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Preface

Assalamu ‘alaikum wr.wb.
Dear readers of the Jurnal Kreano,

Kreano, Jurnal Matematika Kreatif-Inovatif, Vol. 15 (2), December 2024 is here to greet loyal
readers, academics who have a young spirit in serving, storing, criticizing, and providing solutions to
every phenomenon that occurs in learning mathematics through steps the scientific.

Technology's role in mathematics education emerges prominently, with research examining mobile
technologies, Google Sites, Mathigon, and ChatGPT as virtual tutors. These tools aim to strengthen
students' communication and conceptual understanding, particularly in complex topics such as
linear equations, integers, and trigonometric ratios. Additionally, the exploration of unique learning
methods for students with mild intellectual disabilities, the development of creative problem-
solving frameworks, and strategies for addressing learning obstacles further underscore the field's
commitment to inclusive and effective pedagogy. By leveraging context, creativity, and technology,
these studies collectively contribute to advancing educational practices and fostering
comprehensive skill development in students.

Hopefully the Journal together with authors, researchers, and readers can be part of the process of
improving the quality of education.

Happy reading!

Wassalamu ‘alaikum wr.wb.

Semarang, December, 19" 2024
Chief of Editor

Ardhi Prabowo, Dr.
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Abstract
Mathematical critical thinking skills have so far shown unsatisfactory results, so media or learning resources
such as worksheets are needed to complete them. In addition, concepts of scientific learning such as Niteni,
Nirokke, and Nambabhi activities have not provided opportunities for students to think critically. For this reason,
this study aims to obtain valid and practical relations and function worksheets based on tri-n. The research
stages used are defining, designing, and developing. These three stages are part of the development research
with 4D. At the defining stage, data collection techniques use documentation to make the data analysis quali-
tative. At the design stage, data collection techniques use observation to make the data analysis qualitative
descriptive. In the developing stage, the data collection technique uses a questionnaire, so the data analysis is
quantitative. The results showed that the relations and function worksheets based on Tri-N had a V-Aiken index
of more than 0.83, and some students responded well to this worksheet. Apart from that, the mathematics
material in this Student Worksheet uses the Tri-N stages, namely Niteni, Nirokke, and Nambahi. Based on this,
it can be concluded that the Tri-N-based Student Worksheet on Relations and Functions is a valid and practical
result of development. For this reason, this worksheet can be used to improve students' critical thinking skills.

Keywords: Critical Thinking; Niteni; Nirokke; Nambahi; Worksheet.
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Abstrak
Kemampuan berpikir kritis matematis siswa selama ini menunjukkan hasil yang belum memuaskan, sehingga dibu-
tuhkan media atau sumber belajar sepert worksheet untuk menyelesaikannya. Selain itu, konsep pembelajaran
saintifik seperti kegiatan Niteni, Nirokke, Nambahi belum memberikan kesempatan kepada siswa untuk berpikir
kristis. Untuk itu penelitian ini bertujuan untuk memperoleh Lembar Kerja Siswa Relasi dan Fungsi berbasis Tri-N
yang valid dan praktis. Tahapan penelitian yang digunakan adalah mendefinisi, mendesain, dan mengembangkan.
Ketiga tahapan ini merupakan bagian dari penelitian pengembangan tipe 4D. pada tahap mendefinisi, Teknik
pengumpulan data menggunakan dokumentasi, sehingga analisis data yang digunakan bersifat kualitatif. Pada
tahap mendesain, Teknik pengumpulan data menggunakan observasi, sehingga analisis data yang digunakan ber-
sifat kualitatif deskriptif. Tahap mengembangkan, Teknik pengumpulan data menggunakan angket, sehingga an-
alisis data yang yang digunakan bersifat kuantitatif. Hasil penelitian diperoleh bahwa Lembar Kerja Siswa Relasi
dan Fungsi memiliki indeks V Aiken lebih dari 0,83, dan sebagian siswa memberikan respon sangat baik terhadap
prototipe worksheet ini. Selain itu, materi matematika yang ada pada Lembar Kerja Siswa ini menggunaan taha-
pan Tri-N, yaitu Niteni, Nirokke, dan Nambahi. Berdasarkan hal tersebut dapat disimpulkan bahwa Lembar Kerja
Siswa Relasi dan Fungsi berbasis Tri-N hasil pengembangan yang valid dan praktis. Untuk itu dimungkinkan work-

sheet ini digunakan sebagai salah satu cara untuk meningkatkan kemampuan beprikir kritis siswa.

INTRODUCTION

Mathematics education contains many
connections with real life, presented ver-
bally and visually with pictures, photos, di-
agrams and other visualizations. The con-
text is drawn from a broad spectrum of
real-life areas, reflecting that mathemat-
ics can be found everywhere in society
(Wijers & de Haan, 2020). However, math-
ematics is a complicated subject, a whole
of formulas and numbers. Students also
think that mathematics is unrelated to
everyday life, so students' interest in
learning mathematics is often in the low
category (Pratama et al., 2018) even
though mathematics is an important sub-
ject that needs to be studied because it
underlies other subjects and plays an es-
sential role in all aspects of life, especially
in improving human thinking power (Indi-
yah et al., 2021).

The teachings of Niteni, Nirokke, and
Nambabhi, often referred to as Tri-N, are
Tamansiswa teachings that originate
from the thoughts of Ki Hadjar Dewantara
(Ardhyantama, 2020; Nisa et al., 2019).
The concept of the Tri-N approach is in
line with the scientific approach, where
this learning provides opportunities for
students to actively observe, ask ques-
tions, collect data, as well as associate and

communicate (Anafiah & Hangestin-
ingsih, 2019; Istigomah et al., 2021; Wi-
jayanti, 2018). In contrast to APOS, which
emphasizes the knowledge framework
formed from a person's cognitive pro-
cesses starting from interiorization, coor-
dination/retrieval, and encapsulation/de-
encapsulation so that the schema always
remains in everyone (Firdaus et al., 2023;
Irfan et al., 2020), Tri-N places more em-
phasis on the syntax of learning that must
be passed through, in the learning process
(Ermawati & Rochmiyati, 2020).

Niteni is a student activity that is
characterized by careful use of the five
senses, where through this observation,
detailed/specific and in-depth infor-
mation is obtained and linked to students'
prior  knowledge  (Damayanti &
Rochmiyati, 2019; Istiqomah et al., 2021).
Niteni is a cognitive process or human
mind derived from the word "titen" (Nisa
et al., 2019; Wijayanti et al., 2022). Niteni
or titen refers to the ability to carefully
recognize and capture the meaning (na-
ture, characteristics, procedures, truth) of
an object being observed by paying atten-
tion, comparing, scanning, observant and
deep and involving all the senses (Nisa et
al., 2019).

Nirokke, or imitating, is the nature of
childhood. Behavior imitates models or




344 | Widodo, S.A. et al. What kind of Relation and Function Worksheet Based Tri-N ...

examples from teachers or learning re-
sources (Rochmiyati & Putro, 2020; Wi-
jayantietal., 2021). Nambahiis or is a con-
tinuation of the Nirokke (Andayani et al.,
2021). In this process, there is a creative
and innovative process to give new col-
ours to the imitating model. Nirokke is
very useful for students because it has the
nature of self-education through orienta-
tion and experience (Nita et al., 2017). Ni-
rokke is not wrong, but duplicating or imi-
tating models, methods, enthusiasm, and
management is helpful for students to ab-
sorb the information provided by the
teacher (Wijayanti & Utaminingsih, 2017).
Learning Nirokké can be done by model-
ling or copying other people's behaviour
(teachers, friends, society, etc.) to de-
velop knowledge and learning experi-
ences.

Nambahi means adding or can be
translated as imitating by developing
(Sibyan et al., 2019). The Nambahi activity
is a follow-up activity after Nirokke. This
Nambabhi activity is expected to happen to
students, so they do not just imitate or du-
plicate the information the teacher has re-
ceived. So, in acquiring new knowledge,
students do not just imitate the infor-
mation provided by the teacher but also
must process the information they obtain.
In the Nambahi process, of course, there is
a creative and innovative process to pro-
vide new nuances to the model being imi-
tated (Herawati, 2019; Rozak & Wardina,
2014) so that we do not just imitate but
improve, add, reduce, change and process
something that is replicated.

The results of previous research
show that implementing the Tri N concept
can foster a creative spirit, build an atti-
tude of honesty, discipline, hard work,
creativity, independence, and curiosity,
and develop abilities in participants (Nisa
etal., 2019; Novika & Harahap, 2018). This
concept can be viewed as a learning the-
ory (Nita et al., 2017). The Tri-N concept

from Ki Hajar Dewantara can also be said
to be a technique in learning (Rozak &
Wardina, 2014). These studies show that
Tri-N affects the learning outcomes that
students must have. Besides that, many
studies have implemented the Tri-N con-
cept in mathematics learning. Such as
learning Integral material using Tri-N and
YouTube media (Wigati et al., 2018) and
improving learning outcomes in junior
high school of Muhammadiyah 2 Depok
class IX students in 2019/2020 using the
Tri-N concept assisted by structured
worksheets on number material (Widada,
2020). Jigsaw Learning with Tri-N will in-
crease mathematics activity and learning
outcomes in class VII students at junior
high school in Banguntapan (Pramudya &
Harini, 2020). This shows that Tri-N can be
used as an alternative to learning mathe-
matics. Even though the tri-N learning
that has been carried out cannot stand
alone, it must involve other aspects such
as learning models, learning media,
teaching materials and worksheets (Er-
mawati & Rochmiyati, 2020; Holis, 2017;
Pramudya & Harini, 2020; Wijayanti et al.,
2021).

The worksheet is a student guide
used to carry out investigative and prob-
lem solving activities and contains activi-
ties that students must carry out (Hayati
et al., 2016; Prabawati et al., 2019; Pur-
wasi & Fitriyana, 2019). This causes work-
sheets to be seen as learning media and a
learning resource (Astuti et al., 2017; Pri-
yambodo et al., 2012). Both as a medium
and as a learning resource, the ultimate
goal of the worksheet is to assist students
in maximizing their understanding and
abilities through the learning achieve-
ments that must be taken.

Many researchers have carried out
research related to worksheets with stu-
dent abilities. Such as the effect of the
worksheet on the ability to solve prob-
lems (Ichsan et al., 2023; Widodo et al.,



2023), the impact of the worksheet on the
ability to think creatively (Aripin & Pur-
wasih, 2017; Islamiyati et al., 2023; Pur-
waningsih et al., 2021), worksheet effect
on mathematical communication skills
(Ismail et al., 2020; Riyati & Suparman,
2019), the impact of worksheets on critical
thinking skills (Fernando et al., 2021;
Hayati et al., 2016; Ningrum et al., 2022).
The results of this study indicate that
worksheets have a potential effect on im-
proving students' abilities. However, the
study results show that students' soft and
hard skills are still not optimal. As previ-
ously reported, students' critical thinking
skills are still low (Agnafia, 2019; Nuryanti
et al., 2018; Priyadi et al., 2018). At the
same time, thinking critically is thinking
logically and systematically when decid-
ing or solving a particular problem (Murni
et al., 2022; Nuryanti et al., 2018; Wulan-
sari et al., 2019). For this reason, it is nec-
essary that worksheets can be used as an
alternative media or learning resource so
that students' cognitive abilities, such as
students' mathematical critical thinking
skills, can increase.

In this regard, the objectives to be
achieved from this research include find-
ing out the validity, practicality and effec-
tiveness of Tri-N based worksheets on re-
lations and functions to improve the criti-
cal thinking skills of junior high school stu-
dents. The material for relations and func-
tions was chosen in the development of
this worksheet because this material is
one of the subject matters of mathemat-
ics studied by students in grade VIII of jun-
ior high school and one of the basic mate-
rials for entering the following material
such as limits of functions, derivatives and
others (Lesiana & Hiltrimartin, 2020;
Melani & Sutirna, 2020; Septianti, 2020).
In addition, the results of the preliminary
study conducted earlier found that the
ability of junior high school students to
understand the material on relations and
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functions stated that students still lacked
mastery of the problems faced. Most stu-
dents considered the questions to be diffi-
cult, students were less enthusiastic about
understanding the questions, and stu-
dents also felt confused about solving the
questions given (Anggraini et al., 2021;
Martha & Reni, 2022; Pendy & Mbagho,
2021).

METHOD

In accordance with the objectives of this
research, the stages of this research are
defined, designed, developed, and dis-
seminated (Thiagarajan et al., 1974). Four
steps on 4D are divided into nine main ac-
tivities: curriculum analysis, Tri-N analy-
sis, Analysis of critical thinking skills,
learning objective, prototype of work-
sheet, validation Expert, development
testing, validation testing, packaging, dif-
fusion and adoption (see Figure 1).

The define stage is carried out to de-
termine, define and analyze the needs of
the product to be developed (Thiagarajan
etal., 1974). The product to be designed in
this research is the Relation and Function
Worksheet Based Tri-N. The needs analy-
sis includes (1) curriculum analysis, (2) Tri-
N analysis, and (3) analysis of critical
thinking skills. For this reason, at this early
stage, the researcher did not test the hy-
pothesis but focused on the development
needs analysis activities and the require-
ments for product development accord-
ing to user needs (in this case, the needs
of teachers and students in junior high
school).
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Curriculum Analysis \
Tri-N Analysis > Le‘aming
Objectives
Analysis of Critical /
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kA J
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h 4
Developmental Validation
Y
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Adoption

Figure 1. Research Stages

At the design stage, a product de-
velopment format is developed (Thiaga-
rajan et al., 1974). It is intended that the
initial design of the product in the form of
a Relation and Function Worksheet Based
on Tri-N has an overview. At this stage, it
is expected to have an effect as a Relation
and Function Worksheet Based Tri-N pro-
totype.

The development stage consists of
two things that must be done: expert vali-
dation and developmental testing (Thia-
garajan et al.,, 1974). At the expert valida-
tion stage, it is carried out to determine
the quality of the prototype of relation
and function worksheet based Tri-N that
has been designed based on aspects (a)
design and layout of the worksheet, (b)
mathematical content, (c) Tri-N content,
and (d) language. Developmental testing
activities are carried out to determine stu-
dent responses to the relation and func-
tion worksheet prototype based on Tri-N
to increase students' critical thinking
skills. Trials of prototype relation and
function worksheet based tri-N given to
class 8 students of Junior High School. The
results obtained in this trial were in the

form of student responses received from
filling out a questionnaire conducted by
students.

The last stage, or dissemination
stage, aims to promote the product devel-
oped to be accepted by individual users.
The dissemination stage has three main
steps: validation testing, packaging, diffu-
sion, and adoption (Thiagarajan et al.,
1974). In the validation testing stage, the
product revised at the development stage
isimplemented on the actual target or tar-
get. This activity aims to determine the ef-
fectiveness of the product being devel-
oped; in this case, the product's effective-
ness is seen from the students' critical
thinking abilities. The packaging stage is
carried out by printing a worksheet. This
worksheet is published so that others can
diffuse and adopt the product.

The data collection method in this
study was adapted to the stages of the re-
search. The define stage is done with doc-
umentation. The documentation at this
stage is in the form of a Merdeka curricu-
lum policy such as Minister of Education,
Culture, Research and Technology Regu-
lation No. 262/M/2022, and Decree of the
Head of Education Standardization, Cur-
riculum and Assessment Agency Number
033/H/KR/2022. In addition, other docu-
mentation, such as study results pub-
lished by researchers and accessed online,
is also used at the define stage. At the de-
sign stage, data collection was carried out
using observation. Researchers are de-
signing prototype products of relation and
function worksheets based on Tri-N.

At the development stage, data col-
lection techniques are carried out by
means of a questionnaire. The question-
naire used at this stage is a validation
sheet that experts must fill out. This ques-
tionnaire evaluates the prototype of the
Relation and Function Worksheet Based
Tri-N designed in the previous step. Vali-



dation questionnaires were given to ex-
perts, in this case, practitioners and aca-
demics. Practitioners used as experts at
the validation stage were junior high
school mathematics teachers, while the
academics used as experts in the valida-
tion stage were lecturers in mathematics
education. In addition to the validation
questionnaire, a student response ques-
tionnaire was used to operate the proto-
type relation and function worksheet
based on Tri-N. This response is used to
see the readability of the worksheet de-
signed in the previous stage.

At the dissemination stage, data
collection techniques are carried out by
means of tests. This test is used to deter-
mine students' critical thinking abilities.
The critical thinking ability test assess-
ment indicators refer to the scoring rubric
from Ismaimuza (2013), Facione (1992),
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Rosliani & Munandar (2022), and Kurni-
asih et al. (2020), namely Interpretation,
Analysis, Evaluation and inference. More
details can be seen in Table 1.

Qualitative descriptive data analysis
techniques were used for the define and
design stages. Data analysis techniques
using descriptive qualitative methods are
carried out by 1) preparing and organizing
data for analysis, (2) exploring and coding
data, (3) coding to build descriptions, (4)
representing and reporting findings, (5)
interpreting results, and (6) validate the
accuracy of the findings (Creswell, 2012).

At the development stage, quan-
titative data analysis is carried out. The
data obtained from the validator is then
analyzed using the Aikens Formula (Ai-
ken, 1980, 1999; Aiken & Patrician, 2000),
as follows:

Table 1. Mathematical thinking ability assessment rubric

INDICATOR INFORMATION SCORE
Interpretation  Students do not write down what is known and what is asked o)

Students write down what they know and what they ask, but it is not quite right 1
Students write only what is known or what is asked 2
Students write down what they know from the question, but it is not quite right 3
Students write and ask questions ultimately and accurately 4

Analysis Students do not create mathematical models from the problems given 0
Students make mathematical models from the questions given, but they are not 1
quite right
Students create mathematical models from the questions given correctly without 2
providing explanations
Students create mathematical models from the questions given correctly, but there 3
are errors in the explanation
Students create mathematical models of the questions given correctly and provide 4
correct and complete explanations

Evaluation Students do not use strategies to solve problems
Students use incomplete and inappropriate strategies in solving problems
Students use strategies in solving problems that are incomplete or use strategies that 2
are incomplete but complete in solving problems
Students use appropriate and complete strategies in solving problems but make er- 3
rors in calculations or explanations
Students use appropriate, complete and correct strategies in solving problems 4

Inference Students do not make conclusions o
Students make conclusions, but they are inaccurate and not appropriate to the con- 1
text of the problem
Students make conclusions, but they are not correct even though they fit the context 2
of the question
Students make conclusions correctly, according to the context of the question, but 3
are not complete
Students make conclusions wholly and correctly according to the context of the prob- 4

lem
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%4 25
¢ n(c—1)
With,
eV =rater agreement index
n  =the number of raters
S =the score set by each rater minus the lowest
score in the category used (r — 1)
lo  =lowest validity rating score
¢ =the highest validity rating score
r  =the numberis given by the validator

This formula determines how far the
Tri-N Based Relation and Function Work-
sheet prototype is valid. The rater agree-
ment index statistically ranges fromoto 1.
The number of raters (in this case, the ap-
praisers) used in this study was six people.
The validity criteria were determined
from the validity index obtained and then
compared with the Aiken V Index table.
For the number of raters 6 in Table V Ai-
ken received 0.78 (Aiken 1985). For this
reason, a product is said to be valid for
each item if the Aiken V Index s calculated
to be more than 0.78.

The data obtained from student re-
sponses is collected by looking at the per-
centage of answers given by students for
each aspect of the total number of stu-
dents. Student response to the prototype
product relation and function worksheet
based Tri-N refers to the Likert scale,
namely efficient with a score of 5, practi-
cal with a score of 4, less practical with a
score of 2, and impractical with a score of
1. Furthermore, the results of the percent-
age of student responses obtained for
each indicator, the average is determined
and grouped into very practical, practical,
less practical, and impractical, as can be
seen in Table 2 (Afifah et al., 2021; Ikram
etal., 2021).

Table 2. Practical level category

The results of this percentage indicate the
practicality of a product resulting from its
development (Ardianti et al., 2019; Annisa
etal., 2022). Where the prototype relation
and function worksheet based on Tri-N is
considered practical, at least 50% of stu-
dents say it is very practical.

At the dissemination stage, data is
obtained at the validation testing stage.
Because, at this stage, the aim is to deter-
mine the effectiveness of the LKPD prod-
uct in terms of students' critical thinking
abilities, data on this ability was obtained
from the pre-test and post-test. To see its
effectiveness, data analysis uses N-Gain
(Aziz et al., 2021; Hake, 1998), namely

) Post test Score — Pre tes Score
N — Gain =

Ideal Score — Pre tes Score

Analysis carried out on the results of the
interpretation of the N-gain value criteria
(Hake, 1998; Trisniawati et al., 2019) is
shown in Table 3.

Table 3. N-Gain Score Interpretation

Score Interpretation
N — Gain < 0.30 Low
0.30 < N — Gain < 0.70 Mediun
N — Gain > 0.70 High

No Percentage (P) Category
1 75< P £100 very practical
2 50< P <75,0 practical
3 25<P <50 Less practical
4 0< P <250 impractical

The effect size e-Worksheet uses
Cohen's d formulation (Goulet-Pelletier &
Cousineau, 2018; Lakens, 2013; Maher et
al., 2013) as follows:

Mgif s

ES =
\/Z(Xdiff — Myifs)?
N-1

With,

ES  =effectsize

Maigg = the mean of the difference between post-
test and pre-test data

Xaff = difference between posttest and pretest
data

N = sample size



Analysis of the results of the interpreta-
tion of the effect size criteria (Cohenetal.,
2007; Yunita et al., 2021) is presented in
Table 4.

Table 4. Effect Size Interpretation

Effect Size Interpretation
0.00 < ES < 0.20 Ignored
0.20 < ES < 0.50 Small
0.50 < ES < 0.80 Fair
0.80 < ES <1.30 Large

ES >1.30 Very large

RESULT AND DISCUSSION
Results

The stages carried out in this study are de-
fining, designing, developing, and dis-
seminating. The results of this study for
each stage are presented in the following
explanation.

Define

In the define stage, it is carried out to ana-
lyze needs related to (1) curriculum analy-
sis, (2) Tri-N analysis, and (3) analysis of
critical thinking skills. At this stage, it is
not carried out to test a hypothesis, but it
is focused on needs analysis activities and
product development requirements tai-
lored to user needs (Thiagarajan et al.,
1974).

Curriculum analysis is done by dis-
secting learning outcomes in the inde-
pendent Relation and Function material
curriculum. This curriculum review is car-
ried out to determine the suitable mate-
rial about relations and function. A decree
number 033/H/KR/2022 issued by Agency
of Standardization, Curriculum, and As-
sessment of Education (Badan Standar-
isasi, Kurikulum, dan Asesmen Pendidikan)
found that the Relation and Function ma-
terial included in the algebraic elements
with the learning outcomes being stu-
dents can understand relations and func-
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tions (domain, codomain, range) and pre-
sent it in the form of arrow diagrams, ta-
bles, sets of ordered pairs, and graphs.
From the learning outcomes of this study,
the material on relations and functions
consists of relationships, functions, and
mappings; the characteristics of relations
and functions; formulas of functions;
graphs of functions; and problem-solving
related to relations of function.

Tri-Nis a learning activity that aligns
with the scientific approach, using the
niteni, nirokke, and nambahi stages (Da-
mayanti & Rochmiyati, 2019; Wigati et al.,
2018). The Tri-N analysis is carried out by
reviewing published articles that can be
accessed through Google Scholar. The re-
sults of the review of published articles
obtained indicators for the stages of Tri-
N. Niteni is an activity that involves mark-
ing by paying close attention and using all
the senses (Damayanti & Rochmiyati,
2019). In this niteni activity, it is also a pro-
cess of seeking and finding meaning (na-
ture, characteristics, procedures, truth) of
an object of safety from the five senses
(Wijayanti et al., 2021; Wijayanti et al,,
2023). Niteni activities can include listen-
ing to teacher explanations and conduct-
ing literature reviews by identifying read-
ing content through the 5W + 1H formula
(Anafiah & Hangestiningsih, 2019).

Nirokke is an activity of imitating
what is taught through models/exam-
ples/examples from teachers/learning re-
sources by involving the mind, senses,
feelings/conscience, and spirituality inte-
grally and harmoniously (Ermawati &
Rochmiyati, 2020; Rochmiyati & Putro,
2020). Nambahi adds or subtracts what he
has learned to develop his creativity and
ideas by utilizing learning resources (Hi-
dayati & Khasanah, 2020; Rochmiyati &
Putro, 2020).

Critical thinking skills analysis shows
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that this ability's indicators include inter-
pretation, analysis, inference, explana-
tion, and self-requlation (Agnafia, 2019;
Rositawati, 2019; Arig & Fitrihidajati,
2021). However, some research results
suggest that indicators of mathematical
critical thinking ability include (1) the abil-
ity to give reasons for mastering concepts
and justifying concepts, (2) the ability to
complete supporting data or information,
and (3) the ability to evaluate or examine
an algorithm (Buhaerah, 2016; Rah-
masantika & Charitas, 2022; Zetriuslita et
al., 2016). In addition, several research re-
sults have shown that mathematical
worksheets affect or influence students'
mathematical critical thinking skills.
Therefore, if students' critical thinking
skills are not optimal, one way to improve
this ability is to use a mathematical work-
sheet.

Design

Learning outcomes have been deter-
mined on relations and functions at the
defined stage. These learning outcomes
refer to decisions of the head of the
Agency of Standardization, Curriculum,
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Figure 2. Display of Relation and Function worksheet based Tri-N

and Assessment of Education number
033/H/KR to design a mathematical wore-
lationon Refunctionnd Functiowill be de-
signed n material to improve junior high
school students' critical thinking skills.

The design of this mathematical work-
sheet aims to improve junior high school
students' critical thinking skills so that one
of the elements of the Pancasila student
profile, namely critical reasoning, can be
achieved. For this reason, the design of
this mathematical worksheet includes
mathematical problems that can stimu-
late students to think critically. Several
views of relations and Functions work-
sheet based Tri-N can be seen in Figure 2.

Develop

Two activities are carried out at the devel-
opment stage: expert validation and de-
velopmental testing (Thiagarajan et al,,
1974). The goal of these two stages is to
see the validity of the Relation and Func-
tion product prototype worksheet bai-N
in theoretical and empirical terms. Thus,
the prototype relation and Function work-
sheet based on Tri-N could be a hypothet-
ical product ready to be tested on a large



scale.

The validation expert activity in-
volved three mathematics education lec-
turers and three junior high school math-
ematics teachers. Their involvement at
this stage is to become a validator whose
job is to provide assessments, sugges-
tions, and criticism product of the Rela-
tion and Function worksheet based on Tri-
N. The Tri-N worksheet based Relation
and Function product assessment refers
to indicators (1) design and Layout, (2)
mathematical content, (3) Tri-N content,
and (4) language.

In the design and layout indicators,
it consists of 6 sub-indicators, namely (1)
initial appearance (cover), (2) font type
and font size, (3) figure, (4) colour and ap-
pearance, (5) the attractiveness of the
worksheet, and (6) the identity of the au-
thor. The validation results on this indica-
tor can be seenin Table 5.

Table 5. Feasibility Assessment Results on Design
and Layout Aspects

No Indicators ev Co.nclu-
sion
1 initial appearance 1,00 Valid
(Cover)
2 fonttype and fontsize 0,94  Valid
3 figure 0,83  Valid

4 colour and appearance 0,83  Valid

5 the attractiveness of 1,00 Valid
the worksheet

6 identity of the author 1,00  Valid

Based on Table 5, it can be con-
cluded that the prototype of the Mathe-
matical Worksheet on the relation and
function is valid for indicator design and
layout. This is because all the items asked
for in the design and layout indicators
have an Aiken validity index of more than
0.78.

In the mathematical content indica-
tor, it consists of 7 sub-indicators, namely
(1) suitability of the material with learning
outcomes, (2) suitability of the material
with practice questions, (3) completeness
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of the material, (4) suitability of learning
objectives and activities, (5) material
presentation system, (6) worksheets facil-
itate students to think critically, and (7)
use of media. The validation results on
this indicator can be seen in Table 6.

Table 6. Feasibility Assessment Results on Design
and Layout Aspects

No Indicators eV Co.nclu-
sion
1 Suitability of the material 0,94  Valid
with learning outcomes
2 Suitability of the material 1,00 Valid

with practice questions
3 Completeness of the material 1,00  Valid
4 Suitability of learning objec- 0,83 Valid
tives and activities

5 material presentation system 0,94  Valid

6 Worksheets facilitate stu- 0,94  Valid
dents to think critically

7 Use of media 0,83  Valid

Based on Table 6, it can be con-
cluded that the prototype of Mathemati-
cal Worksheet Relation and Function is
valid for indicator mathematical content.
This is because all the items asked for in
the mathematical content indicator have
an Aiken validity index of more than 0.78.

The Tri-N content indicator consists
of 4 sub-indicators, namely (1) the initial
display shows Tri-N, (2) the worksheet
contains the Tri-N stages, (3) Materials
and learning activities according to the tri-
N stages, and (4) the worksheet invites
students to do the Tri-N stages. The vali-
dation results on thisindicator can be seen
in Table 7.

Table 7. Results of the Feasibility Assessment on
the Aspect of Tri-N Content

No Indicators Co.nclu-
sion

1 Theinitial display shows 1,00 Valid
Tri-N

2 The worksheet contains 1,00 Valid
the Tri-N stages

3 Materials and learning ac- 0,83  Valid
tivities according to the tri-
N stages
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Conclu-
sion
1,00 Valid

No Indicators

4 The worksheet invites stu-
dents to do the Tri-N
stages

Based on Table 7, it can be concluded that
the prototype mathematical Worksheet
in material relation and function is valid
for indicator Tri-N content. This is be-
cause all the items asked for in the Tri-N
content indicator have an Aiken validity
index of more than 0.78.

The language indicator consists of 2
sub-indicators, namely (1) use of language
and (2) use of terms and symbols. The val-
idation results on this indicator can be
seenin Table 8.

Table 8. The results of the feasibility assessment on
the language aspect

No Indicators eV Conclusion
1 Useoflanguage 0,83 Valid
2 useoftermsand 0,83 Valid
symbols

Based on Table 8, it can be con-
cluded that the prototype mathematical
Worksheet in material relation and func-
tion is valid for indicator language. This is
because all the items asked for in the indi-
cator language have an Aiken validity in-
dex of more than 0.78.

In addition to conducting a quantita-
tive assessment, the validators provide
qualitative assessments. The qualitative
assessment they carried out was in the
form of giving criticism and suggestions
related to relations and function work-
sheet based Tri-N. The summary of rec-
ommendations and criticisms on the
product of relation and Function work-
sheet based on Tri-N provided by the vali-
dator can be seen in Table 9. From these
suggestions and criticisms, the next re-
searcher can determine the follow-up
strategy that must be carried out to im-
prove the relation and function worksheet
based on Tri-N.

Relation and Function worksheet
based Tri-N, which has been repaired
based on suggestions from validators,
then a limited scale trial (small trial) was
conducted to 10 junior high school stu-
dents selected purposively. This trial aims
to obtain responses or student responses
to relation and function worksheet based
Tri-N. Reactions from students were re-
ceived by giving questionnaires with indi-
cators of worksheet display, presentation
of material, student attractiveness and
product usefulness. The worksheet dis-
play indicator consists of 3 statement

Table 9. Suggestions and Follow-Up Plans

No Suggestion

Follow-Up

1 Inmaking an arrow diagram, it is better to
write down sets of A and B; don't forget to
write them because students will get con-

fused.

2 Intyping a rank number, it must be made like

AB, not classified as A, to the power of B.

3 Determine the choice of words in making
questions, and don't forget to always pay at-

tention to writing so there are no typos.

4  The arrangement of letters on the worksheet

is given space

5 For pictures on the worksheet, you can col-
our them to make them more attractive, not

just on the edges.

6  Inthe subsequent development, to make the

worksheet even better.

The letters A and B are added to the arrow dia-
gram to make it easier for students to get to know
a set of A and a set of B.

We are changing and retyping the correct way to

type epaulettes in questions.

Change the choice of words that have been sug-
gested and be more careful in making questions so
that there are no typos.

Change the order of notes on the worksheet so
that there is room for students to write on the
worksheet.

The images in the worksheet have been changed
and coloured to make them more attractive to stu-
dents.

It was fixed in subsequent developments to make
it more attractive.




items, the material presentation indicator
consists of 7 statements, the attractive-
ness indicator consists of 2 comments,
and the product usability indicator con-
sists of 3 statements. The results of these
student responses can be seenin Table 10.

Table 10. Percentage of Small Trial Results to Stu-
dent Responses

Assessment Percentage
No
Aspects 5 4 2 1
1 Appearance 73,33 26,66

2 Material Presen- 57,14 42,85
tation
3 Attractiveness 55,00 45,00
4 Usefulness 63,33 36,66
average 62,20 37,80

Based on Table 10, the students' re-
sponses to relation and function work-
sheet based Tri-N obtained an average of
62.28 very agree and 37.79 very agree. For
this reason, it can be concluded that in
small-scale trials, the relation and func-
tion worksheet-based Tri-N has a positive
response from students to improve their
ability to think critically.

Disseminate

The three main activities that must be car-
ried out at the dissemination stage are (1)
validation testing, (2) packaging, and (3)
diffusion and adoption (Thiagarajan et al.,
1974). The validation testing activity aims
to determine the effectiveness of the
product being developed. In this case, the
efficacy of the relation and function work-
sheet based on Tri-N is seen in the stu-
dents' critical thinking abilities. At this
stage, the research design uses a one-
group pretest-posttest method with a
sample size of as much as possible. Pre-
tests and post-tests are carried out to ob-
tain students' critical thinking skills. The
description of critical thinking ability data
can be seenin Table 11.
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Table 11. Description of Pre-test, Post-test and N-
Gain data on critical thinking skills
Critical Thinking Interpretation

Skills N Mean Variance
Pre-test 28 20.68 46.89
Posttest 28 36.11 63.65
N-Gain 28 0.53 0.13

Based on the results of N-gain calcu-
lations, it was found that the average N-
gain was 0.53 with a variance of 0.13 (see
Table 11). These results show that the av-
erage N-Gain meets the medium criteria.
Calculating the effect size using Cohen's
formula also showed that the ES was 1.37.
These results indicate that the effect size
is at very large standards. From the results
of the N-Gain and effect size calculations
that have been carried out, it can be con-
cluded that the product influences critical
thinking skills in a very large category.
This shows that the development of rela-
tion and function worksheet based Tri-N
is effectively used in learning.

In the packaging, diffusion, and
adoption stages, the Tri-N-based LKPD
relations and functions are packaged in
open access, which can be seen on Google
Drive with the link https://bit.ly/Rela-
tionFunctionWorksheet. In the long term,
this LKPD will be placed in https://math-
projejct.pmat.ustjogja.ac.id. This aims to
ensure that mathematics teachers are in
phase D, and students or other research-
ers in the field of mathematics education
can access this product easily.

Discussion

Worksheets are student guides for inves-
tigative or problem-solving activities
(Hayati et al., 2016; Riyati & Suparman,
2019; Tsani et al., 2019). The worksheet
contains a set of essential activities that
students must carry out to maximize un-
derstanding and as a form of effort to im-
prove critical thinking skills through the
achievement of the learning outcomes
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pursued (Wahyuningsih, 2019; Setiawati
et al., 2015 Roemintoyo & Budiarto,
2021). The components of the worksheet
at least contain identity and cover, study
instructions, learning competencies to be
achieved or learning outcomes, learning
achievement indicators, supporting infor-
mation, tasks and work steps, assess-
ments, and references or bibliography
(Sakur et al., 2023; Saraswati & Salsabila,
2021).

Worksheets are a learning resource
that can be developed by teachers who
act as facilitators in learning activities
(Sugiarto & Hidayah, 2019; Widodo et al.,
2023). The worksheet development is ex-
pected to be used as a learning resource
for students (Agustin et al., 2019; Septian
etal., 2019) so that they get materials and
directions indirectly from the teacher. Us-
ing worksheets, students are expected to
experience a learning process in under-
standing the concepts being studied
(Sumaryati & Husanah, 2015). Work-
sheets can be arranged and developed ac-
cording to the conditions and situations of
the learning activities (Listiani, 2018;
Halija et al., 2021). Worksheet based Tri-N
use the stages of niteni, nirokke and nam-
bahi. These three Tri-N stages explicitly
appear in the worksheet so that students
can easily observe, imitate, and add to the
knowledge they have received during
their learning (Ardhyantama, 2020).

By the definition of a worksheet,
namely a sheet that contains guidelines
for students to carry out their learning ac-
tivities, it is hoped that the use of work-
sheets in learning can measure the extent
to which students can understand the ma-
terial being studied. For Worksheet based
Tri-N, students can use the learning mate-
rials and functions at the core learning ac-
tivity stage. Core learning activities are
the main activities in the learning process
or the process of mastering students'
learning experiences. These worksheets

can shape students' learning experiences
and abilities as planned by the teacher,
and students can observe, imitate and
then add to the knowledge they have re-
ceived.

Prototype assessment results of re-
lation and function worksheet based Tri-N
conducted by six validators obtained that
the indicator design and Layout, mathe-
matical content, Tri-N content, and lan-
guage have a V-Aiken index of more than
0.83. Even though the Vaiken index for six
validatorsis expected to have a V Aiken in-
dex of at least 0.73 (Aiken 1985), for this
reason, it can be concluded that the pro-
totype of relation and function worksheet
based Tri-N is valid in terms of design and
layout, mathematical content, Tri-N con-
tent, and language.

In addition, in a limited scale trial
conducted onteno purposively selected
junior high school students, it was found
that most students stated that relation
and function worksheet based Tri-N is
very good in appearance, presentation of
material, attractiveness, and usability.

The two interpretations obtained
based on the validation results and the re-
sults of limited-scale trials show that the
worksheet prototype developed is suita-
ble for use in the following research stage:
large-scale trials or the dissemination
stage. Based on expert judgment, the
worksheet obtained an Aiken index of
more than 0.83, and some students re-
sponded very well to the worksheet pro-
totype developed.

The results of this study indicate
that the worksheet has the function of ac-
tivating students in the learning process,
mainly active in communication skills and
involved in conveying opinions or ideas
both in writing and verbally (Ika, 2018; Di-
asanti & Rosdiana, 2019; Khikmiyah,
2021). In addition, the worksheet makes it
easier for teachers to do learning. For stu-



dents, it is hoped that they can adapt in-
dependently to the material provided by
the teacher (Irmeilyana et al., 2022).

By using a worksheet, it is sus-
pected that students are more active in
the learning process (Ginting & Ammy,
2022; Wewe & Bhoke, 2022), help in de-
veloping mathematical concepts (Effendi
& Aini, 2018), practice discovering and de-
veloping process skills (Umbaryanti,
2016), as a guide for educators and stu-
dents in carrying out the process of learn-
ing mathematics (Widada, 2016), The
mathematical approach plays a vital role
in helping students improve their abilities
such as critical thinking skills (Rosita,
2014). This aligns with the results of other
studies, which state that worksheets cre-
ated using a mobile learning-based
guided inquiry approach can theoretically
optimize mathematical critical thinking
skills (Sadiyyah et al., 2019). In addition,
ethnomathematics-based  worksheets
with the STEM approach are effectively
used to improve students' critical thinking
skills (Novitasari et al., 2022). The results
of developing worksheets based on dis-
covery learning are valid, very practical
and effective in learning mathematics to
improve critical thinking skills (Murni et
al., 2022).

The most striking difference be-
tween the current research and the re-
search done so far is the worksheet ap-
proach used. In this study, the worksheet
uses the approach of Tri-N and the mate-
rial of relation and function. The relation
and function worksheet contains straight-
forward content of the Tri-N Steps (Niteni,
Nirokke, Nambahi) because every step is
written in the worksheet. In contrast to
previous research, such as worksheets
with a guided inquiry approach based on
mobile learning (Sadiyyah et al., 2019),
ethnomathematics-based  worksheets
with a STEM approach (Novitasari et al.,
2022), worksheets based on discovery

Kreano, 15(2) (2024): 342-362 ‘ 355

learning (Murni et al., 2022).

Asis known, Tri-Nis a learning stage
(syntax) that must be passed during the
learning process (Herawati, 2019; Nisa et
al., 2019; Nita et al, 2017; Rozak &
Wardina, 2014). As expressed by Ki Hajar
Dewantara, Tri-N is not a thinking process
but rather the stages of learning that chil-
dren will carry out (Herawati, 2019; Rozak
& Wardina, 2014). Tri-N consists of 3
stages: Niteni, Nirokke, and Nambahi.
Niteni, taken from the Javanese language
“titen”, is a student activity carried out by
paying attention, comparing, observing,
being observant and in-depth, involving
the five senses carefully, recognizing and
capturing the meaning of an object (Da-
mayanti & Rochmiyati, 2019; Istiqomah et
al., 2021; Nisa et al., 2019; Novika & Hara-
hap, 2018). So that students can obtain
specific and in-depth information that is
linked to students' prior knowledge. Stu-
dents are expected to carry out the Niteni
stage after carrying out the Nirokke stage.
This second stage is the student's behav-
iour, which is to imitate the example given
by the teacher or other learning sources
(Rochmiyati & Putro, 2020; Wijayanti et
al., 2021). Nirokke is very useful for stu-
dents because it has the nature of self-ed-
ucation through orientation and experi-
ence (Sibyan et al., 2019; Wijayanti &
Utaminingsih, 2017). Apart from that, the
Nirokke stage is helpful for students to ab-
sorb the information provided by the
teacher. The final stage of Tri-N is Nam-
bahi. It is hoped that students will not only
imitate or duplicate information received
by the teachers expected to process the
information they obtain (Herawati, 2019;
Rozak & Wardina, 2014). They have crea-
tive and innovative abilities to give new
colours to models or other imitated learn-
ing resources. The Tri-N stages in the
worksheet cause students' critical think-
ing skills to be better when compared to
using ordinary worksheets.
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Implication of Research

In the prototype developed in this re-
search in the form of a Tri-N based rela-
tions and function worksheet using the
first three stages of 4D development re-
search, it was found that the prototype
worksheet was theoretical and empirical.
Several implications are obtained based
on this research, including that learning
using Tri-N based worksheets on Rela-
tions and Function material can improve
students' critical thinking skills on mathe-
matics problems for junior high school
students. This can be seen from the re-
sults of the N-Gain test and the effect size.
For this reason, teachers in mathematics
learning relationship and function mate-
rial can consider using this research prod-
uct to improve students' critical thinking
skills.

Limitation

This research generally uses 4D develop-
ment stages: define, design, develop and
disseminate. The number of validators in-
volved in assessing the product of Work-
sheet Tri-N is only six people, namely 3
(three) junior high school mathematics
teachers and 3 (three) lecturers with a sci-
entific background in mathematics edu-
cation. However, there are no validators
from lecturers who know mathematics
learning technology. This is one of the
weaknesses of this research.

Apart from that, at the product test-
ing stage, an experiment was carried out
to determine the effect of the develop-
ment product (in this case, a Worksheet
based Tri-N) on students' critical thinking
skills on relationship and function mate-
rial. However, the experiments did not
compare the effects of worksheet based
Tri-N and other worksheet models. For
this reason, the results of this research can
be considered to compare the effects of
using worksheet based Tri-N with other

worksheet models on students' critical
thinking skills.

CONCLUSION

Based on the results of research and dis-
cussion, it can be concluded that mathe-
matical worksheet based Tri-N in material
relation and function Improving the criti-
cal thinking skills of junior high school stu-
dents has been successfully developed.
Relation and function worksheet based
Tri-N has theoretically and empirically ful-
filled the feasibility test. Empirically, this
worksheet obtained a Vaiken index of
more than 0.78 for each assessment sub-
indicator, so it can be declared valid. The
results of students' responses to relation
and function worksheet based Tri-N to im-
prove the critical thinking skills of junior
high school students obtained the result
that 62.28% of students gave a very agree
response and 37.79% of students gave a
very agree response. From the students'
responses, it can be concluded that rela-
tion and function worksheet-based Tri-N
obtained positive responses (practical)
from students to improve their critical
thinking skills. Apart from the test results
at the dissemination stage, it was found
that the N-gain results were 0.53, and the
effect size was 1.37. These results indicate
that the Relation and Function worksheet
based on Tri-N is effective for use in math-
ematics learning regarding students' criti-
cal thinking abilities.
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Abstract
Communication ability is one of the five basic abilities of mathematics. Understanding communication ability
is one of the important things in building a learning design suitable for students' ability levels. This study ana-
lyzes the mathematical communication based on the Kastolan stages of ability of 6th-grade students at Ban
Eyoh Schoolin Thailand in answering fractional arithmetic story problems. Three students who took the sample
in the study, S1 scored 94, S2 scored 83, and S3 scored 72, were reviewed for high, moderate, and low commu-
nication ability. Students generally have difficulties in presenting steps in writing, especially in explaining what
is known and asked about stories. Kastolan stage analysis reveals various conceptual, procedural, and technical
errors, including challenges in converting mixed fractions and a lack of coherence in the solution process. Rec-
ommendations include a focus on written expression, enhanced conceptual understanding and school facilities
support to improve students' mathematical communication ability. By understanding the level of students'
communication ability, the results of this research can become the basis for didactical research to develop ap-
propriate learning designs. This research can also be continued with research related to constructive feedback.
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Abstrak
Kemampuan komunikasi merupakan salah satu dari 5 kemampuan dasar bermatematika. Memahami kemampuan
komunikasi adalah salah satu hal penting untuk membangun desain pembelajarna yang sesaui dengan level ke-
mampuan siswa. Penelitian kualitatif deskriptif ini menganalisis kesalahan kemampuan komunikasi matematika
berdasarkan tahapan kastolan pada siswa kelas 6 di Ban Eyoh School Thailand dalam menjawab soal cerita
operasi hitung pecahan. Tiga siswa yang menjadi sampel dalam penelitian, S1 dengan skor 94, S2 dengan skor 83,
dan S3 dengan skor 72, ditinjau dari kemampuan komunikasi tinggi, sedang, dan rendah. Siswa umumnya
menghadapi kesulitan dalam menyajikan langkah-langkah secara tertulis, terutama dalam menjelaskan hal yang
diketahui dan ditanyakan pada soal cerita. Analisis tahapan kastolan menunjukkan berbagai kesalahan konsep-
tual, prosedural, dan teknikal, termasuk kesulitan dalam mengubah pecahan campuran dan kurangnya ketera-
turan dalam proses penyelesaian. Rekomendasi mencakup penekanan pada aspek tertulis, peningkatan pema-
haman konsep, dan dukungan fasilitas sekolah untuk meningkatkan kemampuan komunikasi matematis siswa.
Dengan memahami level kemampuan komunikasi siswa, hasil riset ini dapat menjadi dasr riset didaktis untuk
mengembangkan desain pembelajaran yang sesaui. Riset ini dapat juga dilanjutkan dengan riset terkait feedback

yang membangun.

INTRODUCTION

Mathematics plays an important role in
education, providing a strong foundation
for the development of students' logical
and analytical thinking abilities (Nainggo-
lan, 2023). In addition, mathematical
communication ability is a critical aspect
of learning, given the complexity of math-
ematical problems that are often pre-
sented in the form of stories (Afifah &
Kusuma, 2021). In this context, it is im-
portant to understand the extent of stu-
dents' mathematical communication abil-
ity in solving narrative problems of frac-
tion calculation operations.

Learning mathematics is about
mastering numeracy ability and students'
ability to explain mathematical ideas
orally and in writing. (Nasir et al., 2023).
Mathematics education is directed to
train students to be able to communicate
clearly and precisely, use numbers, sym-
bols, tables, or other media in explaining a
problem (Sidiq et al., 2023). Therefore,
mathematical communication errors, es-
pecially in narrative story problems, must
be taken seriously.

Mathematics learning is interesting
to look at because many students com-
plain about how difficult it is to under-
stand mathematics material (Lathiifah &
Agustine, 2023). This happened because,
in the learning process, there were still

many students who were passive and did
not pay attention to the teacher's expla-
nation (Wulandari et al., 2020). So in the
learning process, ateacher must pay more
attention to students who are in the class-
room.

Mathematical Communication is a
growing collection of resources to engage
students in writing and talking about
mathematics, either to learn mathemat-
ics or communicate as mathematicians.
Speaking, listening, writing, and reading
are examined and analyzed with a focus
on verbal interactions and aspects of stu-
dents' written mathematics. It also ex-
plores the nature of the mathematical
writing system and how students gain ac-
cess to it. (Aslan, 2021; McKenney &
Reeves, 2014; Pimm, 2019)

This research makes a significant
contribution to strengthening the theo-
ries of previous researchers (Aminah et
al., 2018) in exploring through error analy-
sis of students' communication ability in
solving narrative problems of fraction cal-
culation operations based on Kastolan's
stages. The results of this research not
only identify students' errors but also pro-
vide valuable insights into the barriers and
difficulties they experience. Thus, these
findings can be used as an empirical basis
for developing and refining theories re-
lated to mathematical communication
ability, providing a strong foundation for



the development of more effective learn-
ing strategies in the educational environ-
ment.

There are several learning methods
used by mathematics teachers at Ban
Eyoh School, namely lecture method
learning and demonstration method
learning. The first is lecture method learn-
ing where a teacher explains directly
about the learning material in front of the
class and the students are asked to listen
and understand the things that are being
explained by the teacher. After finishing
the explanation, the teacher asks one of
the students to re-explain what the
teacher has explained. After the student
finishes explaining the material, the
teacher tests the student's abilities by
conducting practice tasks. The second
learning method, namely the demonstra-
tion method, is proven by the teacher
demonstrating the exercises that have
been answered by students first in front of
the class then students must present back
in sequence the answers to the exercises
that have been given by the teacher in
front of the class.

In the background of this research,
previous researchers (Nugroho et al,
2023) have identified difficulties in solving
narrative problems of fraction calculation
operations. Relevant previous studies
(Sari & Subekti, 2023) also noted that
analysis of one of the students' answers
revealed conceptual, procedural, and
technical errors, indicating barriers to un-
derstanding fraction operations.

In this context, the formulation of
the research problem is "How is students'
mathematical communication ability in
solving narrative problems of fraction cal-
culation operations based on the Kastolan
stage for grade VI students at Ban Eyoh
School Thailand?" The purpose of this
study is to describe students' mathemati-
cal communication ability in solving narra-
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tive problems of fraction calculation oper-
ations based on the Kastolan stage.

According to Syukri (Syukri, 2019),
contributes to the understanding of the
errors commonly experienced by students
in solving narrative problems of fraction
calculation operations. The results of the
error analysis can provide additional in-
sights for educators and school curricula
to design learning strategies that are
more in line with student needs.

The importance of mathematical
communication ability in solving narrative
problems of fraction calculation opera-
tions is not only relevant in the scope of
formal education but also has an impact
on everyday life (Khofifah et al., 2022). In
this era of globalization, where the need
for individuals who can think critically and
communicate ideas effectively is increas-
ing, mastering mathematical communica-
tion ability becomes even more important
(Amelia, 2023).

Through this research, it is hoped
that it can provide concrete solutions to
overcome the difficulties faced by stu-
dents in understanding, solving, and com-
municating fraction calculation operation
narrative problems. The findings are also
expected to be the basis for developing
more innovative and effective learning
methods and can provide input for curric-
ulum development that is more adaptive
to student needs.

This research not only benefits stu-
dents, teachers, and the school at Ban
Eyoh School Thailand but can also serve
as inspiration for similar research in other
schools and educational contexts. Thus,
this research not only makes a local con-
tribution but can also play a role in im-
proving the quality of mathematics edu-
cation more broadly.

By understanding the relationship
between students' mathematical commu-
nication errors in solving narrative prob-
lems of fraction calculation operations
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and mathematical thinking ability (Pratiwi
et al., 2020), It is hoped that this research
will make a positive contribution to the
development of better mathematics edu-
cation at Ban Eyoh School Thailand and
may also apply to other educational con-
texts.

METHOD

The introduction outlines how this re-
search needs to be explained. The im-
portance of mathematical communica-
tion has been highlighted and therefore,
research into students' mathematical
communication ability is necessary (Cre-
swell, 2013).

This research adopts a descriptive
qualitative approach with the research
subjects of all grades VI students at Ban
Eyoh School Thailand. The focus is to ob-
serve and analyze students' communica-
tion ability errors in solving fraction oper-
ation narrative problems based on the
Kastolan stages. These errors are ana-
lyzed through the process of analysis as
learning barriers in Brousseau's didactical
theory (Brousseau, 2002; Cesaria & Her-
man, 2019).

Data collection techniques involved
writing tests and interviews with students
and mathematics teachers. Data analysis
included data reduction, presentation of
interview results, and conclusion to an-
swer the research problems. Test validity
and reliability were measured using the
Product Moment correlation coefficient
and Cronbach's Alpha. The data collection
process was divided into pre-field and
field stages, involving the preparation of
test instruments, population characteris-
tics, test execution, interviews, observa-
tion of students' answers, and data analy-
sis based on the Kastolan stages. The re-
search was conducted in Thailand as a
form of collaboration between Indonesia
and Thailand.

Data were obtained through a writ-
ten test consisting of 5 items of fraction
calculation operation narrative questions
given to 18 students. Each question is
given a score with a score range of 85 < n
< 100 in the high score category, 75 < n <
85 in the moderate score category, and n
<75 in the low score category.

Then after obtaining written an-
swers from students, student errors were
analysed and then 3 students were se-
lected to be interviewed. The three stu-
dents were selected based on their abili-
ties, namely: high-ability students (S1),
moderate-ability students (S2), and low-
ability students (S3). After that, the re-
sults of the answers were assessed using
indicators of understanding of mathemat-
ical concepts according to (Setiawan et
al., 2023) which has been modified,
namely: (1) Students' ability to connect
mathematics with real objects in daily life,
indicator A; (2) Students' ability to inter-
pret events that occur in the form of frac-
tion calculation operations, indicator B;
(3) Students' communication ability in de-
scribing the things that are known in the
events that occur in the form of fraction
calculation operations, indicator C; (4)
Students' ability to evaluate the event and
solve the problems in the event, indicator
D; and (5) Students' ability to draw conclu-
sions and communicate back the results
that have been resolved in the event, indi-
catorE

After analyzing students' communi-
cation ability based on indicators of un-
derstanding of mathematical concepts,
then the students' answers were analyzed
again based on their castolanKastolan er-
rors. Errors in working on maths problems
based on Kastolan stages namely: (1)
Conceptual Error (KK): student errors in
choosing formulas, students do not an-
swer the questions correctly, and students
do not do the problems that have been
given; (2) Procedural Error (KP): student



errors in solving the problem with the cor-
rect steps, students do not simplify the
answer to the problem, students do not
write the known and questionable infor-
mation, and students do not answer se-
quentially solving the problem, and (3)
Technical Error (KT): students are wrong
in calculating numbers, writing mathe-
matical signs of punctuation, and writing
coefficient constants and variables.

After producing data that has been
analyzed based on indicators of concept
understanding and analyzed for errors
based on Kastolan stages, then the results
of the data are presented by defining the
errors made by S1. S2 and S3 are based on
communication ability and Kastolan
stages.

The research stages are as follows:

Preliminary Student
Studi Communication
udies Analysis
\ * J
' Ny ™
Interview to Teaching
Subject Process
A * A -
s it et
Data Conclusion
Reduction
A A A

Figure 1. Research step

RESULT AND DISCUSSION

This study was conducted at Ban Kadeng
Primary School in southern Thailand.
Most of the students in the school are
Muslim because Ban Kadeng is in the
southern area of Thailand which is adja-
cent to Malaysia. There are many people
of Malay raceinthe area. Here is the learn-
ing situation in the school:
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1

Figure 2. learning situation at the research subject

After learning, students' concept
understanding was measured. The follow-
ing table presents data from the results of
research on students with exposure to
data analysis as shown in Tabel 1.
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Table 1. Results of students' understanding of
mathematical concepts.

Indicators of Concept Understanding
Subject Questi- Questi- Questi- Questi- Questi-
oni  on2 on3 on4 ons

S1 BDE BCDE BCDE BCDE BCDE

S2 CE BCDE - - BCD
S3 - B - B BDE

Based on Table 1 above, S1 still does
not fulfill indicator A. From question 1 to
question 5, noindicator A is fulfilled. It can
be defined that S1 has not been able to
connect mathematics with real objects in
everyday life (Fitriani et al., 2021). Theniin
question number 1, indicator C is also not
fulfilled, which means that Si has not
been able to explain what things are
known and asked in the problem. Indica-
tors B, D, and E can be fulfilled by S1 as ev-
idenced by the ability to write and men-
tion the answer to the problem correctly
and structured using the fraction opera-
tion method, being able to write and re-
examine the answers obtained by answer-
ing the questions obtained by recalculat-
ing, as well as carrying out proof in solving
the problem and having written and men-
tioned the conclusion correctly. Indicators
B, D, and E can be fulfilled by S1 as evi-
denced by the ability to write and mention
the answer to the problem correctly and
structure using the fraction operation
method, being able to write and recheck
the answers obtained by answering the
questions obtained by recalculating, as
well as carrying out proof in solving the
problem and having written and men-
tioned the conclusion correctly.

S2 was unable to fulfill all indicators
of concept understanding in questions
number 3 and 4. But in question number
1, S2 can understand 2 indicators, namely
using the fraction operation method by
the concept and mentioning and writing
conclusions correctly. In question number
2, S2 is only unable to fulfill indicator A,

namely not being able to connect mathe-
matics with real objects in everyday life.
And for question number 5, S2 isunable to
fulfillindicators A and E, namely not being
able to connect mathematics with real ob-
jects in everyday life, and not being able
to mention and write conclusions appro-
priately.

The results of student work at the
school are as Figure 3.

e .

i Vo=
0 ) 2 -
e
2

Figbre 3. results of student work at school

i

Then for S3, it seems that he is still
unable to fulfill all indicators in questions
number 1 and 4, and is only able to fulfill
aspect B in questions number 2 and 4. In
question number 5, S3 has not been able
to fulfillindicators A and C, namely not be-
ing able to connect mathematics with real
objects in everyday life and explain things
that are known in the events that occur in
the form of fraction calculation opera-
tions.

Furthermore, Ulfa and Kartini (Ulfa
& Kartini, 2021) stated a significant contri-
bution to the theoretical understanding of
mathematical communication ability, es-
pecially in the context of solving story



problems of fraction calculation opera-
tions based on the Kastolan stage. Stu-
dent error analysis provides an in-depth
look at the aspects that need more atten-
tion in the learning process (Dawa et al.,
2020). This research investigates the er-
rors in the mathematics communication
ability of grade 6 students at Ban Eyoh
School Thailand based on the Kastolan
stages. The following is a discussion of re-
search on mathematics communication
ability errors of grade 6 students at Ban
Eyoh School Thailand based on the Kasto-
lan stages as follows.

Table 2. Student-generated question scores based
on the accuracy of answering questions

Score Total

Subject
) 1 2 3 4 5 Score

S1 19 18 18 18 17 90
S2 17 16 14 14 15 76
S3 12 13 12 13 15 65

Table 3. Kastolan errors made by students

Subject Kastolan Error
1 2 3 4 5
S1 KP KP KP KP KP,KT
S2 KK,KP, KP KK,KP KP,KT KP
KT
S3 KK, KP, KK, KP, KK,KP, KK, KP
KT KT KT KP, KT

Based on Table 2 and Table 3 above,
S1 shows good ability in understanding
and solving fraction narrative problems.
(Pangaribuan et al, 2021). S1 showed high
mathematical communication ability with
a total score of 94. However, there were
errors in the procedural aspect, where S1
failed to present in writing what was
known and asked in the narrative prob-
lem. Technical errors only occurred in
problem number 5, where S1 made errors
in multiplying fractions, probably due to
lack of focus and rushing. Although there
were procedural errors due to not putting
the steps in writing, students were still
able to explain the steps well orally. Alt-
hough there are some technical errors in
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the calculation of multiplication in some
problems, in general, students under-
stand the concept of fractions well.

