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Abstract. In mathematics, reasoning ability refers to the capacity to arrive at a correct conclusion 
by using mathematical rules, properties, or logic. The purpose of this study was to examine 
students' reasoning abilities when solving problems involving polyhedron topic. The descriptive 
quantitative method was used in the research. The study enrolled 21 ninth-grade students from 
SMP Muhammadiyah Palopo. The following indicators of mathematical reasoning were 
analyzed: (1) Making mathematical statements orally, graphically, and in pictorial and written 
form; (2) Performing mathematical manipulation; (3) Compiling evidence, providing reasons or 
evidence for alternative solutions; (4) Concluding the statement; and (5) Checking the argument's 
validity. The data collection method used was to administer written tests to the research 
participants. The research instrument was a five-item test of reasoning ability on application 
questions. According to the mathematical reasoning ability test results on the polyhedron 
problem, three students (14.29%) possessed excellent mathematical reasoning abilities, while 11 
students (52.38%) had good reasoning abilities. Five students' score was in the average level 
(23.81%), two participants (9.52%) had low-level mathematical reasoning abilities, and none 
(0%) of the students' score was at the meagre level. 

1. Introduction 
In our daily lives, problems are unavoidable. Typically, a problem is resolved through decision-making. 
Individuals must conclude from information or facts about the problems they encounter, and reasoning 
is required to accomplish this task. We can conclude correctly and verify its process using human reason. 

According to [1], the reasoning is an event that occurs during a thought process. It is a mode of 
thought. Thinking is a series of activities that include recalling information, imagining, memorizing, 
mentally calculating, associating ideas or information with specific relationships, creating a concept, or 
estimating various possibilities. In terms of reasoning, it is a mental process in which conclusions are 
drawn based on statements that have been established or assumed to be true. As a result, we conclude 
that while reasoning may involve a thinking process, not all thinking activities are reasoning. 

Mathematics is more about reasoning than it is about memorizing facts. Problem-solving is a primary 
concern in the discipline. As a result, reasoning affects students' understanding of mathematics. In 
mathematics, reasoning abilities refer to the skill to apply rules, characteristics, or mathematical logic to 
arrive at a correct conclusion. [2] stated that mathematics is concerned with reasoning activities, not 
with the outcomes of experiments or observations. 

[3] outlined five process standards for students, one of which is reasoning. [4] said that reasoning 
serves as the foundation upon which mathematical knowledge is built. [5] emphasized the critical role 
of reasoning in students' learning outcomes. Students who demonstrate a strong learning outcome also 
demonstrated a strong reasoning ability, and vice versa. 
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Students must develop thinking skills to learn mathematics [6], and one of these mathematical 
reasoning abilities. Mathematical reasoning is a thought process that enables us to arrive at a conclusion 
based on previous facts or statements [7], [8]. Mathematical reasoning allows students to grasp 
mathematical concepts, procedures, and properties and apply the appropriate strategy when solving 
mathematical or real-world problems [9]–[15]. It fosters students' belief that mathematics is a subject 
they can comprehend, reason about, justify, and evaluate [12]. Since prekindergarten, teachers should 
promote and teach reasoning as a component of students' mathematical experiences [14].  

In Indonesia, research on reasoning abilities is already prevalent [10], [13], [16], [17]. Some even 
focused on one topic, such as number patterns [18], limit function [19], linear equation system in two 
variables [20], and quadratic equations [21]. Several studies investigated mathematical reasoning skills 
on the topic of three-dimensional Geometry [9], [11], [22]. The three articles reported different findings, 
two of them [9], [22] showed that students' mathematical reasoning skill was still low while the other 
revealed the opposite.  

Based on the explanations of the importance of reasoning and the different findings by some studies, 
we found it essential to conduct research investigating students' reasoning skills to solve the polyhedron 
topic's problems.  

2. Method 
This descriptive study, conducted in SMP Muhammadiyah Palopo, used a quantitative approach. The 
study population consisted of ninth-grade students, and a random sample of 21 students was recruited. 
The research instruments used in this study were designed to assess students' mathematical reasoning 
abilities. The collected data was analyzed to determine the students' level of mathematical reasoning. 
The following is the categorization. 
 

Table 1. Level of Students' Mathematical Reasoning 

Range of Score Category or Level 
80 < 𝑥 ≤ 100 Very High 
60 < 𝑥 ≤ 80 High 
40 < 𝑥 ≤ 60 Average 
20 < 𝑥 ≤ 40 Low 
0 ≤ 𝑥 ≤ 20 Very Low 

*𝑥 = students' score 

 We used the indicators proposed by [23] to assess students' mathematical reasoning. The 
following Table 2 summarizes their characteristics and includes the scoring rubric. 
 

Table 2. Indicators of Test of Students' Mathematical Reasoning 

Indicators of Reasoning 
Skills Score Description 

Presenting mathematical 
statements orally, in written 
form, and figures and 
graphics 

1 Cannot present the mathematical statement in any form 
2 Present mathematical statements incorrectly 
3 Present mathematical statements but make some mistakes 
4 Present mathematical statements correctly 

 
Carrying out mathematical 
manipulation 

 
1 

 
Can write down the data but determine the unknown 
incorrectly 

2 Can write down the data and the unknown, but could not 
solve the questions 

3 Can write down the data and the unknown, but made several 
mistakes in solving the questions 
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4 Can write down the data and the unknown and solve the 
questions correctly 

