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Abstract

So far, students' ability in reasoning and proof has not been the concern of teachers. Many students have
difficulty solving complex problems because they are not used to reasoning to solve mathematical problems.
The purpose of this study is to provide a description related to the internalization of Reasoning and Proof
standards in the mathematics learning process in elementary schools. The type of research used is qualitative
with descriptive analysis. The research subjects were 24 elementary school teachers in Cluster IV Mataram
City. The data collection process was carried out by a survey method that was conducted online using the
Google form platform. To strengthen the results of the questionnaire, interviews were also conducted via
WhatsApp phone to each research subject. The results of the research showed that 45.8% (11 subjects) had
never heard of the terms reasoning and proof, while 54.2% (13 subjects) had never heard of the terms reasoning
and proof. The deepening of the results of this study found that the feasibility of Reasoning and Proof standards
in learning was still not optimal. In addition, several interesting facts were found related to the method of proof
that teachers often use, namely giving examples that are close to students (relate). The results of this study have
an impact on the growth of teacher awareness to develop reasoning and evidentiary abilities in students

Keywords: Elementary school teachers; NCTM; problem based learning; reasoning and proof.

Abstrak

Selama ini kemampuan siswa dalam penalaran dan pembuktian tidak menjadi perhatian para guru. Banyak
siswa yang kesulitan menyelsaiakan masalah-masalah yang kompleks karena tidak terbiasa bernalar untuk
menyelesaikan masalah matematis. Tujuan dari penelitian ini adalah untuk memberikan deskripsi terkait
internalisasi standar Reasoning and Proof dalam proses pembelajaran matematika di Sekolah Dasar. Jenis
penelitian yang digunakan adalah kualitatif dengan analisis deskriptif. Subjek penelitian adalah 24 guru SD di
Gugus IV Kota Mataram. Proses pengumpulan data dilakukan dengan metode survey yang dilakukan secara
online menggunakan platform Google form. Untuk memperkuat hasil angket, juga dilakukan wawancara
melalui whatsapp phone kepada masing-masing subjek penelitian. Hasil penelitan menunjukkan bahwa 45,8%
(11 subjek) belum pernah mendengar istilah reasoning and proof, sedangkan 54,2% lainya (13 subjek) pernah
mendengar istilah reasoning and proof. Pendalaman hasil penelitian ini menemukan bahwa keterlaksaan
standar Reasoning and Proof dalam pembelajaran masih belum optimal. Selain itu juga ditemukan beberapa
fakta menarik terkait dengan metode pembuktian yang sering digunakan guru adalah pemberian contoh-
contoh yang dekat dengan siswa (relate). Hasil penelitian ini memberikan dampak pada tumbuhnya kesadaran
guru untuk mengembangkan kemampuan penalaran dan pembuktian pada siswa.

Kata kunci: Guru SD; NCTM; problem based learning; reasoning and proof.
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INTRODUCTION

The National Council of Teachers
of Mathematics as the world's
mathematics teacher organization has
formulated five basic ability standards
that a person must have in the
mathematics learning process (NCTM,
2000). The five standards are (1)
Problem Solving; (2) Reasoning and
Proof; (3) Mathematical Connection;
(4) Mathematical Communication; dan
(5) Mathematical  Representation
(Maulyda, 2020). In its implementation,
NCTM has described several indicators
and examples of detailed learning at
each level of education (by age).
According to Hekimoglu & Sloan
(2015), The most difficult
implementation of NCTM standards is
at the basic education level (ages 6-11
years). This is because the introduction
of a very abstract mathematical concept
will contradict the cognitive abilities of
elementary school students who are still
in concrete phase (King, 2014).
Therefore, NCTM tries to construct as
simple as possible learning to suit the
cognitive level of students. The
examples of learning provided by
NCTM for basic education are quite
concrete. However, in fact, it is still
difficult for elementary teachers to
implement NCTM standards (Metz,
2010). The difficulty of elementary
school teachers in implementing NCTM
standards is also suspected because
students and teachers are more “fond”
of implementing conventional (teacher-
centered) learning. In fact, based on
NCTM standards, the paradigm used is
student-centered type of learning. This
contrasting paradigm makes it difficult
to implement NCTM standards at the
basic education level (Jitendra et al.,
2010).

