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Abstract. A growing body of literature has showed that mathematical reflective thinking ability plays a crucial role in the
learning process. Mevertheless, students” mathematical reflective thinking ability are not always in a good condition.
Therefor The overarching objective of this qualitative study sought to explore the mathematical reflective thinking abilities
of senior high school students in the science and social studies specialization program. A tofal of ten senior high school
students inwest java participated in the study. The data collecting used were observation, tests, and interviews, Triangulation
strategy used to develop a comprehensive understanding of phenomena. The results showed that senior high school on
science program were unable to fulfil all the indicators in each phase of reflective thinking. The phase that was mastered by
students is the reacting phase, the phase that is sufficiently mastered by students is the elaborating/comparing phase, while
the contemplating phase for students is still diverse. conversely the average subject on social program were only mastered
the cormparing phase where the subject could explain the answers obtained and could relate the problems asked to the
problems they had faced. Furthermore, the reacting and contemplating phases were still not optimal because there were still
subjects who did not write down and state what was asked and known and did mot make final conclusions correctly.

INTRODUCTION

The COVID-1% pandemic has mfluenced all sectors globally, including the education sector, o tilize digital
technology in their daily lives. The optimal use of digital technology is one of the charactenistics of the 4.0 Industrial
Revolution[1]. Dealing with the 4.0 Indusinal Revolution requires high adaptation and consistency so that careful
preparation 15 & must[2]. 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 21 st-century skills have five main domains; one of them is the thinking skill. In addition, the thinking skill 1s
alzo an aspect of life skills that need to be developed through the educational process[3]-{6]. Through thinking skills,
a person can observe and solve all life problems, mcleding mathemnatics. When a person does mathematics, whether it
iz 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 15 essential that for every
student at every level of education.

One of the thinking skills included in the Higher Order Thinking Skill (HOTS) 15 the ability to think reflectively
[7]. The reflective thinking ability is called “the capacity of human minds and brains in understanding and creating
knowledge" [B]. In comparison, [%] 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 15 stated that reflective thinking ability will certainly be critical in solving mathematical problems,
called mathematics reflective thinking ability [10]-[12].

The previous research mentioned above has not captured students’ mathematical reflective thinking abilities for
science and social studies classes, so this research will fill this gap. This research aims to photograph and examine in
depth the mathematical reflective thinking abilities of high school students majoring in science and social studies.

METHODS

This study used gualitabive rescarch methods. The gualitative research method 15 one of the methods that can be
used to solve a research problem by using these data, such as narratives derived from interviews, observations, analysis
of other supporting documents [13].
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This research interprets the qualitative data and desenbes it in order to get an in-depth picture of the descnption of
the reflective thinking shilities of high school students in tngonometry both Science and Social Studies. This research
was carmed out at one of the high schools in Indonesia and the participants were 5 stedents in both class X science and
social studies.

Data collection techniques in this study were using written test technigues, interviews, and observations. In the
written test technique, the researcher gave two types of written tests, namely the initial mathematical ability test and
the mathematical reflective thinking ability test. The mathematical reflective thinking ability test consists of b questions
which contain material on the sine rule, cosine rule and the area of an arbitrary triangle. This test is then strengthened
through interviews. The mterview guide consists of 13 questions arranged according to indicators of reflective
thinking.

Thik study uses the reflective thinking phase [14]owhere there are 3 phases, namely: reacting,
elaborating/comparing, and contemplating. The following 15 a table explaining the indicators of mathematical
reflective thinking ability according to [15]:

TABLE 1. Indicators of Mathematical Reflective Thinking Ability

No Phase Indicator
i State what 15 being asked.
State what is known.
¢.  Mention the relationship between what is ssked and what is
known.
d.  Being able to explain what is known 15 enough to answer what is
asked.
Explain the answers or solutions that have been obtained.
Relate the problems asked to the problems that have been
encountered.
Determine the intent of the problem.
Dietect errors in answers,
Correct and explain if an error occurs in the answer.
Make the nght conclusions.

