robust across all
studies and design principles.

By focusing on review-level evidence, we were also unable to estimate the
benefit from multimedia design principles where no review has been conducted,
despite a range of primary studies. For example, there is some evidence that dia-
logues between learner and educator work well, even compared with a coherent
exposition by a teacher (Chi et al., 2017). A systematic review of all studies on
multimedia would have been intractable, with 1,189 primary studies identified by
this overview. However, at our level of analysis, we necessarily excluded inter-
ventions like these that show promise but lack systematic reviews directly assess-
ing their efficacy. We hope researchers continue to assess promising design
principles like these via focused systematic reviews of the primary studies.

By analyzing reviews instead of primary studies, we were also beholden to the
methodological decisions of previous reviewers. For overviews of reviews to
make strong conclusions, the included meta-analyses should have comparable
outcomes using a comparable reference point (Snook et al., 2009). As with sys-
tematic reviews of primary studies, they require strong methods and relatively
homogeneous samples to calculate meaningful pooled effects (Pigott & Polanin,
2020). In general, our included reviews of multimedia design principles were an
excellent fit for an overview of reviews because most reviews and primary studies
reported similar outcomes, with similar comparisons (presence vs. absence of
design principles). However, without extracting effect sizes of the 1,189 primary
studies, we could not ensure consistency of analytical decisions across the
included reviews. Different analytical decisions can lead to different interpreta-
tions from the same dataset (Silberzahn et al., 2018). While manuals and stan-
dards aim to reduce the variability in meta-analytic methods (e.g., Higgins et al.,
2019; Pigott & Polanin, 2020), researchers conducting meta-analyses still make
consequential decisions (e.g., which moderators to include, how to assess publica-
tion bias). Our review could not ensure each included review made the same deci-
sions. Granted, meta-analyses of primary studies are vulnerable to the same
weakness because reviewers cannot control for all decisions made by original
authors. We focused interpretations on more expansive reviews and those with
more robust quantitative methods, but beyond that, we could not statistically
account for all the variability between reviews on the basis of methodological
rigor. As described below, there was a large amount of variability between the
quality of reviews, and like any systematic review, our review could not fully cor-
rect for those design variations.

Limitations of Included Reviews

The included reviews did not meet many established criteria for quality
(Alexander, 2020; Pigott & Polanin, 2020). Few reviews explicitly reported that
they had two authors screen studies independently (i.e., duplicate screening).
This is important to ensure the sensitivity of the systematic search because add-
ing a reviewer increases reliability, meaning reviews are more likely to include
all relevant studies (Shea et al., 2017). Most studies assessed publication bias
and heterogeneity. However, the methods of assessing publication bias were
inconsistent. Many relied on methods prone to Type I and Type II errors, like
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Trim-and-Fill, Egger’s regression, or the rank correlation test (Pustejovsky &
Rodgers, 2019). Few used selection methods (Hedges & Vevea, 1996), which
are less prone to these biases (Pustejovsky & Rodgers, 2019). Similarly, the
methods of assessing heterogeneity were underpowered and prone to Type I
error (Cafri et al., 2010), as noted earlier. We seldom identified reviews that
were prospectively registered, which can reduce the risk of these biases (Greco
et al., 2013; Pigott & Polanin, 2020).

Most egregiously, we only found one review that assessed the quality of the
included primary studies (Adesope & Nesbit, 2012), and that quality assess-
ment was brief (e.g., “Was reliability reported?”’). While we acknowledge this
is not common practice in education research (Pigott & Polanin, 2020), it is
well established in other fields that the quality of the primary studies affects the
quality of the meta-analytic estimate (Higgins et al., 2019; Shea et al., 2017).
Many well-established biases (e.g., unblinded designs) are hard to avoid in
education, but until we have strong evidence that they do not affect meta-ana-
lytic estimates for educational interventions, we should presume that educa-
tional research is not immune to experimental bias. Therefore, we recommend
that future reviews implement a gold-standard assessment of the quality of
primary studies (currently RoB 2; Sterne et al., 2019) drawn from meta-meta-
analytic estimates of what design choices inflate effect sizes (e.g., unblinded
designs, no prospective registration). Without these safeguards, reviewers can-
not assess whether or not their reviews are succumbing to the “garbage in,
garbage out” phenomenon (Taylor et al., 2021).

Conclusions

In this overview of reviews, we found robust support for many multimedia
design principles informed by the cognitive theory of multimedia learning and
cognitive load theory. Specifically, we found that interventions that leveraged our
two channels of information processing (visual and auditory) improved learning
(e.g., captioning second-language video; modality effect). We also found benefits
for strategies that reduced extraneous cognitive load (e.g., contiguity, signaling,
segmentation, personalization, removing seductive details). Many such interven-
tions have robust support for their causal models, with randomized experiments
showing improvements in both learning and hypothesized mediators (e.g., cogni-
tive load, eye movements). While the quality of the reviews was inconsistent, the
consistency of the results and strength of the effects provide strong support for
these models of multimedia learning. Results show good multimedia design can
have a transformative effect on a range of educational outcomes. As a result, mas-
tering these design principles is a critical competency for all educators.
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