Specifically, Wang & Wang
(2018) state that From five standards
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formulated by NCTM, the most difficult
to implement are Reasoning and Proof.
This is in line with study done by
Komatsu (2016) that states
Mathematical skills that are most
difficult to develop in students are the
ability to reason and prove. Reasoning
ability requires students to draw
conclusions from a statement with
logical and acceptable reasons (Ko &
Knuth, 2013). “Acceptable” is not
enough, Tall (2014) explain that in
reasoning students must be able to
prove the truth of the statement given.
In this case, the author sees a factor in
the application of the Problem Based
Learning (PBL) which is still not
optimal for teachers in elementary
schools. In PBL, the construction of
mathematical concepts carried out will
be based on giving problems to students
(Boud & Feletti, 2013). This problem-
based learning that is carried out can
trigger students to provide arguments
that can have an impact on students'
reasoning and  proof  abilities.
(Reasoning and Proof) (Okubo et al.,
2012).

To strengthen this statement,
authors conducted a preliminary
research study to explore information
related to PBL in Elementary School.
The author gave a questionnaire to 24
elementary school teachers in Cluster
IV Mataram City. Following are the
results of the initial research: studies in
Figure 1.

Based on the results of the
preliminary research conducted, it
appears that only 2 teachers have ever
used the PBL model more than 10
times. Then there were 8 teachers who
used the PBL model less than 10 times.
Meanwhile, the other 14 teachers never
did PBL in learning process. These
results are in line with the research
conducted by Filipenko & Naslund
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(2015) where teachers in schools still
experience confusion in PBL. Teachers
are not accustomed to constructing
mathematical concepts that depart from
problems so that teachers rarely use this
model. Besides, according to Diani et
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al. (2018) PBL also requires teachers
and students to have a good number
sense in order to analyze a problem.
This ability is rarely possessed by
teachers at the basic education level.

14

Implementation of PBL in School

m Ever (<10 times of the total learning process)

m Rarely (> 10 times the total learning process)

Never

Source: Research Data

Figure 1. Preliminary research result.

In this study, authors will focus on
the exposure of mathematics learning
management by teachers towards
Reasoning and Proof standards.
Research related to the ability to reason
and prove by students has been done a
lot. Like research conducted by
Hidayati & Widodo (2015) which states
that students' ability to reason is low as
a result of students not being
accustomed to being given non-routine
questions. In addition, there are also
research results by cccc which describes
the process of reasoning and proof
failure that occurs in students, where the
failure that occurs is at the conjecture /
hypothesis formulation stage. Based on
the results of preliminary studies and
literature reviews conducted, authors
suspect that the reason for the difficulty
in developing reasoning skills and prove
this is because the management of
mathematics learning according to

Reasoning and Proof standards is still
not optimal.

PBL learning activities are one
way to train students in developing their
Reasoning and Proofing abilities. The
problem-based learning process can
require  students to prove the
assumptions and hypotheses they have
when solving a given problem.
However, many teachers do not realize
this. Many teachers only use PBL as a
teaching tool, not to use it in developing
students' Reasoning and Proofing
abilities.

Therefore, this study aims to
describe the process of internalizing the
standard of Reasoning and Proof of
mathematics learning in PBL model.
Specifically, authors will look at the
internalization process at the primary
education level with the teacher as the
main subject. Authors hope that the
research results can become a treasure
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of insights related to the difficulty of
implementing NCTM learning,
especially in the Reasoning and Proof
standard.

METHOD

To  achieve the  research
objectives, authors used a qualitative-
descriptive research approach. Based on
Creswell (2014), qualitative research
can provide a real and factual figure of a
phenomenon. The research subjects
were 24 elementary school teachers in
Cluster IV Mataram City. The selection
of research subjects was based on the
following criteria: (1) The teacher must
have 7 years of teaching experience
(since the 2013 curriculum was issued);
(2) The teacher should teach higher
grade of elementary school students
(Class 1V, V & VI); and (3) The teacher
is willing to be a subject in the research.

