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Abstract

This study aims to reveal the condition of students' reasoning abilities based on the way students
argue. This research uses a qualitative-descriptive approach. The subjects in this study were 3 students
of junior high school with high reasoning abilities and 3 students with low reasoning abilities who
viewed the reasoning ability scores when providing problem solving solutions on the written test. The
data obtained in this study were in the form of students' written test scores and the results of student
interviews. Interviews were conducted to bring up students 'ability to argue that describe and reveal
the condition of students' reasoning abilities in the process of solving problems. The results of
students ‘arguments are analyzed and adjusted to the model of StephenToulmin's argument which
reveals that there are 6 components of the argumentation to show the seriousness of students in
arguing in order to obtain valid argument results to assess students' reasoning abilities. The arguments
from students succeeded in uncovering 4 conditions that describe the conditions of students'
mathematical reasoning abilities. These conditions are: 1) Students who show high reasoning ability
in written tests and are able to show their reasoning process in the arguments that are brought up, 2)
Students who show low reasoning abilities in written tests but are able to show their reasoning
processes in the arguments that are brought up, 3) Students which shows a high reasoning ability in
a written test but have not been able to demonstrate the reasoning process in the arguments that are
brought up, and 4) Students who show a low reasoning ability in a written test and have not been able

to demonstrate their reasoning process in the arguments that are brought up.

I. Introduction
Reasoning is an important thing that needs to be considered in understanding a problem, both
daily life problems and math problems. Therefore reasoning is indispensable in learning
mathematics. The importance of reasoning in learning mathematics makes good students' reasoning
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abilities one of the goals to be achieved in mathematics learning [7]. In the reasoning done by
students, it will be seen that the process of students in thinking to work on a given problem. This is
in accordance with the objectives of the curriculum that is applied in Indonesia. In the current 2013
curriculum, learning emphasizes a scientific approach and character that emphasizes the assessment
of process characteristics. In the process of reasoning students, the ability of students in the process
of reasoning can show their scientific ability and the process of understanding students [5]. Apart
from the 2013 curriculum, the objectives of self-learning are also revealed in NCTM. The learning
objectives are: 1) Understanding mathematical concepts, 2) Using reasoning on patterns and
characteristics in solving problems, 3) Solving problems and having the ability to understand
problems, 4) Communicating work results, 5) Having an attitude of appreciating the usefulness of

mathematics [8].

This important mathematical reasoning ability of students must have problems that arise in it.
One of the problems that exist is, the reasoning ability of students in Indonesia is currently classified
in the low category. This low ability is often found because students are less able to understand
problems so they make mistakes in the process of solving math problems [7]. Students' reasoning
problems found in reasoning abilities are not only felt by students, but also by the teacher.
Mathematical reasoning problems that often arise in students are the inability of students to write
down the information needed to solve problems and the difficulties experienced by students in
writing and choosing mathematical problem-solving strategies that are given in detail in the written
test. This results in students being considered not doing a good reasoning process by the teacher
because they do not write down in detail the steps of solving the given questions [10]. Another
student reasoning ability problem that is often encountered in mathematics learning activities is that
students only follow the procedures from the teacher without understanding the concept of the
material given. This results in students being unable to do reasoning if the mathematical problems
given are changed. In addition, the problem of assessing reasoning abilities that is often encountered
is that teachers are more likely to assess students' reasoning abilities based on the results of their
written tests only. Teachers often conclude or assess students' reasoning abilities only from their
written results. This assessment is considered less valid because there are students who have the
ability to communicate their reasoning skills in writing which are not good, but can communicate

their ideas verbally well [1].

