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INTRODUCTION

A long-standing aim of scholarship in educational psychology is to influence education, including policy
and teaching practice (Berliner, 1992). Over the last several years, empirical findings from research,
using cognitive load theory (CLT), have been formally acknowledged by departments of government
responsible for educational policy and curriculum design, in countries such as Australia (New South
Wales Department of Education, 2017; Victorian Department of Education, 2020) and in England
(Perry et al., 2021; Twiselton et al.,, 2019). The growing recognition of CLT as an effective theory of
instruction for teachers and students has been underpinned by 40years of research designed to advance
what is known about how students learn (i.e., the science of learning) and how instructional methods
should be designed to promote learning effectively (i.e., the science of instruction) (see Mayer, 2019).

Current scholarship in CLT is generally more multidisciplinary than it has been in the past. By
this, we mean that instructional phenomena investigated through the lens of CLT are more likely to
incorporate additional theoretical frameworks from within and beyond educational psychology, such as
embodied cognition (e.g., Castro-Alonso et al., 2015), self-regulated learning (e.g., Niickles et al., 2020),
collaborative learning (see Kirschner et al., 2018) and emotion induction (e.g., Park et al., 2015). The
integration of CLT alongside other prominent views, within and beyond educational psychology, is
important for providing a more holistic perspective of psychological factors that influence learning and
instruction. The nine empirical articles contributing to the current special issue show several positive
outcomes of these integrations.

In the following section, we provide a brief historical overview of CLT, highlighting seven themes
that have emerged in the development of the theory and its current expansions. By emphasizing these
themes, we can track how the articles in this special issue fit within the context of historical develop-
ments in CLT. Also, an overview of the development of CLT provides information that could benefit
readers relatively unfamiliar with this cognitive theory. Readers more knowledgeable of CLT should
also benefit from this brief overview, as we provide some insights into the origins of key developments
in CLT that are not widely known in published literature.

BRIEF ACCOUNT OF COGNITIVE LOAD THEORY
DEVELOPMENT AND SEVEN RELEVANT THEMES

The origins of CLT can be traced back to research studies on problem-solving conducted by John Sweller
and colleagues in the early 1980s. The catalyst for the development of the theory was findings suggesting
that learners could solve problems but surprisingly fail to deduce the solution rules that could be used to
answer similar classes of problems in future (Sweller et al., 1982). At the time, these findings were puz-
zling. Sweller and colleagues recognized that the inherent limitations of working memory, which had been
known since the 1950s (see Miller, 1956), were a key piece of the puzzle. Solving novel problems, as it turns
out, prohibits learning. According to CLT, this is because limited working memory resources needed to
solve a problem, tend to be exhausted before they can be allocated to learning about the problem. This was
one of the first, and arguably the most enduring, intellectual contributions provided by CLT to our un-
derstanding of learning and instruction. Indeed, much of the focus of CLT over the last 40years has been
on developing and testing instructional designs that take account of the limitations of working memory.
Another significant early contribution of CLT to theories of classroom instruction concerned the
role of long-term memory. Drawing on de Groot's (1965) observations of expert and novice differences
in chess, it was recognized that problem-solving skilled relied heavily on domain-specific knowledge
structures, stored to varying degrees of automation, in long-term memory (Sweller & Cooper, 1985).
Moreover, that accessing these knowledge structures greatly reduced the cognitive burden on working
memory. Insightfully, Sweller and Cooper (1985) reasoned that if skilled performance is based on prior
knowledge in long-term memory, then when there is an absence of prior knowledge, worked examples,
could be used as effective substitute. Worked examples involve presenting novice learners with fully
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worked-out solutions made by experts (e.g., teachers), so that novices can study and then emulate them.
Access to solution steps allows learners to concentrate their finite working memory resources to learn-
ing about the deep structural features of the problems presented to them. Importantly, this knowledge
can be applied to solve similar classes of problems in future. Notably, the worked example effect has
turned out to be the most widely studied effect in CLT research (e.g., Chen et al., 2015; van Gog &
Rummel, 2010; Zhang et al., 2023). Moreover, theoretical refinements to CLT now position worked ex-
amples as an illustration of the borrowing and reorganizing principle. This principle holds that human
beings often acquire knowledge through borrowing information from others, usually experts, and then
reorganizing this information in long-term memory (Sweller et al., 2011).

Prior to the emergence of CLT, the notion that instructional recommendations for classroom teach-
ers in schools could be derived from knowledge about working memory and long-term memory was
not widely acknowledged. Indeed, it is only in the last decade or so that educational psychology text-
books have gone beyond describing information processing models, but also include information that
describes how knowledge of working memory and long-term memory apply to teaching and learning,
Not surprisingly, these descriptions are usually through the lens of CLT.

Historically, much of the empirical research within CLT has utilized randomized controlled experi-
ments (see Sweller et al., 2019). Interestingly, failed experiments have been a driver of key theoretical ad-
vances in CLT. To illustrate, the split-attention effect (see Ayres & Sweller, 2022) was identified through
certain experiments in which worked examples produced suboptimal learning outcomes (Tarmizi &
Sweller, 1988). Also, the concept of element interactivity came about in part to explain why under
certain conditions (i.e., low element interactivity) that cognitive load effects often failed to materialize
(Sweller & Chandler, 1994). For the last example, the expertise reversal effect was discovered when
expert learners' outcomes were impaired when they studied the same worked examples that benefited
novices (Kalyuga et al., 1998). CLT researchers have shown that expertise is an influential factor in all
the investigated effects, so Level of Expertise is a relevant theme of CLT addressed by some articles in
the current special issue (see Table 1 for relevant articles).

In the 1990s, as CLT findings were starting to replicate across countries, it was noted that a way of
measuring cognitive load was necessary, with the aim of complementing the data that were accumulat-
ing on learning performance. The self-perceived mental effort scale by Paas (1992) has been helpful in
this aim, gaining its place as the most popular instrument to measure cognitive load. However, measur-
ing cognitive load has been a thorny issue in CLT (see de Jong, 2010), and instruments are being con-
tinually being developed and adjusted. As such, Cognitive load measurement was considered another
relevant theme to be included in this special issue (see Table 1).

