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Abstract. This study aims to describe and analyze mathematical reflective thinking ability in terms of mathematical
resilience in mathematics student teachers. Three participants of this qualitative descriptive study were 4th-semester
student teachers at one of the universities in Jakarta, selected using the purposive sampling technique. The research
instruments used were a mathematical reflective thinking ability test, a mathematical resilience questionnaire, and an
interview guideline. Data was validated using time triangulation and analyzed using the constant comparative method,
with the following steps: (1) data reduction and categorization; (2) data presentation; and (3) concluding. The results
showed that the student teachers with high mathematical resilience had good mathematical reflective thinking skills
because they could fulfill all mathematical reflective thinking ability indicators and have high self-confidence and
assurance. Meanwhile, student teachers with moderate resilience lacked mathematical reflective thinking ability because
they could not meet all indicators, were less thorough, and lacked details even though they had good enthusiasm and self-
confidence. Meanwhile, students with low resilience had poor mathematical reflective thinking ability, were careless and
not detailed, and tended to quit when encountering difficult problems.

INTRODUCTION

The COVID-19 pandemic has influenced all sectors globally, including the education sector, to utilize digital
technology in their daily lives. The optimal use of digital technology is one of the characteristics of the 4.0 Industrial
Revolution [1], [2]. Dealing with the 4.0 Industrial Revolution requires high adaptation and consistency so that
careful preparation is a must [3 - 4]. One of the important elements to consider is preparing and improving the
competence of graduates who have 21st-century skills (Learning and Innovations Skills).

The 21st-century skills have five main domains; one of them is the thinking skill. In addition, the thinking skill is
also an aspect of life skills that need to be developed through the educational process [5 - 7]. Through thinking
skills, a person can observe and solve all life problems, including mathematics. When a person does mathematics,
whether it is only to understand mathematical concepts, use them in solving mathematical problems, or use
mathematics in everyday life, of course, must be accompanied by thinking skills. Therefore, thinking skill is
essential that for every student at every level of education.

One of the thinking skills included in the Higher Order Thinking Skill (HOTS) is the ability to think reflectively
[8]. The reflective thinking ability is called "the capacity of human minds and brains in understanding and creating
knowledge™ [9]. In comparison, [10] defined the reflective thinking skill as a process of interpreting one experience
to the next one by making a deeper understanding of the relationship and connecting other experiences or ideas.
Furthermore, it is stated that reflective thinking ability will certainly be critical in solving mathematical problems,
called mathematics reflective thinking ability [11].

In addition to the ability of reflective thinking mathematically, a positive adaptive attitude is also needed [12] in
solving mathematical problems, a quality attitude [13] reflected in a diligent and persistent attitude despite facing
problems in learning mathematics. The attitude is mathematical resilience, one of the attitudes of internal factors
affecting a person's success in learning mathematics [14 - 15]. This is evidenced by [16] research that students with
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high mathematical resilience could solve mathematical problems well, while students with low resilience have more
weaknesses in solving mathematical problems.

Therefore, both mathematical reflective thinking skills and mathematical resilience are interesting and important
to study. Several previous studies have been carried out, for example examining the mathematical reflective thinking
ability with certain learning models or strategies, such as problem-based learning, metacognitive and Argument-
Driven learning, scaffolding strategies, and knowledge sharing learning strategies [17 — 20]. Also, the study of
mathematical reflective thinking ability was associated with other mathematical abilities, learning styles, and even
students' initial abilities, including reflective thinking and problem-solving abilities [21 - 22], reflective thinking
ability and prior knowledge [23 - 24], reflective thinking ability and learning styles, interest in learning and even
self-confidence [25 - 27].

On the other hand, research related to mathematical resilience is also diverse. Many are also related to other
mathematical abilities, for example, mathematical communication skills based on mathematical resilience [16], [28]
and problem-solving and mathematical literacy in terms of resilience [29 - 30]. Creative thinking and critical
thinking abilities are developed from students’ mathematical resilience [31- 33] and reflective thinking skills in
terms of students' mathematical resilience [34].