 
Constructing proofs, giving 
reasons or proofs of several 
solutions 

 
1 

 
Cannot construct proofs and give reasons 

2 Carry out an incorrect step in constructing proofs and give a 
false reason 

3 Can construct proofs but give an incorrect reason 
4 Can construct proof and give a correct reason 

 
Drawing conclusions based 
on statements 

 
1 

 
Cannot conclude and give the right reason in the problem-
solving procedures 

2 Make mistakes in concluding and gives a false reason in the 
problem-solving procedures 

3 Can draw a conclusion based on statements but gives an 
incorrect reason in the procedures of problem-solving 

4 Can conclude from statements, and gives a correct reason in 
the problem-solving procedures 

 
Check the validity of 
arguments 

 
1 

 
Make mistakes in checking the validity of arguments and do 
not give explanations 

2 Check the validity of arguments correctly, but do not give 
explanations 

3 Check the validity of arguments correctly, but give incorrect 
explanations 

4 Check the validity of arguments correctly, and give a correct 
explanation 

 
Find patterns or 
characteristics of 
mathematical phenomena 
to generalize 

 
1 

 
Cannot find patterns or characteristics of mathematical 
phenomena to generalize 

2 Make mistakes in finding patterns or characteristics of 
mathematical phenomena to generalize 

3 Less precise in finding patterns or characteristics of 
mathematical phenomena to generalize 

4 Can find patterns or characteristics of mathematical 
phenomena to make generalizations appropriately 

 

3. Result and Discussion 
After analyzing the data, the results were obtained, and they are presented in the following Table 3. 
 

Table 3. Results of Test of Students' Mathematical Reasoning 

Range of Students’ Score Frequency Percentage (%) Category 

80 < 𝑥 ≤ 100 3 14.29 Very High 
60 < 𝑥 ≤ 80 11 52.38 High 
40 < 𝑥 ≤ 60 5 23.81 Average 
20 < 𝑥 ≤ 40 2 9.52 Low 
0 ≤ 𝑥 ≤ 20 0 0 Very Low 

Number of Participants 21 100  
*𝑥 = students' score 

Over half of the students demonstrated an advanced level of mathematical reasoning. There were only 
two participants in the low category and none in the meagre category. More than 90% of the students' 
scores fall at least in the category of Average. 

We also analyzed students' difficulties and presented the findings based on students' mathematical 
reasoning indicators. The results are given by the following Table 4. 
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Table 4. Results of Test of Students' Mathematical Reasoning 

Indicators of Reasoning Skills Score Number of Students 

Presenting mathematical statements orally, 
in written form, and figures and graphics 

1 0 
2 9 
3 3 
4 9 

 
Carrying out mathematical manipulation 

 
1 

 
3 

2 5 
3 9 
4 4 

 
Constructing proofs, giving reasons or 
proofs of several solutions 

 
1 

 
5 

2 5 
3 7 
4 4 

 
Drawing conclusions based on statements 

 
1 

 
3 

2 3 
3 0 
4 15 

 
Check the validity of arguments 

 
1 

 
2 

2 9 
3 5 
4 5 

 
Find patterns or characteristics of 
mathematical phenomena to generalize 

 
1 

 
5 

2 6 
3 7 
4 3 

According to Table 4, nine participants were unable to present mathematical statements correctly. More 
than half of the participants (12 students) accurately represented the statements, even though three made 
errors. 

In terms of mathematical manipulation, thirteen students were able to do so, but nine of their 
responses revealed several errors. Eight students were unable to solve the questions, and three of them 
incorrectly identified the unknown in the problems. 

The next indicator is proof construction. Eleven students were capable of creating proofs, but seven 
of them provided an incorrect justification. Ten students were unable to produce proof or performed 
wrong steps. 

More than half (15 participants) were capable of arriving at a conclusion and justifying it. Three 
participants made concluding errors and provided false justifications; three participants were unable to 
reach a conclusion. 

The fourth indicator is a check on the argument's validity. There were only two students who were 
unable to perform the validity check correctly. Nine participants were unable to explain their responses, 
while the remaining ten students could present their solution (half of them provided the incorrect 
description). 

The final one is pattern recognition. Five students were unable to find patterns at all, while the 
remaining students could perform this action. Six participants, on the other hand, made errors in 
determining the characteristics of the mathematical phenomena.  

Students' mathematical reasoning was still low according to several preliminary observations by [19] 
or findings of [10]. More than half have a low or deficient level of mathematical reasoning [22]. Their 
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reports and the two studies by [9], [22] showed different results. In our study, the percentage of students 
who had a low or meagre level of mathematical reasoning is below 10%.  

Several factors could account for the discrepancies in the results. Firstly, studying a diverse group of 
participants have the possibility of yielding differences. Secondly, there were factors such as the 
difference in the learning experience (enjoyment in learning mathematics [24]),  learning styles [13], 
self-confidence [25], or other factors that might contribute to the disparate findings. 

When teachers plan to design mathematics instruction that promotes reasoning, specific indicators 
should be emphasized. In this case, determining the validity of arguments and identifying patterns in 
mathematical phenomena to generalize were the two indicators that required additional attention, as the 
percentage of students scoring below three is greater than 50%. 

4. Conclusion 
According to test results for students' mathematical reasoning abilities on polyhedron topics, more than 
half of students earn high marks (11 students or 52.38%). 2 and 0 students, respectively, have a low and 
a deficient level of mathematical reasoning. Over 90% of students scored at least in the average range. 
To summarize, ninth-grade students at SMP Muhammadiyah Palopo demonstrated high mathematical 
reasoning. 

This study examined a small number of students. One could conduct a replication study with larger 
sample size. Additionally, one could consider other variables such as mathematics achievement, learning 
styles, cognitive styles, motivation, etc.  
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