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ABSTRACT 

 
Background. The rapid integration of digital tools in education has 

transformed classroom environments, creating new opportunities and 

challenges for instructional design. One key area of focus is the 

management of cognitive load, which refers to the mental effort 

required to process information during learning. Cognitive Load 

Theory (CLT) offers insights into how instructional materials can be 

optimized to improve learning outcomes. In digital classrooms, the 

effective design of instructional content becomes even more critical 

due to the increased multimedia elements and potential for cognitive 

overload 

Purpose. This study aims to explore the implications of Cognitive 

Load Theory (CLT) for instructional design in digital classrooms. It 

examines how digital tools, such as multimedia content and interactive 

activities, impact learners’ cognitive load and suggests strategies for 

reducing extraneous cognitive load to enhance learning efficiency and 

effectiveness. 

Method. A mixed-methods approach was used, combining quantitative 

surveys to assess students’ cognitive load during digital learning 

activities and qualitative interviews with instructors to understand their 

perspectives on instructional design challenges. The study was 

conducted across several digital learning environments in higher 

education.  

Results. The findings indicate that digital learning environments often 

lead to high cognitive load, particularly when multimedia content is 

poorly integrated. However, using principles from CLT, such as 

segmenting information and reducing unnecessary complexity, can 

significantly lower cognitive load and improve student learning 

outcomes. Both students and instructors reported that well-designed 

digital content led to better engagement and more efficient learning. 

Conclusion. The study concludes that applying Cognitive Load Theory 

to instructional design in digital classrooms can enhance learning by 

minimizing cognitive overload. Educators should be mindful of 

cognitive load when creating digital learning experiences to improve 

student performance and engagement. 
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Instructional Design, Learning Efficiency 

 

INTRODUCTION 

Cognitive Load Theory (CLT), developed by John 

Sweller in the 1980s, posits that learning is most effective 

when instructional design aligns with the limitations of the 

human cognitive system
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CLT suggests that learners have a limited amount of working memory capacity, and when too 

much cognitive load is imposed, learning efficiency diminishes(Ou, 2022). In traditional learning 

environments, managing cognitive load has been a well-established concern, and educators have 

long employed techniques like segmentation, simplification, and focused guidance to reduce 

cognitive overload (Haryana, 2022). 

The advent of digital classrooms has introduced new variables that impact cognitive load. 

Digital tools such as multimedia content, interactive elements, and virtual simulations provide 

opportunities to enhance learning experiences but also risk overwhelming students with excess 

information (Mo, 2022). While digital environments offer advantages like flexibility and 

engagement, they can exacerbate cognitive overload when not designed with cognitive load 

principles in mind. For example, excessive text, complex visuals, or poorly integrated multimedia 

can overwhelm learners, resulting in inefficient learning processes (Venkat, 2020). 

Research has shown that cognitive load influences learning outcomes in various domains, 

from mathematics to language acquisition. Studies have demonstrated that learners perform better 

when instructional materials are designed to minimize extraneous cognitive load, which refers to the 

unnecessary mental effort caused by poorly designed materials (Sevcenko, 2023). By reducing 

extraneous load, learners can dedicate more cognitive resources to intrinsic load (the essential 

content) and germane load (effort toward understanding and integrating new knowledge), leading to 

better learning outcomes (Sweller, 2022). 

In digital classrooms, multimedia content, such as videos, animations, and interactive 

activities, can either facilitate or hinder the learning process. Multimedia learning theory, which 

builds on CLT, argues that well-designed multimedia materials can significantly improve learning 

by engaging dual channels (visual and auditory) in the brain (Castro-Alonso, 2020b). However, 

when multimedia elements are poorly designed or too complex, they may overload students’ 

cognitive capacity, making it harder to process and retain information. This highlights the 

importance of careful instructional design in digital learning environments to ensure that cognitive 

load is appropriately managed (Zhang, 2020). 

Despite its potential, digital technology in education can sometimes lead to increased 

cognitive load, especially when students navigate through complicated learning platforms or when 

they encounter poorly structured online courses (Sweller, 2023). For instance, digital platforms that 

overwhelm students with numerous options, non-intuitive interfaces, or poorly organized content 

can increase extraneous cognitive load, ultimately reducing the effectiveness of the learning 

experience. Effective instructional design in digital classrooms requires a balance between engaging 

students through technology and not overwhelming them cognitively (Roussel, 2022). 

Understanding how to design digital learning experiences that optimize cognitive load 

remains a key challenge for instructional designers. While many studies have explored cognitive 

load in traditional settings, there is still limited research on how CLT principles should be applied 

specifically to digital classrooms (Bruin, 2020). Existing literature often focuses on the general 

impact of multimedia, without considering how to structure content in a way that minimizes 

cognitive overload and maximizes learning efficiency in digital environments (Shin, 2020). 

