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A B S T R A C T 
Argumentation and proof are two interrelated elements in 
mathematics, which is one of the important goals in mathematics 
education. Furthermore, these also need to be supported by 
students' mathematical abilities, so that it has implications for 
proving they did. This qualitative research will be explained 
descriptively which aims to find out senior high school students' 
argumentation in proving mathematical induction. This research 
subjects consisted of six senior high school students in Surabaya 
who had low, medium, and high mathematical abilities. Research 
data were collected through a written test about proving 
mathematical induction. Then, the data analysis will be carried out, 
including: sorting the data, presenting the data, and making 
conclusions. The results shows that senior high school students who 
have low mathematical abilities can proving mathematical 
induction which only bring up claim and evidence in their 
argumentation. Meanwhile, senior high school students who have 
medium and high mathematical abilities can proving mathematical 
induction which bring up claim, evidence, and reasoning in their 
argumentation. 
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1. INTRODUCTION 
Argumentation have been described by various studies (Brown, 2017; Cervantes-Barraza et al., 
2020; Suhendra, 2015; Walidah et al., 2019; Zambak & Magiera, 2020) and become one of the 
important goals that will or want to be achieved in mathematics education. Argumentation is 
defined as a statement constructed by students individually with accompanied by logical and 
relevant evidence (Ruggiero, 2014). In other words, when students are giving their 
argumentation, these an argument or idea will be generated to convince others regarding the 
truth of their statement or conclusion that they have been made (Aberdein, 2009). 

Argumentation which built by students are also related to the components that make it up. 
This study uses McNeill & Krajcik's argumentation components which have been used in 
several studies (González-Howard et al., 2017; González-Howard & McNeill, 2019; McNeill et 
al., 2017; McNeill & Krajcik, 2012; Mikeska & Howell, 2020). These results were effective to 
highlight students' argumentation as a form of knowledge production to make conclusion. These 
components, include: 1) claim, is a statement that functions as an answer to a question, problem, 
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or phenomenon; 2) evidence, is a statement that used to answer questions, solve problems, or 
make decisions, so that it can support the existence of a claim; 3) reasoning, is a justification 
that gives strength to the evidence in supporting a claim; and 4) rebuttal is a statement that used 
to explain other alternatives or the suitability of a claim (McNeill, 2011; Mcneill & Krajcik, 
2008; McNeill & Martin, 2011). 

Meanwhile, when students are giving their argumentation, they also do mathematical 
activities, such as: make conjectures, provide justification, and make conclusions (Knudsen et 
al., 2014). For example, when students make conjectures, they must provide justification using 
relevant and logical evidence against their conjectures, so that the conclusions can be made. In 
line with this, according to Toulmin (2003), that: 1) argumentation and proof are considered as 
rational justifications; 2) argumentation and proof are served to convince; 3) argumentation and 
proof are presented to the general public; and 4) argumentation and proof are became a “field”. 
It means, argumentation and proof can be said to be an activity have an important role in 
proving mathematical statement and is a part of mathematical proof. 

The relationship between argumentation and proof were found in mathematical proof 
(Hapipi et al., 2019; Laamena, 2017). Mathematical proof is a fundamental part in mathematics 
(CadwalladerOlsker, 2011), it also the process of building a set of arguments correctly and 
logically so that related according to the rules of inference which aims to validate the truth of a 
mathematical statement (Firmasari & Sulaiman, 2019; Kartini & Suanto, 2015). Various 
methods of mathematical proof have been introduced in secondary education and will be 
discussed more in higher education (Firmasari & Sulaiman, 2019), which one in proving 
mathematical induction. 

Mathematical induction is a method of proving mathematical induction that can be used to 
prove the truth of a statement that applies to all natural numbers and positive integers from 
several variables (Firmasari & Sulaiman, 2019; Hine, 2017). The steps in proving mathematical 
induction (Michaelson, 2008), include: 1) the initial step, such as: "Show that P(n) is true where 
P is the identity to be proven and n is the first natural number whose identity is true" ; and 2) the 
inductive step, such as: "If P(k) is true for every k ≥ n, then show P(k+1) is true". 

