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 The addition of asynchronous learning hours in e-learning 

can cause students to have to understand large amounts of 

material. So that it can be a cognitive burden for students. 

The purpose of this study was to describe the cognitive 

load of students during online learning in the subject of 

vertebrate diversity and classification, especially on the 

structure of Pisces and amphibians. The research method 

used in this study was quantitative descriptive by 

examining the ability to receive and process information, 

mental effort and the learning outcomes of 46 students of 

the Biology Education Study Program at Pakuan 

University. The instrument used in the study was to 

measure the ability to receive and process information 

through a test in the form of a task complexity worsheet. 

Mental effort was measured through a questionnaire (Likert 

scale) with a range of 1-5. Learning outcomes were 

measured in the form of an essay test. The results obtained 

that the learning activities carried out have the 

characteristics of a high cognitive load component. The 

high cognitive load obtained by students is seen from the 

high mental effort and the high intrinsic load possessed by 

students, so that it has an impact on the learning outcomes 

obtained. 
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1. Introduction 

 

Online learning is something that must be done as an effort to minimize the spread 

of the Covid-19 virus. Learning designed through distance learning activities, of 

course, becomes a record for all of us regarding optimizing the implementation of 

the learning process. Based on the results of quizzes (learning outcomes) given 

every week to students during learning using e-learning in the Diversity and 

Vertebrate Classification course, it was found that it was not in line with 

expectations. 
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The average quiz value obtained every week is 58 and based on the results of 

feedback that has been done, several students admit that learning difficulties using 

e-learning are due to a lot of material being studied and lack of understanding of 

the material presented. Moreover, the courses taught are vertebrate diversity and 

classification courses which consist of several subjects so that they require more 

in-depth studies and explanations, especially in classifying vertebrates. In 

addition, according to (Aminah, 2018) too much material is also memorized in 

lessons related to difficult scientific names and names of terms they do not know 

to be one of the things that cause students to have difficulty learning. 

 

As we know that learning must take place meaningfully. Basically learning is a 

process of connecting new information with the concepts contained in the 

cognitive structure (Wardika et al., 2017). However, the addition of asynchronous 

learning hours in e-learning can cause students to need to understand large 

amounts of material. Students' working memory plays a very important role in this 

process. As stated by (Rizvialdi & Sidarta, 2019) that the memory capacity of 

each individual is different. Any information that will be processed and stored in 

working memory consistently. If the information cannot be managed properly in a 

cognitive schema, it can become a cognitive burden for students.  

 

There are three components of cognitive load that can be measured, namely 

students' mental effort to describe extraneous cognitive load (ECL), information 

analysis ability to describe intrinsic cognitive load (ICL), and students' 

interdisciplinary thinking ability to describe germane cognitive load (GCL). This 

cognitive load will affect student learning outcomes, information management 

will also be disrupted along with the disruption of the learning process (Susanto 

and Munandar, 2017). With this, students will make other efforts to find other 

information outside of learning. 

 

In addition, several situations can trigger students' mental effort, including; slipt 

attention situations or conditions where students' attention is divided, transient 

situations or conditions where students cannot participate in learning due to 

inappropriate learning stages (Wantika, 2017). Other things that can increase 

mental effort are external disturbances such as noisy class noises, the way the 

teacher teaches and the presence of when learning takes place (Nursit, 2015). So 

that all these things can cause students to have difficulty making efforts that 

should not be done. 