T

1. Reacting

=
Ea

Elahorasing Comparing

i Comtemplating

= E

In this study, the ability to think mathematically reflectively was grouped into 3 categones, namely: reflective, less
reflective and non-reflective. Students are said to be reflective if students can do all phases of reflective thinking well;
students are said to be quite reflective if students are unable to go through a phase of reflective thinking; and students
are said to be less reflective if students are unable to go through one'twoe phases of reflective thinking and cannot go
through one/two phases of reflective thinking [ 16].

RESULTS AND DISCUSSION

The results section of this research will present the results of research on students majoring in science, then
continued with the results of research on social studies students. Five subjects from each department were selected
based on several aspects including the results of discussions with mathematics teachers, students” shility to
communicate well, and students' willingness to be subjects in this research. analysis of several research findings
obtained from answers and interviews conducted with research participants regarding trigonometry comparison
material. The results for participants from the science group will be presented first as follows. One of the answers from
[PA-1 Participants i as shown in Figure 1 below:
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FIGURE 1. IPA-] work results
Then interviews were conducted with IPA-1 participants as in table 1 below:

TABLE 2. IPA-1 Participant Interview Results
R ¢ In your answer, number 2 didn't you write down what was asked. right? Can you
please state what is being asked and what is known from number 27
IPA-1 ‘Known = Angle C 120°, Angle B 307, Side AB 12¢m

R : Do you think there is a connection between what is asked and what is known?
IPA-I : Asked? = AC side = b
R ‘Then do you think the existing information is enough to answer the question?

1PA-I :That's enough bro. that's enough

In the reaction phase, in Figure 1, the [PA-1 subject was only able to write down what he knew. However. when
the IPA-1 subject was interviewed, he was able to state what was known and what was asked. In the interview excerpt
above, it can also be seen that the [PA-1 subject stated that there was a relationship between what was known and what
was asked. Furthermore, the IPA-1 subject stated that the information provided in the questions was sufficient to
answer the questions given.

In the claborating/comparing phase, the IPA-1 subject was able to describe the solution process obtained from
beginning to end according to Figure 1. RP subject stated that he had never faced a similar problem before.

In the contemplating phase, based on the results of the interview, the IPA-1 subject revealed that he had little
understanding of the meaning of the questions given. There are deficiencies in the results of the IPA-1 subject (figure
1), but the IPA-1 subject can detect where the deficiencies or errors are in the answers and is able to correct the errors.
Furthermore, the IPA-1 subject was able to make conclusions from the answers even though the conclusions given
were not correct.

Based on the analysis above, IPA-1 subjects can go through all the reacting phase indicators, can go through all the
claborating/comparing phase indicators, and can go through all the contemplating phase indicators. From this analysis,
the IPA-1 subject can be said to be reflective in its mathematical reflective thinking abilities.

Furthermore, the results of the answers from 1PA-2 are as shown i Figure 2 below:
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FIGURE 2. Results of IPA-2 work

In the reaction phase, the IPA-2 subject can state what 1s known and what is asked according to the information in
the question. Furthermore, from the results of the interview, the [PA-2 subject said that there was a relationship between
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what was known and what was asked and the IPA-2 subject stated that the existing information was sufficient to answer
the questions given.

In the elaborating/comparing phase, the [PA-2 subject is able to describe the solution process obtained from start
to finish according to Figure 2 and believes the solution 15 correct. Furthermore, the IPA-2 subject stated that he had
never faced a similar problem before.

In the contemplation phase, the IPA-2 subject stated that he understood the questions given. Furthermore, it was
shown that the IPA-2 subjects were unable to detect exactly where the error was in their work, but when they were
told the location of the error, the IPA-2 subjects were able to correct the error. Based on the results of their work, the
IPA-2 subjects did not make conclusions, but when interviewed, the [PA-2 subjects were able to explain the
conclusions obtained from their work. The results of interviews conducted with IPA-2 are shown in table 2 below:

TABLE 3. IPA-2 Participant Interview Results
R : Well, the answer is correct. What is the conclusion of the problem?
IPA-2 : So. the distance from a to ¢ is 10 root 61 km.

Based on the analysis above, the IPA-2 subject can go through all the reacting phase indicators, can go
through all the elaborating/comparing phase indicators, and can only go through some of the contemplating
phase indicators. From this analysis. the IPA-2 subject can be said to be less reflective in his mathematical
reflective thinking abilities.