The problem of reasoning ability experienced by students and teachers requires teachers to have
other ways to find out students' reasoning abilities. The importance of this method is owned by the
teacher because it is to validate the reasoning abilities of students with good reasoning abilities but
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cannot communicate in writing. One way that can be used to more validly determine students'
reasoning abilities is to reveal the ability of students to argue and be accountable for their work [3].
Students when arguing can show students’ processes in thinking and reasoning. In the argumentation
process, students will show rebuttals and reasons in defending the answers expressed. This shows
the understanding of concepts and thought processes that they have to maintain answers and solve
problems given [3]. The arguments presented by students are the result of the student's process of
gathering argument components and building logical arguments. One component that is currently
known is the component expressed by Stephen Toulmin [12]. The components of the argument are
claims, evidence, warrant, backing, qualifier, and rebuttal [13]. In the argumentation component
expressed by Stephen Tulmin, it can help in expressing the reasoning abilities of students more
validly. This component can help see whether the arguments given by students are the result of a
reasoning process, or just arguments without a basis of reasoning [13]. The first relevant research is
research conducted by lga Oktiana and Ratu lIma in 2019 entitled "Student Mathematical Reasoning
in Learning Number Patterns Using PMRI and LSLC". The results shown in further research
revealed that by using the PMRI and LSLC approaches to see students' reasoning abilities, students
had already shown mathematical reasoning abilities. Students are able to show conjecture, but for
indicators to draw logical conclusions students still cannot show it well. So the researchers
concluded that in the number pattern material the students 'abilities were able to bring up students'
reasoning indicators, although not all [10]. The similarity of this research with previous research on
the material chosen to show students' reasoning abilities. While the difference is in the method for
showing student reasoning. In their research, Oktiana and Ratu used the PMRI and LSLC approaches
to demonstrate their reasoning abilities. Meanwhile, in this study using student arguments to show

students' reasoning abilities [10].

Mathematical material that is taught and requires reasoning in the process of its completion is
number pattern material. This is because, when students carry out the process of solving number
pattern problems, students are asked to carry out the generalization process. Determining the
generality requires good reasoning skills so that students are required to have good reasoning skills
[13]. The importance of reasoning abilities that students have and are known to the teacher results
in a valid reasoning ability assessment that needs to be done in mathematics learning. In previous
researchers, researchers have conducted a study of students' reasoning abilities. In previous studies,
researchers emphasized the assessment of students 'reasoning abilities on the results of students'

written tests. Previous researchers in assessing students ‘reasoning abilities had not paid attention to
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students' thinking processes as seen from verbal reasons. From these problems, this study conducted
an analysis using student arguments that showed valid students' reasoning abilities [4].

I1. Research Methods

This research was conducted with a qualitative approach. This study shows students'
mathematical reasoning abilities in terms of their argumentative abilities. The students'
argumentation skills are adjusted to the argumentation component of Stephen Toulmin to determine
the validity of the arguments given. Because the research was carried out on individuals in depth by
examining students ‘argumentative abilities to determine students' mathematical reasoning abilities,

this type of research is a descriptive study.

In this research, it was carried out by going through 4 steps or stages. The stages taken are 1) the
observation stage, 2) the implementation stage, 3) the data analysis stage and 4) the report writing
stage. The location of the research is SMP Aisyiyah Boarding School Malang. The subjects of the
study were 6 students. Subjects were selected based on the results of their written test assessments.

Students with the highest and lowest scores on each question number were the subjects in this study.

The instruments used in this study were written test question sheets 1), written test sheets 2,
interview guidelines, indicators of students' written mathematical reasoning abilities, indicators of
students’ reasoning abilities in terms of students' argumentation abilities. This study uses two steps
in the data collection carried out. The first step in data collection was to conduct a written test. The
second step was to conduct interviews to bring up students' arguments. In this study, the procedure
used in collecting data was initiated by giving written tests which were used to determine students'
written reasoning abilities. Then the collection was continued with an interview to determine the
student's reasoning process which showed a more valid reasoning ability. While the data analysis
technique used in this study was to adjust the results of students 'reasoning abilities with indicators
of students’ mathematical reasoning abilities in terms of their arguments. Indicators are used to assess

students' mathematical reasoning abilities.

I11. Results and Discussion

This research was conducted to reveal students 'mathematical reasoning abilities in terms of
students' ability to argue. The research was conducted by giving written test questions to 20 students
of class VIII SMP Aisyiyah Boarding School Malang. Based on the results of the tests carried out,
it was obtained data on students who had the highest and lowest assessment scores on the written

test.
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Description of Students' Mathematical Reasoning Ability in Terms of Argumentation Ability
According to Stephen Toulmin’s Argumentation Model

Student H is a student with high reasoning abilities Figure 1 is a picture that shows the work of

student H in solving question number 1.
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Figure 1. Student work results H