In the 2000s, there was a major theoretical update to CLT with the incorporation of concepts from
human evolutionary biology, which appears to have occurred in part due to coincidence. Through being
asked to review David Geary's theory of Evolutionary Educational Psychology (Geary, 2002, 2005),

TABLE 1 Nine contributions of this special issue to seven themes in cognitive load theory development.

CLT theme Contribution
Level of expertise Endres et al. (2023), Jiang et al. (2023), Schrader and
Kalyuga (2023)
Cognitive load measurement Albers et al. (2023), Altmeyer et al. (2023), Biwer et al. (2023),

Chen et al. (2023), de Koning et al. (2023), Endres
et al. (2023), Jiang et al. (2023), Schrader and Kalyuga (2023),
Zhang et al. (2023)

Embodied cognition de Koning et al. (2023), Zhang et al. (2023)
Self-regulated learning Biwer et al. (2023), Zhang et al. (2023)
Emotion induction Schrader and Kalyuga (2023)
Replenishment of working memory Biwer et al. (2023)

Two subprocessors of working memory Albers et al. (2023)
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Sweller (2007) identified that Geary's distinction between biologically primary knowledge and bio-
logically secondary knowledge was highly pertinent to CLT, as the cognitive theory only applied to
secondary knowledge. Another major change involved the identification of analogies between human
cognition and biological evolution, which occurred through Swellet's intra-family discussions, and pro-
vided a larger framework to place CLT and get further insight into the coordinated mechanisms of
working memory and long-term memory (see Sweller & Sweller, 2000).

Since the 2010s, there has been a gradual integration of CLT with other prominent views within
educational psychology. Furthermore, the integration of CLT with other key theoretical frameworks
and methodologies has sometimes extended beyond the field of educational psychology. For example,
perspectives on grounded or embodied cognition (see Wilson, 2002; see also Paas & Sweller, 2012) have
been applied to CLT studies on object manipulations (e.g., Castro-Alonso et al., 2015), gesturing (e.g.,
Post et al., 2013) and tracing (e.g., Ginns et al., 2016). There are two contributions to this special issue
(see Table 1) that involve the integration of Embodied cognition and CLT.

Also, in the last 10years, CLT has branched into studies of group-level phenomena, such as collabora-
tive learning (see Kirschner et al., 2018; see also Paas & Sweller, 2012). Moreover, there has been a notable
integration of theories and concepts that have historically been utilized within the realm of motivation
research. Concepts from social cognitive theory (Bandura, 2001), such as modelling, self-efficacy and
self-regulation, have been incorporated into CLT research (e.g., de Bruin et al., 2020; Feldon et al., 2018;
van Gog & Rummel, 2010). Thus, Self-regulated learning is the fourth CLT theme considered in this
special issue. Please see Table 1 for relevant contributions involving self-regulated learning and CLT.

Although research in CLT has traditionally focused on cognitive processes, some researchers have
successfully integrated CLT and emotion elicitation. It has been shown that levels of certain emotions can
expand or contract cognitive capacities (see Plass & Kalyuga, 2019; see also Plass & Hovey, 2022). The
integration of Emotion induction into CLT research is the fifth theme of the special issue (see Table 1).

Recently, CLT researchers have been interested in two ways of circumventing the limits of working
memory. The first way involves resting time. It is the idea that the limitations of working memory are
not fixed but vary with rest, because resting time allows working memory resources to be replenished.
This idea has been gradually incorporated into CLT (e.g., Chen et al., 2018, 2021), and it is a current
source of ongoing investigations. For example, the instructional strategy of spacing learning activities in
time, rather than blocking the activities without interrupting breaks, can be explained by this new incor-
poration into CLT (see the spacing effect in Chen et al., 2021). Following this trend, the Replenishment
of working memory is another theme to consider in this issue (see Table 1).

The second way in which CLT researchers have been interested in circumventing the limits of work-
ing memory involves activating two subprocessors of working memory. This idea is a revisit of the
known notion that the capacity of working memory can be expanded by activating the visuospatial and
the auditory subprocessors, rather than only the visuospatial subcomponent (see the modality principle
in Castro-Alonso & Sweller, 2022). Also, research is being conducted related to the separate activation
of the visuospatial subprocessor and another component that manages human embodied actions (e.g.,
gestures; see Sepp et al., 2019). Hence, the Two subprocessors of working memory is the last theme we
considered in this account of CLT development and that we incorporated into the current special issue
(see Table 1). The seven themes, and the nine empirical studies of this special issue contributing to these
topics, are presented in Table 1.

CONTRIBUTIONS OF THIS SPECIAL ISSUE TO RELEVANT
THEMES IN COGNITIVE LOAD THEORY DEVELOPMENT

Level of expertise

One of the most influential variables in CLT research is the participants' level of expertise, which usu-
ally shows a contrasting pattern: novice students benefit from the same instructional design that hinders
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more knowledgeable students. This contrast is commonly known as the expertise reversal effect (see
Kalyuga et al., 2003). In one of the seminal studies of this effect in CLT, Kalyuga et al. (1998) reported
three experiments with participants learning about electrical circuits. It was observed that more ex-
perienced learners could achieve their best performance by only studying illustrations of the circuits,
whereas novices needed the illustrations and additional written information. In other words, the same
written information that benefited novices was counterproductive for experts.

In the current special issue, Level of Expertise is considered in three contributions, specifically, the
studies by Jiang et al. (2023), Endres et al. (2023), and Schrader and Kalyuga (2023). The contribution
by Jiang et al. (2023) reports an investigation about the effect of learners' expertise on content and
language-integrated learning. Integrated learning has been documented as an effective learning strategy
for acquiring, for example, both math and language skills. However, it has been rarely discussed consid-
ering learners' expertise. This contribution addresses this gap by recruiting two groups of students with
different levels of expertise in English skills. Participants are randomly assigned to either the integrated
learning condition (learning both math and English) or the separated learning condition (learning either
math or English). The results of subjective cognitive load ratings and test performance reveal an exper-
tise reversal effect: Integrated learning is more beneficial for knowledgeable learners, whereas separate
learning is more beneficial for learners with a lower level of expertise.