 

Based on the problems above, a more in-depth analysis is needed to explore the 

description of students' cognitive load when learning online or using Moodle-

based e-learning in the diversity and vertebrate classification courses, especially in 

the Pisces and amphibian classification material. Then the picture is analyzed 

more deeply from mental effort, ability to receive and process information, 

reasoning ability and how the correlation between cognitive load activities. 
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2. Methodology 

The research was conducted using a quantitative descriptive method. The research 

sample consisted of 46 students of the Biology Education Study Program at 

Pakuan University, Bogor, West Java in 2020-2021 who were taking lectures on 

vertebrate diversity and classification. The population in this study were 120 

students. The study was conducted in February – June 2021. The ability to receive 

and process information (ICL) was measured through a test instrument in the form 

of Task complexity worksheet of the diversity and classification of vertebrates on 

the topic of Pisces and amphibians. ECL was measured using a Likert scale 

questionnaire containing statements related to students' mental effort in 

understanding teaching material with a range of 1-5. Learning outcomes (GCL) 

were measured using a reasoning test in the form of essay questions by inducing 

the ability to process information components, integrate information and apply 

information, can be seen in Table 1. 

Table 1. Instrument 

Cognitive Load Components Instrument 

Ability to receive and process information (ICL) Task complexity worksheet  

Mental Effort (ECL) Likert scale questionnaire 

Learning outcomes (GCL) essay test 

Furthermore, the results of the cognitive load measurement were analyzed 

quantitatively by performing the following statistical tests. (a) Test the mean 

difference for each component of cognitive load, and (b) Test multivariate 

correlation and regression between the three components of cognitive load to 

determine the relationship and contribution between the three components of 

cognitive load. Then the results of the worksheets and questionnaires that have 

been obtained are analyzed by comparing and correlated with the scores obtained 

from the results of the final exam. Based on the results of data processing, a score 

of mental effort results, the ability to receive and process information and learning 

outcomes will be obtained that describe the cognitive load of students during the 

learning process. The value of the level of ability to receive and process 

information and the learning outcomes obtained are categorized according to the 

categorization of (Arikunto, 2007), namely Very Good (score 80-100), Good 

(score 66-79), Enough (score 56-65), Poor (score 40-55), Failed (score 30-39). 

The value of the level of mental effort obtained is categorized according to the 

categorization (Munandar, 2015), namely Very low (score 30-39), Low (score 40-

55), Medium (score 56-65), High (score 66-79), Very high (score 80-100). 

To represent cognitive load, it is necessary to compare and correlate between 

components of cognitive load. The score of the ability to process and process 

information is higher, the lower the intrinsic cognitive load is represented. A low 

mental effort score means that the extraneous cognitive load is represented as low. 

The representation of high reasoning ability indicates a good germane cognitive 

load. 
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3. Results and Discussion 

Learning activities during the Covid-19 pandemic are a challenge for educators 

around the world. Online learning activities are a solution that can be done at this 

time. However, educators must examine in depth the appropriate strategies to be 

used in the learning process. One of the efforts to facilitate the online learning 

process is to use a Learning Management System (LMS). The LMS used can be in 

the form of a paid or free online platform or an LMS developed by the respective 

educational institutions. Pakuan University as an educational institution has 

developed an LMS that can help the online learning process. LMS developed 

using Moodle. In Pakuan University's LMS, there are several additional learning 

features. One of the added features is a video feature, discussion forum, learning 

materials, assignments and quizzes which are used as asynchronous learning 

resources and student activities. The online learning process is also equipped with 

synchronous meetings through zoom meetings whose links are embedded in the 

LMS. 

Online learning creates a new learning environment that can affect the cognitive 

processes that occur in students. Likewise, there is a change in the character of 

students (Suriadi et al., 2021). Online learning has a direct impact on the process 

and cognitive development of students. The inability to adapt to a new learning 

process can have an impact on the inhibition of cognitive processes and 

development (Kahfi, 2021). This condition can represent a cognitive load on 

students, especially students. The description of the student's cognitive load is 

seen from 3 components, including: the ability to receive information, mental 

effort and learning outcomes on the impact resulting from learning activities can 

be seen in Tabel 2. 