The results of the answers obtain. IPA-3 research participants are as shown in Figure 3 below:

FIGURE 3. Results of [PA-3 wor

TABLE 4. [PA-3 Participant Interview Results

R : So, do you think there 15 a connection between what 1s known and what is asked?
IPA-3 : There is
R :Okay. So do you think the existing information is sufficient to answer this question”

1PA-3 : Already

In the reaction phase, as seen from Figure 3, the [PA-3 subject was able to state what was known and what was
asked. During the interview, the IPA-3 subject stated that there was a relationship between what was known and what
was asked. Furthermore, the IPA-3 subject stated that the available information was sufficient to answer the questions.

In the elaborating/comparing phase, the [PA-3 subject is able to describe the solution process obtained from start
to finish according to Figure 3 and believes the solution is correct. However, the IPA-3 subject stated that he had never
faced a similar problem before.

040018-4



In the contemplating phase, from the results of the interview, the 1PA-3 subject stated that he understood the
meaning of the questions given. The IPA-3 subject was confident in the answers he had worked on and said that he
had checked his answers again. In Figure 3 there are slight errors in the results of the IPA-3 work, but [PA-3 cannot
detect the location of the error in the answer and also cannot comrect the error. Furthermore, the 1PA-3 subjects were
able to make comrect conclusions. The following 15 an excerpt from the interview:

TABLE 5. IPA-3 Participant Interview Resulis
< For number 1, do vou understand what the question means? What is being asked?

E

[PA-3 - Mstance between city A and city B

4 : Then for number 2, have vou checked the answer yet?

[PA-3 - Already

R - Are you sure that this answer 1s correct? 1s there something wrong or not?
[PA-3 - I don't think so

E

< In number 2, you made a mistake in the final answer, in the part about rationalizing fractions.
Do you think you can fix that?

[PA-3 = The result is 12 roots 3 over 3 ka
i3 - Can you simplify the fractions further?
[PA-3 - You can't do it

Based on the analysis above, the IPA-3 subject can go through all the reacting phase indicators, can go through all
the elaborating/comparing phase indicators, and can only go through some of the contemplating phase indicators. From
this analysis, the science-3 subject can be said to be less reflective in his mathematical reflective thinking abilities

Then for the science subject-4. The results of the answer can be seen in Figure 4 below:
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FIGURE 4. IPA-4 work resulis

In the reaction phase, in Figure 4, the Science-4 subject was able to state what was known and what was asked on
the answer sheet. From the interview results, it can be seen that the IPA-4 subjects revealed that there was a relationship
between what was known and what was asked. Furthermore, the 1PA-4 subject stated that the information provided in
the questions was sufficient to answer the questions given.

In the elaborating/comparing phase, the [PA-4 subject is able to deseribe the solution process obtained from start
to finish according to Figure 4 and believes the solution is correct. The [PA-4 subject stated that he had never faced a
similar problem before.

In the contemplating phase, the IPA-4 subject stated that he understood a little about the meaning of the guestions,
Then, there were some shortcomings in the results of his work or it could be said that the answer he gave was not
correct. The [PA-4 subject can mention the shortcomings of his work, but he cannot correct his answer. In the results
of his work, the [PA-4 subject did not write conclusions in all his answers, but during the interview the 1PA-4 subject
was able to draw appropriate conclusions from the answers he gave and was confident in his conclusions.

TABLE 6. 1PA-4 Participant Interview Results
R : Then for number 1, can you try to explain the answer you gave?
IPA-4 ¢ here I can explain that this was well explained by given answers.

040018-5



: This means that for number 1, you are still not rational enough for the final result,

IPA-4  right?
: Yes, because as I see that here.

R : But if for example, I told you to rationalize the end result, could you? How do you
rationalize it, you know?

IPA-4 : No, sir.

Based on the analysis above, the IPA-4 subject can go through all the reacting phase indicators, can go through all
the elaborating/comparing phase indicators, and can only go through some of the contemplating phase indicators. From
this analysis, the science-4 subject can be said to be less reflective in his mathematical reflective thinking abilities.