Based on Figure 1 is the work of student H. Student H is a student with a high score of reasoning
ability. This is because students are considered to be able to understand the number pattern problems
given. Based on the results of the students' written tests, it can be seen that student H reasoned
inductively by understanding patterns and making certain categories. Student H starts working on
the problem by writing down the information that is known and being asked about the question. This
initial step shows that students meet the first indicator of reasoning ability, namely being able to
understand question information. Student H completed it by using the formula manually. Students
add one by one from the previously known patterns. The steps of the student in using the pattern
found show that the student meets the indicator of the third reasoning ability, which is to determine
that the problem can be done using the Student's pattern rules which describe one by one the pattern
he finds and add 6 for the next pattern shows that the student meets the fifth reasoning indicator,
namely using the identification results questions to plan strategies in solving problems. In working
on question number 1 students did not generalize the pattern. This shows that students have not been
able to meet the 6th and 7th indicators properly. The results of student work show that students are
able to meet the 8th and 9th indicators well which is shown by the student’s ability to solve problems
well using the method she chose.

The results of the interview above were then analyzed using the argument scoring guidelines
according to the Toulmin argumentation model. In accordance with the results of the analysis of
students' written work, the results of the argumentation analysis showed that the students did the
reasoning process inductively. Claims from the final results and how to solve the questions given by
students are right to be the solution to the questions given. Students who are able to claim how to
solve problems correctly show students' reasoning abilities in predicting the problem solving process
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that is given well. The data that is used as the basis for making claims is also relevant and used in
the problem-solving process. Students are also able to provide assumptions to show the relationship
between the data obtained and the claims given. Both of these abilities show that in solving problems,
students carry out a reasoning process, namely analyzing the mathematical situation contained in the
problem. The reasons given by students can also strengthen the assumptions given. Student H is also
able to strengthen the conclusions given by providing rebuttals in defending the answer when the
researcher gives an opinion that shows a counter attitude to the student's claim. In solving the
questions students have not been able to generalize about existing patterns in general, but students
are able to show reasons why students do not generalize existing patterns with the right data and
evidence. This shows that student H carried out a reasoning process in solving the number pattern
problems given. Based on the scores obtained from the results of student H's argumentation analysis,

it can be concluded that student H has high reasoning abilities.

AN students are students with low written reasoning skills. AN students' reasoning ability is
classified as low based on the results of students' written tests which are adjusted to the guidelines
for scoring students' reasoning abilities. Figure 2 below is the result of student A's written test.
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Figure 2. Student work results AN

Figure 2 shows the work results of AN students. AN student work results show a tendency that
students reason inductively. AN student work results are then analyzed using indicators of students'
written reasoning abilities. The completion process given shows that AN students have not been able
to write down the information that is known and asked in the questions. This results in students being

deemed not to have good reasoning skills.

The results of the interview above were then analyzed using the guidelines for the students’
argumentation skills. The results of the interview analysis conducted showed that AN students were
able to provide accurate claims to determine the solution for the completion steps and the final results
of the questions given. The claim given shows that AN students fulfill the aspect of ability to provide
accurate claims. Students who can provide accurate claims show the student's ability to predict the
problem solving process. This ability shows that AN students carry out a reasoning process in
solving questions. Claims given by AN students are supported by data collected from the information
contained in the questions properly. The data obtained and able to be used to support the statement
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given fulfills the coverage and quality aspects of the data. The assumptions and reasons given by
students to connect the data and claims made can strengthen the claims given. The student's ability
to provide data that supports and is able to provide assumptions shows that students are able to
analyze the mathematical situation on the questions. Student rebuttals to strengthen claims when
researchers provide sentences that contradict their claims can also provide truth in the claims made.
In solving the number pattern problems given, students do not carry out a generalization process
which shows students reasoning to determine the solution to the problem. However, in the interview
process, AN students were able to explain the process in choosing a solution that was used
appropriately and accompanied by data and assumptions that were able to support the claim for a
given solution. The ability of students to provide reasons, rebuttals, and limitations in arguing shows
that students are also able to provide valid arguments in the process of reasoning to solve a given
number pattern problem. Based on the results of the student's argumentation analysis adjusted to the
Toulmin argumentation model, AN students have high scores of reasoning abilities. A high score of

AN students can conclude that the reasoning ability of AN students is high.