Despite the advances in instructional design research, there remains a significant gap in 

understanding how Cognitive Load Theory can be specifically applied to digital classrooms. Most 

existing studies focus on traditional classroom settings or on isolated components of digital 

learning, such as video-based instruction or interactive elements (Ayres, 2020). What is missing is a 

comprehensive understanding of how various digital tools when used together interact to influence 

cognitive load and learning outcomes. The way in which multimedia, interactivity, and the user 
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interface of digital platforms collectively contribute to cognitive load has yet to be fully explored 

(Leppink, 2020). 

Additionally, while much is known about the individual components of cognitive load 

(intrinsic, extraneous, and germane), there is a lack of consensus on how to measure and balance 

these different types of cognitive load in digital classrooms (Bolkan, 2021). Many studies focus on 

reducing extraneous cognitive load, but there is insufficient exploration into how intrinsic and 

germane load can be managed through digital tools. For example, how can interactive simulations 

enhance intrinsic cognitive load without overwhelming the learner? This question remains under-

explored in the current literature (Song, 2023). 

Another unknown is the role of learner variability in cognitive load. Students have diverse 

cognitive capacities, learning styles, and prior knowledge, which may affect their experience of 

cognitive load in digital environments (Ellerton, 2022). How these individual differences interact 

with instructional design to influence learning outcomes is an area that needs further research. 

Additionally, there is little understanding of how learners’ self-regulation skills, such as time 

management and attention control, impact their cognitive load in digital classrooms (Castro-Alonso, 

2020a). 

Finally, while research has demonstrated the importance of instructional design in reducing 

cognitive overload, there is limited exploration of practical guidelines for applying CLT principles 

in the development of digital learning materials (Hanham, 2023). Instructional designers often lack 

clear frameworks for integrating multimedia, interactivity, and content structure in ways that 

optimize cognitive load. This gap in practical, actionable recommendations limits the ability of 

educators to implement CLT effectively in digital classrooms (King, 2021). 

Filling the gap in understanding how Cognitive Load Theory applies to digital classrooms is 

essential for improving educational outcomes in online and hybrid learning environments (Chan, 

2021). As digital education continues to expand, educators need clear guidelines and strategies for 

designing materials that optimize cognitive load. By bridging this gap, instructional designers can 

create more effective digital learning experiences that enhance student engagement, improve 

retention, and foster better learning outcomes (Klepsch, 2020). 

Addressing this gap is crucial for making digital education more accessible and effective. The 

growing reliance on digital tools in higher education requires a nuanced understanding of how 

cognitive load influences learning in online environments (Adinda, 2020). Filling this gap will 

allow educators to harness the full potential of digital technologies while ensuring that students are 

not overwhelmed by complex or poorly designed content. This is especially important as digital 

learning becomes an increasingly central part of higher education (Vo, 2020). 

The purpose of this research is to develop a comprehensive framework for instructional 

design that incorporates the principles of Cognitive Load Theory in the context of digital 

classrooms. By exploring how digital tools can be effectively combined to minimize cognitive 

overload, this study will provide practical recommendations for instructional designers. These 

insights will help educators create digital learning experiences that are both engaging and 

cognitively manageable, ultimately improving the quality of education delivered in digital 

classrooms (Rodríguez-Triana, 2020). 

 

RESEARCH METHODOLOGY 

This study adopts a mixed-methods research design to investigate the implications of 

Cognitive Load Theory (CLT) on instructional design in digital classrooms. The quantitative 

component of the study employs an experimental design to measure the cognitive load experienced 
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by students while interacting with different types of digital learning materials. The qualitative 

component utilizes semi-structured interviews with instructors to gain insights into their 

instructional strategies and the challenges they face when applying CLT principles in digital 

environments. By combining these approaches, the study aims to provide both numerical data on 

cognitive load and a deeper understanding of educators’ perspectives on instructional design (Jiulin 

et al., 2021). 

The population for this study consists of university students and instructors from higher 

education institutions that implement digital learning platforms. A purposive sampling technique 

will be employed to select participants who are actively engaged in digital classrooms, ensuring that 

the sample represents a range of disciplines and digital learning environments. For the quantitative 

aspect, the study will include approximately 100 students, ensuring a diverse group of learners in 

terms of academic background and prior experience with digital learning tools. The qualitative 

sample will consist of 10 instructors, chosen for their experience in designing digital courses and 

their familiarity with the principles of Cognitive Load Theory (Gill, 2020). 