Previous studies mentioned above were conducted mostly on high school students. Only one study was related to
mathematical reflective thinking ability in terms of mathematical resilience, conducted in Semarang with vocational
students as the research subject. Thus, it is necessary to study mathematical reflective thinking ability in terms of the
mathematical resilience of mathematics student teachers as the related study is limited. This study aims to describe
and examine in-depth the mathematical reflective thinking ability in terms of the mathematical resilience of
mathematics student teachers at a university in Jakarta.

METHOD

This research is a qualitative descriptive study. It was conducted at one of the universities in Jakarta, and the
research participants were mathematics student teachers in the fourth semester. The instruments used were a
mathematical resilience questionnaire, a mathematical reflective thinking ability test, and an interview guideline.

The mathematical resilience questionnaire consisted of 32 items, with positive and negative statements. It had
been tested for validity and reliability so that it can be used to measure the mathematical resilience of mathematics
student teachers. The indicators of the mathematical resilience used in this study are: (1) Having the belief that
mathematics is valuable and worthy to be practiced and studied; (2) Having the will and persistence in learning
mathematics, despite the difficulties, obstacles, and challenges; (3) Having the self-confidence to learn and master
mathematics, based on an understanding of mathematics, the ability to create strategies, the assistance of tools and
other people, and experience; (4) Have a defensive nature, never quitting and always give a positive response.

The mathematical reflective thinking ability test comprised five problems that satisfied the reliability and validity
test and thus can be used to measure the reflective thinking ability of mathematics student teachers. The indicators of
mathematical reflective thinking ability used in this study are: (1) Analyzing the truth of the
problem/solution/analogy or generalization of mathematics; (2) Identifying mathematical concepts or formulas used
in non-simple math problems; (3) Discovering various strategies in solving mathematical problems.

This study used a semi-structured interview because it is more flexible and can dig answers from the participants
more sharply. Interviews were conducted with the participants selected based on their level of mathematical
resilience. The questions asked were related to the mathematical reflective thinking ability test completed
previously.

The researchers employed a triangulation method: the test, documentation, and interview to examine the data
validity. The data analysis of this research used the constant comparative method. Data analysis is done by the
constant comparative method, comparing one datum to another, then constantly comparing categories with other
categories [35]. The steps in data analysis include: (1) reduction of data and categories by selecting data according to
what is being studied and removing the unnecessary data from the data analysis process; (2) data presentation, where
the reduced data is presented based on the needs in analyzing mathematical reflective thinking ability in terms of the
mathematical resilience of mathematics student teachers; and (3) concluding and verification, where the data
presented is compared and analyzed based on indicators of the mathematical reflective thinking ability test and
adjusted to the level of mathematical resilience of research participants.
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RESULTS AND DISCUSSION

Result

Twenty-eight mathematics student teachers were selected as the participants in this research, and a mathematical
resilience questionnaire was administered to determine the category of their mathematical resilience level. The level
of resilience was determined by adopting Srifuddin in [16], as presented in Table 1. Students are in the high
resilience category when their score is greater than or equal to 2.7, the moderate category if it is between 1.2 and
2.7, and the low resilience category when the score is less than 1.2.

TABLE 1. The Classification of Mathematical Resilience Level

Criteria Score Category

X > (M+1SD) X=>2.7 High resilience

(M-1SD) < X < (M+1SD) 1.2<X<2.7 Moderate
resilience

X < (M-1SD) X<1.2 Low resilience

The score of the mathematical resilience was not an interval scale. Thus, the Rasch model approach, with
Winstep 4.3.3 software, was employed to modify the scores into interval data to operate. Figure 1 presents the
output of the winstep program.
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FIGURE 1. The Output Measure Order Using Winstep 4.4.3
The mathematical resilience level of student teachers can be summarized in Table 2. Most mathematics student
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teachers have moderate resilience (17), seven people with high resilience and five people with low resilience.

TABLE 2. Resilience Level Categorization Results

Resilience Level Freguency
High 6
Moderate 17
Low 5

Next, one research subject from each category of mathematical resilience was chosen, RF (coded S1) for the
high category, SN (coded S2) for the medium category, and LG (coded S3) for the low category. The three subjects
were chosen by purposive sampling in order to achieve the objectives of this study. The data analysis results of each
subject and the triangulation of the method carried out will be discussed in the following section.