S2 showed moderate mathematical
communication ability with a total score
of 83.S2's main error lies in the conceptual
aspect of problem number 1, where S2 is
erroneous in converting mixed fractions
into ordinary fractions. In addition, S2
tended not to write the things known and
asked in the narrative problem. S2 had er-
rors at the conceptual stage in problem
number 1, where they made errors in con-
verting mixed fractions. At the procedural
stage, S2 often did not write the things
known and asked in the narrative prob-
lem. Technical errors occurred because
they were too hasty in calculating. S2 also
showed the ability to convert mathemati-
cal statements, although there were tech-
nical errors in some problems. (Hasibuan
et al., 2022). In general, there are concep-
tual and procedural errors in understand-
ing the concept of fraction calculation op-
erations. Recommendations for improve-
ment involve further practice in interpret-
ing events, strengthening the under-
standing of the concept of fraction opera-
tions, and practicing speed in calculating
thoroughly. With the implementation of
these recommendations, S2 is expected
to improve his mathematical communica-
tion ability and understand the concept of
fraction operations better.

Some of the student's work can be
seen in the Figure 4 below.
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Figure 4. S2 and S3 work

S3 showed low mathematical com-
munication ability with a total score of 72.
There were several errors in each aspect
of the assessment. In problem number 1,
S3 was wrong in choosing the calculation
operation and did not simplify the results
of the fraction operation. In addition, S3
often failed to write down the things
known and asked in the story problem. S3
has errors at each stage of Kastolan. At
the conceptual stage, S3 was wrong in
choosing the calculation operation. At the
procedural stage, S3 failed to present in
writing the things known and asked in the
narrative problem and did not simplify the
answer. Technical errors occur when cal-
culating sums. There are several S3 Kasto-
lan errors, especially in the aspects of con-
ceptual, procedural, and technical errors
(Ayu et al., 2023). In overcoming this,
more practice and understanding of
mathematical concepts, especially in frac-
tion calculation operations, is needed.

This study provides a good insight
into students' mathematical communica-
tion ability errors at Ban Eyoh School
Thailand, focusing on conceptual, proce-
dural, and technical aspects. Recommen-
dations for improvement can focus on
strengthening the understanding of basic
mathematical concepts and improving
students' ability to present answers in
writing and simplify the results of fraction
operations.

Discussion

There are 4 things found in this study that
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need to be improved by teachers. The im-
provement of the teacher's actions can
encourage students' mathematical com-
munication ability.

(1) Listening for comprehension,
reading comprehension, and recording
necessary mathematical information pre-
sented in mathematical texts or the
speech or writing of others. In the practice
found, the teacher still acts formally. Stu-
dents obtain information from the
teacher without acting independently.
Finding information independently is im-
portant for building communication abil-
ity and is in line with some previous re-
search (Aslan, 2021; Clements & Sarama,
2004; Hockings et al., 2018; Livingston,
2012; Polya, 1962; Skemp, 1987).

(2) Presenting, expressing (speaking
or writing) mathematical content, ideas,
and solutions in interaction with others
(with appropriate completeness and ri-
gor). In the learning practice carried out,
the teacher still explains too much mate-
rial. Students are rarely allowed to discuss
with friends. However, this cannot be ex-
plained further whether the absence of
opportunities is because the teacher does
not provide opportunities or students are
unable to discuss independently. How-
ever, this obstacle indicates a problem
that needs to be solved further. Providing
opportunities for discussion in knowledge
formation is important and needs to be
done by students to build more perma-
nent schemes (Brousseau, 2002; Cheval-
lard & Bosch, 2020; Dubinsky, 2000; Uyen
etal., 2021)

(3) Effectively use mathematical
language (numbers, letters, symbols,
charts, graphs, logical connections) com-
bined with common language or physical
gestures when presenting, solving prob-
lems, and evaluating mathematical ideas
in interaction (discussing, arguing) with
others. In modern development, commu-
nication is done verbally. Students can do



this through apps, watching videos, and
various other means of communication.
Teachers need to improve their ability to
operate various modes of teaching so that
students can communicate more easily.
The process of using these modes by both
teachers and prospective teachers is im-
portant because it will be able to build
communication in students (Assis et al.,
2018; Gonzales et al., 2020; Graham et al.,
2020; Onal, 2019; Uyen et al., 2021; Vogt
& Rogalla, 2009).

(4) Showing confidence when pre-
senting, expressing, asking questions, dis-
cussing, and debating ideas related to
mathematics. In the practice that has
been done, teachers still need to build stu-
dents' confidence. Teachers need to pro-
vide sufficient motivation to students.
One way is to provide opportunities for
students to conduct inquiry and student-
centered learning. This is certainly in line
with some research on students' self-effi-
cacy and confidence in mathematics (Fer-
reira-Neto et al.,, 2023; Gonzales et al.,
2020; Nzomo et al., 2023; Orakci et al.,
2023; Septiyana et al., 2019; Shah & Bhat-
tarai, 2023).

Implication on research

This study was conducted as collaborative
research between Indonesia and Thai-
land. However, it does not rule out the
possibility that the results of this study be-
come the basis for didactic design re-
search to develop learning designs that
mainstream students' mathematical com-
munication. In addition, research on
providing feedback to students that can
build students' mathematical communi-
cation can also be carried out. However, it
does not rule out the possibility that the
results of this study become the basis for
didactic design research to develop learn-
ing designs that mainstream students'
mathematical communication.
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Limitation

This research was conducted in Thailand
as part of a collaborative research pro-
gram. However, the characteristics of the
predominantly Malay students (con-
ducted in southern Thailand) are compa-
rable to schools in Malaysia, Indonesia,
and Brunei Darussalam. However, the lim-
itations of the collaborative partners
meant that the research subject could not
be pluralized across all ethnicities of stu-
dents.

The limitations of the study include
the different languages used, different
scripts, and students' lack of ability to use
English as a universal language. This af-
fected the data collection process, espe-
cially in terms of tests and interviews.
Nonetheless, these limitations were over-
come by adapting the tests to the Thai
script and communicating with the stu-
dents in a language they understood.

CONCLUSION

Based on the analysis, students with high
communication ability (S1) scored 94 and
tended to focus less on the written aspect,
especially in presenting what is known
and asked in the narrative problem. Low-
ability students (S3) with a score of 72
showed similar errorsto S1and S2 and ap-
peared to have difficulty understanding
the concept of fraction calculation opera-
tions. Recommendations include an em-
phasis on the written aspect, improving
concept understanding, and providing
school facilities to support mathematics
learning.
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Abstract

The use of social media such as TikTok in mathematics education and row and sequence materials is still rarely
explored, although it has the potential to change the paradigm of presenting supplementary materials. This is
because generally additional material is presented through platforms that are specifically for learning such as
Geogebra, learning modules, or Kahoot. This study aims to determine the effectiveness of TikTok-assisted
learning supplements on the ability to understand concepts and students' interest in learning the material of
arithmetic rows and series from the results of test work and questionnaires through pre-test and post-test that
have been carried out. This study involved students of class XI IPA 5 SMA Negeri 1 Manonjaya as the sample,
with the population of all class XI students in the school. This research combines quasi-experimental method
and quantitative approach. This study found two important things: First, the use of TikTok-assisted learning
supplements proved to be effective in improving students' conceptual understanding of arithmetic rows and
sequences. Second, the use of TikTok-assisted learning supplements did not show effectiveness in increasing
students' learning motivation. This is evidenced by the higher interest in learning in the experimental class com-
pared to the control class, as well as a significant increase in the average value of N-Gain (normalized gain) in
concept understanding ability. For this reason, other research is needed regarding the effectiveness of a social
media in the context of learning on the ability to understand concepts and students' interest in learning by using
other social media and/or other cognitive aspects or affective aspects.

Keywords: Effectiveness; Learning Supplement; TikTok; Concept Understanding Ability; Learning Interest.
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Abstrak
Penggunaan media sosial sepertiTikTok dalam pendidikan matematika dan materi barisan dan deret masih jarang
dieksplorasi, meskipun memiliki potensi untuk mengubah paradigma penyajian materi tambahan. Hal ini karena
umumnya materi tambahan disajikan melalui platform yang khusus untuk pembelajaran seperti Geogebra, modul
pembelajaran, atau Kahoot. Penelitian ini bertujuan untuk mengetahui efektivitas suplemen pembelajaran berban-
tuan TikTok terhadap kemampuan pemahaman konsep dan minat belajar peserta didik pada materi barisan dan
deret aritmetika dari hasil pengerjaan tes dan kuesioner melalui pre-test dan post-test yang telah dilaksanakan.
Penelitian ini melibatkan siswa kelas XI IPA 5 SMA Negeri 1 Manonjaya sebagai sampel, dengan populasi seluruh
siswa kelas XI di sekolah tersebut. Penelitian ini menggabungkan metode kuasi-eksperimen dan pendekatan
kuantitatif. Penelitian ini menemukan dua hal penting: Pertama, penggunaan suplemen pembelajaran berbantuan
TikTok terbukti efektif dalam meningkatkan pemahaman konseptual siswa terhadap materi barisan dan deret ar-
itmatika. Kedua, penggunaan suplemen pembelajaran berbantuan TikTok tidak menunjukkan efektivitas dalam
meningkatkan motivasi belajar siswa. Hal ini dibuktikan dengan minat belajar yang lebih tinggi pada kelas eksper-
imen dibandingkan kelas kontrol, serta peningkatan nilai rata-rata N-Gain (gain ternormalisasi) yang signifikan
dalam kemampuan pemahaman konsep. Untuk itu, diperlukan penelitian lain mengenai efektivitas suatu media
sosial dalam konteks pembelajaran terhadap kemampuan pemahaman konsep dan minat belajar peserta didik

dengan menggunakan media sosial lain dan/atau aspek kognitif atau aspek afektif lain.

INTRODUCTION

Mastering mathematical concepts, espe-
cially the material of rows and series, is
the key for students to solve problems
well. However, in fact, many students
have difficulty understanding the con-
cepts and procedures that should be used
(Annisa & Kartini, 2021). This encourages
the need for pupils' comprehension of
mathematical ideas to be improved (Maa-
rif et al., 2022).

One of the efforts to improve stu-
dents' concept understanding and inter-
est in learning is by using various learning
media. Studies have often shown how
beneficial it is to use media in math train-
ing. Examples of this include instructional
videos (Aldi et al., 2022), VCDs (Farida,
2015), ICT tools (Rusmana, 2012), ani-
mated films (Safitri et al., 2020), Ispring
Presenter software (Anwar et al., 2019),
and even entertaining games like Kahoot!
(Wigati, 2019). By judiciously selecting ap-
propriate learning media, teachers can
significantly elevate students' grasp of
mathematical concepts and cultivate a
more stimulating learning environment.
This is in line with the goal of education,
aiming to nurture a competent and math-
ematically astute younger generation.

Concept understanding ability is an
individual's ability to master the mathe-
matical ideas taught. This is indicated by
the ability to complete related tasks
quickly,  precisely, efficiently, and
smoothly (Sari, 2017). Duffin & Simpson
(2000) explained that the ability to under-
stand concepts is manifested in three as-
pects, namely the ability to reformulate
concepts that have been taught, the abil-
ity to apply concepts in various situations
and contexts, and the ability to under-
stand the implications of the concepts
learned. In addition, Kilpatrick (2001)
states that concept understanding refers
to the ability to understand ideas thor-
oughly and functionally, which also sup-
ports the ability to remember them well.
In other words, the ability to understand
mathematical concepts refers to an indi-
vidual's ability to master mathematical
ideas, apply them appropriately and flexi-
bly, and connect their application to a
broader context.

Conceptual understanding plays an
important role in helping learners to avoid
critical errors when solving problems, as
well as enabling them to accelerate learn-
ing by finding deeper correlations be-
tween seemingly unrelated situations.
With a strong conceptual understanding



of mathematics, students can connect
ideas and methods and explain the rea-
soning behind facts. This ability fosters
self-confidence, which is the foundation
for achieving higher levels of understand-
ing (Kilpatrick, 2001).

However, based on data from the
2022 PISA study, Indonesia obtained an
average score of 366 in mathematics,
which decreased from the 2018 PISA
study with a score of 379 (OECD, 2023).
This shows that students' understanding
of mathematical concepts is low. Stu-
dents' low understanding of mathemati-
cal concepts is a major obstacle in achiev-
ing learning objectives.

Understanding a concept can be
done through an interesting learning ac-
tivity design, such as exploring deeper
knowledge and providing appropriate and
fun concepts (Santrock, 2011). This ex-
plorative activity is done so that students
no longer memorize a concept but already
understand the concept.

Factors that influence the success of
students in learning according to Ngalim
(2007) are divided into two types, namely:
1) Individual factors, which include indi-
vidual maturity or understanding, level of
training intelligence, personal motivation,
and personal factors that affect learning;
2) Social factors, which include the role of
family and household circumstances, the
influence of teachers and teaching meth-
ods, the availability of tools, the learning
environment and available opportunities,
and social motivation from the surround-
ing environment; and 3) Psychological
factors of learners.

The purpose of learning mathemat-
ics at school has a focus on the ability to
understand concepts (Depdiknas, 2006).
The use of social media, especially TikTok,
as a learning support video has been
proven effective inimproving understand-
ing of subject matter. The use of social
media, particularly TikTok, as a learning
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tool has been shown to be effective in aid-
ing understanding of subject matter
(Amelia et al., 2022). Social media such as
TikTok, Twitter, and Facebook not only
act as information dissemination plat-
forms, but also become powerful learning
tools (Basch et al., 2022). This is rein-
forced by Pujiono’s research (2021) which
found that the use of TikTok in learning
has a positive effect, increases learning in-
terest, and supports the achievement of
math learning goals at school.

High learning interest usually has an
impact on high learning achievement, on
the other hand, a lack of low learning in-
terest results in low learning achievement
(Djamarah, 2002). This is in line with re-
search conducted by Purnama (2016)
which states that increasing students' in-
terest in learning mathematics first is be-
lieved to be a more effective approach in
improving their mathematics learning
achievement. This will cause learners to
feel more interested and like math sub-
jects without any pressure. With a strong
interest, learners will give their full atten-
tion and face difficulties as challenges that
can be overcome. They will also be more
eager in solving various math problems
and will eventually produce a positive im-
pact on overall math learning achieve-
ment.

Interest in learning is an innate trait
or character that inspires and motivates a
person to have a sustained preference for
a particular area of learning or topic of
study (Krapp, 1999). According to Lai
(2010), interest in learning is a personal
choice related to the learning process,
which sometimes includes an individual's
prioritization of certain activities over oth-
ers and involves positive psychological ex-
periences when interacting with situa-
tions that encourage the desire to learn
more. In addition, Kpolovie et al. (2014)
state that interest in learning is an individ-
val's natural drive to explore knowledge
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triggered by interest in the subject mat-
ter, reflected through feelings of pleasure.
Thus, interest in learning can be inter-
preted as an innate characteristic that en-
courages individuals to choose and en-
gage in learning on an ongoing basis, trig-
gered by a sense of pleasure and interest
in a particular topic.

The traditional approach to learn-
ing, refers to a method where the educa-
tor gives a lecture with the help of Power-
Point slides delivered through a projector
onto a large screen or whiteboard, with
learners following the educator and giving
responses by raising their hands. Accord-
ing to Yu (2023), although this method is
no longer considered sufficient to meet
students' learning needs, combining im-
portant information with mobile apps can
spark students' curiosity and passion for
learning.

Social media platforms like TikTok
not only provide entertainment, but also
have tremendous potential as a useful
learning tool. Septiani & Abadi (2022) re-
search proves that the use of TikTok can
increase students' motivation in learning
mathematics. This is in line with other
findings, such as Pechenkina et al. (2017)
who showed that mobile apps can im-
prove memory retention, Yu (2020) who
found that TikTok can stimulate curiosity
in learning, and Ladeji-Osias et al. (2018)
who proved that TikTok can improve stu-
dent achievement.

Effortstoincrease low studentinter-
est in learning, as asserted by Putri et al.
(2019), are in line with the strategy of us-
ing media and variations in teaching tech-
niques. This is supported by Fuad &
Zuraini (2016) who mention several ele-
ments thatinfluence learning enthusiasm,
namely internal student factors which in-
clude: a) Physical aspects, and b) Psycho-
logical aspects (kejiwaan). 2) Factors out-
side the learner's self (external), consist-
ing of: a) Family, b) School; and 3)

Community environment. The utilization
of social media such as YouTube, Insta-
gram, TikTok, and similar applications as
learning tools or media, for example by
making learning videos of mathematics
and other teaching materials, can have a
positive impact on students' interest in
learning mathematics (Septiani & Abadi,
2022).

The use of the TikTok application as
a learning media has several advantages
and positive impacts (Fauziyah et al,
2022), including: 1) Influence on skill abili-
ties, such as increasing reading skills,
speaking skills, and listening skills; and 2)
Influence on students' interest in learning.
This is due to the popularity of the TikTok
application today which affects its image
as a product that is favored by all groups
so that when its use is involved in the cur-
rent generation it will increase their inter-
est in learning. In addition, in the context
of mathematics learning, according to
Amelia et al. (2022) the use of TikTok as a
learning supplement can make it easier
for students to understand learning mate-
rials and help change learning from ab-
stract to more real.

Awareness of mathematical con-
cepts is fundamental for students before
solving problems. However, there are still
difficulties in the classroom because some
learners are more likely to memorize con-
cepts without deep understanding. There-
fore, understanding mathematical con-
ceptsis not only an important foundation,
but also requires an approach that consid-
ers internal and external factors to ensure
optimal learning progress. Utilizing social
media platforms such as YouTube, Insta-
gram, and TikTok as a means of distrib-
uting learning supplements is an innova-
tive strategy to improve the quality of ex-
isting learning resources Amelia et al.
(2022).

Students' level of learning success is
closely related to their learning interest,



which reflects the tendency and excite-
ment towards a subject. Iskandarwassid &
Sunendar (2008) emphasize that learning
interest indicators such as enjoyment,
participation, attention and interest are
very important in assessing the level of
learning interest. Increasing students' en-
thusiasm in learning, especially in mathe-
matics, has been proven to improve their
academic performance. Diverse learning
resources, including cutting-edge strate-
gies such as the use of TikTok, can be an
effective tool to overcome low interest in
learning (Putri et al., 2019). Therefore, to
improve overall learning achievement,
educators need to have a thorough under-
standing of the elements that drive inter-
estinlearning and implement appropriate
learning practices.

At SMA Negeri 1 Manonjaya, there
are problems in concept understanding
and students' interest in learning mathe-
matics. The results of interviews with
mathematics teachers show that stu-
dents' weak basic math skills are the main
factor in their lack of enthusiasm in learn-
ing. One way to overcome difficulties and
low interest in learning is to use technol-
ogy facilities provided at school in learn-
ing. The availability of technological facil-
ities at SMA Negeri 1 Manonjaya such as
computer laboratories, laptops, and info-
cus is good enough, but other media are
needed to improve students' concept un-
derstanding ability and interest in learn-
ing.

Based on the description of the
above problems regarding the ability to
understand concepts and students' inter-
est in learning, this study aims to deter-
mine the effectiveness of TikTok-assisted
learning supplements to improve stu-
dents' concept understanding ability and
interest in learning.
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METHOD

This research was conducted at SMA
Negeri 1 Manonjaya which is located at
Jalan Patrol Kulon RT/RW o03/01, Marga-
luyu Village, Manonjaya Subdistrict,
Tasikmalaya Regency, West Java Prov-
ince. The quantitative approach was used
in this study because it aims to evaluate
the effectiveness of learning supplements
on students' concept understanding abil-
ity and learning interest. The data used
were the pre-test and post-test results of
the concept understanding ability test, as
well as a questionnaire of students' inter-
est in learning. Therefore, the research
method used was quasi-experiment.

Furthermore, the population in this
study were all students of grade XI SMA
Negeri 1 Manonjaya, consisting of 7 sci-
ence classes and g social studies classes.
Through the application of simple random
sampling technique with the help of
"RANDBETWEEN" formula in Excel, Xl
IPA 5 class was selected as the research
sample that used TikTok-assisted learning
supplement, while XI IPA 6 class was se-
lected as the research sample that did not
use TikTok-assisted learning supplement.
This study used the "Randomized Pretest-
Posttest Control Group Design" by Bulus
(2021) to compare the pre-test and post-
test results of two groups given different
treatments. This research design is pre-
sented in Figure 1.

R O X o
R O @]

Figure 1. Research Design

Description:
R= random sampling
0= pre-test observation before treatment or

post-test after treatment in the form of a
learning interest questionnaire

X= treatment in the form of learning supple-
ments assisted by TikTok
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In this study, the quality of research
data is influenced by two main factors ac-
cording to Sugiyono (2017), namely the
quality of research instruments and the
quality of the data collection process. The
quality of research instruments includes
the validity and reliability of the tools
used, while the quality of the data collec-
tion process is related to the methods
used to collect data.

The results of the test instrument of
the students' concept understanding abil-
ity test questions with indicators of con-
cept understanding ability according to
Hendriana et al. (2017), namely: First, re-
state a concept (PT1); Second, classify ob-
jects according to certain properties (in
accordance with the concept) (PT2);
Third, provide examples and non-exam-
ples of a concept (PT3); Fourth, present
concepts in various forms of mathemati-
cal representation (PT4); fifth, developing
necessary or sufficient conditions of a con-
cept (PTs); sixth, using, utilizing, and se-
lecting certain procedures or operations
(PT6); and seventh, applying concepts or
problem-solving algorithms (PT7), the
correlation coefficient value regarding the
validity of each item is presented in Table
1.

Table 1. Calculation Results of Validity Test of
Test Questions for Students' Concept Under-
standing Ability

Table 2. Calculation Results of Reliability Test of
Test Questions for Students' Concept Under-
standing Ability

Cronbach’s r table

Alpha (N =30) Decision Category

0,604 0,374 Reliable High

Item . Ty r table
No. Indicator (r cognt) (N =30)
1. PT1 0,504 0,374
2. PT2 0,516 0,374
3. PT3 0,562 0,374
4. PT4 0,449 0,374
5. PTsg 0,793 0,374
6. PT6 0,486 0,374
7. PT7 0,521 0,374

The results of the reliability test of
students' concept understanding ability
test questions are presented in Table 2.

The results of Table 1 show that the
results of the validity test of each item of
the learner's concept understanding abil-
ity test instrument meet the valid criteria.
This indicates that all items in the test can
be used as a tool to measure students'
concept understanding ability. Further-
more, from Table 2, the reliability coeffi-
cient value for the test questions of stu-
dents' concept understanding ability (114
or r count) shows a Cronbach's Alpha
value of 0.604, which is in the high cate-
gory according to the predetermined cri-
teria, namely the interval 0,60 <1y <
0,80. Thus, the instrument can be trusted
to be used in research.

The results of the trial of the instru-
ment of the questionnaire statement of
students' learning interest with indicators
of learning interest according to Is-
kandarwassid & Sunendar (2008), namely:
first, feelings of pleasure (PS1-PS6); sec-
ond, learners' interest (KTPD1-KTPDy);
third, learners' attention (PPD1-PPD7);
and fourth, learners' involvement (KLPD1-
KLPDg), obtained the correlation coeffi-
cient value regarding the validity of each
statement item presented in Table 3.

Table 3. Calculation Results of Validity Test of
Student Learning Interest Questionnaire State-

ment

Item . Ty r table

No. Indicator (r cojnt) (N =30)
1. PS1 0,460 0,374
2. PS2 0,639 0,374
3. PS3 0,623 0,374
4. PS4 0,704 0,374
5. PSs 0,823 0,374
6. PS6 0,407 0,374
7. KTPDa 0,794 0,374
8. KTPD2 0,794 0,374
9. KTPD3 0,909 0,374




Item . Ty r table
No. Indicator (r cognt) (N =30)
10. KTPD4 0,749 0,374
11. PPD1 0,689 0,374
12. PPD2 0,599 0,374
13. PPD3 0,608 0,374
14. PPD4 0,591 0,374
15. PPDg 0,780 0,374
16. PPD6 0,721 0,374
17. PPDy 0,733 0,374
18. KLPD1 0,678 0,374
19. KLPD2 0,658 0,374
20. KLPD3 0,485 0,374
21. KLPD4 0,551 0,374
22. KLPDsg 0,503 0,374
23. KLPD6 0,600 0,374
24. KLPDy 0,535 0,374
25. KLPDS8 0,532 0,374
26. KLPDg 0,509 0,374

The results of the reliability test of the stu-
dent interest questionnaire statement are
presented in Table 4.

Table 4. Calculation Results of Reliability Test of
Student Learning Interest Questionnaire State-
ments

Cronbach’s r table

Alpha (N =30) Decision  Category

Very

0,910 0,374 Reliable High

The results of Table 3 show that the
results of the validity test of each item of
the student interest questionnaire state-
ment instrument meet the valid criteria.
This shows that all statement items can be
used as a tool to measure students' inter-
est in learning. Furthermore, from Table
4, the reliability coefficient value for the
learner interest questionnaire statement
(r11 or r count) shows a Cronbach's Alpha
value of 0.910, which is in the very high
category according to the predetermined
criteria, namely the interval 0,80 < ry; <
1,00. Thus, the instrument can be trusted
to be used in research.

The data collection techniques used
in this study were concept understanding
ability tests and student interest ques-
tionnaires. The test used in this study is a
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concept understanding ability test that re-
fersto (Hendriana et al., 2017), namely re-
stating a concept, classifying objects ac-
cording to certain properties (in accord-
ance with the concept), providing exam-
ples and non-examples of a concept, pre-
senting concepts in various forms of
mathematical representation, developing
necessary or sufficient conditions for a
concept, using, utilizing, and selecting
certain procedures or operations, and ap-
plying concepts or problem solving algo-
rithms. In this study, the concept under-
standing ability test consists of 7 ques-
tions with a minimum score of o and a
maximum score of 21. The concept under-
standing ability test grid is presented in
Table 5.

Table 5. Scoring Guidelines for Concept Under-
standing Ability Test

No Indicator Description Score
1. Restatea No answer 0
concept Although there arestill 1

many mistakes
Although not yet pre- 2

cise
Can restate a concept 3
correctly
2. Classify ob- No answer
jects ac- Although there arestill 1
cordingto  many mistakes
certain Although not yet pre- 2

properties  cise

(inaccord-  Canclassify objectsac- 3

ancewith  cording to certain

the con- properties in accord-

cept) ance with the concept
appropriately

3. Provideex- Noanswer

amples and  Although there are still

non-exam- many mistakes

ples of a Although not yet pre- 2

concept cise
Cangive examplesand 3
non-examples of a
concept correctly

4. Present No answer
conceptsin Although therearestill 1
various many mistakes

forms of Although not yet pre- 2
mathemati- cise
cal Can present concepts 3
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No Indicator Description Score
representa- in various forms of
tions mathematical repre-
sentations  appropri-
ately
5. Develop No answer
necessary or Although therearestill 1

sufficient many mistakes
condition of Although not yet pre- 2
aconcept  cise
Can develop necessary 3
or sufficient conditions
of a concept appropri-

ately
6. Use, utilize, No answer
andselect  Althoughtherearestill 1

specific pro- many mistakes

ceduresor  Although not yet pre- 2

operations  cise
Canuse and utilizeand 3
select certain proce-
dures or operations ap-

propriately
7. Apply prob- No answer
lem-solving Although there arestill 1

concepts or many mistakes

algorithms  Although not yet pre- 2
cise
Can apply problem- 3
solving concepts or al-
gorithms appropri-
ately

The concept understanding ability test
questions in this study are presented in
Table 6.

Table 6. Test Questions for Concept Understand-
ing Ability

0,5; 0,75/ 1; 1,25, 1,5; 1,75; 2; ...

4,1,-2,-5,-8,-11, -14, ...

g, 8, 111, 1215, 18,3 2;11 24, ..

E, 2,35,?,5;,?, e

4. An arithmetic sequence is expressed by 1 +
4+7+...+91+94+97. Find another formula
that can calculate the entire arithmetic se-
quence!

(other than S, = 2(23 + (n—1)b) dan
Sp =5 (U1 +Up)

5. The 4™ term and the 12™ term are 13 and
29 respectively and the difference between

each term is 2. Find the 100" term!
6. Take alook at the picture below!

a n oo

Based on the figure, find the value of the
first term and the number of terms if the
sum of all the terms is 18,360!

7. A high school student is conducting an ex-
periment on gravitational force. The experi-
ment was conducted by dropping a marble
from the top of a 327 meter high building
and the bounce decreased by 3 meters each
bounce.

a. What is the amount of height the mar-
ble traveled until it stopped?

b. After what number of bounces does the
marble have a total height of 6,501 me-
ters?

1. Which is an arithmetic sequence and which
is an arithmetic series? Explain!
a. 1I 4[ 7l 10/ b 911 94/ 97/ 100
b. 1+4+7+10+...4+91+94+97+100
C. 36+32+28+24+...+(-24) +(-28) + (-

32) +(-36)
d. ..., (-36),(-32), (-28), (-24), ..., 24, 28, 32,
36, ...
2. A number as 12, 16, 20, 24, ..., U,. Deter-
mine:

a. The formula of the nth term and the
formula of the sum of the n™ term
b. Thevalue of the 10t term plus the sum
of the 8™ term
3. Which of the following is an arithmetic se-
quence?

The questionnaire used in this study
is a learning interest questionnaire that
refers to Iskandarwassid & Sunendar
(2008), namely feelings of pleasure,
learner interest, learner attention, and
learner involvement with the Likert scale
form. The Likert scale questionnaire was
chosen because it requires students to ex-
press their perceptions and opinionsinthe
form of a scale that has gradations from
very positive to very negative. In addition,
this method can provide an overview of in-
dividual or group attitudes towards the
potential and challenges of a subject



(Sugiyono, 2017). In this study, the learner
interest questionnaire consisted of 26
statement items with a minimum score of
o and a maximum score of 130. The lattice
of the learner interest questionnaire is
presented in Table 7.

Table 7. Scoring Guidelines for the Student Learn-
ing Interest Questionnaire
Alternative Answer
SS S N TS STS
Positive 5 4 3 2 1
Negative 1 2 3 4 5

Statement

Scoring was carried out after the
learning process ended by conducting two
tests of concept understanding ability and
filling out a learning interest question-
naire by students, both those who used
TikTok as a media supplement to be
teaching materials and those who did not.
Thus, researchers will compare the level
of students' interest in learning and data
on the results of students' concept under-
standing ability between the two groups
to assess the impact of using TikTok-as-
sisted learning supplements.

The analysis technique used in this
research is quantitative method. In quan-
titative data analysis, information is taken
using numbers and calculations using sta-
tistical methods. The data is then grouped
into certain categories using special ta-
bles, thus facilitating analysis using the
IBM SPSS Statistics 25 for Windows pro-
gram. The analytical tool used to test ef-
fectiveness is N-Gain Score analysis by
conducting Normality test, Homogeneity
test, and Independent Sample T-Test test.
The N-Gain Score (normalized gain) for-
mula according to Hake (1999, p. 2) is as
follows.

<g> =

TH<Gogo.  (100-%<S; >)
Description:
<g> = average value of normalized gain
<G> = average value of gain obtained
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<G >pax = maximum possible mean gain value

<S>
<S>

mean value of post-test (final)
mean value of pre-test (initial)

The following table illustrates the
categories of N-Gain values according to
Hake (1999) presented in Table 8.

Table 8. N-Gain Score Category

N-Gain Score Category N-Gain Score Range

High (<g>)>07
Medium 07=2(<g>)=03
Low (<g>)<03

RESULT AND DISCUSSION
Result

This study aims to examine the effective-
ness of using TikTok-assisted learning
supplements to improve students' con-
cept understanding ability and learning
interest. This is based on previous re-
search which shows that the low average
score obtained indicates that students still
find it difficult to understand mathemati-
cal concepts (Sipayung, 2018) and one of
the factors that cause it is the low interest
of students in learning mathematics sub-
jects (Suendarti & Liberna, 2021).

Based on the results of research
conducted by Aldi et al. (2022), Lasmiyati
& Harta (2014), Safitri et al. (2020), dan
Syaifuddin & Rahmasari (2023), showed
that the use of various types of learning
media, such as modules, videos, educa-
tional games, and animated films, can im-
prove students' concept understanding
and interest in learning mathematics.
Thus, it appears that the use of learning
media with social media is still small, es-
pecially in learning mathematics.

Therefore, the use of social media in
this study is utilized as a means of learning
mathematics that provides different val-
ues and motivation. The advantages of
social media that are flexible and have an
attractive appearance with a combination
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of text, images and videos can captivate
the interest of students. In fact, social me-
dia also allows triple communication be-
tween educators, students, and other stu-
dents (Pujiono, 2021). This is based on
previous research which shows that the
use of social media, such as Whatsapp
Group, can have a positive effect on Ama-
lia & Puwaningsih (2020) concept under-
standing ability and social media, such as
TikTok, can have a positive effect on stu-
dents' interest in learning mathematics
(Septiani & Abadi, 2022).

The social media used in this study is
TikTok as a learning supplement. The rea-
son for using TikTok as a social media
used for learning supplement media is be-
cause the characteristics of the applica-
tion are the use of videos with a short du-
ration, around 15 to 60 seconds. This af-
fects user behavior to continue accessing
the application because it gives the im-
pression of being hypnotized by the in-
stant pleasure provided (Firamadhina &
Krisnani, 2021).

TikTok is a popular social media
platform that offers photo and short video
sharing services with various multimedia
features. Launched in September 2016 in
China, TikTok has shown rapid growth
globally, especially among millennials and
generation Z. The use of TikTok as a learn-
ing supplement involves the use of social
media as a learning supplement. Using
TikTok as a learning supplement involves
presenting learning information in short
videos of 15 to 60 seconds, often with the
use of background music, to increase con-
cept understanding and learner interest.

In order to make the presentation of
material on TikTok more interesting and
effective as a learning medium, it needs to
be packaged nicely using various features
of the platform. Utilizing voiceovers, addi-
tional music, filters and hashtags can be
the solution. The additional music ele-
ment is TikTok's main attraction, allowing

educators or users to create video content
with music that suits the audience's learn-
ing style. The voiceover feature is equally
important, allowing the recording dura-
tion to be adjusted to match the video du-
ration. On the other hand, hashtags help
students find interesting videos based on
their interests, and filters can be used to
enhance the visual appeal of videos.

The effectiveness of using TikTok-
assisted learning supplements is evi-
denced by the significant difference and
increase in the average value of N-Gain
(normalized gain) of students' concept un-
derstanding ability in the experimental
class which is significantly better than the
control class. In addition, the use of Tik-
Tok-assisted learning supplements is said
to be effective if there is a significant dif-
ference and an increase in the average
value of N-Gain (normalized gain) of stu-
dents' learning interest in the experi-
mental class is significantly better than
the control class.

Normality Test

The normal distribution of the data was
tested using the Normality Test. Given the
large amount of data (>30), the data of
this study was considered typical and did
not require further testing. This opinion is
supported by the concept of central limit
which states that for a large sample, the
distribution of the sample mean X will ap-
proach the normal distribution (Healey,
2010). Thus, it can be concluded that the
Normality test in this study has been ful-
filled.

Homogeneity Test

The homogeneity of samples from the
same population was verified using the
homogeneity test. In this study, the ho-
mogeneity of variance test with Levene
Statistic was run through the IBM SPSS
Statistics 25 for Windows application.



Homogeneity test results of stu-
dents' concept understanding ability test
data in experimental and control classes
are presented in Table g.

Table 9. Results of Homogeneity Test of Students'
Concept Understanding Ability Test in Experi-
mental and Control Classes

Levene
Statistic dfa df2 Sig.
Hasil Tes Based on .138 1 63 711
Kemampuan Mean
Pemahaman  Based on .029 1 63 .865
Konsep Peserta Median
Didik Based on .029 1 62703 .865
Median and
with ad-
justed df
Based on 164 1 63 .687
trimmed
mean

Source: Primary Data Calculation Results

Levene Statistic analysis shows a signifi-
cant Sig value on the student concept un-
derstanding ability test data, both in the
experimental and control classes. This in-
dicates that the variance of the post-test
data of the two groups (experimental and
control classes) is homogeneous, with a
Mean value (0.711) which is greater than
0.05. In conclusion, there is no significant
difference in the variance of post-test
data between the two groups (homoge-
neous).

Homogeneity test results of student
interest questionnaire data based on pre-
test and post-test in experimental and

control classes are presented in Table 10.
Table 11. Results of Homogeneity Test of Student
Learning Interest Questionnaire in Experimental
Classes and Control Classes
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Levene
Statis-
tic df1 df2 Sig.
Hasil Based on .072 1 63 .790
Kuesioner Mean
Minat Based on .069 1 63 793
Belajar Median
Peserta Based on .069 1 59.675  .793
Didik Median
and with
adjusted df
Based on .072 1 63 789
trimmed
mean

Source: Primary Data Calculation Results

Analysis of student interest data
with Levene Statistic shows an insignifi-
cant Sig significance value (0.790 > 0.05).
This shows that the variance of student in-
terest data in the experimental class and
control class is not significantly different
(homogeneous).

Independent Sample T-Test

Based on the assumption that both
groups have homogeneous characteris-
tics and follow a normal distribution pat-
tern, this study used the Independent
Sample T-Test to analyze whether there is
a significant difference between the two
groups based on the data collected.

The use of IBM SPSS Statistics 25 for
Windows resulted in an Independent
Sample T-Test analysis of student con-
cept understanding ability test data, the
results of which are listed in Table 11.

The "Independent Samples Test" ta-
ble shows the variation in students' con-
cept understanding test scores with a

Table 10. Independent Sample T-Test of Students' Concept Understanding Ability
Independent Samples Test

Levene's Test for 95% Confi-
Equality of Vari- t-test for Equality of Means dence Interval
ance Sig. of the Differ-
Mean
t df (2- . Std. Error ence
. ) Difference .
F Sig. tailed) Difference  Lower Upper
Hasil Tes Equal Variances 138 711 5.198 63 .000 5.364 1.032 3.302 7.426
Kemampuan  assumed
Pemahaman  Equal variances 5.190 61.957 .000 5.364 1.033 3.298  7.429
Konsep not assumed

Source: Primary Data Calculation Results
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significance value (0.000) < 0.05 (2-tailed),
confirming the significant difference be-
tween the two groups. This indicates that
there is no significant difference in the
mean scores of concepts understanding
capacity between students who used the
TikTok-assisted learning supplement and
those who did not. Therefore, considering
the considerable difference, it can be con-
cluded that the use of TikTok-assisted
learning supplement did not show any vis-
ible benefit in students' concept under-
standing of arithmetic series and se-
quence material.

The findings of the Independent
Sample T-Test on the student interest
questionnaire data are presented in Table
12. Data analysis was conducted using
IBM SPSS Statistics 25 software Windows
version.

Based on the "Independent Samples
Test" table which measures the variation
in the findings of the student interest
questionnaire, it is known that the Sig
value. (2-tailed) value of (0.377) is greater
than o.05. This indicates that there is no
significant difference between the two
groups. In conclusion, there is no signifi-
cant difference between the mean scores
of students' interest in learning who use
TikTok-assisted learning supplements
and those who do not. The absence of this
substantial difference indicates that the
use of TikTok-assisted learning supple-
ments does not have a significant effect in
increasing students' interest in learning
arithmetic sequence.

N-Gain Score

Table 12. Independent Sample T-Test Test of Students' Learning Interests
Independent Samples Test

Levene's Test for 95% Confi-
Equality of Vari- t-test for Equality of Means dence Interval
ance Sig. Mean Std. Error of the Differ-
t df (2- Differ- Differ- ence
F Sig. tailed) ence ence Lower Upper
Hasil Equal variances .072 .790 -.890 63 377 -.2.132 2.395 -6.918  2.654
Kuesioner assumed
Minat Belajar  Equal vari- -.892  62.513 .376 -2.132 2.391 -6.909 2.646
Peserta Didik  ances not
assumed
Source: Primary Data Calculation Results
Table 13. N-Gain Score Test of Students' Concept Understanding Ability
Descriptives
Ke- Std. Er- Std.
las Statistic ror Kelas Statistic Error
NGain_Per-  Per- Mean 65.8335 4.39854 NGain_Per- Pertan- Mean 38.5030  3.58718
sen tan- 95% Lower  56.8626 sen yaan 95% Lower 31.1961
yaan  Con- Bound Tes Con- Bound
Tes fi- Upper  74.8044 Kontrol  fi- Upper  45.8098
Ek- dence  Bound dence  Bound
sper- Inter- Inter-
imen  val val
5% Trimmed 66.5676 5% Trimmed 38.5996
Mean Mean
Median 64.9123 Median 27.7778
Variance 619.109 Variance 424.640
Std. Deviation 24.88189 Std. Deviation 20.60681
Minimum 16.67 Minimum 5.26
Maximum 100.00 Maximum 68.75
Range 83.33 Range 63.49
Interquartile 46.95 Interquartile 37.87
Range Range
Skewness -.086 WAVA Skewness .170 .409
Kurtosis -.960 .809 Kurtosis -1.557 .798




The N-Gain Score test is used to deter-
mine the increase in concept understand-
ing ability and students' interest in learn-
ing after being given treatment in the
form of using learning supplements as-
sisted by TikTok in the experimental class.
This method involves the implementation
of pre-test and post-test in experimental
and control classes.

The following is a table of the re-
sults of the N-Gain Score test analysis of
students' concept understanding ability
test data using the IBM SPSS Statistics 25
for Windows program presented in Table
13.

The "Descriptives" table above
shows some important findings, namely
1) The average value of N-Gain Score for
the experimental class (with TikTok-as-
sisted learning supplement) is 0.658335,
which is categorized as "medium"; and 2)
The average value of N-Gain Score for the
control class (without TikTok-assisted
learning supplement) is 0.385030, which is
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also categorized as "medium". The use of
TikTok-assisted learning supplements in
teaching mathematics is proven to be ef-
fective in helping students understand the
concept of arithmetic series and sequence
with a simple category. This is evidenced
by the achievement of better understand-
ing in students who used the supplement
compared to those who did not.

The N-Gain Score test analysis for
student interest questionnaire data was
conducted using IBM SPSS Statistics 25
for Windows software, and the results are
presented in Table 14 below.

Based on the descriptive analysis in
the table, several important findings were
obtained, namely 1) The average N-Gain
Score value for the experimental class
(which used TikTok-assisted learning sup-
plements) was 0.130531. This value is in-
cluded in the "low" category; and 2) On
the other hand, the average N-Gain Score
for the control class (which did not use
TikTok-assisted learning supplement)

Table 14. N-Gain Score Test of Students' Learning Interest

Descriptives

Std.
Kelas Statistic Error
NGain_Persen  Pernyataan = Mean 13.0531 1.84936
Kuesioner 95% Confidence Lower Bound 9.2813
Eksperimen Interval Upper Bound | 16.8249
5% Trimmed Mean 12.7001
Median 10.1010
Variance 109.445
Std. Deviation 10.46158
Minimum .00
Maximum 32.69
Range 32.69
Interquartile Range 15.31
Skewness .672 414
Kurtosis -.905 .809
NGain_Persen  Pernyataan = Mean 10.7680 | 1.46849
Kuesioner 95% Confidence Lower Bound 7.7768
Kontrol Interval Upper Bound 13.7592
5% Trimmed Mean 10.2603
Median 10.0000
Variance 71.163
Std. Deviation 8.43585
Minimum .00
Maximum 31.11
Range 3111
Interquartile Range 13.69
Skewness 773 .4,09
Kurtosis .035 .798

Source: Primary Data Calculation Results
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was 0.107680. This value is also included
in the "low" category. So it can be con-
cluded that mathematics learning both
using and not using TikTok-assisted learn-
ing supplements is not effective for in-
creasing students' learning interest in the
material of arithmetic rows and series
with a low category.

Discussion
Concept Understanding Ability

The effectiveness of TikTok-assisted
learning supplements to improve stu-
dents' conceptual understanding is meas-
ured using the N-Gain value, as shown by
the research results. Both the control
group and the experimental group ob-
tained N-Gain values that were classified
as moderate. The N-Gain value is catego-
rized into three levels, namely high (more
than 0.7), medium (between 0.3 and 0.7),
and low (less than 0.3). Indicators used in
the test of students' concept understand-
ing ability include restating a concept;
classifying objects according to certain
properties (in accordance with the con-
cept); providing examples and non-exam-
ples of a concept; presenting concepts in
various forms of mathematical represen-
tation; developing necessary or sufficient
conditions for a concept; using, utilizing,
and selecting certain procedures or oper-
ations; and applying concepts or problem
solving algorithms.

The results of data analysis showed
significant differences between the two
groups (Sig. (2-tailed) (0.000) < 0.05), so
the null hypothesis (Hy) is rejected and
the alternative hypothesis (H,) is ac-
cepted. Thisis evidenced by the higher av-
erage N-Gain Score in the experimental
group (0.658335) compared to the control
group (0.385030). In conclusion, the use of
TikTok-assisted learning supplements in
classroom teaching proved effective in
helping students understand the concept

of arithmetic sequence. This is supported
by the activities and involvement of stu-
dents during learning by using TikTok-as-
sisted learning supplements presented for
each learning syntax so as to improve
their concept understanding abilities and
learning achievement.

Thus, based on the results of re-
search and data analysis, it is obtained
that the use of TikTok-assisted learning
supplements is effective for improving
students' concept understanding abilities
on arithmetic series and sequence mate-
rial. These results are inseparable from
various activities in the learning process
that have a positive impact on improving
students' learning achievement. TikTok-
assisted learning supplements are used by
utilizing its characteristics, namely the
short duration of the video and automati-
cally replaying the video so that it makes
students seem hypnotized by the video. In
addition, the addition of background mu-
sic (backsound) makes students not feel
bored and continue to scroll through the
learning supplement content that has
been created.

In addition, the addition of text to
the TikTok video helps learners focus
more on understanding the content of the
learning supplement video content be-
cause the text displayed is adjusted to the
speed of the researcher's voice when
speaking so that learners will pay more at-
tention to the text if the surrounding con-
ditions are noisy and do not have good
hearing aids such as earphones or the like.

Thus, the use of TikTok-assisted
learning supplements is able to be in the
moderate category to improve students'
concept understanding abilities when the
content created is not boring by making
short videos, adding backsound and text
to the video. This finding is in line with
Firamadhina & Krisnani (2021) who state
that the use of social media such as TikTok
in the realm of education can provide



benefits and positive impacts, especially if
used with positive purposes such as dis-
seminating information or exploring new
knowledge intentionally or unintention-
ally. This is in line with the results of re-
search conducted by Pratama et al. (2020)
which shows that the use of learning video
media as a learning supplement is effec-
tive in improving students' understanding
of learning materials. In addition, using
TikTok-assisted learning supplements of
the audio-visual type, according to Adam
(2023) states that the use of audio-visual
learning media in the learning process can
stimulate students' interest in learning.

In addition, based on factors that
can affect students' concept understand-
ing abilities according to Ngalim (2007),
namely individual factors and social fac-
tors. One of the individual factors related
to students' interest in learning is personal
motivation. According to Fazri (2023), a
lack of motivation in learners can affect
concept understanding and reduce their
interest in learning and learning out-
comes, while creative and innovative edu-
cators are able to make math learning
more fun, interesting, and liked by stu-
dents without feeling boring. On the other
hand, social factors that can affect learn-
ers' concept understanding ability related
to learners' interest in learning are the in-
fluence of educators and teaching meth-
ods, availability of tools, learning environ-
ment and available opportunities, and so-
cial motivation from the surrounding en-
vironment. Where these are also external
factors that can affect the learning pro-
cess.

By using TikTok-assisted learning
supplements to implement ways that can
be done to increase students' interest in
learning according to Slameto (2015),
namely creating a democratic atmos-
phere and using tests and assessments
wisely, what is done in creating a demo-
cratic atmosphere is to provide
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independent learning opportunities, en-
courage discussion, and develop students'
thinking, problem-solving, and curiosity
skills. In addition, tests and assessments
are only carried out at the beginning and
end of learning. However, individual as-
signments are still given to develop learn-
ers' thinking and problem-solving skills.
Thus, based on factors that can influence
learners' concept understanding, such as
personal motivation and environmental
influences, creative and innovative learn-
ing approaches and a democratic atmos-
phere can strengthen their interest in
learning. The use of TikTok-assisted
learning supplements can facilitate a
democratic atmosphere by providing in-
dependent learning opportunities, stimu-
lating discussion, and enriching learners'
thinking and problem-solving skills, along
with a thoughtful evaluation approach in
the application of tests and assessments.

Learning Interest

Both in the experimental and control
groups, the results showed that the N-
Gain value used to assess the effect of Tik-
Tok-assisted learning supplements on
student learning motivation was low. N-
Gain is categorized into three levels,
namely high (value > 0.7), medium (value
between 0.3 and 0.7), and low (value <
0.3). Indicators used in the learner interest
questionnaire include feelings of pleasure,
learner involvement, learner attention,
and learner interest.

Based on the data analysis of the
students' interest questionnaire, no sig-
nificant difference was found between the
two groups. This is evidenced by the Sig.
(2-tailed) (0.377) which is greater than
0.05. These results indicate acceptance of
the null hypothesis (Hy) and rejection of
the alternative hypothesis (H,). In the ex-
perimental class, the average value of N-
Gain Score was 0.130531 (low category),
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while in the control class it was 0.107680
(low category), based on the N-Gain Score
test. Thus, the use of TikTok-assisted
learning supplements in arithmetic se-
quence material was not effective in in-
creasing students' interest in learning.
This is due to the characteristics of TikTok
which is more suitable as an entertain-
ment platform than a structured and fo-
cused learning resource.

The results showed that the use of
TikTok-assisted learning supplements
was not effective in increasing students'
interest in arithmetic series and sequence.
This conclusion is based on the findings
and analysis of the data obtained. Alt-
hough there was an increase in the aver-
age intensity of using TikTok as a learning
supplement every day, it did not have a
significant impact on increasing students'
interest in learning.

In addition, based on the results of
data analysis of students' learning interest
questionnaires on the increase in the aver-
age value and N-Gain Score value of each
indicator of students' learning interest in
both groups, it was found that the use of
TikTok-assisted learning supplements
was not effective in increasing students'
learning interest. The use of TikTok-as-
sisted learning supplements is not effec-
tive for increasing students' feelings of
pleasure. This can be seen from the atti-
tude and behavior of discipline, paying at-
tention to lessons, and repeating lessons
of students in the experimental class
which is not better than the control class.

In addition, the use of TikTok-as-
sisted learning supplements is not effec-
tive in increasing learners' engagement.
This can be seen from the attitudes and
behaviors of happy to discuss in class, try-
ing to answer questions from the educa-
tor, and the desire to increase students'
reading resources in the experimental
class which is not better than the control
class.

In addition, the use of TikTok-as-
sisted learning supplements was not ef-
fective in increasing learners' attention.
This can be seen from the attitudes and
behaviors of completing notebooks, al-
ways doing the exercises given, and being
eager to take part in the lessons of stu-
dents in the experimental class which are
not better than the control class.

Finally, the use of TikTok-assisted
learning supplements is not effective for
increasing learners' interest. This can be
seen from the attitudes and behaviors of
participating in teaching and learning ac-
tivities (KBM) in class, attitudes in difficul-
ties, efforts in dealing with difficulties, and
habits in following lessons of students in
the experimental class which are not bet-
ter than the control class.

Thus, based on the results of the
data analysis of the students' learning in-
terest questionnaire on the increase in the
average value and the N-Gain Score value
of each indicator of students' learning in-
terest in both groups, it can be concluded
that the use of TikTok-assisted learning
supplements is not effective for increasing
students' learning interest with a low cat-
egory in each indicator of learning inter-
est, namely 1) feelings of pleasure, 2) stu-
dent involvement, 3) student attention,
and 4) student interest.

The content of the songs in the Tik-
Tok-assisted learning supplement is notin
accordance with the characteristics of the
learners, which involves tones from songs
such as "Balonku” and “Naik Kereta Api”.
This is not in accordance with the charac-
teristics of learners based on various as-
pects, as described by Munawaroh (2021),
such as interest and motivation. Interest,
which is related to individual interests,
plays an important role in the learning ap-
proach. Therefore, it is necessary to con-
tinuously develop materials according to
learners' interests. Motivation, which is
reflected in the quality of learners'



involvement, feelings, affective engage-
ment, as well as learners' efforts to main-
tain motivation, also needs to be consid-
ered in developing learning content.

Thus, the use of TikTok-assisted
learning supplements can be in the low
category to increase learners' interest in
learning when the content created is not
in accordance with learner characteristics
such as interest and motivation. This find-
ing is in line with Meilana & Aslam (2022)
who state that the content in the develop-
ment of teaching materials needs to be
adjusted to the characteristics of learners,
even though each child has different char-
acteristics. Educators need to understand
the initial characteristics of learners to
easily deal with everything related to
learning, such as lesson composition, abil-
ity, and the choice of management strate-
gies that affect the teaching in question.
These components can be adjusted to the
individual characteristics of learners so
that they can affect the interest and moti-
vation of learners to learn.

In addition, according to Fuad &
Zuraini (2016, pp. 45—46), there are fac-
tors that can affect students' interest in
learning such as internal factors and ex-
ternal factors. Internal factors such as psy-
chological aspects include several factors
that can affect learners' interest in learn-
ing, such as response, memory, and think-
ing (Sardiman A.M., 1990). These factors
are related to the concept understanding
ability of learners, where the attitude of
learners in responding, solving, and think-
ing about questions given by educators af-
ter watching video shows on TikTok-as-
sisted learning supplements does not
show feelings of pleasure, involvement,
attention, and interest from learners in
answering questions orally.

On the other hand, external factors
such as schools consist of various factors
that can affect students' interest in learn-
ing, such as teaching methods, facilities
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and infrastructure, learning resources,
and learning media need to be considered
(Fuad & Zuraini, 2016, pp. 45-46). These
factors are also included in the factors
that can affect students' concept under-
standing ability. Although during the
learning process students are given the
opportunity to be more interactive and in-
volved, there is still a need for teaching
methods, facilities and infrastructure,
learning resources, and other learning
media that can increase students' interest
in learning. The use of TikTok-assisted
learning supplements is not effective inin-
creasing students' interest in learning be-
cause the factors that influence learning
interest, both internal and external, show
that teaching methods, facilities and in-
frastructure, learning resources, and
learning media need to be considered as a
whole, not just by utilizing one particular
social media platform such as TikTok.

Implications

This study finds out the effectiveness of
TikTok-assisted learning supplements to
improve students' concept understanding
ability and interest in learning on the ma-
terial of arithmetic rows and series. By
knowing the effectiveness, mathematics
educators are expected to improve stu-
dents' concept understanding ability and
interest in learning using appropriate and
effective social media in creating innova-
tive and interesting learning. In addition,
students are expected to use social media
as a medium to find information or addi-
tional material not only for entertainment
media to improve concept understanding
ability, interest in learning and foster ac-
tive learning.

This research provides and adds
knowledge and insight into learning sup-
plements assisted by social media, espe-
cially TikTok which can be used in learning
mathematics to improve students'
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concept understanding ability and inter-
est in learning on the material of arithme-
tic rows and series. Therefore, for future
researchers who are interested in con-
ducting research on the effectiveness of a
social media in the context of learning on
the ability to understand concepts and
students' interest in learning, they can use
other social media and/or other cognitive
aspects or affective aspects.

Limitations

This research is limited to the material of
arithmetic rows and series. Therefore, the
results of this study only discuss the con-
cept understanding ability and learning
interest of students related to this topic. In
addition, the respondents used in this
study were at the senior high school level
in one district in Indonesia, so the results
of this study do not represent the concept
understanding ability and learning inter-
est of students in other schools or junior
high school levels. Nevertheless, the re-
spondents involved came from a class
that was carrying out the material of arith-
metic rows and series, namely grade 11, so
the results can be used as evidence of con-
cept understanding and learning interest
of grade 11 students at the school.

CONCLUSION

Based on the results of research con-
ducted by researchers in class XI IPA 5
SMA Negeri 1 Manonjaya related to Tik-
Tok-assisted learning supplements to im-
prove students' concept understanding
ability and interest in learning, it is con-
cluded that the application of TikTok-as-
sisted learning supplements on the mate-
rial of arithmetic rows and series shows
promising results in improving students'
concept understanding (cognitive) abili-
ties. This is evidenced by the increase in
the moderate category, with a percentage

value of 0.658335. However, in terms of
increasing students' affective learning in-
terest, this supplement has not shown sig-
nificant effectiveness. The assessment re-
sults show a percentage value of 0.130531
with a low category, which indicates that
the use of TikTok-assisted learning sup-
plements is not effective enough to in-
crease students' affective learning inter-
est in the material.
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Abstract

The numeracy abilities of students in Indonesia are still considered inadequate or quite low and must continue
to be improved. One of the efforts made to improve students' numeracy abilities is by implementing learning
tools that can support the development of these abilities. The research aims to develop learning tools that can
be declared valid, practical, and effective, especially in social arithmetic material, and improve students' nu-
meracy skills. This research is development research with the 4D model from Thiagarajan. Thiagarajan's 4D
stages include the definition, design, development, and deployment stages. The data collection techniques
used are observation, questionnaires, and tests. The research results on developing Islamic boarding school-
based learning tools are classified as valid, practical, and effective. The level of validity can be seen from the
validation value: for the teaching module, it is 3.47; LKPD is 3.44; for the learning achievement test, it is 3.32;
and the manual is 3.31 (maximum score 4), which is included in the valid category. The practicality value ob-
tained from the students' activities was 90.7%, which was in the very good category; the implementation of
learning was 3.56, which means high value; as well as the students' response questionnaire showed a positive
value. The effectiveness value seen from the students' learning outcomes data was obtained at 87.0% classical
completion. Not only that, but effectiveness can also be seen from the students' numeracy ability test, namely
the results pre-test, which was an average of 34.87% increase in revenue post-test to 82.0%, which was then
analyzed using the N-Gain test to obtain an average result of 0.73 which was included in the high category.
Thus, Islamic boarding school-based learning tools on social arithmetic material can effectively be used to
improve students' numeracy skills.
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Abstrak
Kemampuan numerasi peserta didik di Indonesia masih tergolong kurang atau cukup rendah dan masih harus
terus ditingkatkan. Salah satu upaya yang dilakukan untuk meningkatkan kemampuan numerasi peserta didik
adalah dengan menerapkan perangkat pembelajaran yang dapat menunjang berkembangnya kemampuan ter-
sebut. Adapun penelitian yang dilakukan ini memiliki tujuan untuk mengembangkan perangkat pembelajaran
yang dapat dinyatakan valid, praktis, dan efektif, khususnya pada materi aritmatika sosial serta mampu mening-
katkan kemampuan numerasi santri. Penelitian ini termasuk dalam jenis penelitian pengembangan dengan mode!
4D dari Thiagarajan. Tahapan 4D dari Thiagarajan mencakup tahap pendefinisian, perancangan, pengem-
bangan, dan penyebaran. Teknik pengumpulan data yang digunakan adalah observasi, angket, dan tes. Hasil dari
penelitian pengembangan perangkat pembelajaran berbasis pesantren tergolong ke dalam kriteria valid, praktis,
dan efektif. Tingkat kevalidan dapat dilihat dari nilai validasi, untuk modul ajar sebesar 3,47; LKPD sebesar 3,44;
tes hasil belajar sebesar 3,32; dan buku petunjuk sebesar 3,31 (skor maksimal 4) yang termasuk pada kategori
valid. Nilai kepraktisan diperoleh dari aktivitas santri sebesar 90,7% yang masuk dalam kategori sangat baik,
keterlaksanaan pembelajaran sebesar 3,56 yang berarti bernilai tinggi, serta angket respon santri yang menun-
Jukkan nilai positif. Nilai keefektifan dilihat dari data hasil belajar santri diperoleh 87,0% tuntas secara klasikal.
Tidak hanya itu, keefektifan dilihat dari tes kemampuan numerasi santri, yakni hasil pre-test yang semula rata-
rata 34,87% meningkat pada hasil post-test menjadi 82,0%, yang kemudian dianalisis menggunakan uji N-Gain
dengan memperoleh hasil rerata 0,73 yang masuk dalam kategori tinggi. Dengan demikian dapat disimpulkan
bahwa perangkat pembelajaran berbasis pesantren pada materi aritmatika sosial sudah layak untuk digunakan

dan terbukti efektif untuk meningkatkan kemampuan numerasi santri.