The contributing article by Endres et al. (2023) posits that there are circumstances in which higher
learner expertise results in higher self-estimations of intrinsic cognitive load. This perspective differs
from the more common assumption in CLT that, as prior knowledge increases, perceptions of intrinsic
load decreases. Endres and colleagues suggest that when dealing with complex, multi-layered problems,
learners with higher expertise may draw additional sources of information beyond what has been explic-
itly provided to them, and thus invest more cognitive load. Data from two studies, one in forestry and
one in math, provide empirical data to support the notion that there are some circumstances in which
higher expertise may result in higher subjective estimations of cognitive load. As learners with higher
expertise consider additional information, they can comprehend the complexity of a problem scenario
more readily. This can be contrasted with learners with lower expertise, who may be oblivious to criti-
cal additional information, and thus might be overconfident about their performance (cf. Dunlosky &
Rawson, 2012). As such, lower-knowledge students may attribute less intrinsic load to the task than the
actual load needed to solve it correctly.

The contribution by Schrader and Kalyuga (2023) reports, among other factors, the effects of cogni-
tive load and learning-centred emotions in two groups of students with different levels of expertise in
writing Japanese letters. The study describes an expertise reversal effect between novices and advanced
learners regarding the emotions of enjoyment and frustration. Due to the notable effects of emotion
reported in this contribution, the article is described in more detail under Emotion Induction (see the
theme, below).

Cognitive load measurement

Being able to develop an instrument to measure cognitive load in the predicted directions by CLT
has been difficult. For example, previous special issues (e.g., Castro-Alonso & de Koning, 2020;
Kirschner et al., 2011) have described these measurements as problematic and have recommended
relying on more than one measuring instrument. Commonly, the instruments have been classified
into two groups (see Castro-Alonso & de Koning, 2020): subjective instruments, such as self-ratings
of cognitive load that are marked on paper, or objective instruments, such as pupil responses to levels
of cognitive load.

Subjective instruments tend to be preferred, as they are simpler to implement. For example, the
single-item subjective scale developed by Paas (1992) has been the most frequently used scale in CLT
research. The current special issue is no exception, as five out of the nine empirical contributions
use the scale by Paas (1992) or a similar instrument. Over the last decade, there have been efforts to
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develop and test multi-item subjective scales (e.g., Krieglstein et al., 2023), and the other four con-
tributions here use either the multi-item subjective instrument developed by Leppink et al. (2013) or
that by Klepsch et al. (2017).

Although there is updated evidence that subjective ratings are reliable instruments to measure cogni-
tive load (see Krieglstein et al., 2022), there are also several studies showing that subjective measures did
not produce the predicted results. This is also manifested in the present special issue. As such, the scale
by Paas (1992) produces expected outcomes in two contributions, namely, Albers et al. (2023) and Chen
etal. (2023), but it is less sensitive in the contributions by Biwer et al. (2023), de Koning et al. (2023), and
Zhang et al. (2023). The multi-item scales show more consistent results, all in the predicted directions by
CLT. This is observed in the two contributions (Jiang et al., 2023; Schrader & Kalyuga, 2023) employing
the scale by Leppink et al. (2013), and the two contributions (Altmeyer et al., 2023; Endres et al., 2023)
using the scale by Klepsch et al. (2017).

The need for complementary data has led CLT researchers to look for objective cognitive load in-
struments, particularly those that are easy to implement in a learning setting. Two contributions from
this special issue (Altmeyer et al., 2023; Chen et al., 2023) provide interesting examples of effective and
relatively simple objective instruments. The contribution by Altmeyer et al. (2023) reports school-aged
children (7 to 12years old) using, as an objective instrument, a digital pen equipped with multiple mo-
tion and pressure sensors. The participants complete drawing tasks of varying complexity, while also
providing self-reports of cognitive load (Klepsch et al., 2017). The data provided by digital pen technol-
ogy show that velocity measures of drawing can be related to drawing performance and task difficulty
and that these measures are reflected in the cognitive load assessed employing a subjective scale.

The contribution by Chen et al. (2023) provides evidence regarding objective eye measures for dif-
ferent types of loads. In fact, four types of load (cognitive, perceptual, communicative and physical) are
measured by pupillometric and blink rate measures, in adult participants completing different computer
tasks. Results show that participants' pupil size increases when either cognitive or communicative loads
are changed from low to high. Also, participants' blink rate increases when cognitive load is increased.
Notably, it is also observed that subjective self-ratings (Paas, 1992) can discriminate between low and
high loads in all four load tasks. Hence, this contribution supports the two objective measures of pupil
size and blink rate, and a subjective scale, as valid methods to measure changes in cognitive load.

Embodied cognition

As described by Paas and Sweller (2012), embodied cognition can be linked to CLT when embodied
actions, such as object manipulation and gestures, are used to optimize instruction (e.g., Castro-Alonso
et al.,, 2015; Ginns et al., 2016; Post et al., 2013). Several examples have shown that making participants
either watch the execution or execute themselves embodied actions, can help them learn better, and
usually, this higher performance can be related to a reduction in cognitive load (see Castro-Alonso
et al., 2019). However, there are influential variables that need to be considered when watching or ex-
ecuting embodied actions, to deliver the best learning performance. Two empirical contributions from
this special issue (de Koning et al., 2023; Zhang et al., 2023) consider the theme of Embodied Cognition
and these influential variables.

The study de Koning et al. (2023) considers the influential variable of viewing perspective, when
watching an embodied action (manipulative-procedural task) through video. Extending previous find-
ings (e.g., Fiorella et al., 2017), the results of de Koning et al. (2023) reveal that learning how to tie
knots through video can be more effective when the instructional depiction is watched in the perspec-
tive known as over-the-shoulder (first-person), compared to the perspective face-to-face (third-person).
These results on performance are not reflected in the cognitive load self-ratings, as there are no signif-
icant differences between the two perspective conditions. In conclusion, for learning a manipulative
task, it may be more effective to watch an over-the-shoulder instructional video, as this is the perspec-
tive that will be seen when attempting the task in reality.
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The contribution by Zhang et al. (2023) considers the variable of self-regulated management of
cognitive load as an influential variable when executing an embodied action (finger pointing) to learn
through a multimedia module. This study is another example of gesturing activity with the fingers as an
effective embodied action to execute when learning. The study is framed as students' self-regulation of
cognitive load, so it is described in more detail in the following theme.

