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Abstract. This study aims to describe student’s cognitive load during mathematics learning on the
System of Linear Equations in Three Variables (SLETV) material. The approach used is
descriptive qualitative with phenomenological methods to explore student’s cognitive load based
on their learning experiences. The subjects of the study were 24 grade X high school students,
who were categorized into high, medium, and low cognitive load levels through a questionnaire.
The results showed that students with high cognitive load experienced difficulties due to high
intrinsic cognitive load and unmanaged extraneous cognitive load, while students with low
cognitive load had a more dominant germane cognitive load, so they were better able to
understand SLETV material effectively. This study emphasizes the importance of managing
cognitive load in mathematics learning to improve student’s understanding of complex concepts.
The practical implication of this study is the need for teaching strategies that are adjusted to
variations in student’s cognitive load to maximize learning effectiveness.

Keywords: Cognitive Load, Mathematics Learning, System of Linear Equations in Three
Variables

1. INTRODUCTION

Learning is the core of developing knowledge and skills in students lives. This is a
process that involves complex interactions between students, materials, and educators.
Abdillah et al., (2018) stated that learning is a systematic and systemic process or
activity, which is interactive and communicative between educators and students,
learning resources and the environment to create conditions that allow for the cognitive
process of students. In the context of mathematics education, learning becomes more
challenging because it involves understanding concepts that are often abstract and
require deep thought.

Mathematics learning in the curriculum not only plays a role as an integral
component, but also exposes students to complex cognitive processes, including
problem solving, reasoning, and critical thinking. Each stage of the student's cognitive
process involves information processing, known as information processing theory in a
cognitive context. Slavin (in Yohanes et al., 2016:187) stated that there are two main
parts of the memory system that work in processing information, namely short-term
memory and long-term memory. According to Kalyuga (2011) long-term memory has
the nature of storing unlimited information, meaning it is able to store information in large
guantities and for a long period of time.

In fact, each student has a different working memory capacity. This gives rise to
differences in the limits of student’s abilities to receive and process material. Limited
working memory capacity can cause students to be burdened when the material they
have to receive and process exceeds their capacity. In this context, students can be said
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to experience a condition known as cognitive load. Plass, Moreno & Brunken (in Puspa
et al., 2020) stated that the mental burden experienced by students with demands in the
form of tasks imposed on students can cause cognitive load. Therefore, cognitive load
can be interpreted as a concept that refers to the amount of cognitive resources needed
by a person to process information and complete certain tasks. In the context of learning,
this reflects the mental effort required by students when they interact with the subject
matter. This concept has been the focus of research since it was introduced by John
Sweller in 1988, and has given rise to various theories to explain various aspects of
cognitive load. Cognitive load is defined by Paas, Ayres, & Pachman (2008) as a
multidimensional construct that represents the burden when performing certain tasks on
the cognitive system of students. Sweller (2011) stated that cognitive load is a mental
effort to process information received in working memory at certain intervals.

According to Sweller (2010), cognitive load is divided into three types, namely
intrinsic cognitive load, extraneous cognitive load, and germane cognitive load. Intrinsic
cognitive load refers to the element of interactivity in the material. Extraneous cognitive
load refers to the instructional design that burdens students in learning. Germane
cognitive load refers to mental effort that is relevant to the learning process.

In reality, many students feel that they are already cognitively burdened in learning
mathematics. Based on previous research conducted by Yohanes et al., (2016)
describes the emergence of cognitive load in learning mathematics on geometry
material including intrinsic cognitive load, extraneous cognitive load, and German
cognitive load. Furthermore, Mayasari (2017) also shows that there is also a cognitive
load experienced by students in learning mathematics on the material of differential
equations with linear coefficients. On the other hand, Yanti & Saragiih (2023) found that
student’s cognitive load in learning mathematics on trigonometry material is still quite
high where one of the contributing factors is because the teacher's way of explaining is
too fast and also the lack of learning references. In addition to the problems found, and
along with a better understanding of cognitive load, we can optimize teaching to
minimize unnecessary cognitive load and facilitate better understanding. As Azimah et
al., (2020) concluded that learning that minimizes extraneous cognitive load through
modification of mathematics learning can improve student’s problem solving abilities.