INTRODUCTION

Mathematical literacy (numeracy) skills
are mathematical skills needed for learn-
ing in the 21st century. This ability allows
a person to understand and calculate
numbers, calculate time, calculate prices,
and analyze data, which are essential eve-
ryday competencies. Numeracy literacy
skills are needed in all aspects of life, both
at home and in society. For example,
when shopping, starting a business, plan-
ning an activity, etc., the information is
usually expressed in numerical/numbers
or graphic form (Mahmud & Pratiwi,
2019). Therefore, numeracy literacy is an
important part of the skills or abilities that
students must have.

Numeracy is the ability to think us-
ing procedural concepts, facts, and math-
ematical tools to solve everyday problems
in various types of contexts that are rele-
vant for individuals as Indonesian citizens
and global citizens (Center for Assess-
ment and Learning, 2020, McCallum,
2023). According to Singh et al (2021), nu-
meracy is a fundamental mathematical
conceptin everyday life thatincludes skills
in counting, comparing and being able to
differentiate, recognizing shapes and

positions, and solving problems (Via et al,
2021). Numeracy includes the skill of ap-
plying mathematical conceptsandrulesin
real everyday situations, where problems
are often unstructured, and there are
many ways to find complete solutions
(GLN Team, Ministry of Education and
Culture, 2017).

Although the numeracy resultsin In-
donesia experienced an increase in rank,
Indonesia's rank is still below the OECD
average. Indonesia's PISA ranking posi-
tion is ranked 69th out of 81 PISA partici-
pating countries with a score of 366
(OECD., 2022). This indicates that many
Indonesian students still struggle with sit-
uations requiring problem-solving skills
using mathematics(Puspendik, 2019).
One of the factors causing low numeracy
literacy skills in Indonesia, according to
Fuadi et al. (2020), is due to low numeracy
literacy skills, namely learning that is not
contextual, meaning that the emphasis on
understanding basic concepts and basic
understanding of science is not linked to
matters related to everyday life. If you
want to improve students' numeracy
skills, students should be used to solve
problems related to everyday life.

Not only focused on the existing



PISA results, based on the results of the
pre-test that was carried out at the Mujadi
Education Unit (SPM) Wustha Al-
Amiryyah Banyuwangi, it was found that
the average numeracy ability of students
at the Mujadi Education Unit (SPM)
Wustha Al-Amiryyah Banyuwangi was
classified as requiring special interven-
tion. After the publication of Minister of
Religion Regulation (PMA) No. 18 of 2014,
the Mujadi Education Unit is an official ed-
ucation program under the Directorate of
Early Education and Islamic Boarding
Schools of the Indonesian Ministry of Re-
ligion. This is equated with Madrasah
Tsanawiyyah and "Aliyah" education,
which is under the Directorate of Mad-
rasah and Islamic Religious Education of
the Indonesian Ministry of Religion. Is-
lamic boarding schools can independently
plan to develop the competencies of their
students while still receiving a recognized
diploma.

One of the reasons for the need for
special intervention at the Wustha Al
Amiriyyah Banyuwangi Mujadi Education
Unit (SPM) is that the learning tools that
are prepared are only adapted to student
characteristics and learning outcomes,
where mastery of existing basic literacy
has not yet been developed, especially
mathematical literacy. In general, to
make learning more focused and mean-
ingful, teachers use learning tools as a
form of preparation before starting the
learning process (Syamsiyah, 2015). Ac-
cording to the Decree of the Minister of
Education and Culture No. 56 of 2022 con-
cerning Guidelines for Implementing Cur-
riculum in the Context of Learning Recov-
ery, teaching tools are various teaching
materials used by educators to achieve
the Pancasila student profile and learning
outcomes.

Based on the problem explained, it
is necessary to have learning tools that
can facilitate students in learning and
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improving numeracy skills in mathemat-
ics. Thisis because later, the learning tools
will be adapted to current learning, where
teachers must carry out more learning ac-
tivities that lead to student involvement
and participation in and outside of class
(Angraini et al., 2021, Kooloos et al,,
2023). The learning tools in question con-
sist of Teaching Modules, Student Work-
sheets (LKPD), and numeracy skills ques-
tions. Using everyday life contexts helps
students learn abstract mathematical
concepts through representation, thereby
increasing students' motivation to study
mathematics (Putri & Zulkardi, 2020). In
line with this, the concept of social arith-
metic is widely applied in everyday life
(Satiti et al., 2021). Therefore, the learn-
ing tools that will be prepared will use
mathematical problems from the Islamic
boarding school context, which is suitable
for learning social arithmetic (Muslimin et
al., 2020).

Previous research related to the de-
velopment of Islamic boarding school-
based learning tools was carried out by
Azhari and Mohammad Nadzir (2022).
The research related to numeracy skills
was conducted by Putri et al. (2022) enti-
tled Development of Learning Tools
Based on Lesson Study for Learning Com-
munities with Cultural Values Using to Im-
prove numeracy. The novelty of this re-
search is that the researchers optimized
the learning process by developing Islamic
boarding school-based learning tools to
create a conducive learning atmosphere
by taking advantage of the students' hab-
its or daily lives to improve the students'
numeracy skills. Therefore, researchers
are interested in conducting research ti-
tled "Development of Islamic Boarding
School-Based Learning Tools on Social
Arithmetic Material to Improve Santri
Numeracy Skills."
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METHOD

This research aims to create learning tools
that include teaching modules, device
user manuals, student worksheets, and
test packages that are valid, practical, and
effective. Therefore, this research is clas-
sified as development research that uses
the 4D development model. The 4D
model was chosen because of some rea-
son. First, the stages used in the 4D model

are more detailed and systematic, making
the development process more managea-
ble. Second, it involves experts' judgment
in determining the final quality of a prod-
uct being developed (learning tools) to
guarantee that the prototype is con-
structed consistently based on the theory.
Third, a defined stage is targeted to re-
flect or review the real needs based on the
students' orlearners' perspectives. The 4D
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stages are presented in Figure 1.

The definition stage is the first step
in determining the terms or needs of
learning. The design stage aims to com-
pile the learning device until it becomes a
prototype. The development stage aims
to produce draft one learning tools, then
draft 1. These are validated by experts and
improved based on expert input and sug-
gestions, which will then produce results
in draft two, which is valid and ready to be
carried out in the field trials; in the field
trial process, there are two stages, namely
small group trials in this stage to deter-
mine the readability of the learning tools
and large group trials carried out to deter-
mine the practicality of the learning tools.
The final process is the dissemination
stage, which distributes the results of
learning tools declared valid, practical,
and effective within a broader range.

The testing area in this research was
the Mujadi Wustha Al-Amiriyyah Banyu-
wangi Education Unit, with the sample for
small group testing (readability test) be-
ing six students from class VIII and the
large group testing sample consisting of
23 students from class VIIC. As for activi-
ties pre-test and post-test were given to
analyze the increase in students' numer-
acy skills before and after participating in
learning activities with Islamic boarding
school-based learning tools. The practi-
cality and effectiveness of data analysis
will be carried out after the trial is com-
plete.

This data's validity is analyzed to en-
sure that the learning tools and research
instruments function properly. Next, the
validation data is analyzed by summariz-
ing the assessment data for each valida-
tor, calculating the average value of the
validator results for each indicator, calcu-
lating the average value for each aspect,
and calculating the total average value for
all aspects (V4 ). Then, learning tools and
research instruments are declared valid if
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their validity score obtains a minimum av-
erage score of 3 for each validation item
(maximum score of 4) (Hobri, 2021).

Data analysis related to practicality
(easily to use) refers to the results of data
that has been collected from the observa-
tion sheet on the implementation of the
learning tool plan and then analyzed to
see the practicality of the learning tool,
namely by recapitulating the results of the
observations, determining the average
value of the observation results for each
indicator, calculating the average value
for each aspect. Observations and calcu-
late the total average value from the aver-
age value for all aspects (Ip). Learning
tools are declared practical if they obtain
high criteria results with a minimum score
of 3 for each aspect (maximum score of 4)
(Hobri, 2021). Then, the device is said to
be practical if the category of student ac-
tivity observation that is met is at least
good, and the number of students who
answer in the affirmative, which is ex-
pressed as a positive response to each as-
pect, is more than equal to 80%.

Data analysis to effectiveness crite-
ria can be seen from the test of learning
outcomes and improvement of students'
numeracy skills. The device is categorized
as effective when the learning result test
data is more than 70% of the total number
of santri who complete classical with min-
imum completeness criteria 70, and the
increase in the numeracy ability of santri
in the N-Gain category of moderate nu-
meracy ability is more than 70%.

The increase in students' numeracy
abilities was measured from the numer-
acy ability learning outcomes test, which
was then analyzed using N-Gain. The N-
Gain formula is as follows.

SE=St 00%
= ——— X
9= sm—si °

Information : g = N-Gain percentage | St = score post-test
| Si = score pre-test | Sm = maximum score
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RESULTS AND DISCUSSION
Results

Below, we will describe the process and
results of developing Islamic boarding
school-based mathematics learning tools
using the PBL model to improve the nu-
meracy skills of students using the 4D
model, which includes the stages of defi-
nition, design, development, and dissem-
ination.

Definition stage (define)

This stage consists of beginning-to-end
analysis, student analysis, concept analy-
sis, task analysis, and specification of
learning objectives. Based on the initial
and final activities, it was found that the
existing problems were learning tools that
needed to be more optimal for students to
develop numeracy skills, learning re-
sources still depended on textbooks, and
learning methods were monotonous us-
ing lectures and assignments. Then, from
the student analysis activities, it was
found that the average data on the nu-
meracy abilities of class VIl students was
still relatively low. The age range for class
VIl students is between 12 and 13 years,
according to Jonh Piaget (Kamila et al.,
2022, Hakkarainen et al., 2023); these stu-
dents are already at the formal opera-
tional stage. Therefore, they can partici-
pate in the problem-solving process in
class (Tarmizi & Bayat, 2019).

Then, concept analysis was carried
out to identify the material content re-
lated to social arithmetic. This material is
adapted to the Merdeka Curriculum,
namely the Number Element, concerning
taxes, profits, and discounts. This analysis
can bein the form of tasks that lead to nu-
meracy skills so that achievement indica-
tors are maximized. Next, the learning ob-
jectives and outcome specifications in
Phase D of the curriculum used in this

learning tool will be determined.

Planning stage (design)

Activities at this stage include test prepa-
ration, media selection, format selection,
and initial design. At the test preparation
stage, numeracy test questions are pre-
pared and arranged in the form of essay
questions consisting of 3 questions and re-
ferring to numeracy indicators. This activ-
ity begins with making a test grid with al-
ternative answers and scoring guidelines
oriented toward numerical indicators.
Media selection is carried out to assist in
presenting learning material. The media
used are whiteboards and LKPD, prepared
based on the Problem-Based Learning
(PBL) model. The function of the white-
board media is to help students be ac-
tively involved in writing down and ex-
plaining the solutions they obtain during
presentation activities. The choice of for-
mat is aligned with the Islamic boarding
school-based learning model. The final
step at the design stage is to design all
learning devices, including teaching mod-
ules, device use manuals, Student Work-
sheets (LKPD), and learning outcomes
tests.

The first design is a teaching mod-
ule, which consists of 3 meetings. The
teaching modules that will be developed
refer to the Merdeka curriculum. Teaching
modules are essential in supporting
teachers in planning learning (Nesri &
Kristanto, 2020, Rufii, 2015). There is a
cover and three main components in the
teaching module. The main components
are school identity, initial competencies,
Pancasila student profile (P3), facilities
and infrastructure, target students, and
learning models used. The main compo-
nents of learning include learning objec-
tives, meaningful understanding, trigger
questions, learning preparation, learning
activities,  assessment,  enrichment,



fremedial, and teacher and student reflec-
tion. In addition, attachments include
LKPD, teacher and student reading mate-
rials, a glossary, and a bibliography(Mau-
lida, 2022).

Then, the second plan is in the form
of a device usage instruction book, which
has a cover, PBL syntax, numeration indi-
cators, and procedures to implement PBL
model learning from the beginning to the
end; this is arranged to help teachers cre-
ate a learning process that matches the
stages in the teaching module and aims to
improve students' numeracy skills. Ac-
cording to Indrawati (2021), the instruc-
tion book provides information and guid-
ance for the reader to carry out activities
according to the instructions.

The third design is the Student
Worksheets (LKPD) design, which con-
sists of three LKPDs, which include the
cover, student identity, learning objec-
tives, problem presentation, scaffolding,
solutions, and conclusions from problem-
solving (Safitri & Arnawa, 2019). There are
three subjects used, namely taxes, profits,
and discounts. The development of this
LKPD can facilitate and make it easier for
students to follow the learning process in
class to create effective interaction be-
tween students (Piper et al., 2018). The
existence of an exciting worksheet that
meets the learning criteria must be there
to stimulate student activity and train stu-
dents' psychomotor skills and skills in the
learning process in class (Maharani & Sari,
2024).

The fourth design is a learning out-
comes test, which consists of a grid for
preparing a numeracy test, a set of ques-
tions containing all the statement items in
the test, a scoring rubric, and a question-
answer key. The test preparation grid is
also adjusted to the Learning Outcomesin
social arithmetic material. The test ques-
tions developed are contextual questions
that are close to students, such as habits
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often carried out by students, characteris-
tics of Islamic boarding schools, and so on.
Tests are designed to measure students'
qualities, abilities, skills, or knowledge
against given standards, with a final as-
sessment of whether they are acceptable
(Indahri, 2021). When the test questions
are relevant to the student's experience,
knowledge, and interests, they will be
more involved in measuring numeracy
abilities more accurately. This learning
outcomes test is used to analyze the de-
vice's effectiveness in terms of perfor-
mance pre-test and post-test.

Development stage (develop)

At this stage, the teaching modules, de-
vice user manuals, LKPD, and learning
outcomes tests are validated by experts
who then carry out assessments and pro-
vide suggestions for revision so that later
field trials can be carried out. Validation
results can be seen in Table 1.

Table 1. Validation results of learning tools

Learning media Va Category
teaching modules 3,47 Valid
Devise user manuals 3,31 Valid
Student Worksheets 3,44 Valid
(LKPD)
learning outcomes 3,32 Valid
tests

Based on Table 1. The validation re-
sults of the four Islamic boarding school-
based learning tools are in the score inter-
val 3 < And < 4 is categorized as valid. The
conclusion is that the learning tool is de-
clared valid.

Then, the development stage aims
to analyze the practicality and effective-
ness of the device. Student Worksheets
(LKPD) and valid learning results tests,
then a small group trial (readability test)
was carried out in class VIII with the sub-
ject of 6 students whom the teacher had
selected to determine readability; the
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result was that there were no words or
sentences that needed to be revised
again. Then, the device was tested in the
field, namely in class VIIC, for three meet-
ings, and students were asked to work on
test questions at the beginning and end of
the meeting. Before starting learning, the
teacher reads the user manual first so that
learning can begin at the stages of creat-
ing the teaching module, which aims to
improve students' numeracy skills. Then,
follow the stages according to the teach-
ing module that uses the PBL learning
model (Fauziyah et al., 2021).

At the first meeting, students were
given a pre-test, which lasted 40 minutes.
Then, the teacher starts the lesson by ask-
ing questions and daily problems so that
the teacher can find out the students'
problem-solving abilities, which will later
be used to measure numeracy abilities. It
is in line with the opinion that numeracy
ability is a skill acquired in solving every-
day problems (Mahmud & Pratiwi, 2019).

The next activity is to form groups of
4-5 students and continue distributing
LKPD. Based on the results of observa-
tions, students' numeracy abilities
emerged during the solving process,
namely in the third PBL step. The first in-
dicator that appears is applying various
kinds of numbers and symbols related to
basic mathematics to solve practical prob-
lems in various contexts of daily life. Stu-
dents use evidence when solving prob-
lems listed on the LKPD and express rea-
sons for solving the problem. The follow-
ing is picture 2—examples of problems on
the student sheet.

When writing down the concepts
that will be used, the students are still
confused because they do not know the
meaning of the concepts used, so the
teacher gives them scaffolding to the stu-
dents to produce the second indicator,
namely, the students carry out an analysis
of the explanations presented in various

forms. This was confirmed by Yuliawanti
et al. (2019) with the use of scaffolding. In
problem-based learning activities, stu-
dents' ability to solve problems is hoped
to increase.

LKPD 1 - Befare starting the lesson
ferm groups sersisting of
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Figure 2. Problems that exist on students' worksheets



During the step of developing and
presenting the results of their work, the
students make a presentation by bringing
up the third indicator, namely Interpreting
the results of the analysis to predict and
make decisions; they explain the conclu-
sions of the problems that have been
solved, the students also evaluate the
problem-solving process, actively discuss
and ask questions between groups. In line
with the opinion of Naja et al. (2022), the
PBL model can help students interact with
each other and work together to achieve
group success. As a result, using this
learning tool will help students master the
material, solve problems, and improve
their numeracy skills.

Next, the results of the practical
analysis were carried out on the students'
activities and learning tools, which were
tested by observing the implementation
of learning and observing the students'
activities. The results of the practicality
test can be seenin Table 2.

Table 2. Results of observations of student activi-
ties and implementation of learning

Results of observa- Meeting to-
tions 1 2 3

student activities 89,5% 91% 91,5%
implementation of

learning 3,25 3,58 3,83

The results of observations of stu-
dent activities, the implementation of
learning tools, and student response
questionnaires were used as references
for data analysis related to the practicality
of the equipment. The average result of
observing student activities was 90.7%,
included in the very good category. The
average result of observing the imple-
mentation of learning tools is 3.56, which
is classified as high. The results of the stu-
dent questionnaire responses were posi-
tive because more than 92% of the stu-
dents answered "Agree" to each question
asked. Thus, the teaching tools that have
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been prepared can be practical based on
this data.

The following analysis determines
the effectiveness criteria based on learn-
ing outcomes data and students' numer-
acy abilities. The first indicator related to
learning outcomes data showed that 19
out of 23 students had a mean of 82.1 and
a classical completion percentage of
87.0%. The second indicator is related to
students' numeracy abilities, which can be
seen from the increase in N-Gain. The av-
erage N-Gain is 0.73, which is included in
the high category. Thus, the learning tools
that have been prepared can also be effec-
tive based on this data. Here is picture 3.
Questions and answer keys for the numer-
acy test.

=+ Answer Key
HO uestion | Answer Key
1 | Finunwial management implenwated by | Is known |
Usrd. Umar every mooth is as follows. | Zaknr = 2.3% of salay
be sets aside 2 5% of his -3 odagoh = 5% of salary mimn rakat

pay zakat. The rest he alw = & 000,000
of his bisynrol ofter de: Asked:
e wants w gl wer for | Low owch sooey did Ui give shodagol?

ruction of & mosque. J[,"I'r,m."\ Ahmad for the coostroction of a mosgque™
rob this month a5 IDR | Amswer:
(R0 08D, mach maney will | Zakn = X 4,000,000 = 100,000
for? Umar for the zakat) x $a
e mosque’ 1.000.000 — 100.000) x

So e money donated by Lzt Umnr for the

construction of the mosque was 195,000

Fang Zaid 1= 2 snab who is trsked with | Is knows ;

MADAZINE @ cooperntive owned by nn | Capital = S0,000,000
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Figure 3. Questions and answer keys for the numeracy
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Deployment stages (Disseminate)

Mathematics learning tools are distrib-
uted offline, namely at the Mujadi Wustha
Al-Amiriyyah  Banyuwangi  Education
Unit, online, namely social media, which
includes Instagram, WhatsApp, Face-
book, and Islamic boarding school com-
munication forums by providing a Google
Drive link which contains all the tools so
that the learning tools can be accessed by
other teachers. Apart from that, this
learning device also has intellectual prop-
erty rights.

Discussion

The results of development research car-
ried out in class VIIC of the Mujadi Wustha
Al-Amiriyyah Banyuwangi Education Unit
produced an Islamic boarding school-
based learning tool with a PBL model that
is valid, practical, and effective and can
provide an opportunity to improve the nu-
meracy skills of students. Valid criteria are
obtained based on three validators' valid-
ity tests to determine whether the learn-
ing device carries out the measuring func-
tion correctly. Practicality criteria were
obtained from student activities of 9o.7%,
learning implementation of 3.56, which
means high value, and student question-
naire responses, which showed positive
value. Meanwhile, the effectiveness crite-
ria from the learning outcomes data ob-
tained 87.0% classical completion. Not
only that but effectiveness can also be
seen from the numerical ability to in-
crease N-Gain, which shows an average of
0.73 in the high category.

The exciting thing about this re-
search is that it is at the development
stage. It can be seen from the data ob-
tained by observers that at the first meet-
ing, it was 3.25, while at the second meet-
ing, it increased to 3.58, and at the third
meeting, it increased to 3.83. There was
always an increase at each meeting. It

shows that teachers were not used to us-
ing Islamic boarding school-based learn-
ing tools with the PBL model at the first
meeting. Then, at the first meeting, there
were some students who acted passively;
there were no visible numeracy indicators
and no initiative to ask questions; then, at
the next meeting, the students slowly
showed themselves to behave more ac-
tively, such as using concepts, facts, and
reasons to complete the problem-solving
process.

Based on observation data, this suc-
cess is supported by teachers who inten-
sively read user manuals that guide teach-
ers' learning processes according to
teaching modules using the PBL model.
This data was obtained based on the re-
sults of interviews conducted with model
teachers after the learning was com-
pleted. Itis in line with Arifin 2020, Tesfaw
et al., 2024, that the instruction book is
not only a direction but also a teacher's
guide in making it easier to explain the
material through the achievement of
learning objectives.

Figure 4. Learning process



Student Worksheets (LKPD), which
are developed in such a way that uses the
PBL model and numeracy indicators, can
improve students' numeracy skills. Based
on Figure 2, the students are more enthu-
siastic and eager to learn and discuss with
their groups to solve the problems in the
LKPD that has been distributed. This can
also be seen from the results of observa-
tions, from initially only 1-2 groups that
were active and showing numeracy indi-
cators to almost the entire group showing
good numeracy indicators during the
problem-solving process. This is in line
with research conducted by Festina &
Warniasih (2021) that Student Work-
sheets (LKPD) with the PBL model can fa-
cilitate mathematical problem-solving
abilities, as well as the problem-solving
process, encouraging students to learn
mathematics themselves (Pambudi et al.,
2020).

The scaffolding in the Student
Worksheets (LKPD) aims to guide stu-
dents independently in solving problems.
This was confirmed by Yuliawanti et al.
(2019), who stated that the scaffolding in-
volved in PBL syntax can accommodate
students' problem-solving abilities. Based
on the results of observations at meeting
3, the students were more enthusiastic,
and learning was progressing conducive;
the students worked together to solve
problems, and the entire group solved
problems independently by utilizing the
scaffolding on the Student Worksheets
(LKPD). During the presentation activity,
each group representative asked ques-
tions for the presenting group, and the en-
tire group concluded the results of the
learning that had been carried out. In line
with this, the use of learning tools in the
context of everyday life helps students
learn abstract mathematical concepts
through representation, thereby increas-
ing students' motivation to study mathe-
matics (Putri & Zulkardi, 2020).
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Figure 5. Pre-test and post-test results of students'
numeracy abilities

Then, after the learning using Is-
lamic boarding school-based learning
tools is completed, a test is held to deter-
mine whether there has been an improve-
ment in the students' numeracy skills.
Based on Figure 5. It can be seen from the
pre-test (upside) results that the students
have been able to simplify known prob-
lems. However, they have not yet been
able to design a problem-solving strategy,
so the answers are still incorrect, and they
have not been able to conclude and inter-
pret the results of the answers in the stu-
dents' sense. Meanwhile, in the post-test
results (downside), the students have
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produced the three numeracy indicators,
namely, being able to simplify problems
by using mathematical concepts cor-
rectly. They have been able to design a so-
lution strategy correctly and have been
able to interpret and conclude the results
of the answers reasonably.

Based on Figure 5. The numeracy
skills of students can be increased by ap-
plying problems that are appropriate to
the context of everyday life, which in this
case is the problem of zakat, which is very
closely related to the daily life of Islamic
boarding schools. This is in line with re-
search conducted by (Wahyuningtyas et
al., 2020), which states that the contex-
tual approach effectively supports stu-
dents' numeracy abilities.

From the description presented, this
research produces Islamic boarding
school-based learning tools with a PBL
model that is valid, practical, and effective
and can improve students' numeracy
skills. These good numeracy skills impact
students in terms of helping them under-
stand the application of mathematics in
everyday life. Apart from that, students
can use numeracy skills to project and in-
terpret data and solve everyday problems
(Masfufah & Afriansyah, 2021). In this
way, we can develop qualified individuals
to manage natural resources so that we
can compete with other nations (Masjaya
& Wardono, 2018).

Implications of Research

Further research is expected to use the
findings of this research as reference ma-
terial to apply more varied and innovative
teaching and learning activities. Other re-
searchers should conduct additional re-
search to develop learning tools that use
various materials and numeracy skills by a
broader research subject.

Limitations

This research has limitations, namely that
at the dissemination stage, it was carried
out on a limited basis, and it was only dis-
tributed at the Muadalah Wustha school
in Banyuwangi and several other sites.
Online just. In addition, the research was
conducted only at one school and for a
limited time. In addition, it is hoped that
dissemination activities will not only aim
to be widely disseminated but that later,
the tools developed can be used by other
teachers and tested, thus allowing for crit-
icism and suggestions for continuous im-
provement based on input from other
people regarding the tools.

CONCLUSION

In the discussions that have been carried
out, the PBL model Islamic boarding
school-based mathematics learning tools
developed using the 4D model can im-
prove the numeracy skills of students.
Findings obtained during the learning pro-
cess were that there were no learning
tools that could improve the numeracy
skills of students, so the existence of Is-
lamic boarding school-based mathemat-
ics learning tools with the PBL model pro-
vided an alternative for teachers and stu-
dents to familiarize themselves with nu-
meracy skills and improve numeracy skills
as evidenced by the average gains. The
average N-Gain value is in the high cate-
gory. So, the development of Islamic
boarding school-based learning tools us-
ing the Problem-Based Learning model
has fulfilled the valid, practical, and effec-
tive categories.
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Abstract

Concept understanding ability is one of the main elements in learning mathematics. Understanding students' con-
cept understanding ability will help teachers to plan better learning. Therefore, by understanding students' con-
cepts, understanding ability, and resilience, teachers can improve the quality of education in a school. This study
aimsto analyze the relationship between students' resilience and understanding of mathematical concepts through
story problems. The type of research is qualitative descriptive, the subject of this research is fifth-grade students of
Ban Kadeng School, Thailand, and the object of research is the ability to understand students' mathematics con-
cepts in terms of student resilience. The research instruments used are the resilience questionnaire, concept under-
standing ability test questions, and interviews. The analysis was carried out on indicators of concept understanding,
such as restating concepts, classifying objects based on mathematical concepts, and giving examples or counter-
examples to the concepts being learned obtained through the instruments that have been carried out. The results
showed that in the ability to understand mathematical concepts, Ban Kadeng School students have a moderate
level of resilience, namely 65% of students can understand the two main indicators, 25% of students with high re-
silience can understand all indicators, and 10% of students with low resilience are lacking in understanding the given
indicators. So it can be concluded that there are differences in concept understanding ability between high resili-
ence, moderate resilience, and low resilience students in class V Ban Kadeng School, Thailand. The results of this
study can be used as a basis for research on the application of learning models, assessments, or types of feedback
that are appropriate for students.
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Abstrak
Kemampuan pemahaaman konsep adalah salah satu unsur utama dalam belajar matematika. Memahami kemam-
puan pemahaman konsep siswa, akan membantu guru dalam merencanakan pembelajaran yang lebih baik. Oleh sebab
itu, dengan memahami kemampuan pemahaman konsep, serta resiliansi siswa, guru akan mampu memperbaiki kuali-
tas pendidikan di suatu sekolah. Penelitian ini bertujuan untuk menganalisis antara resiliensi siswa dan pemahaman
konsep matematis melalui penggunaan soal cerita. Jenis penelitian deskriftif kualitatif, subjek penelitian ini adalah
siswa kelas V BanKadeng School, Thailand, dan objek penelitiannya adalah kemampuan pemahaman konsep Ma-
tematika siswa ditinjau dari resiliennsi siswa. Instrumen penelitian yang digunakan adalah angket resiliensi, soal tes
kemampuan pemahaman konsep dan wawancara. Analisis dilakukan terhadap indikator pemahaman konsep, seperti
menyatakan ulang konsep, mengklasifikasikan objek berdasarkan konsep matematika, dan memberikan contoh atau
kontra contoh pada konsep yang dipelajari yang diperoleh melalui instrumen yang telah dilakukan. Hasil penelitian
menunjukkan dalam kemampuan pemahaman konsep matematis siswa Ban Kadeng School memiliki tingkat resiliensi
sedang yaitu sebanyak 65% siswa dapat mememahami dua indikator utama, siswa dengan resiliensi tinggi sebanyak
25% dapat memahami keseluruhan indikator, dan siswa dengan resiliensi rendah sebanyak 10% kurang dalam me-
mahami indikator yang diberikan. Jadi dapat disimpulkan bahwa terdapat perbedaan kemampuan pemahaman konsep
antara siswa resiliensi tinggi, resiliensi sedang, dan resiliensi rendah di kelas V Ban Kadeng School, Thailand. Hasil
penelitian ini dapat digunakan sebagai dasar untuk riset tentang penerapan model pembelajaran, asesmen, ataupun

Jenis feedback yang tepat untuk siswa.

INTRODUCTION

Concept understanding is the basis for
learning mathematics (Wulansari et al.,
2021). Conceptual ability must be acquired
by a student (Kementrian Pendidikan dan
Kebudayaan Republik Indonesia 2016)
stated that concept understanding is the
basis for learning mathematics (Afifah et
al., 2024). In previous research, it was also
stated that in a learning process, the ability
to understand concepts is fundamental.
(Syaifar et al., 2022). Understanding con-
cepts in mathematics is related to each
other, so it will be difficult for students to
learn the next material if they are con-
strained in understanding the concepts
(Fairus et al., 2023). Dahar mentions that "if
compared to concepts, concepts are the
building blocks of thinking", therefore stu-
dents who are unable to understand con-
cepts well will find it difficult to continue to
the next learning (Aledya, 2019). Concept
understanding is the ability of students to
master the material and students can reap-
ply the material with a more understanda-
ble language, not only knowing or remem-
bering the concepts learned. (Suendarti &

Liberna, 2021). The ability of students to
understand mathematical ideas in an ap-
plied and universal manner can be called
concept understanding. The ability to un-
derstand concepts is very important for stu-
dents to be able to continue learning at the
next level. However, the low ability of stu-
dents to understand mathematical con-
cepts is a problem. This can be seen from
the results of the Trends in International
Mathematics and Sciences study (TIMSS)
survey, where Indonesia is ranked 6th from
the bottom (Natasya et al., 2023).
Conceptual understanding refers to
an integrated and functional understanding
of mathematical ideas. Students with con-
ceptual understanding know more than just
isolated facts and methods. They under-
stand why the mathematical idea is im-
portant and the type of context in which the
idea is useful. They have organized their
knowledge into a coherent whole, which al-
lows them to learn new ideas by connecting
those ideas to what they already know.
Conceptual understanding also supports re-
tention because facts and methods learned
with understanding are connected, so they
are easier to remember and use, and indeed



reconstructed when forgotten (Bartell et
al., 2013; Booth, 2002; Godino, 1996;
Schoenbach et al., 1999; Yuliani & Suragih,
2015)

Furthermore, to understand a con-
cept Polya said the importance of under-
standing the problem. A problem is a big
problem, if it is very difficult then it is only a
small problem if it is only slightly difficult.
But a certain degree of difficulty is part of
the idea of a problem, if there is no difficulty
then there is no problem. A common prob-
lem is finding your way to a predetermined
place in unfamiliar territory. We can easily
imagine how serious this problem must
have been for our primitive ancestors living
in the primeval forest. This may or may not
be the reason why the solution to a problem
looks like finding a way: a way out of diffi-
culty, a way out of obstacles (Polya, 1962).

To understand a concept, one must
understand the problem too. The purpose
of the "problem to find" is to find a particu-
lar object, the unknown of a problem, ful-
filling the condition of the problem that
connects the unknown with the data of the
problem. Let us consider two examples.
Given two line segments a and b, and angle
y, construct a parallelogram whose line seg-
ments are adjacent sides including angle y.
Given two line segments a and b, and angle
y, construct a parallelogram whose line seg-
ments are its diagonals including angle y. In
both problems, the data is the same, line
segmentsaandb, and angley. In both prob-
lems, the unknown is a parallelogram so our
problems cannot be distinguished a priori
based on the properties of the unknown.
What distinguishes our two problems is the
condition, the necessary relation between
the unknown and the data: of course, the
relation of the parallelogram to its sides is
different from its relation to its diagonals
(Aslan, 2021; Burton, 1984; Gravemeijer &
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Doorman, 1999; Herbst, 2006; Leavy &
Hourigan, 2020)

In terms of understanding concepts,
everyone has differences in dealing with the
problems they have (Wahyuti et al., 2023).
In dealing with difficult situations, students
are expected to have resilient behavior,
namely if a person can deal with the prob-
lems being faced positively and can survive
until they get the expected results (Rama-
danti & Herdi, 2022). In learning mathemat-
ics, to understand the concept, resilience is
important Click or tap here to enter text.
Resilience has an important role in mathe-
matics learning because students tend to be
able to confidently deal with the difficulties,
they face (Maarif et al., 2023). Resilience
can also be interpreted as a student's posi-
tive behavior in dealing with problems and
not giving up easily when experiencing dif-
ficulties (Rahmatiya & Miatun, 2020). This
includes a positive attitude and persever-
ance, which have a significant impact on
success in tackling maths problems (Ny-
iagani & Kristinawati, 2021). However, the
low ability of students to understand math-
ematical concepts is a problem, what must
be done is to instill mathematical resilience
in students (Al Ghifari et al., 2022). Resili-
ence is needed in mathematics because it
can help review students in learning, things
that make students tend to feel heavy and
dislike learning mathematics (Awais et al.,
2023; Setiawan et al.,, 2022). Mathematical
resilience includes a strong desire to learn
mathematics, self-confidence, and resili-
ence in the face of adversity (Salsabila &
Hadi, 2023). Academic resilience is also im-
portant because it allows students to get
back on track after experiencing difficulties.
(Mardhatillah et al., 2022). Resilience in stu-
dents is necessary because it can stimulate
student confidence and will get good re-
sults (Azizah & Abadi, 2022). The high
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resilience of students will show an attitude
that does not give up easily and always
seeks a way out of the problems faced. (Ang
et al., 2022; Lee & Lee, 2023; Lutfiyana et
al., 2023). In line with that, previous re-
searchers also stated that as much as 50.3%
of understanding ability and learning
tendencies were related to mathematical
resilience, which means that resilience and
learning tendencies greatly affect mathe-
matical ability (Eliza et al., 2023). According
to the statement (Arifin, 2020; Mai et al.,
2021), mathematical resilience is the ability
to respond to the difficulty of solving math-
ematical concept problems.

In observations made by researchers
in collaborative research with teachers at
partner schools, the learning model used at
Ban Kadeng school, especially mathemat-
ics teachers, uses several learning models,
one of which is the lecture method. In the
lecture method, students listen to the learn-
ing material presented, after which stu-
dents are given questions related to the ma-
terial and answered together. The second is
teaching using the help of learning media
where in the learning process the teacher
demonstrates learning media related to the
material presented, the teacher also
demonstrates learning media in the class-
room, after which the teacher gives exer-
cises to students. One of the media that
teachers use in the learning process is class
television, in the learning provided some-
times the teacher will give practice assign-
ments to do at home outside the tasks that
have been done at school.

In Ban Kadeng School's fifth-grade
students, it was found that most of the stu-
dents were not very interested in mathe-
matics for various reasons, one of which is
the doctrine embedded in their minds that
mathematics is a scary subject. Previous re-
searchers also (Ansori, 2020) stated that

some students feel anxious and consider
maths difficult and boring. In this case, stu-
dents' resilience is faced with challenges,
especially in overcoming difficulties in un-
derstanding mathematical concepts. Coop-
eration between teachers, students, and
educational institutions is needed to im-
prove resilience. This is relevant to previous
research; research shows there is a positive
contribution to students who have good
mathematical resilience to mathematical
learning. (rizqa et al., 2020).

Based on the things that have been
described above regarding the ability to un-
derstand concepts and student resilience, a
study was conducted with the title "Analysis
of Students' Mathematical Concept Under-
standing Ability in Terms of Resilience at
Ban Kadeng School" aims to understand
the relationship between students' mathe-
matical concept understanding ability and
student resilience at the school. The bene-
fits of the research include theoretical con-
tributions to the understanding of mathe-
matical concepts and practical benefits for
students, teachers, schools, and research-
ers. Thus, this research is expected to make
a significant contribution to the develop-
ment of mathematics education at Ban
Kadeng School and more broadly in the
realm of national education in Thailand.

METHOD

In the introduction, it has been described
how concept understanding is important to
be studied. Therefore, to find out how the
level of concept understanding and stu-
dents' resilience in mathematics, it is neces-
sary to conduct research that describes
these phenomena. This research is a de-
scriptive study with a qualitative approach
at Ban Kadeng School, Narathiwat, Thai-
land, for fifth-grade students. The aims and



objectives of this study were to describe the
ability to understand mathematical con-
cepts in terms of student resilience in solv-
ing story problems on fraction material.
Data collection in this study used a student
resilience questionnaire, mathematical
concept understanding story problems on
fraction material, and interview guidelines.

Table 1. Resilience questionnaire grid

Question-
No. Indicators of student resilience naire num-
ber

1. (a) Convinced that Mathematics is  1,10,20
important and worthwhile

2. There is a strong sense of desire to  2,3,5,16,
learn Mathematics, even when fac- 18,21
ing unpleasant things and difficul-
ties in the learning process;

3. Confidence in one's ability to learn  7,8,11,13,
and master mathematics, based on  14,15,17,1
an understanding of mathematics,  9,23,24
the ability to create strategies, the
help of tools and other people, and
the experience built;

4. There is a strong sense of going 4,6,9,12,
through the difficulties experi- 22,25
enced, not giving up easily, and al-
ways giving a positive response in
learning mathematics.

The sample used in this study was
class V students consisting of 20 people.
Data collection methods involved a mathe-
matical resilience questionnaire, mathe-
matical concept understanding ability test,
and interview. The mathematical resilience
questionnaire includes 25 statements with a
certain score, followed by a narrative-based
mathematical concept understanding test
given to students as many as 5 questions
about fraction material and each question
represents an indicator of students' mathe-
matical concept understanding. Interviews
were conducted to gain a deeper under-
standing of the relationship between stu-
dent resilience and mathematical concept
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understanding. The sampling technique in
this study uses purposive sampling, namely
the researcher takes samples by determin-
ing the characteristics that are by the re-
search objectives so that they are the re-
search objectives and can answer research
problems (Imam, 2023). The above data
collection techniques were validated by 2
experts (a Mathematics teacher at Ban
Kadeng School, Thailand, and a lecturer in
mathematics education at Universitas Mu-
hammadiyah Tapanuli Selatan). The data
will be analyzed through data reduction, by
grouping students' resilience into high,
moderate, and low. The results are ex-
pected to provide an overview of the corre-
lation between student resilience and
mathematical concept understanding abil-
ity at Ban Kadeng School. Students are cat-
egorized as having high resilience if 77>,
Students are categorized as having moder-
ate resilience if 66 <x <77, and Students are
categorized as having low resilience if <66.
This instrument is carried out offline after
that, the recapitulated results are selected
from 3 students from each level of high,
moderate, and low resilience. After that the
researcher will analyze students based on
the level of resilience to the students' math-
ematical concept understanding ability by
utilizing instruments in the form of mathe-
matical concept understanding ability test
questions which are arranged based on in-
dicators of mathematical concept under-
standing, the researcher also conducts in-
terviews based on the results of students'
mathematical concept understanding tests
on fraction material interviews conducted
in this study are arranged based on indica-
tors of mathematical concept understand-
ing. Data were obtained through triangula-
tion techniques, comparing the results of
observations, questionnaires, and inter-
views with mathematics teachers at Ban
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Kadeng School. All data obtained, both
from observations of student activities and
interviews, were analyzed using the datare-
duction method to obtain systematic infor-
mation and can be interpreted clearly.

The research stages are presented in
the flowchart as follows:

—_—
Preliminary Student
Studies s Resilience
Analysis
—
Interview to ¢ Teaching
Subject Process

| —

Data
Reduction

Conclusion

Figure 1. Research Stages

RESULT AND DISCUSSION
Result

The researcher analyzed the students'
mathematical concept understanding abil-
ity in terms of student resilience according
to the indicators of mathematical concept
understanding ability, which was obtained
through the answers to the mathematical
concept understanding ability test ques-
tions and, conducted interviews to find out
more about the concept understanding
ability possessed by students. So then an
analysis is carried out to get an idea of how
much the ability to understand students'
concepts in terms of student resilience.

Table 2. Percentage of student resilience

Based on Table 2, the resilience of fifth-
grade students at Ban Kadeng School is at a
moderate level, namely 65% as many as 13
people, while high resilience is at a percent-
age of 25% and low resilience is a percent-
age of 10%. To determine the concept un-
derstanding ability of students, researchers
conducted tests on story problems that
were the indicators of understanding math-
ematical concepts.

Table 3. Indicators of concept understanding ability

Indicator of Con- No.
cept Understand- Sub Indicators Ques-
ing Ability tion
Restate a concept. Explaining concepts 1
related to fractions

Classify objects
based on mathe-
matical concepts.

a) determine the 2
parts or properties
found in addition
fractions

b) determine the 3
parts or properties
found in multipli-
cation fractions

Provide examples a) Giving opinion in 4

or counter-exam- distinguishing

ples on the concept  which is the solu-

learned tion in fraction op-

eration

Giving opinion in 5

distinguishing

which way of work-

ing in fractions

b

~

Resilience Number of Percent-

Score () level students age
X< 66 Low 2 10%
66 <x <77 Moderate 13 65%
x=77 High 5 25%

From the questions that have been done by
students by the indicators of concept un-
derstanding, researchers take samples of
student answers from each different level of
resilience, namely high, moderate, and low
resilience levels. To find out the differences
in concept understanding abilities pos-
sessed by the three students with different
resilience.



Table 4. Analysed student data

Category Student ID PR NS
High RT 83% 100
Moderate RS 72% 80
Low RR 62% 40

Description: NR: Narrative Problem Score, PR: Resili-
ence Percentage

Mathematical concept understanding ability
in high resilience students

Figure 1. High resilience students' answers.

Students can solve problems and under-
stand the understanding of concepts based
on indicators of restating a concept,
namely, students can follow the under-
standing of mathematical concepts, and
can answer the type of fraction that has
been solved. This can be seen in Figure 1
which has been attached. In problem 1, stu-
dents can answer the types of fractions con-
tained in the problem, this is by the indica-
tors of students' understanding of mathe-
matical concepts in fraction material restat-
ing a student concept. In question 2, stu-
dents can describe the answer well and pre-
cisely. In question 3, students can work on
problems with multiplication operations,
which means that students can distinguish
the work between multiplication and addi-
tion fraction operations by the indicators of
understanding concepts and classifying ob-
jects based on mathematical concepts. In
question 4, students are also able to de-
scribe the answer correctly based on stu-
dents' understanding of working with frac-
tions with addition operations. In question
5, in giving examples or counter-examples,
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students were able to distinguish problem-
solving between addition and subtractionin
fractions. To obtain clearer data about the
ability to understand mathematical con-
cepts of students, researchers conducted
interviews regarding indicators of under-
standing mathematical concepts.

In the interview results, students with
high resilience can confidently provide a
simple explanation of the questions that
have been asked by the researcher. From
the results of interviews and test questions,
students with high resilience on indicators
of understanding of student mathematical
concepts on fraction material students can
restate a concept, students can classify ob-
jects based on mathematical concepts stu-
dents with high resilience can explain the
properties of the fraction operations they
have completed. Students also explain how
the properties of fractions in multiplication
or addition operations smoothly. On the in-
dicator of students' understanding of math-
ematical concepts on fraction material Pro-
vide examples or counter-examples in the
concepts studied. Students with high resili-
ence can distinguish the workmanship in
working on fraction problems. Able to pro-
vide a brief explanation of how to work on
fractions with different operations. Stu-
dents with high resilience do not have prob-
lems in understanding mathematical con-
cepts in fraction material, high resilience
students can easily solve the problems
given smoothly and can write how to work
on the problems given correctly. The results
showed that students with high resilience
were able to restate concepts, classify ob-
jects, and provide examples or counter-ex-
amples on fraction materials.
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Mathematical concept understanding ability
in moderate resilience level students
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Figure 2. Answers of moderate resilience students

In the indicator of students' understanding
of mathematical concepts on fraction ma-
terial, restating a concept of students with
moderate resilience (RS). Students with
moderate resilience can provide a simple
explanation of the questions that have been
asked by researchers but have doubts about
stating the types of fractions listed on the
questions given. This can be seen in Figure
2 which has been attached. In question 1,
students can answer the questions that
have been given but, doubt in answering
the type of fraction contained in the answer
obtained. In question 2, students who have
the right answer only attach the answer and
cannot describe the answer properly and
precisely in the test question. In question 3,
students can work on problems with multi-
plication operations, which means students
can distinguish the work between multipli-
cation and addition fraction operations. In
question 4, the student gave the wrong an-
swer on the answer sheet, the student gave
the right result for the numerator but the
wrong answer for the denominator. In
question 5, students were able to differenti-
ate the problem-solving between addition
and subtraction in fractions. To obtain
clearer data about the ability to understand

mathematical concepts of students, re-
searchers conducted interviews regarding
indicators of understanding mathematical
concepts, especially on students' clarity of
the answers that have been attached. In the
interview results, students with moderate
resilience can answer some of the questions
given but are lacking in providing a simple
explanation of the questions that have been
asked by the researcher.

The results of the analysis of test
questions and interviews conducted on in-
dicators of students' understanding of
mathematical concepts on fraction mate-
rial can classify objects based on mathe-
matical concepts, and students with mod-
erate resilience can explain the properties
of the fraction operations they have com-
pleted. Students also explain how the prop-
erties of fractions in multiplication or addi-
tion operations smoothly. However, stu-
dents with moderate resilience do not apply
the solution to the answers written down.
On the indicator of students' understanding
of mathematical concepts on fraction ma-
terial Provide examples or counter-exam-
ples in the concepts studied. Students with
moderate resilience can distinguish work-
manship in working on fraction problems.
Able to provide a brief explanation of how
to work on fractions with different opera-
tions. However, it is constrained to solving
fraction problems with subtraction opera-
tions, because students feel that every frac-
tion works on different operations has a dif-
ferent way.

Students with moderate resilience do
not have problems at the worrying stage,
it's just that students with moderate resili-
ence need more emphasis and explanation
in the learning provided. Moderate resili-
ence students show ability in the first two
indicators, but there is a tendency to lack
confidence in providing explanations for



fraction operations. On the other hand,
low-resilience students have difficulty in re-
stating concepts, classifying objects, and
providing examples or counter-examples
on fraction materials.

Mathematical concept understanding ability
of low resilience students

™

Figure 3. Low resilience students' answers

In the indicator of understanding mathe-
matical concepts, students on fraction ma-
terial restate a concept with low resilience
(RR). Students with low resilience cannot
explain the types of fractions in the prob-
lem. This can be seen in Figure 3 which has
been attached. In question 1, students were
unable to answer the questions that had
been given, and there were a lot of scribbles
on the student's answer sheet which meant
that students were doubtful in the answers
given. In question 2, students who have the
right answer only attach the answer and
cannot describe the answer properly and
precisely in the test question. In question 3,
students can work on problems with multi-
plication operations, which means that stu-
dents can distinguish the work between
multiplication and addition fraction opera-
tions. In question 4, the student gave the
right answer after several times giving the
wrong answer. In question 5, the student
was not able to distinguish the problem-
solving between addition and subtraction in
fractions. To obtain clearer data about the
ability to wunderstand mathematical
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concepts of students, researchers con-
ducted interviews regarding indicators of
understanding mathematical concepts, es-
pecially on students' clarity of the answers
that have been attached. In the interview
results, students with low resilience can an-
swer some of the questions given but are
lacking in providing a simple explanation of
the questions that have been asked by the
researcher. From the results of test ques-
tions and interviews conducted, the results
obtained by low resilience students on indi-
cators of understanding of student mathe-
matical concepts in fraction material in re-
stating a concept student are unable to ex-
plain or write down. classify objects based
on mathematical concepts students with
low resilience cannot explain the properties
of the fraction operations they have com-
pleted and, in the questions, given students
are also wrong in their work. Giving exam-
ples and counter-examples students are
only able to provide a little explanation
about the differences in working on prob-
lems with different operations. Students
with low resilience have a problem that is
quite worrying because these students have
problems solving problems and can hardly
understand the overall concept under-
standing ability. Students with moderate
resilience also have low levels of confidence
and doubt about what has been completed.
Low resilience students have difficulty in re-
stating concepts, classifying objects, and
providing examples or counter-examples in
fraction material.
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Table 5. Students' comprehension ability based on
students' resilience level

Number of
guestions that
can be an-
Concept Under- Subject swered
standing Indicator RT RS RR RT RR RR
Restate a concept. v v - 1 1 1
Classify objects v 2,3 2,3 3

based on mathemati-
cal concepts.
Provide examples or v v - 4,5 4
counter-examples on
the concept being
learned.
Description: RT: High Resilience, RS: Moderate Resilience,
RR: Low Resilience

The results showed differences in the
understanding of mathematical concepts
about fractions between three groups of
students with high (RT), moderate (RS), and
low (RR) resilience levels. Students with a
high level of resilience (RT) were able to
deal well with various problems about frac-
tions, showing strong concept understand-
ing and good verbal ability in explaining the
working process. On the other hand, stu-
dents with a moderate level of resilience
(RS) showed good ability in solving prob-
lems, but there was a tendency to lack con-
fidence in mentioning types of fractions and
providing detailed explanations.

Meanwhile, students with a low level
of resilience (RR) showed the ability to solve
problems, but difficulty in understanding
fraction concepts and communicating un-
derstanding verbally. In conclusion, resili-
ence can affect not only academic ability
but also verbal ability and students' confi-
dence in handling mathematical materials,
such as understanding fraction concepts.

In understanding the concept of frac-
tion material, high and moderate resilience
students can understand the properties of
the concept well, but moderate resilience
students show doubts at certain points.

Low resilience students, on the other hand,
experienced difficulties and inabilities in un-
derstanding the concept of fractions, espe-
cially in the aspects of restating concepts
and giving examples or counter-examples.

Discussion

Several things become obstacles to improv-
ing concept understanding ability which are
the findings of this research, namely:

Teachers often use the same stand-
ardized examples repeatedly. This can build
greeting knowledge on that one concept.
For example, isosceles triangles are rarely
drawn with orientations other than having a
horizontal base. This can lead students to
conclude that the shape is not an isosceles
triangle when rotated. This is not in line
with the concepts of problems, problem-
solving, and understanding. In various re-
search, standardized examples need to be
given to students as a learning experience.
(Fried, 2006; Gravemeijer & Doorman,
1999; Nurhayati, 2013; Polya, 1962; Watson
& Mason, 2005).

Simple but important things are not
covered enough in learning; some im-
portant steps in understanding a topic may
even be missed. Forexample, a good under-
standing of numbers, side, corner points,
profit, loss, even collecting the data. Teach-
ers often just hand out definitions without
giving meaning. This is certainly in line with
the results of previous research that in
teaching teachers must be able to give
meaning to the material presented. Teach-
ers can build experiences based on the local
environment, geography, and culture
(Karlstrom & Hamza, 2019; Mitrevski & Zaj-
kov, 2011; Panti¢ & Wubbels, 2010; Sahin-
Taskin, 2017; Simons et al., 2020; Thiagara-
jan, 1974).

Students are not encouraged to make



connections between the different things
they learn. For example, the meaning of a
side, angle, in a cube, cuboid or cone. These
concepts are connected but students often
memorise these two things separately
(Awais et al., 2023; Lee & Lee, 2023).

Lack of opportunities to visualize and
observe phenomena, either through hands-
on experiments or virtual simulations. For
example, the concepts of volume and area.
Students are often given in the form of for-
mulas and calculations when given prob-
lems. They do not see that there is meaning
in the words volume and area, which is a
quantity. This is contrary to several studies
that convey the need to give students expe-
rience. One of the important steps in the
knowledge formation process is to provide
real experiences to students. (Cesaria &
Herman, 2019; Prabowo et al., 2021).

Teachers' (often unconscious) belief
that students' minds are blank slates. When
teachers teach without recognizing stu-
dents' initial mental models, students may
continue to maintain their unscientific be-
liefs while giving 'correct answers' in exams.
Going back to the example of falling ob-
jects, a student may maintain his or her be-
lief that 'heavier objects fall faster' even
though the equations of motion learned in
school contradict that belief. Students of-
ten do not realize that they hold these con-
flicting beliefs. Students' prior knowledge
becomes a prerequisite in learning certain
material. Students are considered to have
good learning readiness if they have good
pre-requisite skills. (Brousseau, 20023,
2002b).

Implication of Research

The results of this study can be directly ap-
plied to theimprovement of lesson plans for
schoolteachers. In addition, this research
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can also be the basis for other larger stud-
ies, namely the application of learning mod-
els, assessment models, or the application
of feedback in learning so that students be-
come more understanding of learning ma-
terials. Students also become more resilient
in dealing with mathematical problems.

Limitation

The subjects of this study were grade 5 stu-
dents at Ban Kadeng School. Students with
characteristics such as the southern region
of Thailand, with most Malay students, can
apply the results of this research in their re-
spective regions. However, this research
cannot be generalized to different student
characteristics. Further research needs to
be conducted for more generalized results.

CONCLUSION

Based on the research findings, it is con-
cluded that the ability to understand math-
ematical concepts of grade V students of
Ban Kadeng School, Narathiwat, Thailand,
in dealing with narrative problems can be
reflected in the level of student resilience. In
general, the resilience of fifth-grade stu-
dents of Ban Kadeng School is included in
the moderate category, which is 65%, the
low category is 10%, and the high category
is 25%. Students with high resilience can
understand the whole concept, students
with moderate resilience are only able to
understand two main indicators of concept
understanding, and moderate resilience
students are hesitant in understanding all
indicators of concept understanding. From
the data above, student resilience affects
the ability to understand mathematical
concepts of students at Ban Kadeng School.

As a suggestion for teachers and stu-
dents, they are expected to collaborate in
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building resilience in students such as instil-
ling motivation in students who have low
resilience and for students to also be en-
couraged to be active in learning, practice
working on narrative problems, and not
hesitate to ask questions to others. Further-
more, to ensure this research is more accu-
rate, it is hoped that future research will use
a large enough data source and be carried
out over a longer period than previous re-
searchers.
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Abstract

Students' analogical reasoning based on sensing and intuition is a topic that has yet to be studied. Specifically,
thereis a need to explore how these two personalities types process information and apply analogical reasoning
to solve proportional problems. The research aims to describe the reasoning process based on students' per-
sonalities, especially as a first step in implementing more effective and tailored teaching. The type of research
used is descriptive qualitative. The research involved four students, two with sensing personalities and two with
intuition personalities, who were selected from a group of 32 seventh grade (A) students at SMP Negeri 3 Am-
bulu, Jember, Indonesia. Selecting four students allows the researcher to explore how students with sensing
and intuition personalities use analogical reasoning. The selected subjects embody both personality types,
guaranteeing the consistency and generalizability of the obtained data in a wider context. The triangulation
used is a triangulation technique that compares the results of completing analogical reasoning tests and inter-
views. The results of this study show that students with sensing and intuition personalities show differences in
analogical reasoning on proportion material. Sensing students carry out two stages of analogical reasoning,
namely encoding and inferring; they identify all the information in the source and target problems, solve the
source problem, and recognize material similarities and the context of snack production. However, they needed
help at the mapping and applying stages; focusing on concrete details prevented them from seeing abstract
relationships, and thus, they failed to use the concept of solving the source problem to the target problem.
Meanwhile, intuition students carry out the four stages of analogical reasoning: encoding, inferring, mapping,
and applying. They successfully identified information, concluded the source problem, a problem involving two
elements, identified the relationship with the target problem, connected the solution steps from the source
problem to the target problem, and applied the proportion concept to a more complex target problem. This
research shows that students' analogical reasoning in proportion materials varies depending on their personal-
ity type. Therefore, we can potentially use the results of this research as a reference to implement differentiated
learning.5
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Abstrak

Penalaran analogi siswa berdasarkan kepribadian sensing dan intuition merupakan topik yang belum banyak dikaji
secara mendalam. Terutama, bagaimana kedua tipe kepribadian ini memproses informasi dan menerapkan pen-
alaran analogi dalam menyelesaikan masalah perbandingan masih menjadi hal yang kurang dieksplorasi.
Penelitian bertujuan untuk mendeskripsikan proses penalaran berdasarkan kepribadian siswa khususnya pada se-
bagai langkah awal dalam melaksanakan pengajaran yang lebih efektif dan disesuaikan. Jenis penelitian yang
digunakan adalah deskriptif kualitatif. Banyak subjek dalam penelitian ini adalah 4 siswa dengan rincian 2 siswa
kepribadian sensing dan 2 siswa kepribadian intuition yang dipilih dari 32 siswa kelas VIIA SMP Negeri 3 Ambulu.
Jember, Indonesia. Memilih empat siswa memungkinkan peneliti untuk mengeksplorasi secara mendalam
bagaimana siswa dengan kepribadian sensing dan intuition menggunakan penalaran analogi. Subjek yang dipilih
mewakili kedua tipe kepribadian, sehingga data yang diperoleh konsisten dan dapat digeneralisasi dalam konteks
yang lebih luas. Triangulasi yang digunakan adalah triangulasi teknik yang membandingkan hasil penyelesaian tes
penalaran analogi dan wawancara. Hasil penelitian ini menunjukkan bahawa siswa dengan kepribadian sensing
dan intuition menunjukkan perbedaan dalam penalaran analogi pada materi perbandingan. Siswa sensing
melakukan dua tahap penalaran analogi yaitu encoding dan inferring, mereka mengidentifikasi semua informasi
dalam masalah sumber dan target serta menyelesaikan masalah sumber dan mengenali persamaan materi serta
konteks produksi snack. Namun, mereka kesulitan pada tahap mapping dan applying, fokus pada detail konkret
membuat mereka tidak melihat hubungan abstrak sehingga gagal menerapkan konsep penyelesaian masalah
sumber ke masalah target. Sementara, siswa intuition melakukan keempat tahapan penalaran analogi: encoding,
inferring, mapping, dan applying. Mereka berhasil mengidentifikasi informasi, menyimpulkan masalah sumber
yang merupakan masalah perbandingan dua unsur dan mengidentifikasi keterkaitan dengan masalah target,
menghubungkan langkah-langkah penyelesaian dari masalah sumber ke target, dan menerapkan konsep per-
bandingan ke masalah target yang lebih kompleks. Secara keseluruhan, penelitian ini menunjukkan bahwa pen-
alaran analogi siswa dalam materi perbandingan bervariasi tergantung pada tipe kepribadian mereka. Oleh karena
itu, hasil penelitian ini berpotensi untuk digunakan sebagai referensi dalam menerapkan pembelajaran berdiferen-
siasi yang mengakomodasi kebeeragaman tipe kepribadian.

INTRODUCTION with something they already know. Stern-
berg (1977a) asserts that the application
of analogical reasoning in mathematics

learning presents students with a new

Mathematics plays an important role in
life and understanding other sciences.