Self-regulated learning

Recently, there has been a concerted effort to build explicit links between CLT and self-regulated learn-
ing (e.g., Seufert, 2020), which has resulted in novel approaches, such as the effort monitoring and
regulation framework (see de Bruin et al., 2020) or the self-management of cognitive load (see Castro-
Alonso et al., 2021). Historically, cognitive load management has focused largely on the role of the
instructor, so the management of this load by the learner (self-management of cognitive load) is a more
recent addition to CLT (see Castro-Alonso et al., 2021). But self-regulated learning involves more than
just self-managing the cognitive load levels when learning. For example, self-regulation of breaks during
learning episodes is also considered in this special issue. Here, there are two contributions that consider
the CLT theme Self-Regulated Learning. The contribution by Zhang et al. (2023) provides an example
of self-regulated management of cognitive load, whereas the study by Biwer et al. (2023) is an example
of self-regulated breaks during learning,.

The contribution by Zhang et al. (2023) reports executing finger pointing as a self-management
strategy for dealing with materials presented in split-attention formats in online settings (see split-
attention in Ayres & Sweller, 2022). The performance results of the study by Zhang and colleagues
suggest that finger pointing may be superior to mouse pointing, supporting that embodied signals may
be more effective than non-embodied signals (e.g., de Koning & Tabbers, 2013). This contribution also
advocates the execution of pointing with fingers, as a helpful strategy for managing mutually referring
sources that have been spatially separated in an online environment (see Ayres & Sweller, 2022). Finger
pointing can be incorporated within the repertoire of self-regulation strategies that students utilize for
their learning. Thus, the study by Zhang et al. (2023) provides links between CLT, embodied cognition
and self-regulated learning.

The contribution by Biwer et al. (2023) reports differences between students' self-regulated breaks
and the breaks imposed by an online system. In this investigation with university students, Biwer
and colleagues observe the importance of breaks or resting time for an effective online learning ex-
perience. As this resting time is key to allow working memory resources to be replenished, the study
by Biwer et al. (2023) is addressed in more detail under Replenishment of Working Memory (see the
theme, below).

Emotion induction

Plass and Kalyuga (2019) described four ways in which emotion could be considered in CLT research.
One way is when emotions add unnecessary (extraneous) cognitive load to learning, so this is linked to
the redundancy effect of CLT (see Kalyuga & Sweller, 2022) or the related seductive details effect (e.g.,
Park et al., 2011). This perspective would recommend avoiding emotion induction, so emotion does not
interfere with learning. Another way described by Plass and Kalyuga (2019) is to regulate which emo-
tion is elicited in the students, with the aim of increasing their motivation to learn and their academic
performance. This is the way taken by the contribution in this special issue that investigates the theme
Emotion Induction.

As such, the contribution by Schrader and Kalyuga (2023) investigates the interaction between
learner expertise and task complexity, considering both cognitive load and learning-centred emo-
tions in university students attempting to write Japanese letters. Subjective measures of cognitive
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load and learning-centred emotions were collected for three different levels of complexity. As pre-
dicted, the self-ratings show that higher cognitive load is reported by novices compared to advanced
learners, and when both groups of students attempt the more complex compared to the easier com-
plexity tasks. Regarding self-perceived emotions, the results suggest that advanced learners are more
likely than novices to report higher enjoyment and less frustration with tasks moderate and high in
complexity. Interestingly, the authors posit that enjoyment serves as a motivator, as well as a factor
for increasing cognitive resources. This means that enjoyment should be promoted as an emotion
conducive to learning. In contrast, results show that frustration serves as a demotivator, reducing
working memory resources. So, frustration should not be an emotion to induce when learning. In
all, the contribution by Schrader and Kalyuga (2023) addresses two CLT themes: Level of Expertise
and Emotion Induction.

Replenishment of working memory

The extension of CLT provided by Chen et al. (2018) aimed to open new research about cognitive load
hindering a limited working memory. The study by Chen and colleagues, which supported that learning
conditions that included breaks could be better than conditions without breaks, extended CLT by indi-
cating that the limits of working memory are not fixed but may depend on previous working memory
activity. For example, working memory is more limited immediately after being active than after a rest-
ing time that allows its resources to be replenished (see also the spacing effect in Chen et al., 2021). The
Replenishment of Working Memory theme was investigated by one contribution in this special issue.

The effect of resting time or breaks on cognitive load and learning was studied in the contribution
by Biwer et al. (2023), which reports an investigation on university online sessions. System-imposed
breaks ate compared to students' self-managed breaks in dependent variables such as break time, task
experience and cognitive load (mental effort). Concerning break time, it is observed that when the uni-
versity students manage their breaks, these rests are fewer but longer, compared to the breaks forced by
the online system. Task experience is better when students have imposed breaks, as indicated by lower
self-ratings of fatigue and distraction. Self-reported cognitive load is not influenced differently under
system versus self-managed breaks, which might suggest that the replenishment of working memory
resources occurs similarly under both conditions. In conclusion, system-managed breaks seem to be
shorter, more regular, and may lead to a better task experience, compared to self-managed breaks. The
contribution by Biwer and colleagues provides further links between CLT, self-regulated learning and
the replenishment of working memory.

Two subprocessors of working memory

The modality effect of CLT (e.g., Mousavi et al., 1995; see Castro-Alonso & Sweller, 2022) can be
partially explained by an increased overall working memory capacity when two of the working
memory subprocessors are used in parallel. Usually, the effect has been investigated in CLT by
showing that students who use the visuospatial and auditory modalities (two subprocessors) have
fewer chances of cognitive overload and better learning results than students who only use the
visuospatial modality (one subprocessor). However, CLT researchers are also considering, as an
additional subprocessor, one that handles human embodied actions, including manipulations and
gestures (see Sepp et al., 2019). The contribution to this theme in this special issue deals with the
most investigated visuospatial and auditory modalities, adding the consideration of redundancy for
one ot two subprocessors.

As such, the article in this issue by Albers et al. (2023) reports the effects of content and modal redun-
dancies on the learning of university students. As defined by Albers and colleagues, content redundancy
is the broader type, which includes all redundant information typically assessed in CLT (see Kalyuga &
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Sweller, 2022), such as written information being duplicated in dynamic images, static images or narra-
tions. Modal redundancy, narrower, only considers when these duplications occur in the same modality,
such as written information and images being redundant only on the visuospatial modality. Results
show an interesting contrast: content redundancy enhances learning and reduces self-perceived cog-
nitive load, whereas modal redundancy decreases learning and increases self-perceived cognitive load.
Modal redundancy may be more problematic as it overloads one modality or subprocessor in working
memory. In contrast, content redundancy affects two modalities or subprocessors, so both can work in
parallel, increase overall capacity, and be less affected by this redundancy.