Cognitive load theory aims to predict learning outcomes by considering the abilities
and limitations of human cognitive architecture (Sweller, 2010). Therefore, research on
cognitive load in the context of mathematics learning has significant relevance. It opens
up opportunities to understand how students experience cognitive processes when
learning mathematics and how we can improve learning to reduce unnecessary
cognitive load. This study aims to explore and analyze student’s cognitive load in
mathematics learning with a focus on SLETV material. This material was chosen
because of its complexity and its integral role in mathematics learning at the secondary
school level. Based on the theoretical studies that have been conducted, there has been
no in-depth research examining cognitive load in mathematics learning on SLETV
material, so researchers are interested in conducting research in the hope of finding the
right solution to overcome student’s cognitive load.

2. LITERATURE REVIEW
2.1 Cognitive Load

Cognitive load is related to the amount of mental effort in a person's working memory
system when processing information. Cooper (in Sholihah, 2022: 14) defines cognitive
load as the total amount of mental energy imposed on working memory at one time.
According to Paas, Ayres & Pachman (2008) cognitive load is a multidimensional
construct that represents the burden when performing certain tasks on student’s
cognitive systems.

According to Sweller (1994), cognitive load is divided into three types, namely
intrinsic cognitive load, extraneous cognitive load, and germane cognitive load. Intrinsic
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cognitive load is related to the inherent difficulty level of the subject matter, which cannot
be changed by learning design. Extraneous cognitive load is a load that arises due to
less than optimal delivery of material, such as unclear instructions or complicated
presentation of information. Conversely, germane cognitive load is related to the mental
effort that is relevant in building knowledge schemes and supporting the learning
process (Sweller, 2010).

Previous studies have identified the role of each type of cognitive load in mathematics
learning. Yanti & Saragiih (2023) showed that high extraneous cognitive load, such as
delivering material too quickly, can hinder student’s understanding. Conversely, optimal
germane cognitive load contributes to student’s problem-solving abilities (Yuniar et al.,
2019). In the context of SLETV material, the complexity of the interactive elements of
this material often increases student’s intrinsic cognitive load, which needs to be
managed with appropriate learning design to reduce extraneous cognitive load.

2.2 Mathematics Learning

Mathematics learning is a complex process that involves interactions between
teachers, students, and learning materials to understand mathematical concepts,
principles, and skills. This process aims to build logical, analytical, and creative thinking
skills that are important in everyday life and academics (NCTM, 2000). In this process,
students are not only required to understand the material but also to be able to connect
the concept to real situations. According to Zulmaulida et al., (2021), mathematics
learning in practice is not oriented towards mastering the material alone, but is
positioned as a tool and means for students to achieve competence. According to
Sholihah (2022), mathematics learning that is able to minimize student’s cognitive load
allows students to be able to receive learning well and can construct the knowledge
gained into meaningful knowledge.

Therefore, an approach that integrates cognitive load theory is important to help
students manage cognitive load when studying complex material, such as SLETV.

2.3 SLETV and Cognitive Load

System of Linear Equation in Three Variable (SLETV) is an important material in the
high school mathematics curriculum because it requires logical and analytical thinking
skills to solve the problems. Mayasari (2017) showed that mathematics materials
involving many variables often cause high intrinsic cognitive load in students. This study
supports the finding that students with weak basic understanding are more prone to
confusion in identifying relevant information and developing strategies for solving
SLETV problems. On the other hand, good management of germane cognitive load can
improve student’s ability to solve problems more effectively (Paas et al., 2003). Through
proper management of intrinsic, extraneous, and germane cognitive load, teachers can
help students to reduce cognitive difficulties in learning mathematics, especially in
SLETV material, thereby improving their understanding and learning outcomes.

3. RESEARCH METHODS

This study aimed to describe student’s cognitive load in learning mathematics on
SLETV material. A descriptive qualitative approach was used, along with a
phenomenological method. The qualitative approach was chosen because it described
social phenomena or objects naturally, not in the form of numbers or values. The
phenomenological method was employed to explore more deeply the subjective
experiences of high school students related to the cognitive load they experienced
when studying SLETV material. The basic purpose of phenomenology was to reduce
individual experiences with a phenomenon into a description of universal essence
(Creswell, 2013).

The subjects of this study were 24 grade X high school students who had studied
SLETV material. From these 24 students, three students were selected to be
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interviewed as the main subjects. The researcher acted as the main instrument as well
as the data collector in this study. The supporting instruments used included tests,
guestionnaires, and interviews. The test instrument consisted of two descriptive
guestions on SLETV material, which were used to measure the cognitive load that
arose when solving SLETV questions based on cognitive load component indicators.
The questionnaire was used to obtain information from the subjects about their
experiences in the learning process, which were categorized based on cognitive load
criteria into three groups: high, medium, and low.