Two main instruments will be used to collect data: a cognitive load measurement 

questionnaire and semi-structured interview protocols. The cognitive load questionnaire, based on 

the NASA-TLX (Task Load Index) and other established cognitive load scales, will be administered 

to students after engaging with the digital learning materials. This instrument will assess different 

types of cognitive load, including intrinsic, extraneous, and germane load. The interview protocol 

will be designed to explore instructors’ experiences and strategies in applying CLT principles in 

digital classrooms. Both instruments will undergo a pilot test to ensure reliability and validity 

before the actual data collection phase (Mahendran et al., 2022). 

The data collection will take place over a period of six weeks. During the first phase, 

students will be assigned to engage with digital learning materials designed with varying degrees of 

cognitive load, based on CLT principles. These materials will include multimedia content, 

interactive modules, and text-based resources. After completing the learning modules, students will 

complete the cognitive load questionnaire to assess their perceived mental effort during the learning 

process (Ji et al., 2021). In parallel, instructors will be interviewed to understand their instructional 

design choices and challenges related to cognitive load management in digital environments. The 

quantitative data will be analyzed using statistical methods to compare cognitive load scores across 

different instructional designs, while qualitative data from interviews will be transcribed and coded 

for thematic analysis. This mixed-methods approach will allow for a comprehensive understanding 

of the impact of instructional design on cognitive load in digital classrooms (Han et al., 2022). 

 

RESULT AND DISCUSSION 

The study included three groups of students, each exposed to different levels of instructional 

design: low, medium, and high cognitive load. The mean cognitive load scores for these groups 

were as follows: 3.2 for the low load group, 5.6 for the medium load group, and 7.8 for the high 

load group. The standard deviations for these groups were 0.8, 1.1, and 1.2, respectively. A total of 

30 students participated in the low load condition, while 35 students were in both the medium and 

high load conditions. These descriptive statistics provide a clear comparison of cognitive load 

across different instructional designs. 

The data shows a consistent increase in cognitive load as the complexity of instructional 

materials increases. As the instructional design moved from low to high load, both the mean 

cognitive load score and the standard deviation increased. This suggests that higher complexity in 

instructional materials may lead to greater variability in students’ cognitive load experiences. 



Cognitive Load Theory: Implications for Instructional Design in Digital Classrooms        | Research Papers 

487                  IJEN | Vol. 2 | No. 6 | 2024 

Additionally, the number of participants in each group was approximately balanced, ensuring that 

the data was representative and robust for comparison. 

The differences in mean cognitive load scores indicate how the instructional design affects 

students’ mental effort. Students exposed to low-load instructional materials reported the least 

cognitive effort, which aligns with expectations from Cognitive Load Theory. In contrast, students 

who engaged with high-load materials reported significantly higher cognitive load scores. These 

findings suggest that instructional materials that are more complex, either in terms of content or 

presentation, demand more cognitive resources from students. This supports the idea that 

instructional design should carefully balance intrinsic and extraneous load to optimize learning. 

The standard deviation values provide further insight into how students experience cognitive 

load under different conditions. The higher standard deviations in the medium and high-load groups 

indicate that students’ experiences of cognitive load varied more significantly when exposed to 

more complex materials. This variability suggests that learners may differ in their ability to handle 

different types of cognitive load, reinforcing the need for personalized or adaptive learning 

environments that cater to individual cognitive capacities. 

 
Figure 1. Exploring Cognitive Load in Instructional Design 

The cognitive load scores were assessed using a questionnaire that evaluated the perceived 

mental effort required by students to process the instructional content. The participants rated their 

cognitive load on a scale from 1 (very low) to 10 (very high). As the instructional design progressed 

from low to high load, the cognitive load scores followed a clear upward trend. These results align 

with existing literature on cognitive load, which suggests that more complex instructional materials 

tend to increase mental effort and can lead to cognitive overload if not carefully designed. 

Moreover, the data highlights the relationship between instructional complexity and student 

engagement. While higher cognitive load scores indicate more effort, this does not necessarily 

translate into better learning outcomes. The balance between cognitive load and learning 

effectiveness is a critical area of interest in instructional design, as overloading students can 

negatively impact their ability to retain and apply knowledge. 

Statistical analysis, including one-way ANOVA, was conducted to examine the differences in 

cognitive load across the three instructional designs. The results revealed a significant difference in 

cognitive load between the low, medium, and high-load conditions (p < 0.01). Post-hoc tests 

confirmed that the high-load group experienced significantly greater cognitive load compared to 

both the medium and low-load groups. These findings support the hypothesis that instructional 

complexity directly influences cognitive load, validating the application of Cognitive Load Theory 

in instructional design. 
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Furthermore, the correlation between cognitive load and student performance was analyzed. 