IA students are students with low reasoning abilities based on their written test scores. The

following are the results of the 1A students' work for question number 2.
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Figure 3. Student work results 1A

Figure 3 shows the students' steps in solving question number two. The results of student work
can be seen that students do not write down information that is known from the questions given. In
addition, students also did not provide information about the conclusions of the questions in the
questions. Students who do not write down the information provided show that students have not
been able to meet the first reasoning indicator. 1A students also do not describe the patterns in the
questions so that they are considered unable to fulfill the second reasoning indicator. 1A students
also do not give general pattern generalizations. Students who choose to use these solutions are
considered to know that the questions can be done using the pattern rules so that 1A students are
considered to fulfill the third indicator. In completing the questions given, 1A students have not yet
generalized the formula. The inability of students to make generalizations makes students considered

unable to meet the fifth, sixth, and seventh indicators.
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The results of the interview were then analyzed to see the students' argumentative abilities to
show the reasoning process carried out in solving the questions given. Based on the results of the
argumentation analysis carried out, 1A students have not been able to provide accurate claims for
solutions to the solution steps and the final results of the questions. When the interview process took
place students were able to state the data used as the basis for students to make claims. This ability
shows that IA students are able to analyze mathematical situations so that they are able to provide
relevant data to support claims. The reasons and assumptions given by students are partly sufficient
to support the claims, but students cannot determine the limits that can strengthen the claims given.
Students are also unable to provide rebuttals to defend their claims. These results show that students
are only able to assume and provide reasons for the assumptions given but have not been able to
understand the material given properly. Students do not understand the material presented when they
are not able to set boundaries and express rebuttals in the argumentation process. The results of the
interview showed that students did not carry out the reasoning process in doing the questions well.
Students only remember formulas that they have ever known without knowing the use of these
formulas. Students do not reason well in solving problems even though students are able to state the
information data known in the questions. Based on the description of the analysis results obtained,
it is concluded that IA students do not have good reasoning skills in solving the number pattern

problems given.

AS students are students who solve question number 2. AS students are classified as having high

reasoning abilities based on their work results.

Figure 4. Student work results AS

Based on the results of the interview, an analysis of the arguments given by the students was
carried out to show the reasoning process carried out by students and to find out the validity of the
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student's work. The results of the US student interview analysis showed the claims given by the AS
students for the solution to the number 2 problem and the final results obtained were correct. These
results show that students are able to make claims accurately so that they meet the aspects of the
ability to estimate the completion process and provide good conclusions in the process of reasoning.
The data used as the basis and support in making claims are relevant and the data are used to support
the claims made. This shows the students carry out the reasoning process by analyzing the
mathematical situation on the questions well. Assumptions and reasons given by students to be able
to explain the relationship between the data and claims made by students. Besides that, the
limitations and objections raised by the students are also able to strengthen the claims given. In the
solution given, students show the reasoning process inductively. This is indicated by students who
analyze the given number patterns. This ability shows students in solving question number 2 are able
to provide valid arguments in the reasoning process. However, in solving the problem, the students
did not generalize the formula for the problem solution. Students choose to work manually using
data that students know. The choice of the solution shows the students reasoning inductively. Based
on the results of the students' argumentation analysis descriptions obtained, US students are
classified as students with high reasoning abilities based on the results of written tests and their

arguments.

Based on the results of the score, student H is classified as a student who has high reasoning
abilities. The following is the student's work in solving question number 3.
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Figure 5. Student work results H

In figure 5 show the results of the arguments obtained from the interview process with student H
were then analyzed to determine the students' process of reasoning. Student H in the interview gave
the correct claim for the final result solution and the step claim to solve the given number pattern
problem. The correct claim results prove that students carry out a reasoning process by being able

to estimate the steps to solve and the solution to the final results of the questions. Students are also
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able to show the data used as a basis for making a claim that is given. The data provided by students
can be used as support for relevant claims showing that students are able to analyze the mathematical
situation contained in the questions. The assumptions and reasons given by students when the
interview process took place showed that students understood the relationship between the data
obtained so that they chose the claim that was given with confidence. This ability shows that students
are also able to provide valid arguments to support the results of student analysis in solving
questions. In addition to the assumptions and reasons given by students, the ability to make valid
arguments is also strengthened by the limitations made by students and rebuttals given by students

which strengthen the reasons and assumptions given by students.