Tabel 2. Average Value of Cognitive Load Components 

Cognitive Load Components Average 

Ability to receive and process information (ICL) 59.09 

Mental Effort (ECL) 70.07 

Learning outcomes (GCL) 64.84 

 

Based on the data of the overall component of cognitive load, both components of 

the ability to receive information obtained an average value of 59.09, mental 

effort of 70.7 and learning outcomes of 64.89. These results indicate that the 

learning strategy used has the characteristics of a high cognitive load component. 

In other words, students experience cognitive load in constructing cognitive 

schemas. 

The results of the first correlation test showed a positive correlation between 

mental effort on the ability to receive and process information with a very weak 

category correlation coefficient level. The second correlation test shows that there 

is a negative correlation between the ability to receive and process information on 

learning outcomes with a correlation coefficient level of no significance with a 

very weak category. Then the results of the third correlation test showed a positive 
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correlation between mental effort on learning outcomes with the level of the 

correlation coefficient being insignificant with a very weak category (Table 3). 

Table. 3. Correlation Coefficient Between Components of Cognitive Load 

No Correlation Between Components of Cognitive 

Load 

r r
2 

Sig. 

1 Mental effort on the ability to receive and process 

information 

0,00

1 

0,000 0,994 

2 Ability to receive and process information on 

learning outcomes 

- 

0,03

9 

0,002 0,797 

3 Mental effort on learning outcomes 0,14

5 

0,021 0,337 

 Note. Sig 0.05 : not significant    

The results of the first regression test showed that there was no positive 

contribution between mental effort on the ability to receive and process 

information with a determination coefficient level of 0%. The second regression 

test shows that there is a very small contribution between the ability to receive and 

process information on learning outcomes with a determination coefficient level 

of 0.2%. Then the results of the third regression test showed a positive 

contribution between mental effort on learning outcomes with a coefficient of 

determination level of 2.1% (Table 1). 

The results of statistical analysis of the measurement of the cognitive load 

component illustrates the difference in mean between the three components. As 

the results of the analysis shown (Figure 1), it is known that the component of 

cognitive load on the ability to receive and process information obtains an average 

score in the sufficient category. This illustrates that online learning activities 

based on moodle are quite helpful for students in understanding the diversity and 

classification of vertebrates in the classification of Pisces and amphibians. The 

high score of the ability to receive and manage information illustrates that 

students use their cognitive schema. The higher the student's ability to manage 

cognitive schemas, the lower the intrinsic cognitive load (ICL) possessed by 

students. 

The amount of intrinsic load received is contrary to the ability to receive and 

manage information (Putri, 2018). However, the average results obtained in the 

learning activities carried out have a high intrinsic load, it can be expected 

because there are too many features in the Moodle-based LMS (asynchronously), 

including: video features, discussion forums, reading sources and assignments and 

the presence of The addition of asynchronous learning hours in e-learning can 

cause students to have to understand large amounts of material. Excess cognitive 

resources will cause cognitive activities cannot be carried out in working memory 

and can make learning difficult (de Jong, 2010). 

The average result of the ability to receive and manage information is different 

from the average result of mental effort owned by students. Figure 1 shows that 

the mental effort possessed by students is in the high category. The high mental 
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effort of students illustrates that the extraneous cognitive load of students is high 

(directly proportional). The high extraneous load is thought to have something to 

do with the slipt attention situation or the condition of divided students' attention 

(Mayer and Moreno, 2010). Online learning (asynchronous and synchronous) is 

very difficult to control student activities at home and focus on learning activities. 

In addition, the high mental effort is possible because many learning activities are 

carried out using the LMS asynchronously, so that it has an impact on the mental 

effort carried out by students. The condition of students unable to take part in 

learning due to inappropriate learning stages (Siki, 2019). The average learning 

outcomes obtained in online learning using a moodle-based LMS show that the 

ability to study outcomes is in the sufficient category. This can be influenced by 

an increase in learning independence (Rahmawati & Setyaningsih, 2021). In other 

words, the learning strategy used is thought to be able to help students manage 

their cognitive schemes (Brunken et al., 2010). Significance in acquiring 

information processing processes by linking prior knowledge and new knowledge. 

