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ABSTRACT  

This study aims to describe the mathematical abstraction ability of kinesthetic learners through 
the application of a Multi-Representation Discourse (MRD) learning model assisted by 
performance assessment and integrated with Google Sites. This research employed a 
qualitative descriptive design. The participants were two 11th-grade students at SMA Negeri 11 
Semarang identified as having a kinesthetic learning style, selected using purposive sampling. 
Data were collected through abstraction ability tests and interviews, followed by technique 
triangulation to ensure validity. The analysis involved data reduction, display, verification, and 
conclusion drawing. The triangulation of test and interview data revealed that kinesthetic 
learners demonstrated fairly capable to capable performance across several indicators of 
mathematical abstraction, particularly in representing ideas, manipulating abstract objects, and 
connecting mathematical processes. However, they showed difficulties in visualizing complex 
spatial contexts and selecting appropriate strategies. Improvements in abstraction ability were 
observed after the implementation of the MRD model with performance assessment support. 
This study integrates performance-based assessment within the MRD model using Google 
Sites to support kinesthetic learners' abstract reasoning in mathematics. The results of this 
study can benefit educators and curriculum designers in developing instructional models 
tailored to students with kinesthetic learning preferences, especially in fostering mathematical 
abstraction skills. 

Keywords: mathematical abstraction, kinesthetic learning style, multi-representation discourse, 
performance assessment, Google Sites 

 
INTRODUCTION 

Mathematics is one of the most important disciplines, as it plays a crucial role not only in 

daily life but also as a foundation for various fields of science [1]. However, mathematics 

learning is often perceived negatively by students due to difficulties in processes such as 

reasoning, problem-solving, and proving areas that cannot be directly transferred since 

mathematics deals with abstract subjects[1–7]. Students show diverse responses when faced 

with math problems some solve them easily, others want to try but are unsure how, and some 

choose to ignore the questions altogether [8]. The learning challenge becomes even greater 

when instruction relies solely on memorization, making it essential to use engaging methods 

that help students construct ideas[9]. In this context, the process of mathematical abstraction 

defined as the mental construction of experiences based on prior knowledges is key to 

understanding mathematical concepts [10]. According to the theory of didactical situations,            

this  abstraction occurs in the formulation  phase, which is the initial stage where knowledge is 
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acquired through experience [11]. The goal of mathematics instruction is to gradually guide 

students from concrete manipulation to abstract thinking in problem-solving, as mathematics 

education emphasizes students' active involvement in constructing their own knowledge  . 

Therefore, the ability to think abstractly is a crucial aspect that students must develop [1,6,12–

14]. 

The ability of mathematical abstraction in Indonesia remains relatively low, ranging from 

elementary school to higher education levels [6,13–16], a condition also observed in South 

Korea, where efforts to improve this ability are still ongoing [17]. The low level of this ability is 

reflected in students' difficulties in manipulating mathematical concepts, understanding 

relationships between concepts, making generalizations and equations according to context, 

as well as connecting concepts to real-life situations [18]; [18]; [19]; [20]. A similar condition was 

also found among 11th-grade students at SMA Negeri 11 Semarang, as shown by the results 

of an abstraction ability test on prerequisite material related to angle relationships, such as right-

angled triangles, altitudes, and similarity. 

Figure 1. shows a sample of students' work 

 

The limited abstraction ability of eleventh-grade students at SMA Negeri 11 Semarang 

can also be observed through their problem-solving approach, as shown in Figure 1 below. 

Many students still struggle to sketch the problems as requested, which falls under the indicator 

of identifying the characteristics of manipulated or imagined objects. This can be seen in the 

following student response, which incorrectly sketches a new right-angled triangle formed by 

drawing an altitude from the right angle to the hypotenuse, as it lacks the right-angle symbol on 

the indicated side. As a result, the student was unable to answer the second question, which 

asked how many right-angled triangles were formed. This also indicates that the indicator of 

applying concepts in appropriate contexts was not fulfilled, as seen from the student’s lack of 

mastery of the concept of an altitude. 