CONCLUSION

Since the inception of cognitive load theory (CLT) in the 1980s by John Sweller and colleagues, CLT
researchers have produced evidence-based guidelines to help develop instructional resources and opti-
mize instructional approaches. Currently, CLT is as influential as ever, having been incorporated into
official educational and curriculum documents, and integrated by researchers from several areas within
and beyond educational psychology. In this editorial for a special issue, we provided a brief account of
the development and expansions of CLT, highlighting seven themes that have emerged over time. The
themes are as follows: Level of Expertise, Cognitive Load Measurement, Embodied Cognition, Self-
Regulated Learning, Emotion Induction, Replenishment of Working Memory, and Two Subprocessors
of Working Memory. We described each of the themes and how the nine empirical contributions of the
current special issue are helping ongoing research on these themes, CLT, and other prominent views in
educational psychology. With this special issue, we hope to inspire future researchers in advancing these
themes and continuing expanding the limits of cognitive load theory.

AUTHOR CONTRIBUTIONS

Juan Cristobal Castro-Alonso: Conceptualization; funding acquisition; writing — original draft;
writing — review and editing. Ouhao Chen: Conceptualization; writing — original draft; writing — re-
view and editing. José Hanham: Conceptualization; project administration; writing — original draft;
writing — review and editing,

ACKNOWLEDGEMENTS
Funding from ANID/PIA/Basal Funds for Centers of Excellence FB0003 is gratefully acknowledged.

CONFLICT OF INTEREST STATEMENT
None to declare.

ORCID

José Hanham ‘© https://otcid.otg/0000-0002-4300-0866

Juan Cristobal Castro-Alonso ‘© https://otcid.org/0000-0003-3186-3717
Ouhao Chen 2 https://orcid.org/0000-0001-9645-1946

TWITTER
José Hanham L 4 @JoseHanham

REFERENCES

Albers, F., Trypke, M., Stebner, F., Wirth, J., & Plass, . L. (2023). Different types of redundancy and their effect on learning and
cognitive load. British Journal of Educational Psychology, €12592. https://doi.org/10.1111/bjep.12592

Altmeyer, K., Batz, M., Lauer, L., Peschel, M., Sonntag, D., Briinken, R., & Malone, S. (2023). Digital ink and differentiated
subjective ratings for cognitive load measurement in middle childhood. British Journal of Educational Psychology, ¢12595.
https://doi.org/10.1111/bjep.12595


https://orcid.org/0000-0002-4300-0866
https://orcid.org/0000-0002-4300-0866
https://orcid.org/0000-0003-3186-3717
https://orcid.org/0000-0003-3186-3717
https://orcid.org/0000-0001-9645-1946
https://orcid.org/0000-0001-9645-1946
https://twitter.com/JoseHanham
https://doi.org/10.1111/bjep.12592
https://doi.org/10.1111/bjep.12595

10 of 12 HANHAM ET AL.

Ayres, P., & Sweller, J. (2022). The split-attention principle in multimedia learning. In R. E. Mayer & L. Fiorella (Eds.), The
Cambridge handbook of multimedia learning (3rd ed., pp. 199-211). Cambridge University Press. https://doi.org/10.1017/97811
08894333.020

Bandura, A. (2001). Social cognitive theory: An agentic perspective. Annual Review of Psychology, 52,1-26. https://doi.org/10.1146/
annurev.psych.52.1.1

Berliner, D. C. (1992). Telling the stories of educational psychology. Educational Psychologist, 27(2), 143—161. https://doi.
org/10.1207/515326985¢p2702_2

Biwer, F., Wiradhany, W., Oude Egbrink, M. G. A., & de Bruin, A. B. H. (2023). Understanding effort regulation: Comparing
‘Pomodoro’ breaks and self-regulated breaks. British Journal of Educational Psychology. https://doi.org/10.1111/bjep.12593

Castro-Alonso, . C., Ayres, P., & Paas, F. (2015). Animations showing Lego manipulative tasks: Three potential moderators of
effectiveness. Computers & Education, 85, 1-13. https://doi.org/10.1016/j.compedu.2014.12.022

Castro-Alonso, J. C., & de Koning, B. B. (2020). Latest trends to optimize computer-based learning: Guidelines from cognitive
load theory. Computers in Human Behavior, 112, 106458. https://doi.org/10.1016/j.chb.2020.106458

Castro-Alonso, J. C., de Koning, B. B., Fiorella, L., & Paas, F. (2021). Five strategies for optimizing instructional materials:
Instructor- and learner-managed cognitive load. Educational Psychology Review, 33(4), 1379-1407. https://doi.org/10.1007/
§10648-021-09606-9

Castro-Alonso, J. C., Paas, F., & Ginns, P. (2019). Embodied cognition, science education, and visuospatial processing. In J.
C. Castro-Alonso (Ed.), Visuospatial processing for education in health and natural sciences (pp. 175—205). Springer. https://doi.
org/10.1007/978-3-030-20969-8_7

Castro-Alonso, J. C., & Sweller, ]. (2022). The modality principle in multimedia learning. In R. E. Mayer & L. Fiorella (Eds.), The
Cambridge handbook of multimedia learning (3rd ed., pp. 261-267). Cambridge University Press. https://doi.org/10.1017/97811
08894333.026

Chen, O., Castro-Alonso, J. C., Paas, F., & Sweller, J. (2018). Extending cognitive load theory to incorporate working memory
resoutce depletion: Evidence from the spacing effect. Educational Psychology Review, 30(2), 483—501. https://doi.org/10.1007/
s10648-017-9426-2

Chen, O., Kalyuga, S., & Sweller, J. (2015). The worked example effect, the generation effect, and element interactivity. Journal
of Educational Psychology, 107(3), 689-~704. https://doi.org/10.1037/edu0000018

Chen, O., Paas, F., & Sweller, J. (2021). Spacing and interleaving effects require distinct theoretical bases: A systematic review
testing the cognitive load and discriminative-contrast hypotheses. Educational Psychology Review, 33(4), 1499-1522. https://
doi.org/10.1007/s10648-021-09613-w