In addition, not only argumentation in proving mathematical induction, but students' 
mathematical abilities are also needed which may have implications for both of them. 
Mathematical abilities are often referred to the ability when student uses to solve mathematical 
problems, as well as the ability to obtain, process, and save the mathematical concept (Karsenty, 
2014) that give new mathematical understandings and skills for them. Nizoloman (2013) states 
that mathematical abilities are related to the process of using or manipulating numbers 
effectively in solving mathematical problems, which can help students to find various 
alternative solutions. This is closely related to the diversity of arguments that students produce 
when they do argumentation, then they used in mathematical proof. The mathematical abilities 
in this study are the results of test that consist of low, medium, and high mathematical abilities 
(Pungkasari et al., 2020). 

The descriptions show that mathematical abilities can underlie the existence of students' 
argumentation in mathematical proof. This means that through the existence of different levels 
of students' mathematical abilities, it can be seen how argumentation generated by students are 
used as part of mathematical proofs, in this study is proving mathematical induction. Therefore, 
this article to examine and explain descriptively about students' argumentation who have low, 
medium, and high mathematical abilities in proving mathematical induction. 
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2. METHOD 
This research is a qualitative research with descriptive explanation (Miles et al., 2014) which 
aims to describe senior high school students' argumentation in proving mathematical induction 
based on mathematical abilities. The subjects were six senior high school students in Surabaya 
who had been given the test of mathematical abilities on compulsory mathematics material for 
tenth grade in odd semester. The subjects were also grouped into three levels of mathematical 
abilities using the fixed comparison method to triangulate the research data sources, namely two 
students have low mathematical abilities with their score less than 70, two students have 
medium mathematical abilities with their score equal to 70 up to less than 85, and two students 
have high mathematical abilities with their score more than or equal to 85. The subjects that 
have been categorized were mention such as in the following table below. 

 
Table 1. The subjects of this research based on students’ mathematical abilities 

Initial Score The Category of 
Mathematical Abilities 

Code 

AW 57 Low L1 

US 61 Low L2 
AR 78 Medium M1 
DW 83 Medium M2 
PA 88 High H1 
MV 95 High H2 

 
Meanwhile, the research data was collected through a written test which contains the 

problems in proving mathematical induction about sequence and series at the third level. Then, 
the data will be analyzed according to Miles et al. (2014), including: 1) Condensation of data by 
sorting data from the results of the test of proving mathematical induction that according to the 
focus of research and the needs of the researcher; 2) Presentation of data to understand and 
analyze data in depth related to senior high school students' argumentation in proving 
mathematical induction using data that has gone through the data condensation stage and refers 
to McNeill & Krajcik's (2012) argumentation components; and 3) Make conclusions in 
accordance with the theory used in this study. 

3. RESULTS AND DISCUSSION 
Based on the research that has been done, it shows that six subjects who are divided into three 
categories of mathematical abilities have differences way in generating their argumentation in 
proving mathematical induction. The difference can be seen in the completeness of the initial 
step and the inductive step which they made. 

 

 
Figure 1. The initial step in proving mathematical induction of L1 
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Figure 2. The inductive step in proving mathematical induction of L1 

 
Based on Figure 1 and Figure 2, it can be seen that L1 can write down the initial step and the 

inductive step in proving mathematical induction from the given problem. Figure 1 shows that 
L1 can provide evidence in the form of a statement on the claim is true for n = 1. However, L1 
did not provide reasoning in the inductive step which caused the solution were produced did not 
complete, as in Figure 2. In addition, L1 also did not provide another alternative as a form of 
rebuttal to complete the argumentation regarding a claim which is mentioned in the given 
problem. This causes L1's argumentation to be fulfilled only claim and evidence. 

 

 
Figure 3. The initial step in proving mathematical induction of L2 

 

 
Figure 4. The inductive step in proving mathematical induction of L2 

 
Figure 3 and Figure 4 show that L2 can solve the given problem by using the steps of 

proving mathematical induction, which can be seen from the initial step and the inductive step it 
produces. However, unlike L1, L2 can provide evidence and reasoning at the initial step (see 
Figure 3) and the inductive step (see Figure 4). Meanwhile, rebuttal was not given by L2 
because the results of the given proof were in accordance with claim on the given problem. This 
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causes argumentation which generated by L2 to be fulfilled in a claim on the given problem, 
evidence, and reasoning. 