The structure of prior knowledge is the most important factor influencing the 

learning of new material. (Muamanah & Suyadi, 2020) 

The effectiveness of reducing cognitive load in a learning activity must be seen 

from the relationship between the three components, the high and low scores of 

each component of cognitive load achieved by students do not adequately 

represent this. The results of the correlation between mental effort on the ability to 

receive and process information indicate that there is a contribution of mental 

effort to the ability to receive and process information that is not clear, this 

illustrates that the possibility of students having a cognitive load. Students who 

have high mental effort (high ECL) tend to have low ability to receive and process 

information (high intrinsic load), meaning that the learning strategies provided do 

not help students acquire cognitive schemas (Paas et al., 2003). Learning 

strategies for vertebrate diversity and classification through online learning based 

on Moodle have not fully assisted students in obtaining information. 

The results of the correlation test of the ability to receive and process information 

on learning outcomes show that the low ability to receive and process information 

contributes to improving learning outcomes, meaning that there are other aspects 

that contribute more to learning outcomes. If students cannot accept the 

information presented, they may have difficulty integrating these memories with 

relevant knowledge (Wahyuni & Cahyani, 2021) or in other words students have a 

high cognitive load. 

Furthermore, the results of the correlation test of mental effort on learning 

outcomes show the unclear contribution of mental effort (learning strategies) to 

student learning outcomes, students still have a high cognitive load. The results of 

the regression test showed that mental effort only contributed 2.1%. It is possible 

that there are many factors that influence student learning outcomes. One of the 

factors that affect the high mental effort or extraneous burden on students is 

because there are too limited activities or features available in the LMS so that 

students feel bored because they cannot find the knowledge needed. The high 
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mental effort of students is caused because students feel bored in carrying out 

learning (Cahyani et al., 2020). In addition, the online learning process from home 

(synchronous and asynchronous) makes students not focus on paying attention to 

learning activities. The reduced or lost focus in learning represents the high 

mental effort made by students (Susanto and Munandar, 2017). 

Based on the results of the study, it is illustrated that the diversity and 

classification of vertebrates on the topic of Pisces and amphibians through online 

learning based on moodle has a high cognitive load for students. If students have a 

cognitive load that exceeds the capacity of working memory, then no matter how 

much mental effort (searching for alternative learning) students make, they will 

not get maximum learning outcomes (Sunawan et al., 2017). Therefore, educators 

must look for alternative learning strategies that can facilitate students in learning, 

especially online learning. 

 

 

4.     Conclusion 

Measurement of cognitive load in vertebrate diversity and classification lectures 

through online learning based on moodle shows that the learning strategy used has 

the characteristics of a high cognitive load component. The high cognitive load 

obtained by students is seen from the high mental effort and the high intrinsic load 

owned by students, so that it has an impact on the learning outcomes obtained. 

The correlation between mental effort on the ability to receive and process 

information shows that there is a contribution of mental effort to the ability to 

receive and process information that is not clear, this illustrates that the possibility 

of students having a cognitive load. The results of the correlation test of the ability 

to receive and process information on learning outcomes show that the low ability 

to receive and process information contributes to improving learning outcomes, 

meaning that there are other aspects that contribute more to learning outcomes. 

Furthermore, the results of the correlation test of mental effort on learning 

outcomes show the unclear contribution of mental effort (learning strategies) to 

student learning outcomes, students still have a high cognitive load. 

Researchers recommend that educators look for appropriate learning strategies to 

facilitate online learning activities during the Covid-19 pandemic, reduce students' 

cognitive load by making efforts to improve learning strategies and processes, and 

increase motivation. For further researchers, they can follow up research on the 

correlation between cognitive load on student learning motivation online, both 

synchronously and asynchronously. 
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