Chen, S., Epps, J., & Paas, F. (2023). Pupillometric and blink measures of diverse task loads: Implications for working memory
models. British Journal of Educational Psychology. https://doi.org/10.1111/bjep.12577

de Bruin, A. B. H., Roelle, J., Carpenter, S. K., Baars, M., & EFG-MRE. (2020). Synthesizing cognitive load and self-regulation
theory: A theoretical framework and research agenda. Educational Psychology Review, 32(4),903-915. https://doi.org/10.1007/
s10648-020-09576-4

de Groot, A. D. (1965). Thought and choice in chess. Mouton.

de Jong, T. (2010). Cognitive load theory, educational research, and instructional design: Some food for thought. Instructional
Science, 38(2), 105-134. https://doi.org/10.1007/s11251-009-9110-0

de Koning, B. B., Mok, K., Marcus, N., & Ayres, P. (2023). Investigating the role of hand perspective in learning from proce-
dural animations. British Journal of Educational Psychology. https://doi.org/10.1111/bjep.12542

de Koning, B. B., & Tabbers, H. K. (2013). Gestures in instructional animations: A helping hand to understanding non-human
movements? Applied Cognitive Psychology, 27(5), 683—689. https://doi.org/10.1002/acp.2937

Dunlosky, J., & Rawson, K. A. (2012). Overconfidence produces underachievement: Inaccurate self evaluations under-
mine students' learning and retention. Learning and Instruction, 22(4), 271-280. https://doi.org/10.1016/j.learninstr
uc.2011.08.003

Endres, T., Lovell, O., Morkunas, D., RieB3, W., & Renkl, A. (2023). Can prior knowledge increase task complexity? — Cases in
which higher prior knowledge leads to higher intrinsic cognitive load. British Journal of Educational Psychology. https://doi.
org/10.1111/bjep.12563

Feldon, D. F., Franco, J., Chao, J., Peugh, J., & Maahs-Fladung, C. (2018). Self-efficacy change associated with a cognitive load-
based intervention in an undergraduate biology course. Learning and Instruction, 56, 64-72. https://doi.org/10.1016/j.learn
instruc.2018.04.007

Fiorella, L., van Gog, T., Hoogerheide, V., & Mayer, R. E. (2017). It's all a matter of perspective: Viewing first-person video
modeling examples promotes learning of an assembly task. Journal of Educational Psychology, 109(5), 653—665. https://doi.
org/10.1037/edu0000161

Geary, D. (2002). Principles of evolutionary educational psychology. Learning and Individual Differences, 12(4), 317-345. https://doi.
0rg/10.1016/51041-6080(02)00046-8

Geary, D. (2005). The origin of mind: Evolution of brain, cognition, and general intelligence. American Psychological Association.

Ginns, P., Hu, F.-T., Bryne, E., & Bobis, J. (2016). Learning by tracing worked examples. Applied Cognitive Psychology, 30(2), 160—
169. https://doi.org/10.1002/acp.3171

Jiang, D., Chen, O., Han, Y., & Kalyuga, S. (2023). Improving English language skills through learning mathematic contents: From
the expertise reversal effect perspective. British Journal of Edncational Psychology, €12596. https://doi.org/10.1111/bjep.12596


https://doi.org/10.1017/9781108894333.020
https://doi.org/10.1017/9781108894333.020
https://doi.org/10.1146/annurev.psych.52.1.1
https://doi.org/10.1146/annurev.psych.52.1.1
https://doi.org/10.1207/s15326985ep2702_2
https://doi.org/10.1207/s15326985ep2702_2
https://doi.org/10.1111/bjep.12593
https://doi.org/10.1016/j.compedu.2014.12.022
https://doi.org/10.1016/j.chb.2020.106458
https://doi.org/10.1007/s10648-021-09606-9
https://doi.org/10.1007/s10648-021-09606-9
https://doi.org/10.1007/978-3-030-20969-8_7
https://doi.org/10.1007/978-3-030-20969-8_7
https://doi.org/10.1017/9781108894333.026
https://doi.org/10.1017/9781108894333.026
https://doi.org/10.1007/s10648-017-9426-2
https://doi.org/10.1007/s10648-017-9426-2
https://doi.org/10.1037/edu0000018
https://doi.org/10.1007/s10648-021-09613-w
https://doi.org/10.1007/s10648-021-09613-w
https://doi.org/10.1111/bjep.12577
https://doi.org/10.1007/s10648-020-09576-4
https://doi.org/10.1007/s10648-020-09576-4
https://doi.org/10.1007/s11251-009-9110-0
https://doi.org/10.1111/bjep.12542
https://doi.org/10.1002/acp.2937
https://doi.org/10.1016/j.learninstruc.2011.08.003
https://doi.org/10.1016/j.learninstruc.2011.08.003
https://doi.org/10.1111/bjep.12563
https://doi.org/10.1111/bjep.12563
https://doi.org/10.1016/j.learninstruc.2018.04.007
https://doi.org/10.1016/j.learninstruc.2018.04.007
https://doi.org/10.1037/edu0000161
https://doi.org/10.1037/edu0000161
https://doi.org/10.1016/s1041-6080(02)00046-8
https://doi.org/10.1016/s1041-6080(02)00046-8
https://doi.org/10.1002/acp.3171
https://doi.org/10.1111/bjep.12596

INTEGRATING COGNITIVE LOAD THEORY WITH OTHER THEORIES | 11 of 12

Kalyuga, S., Ayres, P., Chandler, P., & Sweller, J. (2003). The expertise reversal effect. Educational Psychologist, 38(1), 23-31.
https://doi.org/10.1207/S15326985EP3801_4

Kalyuga, S., Chandler, P., & Sweller, J. (1998). Levels of expertise and instructional desi gn. Human Factors, 40(1), 1-17. https://
doi.org/10.1518/001872098779480587

Kalyuga, S., & Sweller, J. (2022). The redundancy principle in multimedia learning. In R. E. Mayer & L. Fiorella (Eds.), The Cambridge
handbook of multimedia learning (3rd ed., pp. 212—220). Cambridge University Press. https://doi.org/10.1017/9781108894333.021

Kirschner, P. A, Ayres, P., & Chandler, P. (2011). Contemporary cognitive load theory research: The good, the bad and the ugly.
Computers in Human Bebavior, 27(1), 99-105. https://doi.org/10.1016/j.chb.2010.06.025