Although a higher cognitive load was observed in the high-load group, it did not correlate with 

improved performance, suggesting that increased cognitive load does not necessarily lead to better 

learning outcomes. This result reinforces the importance of managing cognitive load in digital 

classrooms to ensure that students are not overwhelmed, allowing them to focus on meaningful 

learning activities. 

There is a clear relationship between the level of instructional load and the cognitive load 

scores reported by students. The more complex the instructional material, the greater the perceived 

cognitive load, especially in the high-load group. This relationship aligns with Cognitive Load 

Theory, which posits that excessive cognitive load can impede learning. The data emphasizes the 

need for instructional designs that balance content complexity with learners’ cognitive capacities to 

avoid overwhelming them and to facilitate more effective learning. 

The relationship between instructional design and cognitive load also highlights the role of 

multimedia and interactivity in digital classrooms. Digital tools, when used appropriately, can 

reduce extraneous cognitive load by presenting content in an engaging and easy-to-understand 

format. However, when these tools are poorly designed or too complex, they can increase cognitive 

load, as seen in the high-load group. Thus, instructional designers must carefully consider the 

interplay between multimedia, interactivity, and cognitive load to optimize learning outcomes. 

A case study was conducted with a group of 10 students who participated in a high-load 

instructional design. This group was exposed to an interactive multimedia module that included 

video tutorials, simulations, and text-based content. The students’ cognitive load scores were 

significantly higher compared to those in the low and medium-load conditions. Interviews with 

students indicated that while the multimedia content was engaging, it required significant mental 

effort to process the information, particularly when students had to switch between different types 

of media (e.g., video and text). 

The case study also highlighted the importance of pacing and guidance in managing cognitive 

load. Students who received more explicit instructions and segmentation of tasks reported a more 

manageable cognitive load, despite the high complexity of the materials. This suggests that 

instructional strategies, such as chunking and providing clear guidance, can help reduce cognitive 

overload even in more complex digital learning environments. 

The case study provides valuable qualitative insights into the students’ experiences with high-

load digital learning materials. Students reported that the multimedia content was both informative 

and overwhelming, particularly when it required them to process a large volume of information at 

once. This aligns with Cognitive Load Theory, which argues that excessive cognitive load can 

hinder learning by diverting attention from essential content. The case study underscores the 

importance of pacing, segmentation, and support when designing high-load instructional materials 

to prevent cognitive overload and improve learning outcomes. 

Furthermore, the interviews revealed that students who had prior experience with similar 

digital learning tools found it easier to manage cognitive load compared to those with less 

experience. This suggests that prior knowledge and familiarity with digital tools play a crucial role 

in how students perceive and manage cognitive load, highlighting the need for adaptive learning 

environments that take individual differences into account. 

The results of this study confirm that Cognitive Load Theory is highly relevant to the design 

of digital classrooms. The findings suggest that instructional materials should be carefully designed 

to avoid excessive cognitive load, especially in more complex learning tasks. Balancing the 

intrinsic, extraneous, and germane load through thoughtful instructional design can enhance student 
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engagement and improve learning outcomes. Future instructional designs should focus on reducing 

unnecessary complexity, providing clear guidance, and ensuring that students’ cognitive capacities 

are aligned with the content being taught. 

The study demonstrated that different levels of instructional load significantly impacted 

students’ cognitive load in digital learning environments. As anticipated, students exposed to high-

load instructional designs experienced higher cognitive load scores compared to those in low and 

medium-load conditions. The findings align with Cognitive Load Theory (CLT), confirming that 

the complexity of learning materials directly influences the mental effort required for learning (Rim, 

2021). Additionally, the study highlighted the role of multimedia content in contributing to both the 

intrinsic and extraneous cognitive load, with students in high-load groups reporting significant 

mental strain when interacting with complex materials. The results suggest that instructional design 

must consider the balance of these loads to optimize the learning experience for students (Ruiz-

Rojas, 2023). 

The findings of this study corroborate previous research on Cognitive Load Theory, 

particularly the work of Sweller (1988), which emphasizes that excessive cognitive load can detract 

from learning. However, the study also diverges from some existing research by revealing that 

higher cognitive load does not always correlate with better learning outcomes, challenging the 

assumption that complexity equates to enhanced learning. While studies such as those by Paas and 

van Merriënboer (1994) have shown that instructional design can be optimized by increasing 

germane load, the results of this study point to the necessity of a more nuanced approach. The 

difference here lies in the consideration that beyond a certain threshold, cognitive overload may 

hinder the learning process rather than facilitate deeper learning, a perspective that calls for careful 

calibration of instructional materials. 