The instrument used in this
research is a google form survey which
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subjects online. The research instrument
was evaluated by 3 experts consisting of
all  relevant  stakeholders.  The
instrument has been measured and got a
good category and is suitable for use
from expert validators consisting of 2
lecturers and 1 teacher. The second
instrument is a guideline for interviews
conducted via WhatsApp. The purpose
of conducting interviews is to
strengthen the survey answers given
online previously.

The use of online platform is
because of the authors consider the
health protocol of Covid-19. The first
step is asking the research subject to fill
out a survey given by Google form link.
Subjects who filled out the survey were
then interviewed by WhatsApp (by chat
or calls) regarding the completed survey
results. Furthermore, the results of the
survey and interview were analyzed
descriptively using the Reasoning &
Proof indicator as follows Table 1.

will be distributed to the research

Table 1. Reasoning and proof - based learning implementation indicators adapted from
indicators Komatsu (2016)

Indicators Indicators Description Code
Conducting validation e Teachers provide problems that are related to the Bl
students’ daily life
e The teacher invites students to observe the
problems given

Formulating e Teachers provide opportunities for students to B2
conjecture express their opinion
e The teacher asks students to make hypotheses
(statements) which the students think are true

Making deduction

The teacher provides the opportunity for other B3

statement students to comment on students' arguments (give
each other comments)

Justifying the e The teacher directs students to make reasons and B4

statement scientific evidence to validate students' statements

Exploring result e The teacher encourages students to check the B5

accuracy of evidence and its real value
e The teacher encourages students to connect the
results of the evidence with everyday life
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The data analysis technique used
in qualitative analysis has four stages,
namely data collection, data reduction,
data presentation and the last step is
drawing conclusions and verification. In
this study, the data obtained from the
questionnaire  were  reduced in
categories. This category is based on
steps of reasoning and evidentiary
indicators. In addition, researchers will
also provide explanations related to the
relationship between the reasoning and
evidentiary processes with the PBL
learning process that has been carried
out by teachers. The results of this
analysis will then be used as a basis for
drawing conclusions.

RESULTS AND DISCUSSION

Thompson et al. (2012) said the
ability of reasoning and proof is an
important part of mathematics. The
aspect of reasoning and proof is an
aspect of NCTM that focuses on
students' ability to think critically
(NCTM, 2009). However, in fact, from
24 research subjects, 45.8% (11
subjects) had never heard of the terms
reasoning and proof. Meanwhile,
another 54.2% (13 subjects) had heard
the terms reasoning and proof. This can
be seen in the questionnaire result data
in Figure 2.

® Yes
@® No

Figure 2. Percentage of subjects who
have heard the terms reasoning and
proof
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In the Figure 2, it can be seen
that more than 50% of research subjects
have heard the term reasoning and
proof. Interestingly, when asked about
the definition of reasoning and proof,
only 2 research subjects could explain
the definitions of reasoning and proof
well. This shows that most likely, the
research subject has carried out a
learning process based on reasoning and
proof without knowing the definition of
this reasoning and proof aspect. This is
in line with the research conducted by
Simon (2020) that most teachers who
teach in schools do not think about
theoretical things such as models,
strategies, or learning approaches, but
actually have used them in classroom
learning. This is further strengthened by
Hafid (2011) that practitioners tend not
to focus too much on theory but use
experience as a learning resources. To
clarify the appropriateness of the
reasoning and proof indicators in
learning, each of the following
indicators will be discussed.

a. Conducting Validation (B1)

Based on the results of the
research, the implementation this
indicator in learning process can be seen
in Figure 3.

