2/3/24, 11:33 AM

Home - UiTM AJUE

Home About The Journal Editorial Board Indexing Malpractice Statement UiTM Press The

Contact

Publications

= Current Issue

= Previous Issue

For Authors

= Guideline for
Authors

= Online

Submission

Quick Links

Scopus’

2 Clarivate
Analytics

SCHOLARONE"

https://ajue.uitm.edu.my

Asian Journal of University Education

Asian Journal of University Education (AJUE) is an open on-line international refereed
scholarly journal. Currently, the journal is listed in SCOPUS, ERIC, MyCite, DOAJ, EuroPub, ACI,
DRJI, OCLC WorldCat, and ADL. AJUE publishes four times in a year- January, April,

July and October. It is published by Penerbit UiTM (UiTM Press —
https://penerbit.uitm.edu.my/index.php/publication/journal). It is an open-access journal
which means that its content is available for free. We adhere to the Creative Commons
Attribution 4.0 International License, which allows users to share, adapt, and redistribute
responsibly by giving due credit to the original authors. AJUE does not allow any
commercial usage of articles published in this journal.

Scope

@

Internationalization of higher education

2lst century teaching and learning

12


https://ajue.uitm.edu.my/
https://penerbit.uitm.edu.my/index.php/publication/journal
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://ajue.uitm.edu.my/2023/10/31/ajue-oct2023/
https://ajue.uitm.edu.my/previous-issue/
https://ajue.uitm.edu.my/guideline-for-writers/
https://ajue.uitm.edu.my/online-submission-2/
https://www.scopus.com/sourceid/21100942342
https://www.scopus.com/sourceid/21100942342
https://ajue.uitm.edu.my/
https://ajue.uitm.edu.my/
https://publons.com/journal/672886/asian-journal-of-university-education/
https://ajue.uitm.edu.my/
https://ajue.uitm.edu.my/
https://ajue.uitm.edu.my/editorial-board/
https://ajue.uitm.edu.my/indexing/
https://ajue.uitm.edu.my/malpractice-statement/
https://penerbit.uitm.edu.my/
https://www.uitm.edu.my/
https://ajue.uitm.edu.my/contact/

2/3/24, 11:33 AM

‘publons

Asian Journal of University
Education

Education

best quartile
L ]

SIR 2022
0.53 £

powered by scimagaojr.com

License

©0le

Asian Journal of
University Education by
Asian Centre for
Research on University
Learning and Teaching
(ACRULeT) is licensed
under a Creative
Commons Attribution
4.0 International

License.

Based on a work at
AJUE Website

Permissions beyond the

scope of this license
may be available at

creativecommons

Home - UiTM AJUE

-

&

Assessment and evaluation

M

Policy and curriculum development

oy

Educational leadership and management

I

Equity in education

o

</
D

Quality assurance

&)

G=—

Sustainability, new norms, post-pandemic education

Articles related to school education that have implications for higher education are also
welcomed. The journal has a policy of double-blind review. Authors must submit a
Turnitin or any plagiarism checker report (the first page suffices) which shows a

similarity index of 20% or less to be accepted for publication.

r = ]
ASEAN | W( \
J
MY CI I E CITATION -
malaysian citation index INDEX

Asian Journal of University Education (AJUE)
ISSN Print 1823-7797 | ISSN Online 2600-9749

Faculty of Education | Universiti Teknologi MARA Selangor | 42300 Bandar Baru Puncak Alam | Selangor, Malaysia.

https://ajue.uitm.edu.my

website: https://ajue.uitm.edu.my | email: ajue@uitm.edu.my

Editorial Board Indexing Malpractice Statement Contact

212


https://publons.com/journal/672886/asian-journal-of-university-education/
https://publons.com/journal/672886/asian-journal-of-university-education/
https://www.scimagojr.com/journalsearch.php?q=21100942342&tip=sid&exact=no
https://www.scimagojr.com/journalsearch.php?q=21100942342&tip=sid&exact=no
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/
https://ajue.uitm.edu.my/editorial-board/
https://ajue.uitm.edu.my/indexing/
https://ajue.uitm.edu.my/malpractice-statement/
https://ajue.uitm.edu.my/contact/