The results of the student work analysis and supported by the students' arguments show that
students carry out the reasoning process inductively in solving problems. Students choose solutions
to describe the data they know and make generalizations for number pattern formulas in general.
And based on this description, students H are classified as having high reasoning abilities seen from

the work results and strengthened by their arguments.

AN students are students who have low reasoning skills based on their written test scores. The

following is the work of AN students.
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Figure 6. Student work results H

Figure 6 show the student H results. Based on the results of interviews conducted, students
‘arguments were analyzed to determine students' reasoning processes. It can be seen from the results
of the interview that AN students were able to make the right claims for the solution to the steps to
solve and the final results of the questions. The ability of students to make claims shows that students
carry out the reasoning process by fulfilling the aspects of being able to predict the problem-solving
process. Partially given data can also show the basis of students in making claims. In addition, the
data used by students is also relevant to support the claims given. The assumptions and reasons given
are also sufficient to describe students' understanding in relating the data and claims given. The
ability of students to provide relevant data and to be able to provide assumptions along with the right

reasons shows that students carry out a reasoning process that can be seen from the fulfillment of
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aspects of students' abilities in analyzing mathematical situations on the questions. However, the
limitations and arguments given by students have not been able to strengthen claims.

Based on the results of the analysis above, it can be concluded that in solving the questions given
the students do inductive reasoning and are classified as having moderate reasoning abilities. In
solving the questions, students are able to explain the completion process carried out. Even though
students have moderate reasoning abilities, the inability of students to provide rebuttals in the

interview process shows students in solving questions are still having doubts.

Based on the results of student work and interviews which showed the results of the analysis of
written reasoning abilities with the highest written test scores and low written results and supported
by the results of the analysis of students ‘arguments, the findings were related to the reasoning
abilities possessed by students in terms of students' arguments. The following are the findings of the

analysis process:

e Some students with high written reasoning abilities showed that they did the reasoning process
well when the interview process took place. This can be seen when students are able to provide
assumptions, reasons, limitations, and rebuttals in the student's argument process.

e There are students with high scores of written reasoning abilities, but the arguments made by
students cannot explain the answers they get. They cannot provide assumptions, reasons,
limitations, and rebuttals to strengthen their work which shows that their reasoning process is
lacking.

e Students who have low scores of reasoning abilities tend not to write down information from
data that can support answers. However, students were able to explain the data that supported
their answers verbally which was seen when students argued during the interview process.

e Based on the interview process that took place, even though the students were not accurate in
making claims, there were students who were able to provide the correct data to support the
claim for a solution to how to solve the questions given. Students are also able to provide
assumptions, reasons, limitations, and rebuttals to strengthen claims for the solutions given, it's
just that in the process of calculating students experience difficulties so that the claim answers

given are not correct.

Based on the findings of this researcher, there are four conditions of students' mathematical
reasoning abilities based on their written abilities and arguments. The first condition is students who
have the highest score of reasoning ability and show good reasoning skills in terms of their

arguments. From the results of the student argument analysis adjusted to the Toulmin argumentation
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model, the student with the first condition showed that the student made a claim accompanied by the
correct data. The student's ability shows that students can estimate the completion process and
analyze mathematical situations. In addition, with the abilities possessed by these students, students
show that they do reasoning in the process of solving a given mathematical problem. Claims that are
accompanied by precise data in the argumentation process that support the results of the written test
show their ability to reason more validly. With this ability, students are considered to have
mathematical reasoning abilities. The first condition is in accordance with previous research which
states, accurate arguments are made to justify their work. can show students do good reasoning [8]
[13]. The results of the argumentation analysis of YABF students have good argument skills,
indicating that students understand the concept and have the ability to reason well from the number
pattern material. Good reasoning skills based on the results of students' good argumentation skills
are in accordance with previous research conducted by Handayani and Sardianto which states that

good argumentation skills indicate good reasoning skills as well [6].