Students’ low mathematical abstraction ability is attributed to unsystematic problem-

solving habits, insufficient concept-based reasoning, a tendency to respond with immediate 

numerical answers, and a lack of structured argumentation when explaining mathematical ideas 

[21]; [22];[20]. Additionally, the demand for symbolic and imaginative thinking in problem-solving 

poses a significant challenge [23]. Interview results revealed that students struggle due to 

unfamiliarity with sketching problems and limited conceptual understanding, as the material was 

In English: d) None 
In English: b) There are 3 right 

triangles. 

In English: c) Triangles a & b & c 

are similar 
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taught long ago. This supports [24] finding that conceptual comprehension is a key obstacle to 

abstract thinking. 

Recent studies have shown increasing interest in students’ abstraction ability in 

mathematics, particularly in relation to learning styles [25–29]. Learning styles affect abstraction 

by influencing how students process information to generalize, analyze, and infer abstract 

concepts. [30] further emphasized that compatibility between students’ learning styles and 

cognitive abilities positively impacts academic performance. 

Learning style refers to the unique and consistent way in which students absorb and 

process information [31]. Piaget’s Theory of Cognitive Development states that learning styles 

which support exploration and reflection can accelerate the development of abstract thinking. 

According to Piaget’s cognitive development theory, the ability to think abstractly develops 

through active exploration of the environment and reflection on one's experiences. This is 

supported by [32], who explain that Piaget emphasized the importance of learners being actively 

engaged in exploring their surroundings and reflecting on their experiences to foster the 

development of abstract thinking. Such abstraction facilitates the transition toward the formal 

operational stage. In the context of modern learning, students’ learning styles such as visual, 

auditory, and kinesthetic (VAK) can play a significant role in supporting the processes of 

exploration and reflection. According to educational research on embodied cognition and 

learning styles, mathematical abstraction enables students to reason beyond concrete objects 

and engage with ideas symbolically and logically [33]; [34]. However, kinesthetic learners who 

process information best through movement and physical experience often find abstract 

symbolic reasoning (e.g. working with numbers and mathematical symbols) difficult unless 

instruction is embedded in interactive and concrete activities. This demonstrates that effective 

abstraction can be achieved when such learners engage bodily in experiential learning contexts. 

This study investigates how the application of the MRD model, supported by performance 

assessment and digital integration via Google Sites, impacts kinesthetic students' mathematical 

abstraction abilities. 

LITERATURE REVIEW 

1. Mathematical Abstraction Ability 

Mathematical abstraction ability refers to the capacity to represent situations in 

mathematical problems [19]. According to [35] abstraction thinking is the ability to discover 

various ways to solve a problem without the actual presence of the object, and to think 

symbolically and imaginatively to find solutions to abstract mathematical problems. 

Furthermore, [36] state that abstraction ability also enables students to construct new 

mathematical concepts using prior knowledge they already possess. Based on these 

perspectives, it can be synthesized that mathematical abstraction ability is the students' 

capability to represent situations required to solve mathematical problems without involving the 

physical presence of the object by visualizing the object in symbolic, graphical, or diagrammatic 

forms and to identify patterns and relationships among mathematical concepts [35]; [19]; [36]. 

2. Kinesthetic Learning Style 

[37] defined learning style as a set of distinctive characteristics that describe how 

individuals learn, covering cognitive, affective, and physiological aspects. [38] added that 

learning style refers to the way students take responsibility for learning in the manner most 

appropriate to their abilities and needs. According to [39], one type of learning style is the 

kinesthetic learning style. This style refers to individuals who tend to understand and remember 

information more effectively through physical activities such as movement, direct action, and 

tactile experiences related to the content being learned [40]. Stated that kinesthetic learners 

tend to learn through physical movement and direct experience. Their characteristics include 
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difficulty recalling visual information without concrete experience, a preference for memorizing 

while moving, inability to sit still for long periods, and a tendency to use their bodies in the 

learning process, such as pointing while reading. They are typically physically active, action-

oriented, and often have less tidy handwriting. 

3. Multi-Representation Discourse 

[41] defined the Multi-Representation Discourse (MRD) learning model as one that 

strongly emphasizes learning within diverse groups, allowing members to support each other, 

collaborate to overcome challenges, and integrate various perspectives to achieve the best 

outcomes for both the group and individuals. The MRD learning model is a type of cooperative 

learning in which the learning process is conducted in small groups [42]. The instructional steps 

or syntax of the MRD model used in this study refer to [43], consisting of: preparation, 

introduction, development, application, and closing. 