This understanding of mathematics can
be achieved through quality mathematics
learning. There are five process standards
in good mathematics learning, including
problem-solving, reasoning and proof,
connections, communication, and mathe-
matical representation (NCTM, 2000).
Based on these standards, reason-
ing must be presentin mathematics learn-
ing. Reasoning is thoughts adopted to
produce statements and conclusions in
solving problems (Lithner, 2008; Suprat-
man, 2023). There are many types of rea-
soning that a person can do, one of which
is analogical reasoning. This analogical
reasoning is known for drawing conclu-
sions based on similar processes or rules
(Evans, 2019; Sumarmo, 2011).
Analogical reasoning is a person's
way of making decisions about something
new in their experience by comparing it

problem (target), which they can solve us-
ing the same pattern, structure, and con-
cept as a simple, previously studied old
problem (source). Analogical reasoning
involves finding a similar problem (source)
to the target problem and mapping the
solution from the source problem to the
target problem (Lee, 1992).

Analogical reasoning in problem-
solving involves transferring the explana-
tion or solution procedure from the initial
problem (source) to a new problem (tar-
get) (Tsoukas, 1991). English (2004) states
that students need to adapt or expand the
source problem procedure to be able to
use it as a target problem-solving proce-
dure. The source problem is easy and
moderate, while the target problem is
complex (Angraini et al., 2023; Gentner,
1983).

This analogical reasoning process



has several stages. Sternberg states four
stages must be present in the analogical
reasoning process: encoding, inferring,
mapping, and applying (Sternberg,
1977b). This stage can be used to analyze
the extent to which students carry out an-
alogical reasoning in solving mathemati-
cal problems (Eskridge, 1989; Krstayulta
etal.,, 2020).

This analogical reasoning can be
used to understand mathematics and vice
versa; mathematics can also be used to
practice analogical reasoning (Sakinah &
Hakim, 2023; Stevenson et al., 2013). A
person cannot be separated from the use
of his reasoning power (Wulandari et al.,
2021). This means that analogical reason-
ing here is not only used in solving mathe-
matical problems but can be used in many
other things outside of mathematics
(Gentner & Maravilla, 2018). This positive
reciprocal relationship is vital to imple-
menting mathematics learning based on
analogical reasoning.

The explanation above indirectly
states that this analogical reasoning in-
volves collecting and processing infor-
mation, such as the information in the
source and target problem. At SMP
Negeri 3 Ambulu Jember Indonesia, ob-
servations indicate that students have dif-
ferent approaches to solving math prob-
lems. Some students tend to focus on
concrete details and specific steps in prob-
lem-solving, preferring systematic meth-
ods and often following clear procedures.
This condition suggests there are varying
tendencies in information processing.
Based on these characteristics, the re-
searcher identifies that these differences
may be related to the sensing-intuition
personality types. A person's way of tak-
ing in and processing information can be
different due to differences in a person's
characteristics. In the Myers-Briggs Type
Indicator (MBTI), a person's differences in
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taking in, perceiving, and processing in-
formation are put into one contrasting
personality preference of sensing and in-
tuition (Francis et al., 2020; Makwana,
2023; Myers et al., 1998). Sensing focuses
on the reality of a situation as perceived
by the senses, while intuition focuses on
possibilities, meanings, and relationships
(Francis et al., 2020).

Identifying students' analogical rea-
soning processes based on sensing and in-
tuition personality needs to be done to re-
alize differentiated mathematics learning.
Differentiated learning accommodates,
serves, and recognizes student diversity in
learning according to students's readi-
ness, interests, and  preferences
(Wulandari, 2022). Knowing the analogi-
cal reasoning tendencies of each person-
ality type can be used as a reference in de-
veloping learning strategies, especially
mathematics learning based on analogi-
cal reasoning.

Learning based on analogical rea-
soning can be applied to all material. Ana-
logical reasoning is a highly effective tool
in mathematical thinking (Hardiani &
Kristayulita, 2023). One material that can
be used is proportion. Proportion or ratio
is @ mathematical expression that com-
pares two or more numbers (Lamon,
2020). This proportion is material that is
often encountered and used in everyday
life. The contextualization of this material
will train students not only to reason in
class but also in real situations. Regarding
the research location, it has been outlined
that there are differences in information
processing methods, including in the ma-
terial of proportion. Therefore, the re-
searcher aims to further explore how stu-
dents with sensing and intuition personal-
ities use analogical reasoning and to iden-
tify the differences in their approaches to
this material.

This research is also motivated by
the lack of studies focusing on analogical
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reasoning examined through the lens of
sensing and intuition personality types,
specifically concerning the material of
proportion. Putri & Masriyah (2022)
stated that students had similar analogi-
cal reasoning abilities with auditory and
visual learning styles, while kinesthetic
learning styles had lower analogical rea-
soning abilities than the other two learn-
ing styles in mathematics learning.
Wulandari et al. (2021) state that stu-
dents' analogical reasoning abilities in the
cube and block material are directly pro-
portional to their learning motivation. Sa-
kinah & Hakim (2023) found diversity in
students' analogical reasoning on curved-
sided geometric shapes in the material. In
conclusion, this study seeks to explore the
differences in analogical reasoning be-
tween students with sensing and intuition
personality types, particularly in solving
proportion problems, and the results of
this research can potentially be used as a
reference in implementing differentiated
learning.

METHOD

This research used a descriptive-qualita-
tive approach. This approach is used in
this study because it allows the researcher
to deeply understand the analogical rea-
soning processes employed by students
with sensing and intuition personalities.
The research focuses on how students
solve proportion problems with different
variables, which is a complex context re-
quiring detailed analysis. According to
Creswell (2018), the qualitative approach
is effective for exploring individual
thought processes in real-world contexts,
aligning with the objectives of this study.
This research was conducted in class VII A
of SMP Negeri 3 Ambulu Jember Indone-
sia in the 2023/2024 academic year with
34 students. The subjects are chosen us-

ing a purposive technique based on per-
sonality test results and daily test scores
on proportion material with the equiva-
lent high category. The results of the
questionnaire filled out by 32 students
showed that there were 25 students with
sensing personalities and 7 students with
intuition personalities. Next, 4 subjects
were selected, consisting of 2 subjects
with sensing personalities and 2 subjects
with intuition personalities, based on their
equally high scores in proportion material.
Selecting four students allows the re-
searcher to explore in-depth how stu-
dents with sensing and intuition personal-
ities use analogical reasoning to solve
problems. With two students from each
personality type, the researcher can ob-
serve and compare their thinking strate-
gies and problem-solving approaches.
The chosen subjects represent both per-
sonality types, ensuring that the data ob-
tained is consistent and provides insights
that can be generalized to a broader edu-
cational context. The reason for selecting
subjects with similar high abilities is to en-
sure that the observed differences in ana-
logical reasoning processes and learning
outcomes are not influenced by variations
in basic skill levels among students. By
choosing subjects with comparable ability
levels, the researcher can more accurately
assess the impact of personality types on
how students process and solve propor-
tion problems. This allows for a clearer fo-
cus on the differences caused by person-
ality types without additional variables re-
lated to differences in academic ability.
The instruments used include a personal-
ity-type questionnaire adopted from
Keirsey (Keirsey, 1998) and has been
translated by Wibisono (Wibisono, 2023),
analogical reasoning tests, and interview
guides. The analogical reasoning test
used in this research consists of one
source problem and one target problem
with direct proportion material. The



source problem uses two variables or
items to be compared, while the target
problem uses three variables or items, as

in Table 1.

Table 1. Analogical Reasoning Test

Source Problems

Target Problem

PT Citra Rasa is a
company that pro-
duces snacks; in a
day, the company
can produce 250 kg
of snacks using five
units of production
machines at the
same speed. One day
2 units of production
machines were dam-
aged so the company
could only use 3 units
of its machines,
which resulted in a
decrease in the com-
pany's  production
output. How many

PT Permadi Jaya is a
company that pro-
duces snacks. The
company can produce
200 kg of snacks in 6
hours using four ma-
chines with the same
speed. One day, one of
the production ma-
chines was damaged,
so it could not be used.
If the company's pro-
duction time is 8 hours
daily, how  many
snacks can be pro-
duced that day using
the remaining ma-
chine?

snacks can the com-
pany produce that
day?

The data analysis technique follows
the Miles, Huberman, and Saldana model,
including data condensation, data presen-
tation, and conclusion drawing (Miles et
al., 2014). Triangulation techniques were
used to ensure the data's validity by com-
paring test answer sheets and interview
results. Data analysis is based on indica-
tors adapted based on Sternberg's ana-
logical reasoning stages (Sternberg,
1977b) developed by English (English,
2004) asin Table 2.

Table 2. Analogical Reasoning Process Indicators
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Stages Indicators
2.Mention the relationship between
the source problem and the target
problem
Mapping 1.Linking source problems and target
problems
2.Explain or describe the relationship
between the concepts used in the
source problem and the target prob-
lem.
Applying 1.Determine the answer to the target
problem
2.Determine the conclusion of the an-
swer to the target problem by using
the concept or method of solving the
source problem.

RESULTS AND DISCUSSION
Results

The subjects in this study consisted of 4
subjects. Sensing subjects are coded with
S1 and S2, while intuition subjects 1 are
coded N1 and intuition 2 are coded N1 and
N2. The student answer sheet data in this
study is presented as a copy written in the
same way as the original.

Based on the data analysis results,
this research's findings are written in Ta-
ble 3.

Table 3. Research Findings

Stages Indicators S1 S2 N2 N1

Encoding Identify known infor- Vv vV VvV Vv
mation in the source
problem and target
problem

Mention the problemor v v v v
question asked in the

source problem and tar-

get problem

Stages Indicators

Encoding 1.ldentify known information in the

source problem and target problem
2.Mention the problem or question

asked in the source problem and tar-
get problem

Inferring 1.Determine concepts and solve
source problems based on the con-
cepts obtained

Inferring Determine concepts V V. VvV Vv
and solve source prob-
lems based on the con-
cepts obtained

Mention the relation- vV V VvV Vv
ship between the source

problem and the target

problem

Mapping Linking source problems AR
and target problems
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Stages Indicators S1 S2 N2 N1

Explain or describe the vV v
relationship  between

the concepts used in the

source problem and the

target problem.

Determine the answer vV Vv
to the target problem

Applying

Determine the conclu- v v
sion of the answer to the

target problem by using

the concept or method

of solving the source

problem.

We can see in Table 3 that the two sensing
subjects carry out the same analogical
reasoning as the intuition subject. The
sensing subject fulfills the indicators of
the encoding and inferring stages, while
the intuition subject fulfills all the indica-
tors of the analogical reasoning stages.

Analogical Reasoning of Students with
Sensing Personalities

The results of the sensing subject's ana-
logical reasoning test can be seen in Fig-
ure 1.

Next, the researcher will present the
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results of the analysis of analogical rea-
soning and interviews with sensing stu-
dents based on the four stages of analog-
ical reasoning proposed by (Sternberg,

1977b) .

Encoding

At this stage, sensing students still need
clarification in writing down the infor-
mation known in the source and target
problem; however, sensing students have
written it quite clearly in writing the re-
quired information. Figure 1 illustrates
how sensing students record information
from both the source and target prob-
lems, often using sentences that require
revision or elicit multiple interpretations.
Despite their lack of clarity in their writ-
ing, the sensing students were able to ac-
curately explain the meaning of their an-
swers during the interview session, as
demonstrated in the following quote:

Q: What information do you think is given in terms of

sources?
S: Known is that five machines can produce 250 kg
of snacks.

Translation:
Known : 5 machines zgo kg
: How much is preduced by 3 machines

Anzwered -
let x be the number of snacks produced by the
rmachine

50 _ x
then =

5x =750
_ 75

=150
then the snack produced by the 3 machines is 150
kg

w

4 units of 200 kg machine in 6 hours
Many snacks produvced by 3 machines in 8 hours

Answered : for example, 3 units of machine is x
200 x
4 3
600 = x4

_ 600 120
x= i

So the output of 3 machines is 120 kg

Figure 1. Analogical Sensing Reasoning Test Answer Sheet

B0 sournALs




Sensing students can fulfill the indicators
at this stage or carry out the encoding
stage.

lnterring

At this stage, sensing students succeeded
in answering the source problem cor-
rectly. Sensing students use the concept
of correct proportion calculations. Based
on Figure 3, first, the sensing students ex-
pressed x as the number of snacks pro-
duced by the 3 machines. Next, sensing
students create equal proportion equa-
tions and carry out calculations by cross-
multiplying. From the results of the cross
multiplication carried out by sensing stu-
dents, they produced a linear equation
with one variable 5x = 750, so the value of
x equals 150. Sensing students also ex-
plained the steps for solving it during the
interview. During the interview, the sens-
ing student also mentioned the connec-
tion between the source problem and the
target problem, as in the following quote.

S: Both include direct proportion material, and
there's also the same thing about snack produc-
tion machines, sir.

Sensing students concluded that
the connection between the two prob-
lems is in the material, which is a propor-
tion of types of direct proportion, and the
context of the problem, which is snack
production. Therefore, sensing students
can fulfill the indicators at this stage or
carry out the inferring stage.

Mappin

Sensing students further explain the rela-
tionship between source and target prob-
lems at this stage. Sensing students
stated that both problems asked about
snack production results, but the target
problem was more difficult because it in-
volved production time. Based on Figure
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4, sensing students using the initial steps
uses the same concept as the source prob-
lem-solving steps. In making students' ex-
amples, sensing is still unclear. The sens-
ing student's steps in making a proportion
equation were correct, but sensing made
a calculation error when determining the
value of x, which was corrected during the
interview. The sensing student's calcula-
tions stopped and concluded that the
snacks produced by 3 machines were 120
kg. Sensing students need clarification
when continuing calculations. This is con-
firmed based on interview results as in the
following quote.

P: Try calculating again, how much is 6oo divided by
47

S:ehh yes sir, 150.

P: Do you can’t continue?

S: Yes sir, I'm confused.

Based on the results of tests and inter-
views conducted show that sensing stu-
dents cannot determine and connect
source problems and target problems.
Sensing students only try to solve the tar-
get problem using the same steps as the
source problem, even though in the target
problem, there are still further steps to de-
termine the answer. Thus, sensing stu-
dents didn't carry out the mapping stages.

Applying

In solving the problem, the target stops
after concluding that the number of
snacks produced by 3 machines is 150 kg
without mentioning the production time.
This conclusion is correct if the sensing
student states that 150 kg is the number
of snacks produced by 3 machines in 6
hours. Sensing student is unable to solve
the given target problem. Therefore,
sensing students can’t carry out the apply-
ing stage.

The diagram in Figure 2 interprets
the stages of analogical reasoning carried
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out by sensing students.

l—-: Sﬂlﬂns ﬁ

Source Problem Target Problem

l l

T —
® o

L = Doing/Producing ?
- = Not Doing [ Mot Producing

—- 5tages

@] = Results

—_— =

Activity Flow .

A = Information known in the source problem

B = Information requested in the source problem

C= Known information in the target problem

D= Information requested in the target problem

E = Answers and conclusions to source problems

F = Relationship between solving source problems and
target problems

G = Answers and Conclusions to the target problem

Figure 2. Diagram of Sensing Students' Analogical Rea-
soning Stages

Analogical Reasoning of Students with
Intuition Personality

The results of the sensing subject's ana-
logical reasoning test can be seen in Fig-
ure 3.

Next, the researcher will present the
results of the analysis of analogical rea-
soning and interviews with sensing stu-
dents based on the four stages of analog-
ical reasoning proposed by Sternberg

(1977b).

Encoding

At this stage, intuition students identify
the information known in the source and
target problems well. Intuition students
also mention the issues or things asked in

the two questions. Intuition Students' an-
swers can be seen in Figure 3. Intuition
students are still unclear in writing down
the information they know. Intuition stu-
dents wrote 5 machines = 250 kg for the
known information in the source problem
while in the target problem wrote 4 units
of 200 kg machines in 6 hours. However,
the student explained the meaning of his
answer during the interview as in the fol-
lowing quote.

S : five units of machines can produce 250 kg sir

P: Good, then what are you known in the target
problem?

S : 4 units of machine produce 200 kg in 6 hours, sir

From this, we can conclude students can fulfill
the indicators at this stage or carry out the en-
coding stage.

lnterring

Intuition students use the correct way to
create equivalent proportion equations.
Next, the intuition students performed
proportion calculations using cross multi-
plication, producing a linear equation with
one variable. Then, the intuition students
found the value of the variable x that had
been assumed previously. When writing
the conclusion, the Intuition student did
not write down the units for the number
of snacks, but during the interview, the In-
tuition student stated that the answer to
the source problem was 150 kg of snacks.
Intuition students said both problems
were equally related to snack production
and comparable material. This was stated
by intuition students in the following in-
terview quote.

S: The context of the question is both about snack
production, and the material in the question is
proportion material.

From here, it means determining the con-
cept, solving the source problem, and
clearly stating the relationship between



the two problems. Thus, intuition stu-
dents fulfill the indicators at this stage or
carry out the inferring stage.

Mappin

Based on Figure 3, intuition students do
not involve time in their equations in the
first step, so intuition students get an x
value of 150, which is the number of
snacks produced by 3 machinesin 6 hours.
This data shows that the concepts intui-
tion uses in solving the target problem in
the initial step use the same concepts as
those used in solving the source problem;
however, in the next step, intuition stu-
dents do not use formal calculations to
solve the problem. Intuition students also
stated that the solution to the target
problem was almost the same as in the

following interview excerpt.

S: Almost the same, it can be done using the same
concepts and proportion calculations, but the sec-
ond one is more difficult

P : What are your steps to solve the target question?

& Encoding

& =t=# Inferring

Applying
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S: First, let me assume that the number of snacks
produced by 3 machines in 6 hours is x. Next, |
looked for the value of x using the equivalent pro-
portion equation, and the result was that | found
the value x = 150. Next, | immediately assume
that if 6 hours is 150, that means 1 hour is 150 di-
vided by 6, the result is 25, if what is asked is 8
hours, then 25 multiplied by 8 results in 200.

From this, it is known that students' intui-
tion connects the source problem and the
target problem. Intuition students also
describe the relationship between the
concepts used in the source problem and
the target problem. Thus, intuition stu-
dents can fulfill the mapping stage indica-
tors.

Applying

At this stage, students' intuition correctly
determines the target problem's answer.
As previously discussed, intuition stu-
dents use two calculation steps to solve
and derive conclusions from the target
problem. In the first step, intuition stu-

Translation:

Known - 5 machines z5o kg

How many snacks are created or produced by 3
rmachines

Answered -
let x be the number of snacks produced by 3
machines
| _x
then ==
750 = 5x
— 750
T
=150

then the number of snacks is 150 kg of snacks

Known : 4 units of 200 kg machine in & hours
Asked: The number of smacks produced by 3
rmachines in 8 hours.

Answerad -

! e &=150
3 units of machine in & hours=x — (;=.... )

=200
200 x

4 3
600 = 4x
_ﬁ[][]_lsﬂ
x=—7=

Figure 3. Intuition Student Answer Sheet
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dents look for the number of snacks pro-
duced by 3 machines in 6 hours, as in Fig-
ure 3. In the next step, although intuition
students do not use formal calculations to
determine the number of snacks pro-
duced by 3 machines in 8 hours, intuition
students use the concept unit calculation,
which can also be considered a one-varia-
ble linear equation. Based on the inter-
view results presented previously regard-
ing the student's explanation of intuition
about the steps to solving the target prob-
lem, the informal calculation can be inter-
preted as the following linear equation.

Intuition students concluded the an-
swer to the target problem during the in-
terview even though the results of their
work on the answer sheet did not write
their conclusions.

S: So the number of snacks produced by 3 machines
takes 8 hours to produce 200kg.

Intuition students conclude that the
number of snacks produced by 3 machines
in 8 hours is 200 kg of snacks. Intuition
students also stated that in the second
calculation, they could also use the same
calculation as the first calculation or the
calculation used in the source question;
only the proportion of the number of
snacks with production time is used,
which can be seen in the following inter-
view quote.

P: OK, if you are looking for a continuation or looking
for 8 hours, can you use the same method as the
first step?

S: Yes, I think it's possible, sir

P: try to explain!

S: Yes, the first one is a proportion between the ma-
chine and snacks, the second one uses time and
lots of snacks but uses the snacks calculated ear-
lier, that's how it is, right??

Based on interviews, intuition stu-
dents fulfill or carry out the stages of ap-
plying.

The diagram in Figure 4 interprets
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the stages of analogical reasoning carried
out by students with an intuition person-
ality.
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A = Information known in the source problem

B = Information requested in the source problem

C= Known information in the target problem

D= Information requested in the target problem

E = Answers and conclusions to source problems

F = Relationship between solving source problems and
target problems

G = Answers and Conclusions to the target problem

Figure 4. Diagram of the Analogical Reasoning Stages of
Intuition Students

Discussion

The research results show that the two
personality types have different analogi-
cal reasoning. The diagrams in Figure 2
and Figure 4 show the stages of analogical
reasoning for students of sensing and in-
tuition.

Sensing students only carry out the
encoding and inferring stages, they need
to carry out the mapping and applying
stages. Meanwhile, students of intuition
engage in four stages of analogical rea-
soning. Personality type is one factor that
influences students in solving problems,
intelligence, and academics (Bardach et



al., 2023). According to Gahi et al. (2023),
the problem-solving abilities of sensing
and intuition students differ significantly.
In line with (Kusumastuti et al., 202ab) in-
tuition students achieve better results
than sensing students. Students with an
intuitive personality may excel in analogi-
cal reasoning due to their tendency to
think creatively and identify patterns and
relationships that are not immediately ap-
parent. They tend to see the bigger pic-
ture and connect information in more
complexways, which can speed up solving
proportion problems involving additional
variables (Francis et al., 2020).

Analogical Reasoning of Students with
Sensing Personality Types in Solving Direct
Proportion Problems

Sensing students are responsible for com-
pleting the encoding stage. Sensing stu-
dents are capable of accurately identify-
ing known and requested information in
both the source and target problems. Ma-
harani (Maharani, 2020) also found in
their research that sensing students can
effectively convey the information pre-
sent in the problem. Susilo (Susilo, 2019)
also mentioned that students with sens-
ing personalities carefully understand in-
formation.

Sensing students carry out the infer-
ring stage. They define the concept, solve
the source problem correctly, and state
the connection between the source prob-
lem and the target problem. Sensing stu-
dents observed that both the source and
target problems were incorporated into
the value proportion material and the
context of the snack production problem.
According to Nainggolan et al (Nainggo-
lan et al., 2022), sensing students can de-
termine the relevance of topics in solving
given problems. Furthermore, he clarified
that students of the sensing type process
information based on what they have
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learned (facts) and follow systematic
steps. Sensing students can write and
conclude answers to source problems co-
herently and clearly, in accordance with
the characteristics of someone with a
sensing personality. Sensing personalities
tend to be able to provide information
systematically (Tieger et al., 2017).

During the mapping stage, sensing
students often struggle to establish a con-
nection between the source problem and
the target problem in terms of the solu-
tion. This is due to their tendency to con-
centrate on specific and concrete details,
which prevents them from extending the
concept from the source problem to the
target problem. According to Nainggolan
etal (Nainggolan et al., 2022), the sensing
type only looks at the data as it is, so find-
ing a connection has yet to be carried out
optimally. This issue also arises due to the
need to understand the abstract relation-
ship between the two problems. Wijaya et
al (Wijaya et al., 2019) stated that sensing
students really don't like abstract things
and prefer concrete things. This causes
them to be more comfortable with direct
information than theoretical concepts.

Students with sensing personalities
also struggle to carry out the application
stage. Sensing students did not use the
concept of solving the source problem to
work on the target problem, sensing stu-
dents did not find the answer to the target
problem. Sensing students only apply the
same steps as the source problem, even
though the target problem requires ex-
panded steps to solve it here. Rohim and
Sari (Rohim & Sari, 2019) assert that we
can perceive sensing students as replica-
tors, as they can only integrate and con-
nect topics based on their prior
knowledge. Kusumastuti (Kusumastuti et
al., 2021a) also stated that sensing stu-
dents prefer to repeat what they have
read and studied. According to Myers
(Myers et al., 1998) sensing focuses more
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on what can happen and is felt by the five
senses.

Analogical Reasoning of Students with the
Intuition Personality Type in Solving Direct
Proportional Problems

The results of this study show that intui-
tion students carry out the encoding
stage. Despite the unclear nature of the
information on the answer sheet, the stu-
dents can identify all the known and re-
quested information. These results are in
line with Nazarian and Authary (Nazariah
& Authary, 2021). that students with intu-
ition personality identify the information
contained in the problem. Intuition stu-
dents can define problems or can identify
information that is known and stated in
the problem, Tieger et al (Tieger et al.,
2017) state that someone with an intuition
personality usually conveys information in
leaps and bounds.

At the inferring stage, students' in-
tuition correctly determines the concept,
solves the source problem, and states the
connection between the source problem
and the target problem. Students still
need to clarify several aspects of their in-
tuition-based calculations in source prob-
lems. This is because it is based on one's
intuition; according to Francis et al.
(2020), intuition doesn't like to spend
much time making the job more suitable.
When it comes to identifying relation-
ships, students' intuition aligns with what
their senses convey. They stated that the
source and target problem were included
in the proportion material and the context
of the problem regarding snack produc-
tion. Identifying these relationships is
easy for an intuitive because intuition pro-
cesses data based on patterns and rela-
tionships (Nugroho et al., 2020), intuition
focuses primarily on perceiving patterns
and interrelationships (Myers et al., 1998).

Intuition students carry out the

mapping stages well. They link the steps
of solving the source problem and the tar-
get problem. Students of intuition assert
that they can solve the target problem us-
ing the same proportion calculations as
the source problem, but they don't stop
there; further calculations are still neces-
sary to solve the target problem. A per-
son's intuition is very reliable in identify-
ing and building patterns and relation-
ships from the information they receive.
According to Nainggolon et al. (2022),
students connect their intuitive under-
standing of these concepts to effectively
solve problems.

During the applying intuition stage,
students use steps or solutions to solve
the target problem, which is derived from
the source problem. Students with intui-
tion successfully apply the concept of sim-
ple equivalent proportions to more com-
plex problems. This research also found
that intuitive subjects used instinct with-
out carrying out formal proportion calcu-
lations to solve problems. According to
Utomo et al. (2023), intuition students
prefer to solve problems using their own
method, which they believe is shorter and
more accurate, while maintaining a struc-
tured approach to problem-solving.
Someone's intuition is better at using im-
agination and innovating (Tieger et al,,
2017), intuition gives rise to inspiration
and skill in understanding implied infor-
mation (Francis et al., 2020).

Implications of Research

The research can be used as material or a
reference in implementing differentiated
learning. To achieve maximum learning
outcomes, it is important to consider the
analogical reasoning of different stu-
dents, particularly those influenced by
sensing-intuition personality factors. You
can provide real examples and concrete



exercises to sensing students. Provide vis-
val aids such as diagrams, pictures, or il-
lustrations. This stage allows for in-
creased practice in connecting and apply-
ing concepts. For intuition students, they
can use questions that challenge creativ-
ity. Use these questions to learn about
concept exploration. This research can be
used as a reference for conducting similar
research. Further research can delve into
other factors that impact analogical rea-
soning, investigate alternative materials,
and experiment with different methods.
This research can also serve as a founda-
tion for the development of teaching ma-
terials and learning media tailored to the
sensing-intuition personality type, with
the goal of enhancing the analogical rea-
soning skills of sensing students and fos-
tering the analogical reasoning skills of in-
tuition students.

Limitations

The scope of this research is limited to
identifying the analogical reasoning pro-
cess of class VIl students with sensing and
intuition personality types in relation to
proportion material. Therefore, the re-
sults of this study may not apply to other
mathematics materials or other subjects
outside mathematics. We conducted this
research with a limited number of sub-
jects. The generalizability of the research
results to a broader population may be
limited, as the selected subjects may not
accurately represent all the characteris-
tics of students with sensing and intuition
personalities. The results may not reflect
the characteristics of students from other
schools or areas. The study did not con-
sider changes in personality or analogical
reasoning abilities that may occur over
time. Students may show different per-
sonality characteristics or analogical rea-
soning at different times.
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CONCLUSION

The research and analysis reveal that stu-
dents' analogical reasoning on propor-
tional material aligns with their sensing
and intuition personalities. Students with
sensing and intuition personalities show
differences in carrying out analogical rea-
soning on proportion material. Sensing
students carry out the encoding stage by
identifying all the information in the
source and target problems involving pro-
duction quantities, number of machines,
and production times. They also perform
the inferring stage by solving source prob-
lems, recognizing material similarities,
and understanding the context of snack
production problems. However, students
require assistance during the mapping
and application phases. During the map-
ping stage, students often concentrate on
concrete and specific details, failing to
recognize the connection between ab-
stract solutions. Consequently, they
struggle to connect the concept of solving
the source problem to the target problem.
During the sensing stage, it failed to apply
the solution concept to the target prob-
lem. Meanwhile, students with intuitive
personalities carry out the four stages of
analogical reasoning: encoding, inferring,
mapping, and applying. At the encoding
stage, they identified information despite
the unclear presentation. During the in-
ferring stage, we determine the source
problem, which involves comparing two
elements. At the mapping stage, stu-
dents' intuition connects the steps in solv-
ing the source problem to the target prob-
lem. At the application stage, students
successfully apply proportion concepts
from source problems to more complex
target problems, demonstrating creativ-
ity and becoming innovative problem-
solvers.
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Abstract

Computational thinking and problem-solving skills are necessary for the future careers of pre-service mathe-
matics teacher students in the 21 century. This study aims to analyse problem-solving activities in geometry
teaching and corresponding assessment for pre-service mathematics teacher students from a computational
thinking perspective. To do so, we carried out a qualitative case study through teaching and learning observa-
tions involving 41 pre-service mathematics teacher students from one of the state universities in West Java,
Indonesia. In this study, 6 x 50 minutes of geometry teaching were observed, and written work containing
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Abstrak
Keterampilan berpikir komputasi (computational thinking) dan pemecahan masalah diperlukan untuk karir masa
depan mahasiswa calon guru matematika di abad ke-21. Penelitian ini bertujuan untuk menganalisis aktivitas
pemecahan masalah dalam proses pembelajaran geometri dan asesmennya untuk mahasiswa calon guru ma-
tematika dari perspektif berpikir komputasi. Untuk itu, kami melakukan studi kasus kualitatif melalui observasi
proses pembelajaran yang melibatkan 41 mahasiswa calon guru matematika dari salah satu universitas negeri di
Jawa Barat, Indonesia. Dalam penelitian ini, kami mengobservasi pembelajaran geometri untuk calon guru ma-
tematika selama 6 x 50 menit, dan hasil tes tertulisnya yang berisi proses pemecahan masalah yang dianalisis
dari perspektif berpikir komputasi. Hasil penelitian menemukan adanya dua jenis tipe pemecahan masalah, yang
diidentifikasi dari pengamatan proses pembelajaran dan penilaian formative, yaitu masalah tipe menemukan dan
masalah tipe membuktikan. Kami memandang bahwa masalah tipe membuktikan sebagai masalah terstruktur
dari tipe menemukan. Kedua tipe masalah tersebut dapat dianalisis dengan baik menggunakan strategi pemeca-
han masalah Polya dari perspektif berpikir komputasi. Untuk penelitian mendatang, kami merekomendasikan un-
tuk menelaah lebih lanjut setiap tipe masalah dengan menggunakan karakteristik berpikir komputasi yang lebih

spesifik.

INTRODUCTION

Problem-solving is considered one of the
skills that need to be mastered to live in
the 2ast century (English & Sriraman,
2009; Kemdikbud, 2017). Pre-service
mathematics teacher students need to
master problem-solving skills as prepara-
tion for their future careers, bothinthe ac-
ademic world as mathematics teachers
and in social life as citizens (De Lange,
2006; Widana, 2017). This problem-solv-
ing skill can be developed, among others,
through learning geometry topics (Budhi
& Kartasasmita, 2015; Jupri & Rosjanu-
ardi, 2020; Jupri et al., 2020).

However, problem-solving skills in
geometry topics are still not fully mas-
tered by most pre-service mathematics
teacher students in Indonesia. Previous
research results showed that the prob-
lem-solving abilities of pre-service mathe-
matics teacher students in Indonesia in
geometry still need to be improved (Jupri,
et al., 2020). Yuwono (2016) found that
pre-service mathematics teacher stu-
dents still had difficulty solving problems
regarding the use of the concept of trian-
gle congruence and the process of proving
the area of triangles and quadrilaterals.
Samo (2017) found that the problem-solv-
ing proficiencies of pre-service teacher
students in geometry are relatively di-

verse and tend to be low for most stu-
dents. In other research, pre-service
mathematics teacher students were con-
sidered to have relative difficulty in solv-
ing simple geometric problems (Masfin-
gatin et al., 2018).

The findings above are an indication
of the necessity to enhance the quality of
geometry teaching for pre-service mathe-
matics teacher students. Enhancing the
quality of geometry teaching can be con-
ducted, for instance, in the form of im-
proving the quality of teaching materials
for students and improving the teaching
process which provides wider opportuni-
ties for students to do problem-solving
processes. The latest research results sug-
gest that aspects of problem-solving pro-
ficiencies can be developed better, in line
with developments in the current indus-
trial revolution 4.0 era, by integrating
computational thinking (CT) skills both in
the development of teaching materials
and their implementation in learning and
teaching processes (Kallia et al., 2021; Van
Borkulo et al.,2021; Wing, 2006; 2010).
Computational thinking is a process and
way of thinking in formulating problems
so that the solution can be shown in a
form that can be understood by humans,
computers, or both (Denning, 2009; Wing,
2006; 2010). This means that CT empha-
sizes problem-solving processes that can
be carried out by humans themselves or
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with the help of computers, such as
through the use of software, or a combi-
nation of the two.

Considering that the meaning of CT
is not restricted only to the field of com-
puter science, experts in the field of math-
ematics education (such as Van Borkulo et
al., 2021; Kallia et al., 2021; Sung et al,,
2017) have attempted to integrate the
idea of CT in the field of mathematics ed-
ucation. For example, Calculus teachingin
the Netherlands has been implemented
by integrating CT aspects into the learn-
ing process. The integration process is
done by using the GeoGebra software
(Van Borkulo et al., 2021). This integration
process was carried out to make CT acces-
sible to teachers and students, and in the
future can be applied in everyday situa-
tions, the academic world, or the world of
work.

Several aspects of CT which are
characteristics of a way of thinking and
can be integrated into mathematics edu-
cation include problem decomposition,
pattern recognition, abstraction, and al-
gorithms (Kallia et al., 2021; Voogt, 2015).
Decomposition is a way of thinking in de-
scribing a problem so that it can be sepa-
rated into smaller sub-problems, and then
a relatively more efficient solution can be
found. Pattern recognition is a way of
thinking in identifying similarities, requ-
larities in data, or recurring phenomena.
Abstraction is a way of thinking in gener-
alizing a principle into a formula or rule by
modelling the patterns found. The ab-
straction process can also be interpreted
as an activity of looking for the essential
parts of a problem and neglecting the un-
important ones, making it easier to focus
on the solution to the problem. Finally,
the algorithmis a thinking process in com-
piling steps to solve a problem so that it
becomes more systematic and efficient. If
examined carefully, these four aspects of
Computational Thinking (CT) are in line

with the steps of problem-solving pro-
posed by Polya (1973).

The steps of the problem-solving
process according to Polya (1973) include
understanding the problem, devising a
plan, carrying out the plan, and looking
back. In the first step, understanding the
problem, we need to specify the known
data, the unknown, and the condition of
the problem. In the second step, devising
a plan, we should relate between the un-
known and the known data and should
provide problem-solving strategies to
solve the problem. From a CT perspective,
the first and second steps can be sup-
ported by the process of decomposition,
pattern recognition, and abstraction. In
the third step, carrying out the plan, we
should resolve the problem by applying
problem-solving strategies provided in
the aforementioned step. Finally, in the
fourth step, looking back, we need to con-
sider whether the solution that we found
makes sense or not, whether we can solve
the problem using other problem-solving
strategies, and whether we can generalize
the problem-solving process for other
similar problems. From a CT perspective,
the third and fourth steps can be sup-
ported by the process of algorithms, ab-
straction, and decomposition.

Taking the previous description into
account, this research aims to analyse
problem-solving activities in a geometry
learning and teaching process for pre-ser-
vice mathematics teacher students from
the computational thinking perspective.
Through this research, it is expected that
the results will be useful for improving the
quality of the process and results of geom-
etry teaching which can develop the prob-
lem-solving abilities of pre-service mathe-
matics teacher students.



METHOD

To investigate problem-solving activities
in a geometry teaching and learning pro-
cess, we conducted a qualitative case
study through classroom observations on
the teaching and learning processes with
the following three steps. Firstly, we car-
ried out classroom observations in a ge-
ometry course for two meetings (6x50
minutes), involving 41 pre-service mathe-
matics teacher students in one of the
state universities in West Java, Indonesia.
The participants were in the second year
of the mathematics education program.
They had learned the foundation of math-
ematics, calculus, linear algebra, number
theory, and statistics. Therefore, we as-
sume that they have already enough ex-
perience in doing proof and problem-solv-
ing in mathematics. In the observations,
we investigated the learning and teaching
process for the topic of similarity of trian-
gles, its application in the problem-solving
of geometry, and its corresponding writ-
ten assessment. The focus of teaching ob-
servations was on the learning process
and the problem-solving activities per-
formed by the lecturer and pre-service
mathematics teacher students during the
teaching and learning.

Secondly, we administered a forma-
tive individual written assessment after
the teaching and learning processes. For
this formative assessment, two geometry
tasks were used (see Table 1). Both tasks
ask for proving processes using the con-
cepts of similarity of triangles. The indi-
vidual written test was administered for
about 40 minutes to 41 pre-service math-
ematics teacher students.

Table 1. Tasks used in the assessment
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No Tasks
A ABC~ A ACD
A ABC~ A CBD
a® + b% = c?.

2. Given a three series of the same squares
as shown. Prove thata = 8 + .
E E G H
4 B a
A B C D

No Tasks

1. Draw a right triangle A ABC. £ACB is a
right angle, BC =a, AC=b, AB=c
and CD is the altitude of the triangle.
Prove each of the following statements:

Thirdly, data analysis was carried
out. For analysing the learning and teach-
ing process data, we used the framework
of problem-solving heuristic strategies
(Polya, 1973) from the perspective of
Computational Thinking (CT). Similarly,
foranalysing the written test data, we also
used the framework of Polya’s problem-
solving strategy from a CT perspective.

RESULTS AND DISCUSSION

Results of Learning and Teaching
Observations

The process of learning and teaching the
topic of similarity of two triangles was
started by the lecturer by asking pre-ser-
vice mathematics teacher students about
this topic which had been studied when
they were studying at junior high school
level. After questions and answers, the
lecturer wrote and explained the defini-
tion of the similarity of two triangles,
wrote and explained the theorems of the
similarity of two triangles, namely the
SAS (Side-Angle-Side) theorem, the AAA
(Angle-Angle-Angle) theorem, and the
SSS theorem (Side-Side-Side). As aniillus-
tration of the use of the rules for the simi-
larity of two triangles, the lecturer gave
two example problems. The first example
problem discussed in the learning process
is as follows: “Given an acute triangle ABC.
The point P is on AC and Q is on BC such
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- cP_C
that PQ//AB. Prove that = Q—g. ”

The process of proving, guided by
the lecturer through questions and an-
swers as well as explanation, was carried
out as follows. Let the acute triangle be
ABC. With some information given in the
problem, the triangle is constructed as in

Figure 1.
A

B 0 c

Figure 1. The triangle ABC and its information

Since PQ//AB, then we have
2CPQ = £CAB, and <4CQP = 4CBA.
Also, it is obvious that ZPCQ = £ACB. As
a consequence, according to the theorem
of AAA (Angle-Angle-Angle), we conclude
ACPQ~ACAB. Because ACPQ~ACAB,
then we have the following relation:

CP_ CQ
cA~ CB
cpP cQ

CP+PA ~ CQ+QB’

CP+PA _ CQ+QB
ce ~ co

PA _ QB
<:>1+CP—1+CQ.

PA _ QB
cP cQ’
CP_ CQ
PA QB

Based on the observation of the
teaching episode above, we have the fol-
lowing notes. Regarding the explanation
process for proving the first example
problem above, we view that the lecturer
explains the steps for the proving process
according to Polya's problem-solving

strategy and the perspective of Computa-
tional Thinking (Van Borkulo et al., 2021;
Gadanidis et al., 2017; Kallia et al., 2021;
Polya, 1973; Sung et al., 2017). The ability
to understand and identify problems can
be seen as the application of the decom-
position aspect. The ability to devise a
plan in the form of creating appropriate
visualizations, by describing the infor-
mation and information given in the prob-
lem correctly, can be seen as the applica-
tion of aspects of pattern recognition and
abstraction. The ability to apply rules of
the similarity of triangles, as well as sim-
ple algebraic manipulation, are aspects of
algorithms. Thus, again it can be said that
the process of problem-solving in the
form of a proving process is an implemen-
tation of the aspects of Computational
Thinking (CT).

The second example problem dis-
cussed during the teaching and learning
process is as follows: “Given a right trian-
gle PQR where £QPR is the right angle. If
PQ=3cm, PR=4cm, and PSis perpendic-
ular to QR, then find the lengths of PS,
QS, andRS.”

The problem-solving process for the
second example problem was also guided
by the lecturer as follows. From the given
information, we can construct Figure 2 be-
low.

P Q
Figure 2. The triangle PQR and its information

Using the Pythagoras’ theorem on
the triangle PQR, we find that QR = 5 cm.
Next, by using the AAA (Angle-Angle-An-
gle) theorem the lecturer verbally showed



that APQR~ASPR, APQR~ASQP, and
ASQP~ASPR.

From APQR~ASPR, we have the re-

lation 22 = g—g. This implies that SP =

SP
PQ':R. By substitutions of the given infor-

mation, we have SP = PS = % cm.

From ASQP~ASPR, we have the re-

lation £=%. This implies that SQ =

sp
QZZP. By substitutions of the lengths from

the given information and the previous re-

sult, we have SQ = QS = gcm.
From APQR~ASPR, we have the re-

lation 2= =28 This implies that SR =
SR PR
PR.PR

. By substitutions of the lengths from

QR
the given information, we have SR =
RS = %cm.

Concerning the observation of the
second example problem above, we have
the following notes. We clearly view that
the lecturer in guiding the problem-solv-
ing has used Polya’s strategy and compu-
tational thinking characteristics. When
the lecturer showed verbally the similarity
between two triangles repeatedly to ob-
tain APQR~ASQP, APQR~ASPR, and
ASQP~ASPR, he decomposed the prob-
lem into three similarities of triangles
(Kallia et al., 2021; Van Borkulo et al.,
2023). Next, when he repeatedly uses the
proportional relations from the similarity
of triangles to find the lengths of seg-
ments, this means he has used algorith-
mic thinking meaningfully (Gadanidis et
al., 2017; Van Borkulo et al., 2023). Also,
when the lecturer creates the visualization
from the given problem, it concerns the
application of aspects of pattern recogni-
tion and abstraction (Gadanidis et al.,
2017; Kalliaetal., 2021; Van Borkulo et al.,
2023). Therefore, we identify that the pro-
cess of problem-solving in the form of ap-
plying the similarity of triangles concepts
is the implementation of computational
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thinking.

Whereas the first example concerns
the proving problem of the similarity of
triangles, the second example concerns
the problem-solving by applying the con-
cepts of the similarity of triangles. In our
view, both types of problems need prob-
lem-solving strategies which can be seen
from the perspective of computational
thinking (CT). In this case, the aspects of
CT play crucial roles in each step of the
problem-solving heuristics strategy.

Results of Written Assessment

Table 2 presents the findings from pre-
service mathematics teacher students’
written work on solving proving problems
for the topic of the similarity of triangles.
The results for Task 1 are relatively better
than for Task 2. In general, however, we
view that both tasks are relatively difficult
for most of the participants.

Table 2. Results of the assessment (n =41)
Tasks #Correct(%)

1. Draw a right triangle A (a).32(78.1)

ABC. £ACB is aright angle,

BC =a, AC = b, 213 = 2 (b). 33 (80.5)

and CD is the altitude of the  (c). 18 (43.9)

triangle. Prove each of the

following statements:

(@) AABC~ A ACD

(b) AABC~ A CBD

(¢ a®+b?=c>

2. Given a three series of the
same squares as shown. 15(36.6)
Provethata = f +.

E ¥ G H

Figure 3 (in Appendix A) shows an
example of correct answers for Task 1
parts (a), (b), and (c). The main objective
for Task 1 is proving the Pythagoras’ the-
orem using the concepts of the similarity
of triangles. To reach this objective, this
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task has been divided into three ques-
tions. Parts (a) and (b) are used to get part
(c). From a CT perspective, this task di-
rectly guides students through decom-
posing the problem into parts (a) and (b)
(Kallia et al., 2021; Zhang & Nouri, 2019).

Tasks 1(a) and 1(b) concern finding
and proving two similar triangles. The first
step that must be done is drawing a right
triangle and the given information. We
found that all participants did this cor-
rectly. The second step for solving either
part (a) or (b) is applying the AAA (Angle-
Angle-Angle)  theorem to  prove
AABC~AACD, AABC~ACBD, and
AACD~ACBD. Proving each of these sim-
ilarities concerns the use of the step-by-
step process, which from the CT perspec-
tive is included within the algorithm as-
pect (Kallia et al., 2021; Katai, 2020; Van
Borkulo et al., 2023). We found that the
difficulties encountered by the partici-
pants in dealing with Task 1 part (a) or (b)
include finding corresponding angles be-
tween two triangles that have the same
measures. As a consequence, they were
not able to prove the similarities of
AABC~AACD, AABC~ACBD, and
AACD~ACBD.

Task 1(c) requires students to prove
Pythagoras’ theorem using the concept of
similarities of triangles. To do so, parts
1(a) and 1(b) should be used for solving
Task 1(c) as follows. Because
AABC~AACD, then we have the relation

A28 o AC? = AB.AD. Because
AD  AC

AABC~ACBD, then we have the relation
22 =25 or BC? = AB.BD. By adding
BD ~ CB

these last two results, we obtain BC? +
AC? = AB.BD + AB.AD = AB?. From a
CT perspective, to be able to prove the Py-
thagoras’ theorem in Task 1(c), we need
abstractive skills that synthesize previous
results (Lv et al., 2022; Van Borkulo et al.,
2023).

Figure 4 (in Appendix B) illustrates a

correct answer for Task 2. Similar to the
previous task, Task 2 also asks for partici-
pants to do a proving process. However,
as indicated by the written test results in
Table 2, this task is more challenging than
Task 1. The difficulties found in written
student work mainly concerns, for in-
stance, finding similarities between trian-
gles for proving the required property of
a=(+vy.

In our view, from the CT perspec-
tive, the ability to see and prove
AACH~AHCB using the SAS (Side-Angle-
Side) theorem (see Figure 4) needs not
only algorithmic skills but also abstractive
skills (Kallia et al., 2021; Sanford, 2018).

Discussion

From the results section, we note the fol-
lowing three points to discuss. First, prob-
lem-solving activities for the topic of the
similarity of triangles for pre-service
mathematics teacher students that can be
identified from teaching observations can
be classified into problem-solving to
prove and problem-solving to find (see
Polya, 1973). Problem-solving to prove
means the activity of proving statements,
properties, or theorems. Problem-solving
to find means the activity of finding a so-
lution to a non-routine problem. We view
that problem-solving to prove can be seen
as a structured problem-solving to find.
From a CT perspective, both types of
problem-solving involve CT aspects, in-
cluding decomposition, abstraction, and
algorithm (Kallia et al 2021; Van Borkulo
et al., 2023). The CT aspects involve the
implementation of problem-solving heu-
ristic strategies, for instance in the steps
of devising a plan, carrying out the solu-
tion process, and looking back.

Second, the teaching and learning
process for pre-service mathematics
teacher students for the topic of similarity



of triangles can be classified into a deduc-
tive teaching approach (Ndemo et al,
2017; Prince & Felder, 2006). The process
starts from general ideas of the topic in
the form of addressing definitions and
proving theorems to more specificideasin
the form of discussing example problems
through questions and answers. In our
view, even if the deductive characteristics
are dominant, still the lecturer provides
room for students to be involved during
the teaching and learning process through
questions and answers.

Third, difficulties encountered by
the participants that emerged in written
work include identifying similarities be-
tween two triangles, applying the similar-
ities theorems for the proving process,
and executing algebraic manipulations to
obtain the required results. From a CT per-
spective, these difficulties indicate that
pre-service mathematics teacher stu-
dents are struggling with decomposing,
synthesising, abstracting, and thinking al-
gorithmically when solving geometry
problems (see Futschek, 2006; Kallia et
al., 2021; Kynigos & Grizioti, 2018).

Implication of Research

Regarding the finding of two types of
problem-solving activities, we wonder
whether these two types can be com-
pared to which one is more challenging
and requires computational thinking as-
pects during the problem-solving pro-
cesses. This might be an opportunity to be
investigated in the learning and teaching
processes and future research.
Concerning the usage of the deduc-
tive teaching approach in the learning and
teaching process, which has a more lec-
turer-centred approach, for future re-
search we wonder if the student-centred
approach would produce better results for
improving the skills of problem-solving
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and computational thinking. Many stud-
ies (such as Hino, 2007; Ridlon, 2009) sug-
gest that a student-centred approach can
enhance problem-solving skills. In addi-
tion, we do wonder whether the main as-
pects of CT can be applied to enhance
problem-solving abilities, particularly in
the topic of geometry.

With regard to encountered difficul-
ties during problem-solving activities for
the topic of similarity of triangles, we do
wonder a more comprehensive repertoire
on this. For future studies, it is worth ex-
ploring possible difficulties encountered
by pre-service mathematics teacher stu-
dents in dealing with problem-solving on
the topic of the similarity of triangles.

Limitation

We admit that this study has several limi-
tations. First, since this study focused only
on the results of classroom observations
for the topic of the similarity of triangles
and written work from the formative as-
sessment, we are aware that the results of
the study might be more comprehensive
if additional interview data are incorpo-
rated. Also, more comprehensive results
might be obtained if observations are car-
ried out for more than one cohort of pre-
service mathematics teacher students.
Second, three main CT aspects,
namely decomposition, abstraction, and
algorithm played crucial roles in interpret-
ing problem-solving activities from both
observations and written work. However,
the aspect of pattern recognition does not
emerge explicitly. This probably is caused
by the fact that problem-solving in the
forms of problem to prove, which are ap-
parently dominant in the observations,
does not provide an explicit opportunity
to recognize patterns. Probably, in the fu-
ture, it is necessary to add problems to
find or problems to prove that require ex-
plicit recognition of patterns when doing
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problem-solving activities. Other CT as-
pects that might emerge and should be
exploited include mathematical model-
ling which plays a crucial role in dealing
with problem-solving on word or contex-
tual problems.

CONCLUSION

From the previous sections, we draw the
following conclusions. Based on the ob-
servations of the learning and teaching
process for pre-service mathematics
teacher students on the topic of the simi-
larity of triangles, we found two types of
problem-solving activities. These types
include problems to prove and problems
to find. We consider that both types of
problems can be fruitfully analysed using
Polya’s problem-solving strategy from the
computational  thinking  perspective.
Three main CT aspects play crucial rolesin
the interpretation of problem-solving ac-
tivities, including decomposition, abstrac-
tion, and algorithm aspects. These as-
pects are used to interpret problem-solv-
ing heuristic strategies used in the learn-
ing and teaching process and written stu-
dent work. In the future, we consider in-
vestigating other CT aspects for interpret-
ing problem-solving activities for either
problem to prove or problem to find.
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Appendix A of article entitled Problem-Solving in Geometry Teaching for Pre-service Mathematics Teacher
Students from a Computational Thinking Perspective
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Figure 3. Solution to Task 1 from written student work
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Figure 4. Solution to Task 2 from written student work
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Abstract

This study identified students' mathematical understanding and communication deficiencies, especially in di-
viding numbers. Although bowls and marbles have been used to support mathematical conceptual under-
standing, there are limitations in understanding how students communicate effectively about division and
numbers in practical contexts. This study explores students' mathematical communication skills in dividing
and counting and how using bowls and marbles influences this. The research method used is a case study with
a qualitative approach involving direct observation and video recording. The study subjects comprised four
students with mild intellectual disabilities and different characteristics in communicating and understanding
mathematical concepts. The instruments used included observation notes and video recordings of learning.
Data were collected through observation of the learning process and video analysis to assess communication
skills and conceptual understanding. The results showed that students 1 and 2 had better mathematical com-
munication skills and a strong understanding of division, although with some initial errors. Students 3 and 4
highly depended on teacher direction and were less active in verbal communication. This study concludes that
using bowls and marbles can improve understanding of division, but the success of mathematical communi-
cation is greatly influenced by active student involvement and teacher direction. This study implies the need
to develop more interactive learning strategies and additional support for students with difficulties in mathe-
matical communication. Applying teaching techniques emphasizing active student involvement and effective
use of bowls and marbles can improve understanding of mathematical concepts and communication skills.

Keywords: communication skills, division, use of bowls and marbles, mathematical concepts

Information of Article
Subject classification 97D40 Mathematics teaching methods and classroom techniques
Submitted 15 September 2024

Review Start 16 September 2024

Round 1 Finish 20 November 2024 (Reviewer A)
Round 1 Finish 20 November 2024 (Reviewer B)
Accepted 26 November 2024

Scheduled online 1 December 2024

Similarity Check 2%

Copyright ©2024 Kreano, Jurnal Matematika Kreatif-Inovatif. UNNES. p-ISSN: 2086-2334; e-ISSN: 2442-4218. Thisis an
open access article distributed under the Creative Comons Attribution License, which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided the original work is properly cited.



Kreano, 15(2) (2024): 450-462 ‘ 451

Abstrak

Penelitian ini mengidentifikasi kekurangan dalam pemahaman dan komunikasi matematis siswa, terutama da-
lam konteks pembagian bilangan. Meskipun bowls and marbles telah digunakan untuk mendukung pema-
haman konsep matematis, terdapat keterbatasan dalam memahami bagaimana siswa berkomunikasi secara
efektif mengenai pembagian dan membilang dalam konteks praktis. Penelitian ini bertujuan untuk mengek-
splorasi kemampuan komunikasi matematis siswa dalam konteks pembagian dan membilang serta bagaimana
hal ini dipengaruhi oleh penggunaan mangkok dan kelereng. Metode penelitian yang digunakan adalah studi
kasus dengan pendekatan kualitatif, melibatkan observasi langsung dan rekaman video. Subjek penelitian
terdiri dari empat siswa tunagrahita ringan dengan karakteristik berbeda dalam berkomunikasi dan memahami
konsep matematika. Instrumen yang digunakan meliputi catatan observasi dan rekaman video pembelajaran.
Data dikumpulkan melalui observasi proses pembelajaran dan analisis video untuk menilai kemampuan komu-
nikasi dan pemahaman konsep. Hasil penelitian menunjukkan bahwa siswa 1 dan siswa 2 memiliki kemampuan
komunikasi matematis yang lebih baik dan pemahaman yang kuat mengenai pembagian, meskipun dengan
beberapa kesalahan awal. Siswa 3 dan siswa 4 menunjukkan ketergantungan yang tinggi pada arahan guru dan
kurang aktif dalam komunikasi verbal. Kesimpulan dari penelitian ini adalah bahwa media manipulatif dapat
meningkatkan pemahaman pembagian, namun keberhasilan komunikasi matematis sangat dipengaruhi oleh
keterlibatan aktif siswa dan arahan guru. Implikasi dari penelitian ini adalah perlunya pengembangan strategi
pembelajaran yang lebih interaktif dan dukungan tambahan bagi siswa yang menunjukkan kesulitan dalam
komunikasi matematis. Penerapan teknik pengajaran yang menekankan pada keterlibatan siswa secara aktif
dan penggunaan media manipulatif yang efektif dapat meningkatkan pemahaman konsep matematis dan ket-
erampilan komunikasi.

INTRODUCTION mathematics is with manipulative activi-

ties.
Mathematics is essential to everyday life,

crucial in decision-making, problem-solv-
ing, and developing critical thinking skills.
Its relevance extends beyond the aca-
demic space, manifesting in activities

Manipulative activities, defined as
using concrete or virtual objects to aid stu-
dents in understanding and solving ab-
stract mathematical concepts, are partic-
ularly beneficial for students with disabili-

such as managing budgets, shopping, or
planning activities, which require a basic
understanding of mathematical concepts
(Marasabessy, 2021). This practical appli-
cation of mathematics supports financial
literacy and improves an individual's abil-
ity to solve problems systematically (An-
graini et al., 2023).

In education, the importance of
mathematics is often illustrated through
an approach that connects abstract con-
cepts with real contexts. One effective ap-
proach is Realistic Mathematics Educa-
tion (RME), which has been shown to in-
crease student engagement by linking
mathematical problems to everyday ex-
periences (Rahayu et al., 2021). This ap-
proach confirms that mathematics is an
abstract discipline and a practical tool for
life (Hendrayanto et al., 2022). One way
that can be used to bridge the abstract of

ties, including those with intellectual disa-
bilities. These manipulatives are essential
tools that facilitate the transition from
concrete experiences to abstract reason-
ing in mathematics. Research indicates
that manipulatives can significantly en-
hance students' engagement and com-
prehension in mathematical tasks by
providing tangible representations of ab-
stract concepts (Carbonneau et al., 2013;
Peltier et al., 2020; Spooner et al., 2019).
For instance, Spooner et al.(2019) high-
light that manipulatives can help students
with moderate to severe developmental
disabilities grasp complex mathematical
ideas more effectively.

A critical aspect of this process is
mathematical communication, which
bridges abstract mathematical concepts
and practical applications. As the educa-
tional landscape evolves, the emphasis on
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communication skills has become increas-
ingly pronounced, reflecting the need for
students to articulate their mathematical
reasoning effectively. Mathematical com-
munication is a core skill that helps stu-
dents connect mathematical concepts
with practical applications. This commu-
nication includes conveying, interpreting,
and reasoning about mathematical ideas
through verbal, written, or visual forms
(Aladwan et al., 2023; Ambarwati &
Darmawel, 2020). Good mathematical
communication skills indicate the ability
to compose logical explanations, inter-
pret mathematical information accu-
rately, and convey ideas coherently.
These skills deepen students' understand-
ing and increase collaboration and en-
gagement in learning(Sholihah et al,,
2022).

For students with intellectual disa-
bilities, mathematical communication is a
challenge and an important need (Muchy-
idin & Priatna, 2022). Their main obstacle
often involves difficulty understanding
and expressing mathematical concepts
due to cognitive and language limitations
(Dalilan et al., 2021). This challenge is ex-
acerbated by cognitive inertia, which is
difficulty changing mindsets when faced
with new concepts and semantic barriers,
such as understanding abstract mathe-
matical terms (Agheana, 2023; Root et al.,
2017). Therefore, customized teaching
strategies are indispensable to support
student understanding and communica-
tion.

Instructional approaches such as
Virtual-Representational-Abstract (VRA)
and Concrete—Representational-Abstract
(CRA) have proven effective in supporting
mathematics learning for students with
intellectual disabilities. The VRA model
helps students understand abstract con-
cepts through cascading stages, from vis-
val manipulation of concrete representa-
tion to symbolic abstraction (Bouck et al.,

2018; Bouck & Bone, 2018). Meanwhile,
the CRA model integrates physical manip-
ulation, visual representation, and mathe-
matical symbols to build a deep under-
standing of the concept (Bouck et al,
2020; N. M. Sari et al.,, 2020). This ap-
proach also provides opportunities for
students to practice mathematical com-
munication skills through various forms of
expression.

This research focuses on how stu-
dents with intellectual disabilities com-
municate their understanding of division.
Division is a fundamental arithmetic oper-
ation that improves computational skills
and encourages critical thinking and prob-
lem-solving skills. For students with intel-
lectual disabilities, understanding the
concept of division becomes an essential
skill to support daily functions, such as di-
viding goods or allocating resources equi-
tably.