The interviews were conducted to obtain more in-depth information that was not
obtained through the test questions or questionnaires. A semi-structured interview
guideline was used, allowing for richer information as the interview process was relaxed
and open but remained focused. The study began with preparation, including creating
an initial activity plan before data collection. Data collection was carried out based on
the cognitive load experienced by students while learning SLETV material.
Subsequently, data processing and report writing were conducted using data analysis
techniques with multiple sources of evidence or data triangulation, which included data
reduction, data presentation, and drawing conclusions.

4. RESULTS AND DISCUSSION

Results study presented through categorization distribution subject student based on
results calculation questionnaire cognitive load. Categorization students cognitive load
is shown in Table 1.

Table 1. Recapitulation Results Questionnaire Category Student Cognitive Load

Range Category Frequency Percentage (%)
Score > 71.8 High 3 13
51.9 < Score < .
718 Medium 14 58
Score >51.9 Low 7 29
Total 24 100

Based on Table 1, the number of students is dominant in the medium cognitive load
category, namely 14 people (58%), followed by by students with low cognitive load
category as many as 7 people (29%), and students with high cognitive load category as
many as 3 people (13%). The results show that students experience variation cognitive
load level (high , medium , and low) in learning mathematics SLETV material. The
difference This level of cognitive load affects their ability to identify information relevant,
compiling step solution, and solve the problem correctly.

Furthermore will served three result data analysis test and interview from subject
students representing category cognitive load: high, medium, and low. Results election
subject consists of of 3 students as can be seen in Table 3 below.

Table 2. List of Subjects Study Selected

No Category Code
1 High S1
2 Medium S2
3 Low S3

More details will be served as follows.
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Figure 1. Results S1 Test On Questions Number 1

Based on Figure 1, S1 is not able to solve the problem correctly. Although he can
identify information from question, S1 failed to determine the form of corresponding
linear equation. Reviewed from indicator information processing, S1 is not quite right in
analyzing relevance information with the strategy used. He only mentioned the
relationship between the variables and mentioned ‘elimination’ without carrying out the
steps of the elimination concept or answering the questions correctly.
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Figure 2. Results S1 Test On Questions Number 2

Based on Figure 2, S1 not fulfilled all stages according to the indicators of cognitive
system, S1 only answered one from six questions with very good answers general,
without showing understanding basic or business think. This indicates lack of basic
understanding of mathematics and low motivation in solving question story.

The interview with S1 showed that he was unable explain his thought process while
working on about SLETV because of difficulty in understanding complex instructions.
This reflects high intrinsic cognitive load, caused by the complexity of SLETV material
involving Lots element information, while S1 does not have foundation adequate basic
concepts. The strategies used tend to origin, without understanding the right steps, and
Finally give up in the middle of the process. Delivery Instructions learning that is less in
line with S1 needs increases extraneous cognitive load he experienced combination
complexity of the material, lack of basic understanding, and ineffective delivery causing
S1 to lose focus and motivation to learn mathematics.

Results analysis work test and interview towards S1, it was found that high cognitive
load tend burdened by intrinsic cognitive load and excessive extraneous cognitive load,
so hinder their process of understanding. They are only able to identify part small
information relevant and often fail compile step correct solution. Their answers tend to
be shallow, unstructured, and does not solve problems correctly. Sweller (1994)
confirms that extraneous cognitive load is disruptive learning only becomes a problem
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under certain conditions high cognitive load caused by interactivity element high. This
reflects imbalance in the distribution of cognitive load, which hinders student utilise their
potential optimally.
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Figure 3. Results S2 Test On Questions Number 1

Based on Figure 3, S2 is able identify information from question the story is true and
compile system three linear equations variable. It succeed eliminate variable z from
equations (1) and (2), yield equality new 3x — 2y = 4.700 ... (4). However, there was an
error in the selection of strategy and calculation when trying again elimination in
equations (1) and (3), which causes error and deadlock in finding the answer. S2 also
wrong write term substitution for steps elimination is carried out.
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Figure 4. Results S2 Test On Questions Number 2

Based on Figure 4, S2 is not yet able to solve the problem number 2 correctly and
have not fulfilled all stages based on indicator cognitive system. S2 only answered three
from six questions with answers short without showing the thought process deep.