The findings from this study serve as an important reminder that instructional design in digital 

classrooms must be aligned with students’ cognitive capacities. Cognitive load is not a simple 

matter of increasing complexity to encourage deeper learning; rather, the type and amount of load 

need to be carefully balanced (Mayer, 2021). The increased cognitive load experienced by students 

in the high-load conditions signals that instructional designers should be more mindful of the 

potential for overload, particularly in digital environments that often present multifaceted media. 

The study’s results also reflect the importance of adaptability in instructional design, suggesting that 

more personalized approaches might be required to accommodate individual learning preferences 

and abilities (Mercader, 2020). 

The implications of these findings are far-reaching for the field of instructional design, 

especially in the context of digital learning environments. Instructional designers and educators 

must consider how cognitive load affects students’ ability to engage with and retain information 

(Wang, 2020). This study emphasizes the importance of reducing extraneous cognitive load, 

particularly in digital classrooms where multimedia content can easily overwhelm students. It 

suggests that instructional materials should be carefully designed to promote germane load without 

triggering extraneous load. The findings advocate for a balance between content complexity and 

students’ cognitive processing abilities to prevent overload and ensure that students can effectively 

process and apply what they learn (Weng, 2023). 

The results can be attributed to the inherent challenges in designing instructional materials 

that are both engaging and educationally effective. Digital learning environments often include 

multimedia components such as videos, simulations, and interactive modules, all of which 

contribute to different forms of cognitive load (Mamun, 2020). When the complexity of these 

materials exceeds students’ ability to process the information efficiently, cognitive overload occurs. 
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This study underscores the importance of a thoughtful design that incorporates the principles of 

Cognitive Load Theory to avoid overloading students. Additionally, the variation in cognitive load 

across different instructional designs may reflect individual differences in learners’ cognitive 

capacities, prior knowledge, and familiarity with digital tools, which further complicates the design 

process (Hendriks, 2020). 

Given the results, future research should focus on exploring adaptive learning technologies 

that adjust cognitive load based on individual student needs. These technologies could dynamically 

modify instructional content, simplifying or expanding it based on real-time assessments of a 

student’s cognitive load. Additionally, more research is needed on the specific design features of 

digital learning environments that mitigate extraneous cognitive load while maximizing germane 

load (Fries, 2021). Future studies could explore how specific multimedia elements (e.g., text, audio, 

and visuals) interact to influence cognitive load and learning outcomes. Instructional designers 

should also explore strategies for scaffolding learning in digital environments, ensuring that 

students can gradually build their cognitive abilities without being overwhelmed by complexity. 

These advances could help optimize digital classrooms for diverse learners and enhance educational 

outcomes (Hanafi, 2020). 

 

CONCLUSION  

One of the most important findings of this research is the identification of a threshold beyond 

which increasing cognitive load can become detrimental to learning outcomes. While previous 

studies have emphasized the importance of balancing intrinsic and extraneous cognitive load, this 

study highlights the critical point where excessive cognitive load, particularly in digital 

environments, can overwhelm students and hinder effective learning. This finding challenges the 

notion that higher cognitive load automatically leads to better learning outcomes, suggesting that 

instructional design must focus not only on the complexity of content but also on the ability of 

students to process and manage the information presented. 

The study contributes to the field by emphasizing the role of Cognitive Load Theory in the 

context of digital classrooms, particularly through the use of multimedia content. Unlike traditional 

learning environments, digital classrooms offer a unique set of challenges due to the diverse formats 

of information delivery, such as videos, simulations, and interactive modules. By applying 

Cognitive Load Theory to digital learning, the study introduces a nuanced approach to instructional 

design that considers both the media format and the learner’s cognitive capacity. This contribution 

provides practical insights for designing digital content that is not only engaging but also 

cognitively appropriate for students, aligning with modern trends in education technology. 

One limitation of this study is its reliance on a controlled experimental design that may not 

fully capture the complexity of real-world learning environments. The study was conducted in a 

relatively controlled setting with specific instructional materials, which may not account for the full 

range of variables encountered in dynamic digital classrooms. Future research could explore how 

cognitive load interacts with other factors such as learner motivation, prior knowledge, and 

technology familiarity. Additionally, longitudinal studies could assess the long-term effects of 

different instructional designs on cognitive load and learning retention. Further exploration of 

adaptive learning technologies that dynamically adjust cognitive load based on individual student 

profiles would also be valuable in understanding how to optimize digital learning experiences. 
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