7(26), 2024, 95-125

elSSN: 2476-3861

Received in revised form November 26, 2024

Received September 24, 2024

ISSN: 2476-3183

Article Type: Reserch Article

Published Online December 25, 2024  Accepted December 15, 2024

Identifying Collaborative Cognitive Load Reduction
Techniques in Electronic Environments (E_CCLT): A
Systematic Review

Fatemeh Master's student in e-learning, Faculty of Psychology and
. Education, University of Tehran Iran. E-mail:
Moslemi fatemeh.moslemi@ut.ac.ir
Fatemeh Master's student in e-learning, Faculty of Psychology and
. Education, University of Tehran Iran. E-mail:
Rezaei fatemeh.rezaeill@ut.ac.ir
Mohaddeseh Master's student in e-learning, Faculty of Psychology and
Khouban Education, University of Tehran Iran. E-mail: m.khouban@ut.ac.ir
Corresponding Author, Assistant Professor, Department of
o Methods, Educational Planning, and Curriculum, Faculty of
Raha Abedi Psychology and Education, University of Tehran Iran. E-mail:
Raha.abedi@ut.ac.ir

ABSTRACT

The present research aimed to identify collaborative cognitive load reduction
techniques in electronic environments, addressing a significant gap in the existing
educational technology literature. The study employed a systematic review
methodology, meticulously searching the Scopus, Science Direct, and Google
Scholar databases to collate relevant literature. Inclusion and exclusion criteria
guided the selection process, resulting in 19 pertinent studies that underwent
thorough analysis. This research utilized dimensional analysis to categorize the
identified techniques into various components, with a particular focus on their
underlying dimensions. The study revealed six fundamental dimensions of
collaborative cognitive load reduction techniques: user-centeredness, information
design, flexibility and customization, community-centeredness, information
retrieval and use, and technology-based support. The results underscored the
importance of these dimensions in alleviating cognitive load in collaborative
electronic environments, providing crucial insights for future pedagogical
practices. Consequently, the findings hold significant implications for designers
and implementers of training in electronic contexts, emphasizing the need for
strategies that effectively minimize collaborative cognitive load and enhance
learning experiences.
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Extended Abstract

Introduction

Online education has become a primary mode of learning, offering global
access but presenting pedagogical challenges, particularly cognitive load (CL)
induced by peer interactions. Effective online design and collaborative
techniques are crucial to mitigate this load (Apridayani et al., 2023; Pefia-
Ayala, 2021). Cognitive Load Theory (CLT) highlights the limitations of
human cognitive capacity, emphasizing the need to minimize extraneous CL
for optimal learning (Li et al., 2024). Excessive CL compromises learning
efficacy, making instructional design that reduces CL essential (Sharma et al.,
2021; Nazir & Wang, 2021; Yu et al., 2024).

Collaborative learning enhances engagement and knowledge exchange
through social interaction. Digital tools facilitate dynamic group engagement,
distributing cognitive load and fostering knowledge co-construction (Chiou et
al., 2020; Sun et al., 2022; Kong et al., 2025). Collaborative Cognitive Load
Theory (CCLT) emphasizes understanding CL in collaborative contexts,
where group work can efficiently distribute CL, enhancing learning quality
(Alfoudari et al., 2021; Agbobli & Mo, 2024).

Electronic Collaborative Cognitive Load Theory (E-CCLT) focuses on
managing CL in online environments to maximize learning efficiency.
Strategic peer interactions reduce cognitive burden, especially in digital
spaces (Al-Qaysi et al., 2023; Ni et al., 2023; Novak et al., 2023). However,
online collaborative learning faces challenges, including potential learner
isolation (Mourad et al., 2015). Successful implementation requires careful
planning and CL reduction techniques, as learners may struggle to self-
regulate without them (Ifenthaler et al., 2012). Strategic CL reduction enriches
experiential learning and learner-instructor connections (Petrovic-Dzerdz &
Trépanier, 2018). CLT-based design optimizes critical thinking by preventing
working memory overload (Sweller, 1993; Young et al., 2014). Explicit
integration of metacognitive training (planning, monitoring, strategy
adaptation) is equally essential for sustainable learning success (Jayakumar &
Krishnakumar, 2015; Louw, 2021).

Research Question(s)
What techniques reduce collaborative cognitive load in online
learning environments?
2. What frameworks best minimize collaborative cognitive load in e-
learning contexts?
3. Which practical strategies improve learning quality in online
collaborative settings?