4. Performance Assessment 

[44] and [45] similarly defined assessment as a systematic and continuous process of 

collecting and evaluating data to guide and enhance student learning, with one form being 

performance assessment, also known as authentic assessment. One type of assessment is 

performance assessment, also known as authentic assessment. The term "authentic" implies 

being original, genuine, valid, or consistent (reliable).[46] defined performance assessment as 

a form of evaluation that focuses on two main tasks: evaluating students’ performance through 

their products or creative outcomes, and observing the process as the skills are performed. [44] 

emphasized that the essence of performance assessment is a procedure for collecting diverse 

data that provides an overall picture of how students learn and develop. 

 

METHODOLOGY   

This study is descriptive research employing a qualitative approach, aimed at portraying 

the mathematical abstraction ability of students with a kinesthetic learning style. The subjects 

of the study were 11th-grade students at SMA Negeri 11 Semarang who were identified as 

having dominant characteristics of kinesthetic learners through a learning style questionnaire. 

From ten students identified as kinesthetic learners, two were selected as research participants 

using purposive sampling. The selection was based on their highest kinesthetic scores, strong 

communication skills, willingness to participate fully, and active involvement in classroom 

activities. This choice was also in line with the nature of qualitative case study research, which 

prioritizes depth of analysis rather than generalization. 

The data collection instruments consisted of a mathematical abstraction test, interview 

guidelines, and observation sheets. These instruments were validated through expert judgment 

by two lecturers in mathematics education and were pilot-tested with students outside the 

research sample to ensure clarity and feasibility. Data collection procedures involved 

administering the test and conducting in-depth interviews, complemented by technique 

triangulation (tests, interviews, and observations) to enhance data validity.The data analysis 

was carried out through the stages of data reduction, data display, verification, and conclusion 

drawing. 

The instrument used in this research was a set of problem-based tasks designed by the 

researcher to measure the mathematical abstraction ability of 11thgrade students. These tasks 

were developed based on indicators proposed by [47], which include: (a) representing 

mathematical ideas in language and symbols, (b) identifying characteristics of objects that are 

manipulated or imagined, (c) applying concepts in relevant contexts, (d) making connections 

between processes or concepts to form understanding, and (e) manipulating abstract 

mathematical objects. 
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RESULTS 

In this study, students' mathematical abstraction ability was analyzed by comparing the 

data obtained from the abstraction ability test with findings from interviews conducted with the 

research subjects, namely students with a kinesthetic learning style. The interviews served as 

a triangulation method to confirm and strengthen students’ responses based on indicators of 

mathematical abstraction ability. Prior to the implementation of the study, a learning style 

questionnaire was administered to identify each student's learning preferences. Based on the 

analysis of the questionnaire, out of 31 student respondents, 10 students (32%) were identified 

as having a kinesthetic learning tendency. This finding indicates that a portion of the students 

preferred learning through physical activities, bodily movement, and tended to experience 

difficulty remaining still for extended periods. 

To gain a more comprehensive understanding of students' mathematical abstraction 

ability in the context of related angles, the following section provides an in-depth description of 

the responses given by kinesthetic learners to the abstraction ability test presented in Figure 2 

 

Figure 2.Mathematical Abstraction Ability Test Item 

The following is the result of the subject's mathematical abstraction ability test, as presented in 

Figure 3 below. 

Figure 3. Mathematical Abstraction Ability Test Results of Subject S-01 

 

In English:  

1) Given: the distance between 

Ilham and the building is 10 

meters with an angle of elevation 

of 35°, and the distance from 

Ilham’s eyes to the ground is 1.76 

meters 

2) Asked: 

1.What is the height of the building? 

2.If the building is 0.9 meters shorter 

and the angle of elevation is 30°, 

determine the distance between 

Ilham and the building." 