Bukti Submit

Muntazhimah Muntazhimah:

Thank you for submitting the manuscript, " Mathematical Reflective Thinking Type of Error on Newman's Error Analysis" to Asian Journal of University Education. With the
online journal management system that we are using, you will be able to track its progress through the editorial process by logging in to the journal web site:

Manuscript URL: https://myjms.mohe.gov.my/index.php/AJUE/authorDashboard/submission/21222
Username: muntazhimah

If you have any questions, please contact me. Thank you for considering this journal as a venue for your work.

Chan Yuen Fook

The following message is being delivered on behalf of Asian Journal of University Education.

Peringatan

Pengguna Perkhidmatan MyGovUC 2.0 adalah bertanggungjawab melindungi kerahsiaan data/maklumat Rahsia Rasmi Kerajaan. Adalah diingatkan agar pengguna
sentiasa peka dengan SEMUA peraturan, arahan keselamatan dan pekeliling semasa yang berkuatkuasa bagi semua pengendalian data/maklumat Rahsia Rasmi
Kerajaan yang berkaitan.



ASIAN JOURNAL OF UNIVERSITY EDUCATION (AJUE)
FACULTY OF EDUCATION, UiTM

Reviewer Dr. Uba Umbara

Date Sent 23/9/2022

Date Due 30/9/2022

Review Round 2

Title of Article Mathematical Reflective Thinking Type of Error on Newman’s
Error Analysis

Instructions to Reviewers

1. Please read the manuscript attached and provide feedback to help authors further enhance
their manuscript.

2. Kindly evaluate the manuscript based on the following scale.
Please tick [V ] the relevant range.

1 2 3 4 5 NA
Not at all Onlytoa Atan To a significant Completely Not applicable
limited extent acceptable extent
level

1 (2 |3 |4 |5 NA
Title/ Topic
The title grabs attention and provides new / interesting v
thoughts.
The topic is relevant, timely and of interest to academics v
and researchers in the field concerned.
Abstract
It provides an accurate overview of the paper. v
Content:
The statement of the problem is well articulated and v
persuasively argued.
The work is situated within a suitable theoretical / v
conceptual framework.
The literature review is relevant, current and critically v
analysed.
The research design is well developed and articulated. v
The population sample and instruments are valid, v
reliable and sound.
The findings are adequately and accurately described. v
There is evidence of reliability or internal consistency in v
analysing the findings.
The author has adequately considered alternative VoY
interpretations of the data presented.




The discussion of findings is based on analysis of data; v
results are not over generalised.

The contributions/implications of the study are well v
articulated.
The paper makes a significant contribution to the body v

of knowledge related to the field concerned.

Mechanics / Language

The paper is linguistically accurate, free from v
grammatical, punctuation and spelling errors.

The paper has clarity of presentation. It is well v
organised and clearly written.

This paper is written in an appropriate academic style v
and format (APA).

What is your recommendation? Circle the appropriate number

1 2 3 4
Reject Reconsider after Accept with minor Accept
major revisions revisions
v

Additional Comments

Revision according to the instructions on each component.

Thank you for your kind attention and cooperation



Mathematical Reflective Thinking Type of Error
on Newman’s Error Analysis

M Muntazhimaht"and S Prabawanto?