The second condition is students who have the highest score of reasoning abilities seen from the
written test but are unable to provide arguments to account for their work properly. The results of
the argumentation analysis reviewed by Toulmin's argumentation model showed students with the
second condition were able to take the test in writing, would but in the interview process the students
were not able to provide assumptions along with the right reasons to support the claims given. The
inability of students to provide assumptions along with these reasons indicates that students do not
understand the material given. The results of the arguments produced by the students show that
students have not made reasoning in the process of solving the questions. In the process of solving
questions, students only follow the examples given by the teacher and do not understand the concepts
given. The second condition is in accordance with the results of previous research which shows that
students' arguments encourage students to show evidence in the process of reasoning so that they
can solve problems [6] [11]. Students who do not understand the concept tend to experience
difficulty in analyzing mathematical situations which results in students also having difficulty in
reasoning. This condition shows that there are conditions that students with the highest reasoning
skills in the written test have less reasoning abilities [2]. This second condition is in accordance with
the problems encountered in previous research which encountered students with good written skills
but did not understand the concept and did not carry out the reasoning process in solving the

questions given [6].

The third condition is students with low scores of reasoning abilities as seen based on the results
of students' written tests but have good argumentative skills based on the Toulmin argumentation
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model. This condition shows that even though students have not been able to write information in
writing on the worksheet, students are able to express their reasoning skills when expressing
arguments. This condition is in accordance with Suhendra's research which states that students have
good reasoning abilities, but have not been able to write in work results and do not have the
opportunity to express their opinions verbally so that students are considered to have poor reasoning
skills [11]. The data provided by the students in their arguments in this study shows the ability of
students to analyze the mathematical situation in the questions. The assumptions and reasons given
by students to strengthen the claims given are also able to explain that students understand the
concept of the number pattern material. those who are able to provide arguments by showing the
reasoning abilities possessed by the subject used in solving the problems given are also good. The
arguments given by students also show that students understand the concept well so that they are
able to support students in reasoning. This condition is in accordance with the conditions found in
previous research which explains, students who have good reasoning skills but have not been able

to write them in a worksheet properly [6] [11].

The fourth condition is the students' reasoning ability which is classified as low as seen from the
written test score and has less argumentative skills. In this condition the students have difficulty in
solving the questions given. In the written test, students showed that they were not able to write
down the information contained in the questions and in the interview process the arguments given
by the students were also unable to provide the data needed to strengthen the claims given. This
shows that students have not been able to analyze mathematical situations in the process of
reasoning. In students with the fourth condition, students are also less able to show their assumptions
and reasons in determining the claims made. The inability of students to provide assumptions and
reasons shows that students have not been able to provide valid arguments in the reasoning process.
In addition, the inability of students to show assumptions and reasons also shows that students have
not understood the concept of number pattern material and have not carried out the reasoning process
properly. Students only carry out the process according to what they have learned without believing
that the method given is correct. The fourth condition is in accordance with the research conducted
by Handayani, Sardianto and Rosita who found students' mathematical reasoning problems which
were shown by students who were less able to write their work and were unable to explain their

answers in the interview process [6] [9].
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V. Conclusion
Based on these results, the arguments raised by students can help prove students' mathematical
reasoning abilities validly. Argument analysis adapted to the Sthepen Toulmin argumentation model

can bring out a picture of the student's reasoning process as a whole.

This is indicated by two conditions, namely students who are considered capable of reasoning as
seen from the written results but do not prove the verbal reasoning process and students who are
considered to lack written reasoning skills but are able to demonstrate the process of reasoning
orally. This condition has not been able to be obtained when only looking at the results of students'
written tests. Based on these results, the arguments raised by the students adapted to the Toulmin
argumentation model can help prove students' mathematical reasoning abilities validly. The
argumentation analysis adjusted to the Sthepen Toulmin argumentation model can bring out a picture
of the overall reasoning process of students as follows: 1) Students who have good reasoning skills
are shown by good written test score results and good argumentation, 2) Students who have good
ability scores reasoning is good in written tests but is less able to provide arguments to strengthen
the results of solving the questions given. This shows the students' lack of reasoning ability, 3)
Students who have reasoning abilities as seen from the written test results are less but students are
able to provide arguments that show the student's process of reasoning in determining the problem
solving. This condition shows that students have good reasoning skills and 4) Students with written
reasoning skills are lacking and also have not been able to provide good arguments to show the

students' process of reasoning. This shows the students' lack of reasoning ability.
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