Discussion

The discussion of the three research subjects is presented one by one, starting from the research subject with
high, followed by medium and low resilience levels.

S1 with High Resilience

Problem 1: Let there is a 12-hour clock. It contains the numbers 1,2,3...,12, assumed to be S and 2x8 = 4, 3x6 = 6,
5x7 = 11 and so on applies. In addition, we can also construct a system named U (12), consisting of {[1], [5], [7],
[11]3}, which is a group.
Note that:
Similar to the 12-hour clock, we can also construct another clock system.
Suppose R = {1,2, 3...,15} is the set containing all numbers in the 15-hour clock and U (15) = {x € RI GCF
(x,15) =1}.
Question: Clarify the similarity mentioned in point an and explain the principles, rules, or concepts related to the
similarity!

The indicator of Problem 1 is able to analyse the truth of the question/solution/analogy or generalization of
mathematics. The research subject is asked to clarify or analyse the truth of the analogy or similarity of the case in
the problem. Figure 2 shows S1's answer for Problem 1, and Table presents the result of the S1 interview related to
Problem 1.
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FIGURE 2. S1 answers for Problem 1
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TABLE 3. S1 Interview Results for Problem 1

Researcher (R) Subject 1 (S1)
Do you understand the problem? Alhamdulillah, I can understand it clearly.
Please, Explain. So Problem 1 asks us to find and explain the
similarities in this problem.
How many similarities have you found? There are several similarities. For example, the 12-

hour clock is similar to the 15-hour clock system, S12,
and R15. Then, the operations that apply to S12 are
also similar to the operations apply to R15. If S12
applies modulo 12, if R15 applies modulo 15.

Also, U12 and U1 have the same members of the set,
and both are the GCF of 12 or 15, that is 1.

Did you just read and answer when you did this I didn’t understand it right away, but it can be

problem, or did you need time to understand the understood if you read it slowly, think about it

problem? carefully, understand what the question wants, look at
what is known in this problem one by one.

After solving problem 1, did you re-check the I re-checked it. I'm worried that | missed some

solution? information, so I have to re-check it before continuing
to Problem 2

Are you sure with your answer? God's willing. Hopefully, it is perfect.

Can you re-check the last sentence? Oh yes, something is incorrect; | was not careful in

calculating the GCF x with 15.

Figure 2 and Table 3 reveal that S1 cannot directly answer Problem 1. However, S1 was confident that s/he
could answer this question even though it takes time to understand the problem. The answers show that S1 could
answer this question well. S1 could translate all the information in the problem and clarify all similarities in the
problem. S/he also reflected at the end of the stages before moving on to other problems. There was an error at the
end of the solution due to not being careful, and s/he could realize the mistakes if given another chance.

Furthermore, we analyse S1's answer for question Problem 2, as follows.
Problem 2: Let (Z6, +) is a group. From the following five subsets of Z6: A. {0}; B. {0,1}; C. {0,3}; D. {0,2,4}; E.
{0,1,2,3,4,5}.
Quiestion:
a. ldentify all the concepts, rules, properties, or formulas used to make the five subsets above into a subgroup
(z6, +).
b. If any, choose a subset that is not a subgroup of (Z6+), and explain!

This indicator of this problem is able to identify mathematical concepts or formulas used in non-simple math
problems. S1°s answer and interview results are presented in Fig. 3 and Table 4.

040002-5



@ (2‘ )‘,ealnf Sebuth, ju{)

s 2623, v e, d™

on PN

W - 050

:I@J"Q»ﬁa

|

|

l 5E]
'>’“ bl Mpm.y subqwpP \1 ol ’ f\-"’::l:‘:iﬂ (J”
odatata, qrap dan W o doah sitbwet bete vﬁ ]

daw

o ;‘v‘a ca CH®) owe.,..'v/- Subgrup
i‘u." %) edashh g

ryenas subgrep
% Ao ora ‘:al«l(“ subs 4 tat (osan dan

Ly ola

. k. ra:. ° Jnumh«n suh da L
' '"eﬁuva =pe “"m 6 Tea dan hawya 1 ’3' <4J =2 o (?1
B ata o A subgnep da¥ Tz H. t# [o |
J‘r‘f ’»u ,rra"f""" berlaba < €