Through direct observation, this
study aims to uncover the strategies used
by students in understanding and convey-
ing the concept of division, as well as how
they overcome communication chal-
lenges in the learning process. By study-
ing emerging indicators of mathematical
communication skills, this research is ex-
pected to provide new insights that can be
used to develop inclusive and effective
learning strategies for students with intel-
lectual disabilities.

METHOD

The qualitative research method (Cre-
swell, 2014) focuses on understanding
how students with mild intellectual disa-
bilities communicate their comprehen-
sion of mathematics, specifically the con-
cept of division. The study subjects were
four students with mild intellectual disa-
bilities, selected based on the research cri-
teria. The research was conducted using
observational methods, with the material



taught being division concepts using
bowls and marbles as concrete aids. This
approach was chosen to support students
in visualizing and articulating their under-
standing of division.

The role of the researcher as an ob-
server began with a collaborative discus-
sion with the classroom teacher to deter-
mine the roles and materials to be deliv-
ered to the students. Classroom teachers
were assigned to teach as usual to mini-
mize adaptation needs, ensuring that
communication between students and
the teacher remained optimal. By keeping
the teaching consistent, the researcher
could focus on observing how students
verbally communicated their understand-
ing of division without the added variable
of new instructional methods.

The researcher observed every mo-
ment in the classroom during the learning
process, recording how students inter-
acted with the materials and responded to
instructions. This direct observation al-
lowed the researcher to gather real-time
insights into how students expressed their
comprehension of division. Additionally,
the researcher guided students who had
difficulty understanding the teacher's in-
structions, ensuring that students could
still actively participate in the learning
process.

The study's primary objective—to
explore how students communicate their
understanding of division—was sup-
ported by having the teacher demon-
strate the division process, followed by
students independently performing the
task. This structure allowed the re-
searcher to observe how students verbally
articulated their process and challenges,
providing valuable data on their commu-
nicative and cognitive approaches to un-
derstanding division.
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Participants

The subjects in this study are four stu-
dents with mild intellectual disabilities
from a private school in Bandung. The
subjects of this study were selected based
oninclusion criteria, namely students with
mild intellectual disabilities. From nine
students in class X at SLB, a selection was
made to determine students who met this
criterion so that the research subject was
relevant to the study's focus. The school is
near a traditional market, influencing the
students' daily environment and commu-
nity interactions. The socioeconomic con-
ditions of the students' families are gener-
ally from economically disadvantaged
backgrounds, which affects their access
to educational resources and support. The
student's learning habits and needs are
shaped by their circumstances and the re-
sources available at their school, provid-
ing a unique context for this study.

Instruments

The primary instruments used in this
study include observation notes and edu-
cational materials specifically designed
for teaching division. The educational ma-
terials consist of bowls and marbles,
which serve as concrete aids to help stu-
dents visualize and understand the con-
cept of division. The observation notes are
structured with specific categories to sys-
tematically document the students' ver-
bal explanations and actions during the
division activities. These categories in-
clude students' accuracy in following in-
structions, verbalizing the division pro-
cess, and using the materials to demon-
strate understanding. Such a design en-
sures that the notes capture detailed and
organized information about how stu-
dents understand and engage with math-
ematical concepts.
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Data Collection

Data collection is conducted through
structured observations of the students as
they engage with the division tasks. The
process begins with the teacher demon-
strating simple division using bowls and
marbles to illustrate the concept. After
this demonstration, the students are
asked to perform similar division tasks in-
dependently. The researcher observes
and records the students' verbal explana-
tions and actions during these tasks. Ob-
servations were conducted over four ses-
sions spread across two weeks, each last-
ing 60 minutes. To enhance the credibility
of the data and minimize potential ob-
server bias, triangulation was applied by
cross-referencing observations with video
recordings and field notes. Additionally,
periodic discussions with the classroom
teacher were conducted to validate inter-
pretations of the students' responses and
actions. This combination of methods en-
sured a comprehensive and objective doc-
umentation of the students' communica-
tion and problem-solving processes.

Data Analysis

Data analysis involves thematic analysis
of the collected observation notes and re-
cordings. The researcher reviews the rec-
orded data to identify recurring patterns
and critical themes in how students un-
derstand and explain division. Data is
coded based on categories such as divi-
sion strategies (e.g., grouping, repeated
subtraction), levels of understanding
(e.g., concrete, representational, ab-
stract), and verbal communication of
mathematical concepts (e.g., accuracy in
explaining steps and use of mathematical
terms). Potential themes include "effec-
tive use of concrete aids," "common errors
in division processes," and "barriers to ver-

balizing mathematical ideas." This pro-
cess also includes identifying specific dif-
ficulties faced by the students, such as
misunderstanding the concept of equal
groups, and effective teaching strategies
observed during the sessions. The the-
matic analysis aims to provide a compre-
hensive understanding of the student's
cognitive and communicative processes
in the learning division, contributing to
developing more effective instructional
methods for students with intellectual
disabilities.

RESULTS AND DISCUSSION

Results

In this study, the learning process focused
on understanding the concept of division
through manipulative activities using con-
crete objects, namely stars, that must be
divided into several bowls. This learning
process involves the active role of stu-
dents with intensive guidance from teach-
ers, especially in counting, sharing, and
verbal and non-verbal communication.
The following are the details of the stages
carried out in the learning process:

Teacher Instruction. The teacher
begins the learning by giving clear instruc-
tions regarding the division tasks that
must be done. These instructions are of-
ten delivered verbally and are accompa-
nied by non-verbal cues, such as pointing
at a bowl or exemplifying how to do a por-
tion. In some cases, such as in student 3,
the teacher must actively point to the cor-
rect bowl so that the student can carry out
the task appropriately.

Selection of Number of Objects
(Stars). The teacher determines the num-
ber of starsto be divided, and students are
asked to count the number of stars aloud.
This process aims to train students' nu-
meracy skills from numbers 1 to 12. Stu-
dents who are already more fluent, such



as student 1, can count well, while other
students, such as student two or student
3, are more likely to use non-verbal ges-
tures, such as counting with their fingers.

Division process. Each student was
asked to divide the stars into several
bowls based on the instructions given. In
divisions such as six divided by 2 or g di-
vided by 3, students divide by placing stars
individually into the available bowl. Mis-
takes often occur due to a lack of concen-
tration or understanding of how an even
distribution should be made. For example,
student one mistakenly placed a star on
the wrong bowl because he lost focus, and
student 4 refused to participate in the di-
vision.
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each student divides, the teacher will
check to ensure the correctness of the re-
sults. If thereis an error, such as an uneven
division, students are asked to recount the
number of stars or redivide. This repeti-
tion aims to strengthen students' under-
standing of the concept of division and to
improve their consistency in completing
tasks.

Clarification ~and  Discussion.
Teachers also often ask other students,
such as student two or student 4, to verify
the results of the division done by student
1. This is a way for teachers to ensure that
other students pay attention to and un-
derstand the ongoing process. It also pro-
vides opportunities for students to ex-

Repetition and Correction. After

Table 1. Students' ability profiles in the Learning Division

Indicator

Student 1

Student 2

Student 3

Student 4

Mathematical
Communication
Skills

Counting Ability
(1-12)

Ability in a
division

Ability to Express
Opinions

Verbal: Able to
count from one to
ten, but sometimes
makes mistakes in
counting.

Non-Verbal: Shows
confusion and
hesitation when
dividing stars.

Able to count from
one to ten, makes
mistakes with num-
bers above ten.

is often confused

and makes mistakes

in distributing stars
evenly, which needs
correction.

Less active in ex-
pressing opinions

verbally, more fo-

cused on practical
activities.

Verbal: Counting in Verbal: Quiet, not Verbal: Uses a

aloud and clear
voice, providing
the correct answer
when asked for
clarification.

Non-Verbal:
Actively corrects
mistakes but more
often uses non-
verbal
communication.
Able to count from
one to twelve well
without significant
difficulty.

Understands divi-
sion well and can
correct mistakes
made by other stu-
dents.

Active in express-
ing opinions and
giving corrections,
although more of-
ten using non-ver-
bal communica-
tion.

talking much, has
difficulty without
the teacher's
instructions.

Non-Verbal:
Follows teacher's
instructions well,
lacks initiative.

Able to count
from one to
twelve according
to instructions.

Able to divide
stars as in-

clear voice to
count and confirm
results.

Non-Verbal:
Actively helps and
corrects other
students but is
less active in
speaking.

Able to count
from one to
twelve well.

Understands divi-
sion well and can

structed, struggles confirm correct re-

without direct
guidance from the
teacher.

Rarely expresses

sults.

Tends not to be

opinions and relies active in verbal ex-

on the teacher's
instructions to
complete tasks.

pression but pro-
vides clarification
when asked.




456 | Muchyidin, A, et al. Exploration of Mathematical Communication Skills of Students with ...

press their opinions and practice mathe-
matical communication verbally and
through gestures.

Student Reflection and Aware-
ness. In some cases, students realize their
mistake, such as when student 1 realizes
that his star is lacking in one of the divi-
sions and shows a reaction such as patting
his head or laughing. This awareness is
crucial because it shows that students are
learning from their mistakes and are start-
ing to understand the concept of division
better.

Independent Practice. Apart from

the intensive guidance of the teacher, stu-
dents are also allowed to complete the
task independently, as seen when stu-
dents one and student 2 take the initiative
to recalculate the stars or divide the stars
according to the instructions given. Alt-
hough some still need correction, this pro-
cess supports independence and initiative
in learning.

Allstudent and teacher activities are
recorded for further analysis during the
learning process. The recording results
obtained important information related
to interaction and learning dynamics.
Analysis of the recordings showed how

Table 2. Student's ability profile in dividing

Six divided Six divided Nine divided Tendivided Tendivided 12 divided
Student
by 2 by 3 by 3 by 2 by 5 by 2

Student1 Able to divide Able to divide with Made an error Able to divide  Hesitatedin  Used thein-
stars with some  some mistakesin  inthe second but made a mis- placing stars correct num-
initial confusion  star placement was round but fin- take in the final in the third ber of bowls
but completed it corrected after ished with the count. Realised bowl but suc- but finished
with the teacher's guidance. teacher's the error after  ceeded after  correctly after
help. help. being guided.  help from Stu- being di-

dent 2 and the rected.
teacher.

Student2 Ableto countand Able to divide cor- Able to count Abletorecount Providedac- Ableto divide
divide stars cor-  rectly butismore  correctly, correctly, curate correc- stars cor-
rectly, though re- comfortable with  thoughre-  demonstrating tionsto Stu- rectly, though
lied primarily on  non-verbal commu- mained silent good counting denta's mis-  primarily us-
non-verbal ges-  nication. during the skills. takes, show- ing non-verbal
tures. process. ing a good un- gestures.

derstanding
despite speak-
ing very little.

Student3 Able to divide Able to divide with Required Needed full di-  Still highly de- Able to divide
when given ex-  guidance, tendto guidancein  rection from the pendent on di- after direct
plicit instructions be passive without dividingand teacher but was rectinstruc-  guidance from
from the teacher. instructions. waited for the able to finish af- tions from the the teacher,

teacher'sin-  ter being teacher, lacks needed assis-
structions. guided. confidencein tance to com-
division. plete.

Student 4 Able to divide but Passive in dividing, Correctly con- Understands di- Able to count More passive,

preferred to con-
firm results from
other students ra-
ther than actively
participate.

prefers to confirm
existing results.

firmed results
but was reluc-
tant to partic-
ipate in the
division pro-
cess actively.

vision but is un-
willing to take
an active role;
only confirms
results inter-
nally.

and under-
stand division
but remains
passive and
reluctant to
engage di-
rectly.

though, can
count well.
This student
avoids active
involvement
and only con-
firms results.




students responded to the teacher's in-
structions, both verbally and non-ver-
bally, and how they performed the assign-
ment tasks. Mistakes made by students in
counting or dividing stars became one of
the focuses of the analysis, where some
students were seen having difficulty in di-
viding appropriately, while others were
able to correct the mistakes after getting
directions from the teacher. This record-
ing also shows teachers' communication
strategies in providing guidance, both
with words and gestures, which help stu-
dents understand the concept of division.
This analysis shows that students need
repetition and clarification in several
stages but gradually improve concept un-
derstanding and numeracy skills.

Table 1 provides an overview of
each student's strengths and areas for im-
provement based on mathematical com-
munication, arithmetic, division, and ex-
pressing opinions.

Table 2 above summarises each stu-
dent's abilities in various divisions, show-
ing how they interact with the teacherand
assignments and how they carry out the
division.

Discussion
Key Findings and Analysis

Table 1 shows a significant variation in
mathematical communication skills be-
tween the four students. Student 1 has
limited verbal communication skills, often
makes mistakes in counting up to ten, and
shows confusion when asked to divide
non-verbally. This condition is reflected in
Table 2, where Student 1 often makes
mistakes in the assignment assignment,
such as misplacing stars or bowls, and
needs the guidance of teachers and other
students to complete the assignment.
This indicates that limited verbal and non-
verbal communication skills impact the
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difficulty of independently understanding
and implementing the concept of division.

In contrast, Student 2 displayed
good verbal communication skills, alt-
hough they used non-verbal communica-
tion more often. This student can explain
the answer clearly when asked, show ac-
curacy in counting up to the twelfth num-
ber, and be able to give corrections to
other students. In the division task (Table
2), Student 2 showed high accuracy in di-
viding the stars, although they tended to
use non-verbal gestures during the pro-
cess. This shows that although Student 2
prefers non-verbal communication, his
mathematical understanding is quite
strong, allowing him to assist other stu-
dents in completing assignments.

Student 3, on the other hand,
showed a high dependence on the teach-
er's direction in verbal and non-verbal
communication. Although they can count
up to twelve according to instructions,
these students rarely express opinions
and are more passive in-class activities. In
the division task (Table 2), Student 3
needs explicit guidance for each step. This
dependency indicates that a lack of initia-
tive and confidence affects students' abil-
ity to communicate mathematical under-
standing, especially when dealing with in-
dependent tasks.

Student 4 also exhibits a unique
communication pattern. Despite having
enough verbal ability to count up to
twelve correctly, these students prefer to
validate the results of other students ra-
ther than actively participate. This is re-
flected in the assignment (Table 2), where
Student 4 rarely takes an active role, more
often confirming the outcome than di-
rectly completing the assignment. A pref-
erence for passive validation indicates
that these students understand the con-
cept of division but may experience barri-
ers to motivation or confidence in actively
participating.
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From both tables, the ability to cal-
culate directly affects the performance of
the division. Student 1, with the limitation
of counting above the number of ten, had
difficulty distributing the stars evenly.
Meanwhile, Student 2, who had good nu-
meracy skills, showed more stable perfor-
mance in division tasks, although they
tended to use non-verbal communication.
Students 3 and 4 showed adequate nu-
meracy skills, but their dependence on
teachers (Student 3) and lack of initiative
(Student 4) limited their effectiveness in
completing division tasks independently.

The ability variation between stu-
dents emphasizes the importance of an
individualized approach to mathematics
learning for students with mild intellec-
tual disabilities. Student 1 needs more in-
tensive support, such as strengthening
verbal communication skills and dividing
tasks into small steps to reduce confusion.
For Student 2, strategies that encourage
verbal expression more often can help im-
prove the balance between verbal and
non-verbal communication. Student 3 will
benefit from independence training
through step-by-step instruction de-
signed to reduce reliance on teachers.
Student 4, on the other hand, needs addi-
tional motivation to increase active par-
ticipation, such as positive reinforcement
or giving a role in a group activity.

Comparison with Prior Research

The findings of this study align with previ-
ous research on non-verbal communica-
tion in mathematics learning in students
with  mild intellectual disabilities
(Huscroft-D'Angelo et al., 2014). For ex-
ample, Silviana and Hadi (2019) empha-
sized that visual-verbal communication
skills play a vital role in mathematical
problem-solving, with high-achieving stu-
dents demonstrating better communica-
tion skills. This suggests that non-verbal

communication, such as visual aids (e.g.,
pictures or symbols), can help students
with disabilities understand complex
mathematical concepts more effectively.
Additionally, research by Sari (2023) high-
lighted that weak memory and under-
standing of symbols are major obstacles
for children with disabilities in mathemat-
ics, further supporting the importance of
integrating non-verbal communication
into mathematics instruction.

The study also observed how ma-
nipulatives, such as the bowls and marbles
used in this research, contributed to the
student's ability to perform division. This
hands-on learning approach allowed stu-
dents to interact directly with the learning
material, clarifying their understanding of
mathematical concepts. As seen in the
case of Student 2, those who were more
confident and communicative could use
the manipulatives effectively to complete
the division task. On the other hand, stu-
dents like Student 3 and Student 4, who
were less active, relied more on teacher
instructions and showed less initiative in
using the bowl and marbles, indicating
the significant role that active engage-
ment plays in learning.

Research on teaching aids in mathe-
matics learning shows that teaching aids
can significantly improve students' math-
ematical understanding and communica-
tion, including students with disabilities.
Teaching aids reduce the abstraction level
of mathematical concepts, which is often
an obstacle for students with special
needs. For example, research by Resqueta
and Mutianingsih shows that using props
in non-standard weight measurement in
primary schools can improve students'
math learning outcomes (Resqueta & Mu-
tianingsih, 2022). In addition, research by
Khotimah and Risan emphasized that
teaching aids help students understand
abstract mathematical concepts, espe-



cially in space-building materials (Kho-
timah & Risan, 2019).

Furthermore, research by Simar-
mata et al. (2022) shows that using learn-
ing media suitable for the characteristics
of students with disabilities can improve
their understanding of mathematical con-
cepts. This is in line with the findings of
Rokhim et al. (2023), which state that the
right learning media can help students
with disabilities understand difficult ma-
terials, such as science and mathematics.
Thus, teaching aids serve as a learning
medium and a bridge to improve mathe-
matical communication among students
with special needs so that they can more
actively participate in the learning pro-
cess. Using a realistic approach to learn-
ing, as proposed by Kurniati, students can
more easily understand the mathematical
concepts taught (Kurniati, 2022). There-
fore, teaching aids in mathematics learn-
ing, especially for students with disabili-
ties, have improved their mathematical
understanding and communication.

Implications for Teaching Strategies

The study also supports the idea that
hands-on learning effectively improves
students' mathematical communication
skills with mild intellectual disabilities. Ac-
cording to Widodo et al. (2021), hands-on
learning, as seen in the Discovery Learn-
ing model, effectively enhances students'
mathematical communication skills. This
was also echoed in research by Sholihah
et al. (2022), which emphasized that posi-
tive learning experiences increase stu-
dents' confidence, improving their ability
to communicate mathematically. Moreo-
ver, Istimuryani et al. (2023) found that in-
quiry-based learning, which often in-
cludes hands-on elements, helps improve
mathematical communication skills.
However, it is also important to con-
sider the potential drawbacks of hands-on
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learning. Research by Siburian and Saija
(2019) pointed out that some students
may struggle to connect hands-on experi-
ences with abstract mathematical con-
cepts, which can hinder their ability to
communicate mathematical ideas effec-
tively. Similarly, Lubis and Dewi (2023)
noted that while hands-on learning may
increase student engagement, not all stu-
dents can articulate their understanding
clearly after engaging in practical activi-
ties. This is particularly true for students
with mild disabilities who may face chal-
lenges linking their hands-on experiences
with verbal explanations. Therefore, edu-
cators should be mindful of these chal-
lenges and ensure students are supported
in relating their hands-on experiences to
broader mathematical concepts (Lis-
nawati et al., 2024).

Implication of Research

The implication of research from the
above information isrelated to several im-
portant aspects that can affect the learn-
ing approach of students with intellectual
disabilities, especially in understanding
the concept of division. Here are some of
the implications:

(a) The Role of Communication in
Learning: Verbal and non-verbal commu-
nication skills are crucial in helping stu-
dents with intellectual disabilities under-
stand mathematical concepts. Teachers
should pay more attention to clear verbal
instructions and support them with non-
verbal cues such as pointing or directing
gestures to assist students in completing
division tasks.

(b) Structured Learning Approach:
This research implies the importance of a
structured approach in teaching the con-
cept of division to students with special
needs. Teachers must give instructions
gradually, using visual sharing strategies
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such as bowls and stars, and provide im-
mediate corrections when students make
mistakes. This can improve students' un-
derstanding and engagement in learning.

(c) Differentiation of Learning
Based on Student Needs: Each student
demonstrates different abilities in sharing
and communicating. This shows that a
different approach is needed for each stu-
dent. Teachers can tailor each student's
learning strategies by understanding the
differences in numeracy, communication,
and concept comprehension, making
learning more inclusive and effective.

(d) Student Confidence Enhance-
ment: Students who received more sup-
port, both verbally and through physical
guidance, showed improvement in com-
pleting division tasks. This implies that
building students' confidence through ef-
fective communication and direct support
will improve their ability to complete
math tasks independently in the future.

Limitation

This study has several limitations, includ-
ing a small sample size of only four stu-
dents with varying characteristics. This
limits the generalizability of the findings,
as each student exhibited different levels
of understanding and responses to the
concept of division. Additionally, the
study was conducted in a single school
with a homogeneous socioeconomic
background, where the students came
from economically disadvantaged fami-
lies. Inthis context, parents were often oc-
cupied with work to meet their families'
basic needs, resulting in minimal interac-
tion between students and their parents.
This lack of parental involvement likely in-
fluenced the level of support students re-
ceived for their learning at home, poten-
tially affecting their mathematical com-
munication skills and comprehension.
The study did not explicitly measure

external factors influencing students'
communication skills and mathematical
understanding, such as parental involve-
ment, access to additional learning re-
sources, or home learning environments.
The homogeneity in socioeconomic con-
ditions and the absence of external varia-
ble measurements may have limited the
interpretation of the findings. Future re-
search should expand the sample by in-
cluding students from schools with more
diverse socioeconomic backgrounds. Ad-
ditionally, measuring external factors
such as parental engagement, time avail-
able for home study, and support from the
learning environment is essential. Such an
approach is expected to provide a more
comprehensive understanding of the fac-
tors affecting students' mathematical
communication skills and comprehen-
sion.

CONCLUSION

The conclusion of this study shows that
mathematical communication skills, both
verbal and non-verbal, play an important
role in understanding and implementing
the concept of division in students with
mild intellectual disabilities. The differ-
ence in students' ability to calculate, com-
municate, and actively participate in
learning emphasizes the need for a struc-
tured learning approach tailored to indi-
vidual needs. Learning methods that uti-
lize manipulatives, such as bowls and mar-
bles, effectively improve students' under-
standing of division, although some stu-
dents still need intensive guidance to as-
sociate practical experience with abstract
explanations. This study also emphasizes
the importance of providing verbal sup-
port and clear non-verbal cues to
strengthen students' involvement in
learning and encourage their confidence
in completing tasks independently. With
adaptive and student-based teaching



strategies, mathematics learning can be-
come more inclusive and effective for stu-
dents with mild intellectual disabilities.
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Abstract

Mathematical reasoning ability is one of the most important parts of mathematics learning. However, the
facts show that students' mathematical reasoning ability is still low, especially in the context of the Pythago-
rean theorem. One attempt to facilitate this is using students' worksheets based on creative problem solving
(CPS). This research aims to develop valid and practical student' worksheets. It refers to the 4D development
model, which includes defining, designing, developing, and disseminating. The instruments used are valida-
tion and practicality questionnaire sheets. The results of the validity assessment of students' worksheets
were very valid, with an average percentage of 95,07%. The results of the practicality assessment of stu-
dents' worksheets were very practical, with an average rate of 89,38%. Thus, it is in accord with the valid and
practical requirements, so the worksheet is usable. This research aims to make it easier for students to build
knowledge independently in mathematics learning so that mathematical reasoning abilities can be facilitat-
ed.
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Abstrak
Kemampuan penalaran matematis (KPM) menjadi salah satu aspek yang terpenting dalam pembelajaran
matematika, namun fakta menunjukkan KPM peserta didik masih rendah khususnya pada konten teorema
Pythagoras. Salah satu upaya untuk memfasilitasi masalah tersebut dengan menggunakan Lembar kerja
peserta didik (LEMBAR KERJA SISWA) berbasis Creative Problem Solving (CPS). Tujuan penelitian ini adalah
mengembangkan LEMBAR KERJA SISWA yang valid dan praktis. Penelitian pengembangan ini mengacu
pada model pengembangan 4D yang meliputi define, design, develop, dan disseminate. Instrumen yang
digunakan adalah angket validasi dan angket praktikalitas. Hasil analisis data angket validasi diperoleh bah-
wa LEMBAR KERJA SISWA dikategorikan sangat valid dengan persentase rata-rata yaitu 95,07%. Hasil ana-
lisis data angket praktikalitas diperoleh bahwa LEMBAR KERJA SISWA dikategorikan sangat praktis dengan
persentase rata-rata yaitu 89,38%. Maka, LEMBAR KERJA SISWA pada penelitian ini telah memenuhi syarat
valid dan praktis sehingga dapat digunakan dalam kegiatan pembelajaran. Implikasi dari penelitian ini ada-
lah untuk mempermudah peserta didik dalam membangun pengetahuan secara mandiri pada pembelajaran

matematika sehingga kemampuan penalaran matematis dapat terfasilitasi.

INTRODUCTION

Mathematics learning in the Independent
Curriculum aims to develop mathemati-
cal reasoning (Kemendikbudristek, 2022).
Mathematical reasoning is drawing con-
clusions based on several statements
whose truth is known (Setialesmana et
al., 2021). Mathematical reasoning ability
is the ability of students to formulate and
conclude a strategy to solve problems
(Rosidah et al., 2020). Therefore, this
mathematical reasoning ability is im-
portant for students at every level of ed-
ucation, including junior high school
(Permatasari et al., 2020). (Hidayat et al.,
2018) also stated that mathematical rea-
soning ability is one of the abilities that
can build students' thought patterns in
the development of mathematics learn-
ing. This shows that mathematical rea-
soning ability is an important part of
learning mathematics.

The facts show that mathematical
reasoning ability is still considered low.
Research results by Absorin & Sugiman
(2018) found that some students needed
help to express mathematical ideas
through pictures. Of the 390 junior high
school students in Indramayu Regency,
only around 67 students could apply the
correct reasoning steps. This shows that
the mathematical reasoning abilities of
grade VIII junior high school students still

need to improve. Pradana & Murtiyasa
(2020) showed that students' mathemat-
ical reasoning in solving problems had
yet to reach the standard.

The Pythagorean theorem is one of
the materials that has problems in math-
ematical reasoning. The results of the
study by Demircioglu & ilter (2022) stat-
ed that mathematical reasoning ability in
the Pythagorean theorem material is still
said to be low, where there are several
difficulties in visualization, conceptual
knowledge gaps for proof purposes, and
difficulties in formal proof. Another fact
shows that there are still problems in
students' mathematical reasoning abili-
ties based on research on the content of
Cartesian coordinates and the Pythago-
rean theorem to 22 students in class VIII-
E MTsS Darul Hikmah Pekanbaru. The
results of measuring the mathematical
reasoning abilities of class VIII-E MTsS
Darul Hikmah Pekanbaru students using
the mathematical reasoning ability scor-
ing guidelines in Table 1.

Table 1. Percentage of Students' Maximum Scores
for Each Indicator of Mathematical Reasoning

Ability
Indicators of Mathematical Reason- Percen-
No . . N*
ing Ability tage

1 Presenting mathematical statements 13 59,21%
in writing, diagrams, and pictures

2 Carrying out mathematical manipu- 6  27,3%
lations

3 Arrange reasons for the truth of the 5 22,7%




o Indicators of Mathematical Reason- N* Percen-
ing Ability tage

solution
4 Concluding logically 5 22,7%

N*: number of students who can achieve the indicators

The percentage of the indicator present-
ing mathematical statements in writing,
diagrams, and images is 59.1%, meaning
that more than half of the students can
correctly present statements in questions
in the Cartesian plane. Other participants
still need to make mistakes and need
help even to present statements in ques-
tions in the Cartesian plane. Other rea-
soning ability indicators show that the
average percentage of students who can
meet these indicators is 22.6%. This indi-
cates that most students need help to
perform mathematical manipulation,
compile and provide reasons for the truth
of the solution, and draw logical conclu-
sions from statements correctly.

Mathematical reasoning is the most
essential ability students must have in
mathematics. (Tum, 2024). However, ac-
cording to Chuang et al. and Chuang et
al. (2021), the facts show that students
need a higher understanding of abstrac-
tion, where students often need help un-
derstanding the abstract concepts neces-
sary to solve logical problems. Students
also depend on external assistance to an-
alyze information, and student aware-
ness is needed to generate new ideas for
effective problem-solving strategies.

An alternative learning model that
can help improve mathematical reason-
ing is Creative Problem Solving (CPS) be-
cause students are encouraged to be able
to reason faster in solving problems (Ha-
mid et al., 2023). The CPS model is relat-
ed to mathematical reasoning because,
in reasoning, facts are connected to solv-
ing problems creatively. (Coban & Tezci,
2022). Various research results also state
that reasoning abilities can be effectively
improved by using the CPS model
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(Wasiran & Andinasari, 2019). Ozaydin &
Arslan (2022) also showed that applying
the CPS model can improve students'
mathematical reasoning. Therefore, us-
ing the CPS model is considered to facili-
tate mathematical reasoning abilities.
The definition of the Creative Prob-
lem Solving (CPS) model is a learning
model that focuses on teaching and
problem-solving skills and strengthening
skills (Septian et al., 2020). The CPS
model introduces, understands, and ap-
plies information and teaches to analyze
and solve problems (Kartikasari et al.,
2022). One of the advantages of the CPS
model is that it allows students to devel-
op their thinking skills to solve problems
quickly (Fathonah et al., 2023). CPS pro-
vides challenges for students so that cu-
riosity arises from solving issues, result-
ing in students being more actively in-
volved in learning (Eladl & Polpol, 2020).
CPS is based on constructivist learning
theory, which states that learning is an
active process carried out by students.
(Thampinathan, 2022). The learning pro-
cess is interactive, and students will ex-
change ideas related to the problems
presented so that they can analyze and
solve them well. (Septian et al., 2020).
There are three CPS model proce-
dures, namely (1) Fact Finding, which in-
volves defining the problem, collecting
and analyzing related data and infor-
mation; (2) Idea Finding, which is related
to generating and modifying ideas about
strategies for solving problems; and (3)
Solution Finding, namely an evaluative
process that culminates in finding the fi-
nal solution (Kartikasari et al., 2022). The
main phases of the creative process are
(1) the imaginative phase, generating and
debating new ideas that emerge to ob-
tain ideas for solving problems, and (2)
the practical phase, where ideas are eval-
vated and implemented (Septian et al,,
2020). Therefore, the CPS stages in
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mathematics learning are (1) Clarification
of the problem, including ensuring that
all students understand what kind of so-
lution is required for the problem; (2)
Brainstorming, students are given the
freedom to express ideas or thoughts
about various problem-solving strategies;
(3) Evaluation and selection, each group
member will evaluate the pros and cons
of each opinion until deciding on a final
choice; and (4) Implementation, carrying
out mathematical calculations using the
final choice resulting from the previous
stage (Kartikasari et al., 2022).

The implementation of CPS needs
to be supported by learning media that
can develop mathematical reasoning
skills. Mathematical reasoning impacts
mathematics learning outcomes; increas-
ing mathematical reasoning will also im-
prove learning outcomes or vice versa
(Chuang et al.,, 2021; Ramazan et al.,
2023). Student worksheets are a learning
resource that can increase activity and
learning outcomes (Munifah et al., 2019).
Student worksheets are sheets contain-
ing instructions for use, questions that
students and materials must complete,
and a summary explaining the basic
competencies that must be achieved
(Basuki & Wijaya, 2019). Applying stu-
dent worksheets in the learning process
is expected to motivate students to im-
prove their reasoning skills. Student
worksheets are learning products that
facilitate students to experiment, in-
crease activity, and achieve learning
goals (Bayram et al., 2003).

The observations and interviews

with mathematics teachers at MTsS Da-
rul Hikmah Pekanbaru and SMPN 8 Pek-
anbaru showed that student worksheets
still need to be improved. The work-
sheets only contain practice questions, so
they do not facilitate students' mathe-
matical reasoning. Student worksheets
should consist of questions and activities
that include instructions on completing
tasks according to basic competencies
and learning outcome indicators to be
achieved (Yasin et al., 2019). Therefore,
the research focused on developing stu-
dent worksheets on Pythagorean theo-
rem content based on Creative Problem
Solving (CPS) to facilitate the mathemat-
ical reasoning abilities of phase D stu-
dents.

METHOD

This research is included in the research
and development category, which is de-
fined as developing a product through
the planning process of conducting prod-
uct validity tests. (Sugiyono, 2021). De-
velopment research aims to produce new
products or refine and improve existing
products. The products made in this
study are student worksheets based on
CPS on the content of the Pythagorean
theorem for grade VIl phase-D.

The development model used in
this research is the 4D development
model by Thiagarajan et al. (1974), with
stages including define, design, develop,
and disseminate. Figure 1 shows the de-
velopment procedure in this study.
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Picture 1. The step of Development Research

Define

Activities in the define stage are problem
analysis and data collection for needs
analysis. Activities to analyze problems
and needs, student characteristics, learn-
ing outcomes, concepts, and learning ob-
jectives are five steps in the define stage.
Problems are analyzed from research and
literature studies (Sugiyono, 2021). Data
collection techniques at the define stage
through observation, interviews, and
conducting tests on students' mathemat-
ical abilities. Observations and interviews
were conducted with teachers of SMPN 8
and MTsS Darul Hikmah Pekanbaru.
Mathematical reasoning ability tests
were conducted on MTsS Darul Hikmah
Pekanbaru class VIII-E students. The re-
sults of the define stage are conclusions
from the analysis activities that will be
used as a basis or focus in the form of
problems and solutions from this study.

Design

The design stage is the stage of design-
ing a product that is developed according
to the data obtained from the analysis
results of the define stage. The design
stage includes four steps, namely (1)
compiling criteria through compiling a
validation sheet to measure the validity
of the product being developed, then
compiling a practicality questionnaire
sheet to measure the practicality of the
product being developed; (2) format se-
lection, namely designing learning me-
dia, selecting strategies, methods, ap-
proaches, and learning resources; (3) me-
dia selection, selecting programs that will
be used to support product development;
and (4) initial product design, creating an
initial product or product design that will
then be assessed at the developing stage.
The design stage produces prototype 1
through a validation questionnaire, a
practicality questionnaire, and an initial




468 | Suanto, E, et al. Development of student worksheets on Pythagorean Theorem Content ...

product design. Student worksheets
were created, which will be assessed later
in development. Student worksheets will
contain the title of the material, instruc-
tions, learning objectives, material, and
practice questions. Student worksheets
are arranged based on the CPS syntax,
namely (1) problem clarification, (2) ex-
pressing opinions, (3) evaluation and se-
lection, and (4) implementation (Shoi-
min, 2020).

Develop

The development stage is carried out by
developing student worksheets from the
design stage. First, the student work-
sheets are validated by expert validators
using validation questionnaire instru-
ments. The development stage is divided
into two steps, namely Expert Appraisal
and Development Testing. An expert ap-
praisal is an activity to validate the prod-
uct being developed. Developmental
testing is a trial activity of a product that
has been created on the actual target.
During this trial, response data, reac-
tions, or comments from the product's
target users are sought. The results of the
trial are used to improve the product.
Expert review is an initial activity,
namely the process of one or more ex-
perts reviewing a rough version of a
product or product still in design. Expert
assessment of student worksheets in-
cludes three aspects, namely face validi-
ty, content validity, and construct validi-
ty. The validation results are analyzed
and revised. After the student worksheet
is declared valid and revised according to
the suggestions given by the validator,
one-to-one sessions are held. The one-
to-one activity obtains input and com-
ments from students, which will be used
to revise the student worksheet. Then, a
small group practicality test is carried out
to assess the practicality of the student

worksheet. The practicality assessment
uses a practicality questionnaire that stu-
dents will fill out. This questionnaire in-
cludes four assessment aspects: ease of
use, presentation, readability, and time.
The results of the practicality question-
naire are analyzed, and then the student
worksheet is revised. The result of this
stage is the final product in the form of a
valid and practical student worksheet.

Disseminate

Spreading a tested product for the use of
others is known as dissemination
(Sugiyono, 2021). Disseminate is handing
over products to school teachers so they
can be used in learning activities (Faizah
et al.,2023). Therefore, this stage is used
for the packaging and disseminating the
final student worksheet products.

The data of this study are quantita-
tive and qualitative. The data sources in
this study were obtained through several
activities: (1) Observation, namely taking
data through observation of the learning
process carried out at SMPN 8 Pekanba-
ru. Then, written in the researcher's
notes: (2) Validation: this data was ob-
tained from the validation questionnaire
the validator had filled out. The valida-
tion questionnaire used a scale of 4 to
obtain quantitative data. It was equipped
with a comment column to obtain quali-
tative data in the form of suggestions and
input, and (3) Trial data was obtained
from the results of observations of one-
to-one activities and students who had
filled out the practicality questionnaire in
small groups with class VIII students of
SMPN 8 Pekanbaru as research subjects.
The one-to-one stage obtained qualita-
tive data related to product clarity and
time usage. The small group used a prac-
ticality questionnaire using a scale of 4 to
obtain quantitative data. It was equipped
with a comment column to obtain quali-



tative data through suggestions and in-
put.

The data collection instrument for
this study was a questionnaire. A ques-
tionnaire is a data collection instrument
that provides written questions that re-
spondents must answer. The question-
naire used in this study was a validation
questionnaire filled out by the validator
and a practicality questionnaire that stu-
dents would fill out. Both questionnaires
used a Likert scale format. The compo-
nent assessment scale in the validation
questionnaire for answers very appropri-
ate was given a score of 4, appropriate
was given a score of 3, inappropriate was
given a score of 2, and very inappropriate
was given a score of 1. The practicality
questionnaire contained questions using
a scale of 4 to strongly disagree, disa-
gree, agree, and strongly agree.

Validity is measured using a validity
questionnaire, which is useful for as-
sessing product quality. (Chotimah &
Festiyed, 2021). The design of student
worksheet validation questionnaire was
designed based on three aspects, namely
(@) face validity with indicators of sup-
porting elements of presentation, inte-
gration of student worksheets, suitability
of images, and suitability of writing; (b)
content validity with indicators of suita-
bility of material with Learning Achieve-
ments, the accuracy of the material, up-
to-dateness of material, encouraging
student activity, and suitability of mate-
rial with student thinking level; and (c)
construct validity with indicators of suit-
ability of student worksheets with CPS
model and indicators of mathematical
reasoning ability, attracting user atten-
tion to learn, clarity of presentation, and
accuracy of language use. The design of
the validation questionnaire grid was
modified by Nainggolan (2022) and Ak-
bar & Holid (2017).

Paskevicius & Irvine (2019) stated
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that practicality is practical or easy to
use. The practicality questionnaire was
designed based on four aspects, namely
(a) ease of use with indicators of ease of
use assessment based on appearance,
ease of implementation in the learning
process, and the availability of adequate
answer space to be filled in (b) presenta-
tion with indicators of clarity of problem
presentation assessment, and under-
standing of the content on the Student
Worksheet; (c) readability with indicators
of clarity of text or writing so that it can
be read, use of simple and understanda-
ble language, and clarity of instructions
for using the student worksheet; and (d)
time with indicators of efficiency of learn-
ing time assessment towards the speed
of student learning. The design of the
practicality questionnaire grid was modi-
fied by Pahrudin et al. (2020).

Data analysis is finding and formu-
lating data collected systematically from
observations, field notes, interviews,
questionnaires, and documentation. This
process includes making easy conclusions
by organizing data into categories, de-
scribing them into units, synthesizing,
and creating patterns. This study analyz-
es qualitative and quantitative data.
Qualitative data analysis reduces data,
which is then presented descriptively.
Data reduction is the analysis process by
sorting out important data that research-
ers need. Quantitative data analysis is
obtained from validation questionnaires
and practicality questionnaires.

Validity analysis is seen from the
validation questionnaire filled out by the
validator with the developed student
worksheets considered valid if they have
a validity value of more than 70%. If the
validity value does not reach 70% in the
study, it means that the student work-
sheets are declared less valid, and a valid-
ity test is carried out again by the re-
searcher. Analysis of the practicality of
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the student worksheets seen from the
contents of the practicality questionnaire
with the developed student worksheets is
considered practical if they have a practi-
cality value of more than 70%. If the prac-
tical quality value does not reach 70% in
the study, then the student worksheets
are revised, and the researcher carries
out a practicality test again.

RESULTS AND DISCUSSION
Results

This study produces student worksheets
on Pythagorean theorem content based
on CPS to facilitate valid and practical
mathematical reasoning skills in the D-
phase through the following stages.

Define

The define stage analyzes problems and
needs, student characteristics, learning
outcomes and concepts, and learning ob-
jectives. Based on the analysis activities,
conclusions were obtained consisting of
several things, including (1) Low mathe-
matical reasoning skills in mathematics
learning, especially in the content of the
Pythagorean theorem for grade VI
phase-D; (2) low use of student work-
sheets and even no CPS-based student
worksheets have been found that can
measure students' reasoning abilities in
mathematics learning; (3) In terms of
student characteristics, students need
LEMBAR KERJA SISWA so that they are
more active and enthusiastic in the learn-
ing process; (4) student worksheets for
the Pythagorean theorem content are
based on learning outcomes that refer to
BSKAP No. 033/H/KR/2022 and the Pan-
casila student profile in accordance with
the independent curriculum; and (5) The
content of the Pythagorean theorem re-
fers to student mathematics books and
teacher guide mathematics books for

grade VIl phase-D of the 2022 independ-
ent curriculum consisting of 7 learning
objectives with a total of 14 lesson hours.
This analysis becomes the basis or foun-
dation for carrying out the next stage.

The result of the define stage is the
Learning Objective Flow of the Pythago-
rean theorem content. Learning Objec-
tive Flow design is based on learning out-
comes. Learning Outcomes (CP) are
knowledge, attitudes, and skills arranged
into a single continuous process to build
complete competencies from a subject.
Learning outcomes are competencies
students must possess at each phase
(Badan Standar Kurikulum dan Asesmen
Pendidikan, 2022). The Learning Objec-
tive Flow design results can be seen in
Table 2.

Table 2. Learning Objective Flow Pythagorean
Theorem Content

Unit Students can demonstrate the truth
Learning of the Pythagorean theorem and use
Objectives it to solve problems (including the
distance between two points on the
Cartesian coordinate plane).
Learning G.1 Proving the Pythagorean theo-
Objectives rem
Flow G.2 Calculating the hypotenuse and
other sides of a right triangle
using the Pythagorean theorem
G.3 Determining Pythagorean tri-
ples
G.4 Determining the length of a
triangle's side using the Pythag-
orean theorem
G.5 Comparing the sides of a special
right triangle
G.6 Solving problems in everyday
life related to the Pythagorean
theorem
G.7 Applying the Pythagorean theo-
rem to find the distance be-
tween two points on the Carte-
sian coordinate plane t Carte-
sian).
Element Geometry
Content Pythagorean Theorem
Total 14
lesson
hours




Profile of Critical, creative, and collaborative

Pancasila thinking

Students

Glossary Hypotenuse, Pythagoras, right trian-
gle, acute triangle, obtuse triangle,
theorem, Pythagorean theorem

The content arrangement in this study
refers to the independent curriculum,
namely that listed in the BSKAP Ke-
mendikbudristek 2022 learning guide.
The student worksheets developed are
based on the Learning Objective Flow in
Table 1. The content of the Pythagorean
theorem is divided into seven topics,
namely proving the Pythagorean theo-
rem, finding the length of the hypote-
nuse, Pythagorean triples, the length of
the sides of a triangle with the Pythago-
rean theorem, Special triangles, applying
the Pythagorean theorem, and the dis-
tance between two points on the Carte-
sian coordinate plane.

Design

The design stage consists of designing
validation and practicality instruments
that will be used to measure the validity
and practicality of student worksheets.
Researchers also select a format adjusted
to the CPS model and the media chosen,
namely printed media in the form of stu-
dent worksheets. The final activity at this
stage is to create an initial design of the
student worksheet consisting of 7 sub-
topics of the Pythagorean theorem on
geometric elements referring to BSKAP
No.033/H/KR/2022. The results of this
stage are prototype 1 in the form of a val-
idation questionnaire, a practicality ques-
tionnaire, and an initial design of the
CPS-based Pythagorean theorem stu-
dent worksheet.

The product of developing student
worksheets based on CPS on the Pythag-
orean theorem content to facilitate rea-
soning skills in the form of a book with a
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structure of cover, foreword, table of
contents, learning flow and objectives,
concept maps, and student worksheets.
The learning flow and objectives page
contains the identity, unit learning objec-
tives, learning objectives, rationale for
compiling the learning flow and objec-
tives, and the learning objective flow.
The components of the student work-
sheet consist of the cover, the student
worksheet's contents, the student work-
sheet, and the end of the student work-
sheet. The student worksheet's cover
consists of the student worksheet's title,
the material's title, supporting images,
student identity, learning objectives, and
instructions for completing the student
worksheet. The learning objectives for
each student worksheet are made based
on the learning material for each meet-
ing.

The content of the student work-
sheet is designed according to the CPS
model, which consists of 4 stages: prob-
lem clarification, opinion expression,
evaluation and selection, and implemen-
tation. The initial part of the student
worksheet presents a contextual problem
related to students, or students can im-
agine that. Furthermore, at the problem
clarification stage, a column is given
known and asked, and several questions
that can trigger students' understanding
of the problem given. Students' answers
at the problem clarification stage indicate
that they have understood the problem
presented and the plan for solving it. The
second stage is opinion expression. At
this stage, students are asked to fill in
what opinions or strategies will be used
by students to solve the problem. The
third stage is evaluation and selection;
each group discusses the right strategy to
solve the problem and works on the ac-
tivities presented on the student work-
sheet that can help find the strategy. The
fourth stage is implementation. At this
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Table 3. Results of Student Worksheet Validation Analysis

Validator Rating Aspects of Assessment Validation
Average Face Validity  Content Validity Construct Validity Average
student worksheet -1 96,35% 93,06% 96,21% 95,21%
student worksheet -2 95,83% 92,36% 96,21% 94,80%
student worksheet -3 95,83% 92,36% 95,45% 94,55%
student worksheet -4 95,83% 93,75% 96,21% 95,26%
student worksheet -5 96,88% 93,06% 94,70% 9¢4,88%
student worksheet -6 96,35% 93,75% 97,73% 95,94%
student worksheet -7 95,31% 93,06% 96,21% 94,86%
average 96,05% 93,06% 96,10% 95,07%

Category Very Valid Very Valid Very Valid Very Valid

stage, students solve the problem until it
is finished using the previously agreed
strategy.

The final part of the student work-
sheet contains the activities “"Conclusion”
and “Let’s Practice!”. Students are asked
to make conclusions from the material in
the student worksheet activities. Fur-
thermore, in the Let's Practice section, 1
or 2 questions regarding the related ma-
terial are given. The questions are con-
textual, meaning familiar or close to the
students' daily lives.

Develop

Prototype 1, produced from the design
stage, was discussed again with the su-
pervising lecturer. The student work-
sheets that the supervising lecturer had
approved were then validated by three
validators: two lecturer validators and
one practitioner validator. The validators
in this study were: (1) L1, validation was
carried out face-to-face. She is a lecturer
from Mathematics Education, University
of Riau; (2) L2, validation was carried out
via mail review. She is a lecturer from
Mathematics Education, University of
PGRI Jombang; and (3) L3, validation was
carried out face-to-face. She is a driving
teacher for the mathematics subject
from SMPN 4 Pekanbaru. Validation ac-
tivities help obtain assessments and sug-
gestions for improving student work-
sheets. The results of the validation of
student worksheets by the validators can

be seen in Table 3. The average percent-
age for all student worksheets in the as-
pects of face validity, content validity,
and construct validity was obtained at
96.05%, 93.06%, and 96.10%, respective-
ly, with a very valid category.

The average percentage of valida-
tion results of the three validators for the
entire student worksheet obtained based
on Table 3 is 95.07% with a very valid cat-
egory. The average percentage of valida-
tion values for each student worksheet
from the three validators obtained is
95.21% for student worksheet-1 with a
very valid category, 94.80% for student
worksheet-2 with a very valid category,
94.55% for student worksheet-3 with a
very valid category, 95.26% for student
worksheet-4 with a very valid category,
94.88% for student worksheet-5 with a
very valid category, 95.94% for student
worksheet-6 with a very valid category,
and 94.86% for student worksheet-7 with
a very valid category. The validator con-
cluded that the student worksheet was
worth being tested with revisions accord-
ing to suggestions. The average valida-
tion results by the three validators for the
entire student worksheet were 95.07%
with a very valid category, meaning that
the CPS-based student worksheet with
Pythagorean theorem content to facili-
tate the mathematical reasoning abilities
of phase-D students has met the validity
aspects used.

The student worksheets have un-
dergone considerable improvements af-



ter being revised according to the sug-
gestions given by the validator. The re-
sulting student worksheets included
problems based on the indicators of
mathematical reasoning ability. Contex-
tual images accompany the student
worksheets to describe problems in real
situations. The student worksheets also
include supporting sources of infor-
mation that can foster students' reason-
ing abilities. The sentences on the stu-
dent worksheets have been written clear-
ly and are easy to understand. The end of
the student worksheet contains evalua-
tion questions to measure the achieve-
ment of students' mathematical reason-
ing abilities, one of which is contextual.

The result of the overall revision
based on the suggestions and input given
is a valid student worksheet. The student
worksheet has been declared valid quali-
tatively and quantitatively. The student
worksheet is qualitatively declared valid
based on the results of comments and
suggestions from the validator. The stu-
dent worksheet has been quantitatively
declared valid based on the questionnaire
results with the "very valid" category.

The student worksheets were then
given to three students at SMPN 8 Pek-
anbaru to carry out one-to-one activities.
The purpose of the one-to-one activity
was to determine the readability of the
student worksheets and the reactions of
students who had heterogeneous ability
levels when working on the student
worksheets, which were used to improve
the student worksheets. The researcher
provided an introduction before the stu-
dents worked on the worksheets. The
researcher provided instructions on read-
ing and understanding each activity in
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the student worksheets to the maximum.
The researcher also allowed students to
ask questions if they needed help under-
standing the instructions on the student
worksheets.

The results of the one-to-one activi-
ty were that students could complete the
student worksheets according to the
specified time, which was 35 minutes for
one student worksheet. The time record-
ed included the questioning activity. It
shows that student worksheets can be
used in learning activities at school with a
minimum of two lesson hours for one
student worksheet. At the end of the
one-to-one activity, the researcher dis-
cussed with students the student work-
sheets developed to obtain suggestions
and comments from students, namely
the presence of incorrect use of words,
difficult-to-understand problem sentenc-
es, and typing errors on the student
worksheets. Based on these suggestions
and comments, the researcher improved
the student worksheets. The results of
the improvements to the student work-
sheets from the one-to-one stage are
called prototype 2.

The next stage is a small group
where student worksheets are given to 15
students of class VIII SMPN 8 Pekanbaru
for seven meetings. Each student is given
a worksheet to work on and discuss in
groups. The researcher briefly explains
the instructions for completing the stu-
dent worksheets that will be worked on.
The researcher accompanies and directs
students if they need help completing the
student worksheets. The researcher also
observes the activities and responses of
students when working on the student
worksheets.
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Table 4. Results of the Student Practicality Questionnaire in Small Group Activities

Average Value of Student Practicality Questionnaire for Student

Assessment As- Worksheets (%) Aver-
pects age
1 2 3 4 5 6 7
Ease of Use 92,78 95,00 90,83 92,78 90,83 90,83 89,17 91,75
Presentation 91,67 90,67 88,67 87,67 87,67 85,00 87,00 88,34
Readability 88,33 89,00 89,33 90,00 90,67 91,33 8833 8957
Time 88,33 89,17 87,50 87,50 86,67 87,50 88,33 87,86
Average Practicality  go,28 90,96 89,08 89,49 88,96 88,67 88,21 89,38
Category Very Very Very Very Very Very Very Very

Practical Practical Practical Practical Practical Practical Practical Practical

Based on the researcher's observa-
tions, some students had doubts at the
beginning of the learning process and
asked questions when completing the
student worksheet. After students under-
stood the work procedure and discussed
it with their group members, students
became more active in completing the
activities on the student worksheet. The
researcher distributed a practicality ques-
tionnaire to students after completing
the student worksheet. The results of this
practicality questionnaire assessed the
student worksheet's practicality. The re-
sults of the practicality analysis are
shown in Table 4.

Based on Table 4, it is obtained that
the average percentage of the practicali-
ty questionnaire from student work-
sheet-1, student worksheet-2, student
worksheet-3, student worksheet-4, stu-
dent worksheet-5, student worksheet-6,
and student worksheet-7 are respectively
90.28%, 90.96%, 89.08%, 89.49%,
88.96%, 88.67%, and 88.21% with a very
practical category. Regarding ease of
use, the average percentage of the prac-
ticality questionnaire for student work-
sheet-1 to student worksheet-7 is 91.75%,
meaning that the student worksheet is
easy to use or has been categorized as
practical. The readability aspect obtained
an average percentage of 89.57%, mean-
ing that the writing of sentences is clear
so that it can be understood. The presen-
tation aspect obtained an average per-

centage of 88.34%, meaning that the
presentation of the material has been
presented well so that it is categorized as
very practical. The time aspect obtained
the lowest average percentage value of
87.86%, which means that some re-
spondents still feel that more time is
needed to complete student worksheets.
The results of the practicality question-
naire on student worksheets on the Py-
thagorean theorem content based on
CPS for students in phase D show that
student worksheets meet the very practi-
cal category with an average practicality
score of 89.38%.

In the comments and suggestions
section of the practicality questionnaire,
students stated that the developed stu-
dent worksheets could help them under-
stand the content of the Pythagorean
theorem. Students stated that the stu-
dent worksheets had a display design and
color composition that was quite attrac-
tive, so they were enthusiastic about
working on the student worksheets.
Some of the comments and suggestions
from students can be seen in Figure 2.
Small group activities such as student
worksheets experienced slight improve-
ment. The results of small group activi-
ties are called final products in the form
of valid and practical student worksheets.
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Translated
The material is exciting
The way to teach student worksheets is interesting and easy to
understand.
The use of words on student worksheets is very easy to under-
stand, the questions are challenging so | am interested in doing
them. Student worksheets make it easier for me to understand
the Pythagorean theorem material.
Student worksheets are interesting, easy to understand and very
helpful in math lessons.

Figure 2. Comments and Suggestions on the Practi-
cality Questionnaire

Disseminate

The dissemination stage consists of 2 ac-
tivities: product packaging and product
distribution to product users to schools
by submitting student worksheets to the
school, namely SMPN 8 Pekanbaru. The
following is a cover display of the packag-
ing of student worksheets for the Py-
thagorean Theorem content based on
CPS, which can facilitate the mathemati-
cal reasoning abilities of phase-D stu-
dents.

&0
LKpE

(Lembar Kerjo Peserta Didik)
Teorema Pythagoras

Figure 3 Final Product Cover
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Discussion

This research and development study
used the stages in the 4-D development
model. In the define stage, the researcher
reviewed the analysis of problems and
learning needs, student characteristics,
curriculum, and materials. This analysis
shows that learning in schools uses the
Merdeka curriculum, and students need
student worksheets that can facilitate
reasoning skills by the CPS model, thus
helping students review and solve prob-
lems faced by using the information ob-
tained. The results at this stage are ana-
lytical conclusions used to proceed to the
design stage.

Researchers compile validation and
practicality questionnaires to measure
validity and practicality in the design
stage. Researchers also select student
worksheet formats that are adjusted to
the CPS model. The final activity at this
stage is to create an initial design of stu-
dent worksheets consisting of 7 sub-
topics of the Pythagorean Theorem on
geometry elements that refer to the
Merdeka curriculum. The results at this
stage are called prototype 1.

Prototype 1 was discussed with the
supervisor and continued to the next de-
velopment stage. This stage is divided
into two activities, namely (1) expert ap-
praisal consisting of expert review and
one-to-one activities and (2) develop-
ment testing; the activities carried out in
this study were small groups. The results
of the expert appraisal and development
testing stages were, respectively, proto-
type two and the final product. The re-
sults of the expert review and one-to-one
activities were in the form of student
worksheets declared valid. The average
percentage results of the overall valida-
tion questionnaire from the three valida-
tors were 95.07% with a very valid cate-
gory. A student worksheet's validity is
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based on the opinion that student work-
sheets can be considered valid if they
have a validity value of more than 70%
(Akbar & Holid, 2017).

Regarding face validity, the student
worksheets obtained an average validity
percentage of 96.05% with a very valid
category. Namely, the student work-
sheets already have a good appearance
based on the integration and suitability
of the presentation of supporting ele-
ments, images, and writing. In line with
Gustiningsi et al. (2022) & Widodo et al.
(2023), student worksheets are attractive
to motivate students to follow the learn-
ing process. The average percentage of
validity obtained by the student work-
sheet in the content validity aspect is
93.06% with a very valid category, mean-
ing that the material or content of the
student worksheet has been included and
adjusted to the learning achievements
and learning objectives to be achieved,
relevant to the 8th-grade junior high
school mathematics textbook. (Tohir et
al., 2022). Regarding construct validity,
the student worksheet obtained an aver-
age validity percentage of 96.10% with a
very valid category, meaning that the
student worksheet was by the CPS syn-
tax according to Shoimin (2020) and indi-
cators of mathematical reasoning ability
according to Linola (2017). Therefore, the
CPS-based student worksheet on the Py-
thagorean theorem content has fulfilled
the validity aspect. Nur Hasanah et al.
(2023) also stated that the student work-
sheets were valid and could then be test-
ed.

The validated student worksheets
were given to 3 students to be done one
to one. The revision of the student work-
sheets at this stage was only in the form
of improvements to the use of words,
more straightforward problem sentenc-
es, and typos on the student worksheets.
The result of revising the student work-

sheets was prototype 2, which was valid
and could be continued to small group
activities.

Small group activities were con-
ducted to assess the practicality of stu-
dent worksheets based on the practicali-
ty questionnaire data analysis results.
The average percentage of practicality
results for all student worksheets is
89.38% in the very practical category,
meaning that student worksheets based
on CPS with Pythagorean theorem con-
tent facilitate mathematical reasoning
abilities that meet the practicality aspect.

The average percentage of the
practicality questionnaire obtained on
the ease of use aspect of student work-
sheet-1 to student worksheet-7 is 91.75%,
with a very practical category. The aspect
is assessed based on ease of use in ap-
pearance so that students can easily use
student worksheets when studying.
Pahrudin et al. (2020) stated that one of
the advantages of using student work-
sheets is clarity and ease of use during
implementation in the learning process.
In terms of presentation, the average
percentage of practicality obtained is
88.34%, which is a very practical catego-
ry. The material, learning activity flow,
and problems have been presented well.
The readability aspect obtained an aver-
age percentage of practicality of 89.57%,
which is a very practical category, which
means that the writing of sentences is
clear and can be easily understood. Fitni
et al. (2023) stated that student work-
sheets are practical with clear and easy-
to-understand writing, language, and
sentences. The time aspect obtained the
lowest average percentage of 87.86%,
including the very practical category.
Several respondents felt the need for
more time to complete student work-
sheets due to limited time availability
during the study. Fitriyani et al. (2023)
stated that students only completed



some questions on the student work-
sheet due to the short implementation
time. Students also commented on the
developed student worksheet, saying
that it was interesting and easy to under-
stand, and the writing on the student
worksheet was clearly legible. The results
of the small group activities were ana-
lyzed and revised to produce a final prod-
uct in the form of a valid and practical
student worksheet.