® Always
® Often

Seldom
. ® Never

Figure 3. Implementation of
"conducting validation™ indicator

The operational form of the
indicator B1 in classroom is the activity
of observing problems / mathematical
statements by students. Figure 3 shows
that 62.5% (15 subjects) often
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encouraged students to observe a
mathematics  problem in  class.
Meanwhile, 33.3% (8 subjects) rarely
carried out the activity of observing this
problem. The remaining 4.2% (1
subject) always invites students to do
this activity. Based on Navarro et al.
(2016), the activity of observing
problems can train students' ability to
think critically. Because of this critical
thinking process, students will cross-
check a statement. In this process,
students will dig up information, both
internal and external, to ensure their
argument is a problem (Biki¢ et al.,
2016). Related to this, the research
results from Kovach & Montgomery
(2010) shows that the observation
activities carried out by students will
form the character of critical thinking in
students. This shows that it is important
for teachers to carry out observation
activities on this problem in the learning
process.

b. Formulating Conjecture (B2)

The second indicator in the
reasoning and proof activity is to
formulate a conjecture or better known
as a hypothesis (guesswork). This
activity is an activity to analyze a
problem or a statement, then we can
position our side of the problem
(Berland & McNeill, 2010). However,
our guess at this stage is still subjective
because it is only based on the
information and intuition we have.
According to Hunt et al. (2013) NCTM
includes this activity in reasoning,
because in making an assumption, a
person will dig up information that he
previously  had.  Extracting  this
information is one of the stages of
reasoning according to (Hidayati &
Widodo, 2015). In this regard, the
implementation of the indicator B2 in
Cluster 1V Mataram City is quite good.
This can be seen in Figure 4.
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® Always

‘ @® Often

Seldom

@ Never
20,8%

Figure 4. Implementation of
"formulating conjectures™ indicator

In the Figure above, it can be seen
that from 24 research subjects, 54.2%
(13 subjects) often provide
opportunities for students to analyze
problems and propose hypotheses.
Meanwhile, 20.8% (5 subjects) rarely
asked students to make hypotheses.
According to McNeill & Knight (2013)
making statements, expressing opinions,
or making assumptions can stimulate
students' creative thinking ability. This
activity will familiarize students with
finding solutions and possibilities for a
problem. Regardless of whether the
statement is true or false, students'
creativity will be formed through the
activity of proposing the hypothesis
(Manz, 2015). Because it is important
for teachers in schools to start
encouraging  students to  make
statements or hypotheses more often.
Based on the results of interviews
conducted with subjects, the following
methods are often used by teachers
when they want to encourage students
to make hypotheses.

In Figure 5, it can be seen that the
method used by almost all teachers is to
ask inducement questions. All subjects
chose this method when they wanted to
invite students to make hypotheses. Not
less than 20 research subjects allow
students to find new information to
support their hypothesis both from
books and from the internet. These
results are in line with the results of the
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research  conducted Sampson &
Blanchard (2012) that students will find
it easier to provide opinions or
statements when provoked by directive
questions by the teacher. Besides that,
according to Koehler et al. (2014) This

25

15 17
10

5
0

Giving inducement question
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kind of thing also shows the depth of
material possessed by the teacher. The
better the inducement questions given,
the better the results of the arguments
given by the students.

20 19

Directing students to discuss in group

Leaving the students to seek the information independently

Guiding students in an integrated manner

Figure 5. The method used by the subject in exploring students' hypotheses

c. Making deduction statement (B3)

The implementation of indicator
B3 is very high, that is 100%. This
means that teachers have provided
opportunities for students to comment
on each other's theme arguments.
According to Faradillah (2018) In
formulating an accurate hypothesis, new
information is needed to compare our
expectations. Indirectly, the direction of
our hypothesis formulation will be more
specific  (special). If initially the
students' hypotheses are still general,
and tend to be superficial, with
comments from friends, this new
information will be processed into more
specific and in-depth hypotheses.
According to Komatsu (2016) It is
important for the teacher to provide
reinforcement or additional information
to students so that they can deepen the
hypothesis they made.

d. Justifying the Statement (B4)