L 2 Masaman U wdl swheet fac EoSu dan |
A mrwa

£ e d
& . Maa W &t ’w‘jw{? darn C nu dan bar\?ﬁ Jh‘
ave - 'InéH dan b EH

V,r Rk Sennp> 4 b £ (' oértatu
T ~ 10wp P crivron A ’ s
* “(corr ma 5 .
‘Mrtaan U adt Sulpsed Al yrso:J daw glup berkingga

’ ke Y Suk"'l dni G Jq lw‘jn L
ke gebap ‘a. he H henaeu b€ H ~
[ o fevebet  JoM - [otY, fod S
Nab, Ixrdagayion seat bu 0 ) h:“ )?‘f mz:“‘ ) S '“"'“~ Jou 1 N _.P».L«m  runpatan suhanep
oulr e 3 e Y """"Pa n_su 2 r)l 2%
(_ozz 2% ¢ = ( (,H) [ anwt ( ‘r() kanna add
'“, \,,.\_,a (‘,f-yi - aras ada‘an ‘“ﬂ”“j el (& J* (- 2 P U 7
G ,:r\un rumbiat Hebel ecdaSarkcan subset fsb, 0.l /L.\ e it «pn. ikt Z/J fidae
Fatau” ‘ms: X hasil fabet \')' butean n—mzu‘« e’ l l\_?J” 'T'NN u‘L Ja.. G/lj V Ko \!‘2?
Subet ho maka  (ubied 5B butan gu 40 .
xl'r‘l"n . ) /) /\Iz‘ur\{J dia uratan ..|/..~ {inq.,.“, ., ,'_ 0l )
A. o ’ — aduph Subgrp  dan (¥ " hbulhlan d4 b , uniuk Sia ben -
1
5- ‘-_‘\ﬂj — butcan subgrep daw /"(&‘/ ‘ﬁxun,‘-llm‘ am butehian, dr Aqu wwp a, b £ (¢

,\Jr\\n enawu pada a b, b LH dhy a Ha ,‘,é H.
7 Pengunaieea F foeemn Grhgnyp < prmbug Wan y

Akstma "J .

0 \
[ o 1
{ 1 2

FIGURE 3. S1’s answers for Problem 2

TABLE 4. S1’s Interview Results for Problem 2
Researcher (R) Subject 1 (S1)

Problem 2 is easy, isn’t it? Not really. Many steps must be taken. If you are not careful, you can
make mistakes when choosing a non-subgroup.

What should be done to First, I summarized the concepts for the subgroup. The next step was

solve Problem 2? to choose one of the subgroup concepts that | could use for the five
subset options in the problem. Then, | checked options A to E to
determine which ones are not the subgroup of (Z6, +).

After concluding which Yes, | re-checked to ensure there were no forgotten concepts and

option is not a subgroup of typos.

Z6, did you re-check your

long answer?

So, are you sure about your ~ God's willing Yes, | am sure.
answer?

Figure 3 and Table 4 indicate that S1 could identify the concepts asked by the problem, solve mathematical
problems given calmly and not in a hurry, was confident and sure that s/he could solve this problem even though the
stages were not simple. S1 was also able to carry out the reflection stage at the end before moving on to the next
problem. Figure 3 and Table 4 also inform that S1 could find various strategies for solving mathematical problems,
connect old experience with new knowledge in solving math problems, carefully think when solving the problem
step by step, and not forget to re-check the solution before moving on to another problem.
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Subjects 2 (S2) with Medium Resilience

S2’s answers can be seen in Figure 4 and Figure 5, and the interview results are shown in Table 5.
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FIGURE 5. S2’s answers for Problem 2

TABLE 5. The Interview results of S2

Researcher (R) Subject 2 (S2)
We will discuss Problem 1 Ok
Do you understand the problem? Yes, the similarity analysis of the data in Problem 1.

Explain! So, in this question, there are several same analogies. Now, we are asked

to analyse whether the analogies in this problem are the same.

So, how many of the same First, the concepts of the 12-hour or S clock system are the same as the
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Researcher (R)

Subject 2 (S2)

analogies did you manage to
analyse?

Avre there any other analogies that
have not been analysed?

Are you sure this is the correct
answer?