And for the final participant from the science department. namely [PA-5. The results can be scen in the table below:

FIGURE 5. IPA-5 work results

Based on the results of the work above, IPA-5 shows a reaction phase, namely being able to write down what 1s
known and what is asked according to the information available on the problem given. The IPA-5 subject revealed that
there was a relationship between what was known and what was asked. The interview results showed that the IPA-5
subjects felt that the existing information was sufficient to solve the problems in the questions.

In the claborating/comparing phase, the [PA-5 subject is able to descnbe the solution process obtained from start
to finish according to Figure 5 and believes the solution is correct. Furthermore. the IPA-5 subject stated that he had
never faced a similar problem before.

In the contemplating phase, based on the results of the interview with the IPA-5 subject, he said that he understood
the meaning of the questions. Based on the results of the work on the IPA-5 subject above, a few errors were found in
the answers. However, [PA-5 cannot detect where the error 15 in the answer. IPA-5 subjects cannot correct crrors in
their work. Based on the results of the IPA-5 written test. you can draw conclusions from existing problems correctly
and precisely. The following is an excerpt from the interview:

TABLE 7. IPA-5 Participant Interview Results

R : I want to ask again, do you think your answer number 2 is correct or not?
IPA-5 - Wait a minute, bro

R 0K

IPA-5 : This one is wrong, right? (while showing the answer) it should be 6=1V3, right?
R : No. that's correct
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IPA-S : Ohh, I thought [ was wrong
R : So you think your answer is correct, right?
IPA-5 : That's right bro. is it really wrong. bro?

Based on the analysis above, the IPA-5 subject can go through all the reacting phase indicators, can go through all
the claborating/comparing phase indicators, and can only go through some of the contemplating phase indicators. From
this analysis, the IPA-5 subject can be said to be less reflective in his mathematical reflective thinking abilities.

The next presentation of the results is for social studies students. For the social studies subject-1, of the five
questions given, they only worked on two questions, namely numbers 1 and 2, which can be seen in Figure 1 below:

Answer to question number 1 from Subject 1PS-1

Translation
Given: Triangle ABC with a right angle at B,
Asked: If line segment BC is 5§ em long and line segment AC 3v3 em long, what is the value of tan C?

(a)

Answer to question number 2 from Subject 1PS-1

Translation
Given: Cos = Q-:-‘;
Asked: Value of Sin @, tan @, cosec @

FIGURE 6. IPS-1 Subject Answers

Based on Figure 1, IPS-1 subjects were unable to fulfill the indicators of reflective thinking in the reaction phase.
This 1s because 1PS-1 15 less able to express correctly what is known and asked in the question clearly, knowing that
there is a relationship between what is being asked and what is known but cannot be stated. IPS-1 also confirms that
what is known is sufficient to answer what 1s asked. In the IPS-1 comparing phase, we were unable to explain the
answers to the IPS-2 questions obtained. IPS-1 can relate the 1PS-2 question being asked to the [PS-2 period they have
encountered by mentioning the matenal, but the similarities are not mentioned 1 detail. Then 1PS-1 does not go
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through the contemplating phase because it cannot determine mIPS-3ud from permasalPS-2an, let alone detect salPS-
2an errors in the answers and cannot correct answers when salPS-2an errors occur. Apart from that, IPS-1 subjects
were also unable to make correct conclusions. Based on this analysis, it can be concluded that the IPS-1 subjects did
not fulfill the reacting, comparing and contemplating phases. Thus, the IPS-1 subject's mathematical reflective thinking
is still 't-'erg.-' lacking.

The IPS-2 subject was also only able to answer two of the five questions which can be seen in Figure 2 below:

Answer to question number | from Subject IPS-2 Answer to question number 2 from Subject [PS-2
FIGURE 7. [PS-2 Subject Answers

Based on Figure 2, in the reaction phase IPS-2 does not write down what is known and asked in the questions, but
during the interview [P5-2 can mention it [PS-2 knows that there is a relationship between what is asked and what is
known but cannot explain it, IPS-2 also emphasizes that what is known iz sofficient o answer what is asked.
Furthermore, in the comparing phase, [PS-2 was less able to explain the answers (o the [PS-2 questions oblained. [PS-
2 can relate the IPS-2 period being asked to the IPS-2 period that has been encountered by mentioning the material,
but the similarities are not mentioned i detail. In the contemplating phase, for number 1 [PS-2 could not determine
mlP5-3ud from problemIPS-2an well, but for number 2 TPS-2 was able 1o determine mlPS-3ud from problem. Apart
from that, IP5-2 subjects cannot detect errors in answers and cannol correct answers when an error occurs, IPS-2 alsa
cannol draw conclusions correctly.