At this stage, students will be
invited to prove whether the initial
statement or hypothesis made is true or
false. The implementation of the
indicator B4 is the same as the indicator
B3, which is 100%, meaning that the
twenty-four research subjects have
encouraged students to prove the
statement previously made. In addition
to the teacher who provides
justification, the students can also
provide justification for each other's
statement. According to Lo et al. (2008)
students will more easily accept the
justification given by their peers. This is
influenced by the pattern of
communication between children of the
same age which tends to be similar and
this makes it easier for children who are
of the same age to understand each
other (Mizumoto et al., 2019).
Interesting things were found when the
subject was asked regarding the method

| 429



AKSIOMA: Jurnal Program Studi Pendidikan Matematika
Volume 10, No. 1, 2021, 423-434

DOI: https://doi.org/10.24127/ajpm.v10i1.3258

of proof used in the classroom. The
following are the choice of proving
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Starting from general definitions
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method chosen by the teacher, which
are described in Figure 6.

23

16

Having students compare with similar problems (Analogy)

Using the mathematical proof method (Induction)

Figure 6. Proof method that is chosen by subject.

Figure 6 shows that the method
of proof most used by subjects is the
“relation method”, which is as many as
19 subjects. Meanwhile, in the second
position is the analogy method chosen
by 18 research subjects. This is
interesting considering the results of the
studies conducted Zhao et al. (2020)
produce data that students prefer to use
the generalization method in proving
their hypothesis. This is because this
method consists of general matters, such
as definitions in student textbooks. In
addition, based on the results of the
research conducted by Fahle (2005) on
56 teachers in Texas showed that
teachers prefer to use the generalization
method, this will provoke students to
construct their own justification without
teacher assistance. By choosing the
analogy and relation method, it shows
that the research subject still has a share
in the process of evidence carried out by
students.

430)

e. Exploring Result (B5)

The last stage in the reasoning
and proof learning activity is to explore
the results or develop conclusions. The
implementation of indicator B5 can be
seen in Figure 7.

® Always

@® Often
Seldom

@® Never

Figure 7. Implementation of exploring
results indicator

Figure 7 shows that 41.7% (10
subjects) often encourage students to
develop the conclusions obtained.
Meanwhile, 29.2% (subjects) rarely
encourage  students to  develop
conclusions. According to Ruggiero &
Mong (2015) the development of
learning can be realized by the
formation of a connection between a
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mathematics topics/concepts and the
students’ daily life. Toom et al. (2015)
argues that this kind of extension can
also take the form of useful-related
information about what was learned
with problems previously seen as
unrelated to one another. Expanding the
results of the conclusions will also train
students not to stop at one possible
outcome, but to dig deeper to find other
possible information that might be
obtained.

CONCLUSION AND SUGESSTION
There are more than 50% of
teachers who are familiar with the terms
reasoning and proof. Even so, there are
2 teachers who can explain the meaning
of reasoning and proof correctly. The
implementation of the indicators on
reasoning and proof in learning is seen
to be quite good. As many as 15 out of
24 teachers often implement conducting
validation indicators in learning. The
teacher also provides reinforcement on
the formulating conjecture indicators in
this lesson. The teacher is giving
inducement questions; having group
discussion; leaving students study
independently; and guiding students
properly to reinforce this indicator in
learning activities. It was recorded that
all the teachers applied the making
deduction statement indicator. The
teacher facilitates students to give
opinions or comments on their friends'
results. All teachers then implemented
the justifying the statement indicator in
learning. Students are asked to prove
hypotheses made in ways such as
starting from general definition;
thinking analogy; and mathematical
proofing. A total of 17 teachers
encourage students to conclude the
results obtained; check the correctness
of the conclusions; as well as
connecting with real life contexts.
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For further research, researchers
should begin to explore students'
reasoning  abilities by  providing
problem-solving  questions.  Student
work results data will be able to provide
a more concrete picture related to
students' reasoning and proof abilities.
In addition, through giving questions,
the results of the PBL learning process
will also be seen on students' reasoning
and proof abilities.
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