The interview with S2 regarding his thought process in working on question SLETV
story shows that he capable to describe strategies such as creating equations,
elimination, and substitution. However, intrinsic cognitive load seen when S2 is having
trouble understand complex issues, making error, and stopped in the middle of the
process because confusion. Although own motivation to learn, germane cognitive load
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is not optimal because limitations focus and a sense of trust yourself. Besides that , can
it is seen that extraneous cognitive load appear due to by delivery less effective
instructions to worsen S2 confusion, so that He lost focus during work question.

Thus, the analysis towards S2 shows that students with medium cognitive load also
influenced by intrinsic and extraneous cognitive load, but to a more moderate degree.
They generally capable identify most of the information relevant and put together some
steps solution correctly. However, they often fail to solve the problem completely due to
error improper calculations or strategies. As for example, they can start steps solutions,
such as implementing draft elimination or substitution, but Still difficulty in handling more
complex issues. This shows that even though they have better understanding than
students with high cognitive load, error small still hinder settlement task.
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Figure 5. Results S3 Test On Questions Number 1

Based on Figure 5, S3 is capable identify information from question story and put it
together become SLETV appropriately according to the indicators information
processing. However, in the answer Number 1.d, he gives less serious answer, using
sentence haphazard, which shows lack of efforts in solving questions optimally.
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Figure 6. Results S3 Test on Questions Number 1 Continued
In Figure 6, S3 continues by analyzing strategy problem solving using approach trial
and error, namely predicting and test answer through calculation mathematical. He try
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apply draft elimination, even though it does not complete the process to the end. This
shows improvement business compared to previously, with the ability connect
information from questions with the chosen strategy. However, S3 has not succeeded
determine the right end result related price every type goods.
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Figure 7. Results S3 Test on Questions Number 2

Based on Figure 7, S3 almost meet all stages problem solving according to indicators
cognitive system. It controls steps settlement question and answer the questions
correctly. Even though it is not written repeat information from question, S3 is able
represent, match, and organize connection between variables in the form symbol and
three linear equations variables correctly. However, S3 tends to summary and less
organized in procedures problem solving. He shows existence new strategies in problem
solving, even though looks difficulty presenting the strategy clearly.

The interview shows that S3 does not experience significant difficulty in
understanding Instructions complex question. He often searches method fastest and
most efficient to solve the problem, showing high germane cognitive load because
capable organize and integrate new information into the schema his knowledge. S3 feels
confident yourself with an understanding of the basic material and evaluate The
teacher's explanation was effective, even though He confess difficulties in delivering the
material too long or rambling.

Analysis towards S3 shows that students with low cognitive load own better ability to
manage cognitive load because high germane cognitive load so that impact intrinsic and
extraneous cognitive load can be minimized. They can easily identify information
relevant and compile system three linear equations variables correctly. Although
sometimes facing difficulties in calculations, they are able to solve the problems use
simple strategyand efficient. This reflects their capacity to organize and apply knowledge
in solving problems effectively. This finding is in line with the view Paas et al., (2003),
who stated that a balanced distribution of cognitive load support processing information
complex. This study confirms importance management cognitive load, both intrinsic,
extraneous, as well as germane, to improve understanding student towards SLETV
material. Good management can help students optimize capacity their cognitive abilities,
so they are more effective in learning and solve SLETV questions.

CONCLUSION

This study shows that students experience variations in cognitive load levels during
mathematics learning on the System of Linear Equations in Three Variables (SLETV)
material, which is divided into three categories: high, medium, and low. Students with
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high cognitive load tend to have difficulty understanding the relationship between
variables in the SLETV due to the high intrinsic cognitive load caused by the complexity
of the material and the extraneous cognitive load from ineffective instruction delivery
and a distracting environment, so that they are easily distracted, confused, and
cognitive fatigue. Students with medium cognitive load are generally influenced by
extraneous coghnitive load that is not well managed; they are able to understand most
of the instructions and complete several steps of solving SLETV problems but often
lose focus and strategy consistency, and feel hesitant in the middle of the process. In
contrast, students with low cognitive load have a high germane cognitive load, which
allows them to understand instructions, organize information, and apply solving
strategies systematically and effectively. Therefore, teachers are expected to be able
to understand the variations in student’s cognitive load levels and adjust teaching
strategies so that cognitive load management and distribution are better, so that
students can more easily understand SLETV material and increase overall learning
effectiveness.
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