Kirschner, P. A., Sweller, J., Kirschner, F., & Zambrano, R. J. (2018). From cognitive load theory to collaborative cognitive load the-
ory. International Journal of Computer-Supported Collaborative 1earning, 13(2), 213-233. https://doi.org/10.1007/s11412-018-9277-y

Klepsch, M., Schmitz, F., & Seufert, T. (2017). Development and validation of two instruments measuring intrinsic, extraneous,
and germane cognitive load. Frontiers in Psychology, 8(1997), 1-18. https://doi.org/10.3389/fpsyg.2017.01997

Krieglstein, F., Beege, M., Rey, G. D., Ginns, P., Krell, M., & Schneider, S. (2022). A systematic meta-analysis of the reli-
ability and validity of subjective cognitive load questionnaires in experimental multimedia learning research. Educational
Psychology Review, 34(4), 2485-2541. https://doi.org/10.1007/s10648-022-09683-4

Krieglstein, F., Beege, M., Rey, G. D., Sanchez-Stockhammer, C., & Schneider, S. (2023). Development and validation of a
theory-based questionnaire to measure different types of cognitive load. Educational Psychology Review, 35, 9. https://doi.
org/10.1007/s10648-023-09738-0

Leppink, J., Paas, F., Van der Vleuten, C. P., Van Gog, T., & Van Merriénboer, J. ]. (2013). Development of an instrument for mea-
suring different types of cognitive load. Bebavior Research Methods, 45, 1058—1072. https://doi.org/10.3758/s13428-013-0334-1

Mayer, R. E. (2019). Thirty years of research on online learning. Applied Cognitive Psychology, 33(2), 152—159. https://doi.
org/10.1002 /acp.3482

Miller, G. A. (1956). The magical number seven, plus or minus two: Some limits on our capacity for processing information.
Psychological Review, 63(2), 81-97. https://doi.org/10.1037/h0043158

Mousavi, S. Y., Low, R., & Sweller, J. (1995). Reducing cognitive load by mixing auditory and visual presentation modes. Journal
of Educational Psychology, 87(2), 319-334. https://doi.org/10.1037/0022-0663.87.2.319

New South Wales Department of Education. (2017). Cognitive load theory: Research that teachers really need to understand. Centre for
Education Statistics and Evaluation. https://education.nsw.gov.au/content/dam/main-education/about-us/educational-
data/cese/2017-cognitive-load-theory.pdf

Niickles, M., Roelle, J., Glogger-Frey, 1., Waldeyer, J., & Renkl, A. (2020). The self-regulation-view in writing-to-learn: Using
journal writing to optimize cognitive load in self-regulated learning. Educational Psychology Review, 32, 1089—1126. https://
doi.org/10.1007/s10648-020-09541-1

Paas, F., & Sweller, J. (2012). An evolutionary upgrade of cognitive load theory: Using the human motor system and collabora-
tion to support the learning of complex cognitive tasks. Educational Psychology Review, 24(1), 27—45. https://doi.org/10.1007/
s10648-011-9179-2

Paas, F. G. W. C. (1992). Training strategies for attaining transfer of problem-solving skill in statistics: A cognitive-load ap-
proach. Journal of Educational Psychology, 8§4, 429—434. https://doi.org/10.1037/0022-0663.84.4.429

Park, B., Knorzer, L., Plass, J. L., & Briinken, R. (2015). Emotional design and positive emotions in multimedia learning: An eyetrack-
ing study on the use of anthropomorphisms. Computers & Education, 86, 30—42. https://doi.org/10.1016/j.compedu.2015.02.016

Park, B., Moreno, R., Seufert, T., & Brinken, R. (2011). Does cognitive load moderate the seductive details effect? A multimedia
study. Computers in Human Bebavior, 27(1), 5-10. https://doi.org/10.1016/j.chb.2010.05.006

Perry, T., Lea, R., Jorgensen, C. R., Cordingley, P., Shapiro, K., & Youdell, D. (2021). Cognitive science in the classroom. Education
Endowment Foundation (EEF). https://educationendowmentfoundation.org.uk/public/files/Publications/Cognitive_
Science_in_the_classroom_-_Evidence_and_practice_review.pdf

Plass, J. L., & Hovey, C. (2022). The emotional design principle in multimedia learning. In R. E. Mayer & L. Fiorella (Eds.), The
Cambridge handbook of multimedia learning (3rd ed., pp. 324-336). Cambridge University Press. https://doi.org/10.1017/97811
08894333.034

Plass, J. L., & Kalyuga, S. (2019). Four ways of considering emotion in cognitive load theory. Educational Psychology Review, 31(2),
339-359. https://doi.org/10.1007/s10648-019-09473-5

Post, L. S., Van Gog, T., Paas, I, & Zwaan, R. A. (2013). Effects of simultaneously observing and making gestures while
studying grammar animations on cognitive load and learning. Computers in Human Bebavior, 29(4), 1450—-1455. https://doi.
org/10.1016/j.chb.2013.01.005

Schrader, C., & Kalyuga, S. (2023). Expertise reversal effect in a pen-tablet-based learning environment: The role of learning
centered emotions in the interplay between learner expertise and task complexity. British Journal of Educational Psychology.
https://doi.org/10.1111/bjep.12547

Sepp, S., Howard, S. J., Tindall-Ford, S., Agostinho, S., & Paas, F. (2019). Cognitive load theory and human movement: Towards
an integrated model of working memory. Educational Psychology Review, 31(2), 293—317. https://doi.org/10.1007/s10648-019-
09461-9

