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Abstract 
The digital transformation of higher education has led to a new era of virtual classrooms full of multimedia. Multimedia can 
help students pay attention and understand better, but too much or poorly organised content can overwhelm them, making 
them tired and increasing their cognitive load. This study looks at how content relevance, cognitive load, and learner 
satisfaction affect each other in virtual learning environments that use multimedia. We used a mixed-methods approach to 
survey 300 college students and interview 15 teachers from a range of fields in depth. Likert-scale tools were used to collect 
quantitative data on perceived content relevance, cognitive load, satisfaction, and fatigue. Thematic analysis of qualitative 
data was used to get a better understanding of different views on multimedia design. The results show that making multimedia 
content clear and relevant is very important for getting people to pay attention and not overwhelming their brains. The study 
gives useful advice on how to make multimedia learning experiences that are both rich in information and easy for the brain 
to process. 
Keywords: multimedia learning, cognitive load, content relevance, virtual classrooms, higher education, learner satisfaction, 
mixed-methods 
 
INTRODUCTION 
The quick move to virtual learning environments in higher education, which was sped up by world events and 
new technology, has changed how lessons are planned and taught (Mayer, 2020). Videos, animations, 
simulations, and interactive modules are now a big part of school curricula all over the world. The National 
Education Policy (NEP) 2020 in India says that digital and interactive learning should be used to get students 
more involved and improve their results. 
But for multimedia to work well, there needs to be a delicate balance between how relevant the content is and 
how much it makes you think (Sweller, 1988). Cognitive Load Theory (CLT) says that working memory can only 
hold so much information. This means that when designing lessons, you should try to reduce unnecessary 
cognitive load and increase relevant cognitive load (van Merriënboer, 2005) If multimedia is not properly aligned 
or is too much for students, it can make them lose interest and learn less (Ayres, 2015; Moreno & Mayer, 2007). 
On the other hand, multimedia that is well-designed and relevant can boost motivation, help people 
understand things better, and help them remember what they learnt (Mayer, 2009; Schnotz & Kürschner, 2008). 
Even though there has been a lot of research on the principles of multimedia learning, we still don't fully 
understand how cognitive load and content relevance work together in virtual higher education settings, especially 
when it comes to learner satisfaction and fatigue. This study fills in the gaps by combining quantitative measures 
of satisfaction with qualitative insights. Its goal is to find the best ways to use multimedia in virtual classrooms. 
 
REVIEW OF THE LITERATURE 
Cognitive Load Theory and Learning with Multimedia 
Cognitive Load Theory (CLT) is a basic way to understand how people learn and remember things. According 
to Sweller (2011) and van Merriënboer & Sweller (2005), CLT divides load into three types: intrinsic load (which 
is part of the material), extraneous load (which is caused by poor instructional design), and germane load (which 
is focused on learning processes). The goal of good multimedia design is to lower extraneous load and raise 
germane load. 
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Figure 1: Cognitive Load Theory 

 
Mayer's Cognitive Theory of Multimedia Learning (CTML) builds on CLT and says that people learn more 
deeply from words and pictures than from words alone, as long as the multimedia is well-designed (Mayer, 2009). 
For instance, the modality principle says that using narration with relevant visuals is better than just using text 
and visuals. The coherence principle, on the other hand, says not to add extra information because it can confuse 
students and make their brains work harder (Mayer, 2014). 
Moreno and Mayer (2007) found that visuals and narration that are relevant to the topic help people learn, while 
media that aren't relevant to the topic are distractions. Van Merriënboer and Sweller (2005) found that the split-
attention effect happens when students have to pay attention to more than one source, which makes their 
cognitive load even higher. These results show how important it is to look at the quality, relevance, and structure 
of content in multimedia learning settings. 
Content Relevance, Engagement, and Fatigue 
relevance of the content is a big factor in how engaged and happy learners are. Keller's ARCS model (Attention, 
Relevance, Confidence, Satisfaction) stresses how important it is to have relevant content (Keller, 2010). 
Research has shown that multimedia that is in line with the goals of the course, like simulations in STEM classes, 
can help students become better at solving problems and more motivated (Kilic & Yildirim, 2012; Plass & 
Kalyuga, 2019). 
Too much or poorly organised multimedia, on the other hand, can make learners tired and overload their brains. 
Paas et al. (2003) showed that irrelevant or redundant content adds to cognitive load, which makes learning 
harder and makes people more mentally tired. Leppink et al. (2013) used Likert-scale surveys to show that high 
content relevance is linked to better test scores and less fatigue. 
Cognitive Load and Satisfaction 
People often use Likert scales to measure things like cognitive load, satisfaction, and fatigue. Paas and van 
Merriënboer (2021) proved that a 9-point cognitive load scale can be used to tell how hard a task is in multimedia 
settings. SurveyMonkey (2019) points out that Likert scales are useful in educational research because they can 
measure subtle differences in how students feel. 
Even with these improvements, not many studies have clearly combined measures of learner satisfaction and 
fatigue with objective or self-reported measures of engagement and cognitive load in virtual higher education. 
This study tries to fill in the gaps by using both quantitative and qualitative data to give a full picture of 
multimedia learning experiences. 
 
METHODOLOGY 
Research Design 
We used a convergent parallel mixed-methods design to combine quantitative and qualitative data. This made 
it possible to look at how content relevance, cognitive load, and learner satisfaction all affect each other. 
Participants 
We took a stratified random sample of 300 undergraduate and graduate students and 15 teachers from three of 
India's biggest universities. Participants came from a wide range of fields, such as STEM, the humanities, and 
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professional courses, which made the results more useful. 
 