Each activity on the student work-
sheet is adjusted to the CPS syntax and
the reasoning ability indicators to be
achieved. This includes (1) presentation
of contextual problems so that students
feel familiar or close to them; (2) students
are asked to understand the problem so
that they can present mathematical
statements independently; (3) students
are allowed to express their opinions and
discuss with groups so that they can carry
out mathematical manipulation and pro-
vide truth to the solution; and (4) solve
problems based on the information ob-
tained until finally making a logical con-
clusion. This study is in line with the
statement that student worksheets are a
learning resource that can increase stu-
dent activity and learning outcomes,
which impact students' mathematical
reasoning abilities. (Pahrudin et al,
2020).

The changes in students' mathe-
matical reasoning abilities are supported
by students' involvement in active learn-
ing, in accordance with students' com-
ments, which stated that they were more
enthusiastic and interested in participat-
ing in the learning process. This is in line
with Kartikasari et al. (2022) & Septian et
al. (2020), who stated that CPS also re-
sulted in students being more active in
learning. According to Vygotsky, the
quality of learning depends on the quality
of student interaction in the learning pro-
cess (Mota-Valtierra et al., 2019). This is
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in accordance with the theory of con-
structivism, which has the principle of an
active process in learning so that stu-
dents can construct their knowledge well
(Thampinathan, 2022). According to Su-
listyowati & Sugiman (2014), learning
with CPS is related to the theory of con-
structivism because the exchange of ide-
as carried out by students in learning ac-
tivities with CPS results in students being
able to solve the problems given so that
they obtain good learning outcomes.
Good learning outcomes can also have an
impact on students’ mathematical rea-
soning abilities (Chuang et al., 2021;
Ramazan et al., 2023).

CPS has an important role in influ-
encing mathematical reasoning ability in
this study. This is in accordance with sev-
eral research results which state that the
application of the CPS model has been
proven to improve mathematical reason-
ing ability effectively (Hamid et al., 2023).
This shows empirical evidence that CPS-
based student worksheets can have a
positive impact on students' reasoning
ability.

The advantages of this study are
that the student worksheets have an at-
tractive appearance, and the problems
given are familiar to students. The prod-
uct consists of seven student worksheets,
meaning it covers the entire scope of the
Pythagorean theorem content. However,
the disadvantage of this study is that it
has yet to measure the effectiveness of
the student worksheets. In addition, the
items in the validation and practicality
questionnaires have yet to show the CPS
model and indicators of mathematical
reasoning ability specifically.

Implication of the Research

The results of this study have implica-
tions for mathematics learning, especial-
ly on the Pythagorean theorem material,
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namely that teachers can use student
worksheets as a reference for learning
media in the teaching and learning pro-
cess according to the current Merdeka
curriculum. Research on developing CPS-
based student worksheets on the Py-
thagorean theorem material that can fa-
cilitate mathematical reasoning skills.
Therefore, this study can be used as a
source of information as well as a refer-
ence for other studies that want to de-
velop student worksheets using different
materials or abilities. The development of
CPS-based Pythagorean theorem con-
tent student worksheets has met the re-
quirements for validity and practicality
but has yet to reach the point of measur-
ing effectiveness. This allows for further
research to be carried out on an effec-
tiveness test so that trials can be carried
out on a wider scale.

Limitation

This research employs the 4D method,
encompassing distinct stages where the
researcher undertakes specific activities.
While precision is emphasized at each
stage, achieving absolute perfection is
not the primary focus. Further testing is
required to assess the effectiveness of
the resulting product across a broader
range of subjects.

CONCLUSION

This study produced a product in the
form of a student worksheet on the Py-
thagorean theorem content that was ad-
justed to CPS so that mathematical rea-
soning abilities were facilitated. The stu-
dent worksheet produced has been vali-
dated and tested to obtain a very valid
and practical category. Therefore, the
student worksheet on the Pythagorean
theorem content based on CPS to facili-
tate the mathematical reasoning abilities

of phase-D students has met the re-
quirements of being valid and practical.
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Abstract

Some students find trigonometric ratios challenging. Research on the application of Local Instruction Theory
(LIT) in trigonometry is limited, particularly in secondary school understanding of trigonometric ratios. This
study aims to develop an LIT for trigonometric ratios using Realistic Mathematics Education (RME). The re-
searcher designed a learning pathway to help students grasp the fundamental concepts of trigonometric ra-
tios. The study employs a research design methodology, developing a Hypothetical Learning Trajectory (HLT)
to improve students' understanding. The development of LIT for Trigonometric Ratios follows three stages:
initial design, teaching experiments, and retrospective analysis. Students demonstrated the ability to under-
stand trigonometric ratios through the learning process. The findings suggest that the use of LIT-based in-
structional materials, incorporating RME principles, significantly enhances students' conceptual understand-
ing of trigonometric ratios in high school.
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Abstrak
Beberapa siswa menganggap materi perbandingan trigonometri cukup sulit. Penelitian tentang penerapan Local
Instruction Theory (LIT) dalam pembelajaran trigonometri masih sangat terbatas, khususnya terkait dengan pem-
ahaman rasio trigonometri di sekolah menengah. Penelitian ini bertujuan untuk mengembangkan Local Instruc-
tion Theory (LIT) perbandingan trigonometri dengan menggunakan Realistic Mathematic Education (RME). Da-
lam upaya membantu siswa membangun konsep dasar pada materi perbandingan trigonometri, peneliti
mengembangkan alur LIT dengan menemukan jalur pembelajaran yang efektif. Pencapaian tujuan penelitian
menggunakan desain penelitian. Serangkaian kegiatan mengembangkan Hypothetical Learning Trajectory (HLT)
sehingga siswa sekolah menengah atas (SMA) memiliki pemahaman yang lebih baik tentang perbandingan trig-
onometri. Pengembangan Local Instruction Theory untuk Perbandingan Trigonometri meliputi tiga tahap yaitu
mengembangkan desain awal, melakukan percobaan pengajaran, dan melaksanakan analisis retrospektif. Siswa
mampu membangun pemahaman tentang perbandingan trigonometri selama proses pembelajaran berlangsung.
Berdasarkan analisis kualitatif eksperimen pengajaran, penelitian ini berimplikasi pada penguatan Local Instruc-

tion Theory (LIT) perbandingan trigonometri dan pengembangan bahan ajar berbasis RME.

INTRODUCTION

The topic of trigonometric ratios is funda-
mental in the application of advanced applied
sciences and pure sciences. Various fields of
study require the use of trigonometry as an
essential basis for applying their concepts. For
example, the utilization of trigonometric ra-
tios supports the proof of Kepler's first law
(Simha, 2021). The importance of under-
standing trigonometric ratios lies in its role as
fundamental knowledge for comprehending
pre-calculus and calculus, such as algebra, ge-
ometry, and the ability to create graphs (We-
ber, 2005). Trigonometric comparison is uti-
lized in calculating the width or height of vari-
ous shapes, such as a bridge, household tools,
and bicycles (Urrutia et al., 2019). Indeed, stu-
dents see the topic of trigonometric ratios as
challenging (Blackett & Tall, 1991; Weber,
2005; Yigit Koyunkaya, 2016; Karthikeyan,
2017; Urrutia et al., 2019; Nordlander, 2022).
During the initial stage of learning, students
encounter difficulties in connecting triangle
images to numerical relationships, as well as
problems in manipulating the involved sym-
bols (Blackett & Tall, 1991), and many stu-
dents are unable to overcome these difficul-
ties. While studying right triangles, students
struggled to grasp the concept of trigonomet-
ric functions, such as sine, cosine, and tan-
gent, which are defined as ratios (Weber,
20053, 2008). According to Yigit (2016), stu-
dents exhibit a lack of flexibility when solving
trigonometric comparison problems (Yigit
Koyunkaya, 2016). Students expressed that
trigonometry was a subject that was highly

stimulating and conceptual in comparison to
other areas of mathematics (Karthikeyan,
2017). According to Sandip's research, trigo-
nometry is a challenging subject that is dis-
connected from everyday life (Urrutia et al.,
2019). Typically, students struggle to distin-
guish the front side, side view, and slanted
side of a right triangle even though this dis-
tinction greatly aids their comprehension of
trigonometric ratios. The topic of trigonomet-
ric comparison is considered abstract for stu-
dents (Karthikeyan, 2017).

From the preliminary study and litera-
ture review conducted by the researcher on
textbooks, instructional videos, analysis of
students' learning difficulties, and curriculum
analysis, several aspects have caught the re-
searcher's attention. One of these aspects is
the emergence of real-world contexts in trig-
onometry materials in textbooks. Various ex-
amples have begun to present contextual sit-
vations, but teachers still need to learn how
students might construct formal concepts
from the presented contextual case. Batanero
dan Diaz (2012) argue that the existing text-
books and curriculum documents need to suf-
ficiently support learning, as the presented
concepts are narrow in scope (Batanero &
Diaz, 2012).

The typical pattern of learning that
occurs in the delivery of contextual math-
ematics is the initial introduction and
presentation of example problems, fol-
lowed by the completion of practice exer-
cises using general formulas. The typical
pattern of learning still represents the
teaching culture in carrying out the



learning process. According to Weber
(2005), mathematics learning in schools
still follows the conventional sequence of
explanation, example provision, and
problem-solving practice. The learning
process via direct application of general
formulas can prevent students from de-
veloping their mathematical concepts in-
dependently (Weber, 2005b). Their think-
ing patterns need to be trained, resulting
in a lack of familiarity with how these for-
mulas are derived.

The application of real-life models
to formal mathematical concepts has yet
to be documented in supporting learning
materials. The teacher must possess the
ability to elucidate the models generated
by students during the learning process,
which can subsequently facilitate the
comprehension of formal mathematics.
Turmudi (2018) states that students
should have a strong desire in the learning
process to independently discover con-
cepts, if teachers provide facilities, teach-
ing materials, and learning resources (Tur-
mudi, 2012).

According to Sandip's research, trig-
onometry is a challenging subject that is
disconnected from everyday life (Adhikari
& Subedi, 2021; Asomah et al., 2022;
Dhungana et al., 2023). To bridge this gap,
Realistic Mathematics Education serves
as an alternative to teaching trigonomet-
ric ratios. Realistic Mathematics Educa-
tion (RME) is a teaching and learning
method in math education that follows
the philosophy of Hans Freudenthal, who
sees math as a human endeavor.
(Freudenthal, 1973; Gravemeijer & Ter-
wel, 2000; Treffers, 1987; Van den Heuvel-
Panhuizen & Drijvers, 2020).

Realistic Mathematics Education is
characterized by students experiencing a
concrete learning process that is aligned
with real-life situations and contextual-
ized according to their everyday lives (Yu-
anita et al., 2018). Students undergo an
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informal process of constructing their un-
derstanding based on what they see, ob-
serve, and comprehend about their sur-
rounding environment, be it at home,
school, or wherever they learn (Meika,
2018).

The three primary ideas of Realistic
Mathematics Education are guided rein-
vention and progressive mathematizing,
didactical phenomenology, and self-de-
veloped models. (Gravemeijer, 1994).
During the teaching and learning process,
these three principles are elaborated into
five characteristics of RME, namely: 1)
Building and solidifying; 2) degree and
frameworks; 3) contemplation and spe-
cific task; 4) societal environment and
communication; and 5) organizing and in-
tertwining (Gravemeijer, 1994; Lange,
1987). The significance of the Realistic
Mathematics Education approach resides
in its ability to empower students to de-
velop concepts through interactive teach-
ing and learning processes. The teachers
have a crucial role in enabling students to
explore concepts using both administra-
tive and motivational methods (Meika,
2018).

The mistakes made by previous stu-
dents should not be repeated in the fol-
lowing years. The provision of instruc-
tional materials is an effective solution for
improving the situation and facilitating re-
covery. The focus of learning will be fur-
ther narrowed down if the instructional
materials used are appropriate. In this
teaching material, steps are needed that
can facilitate students' learning paths. Ac-
cording to Gravemeijer, to improve math-
ematics education, it is necessary to im-
plement an instructional design that facil-
itates learning and enables students to
progress from their current level of think-
ing to a more sophisticated level of math-
ematical thinking (Gravemeijer, 2004).

Local Instruction Theory (LIT) is a
comprehensive theory that includes both
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the process of acquiring knowledge on a
specific topic and the methods used to fa-
cilitate that learning (Liljekvist et al.,
2017). LIT was developed in the 1990s as
part of an ongoing research initiative into
the adaptation of instructional strategies
within mathematics education. LIT has
been primarily applied in various educa-
tional contexts, particularly in mathemat-
ics classrooms across several countries,
including the Netherlands, where the the-
ory was initially developed. It is also rele-
vant to the Indonesian educational con-
text, as demonstrated in our study. Grave-
meijer states that Local Instruction The-
ory is an exact theory that can assist stu-
dents in developing mathematical think-
ing on a particular topic or material
through detailed and gradual instruc-
tional medium (Gravemeijer, 2004). Re-
searchers will develop a systematic learn-
ing path, also known as a learning trajec-
tory, within the process of teaching and
learning. This design is the one Gravemei-
jer mentioned.

LIT is used to describe the appropri-
ate learning route or learning activities.
LIT not only offers how learning takes
place but also facilitates a range of spe-
cific learning activities that may work. The
existence of LIT provides a basis for teach-
ers to consider adaptations that may be
needed inimplementing new approaches.
In addition, LIT offers a framework in
which teachers can develop hypotheses
about learning trajectories. LIT is tailored
to the specific circumstances of the partic-
ular class and teacher. Teachers need to
build HLT (Hypothetical Learning Trajec-
tories) that are suitable for their own situ-
ations while using LIT as a foundational
reference (Gravemeijer, 2004).

Understanding and applying (LIT) is
essential for teachers as it serves as a
bridge between theoretical frameworks
and practical classroom instruction. LIT
provides a structured approach to

creating Hypothetical Learning Trajecto-
ries (HLTs), which help teachers antici-
pate and guide students' learning pro-
cesses while adapting to their evolving
needs. This process enables educators to
align instructional activities with students'
thinking and learning paths, ensuring a
deeper and more meaningful understand-
ing of mathematical concepts.

For example, guided reinvention
and mathematization are central aspects
of LIT. These strategies empower stu-
dents to develop informal problem-solv-
ing methods that can be refined into for-
mal mathematical reasoning, fostering
their ability to connect classroom learning
with real-world applications. Teachers'
proficiency in LIT also facilitates the iden-
tification and addressing of misconcep-
tions, promoting continuous conceptual
development (Gravemeijer & Doorman,
1999; Van Den Heuvel-Panhuizen, 2002).

Furthermore, professional develop-
ment programs incorporating LIT princi-
ples have demonstrated that teachers
equipped with this knowledge are better
prepared to design effective and flexible
instructional sequences tailored to their
students' needs. These programs empha-
size the importance of using LIT to design
activities that encourage reasoning, dis-
cussion, and reflection, which are key for
fostering higher-order thinking skills
(Gravemeijer, 2004).

The implementation of Local In-
struction Theory (LIT) by teachers is often
done through a contextual activity-based
approach to help students understand
mathematical concepts. For example, in
teaching the concept of combination with
the RME approach, teachers can use
demonstrations such as handshakes or
color mixing to connect abstract concepts
to real-world situations, which have been
shown to be effective in improving stu-
dent understanding. However, teachers
face challenges in adjusting learning



designs to meet the needs of heterogene-
ous students, especially in aligning the
Hypothetical Learning Trajectory (HLT)
with classroom dynamics. Teachers have
difficulty in designing learning activities
that are contextual enough and engage
students at a deeper level of engagement
(Meika et al., 2019).

Based on preliminary research con-
ducted by the researcher, no teacher at
this school has everimplemented Local In-
struction Theory (LIT) in teaching, particu-
larly in the topic of trigonometric ratios.
The lack of training and understanding of
how to apply LIT to the curriculum is the
main reason why teachers have not uti-
lized this approach. As Gravemeijer notes,
although LIT has proven effective in cer-
tain educational contexts, its implemen-
tation requires a deep understanding of its
principles and methods. Teachers often
face challenges when trying to apply inno-
vative teaching strategies like LIT due to
limited opportunities for professional de-
velopment and curriculum constraints
(Gravemeijer & Doorman, 1999). Further-
more, adapting LIT to specific topics, such
as trigonometric ratios, can be a barrier if
teachers do not have the necessary tools
and support. Therefore, the lack of LIT im-
plementation in this school makes it a rel-
evant area for further research develop-
ment.

HLT is developed for each learning
activity and plays a crucial role in design-
ing student learning tasks. The implemen-
tation of teaching is closely tied to the
learning trajectory, which includes a
planned sequence of learning content and
the conceptual map students navigate
during the learning process (Prahmana,
2016). In the subsequent phase, a Local In-
struction Theory (LIT) for trigonometric
ratios is developed.

Based on the explanation above,
there is a need for the development and
design of instructional materials that can
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minimize students' difficulties in develop-
ing thinking processes through Realistic
Mathematics Education (RME) to con-
struct an understanding of trigonometry
content. These instructional materials are
expected to be obtained through the de-
sign of LIT. This approach aims to address
several challenges faced by students and
to foster the development of their mathe-
matical thinking, particularly in under-
standing trigonometric ratios through Re-
alistic Mathematics Education.

According to the given definition, it
is crucial to create and design instruc-
tional resources that can reduce students'
challenges in developing cognitive pro-
cesses through Realistic Mathematics Ed-
ucation to build comprehension of trigo-
nometric concepts. The desired teaching
materials are obtained through the LIT
design. The LIT design is used to address
the difficulties experienced by students
and to enhance their mathematical think-
ing process, particularly their understand-
ing of trigonometric ratios through Realis-
tic Mathematics Education.

METHOD

In the book Educational Design Research
by Koeno Gravemeijer, the conclusion
highlights the importance of design re-
search in bridging theory and practice
within education. Design research allows
for the development of innovative and
contextually relevant learning tools that
can be adapted and tested in real class-
room environments. One of its key
strengths is the ability to generate new
theories based on real-world learning ex-
periences, emphasizing the interaction
between students, teachers, and learning
materials (Nieveen et al., 2006).
Moreover, design research provides
a framework for continuous reflection and
improvement of teaching practices and
learning strategies through iterative
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cycles of development, implementation,
and evaluation. This ensures that the edu-
cational solutions developed are both ef-
fective and adaptable, ultimately enhanc-
ing the overall quality of education.
Through this process, design research
contributes to creating educational solu-
tions that are both grounded in theory
and practical in diverse educational set-
tings.

A design research method based on
Gravemeijer's approach is the research
methodology used. This research method
is focused on local instruction theory, or
LIT, which was developed by researchers
in collaboration with teachers to achieve
better learning quality (Gravemeijer & van
Eerde, 2009). A study paradigm known as
"design research" tries to create a series of
tasks and comprehend the workings of
the learning process. This study aims to
develop and construct a Local Instruction
Theory (LIT) on the subject of trigonomet-
ric ratios, with a focus on Realistic Mathe-
matics Education (RME).

Gravemeijer proposes a research
design for the development of local in-
struction theory. The research design con-
sists of three phases: 1) preliminary design
(developing initial design), 2) teaching ex-
periment (doing teaching experiment),
and 3) retrospective analysis (performing
retrospective  analysis) (Gravemeijer,
2004). Preliminary design is the outcome
of an initial learning plan aimed at imple-
menting ideas about the development of
instructional materials for LIT (Meika,
2018). This design is expected to support
students in the construction of mathe-
matical thinking from an informal form to
a formal one. The construction of mathe-
matical thinking is achieved through a
guided reinvention process facilitated by
mathematizing. Mathematizing refers to
several ways of managing learning activi-
ties to demonstrate mathematical charac-
teristics, such as generality, certainty,

accuracy, and agqility (Loc & Hao, 2016).
The purpose of the teaching experiment is
to evaluate the effectiveness of the in-
structional materials for LIT. Retrospec-
tive analysis is employed to examine the
complete dataset of the teaching experi-
ment outcomes.

HLT is applied in every learning ac-
tivity and has a crucial role in designing
learning activities for students. The exe-
cution of learning is indissociable from the
learning trajectory, encompassing a delib-
erate progression of learning materials
and idea maps that students traverse dur-
ing the learning process (Prahmana,
2016). Next, in the subsequent stage, the
trigonometric ratios LIT is produced (see
Figure 1).

The research implementation is car-
ried out in two stages, with each stage re-
ferring to the steps of design research
(Gravemeijer, 2004) namely: The three
main stages of the project include 1) for-
mulating the initial concept, 2) executing
the educational experiment, and 3) carry-
ing out a retrospective study. During the
teaching experiment phase, this study in-
volved 30 tenth-grade students from
SMAN 7 Bandung. The selection of Grade
10 at SMAN 7 Bandung was based on the
rationale that this class had already en-
gaged with the national curriculum cur-
rently implemented in Indonesia, where
trigonometric ratios constitute a key
topic. Additionally, the school was chosen
because it represents senior high schools
that consistently adhere to the implemen-
tation of the national curriculum. This se-
lection provided an opportunity to explore
the application of trigonometric ratios
within a context relevant to Indonesia's
existing educational framework.



Kreano, 15(2) (2024): 481-500 ‘ 487

Preliminary design:
Designing Learning

!

Stage1—

Initial Class
Eksperiment

Teaching experiment:
HLT produces LIT
Treatment Final
O LIT trigonometric ratios

y

Retrospective analysis

!

preliminary design:
Designing Learning

:

Stage 2—

Initial Class
Eksperiment

Teaching experiment:
HLT produces LIT
Treatment  Final
O LIT trigonometric ratios O

y

Retrospective analysis

Figure 1. Research Design

An analysis was conducted on the
activities performed in the initial phase,
and subsequently, recommendations
were given to enhance the activities in the
second phase. The findings from the data
analysis of the second phase provide the
final recommendations of this research.

Preliminary findings indicate that no
teachers at this school have implemented
Local Instruction Theory (LIT) in their
teaching practices, particularly in the con-
text of trigonometric ratios. The primary
reasons for this include limited training
opportunities and a lack of understanding
regarding LIT's application in the class-
room. Gravemeijer (1999) highlights that
while LIT has proven effective in various
educational contexts, its implementation
requires a comprehensive understanding
of its principles and methodologies.
Teachers often face challenges in adopt-
ing innovative teaching strategies like LIT
due to insufficient professional develop-
ment opportunities and curriculum con-
straints. Additionally, adapting LIT to spe-
cific topics, such as trigonometric ratios,

poses further challenges if educators lack
adequate tools and support. Conse-
quently, the absence of LIT's application
forthis topic at the school underscores the
relevance and potential for further re-
search and development in this area.
Data for this research was collected
using multiple methods to gather com-
prehensive insights. First, written data
were obtained from test results, tasks
such as UBA-LIT and LKPD, and observa-
tion sheets during the teaching experi-
ments. Second, documentation in the
form of video recordings and photographs
were used to observe classroom activities,
student interactions, and the process of
mathematization. Additionally, direct ob-
servation was conducted by the re-
searcher, who also acted as the teacher,
noting student responses during the
learning process. Interviews with selected
students were carried out to gather
deeper insights into their experiences
with UBA-LIT and LKPD. The data were
analyzed qualitatively by comparing the
observations and video recordings with
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the initial teaching design (HLT). Internal
validity was ensured through data trian-
gulation from various sources, while relia-
bility was strengthened by testing the in-
struments and conducting cross-interpre-
tation with experts. The conclusions were
drawn from the retrospective analysis of
the collected data, explaining how stu-
dents grasped the concept of trigonomet-
ric ratios within the learning process using
LIT.

RESULTS AND DISCUSSION

Results

The research is carried out in three stages:
1) formulating the fundamental design, 2)
executing the teaching experiment, and 3)
implementing the retrospective analysis.

Elaborating on the Initial Design
(preliminary design)

During this phase, the researcher assem-
bles the educational materials and final-
izes the instructional content. To meet
the study aims, various actions are con-
ducted, including (1) identifying the re-
search subjects based on their diverse
cognitive abilities. The researchers se-
lected students from class X of SMAN 7 as
appropriate research subjects; (2) examin-
ing and analyzing the curriculum to iden-
tify the compatibility of trigonometric
comparison material with the curriculum
currently being used in the school; (3) an-
alyzing trigonometric comparison mate-
rial to obtain an overview that "the
achievement of Phase E-learning based
on the derived geometry domain be-
comes the learning objective," in accord-
ance with the research objectives. Next,
the researcher developed a teaching ma-
terial design in the form of a descriptive
outline of trigonometric comparisons,
also known as "Local Instruction Theory

Descriptive Teaching Material (UBA-
LIT)”. The Realistic Mathematics Educa-
tion (RME) technique enhances the learn-
ing process by employing diverse learning
materials, including teaching modules
and research tools. The study instrument
is designed to incorporate the specific at-
tributes of Realistic Mathematics Educa-
tion (RME) and the curriculum used by the
school. Additionally, the researchers ana-
lyze and assess the learning assistance
tools. The result of the evaluation is re-
ferred to as the prototype. In the next
stage, the research conducts an expert re-
view, in which four experts validate the
prototype based on its structure, content,
and language.

Once the expert review procedure is
finished, students who have been given
trigonometric comparison information
are tested on the prototype to get data on
the readability and comprehension of the
instructional material. The researchers en-
gage in communication with the students dur-
ing the testing process to anticipate any cor-
rections or feedback regarding the instruc-
tional materials being tested by the students.
The students write their input or suggestions
on the prepared sheet. Students provide
support for the discovery of formal con-
cepts related to UBA-LIT through their
comments. The researchers made improve-
ments to the UBA-LIT after receiving feed-
back. After conducting expert validity testing
and gathering comments from students, it
was ultimately determined that the prototype
design of the instructional material product
generated by the researcher is valid at this
level. The updated iteration of the prototype
is referred to as the second prototype. Follow-
ing that, the second prototype underwent
testing in teaching experiment 1, including a
total of 30 students from SMAN 7 Kota Ban-
dung.

From a design research standpoint,
the primary objective of the initial design
is to develop a Local Instruction Theory
(LIT) that can be visually portrayed as a
portrayal of the process of acquiring and



improving knowledge through teaching
experiments (Gravemeijer & Cobb, 2006).
During the preliminary study, the re-
searcher designed the learning process
activities based on a literature review.
This set of educational exercises covers
the beliefs held by students while they are
building knowledge and the methods that
will be used, which will be presented as an
initial challenge, including advanced
thinking skills. The contents of HLT are
subject to change. The activities in HLT
can be adapted and customized based on
the circumstances and parameters of the
ongoing educational experiment. HLT has
a curriculum that students will adhere to
when studying trigonometric ratios. The
HLT curriculum comprises learning objec-
tives, activity descriptions, and student
thought conjectures that occur during the
learning process. During the teaching ex-
periment, HLT functions as a reference for
teachers and researchers to determine
the teaching emphasis, observations, and
interviews. Moreover, HLT functions as a
point of reference for the examination or
analysis of a dataset in the context of a
teaching experiment. Hypotethical Learn-
ing Trajectory (HLT) used in the teaching
experiment is displayed in Table 1 (see ap-
pendix A).

Teaching Experiment

The primary objective of a teaching exper-
iment is to systematically evaluate and
enhance original ideas regarding Local In-
struction Theory (LIT) while also striving
to gain a more profound comprehension
of the underlying mechanisms and func-
tioning of LIT (Gravemeijer & Cobb,
2006).

Activity 1

The teacher requested three students to
perform a demonstration using the
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provided tables/chairs and ropes.

The teacher requested one of the
students to fasten the rope to the base of
the table or chair provided. A student
holds the end of the neat rope and moves
back 1 meter from the base of the ta-
ble/chair. After that, the student who is
holding the end of the rapia rope shifts his
grip to the end of the head. Other stu-
dents are asked to draw sketches of the
shapes that are occurring. The other stu-
dents observed the demonstration re-
quested by the teacher, depicted the re-
quested sketch, and identified the posi-
tions of the angles, front side, side view,
and oblique side of the formed triangle
sketch. All students strive to comprehend
the right-angled triangle sketch and iden-
tify the positions of angles, front side, side
view, and hypotenuse on the sketch. The
teacher provides a comprehensive under-
standing through the following activities
(See Appendix B, Figure 2)

Activity 2

The teacher instructs the class to define
the trigonometric ratios (sin 6, cos 6, and
tan 8) with a demonstration involving the
height of a shadow. This activity guides
students in formally discovering the con-
cept of trigonometric comparisons. The
students were able to perform this activity
proficiently after acquiring the idea of
identifying angles and sides in the previ-
ous activity. The presented issues are con-
textual and aligned with the student's
level of understanding. The LIT design is
structured from the simplest to the most
complex in order to provide a general so-
lution. In this activity, the teacher in-
structs the students to face away from the
light source so that a shadow appears in
front of the standing students. The results
of the student's practice are represented
in the form of an image or sketch of a
right-angled  triangle. This  sketch
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facilitates students in identifying the posi-
tions of angles, front side, side view, and
inclined side of a right triangle based on
the predetermined angle. Creating a
sketch of a right triangle and determining
angles helps students mathematize verti-
cally and find formal solutions to define
trigonometric ratios.

Figure 3 illustrates various out-
comes of students' process variations in
discovering formal mathematics from the
concept of trigonometric ratios. The stu-
dents' work begins with a demonstration
of a contextual problem, allowing them to
find solutions using various methods
based on their prior knowledge. During
the learning process, students are guided
to discover formal mathematics, which is
a process of mathematization based on

the presented problems.

Activity 3

Activity 3 begins with the teacher present-
ing problems based on everyday life situa-
tions. Everyday scenarios were employed
to enable students to apply the notion of
trigonometric ratios in practical circum-
stances. After the activity is finished, the
teacher conducts a test as a final evalua-
tion. One of the trigonometric compari-
son problems presented is as follows:

"Refer to the following image of a bed.
What are the geometric shapes that
occur between the stairs, bed, and
floor? Sketch a model. (1) Does the
shape formed constitute a right trian-
gle? If so, mark one corner with a right

Figure 3. The vertical mathematical process of students in finding formal solutions to trigo-

nometric ratios




angle. (2) If the angle between the
stairs and the floor is unknown, and
the distance from the bed to the stairs
is 10 cm. Place the obtained data into
the image. Subsequently, calculate
the distance from the floor to the end
of the staircase, which forms a right-
angled triangle, using the tangent ra-
tio. (tan 37° = 0,75)”
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Figure 5. One of the student's responses was
to solve the story problem

Figure 5 is an example of a student's
response using the concept of trigono-
metric ratios to solve a word problem. The
student solves the problem using the for-
mal solution of trigonometric ratios that
was previously constructed.

Retrospective Analysis

Researchers employ Hypothetical Learn-
ing Trajectory (HLT) as a first guide and
reference when assessing a dataset dur-
ing the data analysis stage of a teaching
experiment. The HLT created is compared
to the classroom learning process. The
analysis includes descriptions of antici-
pated occurrences during the learning
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process and examples of behaviors that
will occur among students. The conclu-
sions drawn from the analysis will answer
the research questions. A good design is
not the main objective of the study but ra-
ther the reason for the study's success,
which is the main objective (Gravemeijer
& Cobb, 2006).

The many activities carried out dur-
ing the learning process are represented
in the flowchart of LIT before the learning
process on the topic of trigonometric ra-
tios. The flowchart is presented in Figure
6 (See Appendix C). The image shows the
differences in stages or steps during the
learning process. The difference is evident
in the red-colored box. Before the learn-
ing process begins, the design aims to fa-
cilitate activities, experiments, observa-
tions, group discussions, and presenta-
tions as processes that run parallel. Stu-
dents will go through these stages simul-
taneously.

Meanwhile, after the learning pro-
cess takes place, a revision of the initial
design is made. The stage of differentia-
tion involves an initial discussion process
with students prior to the demonstration
(See Appendix D, Figure 7). This stage pro-
vides students with an introduction to un-
derstand the concept of trigonometric ra-
tios in relation to the prior knowledge
they have already constructed. This stage
is considered crucial because linking it to
the previously acquired knowledge is nec-
essary for students to comprehend the
fundamental concepts of trigonometric
ratios.

The next difference is in the "re-
sponding" stage, which students go
through after conducting a demonstra-
tion and before the "observing" stage. The
act of "responding" is the first step for stu-
dents to participate actively in the learn-
ing process. The students will provide
their responses or feedback to the
demonstration presented. Their
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knowledge will guide and stimulate the
students to continue the learning process
via the "observing" stage.

Before the learning process begins,
the steps "activity/experiment," "ob-
serve," "group discussion," and "presenta-
tion" have the same level of suitabil-
ityThere is no text provided. However, the
post-learning phases in these four things
exhibit distinct variations. The "respond-
ing" stage initiates the steps of learning.
Next, the process begins with the "obser-
vation" stage, followed by the "group dis-
cussion" step, and concludes with the
"presentation" step. The students go
through the four steps of the learning pro-
cess in different stages.

The appropriate use of the LIT
framework, as shown in Figure 7 (See Ap-
pendix D), allows students to construct an
understanding of the concept of trigono-
metric ratios through everyday problems.
They can identify trigonometric ratios and
solve real-life issues accordingly, because
of analyzing the HLT and conducting
teaching experiments. Based on the re-
sults of the student's work using the LIT
design for trigonometric comparison, the
number of students capable of complet-
ing the learning activities is determined.
The students are becoming accustomed
tothe learning process, which involves de-
termining mathematics formally based on
pre-established models. The utilization of
Pythagorean triples, the Pythagorean
theorem, models (diagrams), and meas-
uring tools can aid in achieving vertical
mathematization. The students may ef-
fectively solve common problems by uti-
lizing trigonometric ratios.

Some students found the Local In-
struction Theory (LIT) approach challeng-
ing as it shifted their understanding from
merely applying formulas to understand-
ing the deeper concepts. For example,
one student expressed initial difficulty
with LIT's emphasis on understanding the

relationships between concepts rather
than just following procedural steps.
However, after grasping the underlying
logic, the student felt satisfied with being
able to understand the reasoning behind
trigonometric ratios, rather than just
memorizing formulas.

On the other hand, some students
struggled to adapt to this new teaching
design, especially those who were accus-
tomed to more traditional, structured
methods. A few students felt over-
whelmed by the responsibility of inde-
pendent learning and actively solving
problems. This feedback suggests that
while LIT can provide a deeper and more
engaging learning experience, its effec-
tiveness depends heavily on how well stu-
dents are supported in transitioning to
this new method.

Additionally, student feedback
highlighted the benefits of the collabora-
tive learning aspect of LIT. Students ap-
preciated the group discussions and the
opportunity to explore different ap-
proaches to problem-solving, which pro-
vided a more shared learning experience.
However, some also criticized the
method, feeling that they lacked the
foundational knowledge to fully engagein
the collaborative or reflective aspects of
LIT, emphasizing the need for careful
planning when implementing this
method. These student responses offer
valuable insights for refining the design
and application of LIT in teaching.

The findings indicate that some stu-
dents lack the prerequisite knowledge
they should have acquired, which is influ-
enced by factors such as mental unprepar-
edness, teacher didactics, and inadequate
teaching materials (Kurniasih et al., 2020;
Puspita et al., 2023). In particular, the em-
phasis on rote memorization of formulas,
such as trigonometric ratios, without a ge-
ometric explanation, leads to a lack of mo-
tivation and understanding among



students (Andika et al., 2017; Urrutiaetal.,
2019). Teacher-centered methods that
rely solely on memorization often result in
short-term retention of knowledge
(Orhun, 2002). To overcome this, teachers
need a comprehensive understanding of
trigonometry to connect various con-
cepts, enhancing students' learning (Andi-
ani et al.,, 2020, 2024; Rittle-Johnson &
Schneider, 2014). Additionally, incorpo-
rating real-life contexts into lessons, such
as through models and diagrams, makes
learning more relevant and aids in the
long-term retention of knowledge (Dhun-
ganaetal., 2023). The use of Local Instruc-
tion Theory (LIT) and Realistic Mathemat-
ics Education (RME) approaches has been
shown to improve students' ability to con-
struct their understanding of trigonomet-
ric ratios, as evidenced by their improved
learning outcomes.

Discussion

The introduction of Local Instruction The-
ory (LIT) in this study revealed significant
improvements in students' conceptual un-
derstanding of trigonometric ratios. Un-
like traditional teacher-centered ap-
proaches, LIT facilitated deeper connec-
tions between abstract mathematical
concepts and real-life applications. This
was evident in the students' increased
ability to relate geometric properties to
trigonometric functions.

During the teaching experiment,
students exhibited greater engagement
with the material, particularly when real-
life problems were introduced. Many stu-
dents showed improved motivation and
understanding, especially those who had
struggled with rote memorization in pre-
vious lessons. Their ability to visualize
trigonometric ratios in practical contexts,
such as through diagramming angles and
distances in real-world scenarios, was sig-
nificantly enhanced.
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Previous studies on Local Instruc-
tion Theory have largely focused on its im-
plementation in general mathematical
contexts, but this study fills a gap by spe-
cifically applying LIT to the teaching of
trigonometric ratios. By incorporating
real-world contexts and geometrical rea-
soning, this research extends the applica-
tion of LIT to improve both conceptual un-
derstanding and long-term retention in
mathematics education.

Before the intervention, students
struggled with memorizing trigonometric
formulas and showed limited understand-
ing of their geometric foundations. After
the intervention, students were able to
connect these formulas with real-world
contexts, as evidenced by their improved
problem-solving abilities and retention
rates.

Implication of Research

The design of this Local Instruction The-
ory (LIT) for trigonometric ratios incorpo-
rates the syntax of the Realistic Mathe-
matics Education (RME) approach. The
foundation of this LIT is a conjecture
based on the learning trajectory using
RME. Consequently, the designed learn-
ing trajectory needs to be further devel-
oped to align with the specific content ob-
jectives. Researchers intending to imple-
ment a learning trajectory are advised to
master various instructional strategies or
approaches for designing problems. By
mastering problem design, a wide array of
solutions both formal and informal can be
found. Additionally, exploring variations
in students' experiences, influenced by
factors such as prior knowledge, learning
styles, or socio-economic backgrounds,
could provide alternative perspectives
when applying LIT.
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Limitation

This study was conducted in two phases,
each of which aligns with the steps out-
lined in design research (Gravemeijer,
2004), namely: 1) developing the prelimi-
nary design, 2) conducting the teaching
experiment, and 3) performing retrospec-
tive analysis. There are two reasons for se-
lecting only two phases in this research.
First, the researcher's time and resources
were limited. Second, the material in
question is only implemented once a year.
To address the limitations of time and re-
sources, the researcher recommends ex-
tending the duration of the teaching ex-
periments and incorporating digital re-
sources. These approaches would en-
hance the efficiency and effectiveness of
both time and resource utilization in the
study. The extended timeframe allows for
more comprehensive data collection,
while digital resources provide flexible,
accessible learning tools that can alleviate
constraints related to physical materials
(Means et al., 2014). Furthermore, lever-
aging technology enables more dynamic
and scalable teaching practices, support-
ing diverse learning needs (Celik & Ba-
turay, 2024).

CONCLUSION

The outcome of the learning trajectory in
this study is a Comparative Trigonometry
LIT developed through the Realistic Math-
ematics Education (RME) approach. This
theory encompasses several steps that
students must go through in constructing
their knowledge related to trigonometric
comparisons. These steps nonetheless
adhere to the syntax of the Realistic Math-
ematics Education (RME) approach.
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Appendix A of article entitled Development of A Local Instruction Theory for Trigonometric Ratios

Table 1. HLT illustration for learning the concept of trigonometry comparisons

Activity

Learning Objectives Activity Description

Conjecture

Students

The students are The teacher instructed three

Demonstrate able to identify the students to engage in a practi-
the activity of front, side, and diag- cal exercise involving the for-
identifying by onal positions by re- mation of a right-angled trian-

body height.

ferring to specific an- gle using a table base, a meas-

gles of a right-angled uring tape, and their height.

triangle. Each group carefully observes
the demonstration and dis-
cusses the position of the cor-
ner, front, side, and slant.

Some students may be able toillustrate
a sketch of a right triangle from the
demonstration activity.

Some students may quickly recognize
the positions of the corner, front side,
side side, and hypotenuse.

Shows high

The students can ar- The teacher instructs the stu-

shadow inten- ticulate the trigono- dents to face away from the

sity activity

metric ratios (sin 8, light until a shadow appears in

cos 6, andtan 8) by front of the standing student.

employing the no-  The sketch formed is a right-

tion of ratios within a angled triangle.

right triangle. Students can determine the
front side, side view, and diag-
onal side of a right triangle
sketch based on the determin-
ing angle. Students will be
guided in rediscovering the con-
cept of trigonometric ratios.

- Some students may use tables as a
tool to solve problems.

- Certain students may employ finger
manipulation methods to solve difficul-
ties.

- Some students may utilize measuring
instruments to solve problems.

- Some students may use the number
parity method to solve problems.

- Certain students may possess the
ability to represent this activity in a vis-
val manner. They initiated the construc-
tion of a model and engaged in horizon-
tal and vertical mathematization to un-
cover the notion of trigonometric ratios
through the shown examples.

- Some students may be able to relate
the demonstration process to the con-
cept of trigonometric ratios.

Problem-Solv- Students can solve  Students use trigonometric ra-

ing

real-life problems re- tios to solve real-life problems
lated to right trian- by performing calculations.
gles using trigono-

metric ratios

- Certain students possess the ability to
perceive the relationship between sine
and cosine values in mathematical cal-
culations and are capable of streamlin-
ing the calculation process.

- Some students may be able to re-
member or repeat knowledge they have
previously acquired to solve problems.

- Some students may use tables, finger
methods, odd-even tricks, or measuring
tools to solve problems.

- Some students may directly apply
trigonometric ratio concepts.
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Appendix B of article entitled Development of A Local Instruction Theory for Trigonometric Ratios

Constructing Determining Angles and
Sides in a Right Triangle

T

Presentation

Group discussion

Observing
[
Giving reaction
[

T

Demonstration

T

Initial discussion

T

Contextual Question

T

Trigonometric Ratios

The student model illustrated the activ-
ity of identification by using height as
part of the learning process for under-
standing trigonometric ratios.

Figure 2. Demonstration of the flow of LIT and height in learning comparative trigonometry
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Appendix C of article entitled Development of A Local Instruction Theory for Trigonometric Ratios

Solving Problems with Formal Formulas

/ N

Formula Formal for the Concept

of Trigonometric Ratios

N

Informal

Formal

1

1

"

The solution to the concept of Trigonometric

T
l l l |
Pythagorean Pythagorean Image Measuring
triple theorem (Model) instrument
! w w [
A

Developing the Concept of Trigonometric Ratios

T
| | 1 |

. . Group
Observin i
Activity g discussion Presentation

| { \ )I\ [

Contextual Questions

T

Trigonometric Ratios

Before the learning process begins

Figure 6. Flowchart of LIT on the topic of Trigonometric Ratios before the lesson
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Appendix D of article entitled Development of A Local Instruction Theory for Trigonometric Ratios

Solving Problems with Formal Formulas

T

Formula Formal for the Concept of
Trigonometric Ratios

1

Informal Formal
A i
The solution to the concept of Trigonometric
[ [ /T\ [ l
Pythagorean Pythagorean Image Measuring
triple theorem (Model) instrument
w [ A [ [
Developing the Concept of Trigonometric Ratios
A

l

Presentation

|

Group discussion

|
Observing
l
Responding

|

T

Demonstration

Initial discussion

1

Contextual Question

1

Trigonometry Comparison

After the learning process is complete

Figure 7. Flowchart of LIT on the topic of Trigonometric Ratios after the lesson
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Abstract

This study reveals the potential of ChatGPT in supporting students' mathematics learning. However, the
study's results also show challenges in utilising ChatGPT, such as inconsistent answer quality and potential
student dependence on technology. This indicates the need for a more holistic approach to integrating
ChatGPT into the learning process. This study aimed to analyse ChatGPT's ability to answer quantitative
knowledge and mathematical reasoning questions, assess students' prompting abilities with ChatGPT, evalu-
ate the use of ChatGPT, and measure the extent to which students' mathematical, creative and critical abilities
have increased. This study uses an Embedded Design type of Mixed Method approach. The population in this
study were all high school students who took the Tridaya Tutoring Program 2024/2025. The sampling tech-
nique used was purposive sampling, and the sample selected was all 20 students from class Xl of Tridaya Tu-
toring High School. The research instruments used were written tests, namely multiple-choice questions and
documentation studies of screenshots of ChatGPT answer results. The study results showed that the t value
for measuring creative and critical abilities was 6.691 and 7.151. It was found that there was a significant dif-
ference between the test scores obtained before and after the treatment. This shows that the instructions
given to students can improve their test scores. ChatGPT can help students in learning as a virtual tutor. How-
ever, it should also be noted that not all questions can be answered. Some even have different answers. This
makes students dissatisfied with the results obtained. This is where students are trained in critical thinking
why this can happen. In addition, the student's prompting technique for ChatGPT is also considered. There is
a need for creativity in prompting so students can further explore the answers from ChatGPT. Although they
can answer any question, guidance from the teacher and independent verification are needed regarding the
answers given by ChatGPT so that the desired answer is by expectations.
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Abstrak

Penelitian ini mengungkap potensi ChatGPT dalam mendukung pembelajaran matematika siswa. Namun, hasil
penelitian juga menunjukkan tantangan dalam memanfaatkan ChatGPT, seperti kualitas jawaban yang tidak
konsisten dan potensi ketergantungan siswa pada teknologi. Hal ini menunjukkan perlunya pendekatan yang
lebih holistik untuk mengintegrasikan ChatGPT ke dalam proses pembelajaran. Penelitian ini bertujuan untuk
menganalisis kemampuan ChatGPT dalam menjawab pertanyaan pengetahuan kuantitatif dan penalaran ma-
tematika, menilai kemampuan prompting siswa dengan ChatGPT, mengevaluasi penggunaan ChatGPT, dan
mengukur sejauh mana kemampuan matematika, kreatif, dan kritis siswa meningkat. Penelitian ini
menggunakan pendekatan Mixed Method tipe Embedded Design. Populasi dalam penelitian ini adalah seluruh
siswa SMA yang mengikuti Program Bimbingan Belajar Tridaya 2024/2025. Teknik pengambilan sampel yang
digunakan adalah purposive sampling, dan sampel yang dipilih adalah seluruh siswa kelas XIl SMA Bimbingan
Belajar Tridaya yang berjumlah 20 orang. Instrumen penelitian yang digunakan adalah tes tertulis, yaitu soal
pilihan ganda dan studi dokumentasi berupa tangkapan layar hasil jawaban ChatGPT. Hasil penelitian menun-
Jukkan bahwa nilai t untuk mengukur kemampuan kreatif dan kritis adalah 6,691 dan 7,151. Ditemukan bahwa
terdapat perbedaan yang signifikan antara nilai tes yang diperoleh sebelum dan sesudah perlakuan. Hal ini
menunjukkan bahwa petunjuk yang diberikan kepada siswa dapat meningkatkan nilai tes mereka. ChatGPT
dapat membantu siswa dalam belajar sebagai tutor virtual. Namun, perlu diperhatikan juga bahwa tidak semua
soal dapat dijawab. Bahkan ada yang jawabannya berbeda-beda. Hal ini membuat siswa tidak puas dengan hasil
yang diperoleh. Disinilah siswa dilatih untuk berpikir kritis tentang mengapa hal tersebut dapat terjadi. Selain itu,
teknik prompting siswa untuk ChatGPT juga diperhatikan. Perlu adanya kreativitas dalam prompting agar siswa
dapat lebih mengeksplorasi jawaban dari ChatGPT. Meskipun dapat menjawab soal apa saja, diperlukan arahan
dari guru dan verifikasi mandiri terkait jawaban yang diberikan ChatGPT agar jawaban yang diinginkan sesuai
dengan harapan.

INTRODUCTION They find it challenging to work on their
problems independently because of the
limited interaction between students and
tutors. Therefore, students are directed to
technology that can become virtual tu-
which has the purpose of measuring the tors, one of which is artificial intelligence

cognitive abilities of prospective students or Artificial Intelligence (Al) (Ding et al,,
(KEMENRISTEK-DIKTI, 2018) . One of the 2023).

materials  tested is  Quantitative
Knowledge and Mathematical Reasoning

The Scholastic Assessment Test (SAT) is
part of the Test-Based National Selection
(SNBT) for entering State Universities,

Al is a simulation of the intelligence
possessed by humans that is modelled

(QKMR) (Disnawati et al., 2022). The
question type of SNBT is Higher Order
Thinking Skills (HOTS). HOTS refers to a
person's ability to think critically, analyti-
cally, evaluatively, and creatively in solv-
ing problems (Bai et al., 2023). This ability
involves more than just remembering in-
formation but also analysing information,
evaluating arguments, and creating new
ideas (R. P. Yaniawati, 2013). The absence
of special training at school results in stu-
dents looking for several learning alterna-
tives outside of school. One of them is to
register with the Tutoring Institute (Fahmi
et al., 2020). The method used in tutoring
is lecture. Along with the times, this is not
enough to support students' learning.

into machines and programmed to think
like humans. Al has positioned itself at the
forefront of research fields ranging from
medicine and robotics to education. The
application of Al in education has had a
significant impact, as evidenced by the
improvement of the efficiency of the edu-
cational process, the promotion of global
learning, the personalisation of learning,
the creation of more innovative content
and the optimisation of education man-
agement in terms of effectiveness and ef-
ficiency. The application of Al in educa-
tion has also become more popular and
has received much news in recent years.
One of the applications of Al in the world
of education is using ChatGPT (Zein &



Gunawan, 2022; Montenegro-Rueda et
al., 2023; Vong & Kaewurai, 2017; Mo-
hamed et al., 2022; Asad & Ajaz, 2024).

ChatGPT is a recently developed
conversational chatbot created by
OpenAl, which can make it easier for in-
structors to apply Al in the teaching and
learning process (To, 2023; Lo, 2023).
ChatGPT can be a valuable educational re-
source for improving writing skills, as it
can generate text, summarise infor-
mation, and elaborate to save time and
improve the quality of work (Setiawan &
Luthfiyani, 2023; Atlas, 2023). ChatGPT
can also help students develop research
skills by providing information and re-
sources regarding specific topics, sug-
gesting aspects that have not yet been
discovered, and introducing them to new
research topics, allowing them to under-
stand better and evaluate the topic.
(Rahman & Watanobe, 2023; Kasneci et
al., 2023). Learning through ChatGPT re-
quires tutors to manage good learning
and provide learning assistance to stu-
dents. In this context, tutors provide
learning facilities or means to help stu-
dents with learning difficulties. This
means that tutors are facilitators and so-
lutions to students' learning problems. In
this context, tutors are divided into two
different roles. First, a tutor who provides
learning facilities or means and helps stu-
dents learn. Second, ChatGPT is a virtual
tutor that helps students dig up infor-
mation independently (Sawangwan,
2024; Ruffinelli et al., 2023; Widodo et al.,
2022). It is hoped that ChatGPT can func-
tion as a virtual tutor to support the learn-
ing process so that students are expected
to use their creative and critical abilities
more.

Creative thinking ability isa demand
to create an idea or alternative solution to
solve problems that occur in daily life.
With creativity in learning, it is hoped that
students will dare to solve problems using
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their methods. So, students can make
several alternative answers to solve the
problem with the right solution (Monahan
& Vaidya, 2023; Yaniawati, et al., 2020,
2021; Mubarika et al., 2022; Feb, 2022)

Critical thinking ability is a thinking
skill that involves cognitive processes and
invites students to think reflectively about
problems. There are three critical thinking
activities: investigation, interpretation,
and decision-making. For ChatGPT, in or-
der to help students work on TPS ques-
tions and practising creative and critical
thinking skills to the maximum, it is nec-
essary to have a model of how students
can present questions that lead to the
subject so that there are no misconcep-
tions when ChatGPT receives the infor-
mation (Gartland, 2024; Monteleone et
al., 2023). One of the models is the Prob-
ing-Prompting Model (Halaweh, 2023;
Jayanti & Rahmawati, 2018) .

The probing-prompting model is a
learning model that provides questions
that lead to a subject that allows students
to think higher to understand a material
during learning. Probing prompting ques-
tions at the application level are given to
students so that students are used to
thinking critically, teaching aids are used
in giving questions to make it easier to
hone students' critical thinking skills, and
then students are allowed to make con-
clusions from learning outcomes as a way
to use the probing prompting learning
model and then improve the level of criti-
cal thinking skills (Lee et al., 2024; Wiry-
anto, 2020; Usman et al., 2023)

METHOD

In this study, a mixed method is used,
which is a mixture of qualitative and quan-
titative to provide a better understanding
of how the role and evaluation of ChatGPT
as a virtual tutor on creative and critical
thinking skills are reviewed from students'




504 | Zein, S, et al. The Role and Evaluation of ChatGPT as a Virtual Tutor in Improving ...

Probing-Prompting skills (Indrawan &
Yaniawati, 2017). The design used is the
insertion design (The Embedded Design).
This design only reinforces the research
process using a single method between
qualitative and quantitative. Here are
some of the stages of research carried out
(Indrawan & Yaniawati, 2017) (See Appen-
dix A, picture 1 and 2).

Judging from the objectives of this
study, the data from the results of this
study are how the answers obtained from
ChatGPT and how the ability to prompt
students with ChatGPT is qualitative.
However, to strengthen the research con-
clusions, it is strengthened quantitatively
so that it has a high level of confidence.
The qualitative approach to this study is
the grounded theory approach. The
Grounded Theory method is built on a phe-
nomenon and is structured to produce
new theories. The theory is prepared us-
ing inductive data analysis. At the same
time, the quantitative approach uses Pre-
Experimental Design. The pre-experi-
mental design focuses on the impact of
changes in the behaviour of the observed
research subjects without a control group.
The one-group experimental design was
used with prates and post-test (the one-
group pretest-postest design). Quantita-
tive data was analysed to see if there was
an improvement in students' mathemati-
cal, creative, and critical thinking skills af-
ter being treated with ChatGPT as a vir-
tual tutor reviewed from Probing-Prompt-
ing skills (Deering & Williams, 2020;
Oktaria et al., 2023; Punar et al., 2024; Pu-
tri et al., 2023; Saifuddin, 2020). The anal-
ysis used the Shapiro-Wilk Test to deter-
mine whether the data distribution was
normal. Then, the Paired T-Test was used
to compare the average of one group of
paired data with a tab t-value of 0.025
(Silva et al., 2023).

The population in this study is all
high school students who participate in

Tridaya Tutoring for the 2024/2025 Aca-
demic Year. The sample is part of the pop-
ulation selected for the study and is ex-
pected to be representative of the entire
population. The sampling technique used
is purposive sampling, which is a tech-
nique in which the researcher has the free-
dom to select samples according to spe-
cific criteria (Indrawan & Yaniawati, 2017).
The selection of samples was carried out
based on research materials, namely all
grade Xl high school students in the Tri-
daya Tutoring Program unit of Buah Batu,
MTC, Suco, Antapani, Kopo, and Uber,
with a total of 20 students. The character-
istics of students are diverse, ranging
from those who already understand learn-
ing well to those who still need more guid-
ance to understand school material bet-
ter.

RESULTS AND DISCUSSION

ChatGPT's ability as a virtual tutor in
answering PKPM questions

Qualitative Analysis

Al-based chatbots began to emerge in
November 2022, when ChatGPT was re-
leased to the public for the first time. This
chatbot can answer any question we ask.
This is an innovation, especially in the
world of education, especially mathemat-
ics, where we are limited to a few applica-
tions if we want to know the answers to
the questions given by ChatGPT, can be a
virtual tutor for anyone studying without
a learning schedule (Montenegro-Rueda
et al., 2023; Jeon, 2024). This is because
ChatGPT is open source, meaning anyone
and anywhere can access it (Ding et al.,
2023). Using a laptop or smartphone, we
can ask for anything we want. However,
the main question arises: Can ChatGPT
answer simple to complex math prob-
lems? Is ChatGPT worthy of being used as



a virtual tutor to accompany and even re-
place the role of a teacher in the world of
education?

Because the emergence of ChatGPT
was only released at the end of 2022,
there has not been much research, specif-
ically in mathematics, on how effective
ChatGPT is in answering the questions
given. However, the findings from Lo CK
in his 2023 paper entitled "What is the Im-
pact of ChatGPT on Education" (Lo, 2023)
revealed that ChatGPT's performance was
not satisfactory. Even so, the paper also
revealed that ChatGPT can potentially be
a virtual student tutor. This research can
potentially contribute to expanding exist-
ing theories. The target of this study will
reveal a new theory that has a relationship
with the previous theory revealed by ole
Lo CK based on field facts in detail based
on the prompting ability of students and
the results of the ChatGPT answers.

The data collected is in the form of
screenshots of student prompting to
ChatGPT along with the answers provided
by ChatGPT based on question criteria. In
this study, 10 PKPM questions were given,
with 4 different material topics and differ-
ent levels of difficulty, including numbers,
measurements and geometry, data and
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uncertainty, and algebra. Then, students
prompted ChatGPT with several sample
sections, including uploading questions or
questions without optional options and
uploading questions or questions with op-
tional options. After the data is collected,
data analysis is carried out based on a
sample of the order of questions on each
topic of the material. The data displayed
results from prompting students to
ChatGPT (See Appendix C, picture 3 to
10).

Quantitative Analysis

Quantitative data was analyzed to see if
there was an improvement in students'
mathematical, creative, and critical think-
ing skills after being treated with ChatGPT
as a virtual tutor reviewed from Probing-
Prompting skills. The analysis was carried
out using the Shapiro-Wilk Test to deter-
mine whether the distribution of data was
normal. Then, the paired t-test was used
to compare the average of one data group
with the help of SPSS and a tab t value of
0.025 (Arikunto, 1999). The hypothesis of
the Paired T-Test is as follows (See Table
1and 2) (Dhianti Putri et al., 2023).

Table 1. Results of Calculation of Paired T Test of Creative Ability

95% Confidence Inter-

Std. Devia- Std. Error val of Difference Sig. (2-
Mean tion Lower Upper t df tailed)
Before being - 16.37553 - - 19  .000
. given treat-
Pair ment — After
being given  24.50000 32.16398 16.83602 6.691
treatment
Table 2. Results of Calculation of Critical Ability Paired T Test
95% Confidence Inter-
Std. Devia- Std.Error  val of Difference Sig. (2-
Mean . t .
tion Lower Upper tailed)
Before being - 15.00877 - - 19 .000

Pair given treatment —
1 After being given 24.00000
treatment

31.02432 16.97568  7.151
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Discussion

ChatGPT's ability as a virtual tutor in
answering PKPM questions

This research is to test ChatGPT's ability
to answer PKPM questions. Based on the
analysis that has been carried out, it was
found that ChatGPT can answer questions
either through prompting or only in the
form of picture clippings. Students feel
helped by the presence of this ChatGPT.
They felt helped by some of the answers
given However, to upload questions with
pictures was only limited to 2 pictures per
day. This makes students need to be se-
lective in asking ChatGPT which questions
need to be asked along with pictures or
not.

This is in line with what Korkmaz et
al said. that ChatGPT-4 is more successful
in the exam compared to ChatGPT-3, ver-
sion 5, is better at understanding the
questions asked, better understands the
instructions and includes more details in
the solution of the questions, and at the
same time, the two versions make com-
mon and different mistakes. According to
the findings of the study, it was concluded
that ChatGPT sometimes works very well,
sometimes it only works well and some-
times it fails. Based on the findings of the
study, it may be suggested to use the
ChatGPT version in mathematics educa-
tion to obtain basic information and to get
supervised assistance. (Korkmaz Guler et
al., 2024; Sapkota & Bondurant, 2024)

It is also in line with research from
Lin who explains that by harnessing the
power of Al, ChatGPT can help adult
learners in setting learning goals, finding
available resources, designing personal-
ized learning plans, monitoring their per-
formance, and reflecting on their learning
experiences, ultimately leading to effec-
tive SDL completion (Lin, 2024). In addi-
tion to mathematics, in physics subjects

similar to mathematics to calculate prob-
lems, Ding et al. were tested. Specifically,
the study tested ChatGPT's accuracy in
answering physics questions, the relation-
ship between students' level of trust in
ChatGPT and the accuracy of their an-
swers, and the effect of trust on students'
perception of ChatGPT. Our findings
show that while GenAl is not accurate in
answering questions, most students trust
its ability to provide correct answers.
Trust in GenAl is also associated with stu-
dents' perception of GenAl. In addition,
the study highlights students' misconcep-
tions about GenAl and provides sugges-
tions for future consideration in Al literacy
teaching and research (Ding et al., 2023).