Faculty of Teacher Training and Education, Universitas Muhammadiyah Prof. Dr. Hamka,
JI. Tanah Merdeka, Jakarta Timur. DKI Jakarta, 13830, Indonesia
muntazhimah@uhamka.ac.id
2Department of Mathematics Education, University of Education Indonesia,

JI. Dr. Setibudhi No 229, Kota Bandung, Jawa Barat, 40154, Indonesia.
sufyani@upi.edu
*Corresponding Author

Abstract: Mathematical reflective thinking could improve student achievement and success in
mathematics learning. However many students make errors in completing mathematics reflective
thinking problems. This study aims to describe and identify errors by pre-service mathematics teachers
in completing the reflective thinking ability test using Newman's Error Analysis (NEA). This research
is qualitative research with an exploratory approach. The participants of this study were 4th-semester
students of mathematics education or pre-service teachers. The methods used in this study were tests,
interviews, and triangulation. The results showed that pre-service mathematics teachers made technical,
conceptual, procedural, and interpretation errors. Based on NEA, the error started from the
comprehension stage, transformation, and process skills to encoding. Further research should design
learning that can stimulate the reflective thinking ability of pre-service mathematics [teachers].

Keywords: Mathematical error, Newman’s Error Analysis, Reflective thinking

1. Introduction

In the 21st century, teaching and learning are getting more challenging (Hoon et al., 2022). One
of the main domains in the 21st century is the ability to think, which has become a life skill that needs
to be developed through the educational process (Muntazhimah et al., 2021a). Reflective thinking is
one of the advanced thinking abilities categorized as a Higher Order Thinking Skill (HOTS) (Kapranos,
2007). Rahmadhani et al. (2020) stated that reflective thinking is a crucial ability to facilitate human
development. Thus, reflective thinking ability is pivotal in the learning process.

Reflective thinking is a systematic and precise way to create meaning from experiences and
relate them to new problems (Clara, 2015; Muin et al., 2018). Ghanizadeh (2017) mentioned that
reflective thinking could improve student achievement and success in mathematics learning because
they will be stimulated to develop strategies to solve complex problems. Through this ability, students
actively, thoughtfully, and carefully use the knowledge gained from a given mathematical problem.
Furthermore, it is also revealed that reflective thinking can significantly improve mathematical
problem-solving abilities (Demirel et al., 2015; Porntaweekul & Gianttaya, 2012). [The ability of
mathematical reflective thinking is beneficial to facilitating Iearning.]

However, mathematics learning in school nowadays is not optimal, as indicated by students'
difficulties in mathematics learning (Dj Pomalato et al., 2020). Many students make errors in
completing mathematics problems (Haryanto & Pujiastuti, 2020). Umam & Susandi (2022) stated that
errors in mathematics problems could be categorized as procedural, conceptual, interpretation, and
technical. A procedural error occurs because of failure in manipulation or algorithms, even though the
student has understood the concept (Lien et al., 2021). The conceptual error is indicated by failure to
understand the concept of a problem (P. Ferrer, 2016). The interpretation error refers to translating or
inferring word choices in determining variables into numbers. The interpretation tends to be about
objects rather than numbers (Hitt, 2006). These errors in completing math problems require further
analysis to obtain clear and detailed views on the weaknesses in completing mathematics problems.
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Newmann (1990) proposed the Newman Error Analysis (NEA), a straightforward method for
diagnosing mistakes in resolving mathematical problems. NEA is also applicable to identify error made
by students in completing higher order thinking tasks in mathematics (Prakitipong & Nakamura, 2006;
Zakaria et al., 2010). NEA is a framework with simple diagnostic procedures, including reading,
comprehension, transformation, process skills, and encoding (Rr Chusnul et al., 2017). Seng (2020)
argued that errors could be easily identified through NEA. Error in reading questions or primary
information makes students unable to use the information to solve problems. Comprehension error
occurs when the students fail to identify given and asked problems. Transformation error occurs when
the students fail to turn the problem into a mathematical model such as an equation, figure, graph, or
table. Process skill error occurs when students fail in choosing rules/procedures or have used the correct
procedures/rules, but an error occurs in the calculation or computing. Encoding error occurs when the
answer is already confirmed but cannot show the authenticity of the answer or does not write down the
conclusion of the answer.