3) Using the tangent formula tan 𝛼 =

(90° − 𝑥) and tangent x = 
𝑑𝑒 

𝑠𝑎
, de = 

depan = opposite side, sa= samping 

= adjacent side 

4) The height of the building is 7.14 

+ 1.76 = 8.9. Therefore, the height 

of the building is 8.9 meters 

5) previous building height - current 

building height 

6) Therefore, the current height of 

the building is 8√3 

1 

2 

3 

4 

5 

6 

6 
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Subject demonstrated the ability to visualize a narrative problem and translate it into a 

detailed and contextually accurate sketch (item 1a). In item 1b, the subject was able to select 

and apply the appropriate trigonometric formula (tangent) to solve the problem. In item 1c, the 

subject carried out the calculations procedurally to determine the building's height, although there 

were inconsistencies in the use of significant figures. In item 1d, the subject attempted a new 

strategy but made an error in selecting the correct trigonometric function, though they still showed 

an understanding of mathematical structure and problem-solving procedures. Overall, the subject 

showed adequate ability in connecting mathematical concepts and manipulating abstract objects, 

although improvement is needed in accuracy and conceptual selection. 

The interview results with the subject indicate that they were able to answer questions 

fluently and explain the problem-solving process in a structured manner. The subject understood 

most of the problem context, although some inaccuracies were found in terms of precision and 

problem-solving strategy, such as errors in sketching and the inappropriate use of trigonometric 

concepts. The subject stated that they could imagine the problem situation, although they needed 

time to visualize it, which demonstrates their ability to identify the characteristics of objects and 

represent mathematical ideas—though their abstract visualization was not yet optimal. 

The subject was also able to explain the steps of the solution logically based on the available 

information, although they still made errors in selecting the appropriate mathematical concept for 

certain problems, such as using an incorrect trigonometric function. Nevertheless, the subject 

showed the ability to identify known and unknown information and to sequence solution steps 

consistently by connecting various concepts. This indicates that the subject was capable of 

constructing relationships between processes and manipulating abstract mathematical objects 

through the use of symbols, variables, and equations. 

Tabel 1. Results of Technique Triangulation 

No. 

Indicator of 

Mathematical 

Abstraction 

Ability 

Test 

Result 
Interview Result 

Triangulation 

Conclusion 

1 Identifying 

characteristics of 

objects that are 

manipulated or 

imagined 

Fairly Capable The subject stated they 

could imagine the problem, 

but admitted to perceptual 

errors, especially in question 

number 2 

Consistent – Fairly 

capable, but experienced 

difficulty in accurately 

visualizing spatial context 

2 Representing 

mathematical 

ideas in language 

and symbols 

Fairly Capable The subject was able to 

express ideas using symbols 

and drawings but 

acknowledged limitations in 

sketch completeness and 

labeling 

Consistent – Fairly 

capable, although more 

precision and 

completeness in visual 

representation are 

needed 

3 Applying 

concepts in 

appropriate 

contexts 

Fairly Capable The subject explained their 

reasoning for concept 

selection but was inaccurate 

in choosing the correct 

formula for question number 

3 

Consistent – Fairly 

capable, needs 

improvement in 

understanding complex 

contexts and problem-

solving strategies 
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No. 

Indicator of 

Mathematical 

Abstraction 

Ability 

Test 

Result 
Interview Result 

Triangulation 

Conclusion 

4 Making 

connections 

between 

processes or 

concepts to 

construct 

understanding 

Capable The subject demonstrated 

logical thinking and 

mentioned concept 

relationships (e.g., between 

tangent and angle 

information), though not in 

depth 

Consistent – Capable of 

constructing connections 

between processes, 

though explanations were 

not fully detailed 

5 Manipulating 

abstract 

mathematical 

objects 

Capable The subject showed 

understanding in 

transforming problems into 

mathematical forms and was 

able to use variables and 

construct equations 

Consistent – Capable of 

abstract thinking and 

manipulating 

mathematical objects 

through symbols and 

procedures effectively 

 

The triangulation results between the test and interview indicate that subject S-06 falls into 

the category of fairly capable to capable in most indicators of mathematical abstraction ability, 

with consistent results across both instruments. The subject was able to imagine simple 

mathematical situations but had difficulty visualizing more complex problems, indicating a need 

for improvement in spatial understanding and problem interpretation. 