Literature Review

Research highlights the importance of reducing cognitive load in collaborative
learning environments. Studies, such as Du et al. (2022), indicate that learners
with high working memory capacity benefit more from collaborative learning
than individual learning, experiencing a smaller strain on working memory
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resources. However, those with lower capacity did not see the same
advantages. These findings align with Zheng et al. (2021), who found that
interventions focused on collaborative knowledge construction and shared
metacognitive regulation reduced cognitive load and improved group
performance. Wang et al. (2020) demonstrated that learning environments
with moderate cognitive load and high interactivity promote efficient
information exchange, while high cognitive load environments lead to lower
performance. Liao et al. (2019) found that instructional videos in digital game-
based learning significantly reduce intrinsic and extrinsic cognitive loads. Chu
et al. (2017) found that both tutoring and online learning systems can
significantly improve learning progress and reduce students' cognitive load.
Zhang et al. (2011) found that an open-ended approach can create less
cognitive load compared to individual learning and lead to better performance.
Hwang et al. (2013) found gender differences, with girls experiencing higher
cognitive load and anxiety in synchronous games compared to boys. Overall,
the research suggests that employing techniques to reduce cognitive load in
collaborative settings can enhance learner performance and facilitate learning.

Methodology

This systematic review, adhering to PRISMA guidelines, investigated
cognitive load reduction in collaborative learning. A comprehensive search
across Scopus, Web of Science, ScienceDirect, Ebsco, Noor Mags, IranDoc,
and the Institute for Scientific Information and Technology of the Islamic
World databases, along with Google Scholar, was conducted in October and
December 2024. Inclusion criteria focused on peer-reviewed research post-
2010 relevant to the research objectives. Exclusion criteria encompassed
irrelevant content, non-academic sources, pre-2010 publications, and non-
scientific articles. The initial search identified 465 articles. Following
duplicate removal (102 articles) and title screening, 283 articles were excluded
due to irrelevance to collaborative cognitive load techniques in online
environments.

Results

A systematic review of multiple databases was conducted to identify and
analyze research articles related to collaborative cognitive load theory in e-
learning (E-CCLT). The review process, involving meticulous screening and
data analysis, yielded 19 relevant research articles. Content analysis was
employed to address the primary research question, resulting in the
identification of six main dimensions: user-centricity, information design,
flexibility and customization, community-centricity, information retrieval and
utilization, and technology-based support. These dimensions were derived
from 20 components and 101 techniques.

Discussion
This research identifies effective frameworks for minimizing collaborative
cognitive load in electronic environments, particularly in online learning. It
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offers practical, evidence-based strategies for educators and course designers
to enhance the quality of online learning experiences. The study highlights six
key dimensions for reducing cognitive load: user-centricity, information
design, technology and customization, community-centricity, information
retrieval and use, and technology-based support. These dimensions
encompass various components such as user-centered design principles,
effective information management, and tailored technological support, all
aimed at improving learning outcomes in online settings.

This research highlights the crucial role of technology flexibility and
customization in reducing collaborative cognitive load in online
environments. Utilizing technologies like Al and machine learning enables
personalized user experiences, facilitating easy access to relevant content and
reducing cognitive burden. The study identifies two key components:
personalized learning management and collaborative/interactive activities.
Furthermore, the research emphasizes the effectiveness of social centricity in
alleviating learners' cognitive load by fostering interactive and collaborative
spaces for knowledge sharing and mutual learning, encompassing
social/collaborative interactions, observational and social learning,
communication and emotional skills development, and cognitive processes
supporting learners. Effective information retrieval and utilization play a
crucial role in designing educational systems to minimize cognitive load
during online learning. Content should be designed for easy and cost-effective
access, employing tools like indexes and search engines. Technology-based
support, including optimized learning environments and improved user
interfaces, further reduces cognitive burden.

Conclusion

The study on reducing collaborative cognitive load in electronic environments
suggests that user-centered design, information design, flexibility, and
customization are effective techniques in online settings. Social interaction
and collaborative engagement foster interactive spaces and knowledge
exchange, enhancing the learning experience. Effective information retrieval
is crucial, and content design should prioritize easy and quick access to
information, highlighting the need for technology-based support. Educators
and designers are encouraged to implement these techniques to facilitate
learning and utilize advanced tools to optimize information retrieval and

learner interaction, thereby improving learning efficiency and depth.
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