Research on mathematical reflective thinking ability has been carried out, including Aldahmash
etal. (2021) stated that teachers' reflective thinking in mathematics was moderate. Whereas for students,
Muzaimah & Noer (2019) explained that students' mathematical reflective thinking was lacking. Thus,
further studies are required. In line with this study, research on pre-service mathematics teachers
concluded that their mathematical reflective thinking is inadequate; Abidin et al., 2021). Thus, some
activities that can accommodate the development of the reflective thinking ability of pre-service
mathematics teachers must be conducted (Kholid et al., 2021).

In contrast, Sa'dijah et al. (2020) revealed that pre-service mathematics teacher with high ability
(proficiency) has consistency and fulfill all indicators of mathematical reflective thinking. It is due to
the pre-service teacher's ability, so the initial ability from the prerequisite topic will affect their
performance (Muntazhimah et al., 2021a). On the other hand, research on error analysis in mathematical
reflective thinking has just been conducted by involving high-achieving students as research
participants (Ratnaningsih & Hidayat, 2020; Sari et al., 2019; Winarso et al., 2022).

This study aims to identify mathematics pre-service teacher errors in completing the test of
reflective thinking ability in mathematics with NEA. [The research results explained that pre-service
teachers' reflective thinking was not optimally developed. |However, research on items contributing to
pre-service teachers' reflective thinking is limited. Thus, this study describes and identifies the errors of
pre-service teachers in solving problems requiring reflective thinking ability with Newman Error
Analysis on the topic of groups. The research questions include: what kind of error that pre service
mathematics teacher made in resolving mathematical reflective thinking test? And based on Newman’s
Error Analysis, what type of error that pre service mathematics teacher made in completing
mathematical reflective thinking test?. Furthermore, this study is crucial as initial research in developing
the reflective thinking ability of mathematics pre-service teachers. Based on this research result, a
learning model can be designed to improve mathematical reflective thinking [ability].

2, Method

2.1 Research design

This research analyzes the errors of pre-service mathematics teachers in completing
mathematical reflective thinking abilities with NEA. A qualitative study is utilized in this
research based on Kumar. R & James (2015). The approach used in this study is a descriptive
explorative approach. This approach allows students' expression data to complete mathematical
reflective thinking. Questions addressed to research participants were open and investigative
questions because the participants would have the opportunity to respond using their answers
or language (Alwadai, 2014).

[Commented [uu3]: Which research results are meant?

Commented [uu4]: The researcher has outlined the
introduction well and is accompanied by the relevant literature;
presented within the scope of the problem to be investigated;
However, references that are in line with or contrary to the
objectives of the researcher have not been found, so they need to
be added. Furthermore, research and novelty gaps have not been
explicitly stated.

Commented [uu5]: Researchers have explained the research
methods used along with suitable instruments for data acquisition
techniques, as well as a clear explanation of the data processing
process.




2.2 Participants

Participants in this study were 4"-semester students of the Mathematics Education study
program or pre-service mathematics teachers at a private university in Indonesia. Participants
were selected using a convenience sampling technique because of the regulations applied in the
university. There were about 67 students enrolled in Group Theory Course. Twenty-four
students had to solve five problems to explore their mathematical reflective thinking ability
within the allocated time. All answer sheets were collected and checked based on reflective
thinking indicators in mathematics. Only pre-service mathematics teachers with errors in their
answers were chosen as participants in this study. The ability of pre-service mathematics
teachers to communicate their answers also becomes another consideration in determining
research participants so that the data can be explored easily.

2.3 Research Instrument

Tests and interviews were instruments used in this study. The test was utilized to observe
various errors and contained five problems to measure reflective thinking ability. Hopefully,
the students will be able to look for essential and correct information before solving the given
problem. All tests have met the indicators of pre-service teachers' mathematical reflective
thinking ability.

The researcher confirmed the participant about their test result, so the interview questions were
based on students' answer sheets. In addition, the interview aims to obtain additional
information from students' answer sheets so that the research result could be more sharp and
clear. The interview formed an unstructured interview, where the researcher did not plan the
questions to be asked to the participants. The interview process was conducted comfortably to
encourage informal, comfortable, and stressless communication.

2.4 Data Analysis

Twenty-four pre-service mathematics teachers were asked to take a test containing five
problems about their reflective thinking in mathematics. In the next step, the researcher chose
one of the students' answers based on the assumption of errors made by the students, which will
be explained deeply in the discussion part of this study. After the research participants were
selected, interviews were held to confirm the answers. Interviews were recorded and transcribed
for the last 45 to 60 minutes. Interviews for this study were conducted using NEA to find out
the mistakes made by students when completing the test of reflective thinking in mathematics.
The researcher then analyzed the students' work. After that, the next step was the triangulation
of data by comparing the results of the written test with the interview result. The researcher
ended the data analysis process marked by narrowing the conclusions from the research findings
based on the triangulation process.
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presented based on indicators of mathematical reflective thinking ability defined in this research. Table the discussion section.

1 shows the pre-service teacher's answer sheet for indicator one: clarification, solution, analogy, or
generalization of mathematics. Table 1a) presents the pre-service teacher's answers in Bahasa Indonesia,
Table 1b) shows the answers in English, and Table 1c) shows error identification. This problem requires
pre-service teachers to use their reflective thinking ability to clarify the similarity of the examples set

in the problem. For example, U (12), which consists of {15711} with the set U (15) =

{x ERIFPB (x,15) = 1}, as well as a link between group concepts in multiplication. After error



identification was obtained, interviews were conducted to ensure students' errors in completing the
mathematical reflective thinking using NEA.

Table 1. Student's answer for indicator 1.

a) Bahasa Indonesia
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b) English
The similarities are:Both are the subset of natural number
. Having the same binary operation, namely multiplication, as
symbolized U
. Using Modulo
. Both are groups, fulfilling the requirement as a group

c) Error identifications
e Only mention Real Number from 1 to 15
e U symbol was interpreted as a binary operation symbol, not as a
notation of a set.
¢ Did not write the number of modulo
e Did not describe the group of axioms

Pre-service teachers are capable of receiving information from problems, can understand the
meaning required by the question, and can determine the step to solve the problem by writing the
similarities known. However, the pre-service teacher conducted various technical errors, such as being
unable to write the mathematical sentence correctly, not completing writing notation, and writing axiom
group not systematically, which led to failure in the conclusion. Thus, based on NEA, students were on
process skills and encoding errors. Interview results confirmed error identifications that can be seen in
table 1c.

This problem required students to train their reflective thinking ability to use concepts or
formulas on the group axioms to prove that a set is a group with binary operations known in the problem.
Figure 2 is the student's answer for indicator 2: to identify, select and utilize mathematical concepts or
formulas. Table 2 a) shows students' answers in Bahasa Indonesia, and Table 2 b) is in the English
version, as well as Table 1c) error identifications of students' solutions. Based on the error
identifications, interviews were conducted based on NEA to confirm the student's error.

Table2. Student's Answer for Indicator 2
a) Bahasa Indonesia
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b) English

e It is closed for addition and multiplication, namely given
any integer, a,b so a+b=c and a-b=c and c is an integer. For
example 5 and 2, 5+2=7 dan 5-2 =3. Based on the example
a=5, b=2, ¢=7, d=3.

e Comutative for addition and multiplication. Take any
integer a,b so atb=b+a dan axb =bxa. For example: 6+4
=4+6=10 and 6x4 =4x6 =24

e Associative, namely (atb) +c =at(b+c) dan
(axb)xc=ax(bxc).

o Distributive: ax(b+c)= axb+a+c and ax(b-c)=axb=axc

¢) Error Identifications
e Did not use correct group axioms
e Used different binary operations on one group of prove

After the interview, information can be drawn that the research participant knows what was
given in the problem and could mention the information in the problem. Participants could also mention
that the problem required them to prove whether the information was in the same group or not. However,
the participant failed to prove it. This fact was because of the minimum knowledge of students related
to group axioms. As a result, the participant did not prove groups with groups axioms or theorems of
existing groups. Concept errors of group proof also become reasons for errors identified from the
solution. Participants also used different operations in each stage of written proof. In the first step, the
operation used was addition and subtraction, while in the second step, the operation was addition and
multiplication. So as for the next step, the students conducted errors in the stages of transformation,
process skills, and encoding.

The research results can be seen in Table 3, namely the description of students' answers to
question three, derivative from indicator 3, differentiating between relevant and irrelevant data. Table
1a) describes students' answers in Bahasa Indonesia, Table 1b) shows students' answers in English, and
Table 1c) shows error identifications in the answer. This problem facilitates pre-service teachers'
reflective thinking ability to identify relevant or irrelevant data from a given data in the problem.
Because of the assumption that students made errors in solving this problem, an interview based on
NEA was conducted. The interview was to identify students' errors in achieving mathematical reflective
thinking ability.

Table 2. Student's Answer for Indicator 3
a) Bahasa Indonesia

[2.3.0) adateh fubier 6
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b) English
j = {2,3,6} is a subset G because it does not satisfy the close properties of
the operation
B: data is not relevant

c) Error Identifications
e Prove subsets by using Cayley's table
e There was no explanation for irrelevant data

Interview results showed that pre-service teachers misinterpreted the word subset. Because of
the problem discussed group, students interpreted that subset as a subgroup. However, the subset and
subgroup are two different things, so the procedure to prove is also different. This fact means that



students already made errors since the comprehension stages, so the following stages, like process skills
and encoding, were also errors.

Table 4 shows students' answers for the indicator of checking or evaluating the argument's
validity based on the concept of properties used. Table 4a) explains the student's solution in Bahasa
Indonesia, Table 4b) shows the answer in English, and Table 4c) shows error assumptions obtained.

Interviews were conducted based on NEA to validate these errors. The problem served as proof
of the homomorphism group, so the intended evaluation in this problem is whether the proof on the
question was already right, whether there was an incorrect step, why it is incorrect, and how the correct
proof was. In completing this question, the student will use reflective thinking to evaluate proof of the
homomorphism group.

Table 3. Student's Answer for Indicator 4
a) Bahasa Indonesia
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b) English
6=G-G'
8(x) =0%VxEG
Proof, takeany x,y € G

B(x) = 2%
o(y) = 2
(x.y) =264
# 68(x) x Q(y).

So, 8(x.y)is not homoformisme because 8(x) x 8(y) = 6(x.y)

c) Error Identifications
e Misspelled step

Data was obtained through the interview that the pre-service teacher conducted errors in the
third line of proof. There was an incorrect step in writing technics. The student could understand the
information given by the problem and determine the steps to solve it. However, there was an incorrect
notation written. The student could also write the stages or order of the proof. This fact means that the
student conducted errors at the process skills stage, which would also result in the wrong encoding step.

Table 5 shows that students also made errors for a problem with the indicator of finding
solutions to mathematical problems using various strategies. This problem would explore how far the
ability of the student to prove a group by using various existing theorem. Table 5 (a) shows the solution
performed by the student in Bahasa Indonesia, Table 5 (b) shows the completion in English, as well as
Table 5(c) which is the error identifications. An interview using Newman's error analysis was conducted
to determine the errors made by students when solving the problems to confirm the presumption they
had made. The students could not satisfy the reflective thinking ability overview indicator.



It was found that pre-service teachers did not bravely take risks by conducting proof through
existing theorem. Students knew the theorems, yet they were worried about making a procedural error
in proving them. The student utilized the most straightforward way, such as proofing the group using
group axioms. Students could not follow the proving steps, although the proof stages were shorter than
the group axioms. This fact means that the error in the last indicator was at the transformation stage.
The following stages, namely process skills and encoding, could not be correct if this transformation
stage were not right.

Table 5. Students' Answer for Question 5

a) Bahasa Indonesia

b) English

Eisclose,a+b € EVab € E

E is associative, a+(b+c) = (atb)+c Va.b,c € E

Je=0€E A a+0=0+a=aVa€ekE

Ja '+ Eda+al=al4+a=0vac E

b. Subset that is not sub-group from (Z6+) is {0,1}

c. {0,1} is not close so it is not group and automatically it is not sub-
group (z6, +6) because 1 € A1+1 & A

c) Error Identifications
o Notation writing for neutral element axiom and inverse of the proof
group
o Did not explore solution strategies

4, Discussion

C ted [uu7]: Researchers are quite good at discussing

Students with low reflective thinking abilities in mathematics were selected to participate in the
research. According to the indicators of mathematical reflective thinking, certain students cannot
complete the five problems provided. Due to the student's lack of experience with these problems, they
could not solve mathematical reflective thinking problems. The types of questions that students usually
use are non-facilitating problems for developing mathematical reflective thinking ability. It is
recommended that students train themselves to solve questions or problems that can explore their
mathematical reflective thinking ability (Etkina et al., 2010; Fitriati et al., 2020; Lee, 2005).

Schon and Mezirow explained that mathematical reflective thinking ability could be triggered
by unfamiliar and confusing or complicated as well as need guidance circumstances to understand;
Schon, 1992). The experts revealed that the learning activities must be well designed to create
innovative learning to facilitate the process of mathematical reflective thinking in pre-service teachers.
This condition means that the learning must be designed so that the pre-service teachers involve in non-

research results supported by relevant literature both explicitly and
implicitly.




routine learning activities. The learning should consist of confusion or deadlock so that students need
feedback or help from friends or lecturers. This condition is also expected to stimulate students to think
of alternative solutions based on their initial ability. This ability becomes an initial ability for students
to have a better mathematical reflective thinking ability.

Because the mathematical reflective thinking ability is not optimally facilitated, pre-service
teachers' ability to solve problems related to mathematics thinking ability is also not optimal (Diinda,
2015). There were four common errors by mathematics pre-service teachers in exploring the ability of
mathematical reflective thinking: technical, concept, interpretation, and procedural error. A technical
error occurred; the students could write a mathematical sentence correctly, incorrect and did not
complete it in writing notation, was not systematic in writing group axioms, and conducted error in
answer writing technic. Rong & Mononen (2022) declared that technical error did not only consist of
numbers but also facts about the definitions of another basic mathematics concept, including properties
of numbers, quantities, geometric properties, and notation.

The conceptual error found in this study was that students did not prove group with group
axioms or group theorem that has been studied previously and used different operations in each stage
of proof writing. The conceptual error was caused by the student's knowledge about group axioms is
still very low. Whereas the mathematical concepts and skills that do not fully master will cause
difficulties and errors in solving mathematics problems. This statement is in line with the study of ISIK
Cemalettin and Tugrul Kar (2012). They stated that using language or suitable concepts with the
problem is pivotal in understanding mathematics concepts. Research by Pomalato et al. (2020) also
mentioned that one difficulty experienced by students in solving mathematics problems is a lack of
understanding of the concepts and problems that will be solved.

On the other hand, the interpretation error found in this study is that students misinterpret the
word subset. Students considered a subset in the problem as a subgroup. However, the subset and
subgroup are two different things, so proof requires different ways. Furthermore, procedural errors were
found as proof of the group concept. Students understood the theorems used in the proving process.
However, there were incorrect stages in the procedure in stages of the proof. According to Fei Lai
(2012), procedural errors generally do not occur due to inherent misunderstanding yet because of
memory deficits, impulsivity, or visual-motor integration problems. Thus, according to Loibl &
Rummel (2014 ), this procedural error could be minimized if the students realize their knowledge gap.

According to the findings and NEA, pre-service teachers' errors in mathematical reflective
thinking are in the stages of comprehension, transformation, process skills, and encoding. Errors in
comprehension can be interpreted as errors in understanding the question and then writing down what
is being asked (Zakariyya et al., 2018) and can be seen in students' understanding of related symbols,
expressions, and the problem given in the question (Zakariyya et al., 2018). In this research, pre-service
teachers are at the stage of comprehension error because they do not understand the problem sentence.
This fact is in line with Alhassora et al. (2017) reporting that this mistake generally occurs because
students do not understand the sentence of the problem. There was a subset of the problem, but the
students understood that the subset was a subgroup. Moreover, Martyrs et al. (2017) mentioned that the
comprehension phase is one of the most significant contributions, as errors cause students to fail to
provide and explain the proper final answer.