Evaluation of ChatGPT as a virtual tutor in
answering PKPM questions is reviewed
from Probing-Prompting capabilities

ChatGPT provides the same steps when
the questions given are only one way such
as no 1 and 2 where the first question has
been determined and the second question
is in the form of a comparison. ChatGPT
can provide different work steps for ques-
tions that measure student creativity,
both in the form of multiple choice and es-
says. This provides a new perspective for
students that working on problems is not
only done through one way. Even though
ChatGPT has been trained first, there are
still mistakes in interpreting questions.
For example, in question number g, some
students found that ChatGPT misinter-
preted the question even though the
prompting was the same. The slightest
mistake in prompting, especially in writ-
ing equations and signs, will affect the an-
swers given by ChatGPT. Students feel
helped by the presence of ChatGPT as a
virtual tutor because they can learn inde-
pendently anytime and anywhere without
disturbing their teachers. However, they
are not satisfied with the results of



ChatGPT's answers because they need
answers to more complicated and com-
plex questions

This is in line with previous research
that academics were also aware that the
use of ChatGPT raises concerns, such as
inaccurate, unreasonable, or unclear out-
puts. We, two math teacher educators,
engaged in a collaborative self-study us-
ing a qualitative descriptive approach to
investigate the procedures, concepts, and
cognitive demands of ChatGPT-gener-
ated math tasks that focused on fractional
multiplication using an area model ap-
proach. We found that the tasks gener-
ated by ChatGPT are mostly procedural
and not cognitively demanding. We sug-
gest that educators do not rely entirely on
ChatGPT to generate fractional multipli-
cation tasks that demand cognitive abili-
ties by using area models. We offer rec-
ommendations for educators to use
ChatGPT strategically to generate math
tasks that demand cognitive abilities.
Aligned with Newton & Xiromeriti, that
ChatGPT underperforms and fails most
multiple-choice exams, performing much
worse than the average human student.
These findings suggest that all summative
MCQ-based assessments should be con-
ducted under secure conditions with lim-
ited access to ChatGPT and similar tools,
specifically exams that assess basic
knowledge (Sapkota & Bondurant, 2024;
Newton & Xiromeriti, 2024)

The need for good prompt ability to
communicate is explained by Mustafa &
Saadi. This research discusses the im-
portant role of prompt development as an
important skill for university instructors
engaged with ChatGPT. The results high-
light the flexibility of the formula and its
potential applicationsin a variety of areas,
from syllabus planning to assessment.
The limitations inherent in ChatGPT, em-
phasized the need for instructors to be
cautious in their use and underscored the
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ever-evolving Al landscape in education
(Nazari & Saadi, 2024).

The Influence of ChatGPT as a Vitrual Tutor
in Improving Students' Creative & Critical
Mathematical Thinking Skills Reviewed
from Probing-Prompting Skills

Creative thinking is the process of think-
ing to increase possibilities, postpone
considerations, provide new and unusual
possibilities, use imagination and intui-
tion, develop and choose alternatives,
and have many ways and use different
viewpoints or answers to something.
Meanwhile, critical thinking skills are
thinking skills that involve cognitive pro-
cesses and invite students to think reflec-
tively about problems. In this context, stu-
dents will be seen the ability to think ex-
tensively, originality, and the ability to
elaborate ideas in addition, students will
be seen three activities in critical thinking,
namely investigation, interpretation, and
decision-making. The results of the study
show that in their prompting ability, stu-
dents only copy answers, send images in
the form of questions to ChatGPT. Stu-
dents are not creative in asking questions.
However, when students are given differ-
ent answers or there are no answers in the
choices, students immediately ask the
teacher why this happens. Then, students
also validate by looking for answers with
material that the teacher has instructed
(Surya, 2015; Saputra, 2020; Ennis & Weir,
1985).

This is in line with Niloy et al. which
reveals a detrimental relationship be-
tween the use of ChatGPT and students'
creative writing abilities. Machine-based
and human-based assessment analysis re-
inforces previous qualitative observations
regarding the adverse impact of ChatGPT
on creative writing. The study highlights
the need for a cautious approach to Al in-
tegration, particularly in the discipline of
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creative writing. While Al tools have their
advantages, their integration must be
done carefully, considering their potential
drawbacks (Niloy et al., 2024).

In addition, it is in line with research
from Barana et al. The results show that
all problem-solving strategies and all
phases of critical thinking can be affected
by this kind of activity, as students must
check the correctness of ChatGPT's solu-
tions, not always true, or check their own
solutions through ChatGPT. In addition,
the activity also helps them find new and
different approaches to solve problems
(Barana et al., 2023).

Although it has a negative impact
on the prompting, the answers from
ChatGPT provided have an impact on stu-
dents in improving their students' answer
creativity skills. This is shown from the dif-
ferent students' answers in answering the
questions, the results of the posttest also
show an increase in student scores from
the pretest. In addition, this is supported
by the results of the T Test which found
that the thit result of 6,691 exceeded the
ttab.

Implication of Research

The findings regarding ChatGPT's errors
in interpreting questions, especially com-
plex questions or requiring a deep under-
standing of context, show that Al still has
limitations in understanding the nuances
of complex language and contexts. This
indicates the need for the development of
more sophisticated Al models to be able
to overcome this challenge. Although
ChatGPT can be helpful in the learning
process, the results of the study show that
the role of human teachers and tutors is
still very important to provide compre-
hensive guidance, clarification, and evalu-
ation.

ChatGPT can be an effective tool in

learning math, especially to provide in-
stant feedback and diverse sample ques-
tions. However, it is important to provide
students with clear guidance on how to
use ChatGPT effectively and critically. The
results of the research can be the basis for
the development of a curriculum that in-
tegrates the use of Al such as ChatGPT,
while still paying attention to its limita-
tions and emphasizing the importance of
critical and creative thinking.

Limitation

The limitation of the problem in this study
is how the role of ChatGPT can answer
general or complex questions, especially
in TPS questions. In addition, there needs
to be an evaluation because it is basically
made different from the application that
is usually used in answering questions.
Then how to communicate between stu-
dents and ChatGPT. Finally, can this
ChatGPT affect the improvement of stu-
dents' critical and creative thinking.

CONCLUSION

Based on the results and discussion
above, it can be concluded that from the
point of view of use, ChatGPT can help
students in learning as a virtual tutor.
However, it is also necessary to pay atten-
tion because not all questions can be an-
swered all, and there are even some who
have different answers, especially in
working on questions that are compli-
cated and complex. This makes students
dissatisfied with the results obtained. This
is where students are trained in critical
thinking about why this can happen. In ad-
dition, student prompting techniques
against ChatGPT are also considered.
There is a need for creativity in prompting
so that students can further explore the
answers from ChatGPT. Although it can
answer any question, in the end, there



needs to be guidance from experts (in this
context, teachers) and independent verifi-
cation of the answers that have been pro-
vided by ChatGPT so that the desired an-
swers are in line with expectations

Acknowledgement

The author would like to thank the
DRTPM of the Ministry of Education and
Culture for providing the 2024 Student
Thesis Research grant with SK number
0459/E5/PG.02.00/2024 and contract
number 106/E5/PG.02.00.PL/2024

REFERENCES

Asad, M. M., & Ajaz, A. (2024). Impact Of Chatgpt
and Generative Al on Lifelong Learning and
Upskilling Learners in Higher Education: Un-
veiling the Challenges and Opportunities
Globally. The International Journal of Infor-
mation and Learning Technology, 41(5), 507—
523.
https://doi.org/10.1108/JILT-06-2024-0103

Atlas, S. (2023). ChatGPT for Higher Education and
Professional Development: A ChatGPT for
Higher Education and Professional Develop-
ment: A Guide to Conversational Al Guide to
Conversational Al Terms of Use.

Atlas, S. (2023). ChatGPT for Higher Education and
Professional Development: A Guide to Con-
versational Al. Retrieved from https://digital-
commons.uri.edu/cba_facpubs/548

Bai, Y., Liang, H., Qi, C., & Zuo, S. (2023). An As-
sessment of Eighth Graders’ Mathematics
Higher Order Thinking Skills in the Chinese
Context. Canadian Journal of Science, Mathe-
matics and Technology Education, 23(2), 365—
382.
https://doi.org/10.1007/542330-023-00279-W

Barana, A., Marchisio, M., & Roman, F. (2023). Fos-
tering Problem Solving and Critical Thinking
in Mathematics Through Generative Artificial
Intelligence. In 20th International Conference
on Cognition and Exploratory Learning in Digi-
tal Age (CELDA 2023), 377-385

Deering, K., & Williams, J. (2020). Approaches to
reviewing the literature in grounded theory: a
framework. Nurse Researcher, 28(4), 9-15.
https://doi.org/10.7748/nr.2020.e1752

Putri, D.A., Sayyida Hilmia, R., Almaliyah, S., Per-
mana, S., & Studi Bimbingan dan Konseling,
P. (2023). Pengaplikasian Uji T Dalam

Kreano, 15(2) (2024): 501-517 ‘ 509

Penelitian Eksperimen. Jurnal Lebesgue:
Jurnal Illmiah Pendidikan Matematika, Ma-
tematika dan Statistika, 4(3), 1978-1987.
https://doi.org/10.46306/Ib.v4i3

Ding, L., Li, T., Jiang, S., & Gapud, A. (2023). Stu-
dents’ perceptions of using ChatGPT in a
physics class as a virtual tutor. International
Journal of Educational Technology in Higher
Education, 20(63), 18 pages.
https://doi.org/10.1186/541239-023-00434-1

Disnawati, H., Ndapa Deda, Y., Haning, F. O., &
Pallo, M. (2022). PKM Bimbingan Me-
nyelesaikan Soal Tes Potensi Skolastik (TPS)
dalam Mempersiapkan Siswa Mengikuti
UTBK-SBMPTN Community Services in Solv-
ing Scholastic Potential Test (TPS) for Prepar-
ing Students to Take UTBK-SBMPTN. Jurnal
Masyarakat Mengabdi Nusantara, 1(3), 15-24.

Fahmi, M., Gunarti, A., Lestari, D. (2020). Hub-
ungan Antara Pengelolaan Pembelajaran
Dengan Tingkat Kepuasan Peserta Didik di
Lembaga Bimbingan Belajar Plus Ilhami. Jour-
nal Pendidikan Untuk Semua, 04, 4,0-50.

Febrianingsih, F. (2022). Kemampuan Berpikir Kre-
atif Siswa dalam Memecahkan Masalah Ma-
tematis. Mosharafa: Jurnal Pendidikan Ma-
tematika, 11(1), 119-130.

Gartland, S. (2024). Affective content knowledge
as foundation for critical mathematics peda-
gogy. Research in Mathematics Education,
26(1), 175-192.
https://doi.org/10.1080/14794802.2022.2155693

Halaweh, M. (2023). ChatGPT in education: Strate-
gies for responsible implementation. Contem-
porary Educational Technology, 15(2), 11
pages.
https://doi.org/10.30935/cedtech/13036

Indrawan, R., & Yaniawati, P. (2017). Metodologi
Penelitian - Kuantitatif, Kualitatif, Campuran
untuk Manajemen, Pembangunan dan Pen-
didikan (3rd ed.). Refika Aditama.

Jayanti, & Rahmawati. (2018). Pembelajaran
Menggunakan Teknik Probing Prompting
Berbantuan Edmodo Blended Learning Pada
Materi Persamaan Diferensial Matematis Ma-
hasiswa Di Universitas Pgri Palembang. Pro-
siding Seminar Nasional 21 Universitas PGRI
Palembang, 458-465.

Jeon, J. (2024). Exploring Al chatbot affordances in
the EFL classroom: young learners’ experi-
ences and perspectives. Computer Assisted
Language Learning, 37(1—2), 1-26.
https://doi.org/10.1080/09588221.2021.2021241

Kasneci, E., Sessler, K., Uchemann, S. K., Bannert,
M., Dementieva, D., Fischer, F., Gasser, U.,
Groh, G., Unnemann, S. G. ”, Krusche, S,
Kutyniok, G., Michaeli, T., Nerdel, C., Urgen




510 | Zein, S, etal. The Role and Evaluation of ChatGPT as a Virtual Tutor in Improving ...

Pfeffer, J. , Poquet, O., Sailer, M., Schmidt,
A., Seidel, T., Stadler, M., ... Kasneci, G.
(2023). ChatGPT for Good? On Opportunities
and Challenges of Large Language Models for
Education. Learning and individual differ-
ences, 103, 102274.

Kemenristek-Dikti. (2018). Peraturan Menteri
Riset, Teknologi, Dan Pendidikan Tinggi Re-
publik Indonesia Nomor 6o Tahun 2018 Ten-
tang Penerimaan Mahasiswa Baru Program
Sarjana Pada Perguruan Tinggi Negeri.
www.peraturan.go.id

Korkmaz Guler, N., Dertli, Z. G., Boran, E., & Yildiz,
B. (2024). An Artificial Intelligence Applica-
tion in Mathematics Education: Evaluating
Chatgpt’s Academic Achievement in a Math-
ematics Exam. Pedagogical Research, 9(2),
emo188. https://doi.org/10.29333/pr/14145

Lai, K. (2023). How Well Does ChatGPT Handle Ref-
erence Inquiries? An Analysis Based on Ques-
tion Types and Question Complexities. Col-
lege & Research Libraries, 84(6), 974—995.

Lee, U, Jung, H., Jeon, Y., Hwang, W., Moon, J., &
Kim, H. (2024). Few-Shot is Enough: Explor-
ing Chatgpt Prompt Engineering Method For
Automatic Question Generation in English
Education. Education and Information Tech-
nologies, 29(9), 11483-11515.

Lin, X. (2024). Exploring the Role of ChatGPT as a
Facilitator for Motivating Self-Directed
Learning Among Adult Learners. Adult Learn-
ing, 35(3), 156—166.
https://doi.org/10.1177/10451595231184928

Lo, C. K. (2023). What Is the Impact of ChatGPT on
Education? A Rapid Review of the Literature.
In Education Sciences, 13(410), 15 pages.
https://doi.org/10.3390/educsci13040410

Mika Munakata Ceire Monahan, E. K., & Vaidya, A.
(2023). Non-traditional assessments to match
creative instruction in undergraduate mathe-
matics courses. International Journal of Math-
ematical Education in Science and Technology,
54(7), 1272-1287.
https://doi.org/10.1080/0020739X.2022.2128452

Mohamed, M. Z. bin, Hidayat, R., Suhaizi, N. N.
binti, Sabri, N. binti M., Mahmud, M. K. H. bin,
& Baharuddin, S. N. binti. (2022). Artificial in-
telligence in mathematics education: A sys-
tematic literature review. International Elec-
tronic Journal of Mathematics Education, 17(3),
emob694.
https://doi.org/10.29333/iejme/12132

Monteleone, C., Miller, J., & Warren, E. (2023). Con-
ceptualising critical mathematical thinking in
young students. Mathematics Education Re-
search Journal, 35(2), 339-359.
https://doi.org/10.1007/513394-023-00445-1

Montenegro-Rueda, M., Fernandez-Cerero, J., Fer-
nandez-Batanero, J. M., & Lopez-Meneses, E.
(2023). Impact of the Implementation of
ChatGPT in Education: A Systematic Review.
In Computers (Vol. 12, Issue 8). Multidiscipli-
nary Digital Publishing Institute (MDPI).
https://doi.org/10.3390/computers12080153

Mubarika, M. P., Faiqoh, E., Susilawati, S., Raharjo,
T.D., & Yaniawati, P. (2022). The Influence of
Mathematical Creative Thinking Ability on
Students’ Self-Regulated Learning Through a
Scientific Approach. Kreano, Jurnal Matemat-
ika Kreatif-Inovatif, 13(1), 126—135.

Nazari, M., & Saadi, G. (2024). Developing effective
prompts to improve communication with
ChatGPT: a formula for higher education
stakeholders. Discover Education, 3(45), 17
pages. https://doi.org/10.1007/544217-024-
00122-W

Newton, P., & Xiromeriti, M. (2024). ChatGPT per-
formance on multiple choice question exami-
nations in higher education. A pragmatic
scoping review. Assessment and Evaluation in
Higher Education, 49(6), 781-798.
https://doi.org/10.1080/02602938.2023.2299059

Niloy, A. C., Akter, S., Sultana, N., Sultana, J., &
Rahman, S. I. U. (2024). Is Chatgpt a menace
to creative writing ability? An experiment.
Journal of Computer Assisted Learning, 40(2),
919-930.
https://doi.org/https://doi.org/10.1111/jcal.12929

Oktaria, K., Agustina, R., Aliyah, J., Sirodj, R. A., &
Afgani, M. W. (2023). Grounded Theory. Jour-
nal Pendidikan Sains Dan Komputer, 3(1), 40—
49. https://doi.org/10.47709/jpsk.v3io1.1957

Punar Ozcelik, N., & Yangin Eksi, G. (2024). Culti-
vating writing skills: the role of ChatGPT as a
learning assistant—a case study. Smart Learn-
ing  Environments, 11(1)10, 18 pages.
https://doi.org/10.1186/540561-024-00296-8

Rahman, M. M., & Watanobe, Y. (2023). ChatGPT
for Education and Research: Opportunities,
Threats, and Strategies. Applied Sci-
ences, 13(9), 5783.
https://doi.org/10.3390/app13095783

Ruffinelli, A., Alvarez Valdés, C., & Salas Aguayo,
M. (2023). Conditions for generative reflec-
tion in practicum tutorials: the representa-
tions of tutors and preservice teachers. Euro-
pean Journal of Teacher Education, 46(3), 4£98-
515.
https://doi.org/10.1080/02619768.2021.1949708

Saifuddin, A. (2020). Apakah Desain Eksperimen
Satu Kelompok Layak Digunakan? Jounal
Kajian Keislaman Multi-Perspektif, 1(1), 1-22.



Sapkota, B., & Bondurant, L. (2024). Assessing
Concepts, Procedures, and Cognitive De-
mand of ChatGPT-generated Mathematical
Tasks. International Journal of Technology in
Education, 7(2), 218-238.
https://doi.org/10.46328/ijte.677

Saputra, H. (2020). Kemampuan Berpikir Kritis. Per-
pustakaan IAl Agus Salim, 1-7.

Sawangwan, S. (2024). ChatGPT vs Teacher Roles
in Developing EFL Writing. International Jour-
nal of Computer-Assisted Language Learning
and  Teaching  (IJCALLT), 14(2), 1-21.
https://doi.org/10.4018/IJCALLT.361235

Setiawan, A., & Luthfiyani, U. K. (2023).
Penggunaan ChatGPT Untuk Pendidikan di
Era Education 4.0: Usulan Inovasi Meningkat-
kan Keterampilan Menulis. JURNAL PETISI
(Pendidikan Teknologi Informasi), 4(1), 49-58.

Silva de Souza, R. Jr., & Borges, E. M. (2023).
Teaching Descriptive Statistics and Hypothe-
sis Tests Measuring Water Density. Journal of
Chemical Education, 100(11), 4438-4448.
https://doi.org/10.1021/acs.jchemed.3c00402

Usman, M., Adys, H. P., Rosmaladewi, R., & Asnur,
M. N. A. (2023). The Application of Probing
Prompting Learning Models in Mastering For-
eign Language Vocabulary. International Jour-
nal of Language Education, 7(4), 702-710.
https://doi.org/10.26858/ijole.v7i4.58366

Vong, S. A, & Kaewurai, W. (2017). Instructional
model development to enhance critical think-
ing and critical thinking teaching ability of
trainee students at regional teaching training
center in Takeo province, Cambodia. Kaset-
sart Journal of Social Sciences, 38(1), 88-95.
https://doi.org/10.1016/J.KJSS.2016.05.002

Kreano, 15(2) (2024): 501-517 | 511

Widodo, W., Siswanto, H., & Lestari, G. D. (2022).
Peran Tutor dalam Pembelajaran Virtual pada
Pendidikan Kesetaraan Paket C di SKB Cerme
Gresik. Aksara: Jurnal llmu Pendidikan Nonfor-
mal, 8(3), 2207.
https://doi.org/10.37905/aksara.8.3.2207-2222.2022

Wiryanto. (2020). Proses pembelajaran matemat-
ika di sekolah dasar di tengah pandemi covid-
19. Jurnal Review Pendidikan Dasar: Jurnal
Kajian Pendidikan Dan Hasil Penelitian, 6(2),
125-132.

Yaniawati, P., Kariadinata, R., Sari, N. M., Prami-
arsih, E. E., & Mariani, M. (2020). Integration
of e-learning for mathematics on resource-
based learning: Increasing mathematical cre-
ative thinking and self-confidence. Interna-
tional Journal of Emerging Technologies in
Learning, 15(6), 60—78.
https://doi.org/10.3991/ijet.v15i06.11915

Yaniawati, P., Supianti, I. I, Fisher, D., & Sa‘'adah,
N. (2021). Development and effectiveness of
mobile learning teaching materials to in-
crease students’ creative thinking skills. Jour-
nal of Physics: Conference Series, 1918(4).
https://doi.org/10.1088/1742-6596/1918/4/042081

Yaniawati, R. P. (2013). E-Learning to Improve
Higher Order Thinking Skills (HOTS) of Stu-
dents. Journal of Education and Learning (Edu-
Learn), 7(2), 109-120.

Zein, S., & Gunawan, G. (2022). Prediksi Hasil FIFA
World Cup Qatar 2022 Menggunakan Ma-
chine Learning dengan Python. Jurnal Riset
Matematika, 2(2), 153-162.
https://doi.org/10.29313/jrm.v2i2.1382




512 | Zein, S, etal. The Role and Evaluation of ChatGPT as a Virtual Tutor in Improving ...

Appendix A of article entitled The Role and Evaluation of ChatGPT as a Virtual Tutor in Improving Students'
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Appendix B of article entitled The Role and Evaluation of ChatGPT as a Virtual Tutor in Improving Students'
Creative and Critical Abilities Reviewed from Probing-Prompting Abilities
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Appendix C of article entitled The Role and Evaluation of ChatGPT as a Virtual Tutor in Improving Students'
Creative and Critical Abilities Reviewed from Probing-Prompting Abilities

1. Numbers

For every number j and k, we define j#k =j - k + 3.
The value of (3#6)#2 is...

To solve this problem, we need to follow the defini-
tion of the operation given:
1. Calculate 3#6 using the formula j#k =j - k + 3
3#6=3-6+3=0
2. Now, calculate o#2
o#2=0-2+3=1
So, the value of (3#6)#2 is 1.

1. Caleulate 36

Now calculate (1 2

Figure 4 ChatGPT's answer when uploading a question or number problem with optional options




2. Numbers

Jika d1 = 1/3 d2 dan d2 = 3/2 sisi persegi, maka keliling dari layang-
layang adalah...

Dari gambar yang diberikan, layang-layang tersebut dibentuk oleh dua diagonal, d, dan d,

Berdasar asi yang diberikan:
1. d;

2. dy = 3 panjang sisi persegi, yaitu 22 cm.

Langkah-langkahnya adalah sebagai berikut:

1. Hitung panjang dz

3
, % 22em = 33cm

2. Hitung panjang d, menggunakan hubungan d; = ;d:
1
d =g x33em=1lem

layang-layang adalah segitiga siku-siku yang terbentuk dari setengah dari

diagonal-diagonalnya, maka panjang setiap

teorema Pythagoras:

4. Keliling layang-layang 2 miah dari dua sisi yang berbeda

Kelil 8)=4s~4x174cm = 69.6cm

Jadi, keliling dari layang-layang tersebut adalah 69.6 cm.

0 Kirim

san ke ChatGPT
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If d1 = 1/3 d2 and d2 = 3/2 the side of the square, then
the perimeter of the kite is...

Based on the given diagram, the kite is formed by two di-
agonals, d1 and d2. Based on the given information:
1. di=1/3d2
2. d2=3/2thelength of the side of the square,
whichis 22 cm

The steps are as follows:
1.  Calculate the length of d2:
d2=3/2x22cm=33cm
2. Calculate the length of d1 using the relation-
ship d1=1/3d2:
di=1/3x33cm=11cm
3. Because the sides of the kite are right-angled
triangles formed from half of the diagonals,
then the length of each side (for example, a)
can be calculated using the Pythagorean the-
orem:
s=((d2/2)? + (d2/2)
s=((22/2)2 + (33/2)?)
s =((121/4) + (1089/4))
s = V((221+1089)/4)
s =/(1210/4)
s=1302.5=17.4cm
4. The perimeter of the kite is twice the sum of
two different sides.
Perimeter =2 x (s +5) = 45 = 4 X17.4 cm = 69.6 cm
Therefore, the perimeter of the kite is 69.6 cm.

Figure 5. ChatGPT's answers when uploading measurement & geometry questions or questions without the op-

tion

4. Jikady — %dz dan d> — 2 sisi

2
persegi, keliling layang-layang:

» Misalkan sisi persegi = 8, maka d»

3 B 1

, dan d, S =

- ds)

« Keliling layang-layang = 2(d;
2x (38+ 29)

Misalkan s = 33, keliling layang-layang

2s.

adalah 66.

Jawaban: c. 66 «

4. Ifd1=1/3d2anddz = 3/2 the side of the square,
the perimeter of the kite is:

®  Let'ssaytheside of the squareiss, thend2 =
3/2s,andd1=1/3x3/25=1/25.
(] The perimeter of the kite = 2(d1 + d2) =2 x
(2/25+3/25) = 2s.
For example, if s = 33, the perimeter of the kite is 66.
Answer: c. 66

Figure 6. ChatGPT's answers when uploading measurement & geometry questions or questions with optional op-

tions
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3. Data & Uncertainty

Diketahut
* Total oreng: 100
bubur diadule Laki-laki = 7, Parampuan = 7

o Yang suka

o Yang suka bubur tidsk diaduk: Laki-laki = 2, Perempuar

* Total suka bubur tidak d

umlzh yang suka bubur

jumilah laki-laki yang suka bubur tidak diaduk

58 —23

adalah:

Jumlah orang suka bubur tid

Sekareng, peluang Pok Eko Bromantyo {seboga saloh sotu dari

8. Peluang Pak Eko Bramantyo suka bubur tidak diaduk

=23

dak diaduk adalan 58 prang, Dan tabel, 23 orang adalah perempuan, maka

35 laki-laki
Total laki-laki adalah 40 orang, jadi jumlah laki-laki yang suka bubur diaduk adalah

10 — 35 = 5 laki-laki

100 orang) suka bubur tidak diaduk

ak diaduk 58

=aty

Peluang -
Total orang

Namun, kita diminta mencari paluang jika dia sudah berada

100

dalam 42%, letih ke tabel yang benar.

The probability of Mr. Eko Bramantyo liking porridge

that is not stirred

Given:

- Total people: 100

- Those who like stirred porridge: men =?, women =?

- Those who like unstirred porridge: men: 2 =? Women:
23

- Total who likes unstirred porridge: 58

The number of people who like unstirred porridge is 58
people. From the table, 23 people are women, so the
number of men is:

58 - 23 =35 men.

The total number of men is 40 people, so the number
of meniis:

40 - 35 =5men.

Now, the probability of Mr. Eko Bramantyo (as one of
100 people) liking unstirred porridge is:

Probability = Number of people who like unstirred por-
ridge / Total people = 58/100 = 58%

Figure 7. ChatGPT's answers when uploading questions or data & uncertainty questions without the option

nsi tentang bubur di aduk

lum st

o Tolal orang yang disur

suka bubur tidak diaduk

adtalan tentang poluang Pak Fko Braw

o Bran

Untuk menghitung peluang Pak 2k

e Total orang y. ( SL bur diaduk adaleh 23.

e igtal crang yang disurvel adalah 100,

Maka, peliang Pak Fxo Bra suka bus

23
100

ad), peuangnya adaleh 23%,

ansjakarta dan mengumpulkan

e Tabe survel menunjukikan data jumian faki-laki dan o

alah 100 Orang, F mana 58 oz

ata tercant

srempuan, tetapl ada deberapa bagiar

antyo <kea bubur ticak dizduk

suka bubur tidak diaduk

From question number 8, the following information is

available:

Ramon conducted a survey on Transjakarta passen-

gers and collected data related to preferences regard-

ing stirred or unstirred porridge.

The survey table shows the number of men and

women, but some parts are still blank.

The total number of people surveyed is 100, of which

58 people like stirred porridge and 23 people like un-

stirred porridge.

The question is about the probability of Mr. Eko Bra-

mantyo liking unstirred porridge.

To calculate the probability of Mr. Eko Bramantyo liking

unstirred porridge:

- The total number of people who like unstirred por-
ridge is 23.

- The total number of people surveyed is 100.

Therefore, the probability of Mr. Eko Bramantyo liking

unstirred porridge is:

P =23/100=0.23

Figure 8. ChatGPT's answers when uploading questions or data & uncertainty questions with optional options




4. Algebra

Kreano, 15(2) (2024): 501-517 | 517

Diketahui x < 0. Manakah hubungan yang benar antara kuantitas P
dan Q berikut berdasarkan
informasi yang diberikan?

Untuk membandingkan nilai dari P dan Q, kita perlu menganalisis bentuk afjabarnya

Diketahui:

Karena z < 0, mari kita pecahkan masalah ini langkah demi langkah.

Langkah 1: Menyederhanakan P
Ingat bahwa 9% dapat ditulis sebagai (32)* = 3%. Sehingga:
P X2
Langkah 2: Analisis untuk Q

Diberikan:

1

) = —
Q 3
Karena z < 0, maka 3% adalah bilangan pecahan antara 0 dan 1. Dengan demikian, Q menjadi
bilangan yang lebih besar dari 1

Langkah 3: Membandingkan P dan Q

o Nilai P: Karena 3 adalah bilangan positif yang lebih kecil dari 1 untuk <
3 + 1 akan mendekati 1. Penyebut 322

sehingga P adalah bilangan negatif.

0, maka pembilang
1 adalah bilangan negatif karena 32 mendekati 0,

Nilai Q: Sebaliknya, Q = 2 akan bemilai positif dan lebih besar dari 1 karena 3% adalah

bilangan kecil.

Kesimpulan:
P adalah bilangan negatif.

*  Q adalah bilangan positif lebih besar dari 1.

Jadi, kuantitas Q lebih besar dari kuantitas P.

Solusi persamaan Pdan Q?  Bisa jelaskan lagi peluang?

e ChatGPT

Given P = (3”x + 1) [ (9”x - 1) and Q = 1/ (2x), where x
<o, which of the following relationships between P
and Q is correct based on the given information?
To compare the values of P and Q, we need to analyze
the algebraic form.
Given:
P=(3"+1)/(9"x-1)
and
Q=1/(2x)
Step 1: Simplifying P
Recall that 9”x can be written as (322)"x = 37(2x).
Therefore:
P=(3"%+1)/(3N2x)-1)
Step 2: Analysis for Q
Given:
Q=1/(2x)
Since x <0, 3”x is a fraction between o and 1. Thus, Q
becomes a number greater than 1.
Step 3: Comparing P and Q
- Value of P: Because x < o, the numerator (3”x + 1) is
less than 1, and the denominator (37(2X) - 1) is nega-
tive. Therefore, P is negative.
- Comparison: Since P is negative and Q is greater than
1, we can conclude that Q > P.
Therefore, the correct relationship between P and Q is
Q>P.

Figure 9. ChatGPT's answer when uploading an algebra question or question without an option

ChatGPT

d. The information provided & not sufficient to de

9. ip Quantities P and Q
Given < [}

e+ 1

P=

r—1
Gince & < {1 the relaticnship between 1* and () canaat
values of =
Answer:

XL Share

be directly determined without specific

the

and O

ip between quantities P

o

Figure 10. ChatGPT's answer when uploading an algebra question or problem with optional options
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Abstract

The development of technology encourages the world of education to be able to integrate it into learning design.
By integrating technology into learning, students not only get more sophisticated tools to understand and manage
mathematical concepts, but also strengthen their skills in communicating mathematical ideas clearly and effec-
tively so that able to support the development of students' mathematical communication skills. Therefore, pro-
spective elementary school teachers must prepare themselves to face the challenges of education in a better dig-
ital era. This study aims to analyze the effectiveness of technology integration such as YouTube, Kahoot, and PhET
in learning design to improve mathematical communication skills of elementary school teacher education pro-
gram (PGMI) students on the concept of integers. The type of research used is a quantitative approach with a
quasi-experimental method with a posttest-only control design. The posttest-only control design was chosen for
this study because the focus is on a direct comparison of the results between the experimental group and the
control group after the treatment was given. The sample in this study involved 74 PGMI students who were divided
into 38 students in the experimental group and 36 students in the control group. The experimental group received
learning with technology integration, while the control group used conventional methods. Data were collected
through a mathematical communication skills test. Data analysis used descriptive and inferential statistics, namely
the independent sample t-test. The results showed that there were differences in the mathematical communica-
tion skills of the experimental group compared to the control group. The experimental group showed better abil-
ities in terms of compiling mathematical arguments, using mathematical symbols and terms clearly, and effec-
tiveness in explaining the concept of integers. Technology integration in learning has proven effective in improving
students' mathematical communication skills on the topic of integers. These findings provide practical implica-
tions that the integration of technology in learning needs to be optimized to support mathematics learning in the
digital era. Prospective teachers need to be prepared with the skills to use technology in learning design.

Keywords: Technology integration, Communication Skills, Learning Design
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Abstrak

Perkembangan teknologi mendorong dunia pendidikan untuk dapat mengintegrasikannya dalam desain pembelaja-
ran. Dengan mengintegrasikan teknologi ke dalam pembelajaran, mahasiswa tidak hanya mendapatkan alat yang
lebih canggih untuk memahami dan mengelola konsep matematika, tetapi juga memperkuat keterampilan mereka
dalam mengomunisasikan ide-ide matematika secara jelas dan efektif sehingga mampu mendukung pengembangan
kemampuan komunikasi matematis mahasiswa. Untuk itu, calon guru sekolah dasar harus mempersiapkan diri dalam
menghadapi tantangan pendidikan di era digital yang lebih baik. Penelitian ini bertujuan untuk menganalisis efektivi-
tas integrasi teknologi such as YouTube, Kahoot, and PhET dalam desain pembelajaran untuk meningkatkan kemam-
puan komunikasi matematis mahasiswa Program Studi Pendidikan Guru Madrasah Ibtidaiyah (PGMI) pada konsep
bilangan bulat. Adapun jenis penelitian yang digunakan ialah pendekatan kuantitaif dengan metode quasi eksperimen
dengan desain kontrol posttest-only. Desain kontrol posttest-only dipilih untuk penelitian ini karena fokusnya adalah
pada perbandingan langsung hasil akhir antara kelompok eksperimen dan kelompok kontrol setelah perlakuan diberi-
kan. Adapun sampel dalam penelitian ini melibatkan 74 mahasiswa PGMI! yang dibagi menjadi 38 mahasiswa ke-
lompok eksperimen dan 36 mahasiswa kelompok kontrol. Kelompok eksperimen menerima pembelajaran dengan in-
tegrasi teknologi, sementara kelompok kontrol menggunakan metode konvensional. Data dikumpulkan melalui tes
kemampuan komunikasi matematis. Analisis data menggunakan statistik deskriptif dan inferensial, yakni uji — t inde-
pentent sampel t-test. Hasil penelitian menunjukkan terdapat perbedaan dalam kemampuan komunikasi matematis
kelompok eksperimen dibandingkan kelompok kontrol. kelompok eksperimen menunjukkan kemampuan yang lebih
baik dalam hal menyusun argumen matematis, penggunaan simbol dan istilah matematika secara jelas, serta keefek-
tifan dalam menjelaskan konsep bilangan bulat. Integrasi teknologi dalam pembelajaran terbukti efektif dalam
meningkatkan kemampuan komunikasi matematis mahasiswa pada topik bilangan bulat. Temuan ini memberikan
implikasi praktis bahwa integrasi teknologi dalam pembelajaran perlu dioptimalkan untuk mendukung pembelajaran
matematika di era digital. Selain itu, calon guru perlu dipersiapkan dengan keterampilan menggunakan teknologi da-
lam desain pembelajaran.

INTRODUCTION achieving this mastery, they can maximize
the potential of technology to enhance
The continuous advancement of the digital mathematics learning (Trisnawati et al.,
era has rendered the integration of technol- 2023).
ogy in education indispensable, shifting it Mathematics is an important subject
from a discretionary choice to an essential and must be taught to all students, from el-
component of modern pedagogy (Sri- ementary school to college level. The goal
vastava & Srivastava, 2024). The incorpora- is to develop logical, analytical, structured,
tion of digital technology into the learning and critical thinking skills (Raxmonjonovich
process brings about significant changes in & O’sarovna, 2023). According to Fadilla et
educational methods. By utilizing digital al., (2021), mathematics is a discipline with
technology, students can experience a distinctive characteristics, consisting of log-
more realistic learning experience (Haleem ically structured concepts with relation-
et al., 2022). Especially In the discipline of ships established through valid proofs. Cur-
mathematics education, the use of technol- rently, the use of technology in learning has
0gy can open new opportunities to improve become indispensable, as it can bring sig-
learning effectiveness. nificant changes to teaching methods and
Therefore, technology is crucial for help develop mathematical skills in a more
teachers and prospective teachers, includ- effective and engaging way (Engelbrecht &
ing PGMI students, to understand and mas- Borba, 2024).
ter technology to utilize it effectively in the The correlation between concepts in
learning process (Fauzan et al.,, 2022); By mathematical material requires students to
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be able to explain both the relationships
and differences among these concepts. This
ability is part of communication skills.
Mathematical communication skills are one
of the main competencies that students
must have, includes PGMI (Rahman et al.,,
2024). Mathematical communication skills
are essential competencies that PGMI stu-
dents must develop. These skills encom-
pass the ability to express and interpret
mathematical ideas both verbally and in
writing, utilizing various forms such as ta-
bles, diagrams, pictures, formulas, or
demonstrations (Anggriani & Septian,
2019; Soleh et al, 2020). Mathematical
communication is elaborated in written and
verbal that demonstrate clarity of ideas and
concepts in mathematical content (Hodi-
yanto, 2017). Mathematical communication
skills are abilities characterized by the abil-
ity to express mathematical ideas and con-
cepts in a logical sequence (Morgan, 2020).
The indicators used to assess students'
mathematical communication skills are
adopted from the mathematical communi-
cation standards proposed by NCTM in
2000 (NCTM, 2000) . The indicators of
mathematical communication skills used in
this study are: (1) Consolidating mathemat-
ical ideas or concepts in writing; (2) Inter-
preting mathematical ideas or concepts
through graphs, images, or tables; and (3)
Accurately expressing mathematical con-
cepts.

Effective communication skills are es-
sential not only for personal understanding
among PGMI students but also for prepar-
ing them to become future educators capa-
ble of explaining mathematical concepts
clearly and effectively to elementary school
students (Uyen et al., 2021). However, the
reality in the field shows that the mathe-
matical communication skills of PGMI stu-
dents, especially in written form, are still

relatively low. The results of previous stud-
ies revealed that students often have diffi-
culty in conveying mathematical ideas co-
herently and systematically (Nadlifah &
Prabawanto, 2017; Maulyda et al.,, 2020;
Turmuzi et al., 2021). This limitation poses
a significant challenge in mathematics
learning, necessitating innovative solutions
to addres it.

One potential approach to overcom-
ing this challenge is through the implemen-
tation of technology integration in learning
design. The presence of technology-based
media is expected to provide solutions to
various challenges encountered in the field
of education (Windasari et al., 2024). Tech-
nology-based media such as e-learning, ed-
ucational applications, other digital plat-
forms (such as YouTube, Kahoot, and PhET)
have become essential tools in supporting
the learning process in this digital era (Su-
harli et al., 2024). Several previous studies
have shown the effectiveness of technology
integration in learning. For example, Back-
fisch et al., 2021) highlighted that technolo-
gies play a critical role in integrating tech-
nology in a qualitatively high manner that
largely depends on the particular context. In
the context of mathematical communica-
tion skills, Ompusunggu & Sari (2019) and
Sudihartinih et al., (2021) identified a sig-
nificant increase in students who use tech-
nology to understand identified a signifi-
cant improvement in students who used
technology to understand and articulate
mathematical ideas, particularly through
digital-based educational applications.

However, studies that explore the in-
fluence of technology integration on math-
ematical communication skills, especially in
PGMI students and in the topic of integers,
are still limited. This study offers a new con-
tribution by investigating in more depth
how technology can be effectively



integrated into mathematics learning de-
sign.

Based on this background, this study
aims to explore how technology integration
in learning design can improve mathemati-
cal communication skills of PGMI students,
especially in understanding and explaining
the concept of integers. This study will in-
vestigate various strategies and innovative
approaches in integrating technology into
the PGMl curriculum, as well as analyzing its
impact on the development of students'
mathematical communication skills. By un-
derstanding how technology can be effec-
tively integrated to support the develop-
ment of mathematical communication
skills, it is expected to prepare prospective
elementary school teachers to face the
challenges of education in the digital era
better. The findings of this research can
serve as a foundation for developing more
effective PGMI curriculum that equips fu-
ture teachers to teach mathematics in the
digital era, while also providing valuable in-
sights for educators and policymakers to
improve the quality of mathematics educa-
tion at the higher education level.

METHODS

This study uses a quantitative research type
with a quasi-experimental method. This de-
sign has a control group, but it cannot fully
function to control external variables that
affect the implementation of the experi-
ment (Sugiyono, 2020) .

The sample in this study was 74 PGMI
students, involving two classes of PGMI stu-
dents, each consisting of 36 control class
students and 38 experimental class stu-
dents who were selected purposively.

The design used was a posttest-only
control design which is described in Table 1.
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Table 1. Research design

Group Treatment Posttest
Experiment X T
Control T

This posttest only control design re-
search design emphasizes the comparison
of treatments between the two groups: the
control group and the experimental group,
where the experimental group is the group
given special treatment, in this study the
use of integrated technology media while
the control group did not receive special
treatment, only using ordinary methods.
Therefore, the conclusion regarding the ef-
fect of independent variables on the de-
pendent variable is more accurate because
both groups are equal (Lee, 2022).

The independent variable in this study
is the integration of technology in learning
design, with mathematical communication
skills as the dependent variable, focusing on
the concept of integers. The research in-
struments include mathematical communi-
cation skills tests, observation sheets, and
student response questionnaires.

The concept presented in this lecture
is the sub-topic of numbers. The pretest and
posttest questions are the same. The inte-
gration of technology in learning design is
in the form of digital media such as e-learn-
ing, You Tube, Kahoot, and Phet.

The procedure includes preparation
of instruments, implementation of learning
with different treatments in experimental
and control groups, and data collection
through pretest and posttest. Data analysis
uses descriptive and inferential statistics,
including prerequisite tests (normality and
homogeneity) and hypothesis testing such
as independent t-test or Mann-Whitney U
test.
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RESULTS AND DISCUSSION
Result

This study descriptively examines the
mathematical communication skills of
PGMI students regarding the concept of in-
tegers. It compares those who received
technology-integrated learning with those
who experienced conventional learning,
followed by inferential statistical tests to
validate the findings.

Description of PGMI Students' Mathematical
Ability Results

Based on the research results, the posttest
values obtained for the control group,
which utilized conventional learning meth-
ods, and the experimental group, which
employed technology-integrated learning
for the concept of integers, are presented in
Tables 2 and 3:

Table 2 Descriptive Statistics of Control Class Post-

test
Statistics Posttest
Lowest score 60.00
The highest score 91.00
Average 64.33
Standard Deviation 5.63

Tabel 3 Descriptive Statistics of Experiment Class

value of 60 and the highest of 91 and a
standard deviation of 5.63. While the math-
ematical communication skills of PGMI stu-
dents in the experimental class are rela-
tively high with an average of 80.26 with a
sample size of 38, the lowest value of 65 and
the highest of 100 and a standard deviation
of 6.77. From the two posttest values, the
average in the experimental class is higher
with a difference of 15.93 compared to the
control class, in addition the lowest value in
the experimental class is higher with a dif-
ference of 5 points and a difference of g
points for the highest value.

Students mathematical communica-
tion skills are grouped into very low, low,
medium, high and very high categories. The
frequencies and percentages obtained after
the posttest are as follows:

Table 4 Result of Mathematical
Communication Skills in Control Class

Posttest
Interval Category Frequency Percentage (%)
0—54 Very low o) 0
55— 64 Low 14 39
65-79  Medium 21 58.3
80-89 High o) 0
g9o—100 Very high 1 2.7
Amount 36 100

Posttest
Statistics Posttest
Lowest score 65,00
The highest score 100,00
Average 80,26
Standard Deviation 6,77

Based on tables 2 and 3 above, it
shows that the mathematical communica-
tion skills of PGMI students in the control
class are still relatively low with an average
of 64.33 with a sample size of 36, the lowest

Table 5 Results of Mathematical Communication
Ability in Experimental Class

Posttest
Interval  Category Frequency Percentage (%)
0-54 Very low o) o)
55— 64 Low 0 o}
65-79 Medium 14 37
80 -89 High 19 50
go—100 Very high 5 13
Jumlah 38 100

Based on table 4 and 5 above, the
posttest value of the mathematical com-
munication ability of PGMI students in the
control class is dominated by the medium
category with a percentage of 58.3%, there



are 14 students in the low category with a
percentage of 39% and there is 1 person in
the very high category with a percentage of
2.7%. While the posttest value of the math-
ematical communication ability of PGMI
students in the experimental class is domi-
nated by the high category with a percent-
age of 50%, there are 14 students in the me-
dium category with a percentage of 37%
and there are g students in the very high
category with a percentage of 13% and
none are in the very low or low category.
The posttest results of students be-
tween the control class and the experi-
mental class can be seen in Figure 1.

25 21
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15

10 5
> oo 0 1 .I
O A— - -

O O Y Q>
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@ N &
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Figure 1. Results of the posttest of mathematical
communication skills

Based on the results of the analysis, it
can be concluded that there is a difference
in the average mathematical communica-
tion skills of PGMI students between classes
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that use technology-integrated learning
and classes that use conventional learning.

The effectiveness of learning with technology
integration in improving mathematical
communication skills of PGMI students

This section evaluates the effectiveness of
technology-integrated learning by analyz-
ing whether there is a statistically signifi-
cant difference in students' mathematical
communication skills between the experi-
mental and control groups. Inferential sta-
tistical methods are employed for data
analysis. Specifically, the independent sam-
ples t-test is utilized to test the research hy-
potheses and assess preliminary assump-
tions.

Before the independent sample t-test,
a prerequisite test was conducted, namely
data normality test analysis and data homo-
geneity test analysis. With the help of IMB
SPSS 29, the results indicated that the data
were normally distributed, with a signifi-
cance value (sig) greater than o0.05 (0.08 >
0.05), and that the variances were equal, as
evidenced by a significance value (sig)
greater than 0.05 (0.169 > 0.05).

After passing the normality and ho-
mogeneity tests, an inferential analysis was
conducted using an independent samples t-
test on the posttest results of both classes:
the experimental class and the control class.
The analysis yielded the following data:

Tabel 6 Independent Samples Test

Independent Samples Test

Levene's Tast far Equality of
Wariances

F Sig. t

df

Hestfor Equality of Means
95% Confidence Intzrval of the
Cifarance
Lower Uppar

Sigrificance
Ore-Sidedp  Two-Sidad p

Std. Eror
Difference

Mean
Diffarance

Hasil Postiest  Equal variancas assumad
Equal variancas not
assumed

1.830 163 -10.969
-11.024

il

70830

-18.8249 -13.0347
-188113 -13.0483

<001 =001
<001 =001

-15.9238
-16.5298

14523
14451
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Based on the results of the SPSS test
above, because the significance value (sig)
is less than alpha (o = 0.001< 0.05), it can
conclude that there is a significant differ-
ence in the mathematical communication
skills of PGMI students regarding the con-
cept of integers between classes taught us-
ing technology-integrated learning and
those taught using conventional methods.

After determining whether there is a
difference between the experimental class
and the control class, to find out whether
the integration of technology in the learn-
ing design is effective or not, an independ-
ent sample effect size is used using IBM
SPSS version 29.

Table 7 Independent sample effect size

Information Cohen's d Estimate Value

Posttest Results 2,551

The result of the calculation of the ef-
fect size of technology integration in learn-
ing design to improve the mathematical
communication skills of PGMI students ob-
tained an effect size value of 2.551, mean-
ing it is categorized as "very large". This
shows that technology integration in learn-
ing design influences improving the mathe-
matical communication skills of PGMI stu-
dents in integers.

Based on the results of the effective-
ness test and effect size test, it shows that
the integration of technology in the learn-
ing design that has been carried out is effec-
tive and has a very large influence in im-
proving the mathematical communication
skills of PGMI students in integers.

Discussion
The results of the analysis regarding the im-

plementation of learning with technology
integration showed that it was achieved

both in terms of average and proportion.
However, some students still faced chal-
lenges in solving integer problems, particu-
larly when the questions were presented in
narrative form and different from the exam-
ples provided, both in the experimental and
control classes. One of the main obstacles
in solving narrative problems is the diffi-
culty of students in understanding the con-
text of the problem presented through the
story, identifying relationships between in-
formation, and linking the information to
relevant mathematical concepts, while at
the same time they were required to repre-
sent verbal information from the text into
mathematical forms, such as diagrams,
equations, or models, which are often a
challenge in themselves. This also shows
that students' mathematical communica-
tion skills in sub-integers have not yet de-
veloped well, when viewed within a period
of one semester. In addition, seen from the
learning factor, the improvement of the
mathematical communication skills of
PGMI students who apply learning with
technology integration is still not optimal
because in itsimplementation there are still
several obstacles. For this reason, learning
with technology integration needs to be de-
veloped more innovatively by considering
the findings in this study.

Technology integration in mathemat-
ics learning is supported by the Cognitive
Load Theory (Sweller, 1994) which states
that the use of assistive devices such as
technology can reduce cognitive load in
processing complex information. Visualiza-
tions provided by applications or techno-
logical devices, such as interactive graphics
or mathematical simulations, help students
allocate more brain capacity to understand
the core of the concept rather than pro-
cessing separate elements. In the context of
learning integers, technology can help



PGMI students understand the relationship
between positive and negative concepts
through intuitive visual representations,
thereby accelerating conceptual under-
standing. Pedagogically, the use of technol-
ogy isin line with the theory of Constructiv-
ism (Piaget & Barbel, 2008; Vygotsky,
1978), which emphasizes the importance of
active and contextual learning. Technology
allows students to explore concepts inde-
pendently through simulations and interac-
tive exercises, so that they can build con-
ceptual understanding based on direct ex-
perience. In this process, technology also
acts as a "scaffolding" or learning support,
providing additional guidance such as direct
feedback that accelerates concept mastery.

The results of the study described
above indicate that students who engage in
technology-integrated learning demon-
strate greater improvement in mathemati-
cal communication skills compared to those
who receive conventional instruction. This
suggests that technology integration posi-
tively impacts the enhancement of stu-
dents' mathematical communication abili-
ties. Supporting this finding, research con-
ducted by Sukmawati & Purbaningrum
(2023) highlights the effectiveness of using
Learning Management Systems (LMS) in
blended learning environments to enhance
students' mathematical communication
skills. Similarly, Bahri (2020) and Nadlifah &
Putri (2023) also found in his research that
the use of e-learning in learning process can
improve students mathematical communi-
cation skills. Therefore, technology-inte-
grated learning is an effective approach for
enhancing the mathematical communica-
tion skills of PGMI students, particularly in
the context of integers
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Implications of Research

Learning through effective technology inte-
gration can be applied to improve mathe-
matical communication skills of PGMI stu-
dents in integers. The implications of this
study include the importance of emphasiz-
ing technology-integrated learning in
teacher education curriculum design to im-
prove basic mathematics skills, exploring
innovative tools and methodologies to fur-
ther develop mathematical communication
skills and investigating the scalability of in-
terventions in various educational contexts,
and training educators in the effective use
of technology in the classroom to maximize
its impact on student learning outcomes.

Limitation

The limitations of this study include the
concept raised only in the form of integers,
the intervention was carried out in a limited
time, so the long-term impact of technol-
ogy cannot be measured, students who are
not yet familiar with the Phet web menu,
the use of media is limited to certain tools,
without utilizing sophisticated technology
such as Al or AR/VR, mathematical commu-
nication skills are only measured through
written tests, without covering aspects of
oral or collaborative communication.

CONCLUSION

Based on the results of the research and dis-
cussion in this study, the following conclu-
sions were obtained: (1) the average math-
ematical communication ability of students
using conventional learning was obtained
for the posttest of 64.33 with a standard de-
viation of 5.63; (2) the average mathemati-
cal communication ability of students using
learning with technology integration was
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obtained for the posttest of 80.22 with a
standard deviation of 6.77; (3) inferential
statistical analysis obtained a value of sig-
nifikansi is less than alpha (0.001 < 0.05),
and it was concluded that there was a sig-
nificant difference in students' mathemati-
cal communication skills using learning with
technology integration. And the effect size
results obtained were 2, 551 with a very
large category. This means that learning
with technology integration is effective in
improving PGMI students' mathematical
communication skills on the concept of in-
tegers.
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Abstrak
Cukup banyak penelitian yang mengkaji matematika di universitas, tetapi eksplorasi mengenai solusi alter-
natif terhadap tantangan yang dihadapi mahasiswa selama kuliah matematika masih terbatas. Khususnya,
pengintegrasian teknologi seluler melalui penelitian desain didaktis kurang mendapat perhatian. Oleh karena
itu, penelitian ini mencoba untuk mendeskripsikan peran teknologi seluler dalam mendukung kuliah ma-
tematika pada sebuah universitas di Indonesia. Didactical design research merupakan metode yang
digunakan dalam penelitian ini. Pertisipan terdiri dari 53 mahasiswa berusia 18-25 tahun. Instrumen utama
adalah peneliti, tes pemahaman matematika, panduan wawancara mendalam, dan modul matematika
hibrida dengan dukungan teknologi seluler. Analisis tematik digunakan untuk mengkaji hambatan belajar, se-
mentara data perkuliahan dianalisis menggunakan kombinasi antara analisis kualitatif dan retrospektif.
Temuan penelitian ini adalah penguasaan prasyarat yang rendah, kecerobohan, dan konteks perkuliahan yang
terbatas. Modul hibrida mampu meminimalkan hambatan belajar mahasiswa matematika di pendidikan
tinggi. Penelitian ini merekomendasikan kepada dosen untuk memfasilitasi kegiatan berbasis masalah

dengan teknologi seluler untuk meningkatkan kompetensi mahasiswa di pendidikan tinggi.

INTRODUCTION

Previous theories and studies reveal that
mathematics is a useful scientific disci-
pline (Man-Keung, 2022; Yolcu & Pop-
kewitz, 2019). However, mathematics re-
mains a problem in learning, both in
schools and universities (Gomez-Chacon,
2017; Lin et al., 2017). There is quite a lot
of research examining mathematics in
tertiary institutions (Silber & Cai, 2021;
Zayyadi et al., 2019). However, not much
still examines the learning barriers that
students experience and the learning de-
signs that can minimize these obstacles.
This phenomenon is not only happening
in Indonesia but also abroad. Here are
some examples of studies that do not ex-
amine this phenomenon. Research in the
city of Semarang, Indonesia (Muhtarom
et al., 2020) has examined the beliefs of
prospective mathematics teachers about
solving mathematical problems. The re-
search uses qualitative data analysis, re-
vealing that while students exhibit con-
structivist beliefs during the problem-
solving process, most prospective teach-
ers hold spiritual beliefs about mathemat-
ical problems. This research at least pro-
vides an overview of one of the research
trends in Indonesia.

More broadly, research in Chicago,
USA (Jenifer et al., 2022) uses a quantita-
tive approach to examine the relationship

between math anxiety and math avoid-
ance by assessing learning strategies and
student test scores in calculus courses.
The results of the study have revealed sev-
eral findings. First, the problem-solving
strategy has been identified as the most
difficult learning strategy. Second, anxi-
ety about learning mathematics has been
found to be related to unplanned involve-
ment in problem-solving. Third, the
avoidance of students in problem-solving
efforts has been identified as partly medi-
ating the relationship between math anx-
iety and exam performance. Research in
Quebec, Canada (Hitt & Dufour, 2021) has
examined students’ cognitive problems
when studying calculus, especially when
solving open-ended problems. This re-
search has used a quantitative approach
with the type of teaching experiment. The
results of this study have revealed that
teamwork in learning has been driven by
the reconstruction of representations and
changes in perspective from divergent
thinking related to students’ understand-
ing of situations to convergent thinking in
providing solutions to problems.

If we analyze more deeply the find-
ings from several previous studies, it be-
comes clear that these studies do not
seem to integrate mobile technology to
address the challenges faced by college
students. This is noteworthy, considering
that all students have smartphones that
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could serve as valuable tools in their aca-
demic activities. Moreover, previous stud-
ies have not utilized didactic design re-
search (DDR) as a method to solve re-
search problems, even though DDRis par-
ticularly relevant for addressing issues in
lectures. This is because DDR offers solu-
tions grounded in the factors contributing
to students’ learning obstacles.

Based on the previous description,
this study aims to find the factors leading
to students’ math learning challenges and
outline the evolved math lecture designs
addressing these obstacles. It also depicts
their implementation, coupled with re-
flective insights. The right research design
is didactical design research (DDR), which
comes up with new ways to teach math by
looking at what gets in the way of learning
and how to use mobile technology
(Cisonni et al., 2023; Marfuah et al., 2022;
Ortega-Quevedo et al., 2023).In this
study, mobile technology refers to the use
of devices such as smartphones in learn-
ing. Mobile technology is recommended
because it can enhance learning inde-
pendence and streamline learning activi-
ties from start to finish (Capinding, 2022;
Ritonga et al., 2024; Sopacua et al., 2020).
Moreover, it allows students to solve
problems more easily by searching for in-
formation online using their smartphones
(Bennett et al., 2020). Additionally, all stu-
dents possess smartphones and are profi-
cient in operating them. Previous studies
have also highlighted that mobile tech-
nology can optimize students’ mathemat-
ical competence in higher education. This
study uses a lecture design in the form of
a hybrid module. From the previous re-
search objectives, several questions are
derived, including: (12.1) What is the de-
scription of the learning barriers that stu-
dents experience in mathematics lec-
tures? (1.2) What is the description of the
hybrid mathematics lecture module with
mobile technology assistance that is used

to minimize student learning barriers?
(1.3) How is the description of implement-
ing the hybrid mathematics lecture mod-
ule with mobile technology assistance in
class? (1.4) How is the revision of the hy-
brid mathematics lecture module with
mobile technology assistance based on
the implementation results in class? (1.5)
After introducing the hybrid mathematics
lecture module with mobile technology in
class, how do the descriptions of learning
barriers experience by students in math
lectures change?

METHOD

The approach in this study was a qualita-
tive approach to the type of DDR. DDR
was chosen because this research aimed
to develop alternative lectures to mini-
mize learning barriers experienced by stu-
dents (Prabowo et al., 2022; Sukarma et
al., 2024). The alternative lectures in-
tended in this study were didactic designs
for mathematics courses for undergradu-
ate students in agrotechnology and agri-
cultural product technology at a tertiary
institution in Mataram, Indonesia. The
DDR paradigm was then relevant to the
purpose of this study. DDR was based on
an interpretive paradigm because it
sought to make sense of the learning bar-
riers that students experienced. In the
context of this research, this paradigm
was implemented by identifying the types
of learning barriers that students experi-
enced and the factors that resulted in
these learning barriers. DDR was also
based on a critical paradigm because it
sought to provide alternative solutions in
lectures. The practical design for math
classes that used mobile technology to
help students learn, created after looking
at what got in the way of learning, was an
example of this critical paradigm in action
in this study (Suryadi, 2019b).