 
Figure 2: Student Preferences by Discipline 

 
Data Collection 
Quantitative Phase 
After going through certain multimedia learning modules, students filled out an online survey. The survey had 
questions about: 
• Perceived Content Relevance: For example, "The multimedia content was directly related to the learning 
goals." 
• Cognitive Load: For example, "The lesson took a lot of mental energy." 
• Learner Satisfaction: For example, "I was happy with the multimedia learning experience as a whole." 
• Learner Fatigue: For example, "After working with the multimedia content, I felt mentally drained." 
 
We used a 7-point Likert scale to rate each item (1 = Strongly Disagree, 7 = Strongly Agree). The survey also 
asked about people's backgrounds and their past experiences with e-learning. 
Engagement Analytics: Learning management system (LMS) analytics kept track of how much time was spent 
interacting with multimedia, how often people did so (for example, by pausing or replaying videos), and how 
many people took part in related online activities (for example, discussion forums). 
Qualitative Phase 
A group of 30 students and all 15 instructors took part in semi-structured interviews that looked into: 
• How people think about the relevance of multimedia content 
• Feeling mentally tired and overworked 
• Ways to make the most of multimedia learning 
Interviews were recorded on audio, wrote them down, and then coded them by theme. 
Data Analysis 
• Quantitative: Descriptive statistics (mean, standard deviation) were calculated for each survey item. Pearson 
correlation and regression analyses examined relationships between content relevance, cognitive load, 
satisfaction, and fatigue. 
• Qualitative: Thematic analysis was performed on interview transcripts. Codes were developed inductively 
and refined iteratively to identify patterns related to content relevance, cognitive load, engagement, and fatigue. 
 
RESULTS 
Quantitative Findings 

Table 1: Summary of Quantitative Survey Results 
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Figure 3: Bar Chart of Mean Score 

 
• Content Relevance: Mean score of 5.9/7 (SD = 0.8), indicating strong alignment with learning objectives. 
• Cognitive Load: Mean score of 4.1/7 (SD = 1.2), suggesting moderate mental effort. 
• Learner Satisfaction: Mean score of 5.7/7 (SD = 0.9). 
• Learner Fatigue: Mean score of 3.8/7 (SD = 1.3); higher in modules with excessive multimedia. 
 
Correlations: 
• Content relevance negatively correlated with cognitive load (r = -0.51, p < 0.01) and fatigue (r = -0.43, p < 
0.01). 
• Satisfaction positively correlated with content relevance (r = 0.62, p < 0.01) and negatively with cognitive 
load (r = -0.58, p < 0.01). 
• Regression analysis showed content relevance and cognitive load explained 47% of the variance in learner 
satisfaction (R² = 0.47, p < 0.001). 

 
Figure 4: Stack Bar of Regression 

Engagement Analytics: 
• Students spent more time and interacted more frequently with highly relevant multimedia modules. 
• Modules with excessive or poorly structured multimedia saw higher rates of video skipping and lower forum 

participation. 
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Figure 5:Line Graph of User Engagement 

 

 
Figure 6: Scatter plot of Cognitive Load vs Satisfaction 

 
Qualitative Findings 
Key Themes: 

Table 2: Pearson Correlation Matrix 

 
 
• Demand for Clarity and Focus: Students valued concise, goal-oriented multimedia. As one participant 
shared, "Too many animations or videos make it hard to focus." 
• Fatigue from Overload: Both students and instructors reported that excessive multimedia led to 
mental exhaustion and disengagement. 
• Iterative Design and Feedback: Instructors highlighted the value of collecting regular feedback to refine 
multimedia content and align it with student needs. 
• Discipline-Specific Preferences: STEM students preferred interactive simulations, while humanities 
students valued narrative videos and discussions. 
 
DISCUSSION 
This study confirms that content relevance is very important for effective multimedia learning in virtual 
classrooms. Students say they are happier, less tired, and less mentally drained when multimedia is closely linked 
to learning goals and presented in a clear, structured manner, students report higher satisfaction, lower cognitive 
load, and reduced fatigue. 
Conversely, excessive or irrelevant multimedia increases extraneous cognitive load, leading to disengagement and 
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mental exhaustion. These findings align with Mayer’s (2009) coherence principle and Sweller’s (2011) 
recommendations for managing cognitive load. 
The integration of satisfaction indicators, engagement analytics, and qualitative insights provides a robust 
framework for evaluating multimedia design. The results suggest that regular feedback loops and iterative 
content refinement are essential for optimizing multimedia learning experiences. 

 

 
Figure 7: Feedback Loop in Multimedia Learning Design 

 
Implications for Practice 
• Chunk Content: Break multimedia into short, focused segments with clear learning objectives. 
• Prioritize Relevance: Ensure all multimedia elements directly support instructional goals. 
• Minimize Extraneous Load: Avoid unnecessary animations, transitions, or background music. 
• Foster Interactivity: Incorporate quizzes, polls, and discussion prompts to sustain engagement. 
• Solicit Feedback: Use surveys and analytics to continuously improve multimedia design. 
 
Limitations and Future Research 
While this study offers valuable insights, it is limited to three universities in India and may not generalize globally. 
Self-reported measures of cognitive load and fatigue are subject to bias. Future research should explore 
longitudinal impacts of multimedia design on learning outcomes and retention, as well as discipline-specific 
guidelines for multimedia integration. 
 
CONCLUSION 
The effective integration of multimedia in To use multimedia effectively in virtual higher education, you need 
to find the right balance between how relevant the content is and how much mental effort it takes to understand 
it. This study shows that multimedia that is well- designed and relevant increases engagement and satisfaction 
while reducing cognitive overload and fatigue. Teachers and instructional designers should put clarity, relevance, 
and interactivity first and use regular feedback to improve multimedia learning experiences. These ideas will be 
very important for encouraging deep, meaningful learning in online classrooms as digital learning continues to 
change. 
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