Seufert, T. (2020). Building bridges between self-regulation and cognitive load—An invitation for a broad and differentiated
attempt. Educational Psychology Review, 32(4), 1151-1162. https://doi.org/10.1007/s10648-020-09574-6


https://doi.org/10.1207/S15326985EP3801_4
https://doi.org/10.1518/001872098779480587
https://doi.org/10.1518/001872098779480587
https://doi.org/10.1017/9781108894333.021
https://doi.org/10.1016/j.chb.2010.06.025
https://doi.org/10.1007/s11412-018-9277-y
https://doi.org/10.3389/fpsyg.2017.01997
https://doi.org/10.1007/s10648-022-09683-4
https://doi.org/10.1007/s10648-023-09738-0
https://doi.org/10.1007/s10648-023-09738-0
https://doi.org/10.3758/s13428-013-0334-1
https://doi.org/10.1002/acp.3482
https://doi.org/10.1002/acp.3482
https://doi.org/10.1037/h0043158
https://doi.org/10.1037/0022-0663.87.2.319
https://education.nsw.gov.au/content/dam/main-education/about-us/educational-data/cese/2017-cognitive-load-theory.pdf
https://education.nsw.gov.au/content/dam/main-education/about-us/educational-data/cese/2017-cognitive-load-theory.pdf
https://doi.org/10.1007/s10648-020-09541-1
https://doi.org/10.1007/s10648-020-09541-1
https://doi.org/10.1007/s10648-011-9179-2
https://doi.org/10.1007/s10648-011-9179-2
https://doi.org/10.1037/0022-0663.84.4.429
https://doi.org/10.1016/j.compedu.2015.02.016
https://doi.org/10.1016/j.chb.2010.05.006
https://educationendowmentfoundation.org.uk/public/files/Publications/Cognitive_Science_in_the_classroom_-_Evidence_and_practice_review.pdf
https://educationendowmentfoundation.org.uk/public/files/Publications/Cognitive_Science_in_the_classroom_-_Evidence_and_practice_review.pdf
https://doi.org/10.1017/9781108894333.034
https://doi.org/10.1017/9781108894333.034
https://doi.org/10.1007/s10648-019-09473-5
https://doi.org/10.1016/j.chb.2013.01.005
https://doi.org/10.1016/j.chb.2013.01.005
https://doi.org/10.1111/bjep.12547
https://doi.org/10.1007/s10648-019-09461-9
https://doi.org/10.1007/s10648-019-09461-9
https://doi.org/10.1007/s10648-020-09574-6

12 of 12 | HANHAM Er AL

Sweller, J. (2007). Evolutionary biology and educational psychology. In J. S. Carlson & J. R. Levin (Eds.), Psychological perspectives
on contemporary educational issues (pp. 165—175). Information Age Publishing.

Sweller, J., Ayres, P., & Kalyuga, S. (2011). Cognitive load theory. Springer.

Sweller, J., & Chandler, P. (1994). Why some material is difficult to learn. Cognition and Instruction, 12(3), 185-233. https://doi.
org/10.1207/51532690xci1203_1

Sweller, J., & Cooper, G. A. (1985). The use of worked examples as a substitute for problem solving in learning algebra. Cognition
and Instruction, 2(1), 59—89. https://doi.org/10.1207/s1532690xci0201_3

Sweller, J., Mawer, R. F., & Howe, W. (1982). Consequences of history-cued and means-end strategies in problem solving.
American Journal of Psychology, 95, 455—483. https://doi.org/10.2307/1422136

Sweller, J., & Sweller, S. (20006). Natural information processing systems. Evolutionary Psychology, 4, 434—458.

Sweller, J., van Merriénboer, J. J. G., & Paas, I. (2019). Cognitive architecture and instructional design: 20 years later. Educational
Psychology Review, 31(2), 261-292. https://doi.org/10.1007/s10648-019-09465-5

Tarmizi, R. A., & Sweller, . (1988). Guidance during mathematical problem solving. Journal of Educational Psychology, 80(4), 424—
436. https://doi.org/10.1037/0022-0663.80.4.424

Twiselton, S., Blake, J., Francis, B., Gill, R., Hamer, M., Hollis, E., Moore, R., & Rogers, ]. N. (2019). Initial teacher training (ITT)
core content framework. Department for Education. Education Endowment Foundation (EEF). https://www.gov.uk/gover
nment/publications/initial-teacher-training-itt-core-content-framework

van Gog, T., & Rummel, N. (2010). Example-based learning: Integrating cognitive and social-cognitive research perspectives.
Educational Psychology Review, 22(2), 155—174. https://doi.org/10.1007/s10648-010-9134-7

Victorian Department of Education. (2020). High impact teaching strategies. https://www.education.vic.gov.au/school/teachers/
teachingresources/practice/improve/Pages/hits.aspx

Wilson, M. (2002). Six views of embodied cognition. Psychonomic Bulletin & Review, 9(4), 625—636. https://doi.org/10.3758/BF031
96322

Zhang, S., de Koning, B. B., & Paas, F. (2023). Effects of finger and mouse pointing on learning from online split-attention
examples. British Journal of Educational Psychology. https://doi.org/10.1111/bjep.12556

How to cite this article: Hanham, J., Castro-Alonso, J. C., & Chen, O. (2023). Integrating
cognitive load theory with other theories, within and beyond educational psychology. British
Journal of Educational Psychology, 00, €12612. https://doi.org/10.1111/bjep.12612


https://doi.org/10.1207/s1532690xci1203_1
https://doi.org/10.1207/s1532690xci1203_1
https://doi.org/10.1207/s1532690xci0201_3
https://doi.org/10.2307/1422136
https://doi.org/10.1007/s10648-019-09465-5
https://doi.org/10.1037/0022-0663.80.4.424
https://www.gov.uk/government/publications/initial-teacher-training-itt-core-content-framework
https://www.gov.uk/government/publications/initial-teacher-training-itt-core-content-framework
https://doi.org/10.1007/s10648-010-9134-7
https://www.education.vic.gov.au/school/teachers/teachingresources/practice/improve/Pages/hits.aspx
https://www.education.vic.gov.au/school/teachers/teachingresources/practice/improve/Pages/hits.aspx
https://doi.org/10.3758/BF03196322
https://doi.org/10.3758/BF03196322
https://doi.org/10.1111/bjep.12556
https://doi.org/10.1111/bjep.12612

	Integrating cognitive load theory with other theories, within and beyond educational psychology
	Abstract
	INTRODUCTION
	BRIEF ACCOUNT OF COGNITIVE LOAD THEORY DEVELOPMENT AND SEVEN RELEVANT THEMES
	CONTRIBUTIONS OF THIS SPECIAL ISSUE TO RELEVANT THEMES IN COGNITIVE LOAD THEORY DEVELOPMENT
	Level of expertise
	Cognitive load measurement
	Embodied cognition
	Self-­regulated learning
	Emotion induction
	Replenishment of working memory
	Two subprocessors of working memory

	CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES


