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Abstract. The purpose of this study is to describe students proving congruence triangles. Proving
congruence is a prerequisite to develop skills in constructing formal proof in mathematics. The
subject in this study are 33 students of SMP Negeri 33 grade IX.1. The Learning process
implemented with flow proof strategy, namely re-writing existed information, stating what is
needed to be proved, using existed rules such as postulate and definition, and writing the
consequence from used rules. Data were collected by a test with three questions and interviews.
The results show that students know step by step in writing the proofs after the imple mentation
of flow proof strategy and students’ ability on congruence proving in class nine SMP N 33
Palembang categorized satisfactory, with 4% of the students categorized as excellent, 16% in
good, 48% in satisfactory, 24% in poor, and 8% in very poor category. Generally, students’
obstacle in proving is in determining rules that will be applied for constructing a proof and not
understand what is to be proof. Other error in proving is writing symbols.

1. Introduction

In mathematics, geometry can be implemented to solve problems in human activity and assist in forming
abstract thinking from concrete thinking [1-6]. One of the important topics in geometry is congruence
because by learning congruence, several abilities such as spatial ability connection ability, and advanced
thinking can be developed [7-10].

In topic of congruence, students must have the ability to prove because congruence proving can
develop formal proof writing ability in mathematics [11]. Proof and proving are important parts in
mathematics because they are the main points to construct mathematical knowledge [12-15] and can
develop critical thinking ability, logic thinking, and improve mathematical understanding [16,17]. There
are several advantages when solving mathematics proof, namely (1) verify the truth, (2) give knowledge
why the statement is true, (3) communicate mathematics knowledge. For these reasons, proving in
mathematics learning must be available [18].

Students unable to construct congruence proof with two column proof [19]. Therefore,a way to help
to construct proof is needed. Besides using two column proof, there is another strategy for construct
proof that is flow proof [20]. Flow proof is to construct proof with a flowchart [20]. Steps in proving
with flow proof are analysis existed information and seek additional information needed for construct
proof [21]. In constructing a proofs with flow proof students think up and back down for connecting
between conjecture agl conclusion [22]. Based on two opinions above, proving steps with flow proof in
this research are (1) re-writing existed information, (2) stating what is needed to be proved, (3) using
existed rules such as postulate and definition, and (4) writing the consequence from used rules. Flow
proof facilitates students in constructing a proof [21]. This caused flow proof process started by analysis
existed information in problems. Students more successful in constructing a proof with flow proof rather
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than two column proof [23]. Applying flow proof in constructing a proof exercises students’ critical
thinking and logic thinking [24]. Therefore based on the description above the purpose of this research
is to find out students’ triangles congruence proving through flow proof strategy.

2_Method

This research is a descriptive qualitative study that aims to describe student’s triangles congruence
proving through flow proof strategy. The subjects are grade IX.1 students of SMP Negeri 33 Palembang.
This research implemented on August 8, 2019 until August 22, 2019. Data was collected by a result of
tests and interviews. The research procedure consisted of the preparation phase, the implementation
phase, and the data analysis. In the preparation stage, the researcher prepares an instrument such as
pooron plan (RPP), students worksheet (LKPD) uses a flow proof strategy, a test consisting of three
questions, an interview guide made based on mathematical proof indicators, and a scoring guide. Then,
the researchers implemented learning with a flow proof strategy of two meetings. Before enfdring the
core of learning, researchers explain the symbols in the diagram. The parallelogram is used to re-writing
existed information, what is needed to be proved and existed rules such as postulate and definition.
Rhombus is used for selecting the conditions of a triangle that is said to be congruent. The rectangle is
used for the process when two triangles are congruent and the last arrow is used to represent an argument.
Furthermore, at the core stage of learning there are 5 activities that implemented atfeetings 1 and 2
namely problem exposure, group formation, use of flow proof which consists of re-writing existed
information, stating what is needed to be proved, using existed rules such as postulate and definition,
and writing the consequence from used rules, after the use of flow proof there are still two stages namely
presentation and conclusion. At the third meeting, the activities were working on test questions. Problem
number 1 proves three angles trfiligle are congruent if known that the sides are congruent. Problem
number 2 is about proving three sides of a triangle that are congruent if the angles are congruent. And
problem number 3 is about proving two triangles that are congruent due to the bisector of an equilateral
triangle. After that, the test results are analyzed according to the scoring guidelines that have been made
then the subject is chosen based on the level of ability to be interviewed.

3. Results and Discussion
After the test implemented, then the test data is analysed to see the mathematical proof ability.

Students’ proving ability after being analysed and categorized in Table 1.

Table 1. Distribution of student proving ability.

Score éategory Frequency Percentage
86 — 100 Very good | 4%
71 -85 Good 4 16%
56 —70 Satisfactory 12 48%
41-55 Very poor 6 24%
0—-40 Vey Very 2 8%
poor

Based on Table ludents proving ability in class IX.1 of SMP Negeri 33 Palembang is categorized
into five categories: very good, good, salmctory, poor and very poor. The following is a description of
the analysis of students' answers to the very good, good, satisfactory, poor and very poor categories.
From 25 students, only | student was categorized as very good. This is due to mathematical proof is one
of the activities that require a high level of ability so that only few students can complete it. This is in
line with Nurrahmah's research [25] that most students have difficulty in proving. Students with very
good categories get a score of 3 on each question for proving correctly without making mistakes. In
addition, in questions number 1 to 3 students with a very good category shew mathematical proof
indicators starting with identifying information that is by writing what is known and what will be proven,
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right in using concepts and principles, and using communicative language in constructing a proof and
analysis of the information in the problem to be proven. Ability to analyse the information contained in
the problem to be proven indicators appeared through an interview. The researcher asked the very good
student of how the steps in writing proof and he answered that writing proof starts from writing what is
known and what will be proven and choosing the rules. Students can determine the steps in writing
because learning has been implemented flow proof strategy, so students know the flow in constructing
a proof.

Table 2. Distribution of student answers type.

Question Value Type of Answers
Numbers Catﬁ)rized
1 Good - Proving precisely
Satisfactory - Proving precisely

- Proving incorrectly in identifying information
- Proving incorrectly in choosing principles and rules

Poor - Proving correctly but not finished using principles and rules
- Proving by writing inaccurate information
Very poor - Proving that with no true statement
2 Good - Proving by choosing the right principles and rules but is wrong in

writing down the consequences of principles and rules
- Proving improperly in choosing principles and rules

Satisfactory - Proving by mistaking symbols
- Proving by writing inaccurate information
- Proving improperly in choosing principles and rules

Poor - Proving improperly in choosing principles and rules and writing
symbols incorrectly

- Does not proving

- Proving only by writing information that is true and correct

Very poor Proving that with no true statement
3 Good Proving with the right rules and principles but not right in

identifying what will to prove

Satisfactory Proving precisely
Proving with the right rules and principles but not right in
identifying what is going to prove

Poor - Proving it by only writing down inaccurate information
- Proving by only writing information that is correct but incomplete
Very poor - Proving that with no true statement

Table 2 shows all students categorized good able to answer question number | and get a score of 3
because precisely in constructing a proof and nothing mistakes. Whereas in problem number two, there
are 2 types of students' answers that have errors in using principles and rules. Errors in principles and
rules are also in line with Nadlifah and Prabawanto research [26]. The study stated that in constructing
a proof, students have mistaken in using concepts and definitions. Errors in principles and concepts can
be seen in Figure 1.
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Figure 1. The mistake in using principles and concepts.

Figure 1 shows students that categorized well having an error in writing the impacts of the rules and
get score 2. It should be £A = 2B and the impact is BC = AC and 2C = £A the impact is AB = BC.
Students’ inaccuracy in writing the consequences of the used rules. Students in the good category are
generally able to identify existing information. This was shown during the interview of the good category
students saying they understood the symbols that exist so they can determine what was known from a
theorem and only | student misidentified of what would be proven in question number 3. Besides that,
good categorized students were also able in analysing the information contained in the problem that will
be proven through interviews. Researchers ask good category students of how the steps in writing proof.
They answer that to write proof start from writing what is known and what will be proven and choose
the rules. Students can determine the steps in writing because learning has been implemented with a
flow proof strategy, so students know the flow in constructing a proof. From the answers given by
students, it was seen that students showed the indicators using communicative language in constructing
a proof because they did not make mistakes in writing symbols.

Furthermore, students belong to satisfactory categories, in question number 1, there are 3 types of
student answers. First the students proving precisely, second student failed in identifying the existing
information, and third student mistaken in choosing the rules. Students who correctly write the proof in
question number 1 have identified the information correctly by writing what is known, namely, AC =
BC = AB and what will be proven, that is 24 = 2B = 2C as well as using the right principles and
concepts namely using theorem | and transitive rules can be seen in Figure 2.
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Figure 2. Satisfactory category student answers correctly number 1.

Figure 2 shows students in the satisfactory category fulfilled the indicators of using communicative
proof language. This is indicated by the students being able to write the right symbols in constructing a
proof. Therefore student in satisfactory category gets score 3 because give complete and correct answers
with no errors. Furthermore, second type answers incorrectly identifying the information like writing
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what will be proven, namely there are two triangles congruent which should be £4 = £B = £C. While
the information that is known indicators all students in the category satisfactory correctly identify
because they know the picture given is an equilateral triangle meaning that there are three sides of the
same length. Then the third answer type of students is wrong in choosing the rules. Students use the
rules of 2 triangles that are congruent which should be theorem | and transitive.

In question number 2 is the same as number one, there are 3 types of student answers: first, students
write wrong symbols, second students are poor precise in identifying the information available, and
third, students choose the rules incorrectly. While the information that is known to all students in the
satisfactory category correctly identified because they know the picture given with the same measure of
angle. Then the third answer type of students is wrong in choosing the rules. Students use the rules of
two triangles that are congruent which should be theorem 2 and the transitive properties that happen
because students have been wrong in identifying what will be proven to cause students to use the wrong
rules. Difficulties in constructing a proof include understanding the existing problems and unable to
apply existing concepts [27]. In question number 3 there are two types of students' answers, namely
correct and poor precise in identifying existing information. In question number 3 the satisfactory
category students correctly use the existing rules of definition and the rules of two triangles which are
congruent, one of which is the side angle side. But there are students’ mistake in determining what will
be proven, the same as students in good category. Some of the students write what would prove angles
are congruent and others write the side is congruent that should just show whether two triangles are
congruent or not. From the answers of students categorized as satisfactory, in general students are still
difficult in determining what will be proven this is due to write what will be proven students must
analyze from a statement. This is consistent with the results of Kartini and Suanto's research [28] which
states that one of the students’ difficulties in constructing a proof is to understand what will be proven.

Most of students in the poor category make one error in each problem, like mistakes in writing what
is known, what will be proven, symbols, and using rules. The last category is very poor, where each
question does not have a correct statement. Students belong to very poor category get score | in every
answer because they roof incorrectly. Besides all the indicators didn’t appear, when interviewed it was
obtained that the students lack an understanding of the symbols so they could not identify what was
known and caused difficulties in proving. This is in line with research conducted by Nadlifah and
Prabawanto [26] states that the source of students' difficulties in proving is the lack of understanding of
the concept of existing definitions and images and limitations on language and symbols.

In general, students know the sequence in writing proof because flow proof strategy implemented
from the first meeting with the problem theorem 2, namely "If two angles of a triangle are congruent,
then the sides opposite the congruent angles is congruent".

Figure 3 shows with the flow proof strategy in the first step students are asked to rewrite what is
known from the existing problem. In theorem 2 it is known that the two congruent angles are ZA = 2B.
Furthermore, with the guidance, students can determine what will be proven, namely AC = BC.
Furthermore, by using the existing rules iQUpponing information, students can determine that
congruent triangles have 3 conditions, namely side-side-side, side-angle-side, and angle-side-angle. That
means the side-side-side condition is not satisfying because of the known angle. Students use the
symmetrical properties of the supporting information if £ZA = £B then £B = ¢£A. Because there are
already two angles, meaning that there will be a congruent side. Students use the reflective properties
found in supporting information if AB = BA. In the final step, students write down the consequences of
the rules used, namely fulfilling the congruent rules side-angle-side and AABC = ABAC resulting in
proven AC = BC.
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Figure 3. Students work results LKPD 1.

Figure 4 shows after completing the diagram, students are guided to construct proof, students are
asked to construct a proof according to the steps in the diagram but asked to write in paragraphs. At this
phase, students only copy what they write on the diagram which is originally in the form of a box into
paragraph corresponding the existing steps. Starting from writing what is known, then what will be
proven, what rules are used, and the consequences. From students’ answers, the flow proof step helps
students in constructing a proof in line with the opinion of Larson [25] flow proof can facilitate students
in @hstructing a proof.

After the implementation of the flow proof strategy, the ability of students to prove satisfactorily
categorized. In the indicator analysis existing information will be proven, almost all students know the
sequence of constructing a proof, this is due to the implementation of the flow proof strategy. From the
students' answers, there are some difficulties of students that cause errors, namely the indicators
identifying existing information, this indicator can be shown by the first and second steps of flow proof
strategies, namely writing what is known and what will be proven. In general, some students do not
understand the symbols in the picture so it’s difficult to write what is known and students are confused
in determining what will be proven. The next indicator is the use of concepts and principles, this indicator
is shown in the flow proof step to determine the rules and consequences of the rules used. Some students
do not use or choose the right rules in proving. Indicators are using communicative proof language at
this phase students should be able to choose symbols that can meaningful construction proof. But 6
students are still incorrect in representing mathematical language. In line with Wang's research [11] that
in proving theorems congruent triangles students still have errors in representing the mathematical

language.
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Figure 4. Constructing proofs with paragraphs.

9 Conclusion

Based on the results of the study, after the researcher applied the flow proof strategy for congruence
topic, the mathematical proof students’ ability in class IX.1 of SMPN 33 Palembang was satisfactorily
categorized. Some students that are categorized satisfactory already understand the sequence in writing
proof that is writing existing information like what is known. When writing what will be proven and
using principles and concepts, students confused in determining what is proven and in choosing which
rules are used so cannot resolve until the statement is proven. As the student's mistake in proving that is
wrong in writing symbols.

Researchers have some suggestions for teachers, flow proof can be used as a learning strategy in
developing the student construct proof ability and before constructing a proof using flow proof, teachers
should train students in verifying proof using flow proof so that students are accustomed to choosing
rules in constructing a proof. And for other researchers, it is expected to carry out further research and
perfect the flow proof strategy steps. Also, other researchers are expected to be able to innovate in the
application of flow proof strategies, as well as use another topic in its application.

5. Acknowledgments

Researchers convey greatest gratitude to Dr. Yusuf Hartono who gave advice related to mathematical
proof. The authors also thank Ms. Elika Kurniadi, M.Sc., and Ms. Novika Sukmaningthias, M.Pd., who
validated the research instrument and Mr. Jeri Araiku, M.Pd for his help in finishing this article.
Researchers do not forget to also thank the Principal of 33 Palembang State Junior High School, Mrs
Sudarmi, M.Pd, Mrs Murni, S.Pd as a mathematics teacher and class IX.1 students who have assistance
so this article was realized.

6. RefERnce

[1]  Fahrurozi A, Maesaroh S, Suwanto I, and Nursyahidah F 2018 JRAMathEdu 378

[2]1  Sari I K 2016 Int Conf on Mathematics Science and Education 1120

[3] Nopriana T 2015 J Fibonanci 1 80

[4]  E&bdullah A H and Zakariya E 2013 Procedia Soc. Behav. Sci. 102 251

[5] Jones K 2002 Issues In The Teaching and Learning of Geometry In: Linda Haggarty (Ed) Aspects
of Teaching Secondary Mathematics: perspectives on practice (New York: Routledge) p 121

[6] Ozerem A 2012 LJTASE 5523




National Conference on Mathematics Education (NaCoME) BP Publishing

IOP Conf. Series: Journal of Physics: Conf. Series 1480 (2020) 012030  doi:10.1088/1742-6596/1480/1/012030

[7]
8]

191

[10]
[11]
[12]

[13]
[14]
[15]
[16]
[17]
[18]
[19]

[20]
[21]
(22]

(23]
(24]
(23]
[26]

127]
(28]

22

gang H M and Witz K G 2011 Learning and Instruction 21 1

Wu H 2005 Key mathematical ideas in grades 5-8 online:

https:ﬁmalh.berkelev.edu;’»-—wquCTMZOOSa.pdf

Otalora Y 2016 Young Children Ugi}rstanding Congruence of Triangles within a Dynamic Mulri-
Touch Geometry Environment online: https://files eric.ed.gov/fulltext/ED583689.pdf

Clements D H and Samara J 2009 Learning and Teaching Early Math (New York: Routled ge)

Wang Z, Wang Z and An S 2018 Talanta 11 85

Syamsuri, Purwanto, Subanji and Irawati S 2016 Communications in Science and Technology 42

19 i

gll D L, Howles C, Jahnke H N, Nazar N M 2002 ICM 909 1

Maya R, Sumarmo U 2011 JME 2 231

Komatsu K 2017 Educational Studies in Mathematics 96 129

Syafri F S 2017 J Edumath 3 49

Firdaus, Kailani [, Bakar M B and Bakry 2015 EduLearn 9 226

Hanna (EEPO0 Educational Studies In Mathematics, 44 5

Faruq A 2014 Analisis Struknur Argumentasi Dan Kemampuan Mengkonstruksi Bukti Matematika
Siswa Sekolah Menengah Bachelor Thesis (UIN Sunan Ampel)

NCTM 2017 Mathematics Teachers 110 580

alrsnn R, Boswell L, Kanold D T, and Stiff L 2007 Geometry (Evanston: MC Dougall Littell)

Miyazaki M, Fujita T and Jones K 2012 Introducing the Structure of Proof inE}wer Secondary
School Geometry: A Learning Progression Based on Flow-Chart Proving 12th International
Congress otﬂathemﬁm( Education, 2856 Seoul

Linares L 2008 The Effects of a Proof Mapping Instructional Technigue on High School Geometry
Proofs Magister Thesis (University @ California)

Helma, Murni D and Subhan M 2018 Students’Ability in Analyzing by Using a Flow Proof to
Solve Problems in Real-Analysis Lecture 2nd International Conference on Mathematics and
Mathematics Education 2018 (ICM2E 2018) 39 Atlantis Press

Nurrahmah A, Karim A 2018 J Edumath 4 21

EFadlifah M and Prabawanto S 2017 J. Phys.: Conf. Ser. 895 012094

Noto M S, Priatna N and Dahlan J A 2019 JME 10 117

Kartini and Suanto E 2015 Prosiding Semirata 1 189




|IOP Sumarni 2020

ORIGINALITY REPORT

14., 11, 9. 5e,

SIMILARITY INDEX INTERNET SOURCES  PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

Asmaa Fadel, Nasruddin Hassan. "Separation 30/
axioms of bipolar soft topological space”, ’
Journal of Physics: Conference Series, 2019

Publication

.

repository.unsri.ac.id

InteFr)netSourcrey 2%
lopscience.iop.or

InteFr)netSource p g 2%
www.atlantis-press.com

Internet Source p 1%

Submitted to Universitas Negeri Surabaya The 1 o

(o}

State University of Surabaya
Student Paper

n hal.archives-ouvertes.fr 1 o
Internet Source A)
scimath.net
Internet Source 1 %
n Md. Hadiuzzaman, D. M. Ghius Malik, Saurav 1 y
0

Barua, Tony Z. Qiu, Amy Kim. "Modeling



passengers’ perceptions of intercity train service

quality for regular and special days", Public
Transport, 2019

Publication

n Submitted to University of Greenwich <1
Student Paper %

digilib.uinsby.ac.id

Integrnet Source y <1 %
Submitted to University of Strathclyde

Student Paper y y <1 %
Submitted to Edith Cowan Universit

Student Paper y <1 %
education.ucdavis.edu

Internet Source <1 %

uizlet.com

I?ternet Source <1 %

F Aisyah, F Nursyahidah, W Kusumaningsih. <1 o
"Designing online class learning of sine rule °
using ramadhan tradition context", Journal of
Physics: Conference Series, 2020
Publication
www.mathwarehouse.com

Internet Source <1 %
ojs.fkip.ummetro.ac.id

In:tlernet ScF))urce <1 %




Raed M. Abendeh, Mousa Bani Baker. "Using
18 < 1%
steel slag aggregate to strengthen self-
compacting concrete durability", Proceedings of
the Institution of Civil Engineers - Structures and
Buildings, 2021
Publication
"Advances in Mathematics Education Research <1 o
on Proof and Proving", Springer Science and °
Business Media LLC, 2018
Publication
www.jbasic.or
Internet SJource g <1 %
Moon Ting Su, John Hosking, John Grundy, <1 o
Ewan Tempero. "Usage-based chunking of °
Software Architecture information to assist
information finding", Journal of Systems and
Software, 2016
Publication
Hsin-Mei E. Huang. "Third- to fourth-grade 1
: . e <l
students’ conceptions of multiplication and area
measurement”, ZDM, 2014
Publication
The Proceedings of the 12th International <1 o

Congress on Mathematical Education, 2015.

Publication




Exclude quotes On Exclude matches Off

Exclude bibliography Off



	IOP Sumarni 2020
	by Hapizah Hapizah

	IOP Sumarni 2020
	ORIGINALITY REPORT
	PRIMARY SOURCES