This problem is easy, isn’t it?

After you did this problem, did you
re-check your answers?
Problem 2 is not difficult, is it?

What are the steps to solve it?

After concluding which option is

not a subgroup of Z6, did you re-
check your answer?

15-hour or R clock. The S members are 1 to 12, while R members are 1
to 15

Then, U12 and U15 have similarities because both members have GCF
=1, with 12 for U12 and with 15 for U15.

I think that’s all

Yes, | am sure. Hopefully, it is correct.

Not really. | had to re-read many times to understand what the problem
wanted. This question is a bit different from the usual questions.

Yes, | did. To ensure whether there is anything wrong in the calculation
or writing of the symbol.

It is the same as Problem 1. It needed concentration, and it was not
enough to just read it once. | needed to re-read so that | didn't make a
wrong step.

| understand the data given in the problem.

I looked for what was asked in the problem, then explained the concept
of a subgroup using four group axioms. Next, | tried out the concept of
the five known subsets in the problem and concluded which subset is not
a group.

Yes. | re-check, but | am a little doubtful. There are so many that are not
subgroups.

Figure 4, Tables 4 and 5 show that S2 cannot immediately solve Problem 1. However, S2 tried to re-read the
problem so that s/he could understand and re-try to solve Problem 1. Although s/he was not completely sure of the
answer, S2 kept trying, as evidenced by some concepts that had not yet been clarified and S2’s explanation not as
detailed as S1. This indicates that S2 had not been able to translate all the information. However, S2 reflected at the
end of the stage before moving on to another problem.

Furthermore, for Problem 2, S2 could not identify all the concepts requested by the problem, find various
strategies for solving mathematical problems, not connect old experience with new knowledge well in solving math

problems.

Subject 3 (S3) with Low Mathematical Resilience

S3’s answers can be seen in Fig. 6 and 7, and the interview results are shown in Table 6.
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FIGURE 6. S3’s answers for Problem 1
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FIGURE 7. S3’s answers for Problem 2
TABLE 6. The Interview Results of S3
Researcher (R) Subiject 2 (S52)

The answer to Problem
1 is interesting. Please,
explain it to me.

What about Problem
2? Is it also hard?

After doing the
problem, did you re-
check your answer?

Yes, | had read it many times but still didn't understand. | tried to write
something, but | was not confident. | finally gave up and moved on to
another problem because | was worried that | would run out of time.

It was easier to understand than the previous problem, but I still had
doubts. There are many things to identify. There are subsets, subgroups,
and not to mention groups.

No, I surrendered. | had a headache.

Figure 6 and Table 6 reveal that S3 could not solve Problem 1. She felt the problem was difficult and did not
understand what was being asked in the problem. S3 felt hopeless and was unsure that s/he could solve the problem,
so s/he quitted trying and failed. However, S3 managed to identify the known data in the problem. S3 also made an
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error in presenting the mathematical concept requested by Problem 2, did not match the concept to all the data given
in the problem, and did not reflect before moving on to another problem. S3 could not discover various strategies for
solving math problems nor connect previous experiences with new knowledge in solving math problems.

Lo

10.

11.

CONCLUSION

Based on the results and discussion in this study, the following are the conclusion of this study.

a. Mathematics student teacher with a high level of mathematical resilience could meet all indicators of
mathematical reflective thinking ability, explain the identification of known facts and data, identify the
problem and explain strategies to conduct, link experience with new knowledge, think with full
consideration, confidence and certainty when working problem-solving step by step. The student also did
not forget to re-check the answer before moving on to other problems.

b. The student with moderate mathematical resilience did not fulfill all indicators of mathematical reflective
thinking ability. However, they could explain the identification of known facts or data, explain the
identification of the problem. S/he could not translate all the available information but could explain the
strategies conducted despite not being detailed. S/he continued to try to solve the problem and did not give
up. S/he also reflected at the end of the stages before moving on to other problems.

c. The student with low mathematical resilience could only fulfill some indicators of mathematical reflective
thinking ability. S/he could explain the identification of facts despite incomplete. On the other hand, s/he
could not explain the problem and the strategies used. S/he was careless in solving the problem, could not
explain the conclusions correctly, and quitted when experiencing problems in solving problems.
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