In representing mathematical ideas, the subject was fairly capable of using sketches and 

symbols, although there were inaccuracies in visual representation and a lack of detail that could 

affect problem-solving strategies. Regarding the application of concepts, the subject was able to 

explain their chosen strategies but made errors in selecting the appropriate trigonometric concept 

due to misinterpretation of the problem context. 

The subject also demonstrated the ability to logically connect information into a coherent 

solution, though not always in detail. In manipulating abstract mathematical objects, the subject 

showed relatively good mastery in using symbols and variables accurately. Overall, the subject 

demonstrated solid mathematical abstraction skills, though reinforcement is needed in contextual 

visualization and strategy accuracy. 

 

DISCUSSION  

Kinesthetic learners possess a fairly optimal level of mathematical abstraction ability. This 

is evident from the results of the abstraction ability test and interviews, which show that students 

with a kinesthetic learning style are generally capable of visualizing problems, although they 

still face some difficulties when the problems become too complex. Kinesthetic learners tend to 

be able to transform mathematical representations from one form to another, such as images, 

symbols, and so on. They are fairly capable in the indicator of applying concepts in appropriate 

mathematical contexts; however, misinterpretation of the problem and challenges in visualizing 

the context sometimes lead to incorrect strategy selection. 

In terms of the indicator of establishing connections between processes or concepts to 

construct understanding, students show moderate ability but still encounter issues related to 

inaccuracy, resulting in errors categorized as inappropriate data, which refers to mistakes in 

inputting data used in calculations. This aligns with the findings of [48], who stated that 

kinesthetic learners tend to have a lower level of accuracy during calculations. 
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Kinesthetic learners are capable of processing, transforming, and working with abstract 

mathematical objects and can use logical reasoning to draw conclusions or make inferences 

based on manipulations they perform. They are also able to explain the steps used to arrive at 

a solution in detail. This is supported by research conducted by [49], which found that 

kinesthetic learners have the ability to explain the problem-solving stages along with the results 

and to provide arguments supporting those steps. According to Piaget’s theory of cognitive 

development, learning styles that support exploration and reflection such as the kinesthetic 

learning style can accelerate the development of abstract thinking. 

Kinesthetic learners demonstrate a good ability to imagine mathematical problems, even 

though some of their sketches are imprecise. Based on test and interview results, their ability 

to imagine problems is better than that of auditory learners. This is supported by findings from 

[50], which state that several kinesthetic learners also demonstrated visual representation skills, 

as indicated by their use of drawings as a strategy for solving problems. However, the visual 

representations were not always fully accurate or aligned with the given problem, though more 

dominant than those of auditory learners, who tend to excel in verbal representation. 

Kinesthetic learners showed improvement in their abstraction ability after engaging in 

learning using the Multi-Representation Discourse Model. This improvement was reflected in 

the increase in their posttest scores compared to their pretest scores. Initially, kinesthetic 

learners struggled to imagine problems, had difficulty determining the appropriate concepts to 

use, and were unable to complete most of the test items. Limited mathematical representation 

led to insufficient understanding of the material, which in turn caused difficulties in solving the 

problems presented [51]. However, after receiving instruction through the Multi-Representation 

Discourse Model supported by performance assessment, these students were able to complete 

all posttest items. While their performance was not yet optimal, improvements were evident, 

particularly in their ability to sketch the problems posed. Thus, the implementation of the Multi-

Representation Discourse Model with performance assessment support is a contributing factor 

to the observed changes in students’ mathematical abstraction ability. 

 

CONCLUSION  

The findings of this study indicate that students with a kinesthetic learning style possess 

mathematical abstraction abilities at a level ranging from fairly capable to capable across most 

indicators. While they show strengths in manipulating abstract mathematical objects, making 

logical connections, and representing ideas through sketches and symbols, challenges remain 

in visualizing complex spatial contexts and selecting appropriate problem-solving strategies. 

The application of the Multi-Representation Discourse learning model, supported by 

performance assessment and integrated with Google Sites, contributed to an observable 

improvement in students’ abstraction abilities. This suggests that instructional approaches that 

align with kinesthetic learners' characteristics particularly those involving physical engagement 

and visual representations can enhance their capacity to think abstractly in mathematics. 
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