The IPS-3 subject also only answered two of the five questions which can be seen in Figure 3 below:

Answer o question number 1 from Subject 1PS-3 ?PH;EH to question mumber 2 from Subject

FIGURE 8. [P5-3 Subject Answers

Based on Figure 3, in the reaction phase IPS-3 did not write down what was known and asked in the questions, but
when interviewed [PS-3 was able o mention it Knowing that there is a relationship between what is asked and what
is known but cannot explain it, IPS-3 also emphasizes that what is known is sufficient to answer what is asked. In the
comparing phase, number | IPS-3 was unable to explain the answers to the problems obtained, while number 2 [PS-3
was able o explain the answers obtained correctly. IP5-3 can relate the problem being asked o problems that have
been faced by mentioning the material, but the similarities are not mentioned in detal. In the contemplating phase,
IP5-3 can determine mIPS-3ud from the problem well, but IPS-3 subjects cannot defect errors in answers and cannot
correct answers when errors occur. Then, the [PS-3 subjects were also unable to draw conclusions correctly for number
I, while number 2 IP5-3 was able to draw conclusions correctly.
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For the IP5-4 subject, you are able o do one of the five questions available. The answer can be seen in Figure 4
below:

FIGURE 9. 1P5-4 Subject Answers

Based on Figure 4, in the reaction phase IPS-4 did not write down what was known and asked in the questions and
when interviewed was also unable 10 mention it. Knowing that there is a relationship between what is asked and what
15 known but cannot explain it, IP5-4 also emphasizes that what is known is sufficient o answer what is asked. IP5-4
does not go through the comparizon phase, because it cannot explain the answers o the problems obtained, it cannot
relate the problems asked to those that have been faced. IPS4 also does not go through the contemplating phase
because IPS-4 cannot determine the meaning of the problem, let alone detect errors in answers, and cannol correct
errors in answers. Apart from that, [PS-4 also cannot make conclusions correctly because it does not complete the
answer correctly.

For the IP5-3 subject, they only do one of the five questions given as in Figure 10 below:

FIGURE 10, [PS-5 Subject Answers

Based on Figure 8, in the reaction phase IPS-5 cannot write down what 15 known and asked in the questions.
Knowing that there 15 a relationship between what is asked and what 15 known but cannot explain it, [P5-5 also
emphasizes that what 15 known is sufficient (o answer what 15 asked. In the comparing phase 1PS-5 cannot explain the
answers 1o the problems obtained, it can relate the problem being asked 1o problems that have been faced by mentioning
the material. but the similarities are not mentioned in detail. IPS-5 does not go through the contemplating phase becanse
IPS-5 cannot determine the meaning of the problem, let alone detect errors in answers and cannol correct errors in
answers. Apart from that, IPS-5 also cannot draw conclusions correctly because it does nol solve the guestions
correct]y.

From the research discussion regarding students’ mathematical reflective thinking abilities in terms of low prior
knowledge, it can be concluded that students’ mathematical refllective thinking abilities are sull low.

CONCLUSION

Baszed on the results and discussion in this study, the conclusion of this study are The results showed that senior
high school on science program were unable to fulfil all the indicators in each phase of reflective thinking. The phase
that was mastered by students is the reacting phase, the phase that is sufficiently mastered by students is the
elaborating/comparing phase, while the conternplating phase for students is stll diverse. conversely the averape subject
on social program were only mastered the comparing phase where the subject could explain the answers obtained and
could relate the problems asked to the problems they had faced. Furthermore, the reacting and contemplating phases
were still not optimal becanse there were stll subjects who did not write down and state what was asked and known
and did not make final conclusions correctly.

0400 18-9



ACKNOWLEDGMENTS

We would like 1o thank the Research Institution (Lemlit) of Uhamka for funding this research.

13

4.

15.

l6.