Next, the transformation stage refers to students' ability to choose the right formula or method
to solve a given problem (Alhassora et al., 2017). Moreover, Santoso et al. ( 2019) explained that
transformation errors in solving mathematics problems could cause students to fail to work on the
problem carefully and proceed to the problem-solving procedure. As a result, students write incorrect
answers. In this research, the pre-service teachers conducted errors in determining steps of group proof
and proving methods.

The pre-service teachers did not conduct reading errors in NEA. This fact is in line with
Abdullah et al. (2015) and Suseelan et al. (2022) research, which mentioned that students do not
commonly make errors in the reading stage. Several studies explained this condition because the
mathematics pre-service teacher naturally has no problem at the reading problem stage, both in words
and mathematical symbols. Besides that, the instrument also has a pass validation process to ensure that
the language in the problem can be easily understood by research participants (Ganuza & Hedman,
2017).



On the other hand, according to Suseelan et al. (2022) study, most students started to conduct
errors in the transformation stage. The pre-service teacher in this research also mainly started the error
was on the transformation stage. This finding differed from research by Jiang et al. (2020). However,
these findings contradict Raduan's (2010) research, which showed that comprehension errors are the
most common mistakes students make in solving mathematics problems. This condition was caused by
a different context of the problem used by the complainant, which is a routine problem and involves
participants with low cognitive levels.

Error analysis can help provide a richer learning experience that leads to a deeper understanding
of long-term knowledge (Rushton, 2018). Because of that, error analysis is crucial to getting used to
mathematics learning. Furthermore, many studies mention things that can be conducted to reduce or
resolve students' errors in learning, for example, open discussion with a colleague, teacher, or lecturer
(Kim et al., 2016; Rushton, 2018) by using a particular model or approach, for example, metacognitive
learning (Muntazhimah et al., 2020). Another example is sufficient mental effort and optimal thinking
operations that activate prior knowledge and experience in solving specific problems.

Thinking activities involving knowledge or experience are often called reflective thinking,
which in the mathematical context is mathematical reflective thinking (Muntazhimah et al., 2021b).
Therefore, students' ability to mathematical reflective thinking must be improved to minimize errors in
mathematics learning. By facilitating the mathematical reflective thinking ability, the pre-service
teacher will carry out the looking back process that will sharpen the process of finding rules, concepts,
or formulas used in a complete mathematics problem.

5. [Conclusions

This study concluded that pre-service mathematics teachers who conducted a test of reflective
thinking in mathematics identified that the students conducted errors in all Newman Error Analysis
(NEA) except the reading stage. Several errors found are i) technical errors which consist of not writing
mathematical sentences correctly, incorrect and incomplete notation, unsystematic writing of group
axioms, and errors in answering writing technics. The student could understand the information given
in problems as well as was capable of determining steps of solution. However, there was an error in
writing the notation; ii) errors in axiom concept of group proof that resulted that they could not prove
group with group axiom nor existing group theorem; iii) interpretation error: student interpreted subsets
as subgroups. However, the subset and subgroup are two different things, so the prove procedure was
also different; iv) procedural error: Students could not identify the false proof procedure.

This study provides several suggestions for further research, for example, developing a new
learning model to minimize pre-service teachers' errors in practicing their critical thinking in
mathematics. Furthermore, another research relevant to this study is about the process of reflective
thinking in mathematics by pre-service teachers. This study will be beneficial for teachers in improving
the learning process in the following meeting. On the other hand, this study has limitations in
generalizations that could not be conducted because this study is qualitative research. This research is
limited to a few research participants that met the criteria. There is a method and sample development
for further study to produce a more general study.
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