In the description above, both L1 and L2 who have low mathematical abilities in proving 
mathematical induction do the various solutions. Both of them can provide evidence, but 
reasoning is only given by L2. 

 

 
Figure 5. The initial step in proving mathematical induction of M1 

 

 
Figure 6. The inductive step in proving mathematical induction of M1 

 
In the Figure 5 and Figure 6 show the M1's argumentation when proving mathematical 

induction with the initial step and the inductive step, it causes all three components of the 
argumentation to be fulfilled. Both of them are claim, evidence, and reasoning. One component 
that does not appear is rebuttal because the evidence produced by M1 is in accordance with 
claim on the given problem. 

 

 
Figure 7. The initial step in proving mathematical induction of M2 
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Figure 8. The inductive step in proving mathematical induction of M2 

 
In Figure 7 and Figure 8 above, it can be seen that M2 can solve the given problem through 

the steps in proving mathematical induction. Figure 7 shows that M2 is able to solve the 
problem at the initial step by bringing up evidence. Then, Figure 8 shows that M2 also provides 
evidence and reasoning in the inductive step of mathematical induction. This means that the 
components of the argumentation produced by M2, namely evidence and reasoning, can support 
and prove the truth of a claim in the given problem. 

The description above shows that both students who fall into the category of medium 
mathematical abilities, namely M1 and M2, do the initial step and the inductive step correctly. 
This is because both can build evidence and reasoning that supports the existence of a claim on 
the given problem. 

 

 
Figure 9. The initial and the inductive step in proving mathematical induction of H1 

 
In Figure 9, it shows that H1 uses the initial step and the inductive step in proving 

mathematical induction. This causes H1 to be able to bring up the argumentation's components, 
namely evidence and reasoning, which support the truth of a claim in the given problem. 
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Figure 10. The initial step in proving mathematical induction of H2 

 

 
Figure 11. The inductive step in proving mathematical induction of H2 

 
Based on the completion of H2 in proving mathematical induction as shown in Figure 10 and 

Figure 11 above, it shows that H2 can perform the initial step (see Figure 10) and the inductive 
step correctly (see Figure 11). In addition, H2 can also produce evidence and reasoning that 
supports a claim on the given problem, as shown in both figure. In other words, the 
argumentation which generated by H2 are based on the components of evidence and reasoning. 

From both senior high school students who fall into the category of high mathematical 
abilities, namely H1 and H2, it shows that they're proving mathematical induction with the 
complete and correct ways. This is because both of them can build evidence and reasoning that 
supports the existence of a claim on the given problem. 

Thus, it is seen that argumentation plays a role in producing appropriate evidence in proof 
(Hapipi et al., 2019; Laamena, 2017), especially in proving mathematical induction. This can be 
seen from the initial step and the inductive step which is produced by all subjects (Michaelson, 
2008) which are supported by McNeill & Krajcik's (2012) argumentation components, namely 
claim, evidence, and reasoning. In addition, it is also seen that the mathematical abilities of all 
subjects have an effect on bringing up appropriate solutions (Nizoloman, 2013) with the steps in 
proving mathematical induction. 

Furthermore, it is also seen that senior high school students with medium and high 
mathematical abilities can generate evidence and reasoning in proving mathematical induction. 
However, senior high school students with low mathematical abilities can only produce 
evidence in proving mathematical induction. Meanwhile, rebuttal was not generated because the 
results obtained by all subjects did not contradiction with a claim which given to the problem. 

4. CONCLUSION 
We can conclude that senior high school students who have low mathematical ability can prove 
mathematical induction. Both of them were bringing up claim and evidence for the initial step, 
but one was bringing up reasoning for the inductive step. It can be said that they propensity both 
claim and evidence of the argumentation components which were representing their 
argumentation. Meanwhile, senior high school students who have medium and high 
mathematical abilities can also prove mathematical induction with their argumentation. Both on 
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the initial and inductive step, they were bringing up claim, evidence, and reasoning. So that, it 
can be said that they propensity in all argumentation components which were representing their 
argumentation.   
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