REFERENCES

. Suswandar, L. Armiyat, K. Umam, N, Asiah, and E. N. Susant, “Improving Jakarta historical understanding

ability through inguiry learning model assisted with ICT among jundor high schoal students,” 2007,

D Wisscher and M. White, “New Dimensions of Math Anxiety in an RMARS-Addendum,” 2019,

Rusmansyah, L. Yuanita, M. Ibrahim, Isnawati, and B. E. Prahani, “Innovative chemistry learning model:
Improving the critical thinking skill and sell~efficacy of pre-service chemistry teachers,” S Technol. Sci. Educ.,
vol. 9, no. 1, pp. 59-76, 2019, doi: 10.3926/jose 555,

K. Umam and D, Susandi, “Critical thinking skills: Error identifications on students” with APOS theory,” fn S
Eval Res. Edue, val. 11, no. 1, pp. 182-192, 2022, doi: 1011591 jerev1 101 21171,

o K. Umam, T. Nusantara, 1. N. Parta, E. Hidayanto, and H. Mulyono, “An application of flipped classroom in

mathematics teacher education programme,” Jot. J Interact. Mobo Technol, wvol. 13, no. 3, 2009, do:
103991/ iim. vl 30310207,

AL Husain, M. Ikram, F. Bahri, and A. Husain, “Analysis of students * proportional reasoning in solving story
problems Analysis of students * proportional reasoning in solving story problems.” fed 0 Progress. Math, Educ
vol. 3, no. 1, pp. 198206, 2021, doi: 1022236/ jopme.v 1137619,

F. King. L. Goodson, M. Faranak Roham, R. Caladine, and L. Lee, “Higher Order Thinking Skills + Definition =
Teaching Strategies = Assessment A publication of the Educational Services Program, now known as the Center
for Advancement of Leamning and Assessment,”™ Fodces from Middle, vol. BE, no. 18, pp 495-496_ 2003

. P. Kapranos, “21 5t Century Teaching & Learning Kolb Cycle & Rellective Thinking As Parl of Teaching |

Creativity , Innovation , Enterprise and Ethics To Engineers..” St Symyp. Engr. Eidfeee., 2007.
Rodgers C., “Defining reflection: Another look at John Dewey and reflective thinking [Electronic version],” Teach.
Colll Rec., vol. 104, no. 4, p. 842, 2002

AL Fuady, “Berfikie Reflekif Dalam Pembelajaran Matematika,” J0PMa, vol. 1, no. 2, pp. 104-112, 2007, doi:

1026877 jipmat.vi2.1236.

ML Tkram, Purwanto, and [ N Parta, “Analysis of The Occurrence of Reversible Reasoming for Inverse Cases: A

Case Study on The Subject Adjie.” Mo L Progress. Math, Educ, vol. 1, noo 1, pp. 1-15, 2021, do:
1022236/ jopme. v 1i] 6635,

. L Journal and P. M. Education, “The Use ol Generative Learning Model in Improving Students * Understanding off

Mathematical Concepts of Al-Arhar 19 Islamic The Use of Generative Learning Model in Improving Students *
Understanding of Mathematical Concept s of Al- Azhar 19 Islamic High 5¢." fnt. L Progress. Mach, Educ., vol. 1,
na 1pp. 16-26, 2021, doi: 1022236/ jopme.vli] 6593,

D, Wahidmuorni, “PEMAPARAN METODE PENELITIAM KUALITATIF,” Repasiraty UIN Malang, vol. 6, pp.
5-9,2017.

E. Surbeck, E. P. Han, and J. E. Mover, “Assessing Reflective Responses,” Educ. Leadersh., vol. 48, no. 6, pp. 25—
27, 1991,

D Muriadin, Ishag, Kusumah, Y s, Sabandar, “Enhancing OF Students” Mathematical Reflective Thinking Ability
Through Knowledge Sharing Learning Strategy In Senior High School,” fee. J. Edue. Res., vol. 3 (9), pp. 255-268,
2015,

5.4 AL Atmaja, “Profil Berpikir Reflekf Siswa Dalam Memecahkan Masalah Matematika Ditinjau Dari Jurusan
Yang Berbeda,” Nov. 2020,

040018-10