As previously described, this



research was conducted at a university in
Mataram, Indonesia. The university was
chosen because it was classified as one of
the famous universities. However, some
students needed help with mathematics-
related lectures (results of FGDs with sev-
eral mathematics lecturers). The target
participants in this study were students of
the Faculty of Agriculture. The faculty was
chosen because it had a strict selection
procedure for admitting new students. In
addition, the faculty also made mathe-
matics a compulsory subject in the curric-
ulum. Using a purposive sampling tech-
nique, the participants in this study, origi-
nally intended to be 53 students, were
narrowed down to 17 students (11 boys
and six girls) from the agrotechnology and
agricultural product technology study
programs. This was because participants
were naturally formed into class groups.
The participants’ ages ranged from 18 to
25 years. During high school, 5 partici-
pants majored in natural sciences, and 12
participants majored in social studies.
Participants came from two ethnic
groups: Sasak (12 students) and Sumbawa
(5 students).

The main instrument in this re-
search was the researcher because this re-
search used a qualitative approach (Cre-
swell & Creswell, 2018). Additional instru-
ments in this research activity were a
mathematics comprehension test, an in-
depth interview guide, and a didactic de-
sign in the form of a hybrid module with
mobile technology assistance for mathe-
matics courses. This course was chosen
because it was a mandatory basic subject
and had many roles in the world of agricul-
ture (McKim et al., 2017). The math com-
prehension test consisted of two math
questions compiled by NCTM (NCTM,
2014). The in-depth interview guide used
several semi-structured, open-ended
questions. Open questions were used to
obtain more in-depth information
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according to the participant’s point of
view (Brown & Danaher, 2017). The com-
piled hybrid mathematics lecture module
fulfilled the content validity test by g ex-
perts, namely 7 experts in the field of
mathematics education and 2 education
experts. Based on the assessment results
of nine experts and after analyzing the
CVR value (Lawshe, 1975), information
was obtained that the CVR value for the
mathematics module was 1. In other
words, the hybrid module was essential
for mathematics lectures. This study used
the steps in DDR, namely prospective,
metapedadidactic, and retrospective
analysis (Marfuah et al., 2022), as shown
in Figure 1 (See Appendix A).

In this study, triangulation of data
sources was employed to strengthen
trustworthiness (Morrison et al., 2019;
Richard & Hemphill, 2018). NVivo-12 as-
sisted in the thematic analysis of data per-
taining to learning barriers (Sasidharan &
Kareem, 2023). The thematic analysis in-
volved familiarizing oneself with the data,
finding the initial code, determining
themes, reviewing themes, and naming or
defining themes (Pigden & Jegede, 2019).
A combination of qualitative data analysis
and retrospective analysis was also used
to look at the outcomes of introducing a
mobile technology-based math lecture
module (Miles et al., 2014; Suryadi,
2019b).

Qualitative data analysis entailed
reducing data, presenting data, and draw-
ing conclusions (Miles et al., 2014). During
the data reduction phase, researchers
sorted the necessary data by eliminating
some less important data for analysis.
Subsequently, researchers analyzed the
data by assessing the coherence, flexibil-
ity, and unity of the didactic situation in
the mathematics lecture module (Suryadi,
2019a). Data from the analysis were pre-
sented in various forms, such as descrip-
tions, tables, and illustrative images.
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Following that, the researcher concluded
by revising the mathematics lecture mod-
ule based on the results of the previous
analysis.

RESULTS AND DISCUSSION
Results

What is the description of the learning
barriers that students experience in
mathematics lectures?

Based on the results of the NVivo-12-as-
sisted thematic analysis, data was col-
lected on the theme of student learning
barriersin math classes, as shown in Table
1(See Appendix B). After the themes were
formed, this study attempted to deter-
mine the factors that caused students to
experience learning difficulties by con-
ducting in-depth interviews with several
students. Concerning T_a, information
was obtained from in-depth interviews
that indicated that students did not un-
derstand the meaning of the questions
because they rarely got questions in the
form of stories during mathematics

learning at school. Regarding T_b, infor-
mation was obtained that students did
not experience learning difficulties. It is
because, during in-depth interviews, stu-
dents can answer according to what is on
the answer sheet. The presence of T_d,
which confirms the low ability to under-
stand students’ pre-requisite material,
and the presence of T_c, which confirms
that students are not careful in doing their
work, can be seenin Table 2. Interview ex-
cerpts for the T_c theme can be seen in
Table 2 (See Appendix B).

What is the description of the hybrid
mathematics lecture module with mobile
technology assistance that is used to
minimize student learning barriers?

After analyzing the types of student learn-
ing barriers, the next activity carried out in
this study was the compilation of a hybrid
mathematics lecture module. The module
was prepared based on the results of the
analysis of student learning barriers that
were described in the previous section.
The alternative solutions offered in the
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hybrid mathematics learning module
based on analyzing learning barriers can
be seen in Table 3. Based on the consider-
ations in Table 3, a mathematics lecture
module that integrated these alternatives
was developed. Because what was com-
piled in this study were modules, several
activities were added to form a complete
learning experience. For more detailed in-
formation regarding the hybrid mathe-
matics lecture module, it could be ac-
cessed at the following link:
https://shorturl.at/nvo6g. A complete de-
scription of alternative solutions offered
by researchers can be seen in Table 3 (See
Appendix B).

In addition, the hybrid mathematics
lecture module integrated ICT into learn-
ing. It combined the use of ICT with pre-
senting the results of working on activities
in print. There were several forms of inte-
grating ICT in the module, such as the use
of the QR code as a basis for learning ac-
tivities, the use of online test applications
to ensure students understood the pre-
requisite material, the use of the internet
to search for information and find solu-
tions to the problems presented, the use
of Android-based GeoGebra in the learning
process, as well as the use of smartphones
as the main tool in carrying out learning.

How is the description of implementing the
hybrid mathematics lecture module with
mobile technology assistance in class?

In the early lecture activities, as usual, the
lecturer opened the class with a greeting
and an opening prayer. After that, stu-
dents listened to the lecturer's explana-
tion regarding the purpose of the lecture.
Namely, students were expected to be
able to describe functions consisting of
one or two independent variables and
solve agricultural problems involving
equations of linear functions. Students
were then asked to complete the Let’s
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Play activity by scanning the QR code in
the hybrid mathematics lecture module.
Snippets of student answer reports for
this activity can be seen in Figure 2. Figure
2 also showed that some students did not
understand the prerequisite material.
However, after being confirmed with stu-
dents, information was obtained that they
experienced problems with the internet
connection when playing, so they could
not work on the questions properly.

Quizizz
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;}4.0/0 8 9 pas

[ B I B

Figure 2. Snippets of Student Answer Reports for
Let’s Play Activities

In addition, in this activity, there
were several obstacles that the researcher
found. First, implementing online tests via
Quizizz required lecturers to be in an
online condition, so they required lectur-
ers to also activate Quizizz when students
were carrying out tests. This automati-
cally made learning less flexible because it
had to be done under the guidance of a
lecturer. Second, students who experi-
enced internet connection problems
could not take or continue the test. Next,
students worked on Let’s Watch activities.
In this activity, students were asked to
watch videos related to Antarctic condi-
tions, according to NASA. The video was
expected to arouse students’ interest and
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Figure 4. Snippets of Student Answers for Let’s Discover Activities

motivation to start lectures and inspire
them to realize the uniqueness of Antarc-
tica from a mathematical point of view.
Figure 3 shows snippets of student an-
swers for the Let’s Watch activity. In es-
sence, students in this activity could do
the activity very well. There was one ob-
stacle to this activity, such as the fact that
the time used by students tended to be
more than allocated because there was no
limit to the answers students could give.
The lecture activities were then con-
tinued with Let’s Discover activities. In this
activity, students used smartphones to
find as much information as possible via
the internet to solve problems presented
in the hybrid mathematics lecture mod-
ule. Figure 4 provides examples of student
answers in the Let’s Discover activity. Stu-
dents were able to do this activity well.
Students were able to install GeoGebra on
their respective smartphones and simu-
late graphing functions on the applica-
tion. Based on the results of observations
during lectures, collaboration between
group members and complete infor-
mation on the internet helped the stu-
dents solve the problems well. A snippet
of student answers for this activity can be

seen in Figure 4.

There were several obstacles experi-
enced by students in Let’s Discover activi-
ties, such as students not dividing tasks
when looking for information so that work
results were less effective and efficient;
the information obtained by students
tended to be conceptual yet, so lecturers
had to give them reinforcement; and stu-
dents did not know how to make graphic
simulations on GeoGebra. However, the
main obstacle to this activity was the allo-
cation of learning time, which tended to
be mostly spent on this activity. The next
activity was Let’s Present. In this activity,
there was a discussion between groups of
students when presenting their work.
Each group responded to the other
groups. Although there were also some
obstacles experienced in this activity,
such as several groups having difficulty
determining group presenters, the re-
sponses from one group to another group
still did not lead to a conceptual conclu-
sion. In addition, pointing fingers between
group members as presenters tended to
occur during presentation activities. Doc-
umentation of this activity can be seen in
Figure 5.



— : . |
Figure 5. Snippets of Student Answers for Let’s Pre-
sent Activities

After each group presented their
work results, students concluded the
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concept of the function of one and two
variables and the benefits of functions in
everyday life. Figure 6 provides infor-
mation on student answers in the Let’s
Summarize activity. In this activity, the
main obstacle was that students seemed
unable to correctly conclude the function
of one and two variables. Therefore, the
lecturer validated it by saying that a varia-
ble y is a function of the variable x if x and
y have certainrules that state the relation-
ship between x and y so that for each x
value, it is possible to have a y value.

The next activity was Let’s Institu-
tionalize. In this activity, students were
asked to summarize an article containing
a linear function consisting of several var-
iables. Unfortunately, students in this ac-
tivity might not have done it optimally.
This was due to the time allocation, which
tended to be considered insufficient. A
snippet of student answers can be seen in
Figure 7.

Finally, students conducted reflec-
tion activities on the concepts obtained
and the learning process. Students in this
section revealed that they felt happy
learning in this lecture and looked wrong
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in expressing appropriate concepts. The
lecturer then confirmed the students’ an-
swers, and the students revised their pre-
vious answers. Researchers learned cru-
cial information from this activity, namely
that students responded favorably to the
hybrid mathematics lecture module’s
teaching methods. According to some
students, the lectures seemed different
from other lectures, students became
happier and more motivated during lec-
tures, and students considered that the
discovery of basic concepts was important
to emphasize during module work. Figure
8 provides snippets of student answers in
the Let’s Reflect activity.
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Figure 8. A Snippet of Student Answers for Let’s Re-
flect Activities

How is the revision of the hybrid
mathematics lecture module with mobile
technology assistance based on the
implementation results in class?

Based on the description in the previous
section, students experienced several ob-
stacles during learning activities. Let’s
Play activities required lecturers to be

online when working on test questions, in-
ternet connections were sometimes prob-
lematic, time allocations tended to be
more than they should be, there were no
character limits for student answers for
each activity, students were less able to
divide assignments when searching for in-
formation on the internet, the infor-
mation provided by students was not con-
ceptual, they did not know how to make
graphical simulations on GeoGebra, stu-
dents were still confused in determining
the presenter of the results of group work,
the responses given by students were still
general, the conclusions given by stu-
dents were still general, student answers
for Let’s Institutionalize activities were still
general, and certain QR codes did not ac-
cess the right file.

Based on these constraints, there
were several revisions to the hybrid math-
ematics lecture module. This revision was
expected to be an alternative solution for
the next lecture. It could train educators
so that they did not feel that the learning
design was perfect enough that it did not
require future improvements. These revi-
sions can be seenin Table 4.

After introducing the hybrid mathematics
lecture module with mobile technology in
class, how do the descriptions of learning
barriers experienced by students in math
lectures change?
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Figure 7. A Snippet of Student Answers for Let’s Institutionalize Activities




Based on the description of the obstacles
during implementation, it can be con-
cluded that students were not indicated to
experience learning obstacles such as
those described in the second question, as
explained in the previous point (the first
research question). This was because dur-
ing the implementation, the students
were able to answer the questions accord-
ing to what the researcher expected. In
addition, students appeared to be more
careful when solving problems, even
though time constraints still prevented
them from doing so. However, the design
was what caused this issue. The instruc-
tions in the design were less operational,
so it directed students to work without
character limits and resulted in excessive
time allocation. In other words, one form
of obstacle that students experienced
tended to be technical or instrumental
matters during lectures.

Table 4. Revision of the Hybrid Mathematics Lec-
ture Module
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Experienced

Design revision
Obstacles 9

Experienced

Design revision
Obstacles 9

Let’s Play activities There are no revisions to the

require lecturersto module. Lecturers in this activ-

work online on test ity are expected to ensure that
questions. the online test application is
ready before learning begins.
AnInternetcon-  There are no revisions to the
nection sometimes module. Lecturers make sure
has problems. students have their own data

plan that will be used when en-
countering internet connection

problems on wifi.
Time allocation Limit the number of answer
tends to be more  characters or the number of
thanitshould be.  student paragraphs for each
There is no charac- activity.
ter limit for student
answers for each
activity.
Students are not
sure how to use
GeoGebra to simu-
late a graph.
Students are less  Inthe Let’s Discover activity,
able to divide tasks the researcher added instruc-
tions to the module by

when searching for “dividing tasks in finding infor-

online information. mation on the internet when

solving problems, including

presenters.”

Added guide editor to the

module by "focus on searching

using keywords that match the

problem" and added scaffold-

ing to the Come on Find activ-

ity.

Students arestill  Inthe Let’s Present activity, the

confused in deter- researcher added instructions

mining the pre- to the module by “"choose one

senter of the group of the group members as the

work results. presenter.”

The responses Added redaction instructions to

given by students  the Come on Presents activity

are still general. with a “focus on providing re-
sponses related to the problem
being solved.”

The conclusions Adding trigger questions so

given by students  that student answers become

are still general. more focused.

The students’ an-

swers for the Let’s

Institutionalize ac-

tivity were still

general.

Certain QR codeis Provides document links in

not accessingthe  modules.

right file.

The information
provided by stu-
dents is not yet
conceptual.

Discussion

What is the description of the learning
barriers that students experience in
mathematics lectures?

If it is associated with theories related to
the types of learning barriers (Brousseau,
2002; Prabowo et al., 2022), then students
experience learning barriers with onto-
genic obstacles that are psychological
(not careful in doing) and conceptual (lack
of mastery of the prerequisite material).
Not being careful in working on the con-
text of this study refers to students tend-
ing to be in a hurry when working on it.
This action then causes the student’s an-
swer to be wrong. This action also occurs
not just once but several times, thus
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requiring special intervention in lectures.
If allowed to drag on, it impacts student
learning outcomes that are not optimal.
What's more, if the questions that stu-
dents must solve are multiple-choice, itin-
dicates that students who experience
learning difficulties will not find the right
answer. When what is done is a descrip-
tion question, it affects the student’s an-
swer in the next step. The illustration is
that when students are not careful when
writing down questions to be answered,
all student answers will automatically be
wrong. This study’s results align with the
theory and several previous studies that
reveal that students’ carelessness nega-
tively impacts mathematics learning out-
comes (Isnawan, 2022; Makonye &
Khanyile, 2015).

Furthermore, students’ lack of un-
derstanding regarding prerequisite mate-
rialis a problem often found in the context
of lectures. One of the properties of math-
ematics is procedural. In other words,
when someone does not master the previ-
ous concept (prerequisite material) in
mathematics well, they are likely less able
to master the next concept that requires
the prerequisite material (Deeken et al.,
2020). The results of this study are in line
with this theory and with several previous
studies that revealed that students’ com-
mon knowledge of prerequisite material is
one of the obstacles experienced in learn-
ing mathematics (Hasibuan et al., 2018;
Makhubele, 2021).

If it is related to the theory of learn-
ing barriers (Brousseau, 2002; Prabowo et
al., 2022; Puspita et al., 2023), information
is obtained that students are indicated to
experience learning barriers with this type
of epistemological obstacle because
when learning about rational numbers in
schools, mathematics teachers in schools
use limited contexts and rarely use illus-
trative models. This, in turn, impacts the
lack of students’ collaboration skills

during lectures. This type of learning bar-
rier is a learning obstacle that isimportant
enough to get the attention of educators
or researchers in mathematics education.
This is because epistemological obstacles
are obstacles that directly affect the pro-
cesses that occur in learning (Elias et al.,
2018).

A student may have a negative in-
terest or attitude toward mathematics be-
cause of this learning barrier. In addition,
mathematics, which is apriori (Palmquist,
1987), also forces learning barriers of this
type not to appear in the learning context.
This is because mathematics studied
anomalies and the mathematical nature
of a priori knowledge as if it were a poste-
riori knowledge (Palmquist, 1987). This
posterior form then forces mathematics
to begin to be studied by presenting prob-
lems in everyday life or operational prob-
lems to achieve a priori mathematics. The
results of this study are also in line with
several previous theories and studies that
reveal that epistemological obstruction is
one of the dominant types of learning bar-
riers that cause students to experience
obstacles in learning mathematics (Isna-
wan, 2022; Prabowo et al., 2022). Having
identified the barriers students face in
mathematics lectures, the next section
examines how the hybrid module was de-
signed to address these challenges.

What is the description of the hybrid
mathematics lecture module with mobile
technology assistance that is used to
minimize student learning barriers?

The hybrid module is an alternative solu-
tion (Lumbantoruan & Ditasona, 2024)
because, based on several theories and
the results of previous research, it is con-
cluded that learning that combines ICT
with manual work will positively impact
the quality of learning and student com-
petence (Ammy & Maryanti, 2023;



Dockendorff & Solar, 2018; Fathiyyah Fir-
daus & Marina Angraini, 2023; Tossa-
vainen & Faarinen, 2019). There are sev-
eral reasons for using ICT in the module,
such as all students having smartphones
that can be connected to the internet, QR
codes tend to be effective and efficient in
accommodating activities in learning, and
online test applications arouse student in-
terest and motivation in learning (Bennett
et al., 2020; Santagata et al., 2021; Tomar
et al.,, 2024; Tossavainen & Faarinen,
2019). The application challenges stu-
dents to compete with other students in
learning activities.

Apart from that, the hybrid mathe-
matics lecture module is structured based
on didactic situation theory. This theory
divides learning activities into action situ-
ations, formulation, validation, and insti-
tutionalization (Brousseau, 2002; Suryadi,
20193). In action and formulation situa-
tions, students are asked to solve prob-
lems using all the information available on
the internet. After the problem is solved,
students enter a validation situation,
namely, a situation where they present
the results obtained with the aim of vali-
dating the answers they have. After the
answers are validated, students enter an
institutionalization situation, namely a
situation where they use the concepts,
they have discovered to solve other prob-
lems presented in the module (Suryadi,
2019b). This kind of learning pattern can
then be called an epistemic lecture pat-
tern because it is able to facilitate stu-
dents in constructing concepts based on
physical and mental activities during lec-
tures (Isnawan, 2022; Sukarma et al.,,
2024). Ultimately, these activities aim to
reduce students’ learning barriers, allow-
ing their mathematical competence and
collaboration skills to develop optimally.
To demonstrate this, the next section ex-
plains the implementation of the hybrid
mathematics module.
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How is the description of implementing the
hybrid mathematics lecture module with
mobile technology assistance in class?

Based on the research results described
previously, it is known that several re-
sponses are given by students during the
implementation of the hybrid mathemat-
ics lecture module. Figure 2 shows that
most students can know the prerequisite
material well so that lectures can be con-
tinued in the next activity. These results
are based on theory and previous research
revealing that learning activities can be
continued when students understand the
prerequisite material is sufficient (Hasi-
buan et al., 2018; Makhubele, 2021). Fig-
ure 2 also shows that some students do
not understand the prerequisite material.
However, after being confirmed with stu-
dents, information is obtained that they
experience problems with the internet
connection when playing, so they cannot
work on the questions properly.

During the Let’s Play activity, stu-
dents experience technical problems
while answering test questions. This result
also aligns with (Isnawan, 2022), which re-
veals a tendency for students to experi-
ence technical problems during learning
that hinder the learning process itself.
There is one obstacle to the Let’s Watch
activity, such as the fact that the time
used by students tends to be more than al-
located because there is no limit to the an-
swers students can give. This study’s re-
sults align with the theory and several pre-
vious studies that reveal that student-cen-
tered learning tends to take longer than it
should (Bremner et al., 2022; Emaliana,
2017). Based on the results of observa-
tions during Let’s Discover activities, col-
laboration between group members and
complete information on the internet
make the problems solved by students
quite well. These results are in line with
theory and some previous research, which
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reveals that social interaction in groups
would help students solve a problem, and
the use of ICT would make it easier for stu-
dents to obtain information or strategies
needed to solve problems (Topciu &
Myftiu, 2015; Tossavainen & Faarinen,
2019).

Furthermore, in the Let’s Present ac-
tivity, there are some obstacles experi-
enced, such as several groups having diffi-
culty determining group presenters, and
the responses from one group to another
group stilldo not lead to a conceptual con-
clusion. This study’s results align with the
theory and several previous studies, which
reveal that in discussion activities, not all
students can provide good responses (Ah-
mad, 2021; Sjoblom et al., 2022). In addi-
tion, pointing fingers between group
members as presenters tends to occur
during presentation activities. Students
tend to lack confidence in learning activi-
ties (Ahmad, 2021). Like the previous ac-
tivity, in the Let’s Summarize activity, the
main obstacle is that students seem una-
ble to correctly conclude the function of
one and two variables. Therefore, the lec-
turer validates it by saying that a variable
y is a function of the variable x if x and y
have certain rules that state the relation-
ship between x and y so that for each x
value, it is possible to have a y value. It is
important to note that during the valida-
tion phase, the lecturer must provide di-
rected feedback carefully. This ensures
that the concepts developed by students
reach the scholarly knowledge stage. This
study’s results align with the theory and
several previous studies, which reveal that
educators have a very important role in
providing conclusions when students tend
to be less than optimal or not completely
correct in concluding the concepts found
(Koskinen & Pitkaniemi, 2022; Lodge et
al., 2018).

The next activity is Let’s Institution-
alize. In this activity, students cannot do it

optimally. This is due to the time alloca-
tion, which tends to be considered insuffi-
cient. These results align with theory and
previous studies, which reveal that stu-
dents tend to be less able to implement
concepts obtained in learning in contexts,
situations, and conditions that are differ-
ent from before, especially when it in-
volves problems of everyday life (Hart-
mann et al., 2021; Pongsakdi et al., 2020).
The last activity is my reflection. Students
in this section reveal that they feel happy
learning in this lecture. The results of this
study are in line with the theory and sev-
eral previous studies that reveal that stu-
dent-centered learning and using ICT tend
to get positive responses during learning
activities (Dockendorff & Solar, 2018;
Tossavainen & Faarinen, 2019).

How is the revision of the hybrid
mathematics lecture module with mobile
technology assistance based on the
implementation results in class?

As previously described, there were sev-
eral obstacles experienced during lec-
tures. This revision is expected to be an al-
ternative solution for the next lecture. It
can train educators so that they do not
feel that the learning design is perfect
enough that it does not require future im-
provements. Ideally, reflecting on learn-
ing activities is mandatory for educators
to carry out during learning (Muchlis et al.,
2020). If possible, three types of reflection
will be conducted: reflection on learning,
reflection during learning, and reflection
on learning (Ghorbanpour et al., 2021).
The results of this research are then in line
with several previous studies (Fitriati et
al., 2023; Joubert et al., 2020), which re-
vealed that redesigning learning designs
through reflection activities is a necessity
for educators so that the quality of learn-
ing in the future will be better.



After introducing the hybrid mathematics
lecture module with mobile technology in
class, how do the descriptions of learning
barriers experienced by students in math
lectures change?

As described in the research results sec-
tion, students indicate that they do not
experience learning obstacles as in Re-
search Question 1. However, students indi-
cate that they experience obstacles with
the instrumental ontogenic obstacle type
because there are several instructions
that are lacking in the learning design so
that the answers that students give are
less than optimal and this results in exces-
sive learning time. Yet, according to sev-
eral previous theories and research (Cap-
inding, 2022; Sopacua et al., 2020), in-
structions in modules play a crucial role in
enabling students to learn independently
when using learning modules. When re-
lated to the theory of learning obstacles
(Brousseau, 2002; Prabowo et al., 2022),
students are indicated to be experiencing
instrumental ontogenic obstacles after
the implementation of the hybrid mathe-
matics lecture module with mobile tech-
nology assistance. This is due to the pres-
ence of incomplete instructions in the
module. This research aligns with several
previous theories and studies (Isnawan,
2022; Marfuah et al., 2022) that revealed
instrumental ontogenic obstacles as one
of the common types of obstacles that
arise, especially when analyzing teaching
materials or instructional design. This is
because there is no perfect design in edu-
cation.

Implication of Research

This research recommends that math ed-
ucators integrate ICT tools into instruc-
tion. Online tests add depth, videos boost
motivation, QR codes streamline, and
problem-based learning enriches
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dynamics. The future study invites re-
searchers to explore intricate didactic in-
terplay, spotlighting validation and insti-
tutionalization phases for future inquiries.
In addition to mathematics educators in
higher education, the results of this study
are also expected to be applicable to other
STEM disciplines. This aims to evaluate
the broader impact of the hybrid module
on improving learning outcomes.

Limitation

This research had several limitations.
First, the researcher did not prepare a lap-
top that was on standby for the Let’s Play
activity before the lecture. Second, the re-
searcher did not prepare equipment that
would help students in making presenta-
tions, such as cardboard and colored
markers that students could use in carry-
ing out the Let’s Discover activity. In addi-
tion, this study was conducted in a single
institutional context, which limited the
generalizability of the findings to other
cultural or educational settings.

CONCLUSION

Based on findings, there are some conclu-
sions of this research. Students presently
grapple with math learning obstacles
ranging from inattentiveness to method-
ological nuances (psychological onto-
genic) to struggling with core concepts,
especially rational number operations
(conceptual ontogenic). Contextual con-
straints and illustrative models furtherim-
pede mathematics progress (epistemo-
logical hurdle). A hybrid math module,
combined with mobile technology, fea-
tures interesting, sequenced activities.
Mobile technology (online tests, educa-
tional videos, and QR codes) inject inno-
vation. Activities align with learning
stages, weaving didactic scenarios for ho-
listic understanding. Most activities
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function well, with ongoing refinements
based on implementation outcomes. The
hybrid module addresses ontogenic ob-
stacles but introduces didactic challenges
due to unclear scaffoldings. Students bat-
tle understanding and applying new math
concepts in problems, traced back to in-
adequate validation. This affects institu-
tionalization phase. The study advocates
systematic didactic phases. In short, the
hybrid mathematics lecture module can
minimize learning obstacles that students
experience during lectures. The hybrid
mathematics lecture module is then in-
cluded in the epistemic learning pattern
because it can construct knowledge
through various mental and physical ac-
tivities.
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Appendix B of article entitled Exploring the Use of Mobile Technologies in Indonesian
Mathematics Lectures

Table 1. Student Learning Barriers Theme

Initial Code

Theme References

Students are less able to make mathematical modeling (sub-

traction).

Students have a lower ability to perform mathematical mod-  T_a (student made a mis-

eling (division).

take in making a mathe-

Students are less capable of developing mathematical models matical model). 9
(addition).
Students have a lower ability to perform mathematical mod-
eling (percentage).
Students face no difficulties. T_b (Students face no dif-

ficulties). 7
Students are less able to add rational numbers. T_c (students are wrong in
Students have a lower ability to multiply rational numbers. operating numbers). 5
Students make mistakes when operating with integers.
Stude.:nts are wrong in determining the number equivalent to T_d (student wrong in
certain rational numbers. . :
Students make a mistake when converting rational numbers equatlngbratlonal num- 4
to decimal form. ers).
Students skip several steps of the process. T_e (students are not S

careful in doing).

Table 2. Snippets of In-depth Interviews with Several T_c Students

Researcher Questions

Participant Answers

Did you notice your mistake when operating on
numbers for this section?

Where is the error?

What is the reason you realize it now?

What about the equivalence of rational numbers?

P1: Wrong sir.

P2: I realize it.

P1: | used the rational number multiplication method,
which is not right.

P2: | should have multiplied the quantifier and denomina-
tor.

Table 3. Alternative Solutions Offered in the Hybrid Mathematics Lecture Module

Learning Barriers

Alternative Solutions

Students are not careful in doing this.

Students do not master the prerequisite mate-
rial.

There are limitations to the context that educa-
tors use.

Add instructions as reminders for students to do activi-
ties in the module carefully, pay attention to the time al-
location for the work, and ask students to check their an-
swers before presenting or submitting.

Several questions are given to students during the early
lecture activities to ensure mastery of the prerequisite
material.

Present various contexts in the form of problems that
students must solve and utilize ICT to solve the problems
presented.
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Abstracts

Although numerous studies have examined mathematical disposition (MD) and mathematical problem-solv-
ing (MPS) ability, a significant gap remains in understanding their interaction with gender differences. This
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value of mathematics' making the largest contribution (0.293). Significant gender differences emerged in MD,
whereas no such differences were observed in MPS. These findings highlight the importance of innovative and
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Abstrak
Meskipun banyak penelitian telah mengeksplorasi disposisi matematis (DM) dan kemampuan pemecahan masa-
lah matematika (MPS), kesenjangan signifikan masih ada dalam memahami interaksinya dengan perbedaan gen-
der. Penelitian ini bertujuan untuk menganalisis pengaruh DM terhadap MPS, mengeksplorasi perbedaan ber-
dasarkan gender, serta mengidentifikasi indikator DM yang paling berpengaruh. Penelitian ini melibatkan 300
siswa kelas sepuluh di Sulawesi Selatan, Indonesia, dengan desain kuantitatif ex-post facto. Instrumen penelitian
meliputi tes kemampuan pemecahan masalah matematika dan angket disposisi matematis. Data dianalisis
menggunakan statistik deskriptif dan inferensial. Hasil menunjukkan 77.6% siswa berada dalam kategori rendah
pada DM, sementara 71.0% menunjukkan tingkat MPS yang serupa. DM memberikan kontribusi signifikan ter-
hadap MPS (59.5%), dengan indikator 'apresiasi terhadap nilai matematika' memberikan kontribusi terbesar
(0.293). Terdapat perbedaan signifikan pada DM berdasarkan gender, namun tidak pada MPS. Temuan ini me-
nyoroti pentingnya strategi pengajaran yang inovatif dan berbeda yang memprioritaskan peningkatan MD siswa.
Strategi semacam itu sangat penting untuk mendorong pendidikan matematika yang inklusif, responsif, dan
berorientasi pada kesetaraan, sebuah komitmen yang harus ditegakkan oleh para pendidik dan pembuat ke-

bijakan secara aktif.

INTRODUCTION

Imagine a world without mathematical
problem-solving. It's a fundamental as-
pect of the teaching and learning process
in mathematics, requiring the application
of mathematical concepts to find solu-
tions (Nalurita et al., 2019). These prob-
lems can be classified into two categories:
routine problems, which can be solved us-
ing procedures or steps previously
learned, and non-routine problems, which
demand new strategies as they cannot be
solved using known methods (Mairing,
2020)

The Mathematical Problem-Solving
Ability (MPSA) is a crucial concept in
mathematics education. It refers to an in-
dividual’s capacity to apply mathematical
knowledge, skills, and understanding to
solve problems in unfamiliar contexts
(Kantowski, 1977; Liljedahl et al., 2016;
Firmansyah & Syarifah, 2023). Pdlya &
Szegd, (1945) introduced a four-stage
MPSA framework: understanding the
problem, devising a plan, implementing
the plan, and reflecting. This framework,
further developed by Schoenfeld (1985),
underscores the role of metacognition in
MPSA. Metacognition, the awareness and
understanding of one's own thought pro-
cesses, is a crucial element that enhances
learning and understanding in mathemat-
ical problem-solving.

MPSA is a crucial skill for students as
it fosters the development of critical and
analytical thinking, which is essential for
solving complex problems across various
life and work domains. For instance, in a
professional setting, MPSA can be used to
analyze data and make informed deci-
sions. Additionally, MPSA enhances the
ability to adapt to changes and challenges
in a dynamic global environment while
equipping students with the necessary
skills to thrive in careers within the digital
era and knowledge-based economy
(Okolie et al., 2021). The importance of
this ability is increasingly emphasized by
the need for students to face the ever-
changing challenges of the future.

However, several studies indicate
that students' MPSA remains relatively
low, and this is a matter of urgent con-
cern. The 2022 Programme for Interna-
tional Student Assessment (PISA) results
placed Indonesia at rank 68 with a mathe-
matics score of 379. Tampa et al. (2022)
found that the MPSA of 8th-grade junior
high school students needed to be higher,
regardless of the school's status or accred-
itation level. The Trends in International
Mathematics and Science Study (TIMSS)
survey also reported that the average
mathematics score of Indonesian stu-
dents was below the international aver-
age (TIMSS, 2019). Other studies have
shown that low MPSA is found across all
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levels and stages of education (Gunawan
etal., 2023).

One significant factor influencing
students' MPSA is Mathematical Disposi-
tion (MD). Katz (2009), Yani and Ningsih
(2019), and Atallah et al. (2010) stated
that MD is closely related to attitudes, be-
liefs, and tendencies that encourage posi-
tive thinking and effort in learning mathe-
matics. Meanwhile, Royster et al. (1999),
Depi et al. (2022), and Fairus et al. (2023)
described MD as deliberate actions fre-
quently performed during mathematics
learning. (NCTM, 2000, 2014; Biber et al.,
2013) expanded MD into seven key indica-
tors: self-efficacy, flexibility of thinking,
persistence, curiosity, metacognition,
mathematical connections, and apprecia-
tion of mathematical values. These seven
indicators work complementarily to sup-
port the development of students' MPSA.

Self-efficacy in mathematics ena-
bles students to believe in their ability to
complete tasks, making them more per-
sistent even when faced with difficulties.
Research indicates self-efficacy strongly
correlates with MPSA (Zakariya, 2022;
Chytry et al., 2020). Flexibility of thinking
allows students to select the best ap-
proach for solving problems based on spe-
cific contexts, which has also been proven
to enhance MPSA (Magalhdes et al., 2020;
de Santana et al., 2022).

Persistent students strive to under-
stand problems, try different approaches,
and correct errors. This perseverance is
crucial for solving complex mathematical
problems (Xiao & Sun, 2021; Scherer &
Gustafsson, 2015). Furthermore, curiosity
drives students to explore new ideas and
discover creative solutions to problems
(Peterson & Cohen, 2019; Jaen & Baccay,
2016).

Mathematical connections and ap-
preciation of mathematical values also
play a significant role. Students who can
link mathematical concepts to real-life

situations better understand the rele-
vance of their knowledge (Artstein et al.,
2014; Jawad, 2022). Meanwhile, an appre-
ciation of mathematical values motivates
students to comprehend and apply math-
ematical concepts in practical contexts
(Chen et al., 2018; Hutajulu et al., 2019).

Previous studies on the relationship
between mathematical disposition and
Mathematical Problem Solving Ability
(MPSA) have been conducted by many ex-
perts. Jacobbe et al. (2012) and Hoon et al.
(2021) found that mathematical disposi-
tion has a significant influence on MPSA
and on increasing engagement in mathe-
matics learning. Gokge & Guner (2024),
revealed that students with good mathe-
matical disposition are more actively en-
gaged in exploratory learning and are bet-
ter prepared for challenging mathemati-
cal tasks. However, these studies only
highlighted the global relationship be-
tween mathematical disposition and
MPSA, without examining the specific
contribution of each mathematical dispo-
sition indicator, such as self-efficacy, flex-
ibility of thinking, perseverance, and oth-
ers to MPSA. It is important to address
this gap because each mathematical dis-
position indicator has a different role in
supporting MPSA. Understanding the
specific contribution of each indicator is
crucial as it will provide more targeted
guidance for educators, allowing them to
strengthen those aspects of mathemati-
cal disposition that need extra attention.
To fill this literature gap, one of the objec-
tives of this study is to explore the contri-
bution of each mathematical disposition
indicator to students' MPSA.

In addition, gender differences in
mathematics education have long been a
focus of research (Barrow-Green et al.,
2019). Differences in cognitive, psycho-
logical and learning style preferences be-
tween males and females influence how
they process information and solve



mathematical problems (Masic et al,
2020). For example, females tend to pre-
fer the Converger learning style, which
emphasizes comprehension and practical
application, while males often prefer the
Assimilator learning style, which focuses
on abstract conceptualization and reflec-
tive observation (Awofala et al., 2020)

In addition, differences in brain acti-
vation have also been found to contribute
to students' approach to mathematics.
Males are more dominant in abstract rea-
soning, while females excel in detail pro-
cessing and working memory (Hill et al.,
2014; Ganley & Vasilyeva, 2014). Psycho-
logical factors, such as higher math anxi-
ety in females, also affect their self-effi-
cacy (Wang et al., 2020).

Various studies have confirmed this
difference. Fennema and Sherman (1977)
and Keller (2020) found a gender gap in
MPSA. Other studies have shown differ-
ences in math performance and ap-
proaches between male and female stu-
dents. However, these differences are of-
ten contextual (Liu, 2009; Mashuri & Ya-
wan, 2023).

Regarding mathematical disposi-
tion, (Casad et al., 2017) found significant
differences between male and female stu-
dents, which were mainly influenced by
gender stereotypes in mathematics.
Meanwhile, (Recber et al., 2018) found
that gender plays an important role in
shaping mathematical dispositions, espe-
cially through the dimensions of self-effi-
cacy, anxiety, and attitude toward mathe-
matics.

Although gender differences in the
context of dispositions and mathematical
problem-solving ability have been widely
researched, this study still examines gen-
der aspects as a complementary goal. This
is important to (1) enrich the understand-
ing of the role of gender in the specific
contribution of mathematical disposition
indicators on the MPSA, (2) expand the
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geographical scope of similar research,
and (3) provide more contextualized in-
sights into the mathematics education
setting in Indonesia.

Based on the above literature re-
view and to achieve the stated research
objectives, this study was designed to sys-
tematically answer a series of interrelated
questions. The questions were systemati-
cally structured, from exploring students'
basic ability levels to analyzing the rela-
tionships between variables and gender
differences. Research hypotheses were
developed based on previous empirical
findings to test the relationships between
variables and gender differences. Specifi-
cally, this article addresses the following
research questions: (1) What is the MPSA
level of tenth grade high school students?
(2) What is the MPSA level of tenth grade
high school students? (3) Does MD have a
significant influence on students' MPSA?
(4) Does eachindicator of MD significantly
influence students' MPSA? (5) Which MD
indicator has the most significant influ-
ence on students' MPSA? (6) Is there a sig-
nificant difference in the MD of male and
female students? (7) Is there a significant
difference in MPSA of male and female
students?

The findings from this study regard-
ing the relationship between MD (includ-
ing the specific contributions of its seven
indicators), MPSA, and gender differ-
ences are expected to provide an empiri-
cal foundation for developing more effec-
tive and gender-responsive mathematics
learning strategies.

In developing an instrument to
measure mathematical disposition, this
study refers to the indicators proposed by
the National Council of Teachers of Math-
ematics (NCTM, 2000, 2014), namely: (1)
mathematical self-efficacy; (2) mathe-
matical flexibility of thinking; (3) mathe-
matical persistence; (4) mathematical cu-
riosity and creativity; (5) mathematical
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Mathematical Disposition

Mathematical Sclf-Efficacy
(X1)

Flexibility of Thinking

(X2) \

Persistence

(X3) ™

Curiosity & Creativity

Problem-Solving Ability

(Xs)

Metacognition
(Xs)

Connection & Application /
Xe)

“Value Appreciation /
X7)

)

Figure 1. Research Design Study

metacognition; (6) mathematical connec-
tions and applications; (7) mathematical
value appreciation. Appreciation of the
value of mathematics.

METHOD
Research Type and Design

This study utilizes an ex post facto re-
search design, a non-experimental ap-
proach widely employed in education and
social science research. The ex post facto
research design is appropriate for investi-
gating phenomena that have already oc-
curred and cannot be manipulated by the
researcher (Coe et al., 2021). This method
allows us to examine the relationship be-
tween mathematical problem-solving
ability, mathematical disposition, and
gender. Furthermore, the ex post facto
design allows for the examination of sev-
eral variables simultaneously, which is
particularly important for our research as
we investigate the complex interactions
between mathematical problem-solving
ability, various indicators of mathematical

disposition, and gender. This comprehen-
sive approach provides a deeper under-
standing of the factors influencing math-
ematics performance and attitudes
among secondary school students. The
research design is shown in Figure 1.

From Figure 1, (1) The Independent
variable (Mathematical Disposition) is
comprised of seven indicators. This varia-
ble is quantified through the administra-
tion of a questionnaire, which aims to as-
certain its impact on students' capacity to
solve problems; (2) Dependent variable
(Problem-solving Ability). This variable is
quantified through the administration of a
mathematics problem-solving assess-
ment; (3) Moderator Variable (Gender).
This variable is employed to ascertain
whether there are notable discrepancies
in mathematical disposition and problem-
solving proficiency—furthermore, gender
functions as a moderating variable thatin-
fluences the relationship between mathe-
matical disposition and problem-solving
ability.

The research stages included the



following: (1) The requisite ethical and of-
ficial permits have been obtained; (2) the
research sample of 300 students using the
Purposive Stratified Cluster Random
Sampling technique has been deter-
mined; (3) the research instrument, com-
prising a mathematics disposition ques-
tionnaire and a mathematics problem-
solving ability test, has been validated by
experts and tested. The results demon-
strated the validity and reliability of the
research. The research hypothesis was es-
tablished, the data was collected, the sta-
tistical methods used to analyze the data,
including descriptive statistics, inferential
statistics (multiple regression and t-test),
and the statistical software employed
(SPSS), was determined, the results of the
statistical analysis were interpreted, and
the results were reported.

Research Subject

This study was conducted in South Sula-
wesi, Indonesia, comprising twenty-one
districts and three cities. The study en-
compassed six educational institutions,
three within the city and three outside.
The research sample was established us-
ing the purposive stratified cluster ran-
dom sampling technique. The sampling
process was structured as follows: (1) The
initial step involved identifying an odd-se-
mester high school class of students in the
1oth grade. The rationale for this decision
is that the 10th grade is a transitional pe-
riod between junior high school and high
school, and thus, the findings of this study
may be indicative of the junior high school
level; (2) South Sulawesi's senior high
schools (SMA) were stratified based on
geographical location (city and outside
the city); (3) schools were grouped into
clusters based on district/city area. Three
districts were randomly selected from the
twenty-one districts in the region, and
three cities were retained as separate
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clusters; (4) from each selected cluster
(three districts and three cities), one
school was randomly selected, resulting in
six schools being selected; (5) from the six
selected schools, 5o students each were
randomly selected, including 25 boys and
25 girls, resulting in a total of 300 stu-
dents, consisting of 150 boys and 150 girls.
The profile of the research subjects is pre-
sented in Table 1.

Table 1. Profile of Quantitative Research Subjects

Number of

School Accredi- Number Subjects by

Locati . f sub-
ocation  giatus tation oo gender

jects M E
A1City  State A 50 25 25
A2 City Private A 50 25 25
A3 City Private B 50 25 25
B
A

Bidistrict State 50 25 25
B2 district State 50 25 25
B3 District State C 50 25 25

Total number of subjects 300 150 150

Research Instruments

The present study employed two instru-
ments: the MDQ (Mathematical Disposi-
tion Questionnaire) and the Mathematics
Problem Solving Ability Test. The MDQ
was developed by the NCTM indicators
(2000, 2014). Each indicator is comprised
of six statement items, three of which are
favorable and three of which are unfavor-
able. Thus, the total number of items is
42. The questionnaire is a Likert scale,
with gradations from strongly disagree to
strongly agree. The response options
were "strongly disagree," "disagree,"
"agree," and "strongly agree." Five ex-
perts validated the questionnaire using a
validation sheet. The results of the expert
assessment demonstrated a Content Va-
lidity Ratio (CVR) = 100%, indicating that
the questionnaire measures what it is in-
tended to measure. The questionnaire
was then tested on 57 students, and the
results showed a Cronbach's Alpha = 0.75,
indicating good internal consistency. This
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means that the items in the questionnaire
are highly correlated, suggesting that the
MDQ is a valid and reliable instrument.
The instrument for the Mathematics
Problem Solving Ability Test was adapted
from the PISA problem, consisting of four
context problems. One problem concerns
number pattern (exhibition context), one
problem concerns systems of linear equa-
tions (shopping context), one problem
concerns elevation angles (eruption
mountain context), and one problem con-
cerns reading statistical graphs (business
context). The test was validated by five
experts with a Content Validity Ratio
(CVR) = 100%. Additionally, the test ex-
hibited reliability, as evidenced by a
Cronbach's Alpha = 0.72, based on the re-
sults obtained from 57 students. This indi-
cates that the problem-solving ability test
exhibits satisfactory validity and reliabil-
ity. Moreover, each instrument is accom-
panied by a scoring rubric and defined
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categories.

Instrument, scoring rubric, and cat-
egories are presented in the link below:
https://drive.google.com/file/d/1d sHOJFgob
000lViB2DLA5DfPn70p 11/view?usp=sharing

Data Collection and Analysis

The data were collected from a diverse
and inclusive sample of 300 high school
students in the 10th grade, with an equal
number of male and female students (150
males and 150 females). This diversity en-
sures that the study's findings represent
both genders and a broad population. The
study employed the mathematics prob-
lem-solving ability test and the mathe-
matics disposition questionnaire (MDQ)
as research instruments. Quantitative
data analysis was conducted using statis-
tical software, employing various analyti-
cal techniques. First, descriptive statistics
were employed to characterize the extent

Table 2. Descriptive statistics for Mathematical Problem-Solving Ability (MPSA)

Score Interval, Frequency, and percentage

Data centering meas-

Question number  85<X<100 70<X<85 55<X<70 40<X<55 0<X<40 ure
Freq. % Freq. % Freq. % Freg. % Freq. % Mean SD Max
All questions o o 14 4.7 73 24.3 132 44.0 81 27.0 471 12.9 781
Questions- 1 21 7.0 48 16.0 89 29.7 99 33.0 43 143 57.3 15.5 87.5
Questions- 2 6 2.0 29 9.7 85 283 100 333 80 267 518 150 875
Questions- 3 o 0.0 13 4.3 69 23.0 115 383 103 343 46.3 13.8 75.0
questions -4 0 0.0 0 0.0 17 5.7 59 19.7 224 74.7 33.1 13.3 68.8
600 W All Question Question-4 B Question-3
500 -
400 I
300
200 -
100 —
0 “7‘—‘
o
o n
00 o
g% Y 8 g I
a3 A x v S 3 %
© N i Q 3 s =

Question number

Score Interval, Frequency, and percentage

Data centering measure

Figure 2. Visualization of mathematical problem-solving (MPSA) test scores
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of students' problem-solving abilities and
mathema-tical  dispositions.  Subse-
quently, an independent t-test was em-
ployed to ascertain the discrepancies be-
tween male and female students concern-
ing their mathematical disposition and
problem-solving abilities. Moreover, a
multiple regression analysis was per-
formed to investigate the influence of
mathematical disposition on mathemati-
cal problem-solving ability.

RESULT AND DISCUSSION
Result
Descriptive Findings

A descriptive analysis was conducted to
gain insight into the data distribution
characteristics of each variable under
study. This entailed calculating measures
of central tendency, including the mean
and median, as well as measures of
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variability, such as the standard deviation
and range. These calculations were per-
formed on data about mathematics prob-
lem-solving test scores and mathematics
disposition scores, with comparisons by
gender also included.

Table 2 presents the descriptive sta-
tistics for the mathematical problem-solv-
ing ability (MPSA) test scores. Table 3 pre-
sents the descriptive statistics for mathe-
matical disposition (MD) scores. Table 4
The following Table 2, 3, 4 present the de-
scriptive statistics for MPSA and MD test
scores by gender.

As shown in Table 2 and Figure 2,
the mean score of students' MPSA falls
into the low category, with a mean score
of 47.1 and a standard deviation of 12.9.
The distribution of scores reveals that
most students (71%) were in the 'Low' or
'Very Low' category, with 44.0% in the
'‘Low' category and 27.0% in the 'Very
Low' category. Only 4.7% of students
achieved the 'High' category, and no

Table 3. Descriptive Statistics for Mathematical Disposition (MD) scores

Score Interval, Frequency, and percentage

Data centering

85<X<100 70<X<85 55<X<70 40<X<55 25<X<40 measure
Indicator Freq. %  Freq. % Freq. % Freq. % Freq. % Mean SD Max
All o 0.0 o 0.0 67 22.3 226 753 7 2.3 51.1 53 38.1
X1 6 2.0 233 77-7 43 14.3 18 6.0 o 0.0 72.7 8.6 875
X2 o 0.0 o 0.0 23 7.7 129  43.0 148 49.3 524 6.5 667
X3 o o o o 93 31 207 69 o o 43.5 8.0 66.7
X4 o 0.0 o 0.0 13 4.3 168 56.0 119 39.7  43.5 8.0 66.7
X5 o 0.0 o 0.0 o 0.0 73 24.3 227 75.7 36.0 4.6 50.0
X6 o 0.0 3 1.0 29 9.7 246  82.0 22 7.3 48.2 7.4 750
X7 0 0.0 12 40.3 89 29.7 90 30.0 0 0.0 63.8 10.7 833
mAll Indicators X1 X2 mX3 mX4 mX5 X6 mX7

B5=X=100
70=K<8
55=X<70
40=X=<55

Indicator

Score Interval, Frequency, and percentage

Data centering measure

Figure 3. Visualization of mathematics disposition (MD) scores
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students reached the 'Very High' cate-
gory. This assessment is a crucial tool in
understanding student performance and
identifying areas for improvement.

Upon closer examination, it's clear
that students need help across all MPSA
items. However, one item stands out-item
number 4, which involves reading statisti-
cal graphs. Students showed significant
difficulties with this item, as indicated by
an average score of only 33.1, with 74.7%
of students falling into the 'deficient' cat-
egory.

Table 3 and Figure 3 illustrate that
students' mathematical disposition (MD)
is within the low category. This is indi-
cated by the mean score of 51.1 with a
standard deviation 5.3. Most students
(75.3%) were classified within the "Low"
category, while 22.3% were placed within
the "Medium" category. No students
demonstrated a level of mathematical
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disposition (MD) that could be classified
as "high" or "very high."

Further analysis of MD indicators re-
vealed that students exhibited low MD
and demonstrated deficient levels of the
following indicators: mathematical meta-
cognition, the flexibility of mathematical
thinking, mathematical persistence,
mathematical curiosity and creativity, and
mathematical connections and applica-
tions.

As illustrated in Table 4 and Figure
4, our study has found a marked gender-
based gap in problem-solving ability
among students. The mean score of fe-
males (48.2) was higher than the mean
score of males (46.2), indicating a descrip-
tive difference. In addition, the proportion
of female students in the highest category
(5.3%) was more significant than that of
male students in the same category (4%).
Similarly, the mathematical disposition of

Table 4. Descriptive Statistics for MPSA and MD test scores by Gender

Score Interval, Frequency, and percentage Data centering
Variable | Gender | 85<X<100 | 70<X<85 55<X<70 40=X<55 0=X<40" measure
Freq. | % |Freq. | % |Freq.| % |Freq.| % |Freq. | % Mean SD
MPSA M 0 0.0 6 4.0 | 34 [227| 67 |44.7| 43 |287 46.0 12.2
F o} 0.0 8 53| 39 |26.0| 65 |433| 38 |253 48.2 12.9
MD M 0 0.0 o |o0.0| 38 [19.3]| 110 |773 2 3.3 50.4 5.3
F 0 0.0 o |o0.0| 38 |253]| 110 |73.3 2 1.3 51.7 5.2
*) for MD score (25X<40)
MPSAM B MPSAF MDM BEMDF
400
300
200
100 q ’ q
€ 8 o SS9 =
Vi ¥ v h —
3 Vi % ¥ = S o
3 R VA Vi I v v
N o = S
D!

Score Interval, Frequency, and percentage

Data centering measure

Figure 4. Visualization of MPSA and MD test scores by gender




male and female students also showed
descriptive differences. The mean score
for female students (51.7) was higher than
that of male students (50.4), and the pro-
portion of female students in the moder-
ate category (25.3%) was higher than that
of male students in the high category
(19.3%). These key findings underscore
the impact of our research in understand-
ing and addressing gender disparities in
education.

Inferential Findings

Before employing multiple regression, a
comprehensive series of prerequisite tests
are conducted. These tests cover a range
of factors including normality, heterosce-
dasticity, and multicollinearity, ensuring a
thorough and robust analysis (Alita et al.,
2021; Williams et al., 2019).

Table 5 displays the outcomes of the
multiple linear regression prerequisite
tests. These tests are based on the rela-
tionship between the dependent variable,
mathematical problem-solving ability (Y),
and the independent variable, mathemat-
ical disposition (X), which is a composite
of seven key indicators. These indicators,
each with its own significant contribution,
are crucial in understanding problem-
solving ability and are as follows:

X1: mathematical self-efficacy; X2: mathematical flexibil-
ity of thinking; X3: mathematical persistence; X4: mathe-
matical curiosity and creativity; X5: mathematical meta-
cognition; X6: Mathematical connection and application;
X7: Mathematical value appreciation.

Table 5. Multiple Linear Regression prerequisite
test results
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Table 5 demonstrates that the data for all
variables are normally distributed (sig.
value > o0.05). Additionally, the data ex-
hibit no indications of heteroscedasticity
(sig. value > 0.05). Furthermore, no multi-
collinearity symptoms exist in any of the
variables (Tolerance value > 0.10). There-
fore, the prerequisites for employing mul-
tiple linear regression have been satisfied.

The results of the multiple regres-
sion calculations, conducted using the sta-
tistical software SPSS, are presented in
Tables 6 and 7.

Table 6. Summary of Multiple Linear Regression
Models and Analysis of Variance (ANOVA)

Aspects Results
Model Sumarry R = 0.598, R? = 0.595, Adjusted
R*=0.595

ANOVA F =8492.173, Sig. = 0.000

Table 7. Regression Coefficient of Mathematical
Disposition (MD) Indicator

Coeffi-

Statisti- Variable
calTest Y X1 X2 X3 X4 X5 X6 X7

S1 0.57 0.61 0.59 0.63 0.58 0.64 0.56 0.54

S2 0.114 0.883 0.9970.124 0.328 0.07£ 0.117 0.124
S3 1.451 1.608 1.2662.34¢ 1.857 2.80€2.1481.451

S1: Normality (Kolmogorov-Smirnov; S2: Heteroscedas-
ticity (sig.); S3: Multicollinearity (tolerance)

Variable cient Std. Beta t Sig.
Error
(B)

(Con-

stant) 75.521  0.604 125.026 0.000
X1 0.358 0.007 0.237 48.089 0.000
X2 0.325  0.009 0.189 36.436 0.000
X3 0.341  0.009 0.172 37.307 0.000
X4 0.399 0.010 0.246 39.260 0.000
X5 0.273 0.016 0.097 17.451 0.000
X6 0.326  0.012 0.186 27.102 0.000
X7 0.354 0.007 0.293 48.903 0.000
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Figure 5. Visualization of regression coefficients

As illustrated in Tables 6 and 7 and Figure
5, the regression model demonstrates a
high level of predictive capacity, as evi-
denced by an R? value of 0.595. This sug-
gests that 59.5% of students' mathemati-
cal problem-solving proficiency variability
can be attributed to the seven indicators
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of mathematical disposition examined.
Moreover, the ANOVA test yielded an F-
value = 8492.173 with a p-value < 0.05, in-
dicating that the regression model is sta-
tistically significant in predicting students'
mathematical problem-solving ability.
Moreover, the significance value of 0.000
for all indicators indicates that all indica-
tors of mathematical disposition posi-
tively and significantly impact students'
mathematical problem-solving ability.

The standardized beta coefficient
values indicate that the order of the con-
tribution of the mathematical disposition
indicators, from largest to smallest, is as
follows: mathematical value appreciation
demonstrates the most significant contri-
bution, followed by mathematical curios-
ity, creativity, and mathematical self-effi-
cacy. Moreover, mathematical flexibility
of thinking is associated with a value mar-
ginally higher than that of mathematical
connections and applications. Mathemat-
ical persistence is sixth, while mathemati-
cal metacognition shows the most minor
contribution but remains significant.

The results demonstrate that each
indicator of mathematical disposition
plays a substantial role in students' math-
ematical problem-solving abilities, with
notable variations in its influence. Not-
withstanding the discrepanciesinthe beta
coefficient values, all indicators exhibited
a substantial positive correlation with the
dependent variable.

MPSA and MD by Gender

This section is dedicated to a research
question of profound significance: Do
gender-based differences exist in prob-
lem-solving ability and mathematical dis-
position? This question, with its potential
to inform and shape our understanding of
cognitive disparities, is the cornerstone of
our study.

The independent sample t-test will

be employed to ascertain whether the
mean difference between the two groups
(male and female) is statistically signifi-
cant.

Before embarking on the independ-
ent sample t-test, we meticulously con-
ducted normality and homogeneity tests,
as recommended by Alita et al. (2021) and
Williams et al. (2019). These tests, pre-
sented in table 8, were performed using
the robust statistical software program
SPSS, ensuring the reliability of our re-
sults.

Table 8. Prerequisite Test Results of independent
sample t-test
Normality Test
(Kolmogorov-  Homogeneity test

Smirnov) (sig.)
Based on Based on
Variables P W Mean Median
MPSA 0.082 0.285 0.659 0.652
MD 0.065 0.96 822 0.817

As illustrated in Table 8, the data exhibits
a normal distribution and is homogene-
ous, enabling the application of the inde-
pendent sample t-test to assess the re-
search hypothesis. The results of the inde-
pendent sample t-test, as calculated in
SPSS, are presented in Table g.

Table 9. Hasil Uji Independent Sample T-Test
MPSA dan MD Berdasarkan Gender
Varia- t df  Sig.(2- Mean Dif-
bles tailed) ference
MPSA -1.504 298 0.134 -2.2393
MD  -2.125 298 0.034 -1.2980

Table g indicates no statistically signifi-
cant difference in problem-solving ability
between male and female students. The
value of Sig evidence this. (2-tailed) =
0.134 > 0.05. Conversely, the mathemati-
cal disposition between male and female
students is significantly different. This is
demonstrated by the Sig value (2-tailed) =
0.034 < 0.05.

Discussion



This study explored the relationship be-
tween Mathematical Problem Solving
Ability (MPSA), Mathematical Disposition
(MD), and Gender among grade 10 stu-
dents in South Sulawesi, Indonesia. Over-
all, the findings indicate that students'
MPSA and MD levels are in the low cate-
gory, in line with the research results of
Attami et al. (2020), Zhang et al. (2023),
and Tampa et al. (2022). Similar phenom-
ena have been identified across different
geographical contexts by Zhang et al.
(2023), indicating that this challenge is
global in mathematics education. In addi-
tion, this study confirmed the positive in-
fluence of MD on MPSA, which empha-
sizes the important role of mathematical
disposition in mathematics learning.
These findings reinforce previous re-
search by Hutajulu and Hidayat (2023),
Pajares and Miller (1995), and Busnawir et
al. (2023), which highlighted the im-
portant role of MD in improving problem-
solving ability. The discussion focuses on
two interesting findings for deeper analy-
sis:

Gender Paradox in MD and MPSA

The study revealed an interesting phe-
nomenon where no gender differences
were found in MPSA, yet there were sig-
nificant differences in MD. This paradox
can be explained through several critical
perspectives.

First, the absence of gender differ-
ences in MPSA could be attributed to the
compensatory mechanisms adopted by
students. Research shows that students
with lower MD often develop compensa-
tory strategies such as seeking peer sup-
port, dedicating additional study time, or
consulting teachers to overcome their de-
ficiencies (Fredricks et al., 2018). These
strategies allow students to achieve com-
parable levels of MPSA performance de-
spite differences in MD. Research by
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Borgonovi et al. (2023) showed that fe-
male students are more likely to seek peer
help, while male students prefer individ-
val exploration when facing math prob-
lems. These approaches yielded compara-
ble results despite differences in learning
styles.

Secondly, contextual factors such as
gender equality-based education reforms
also contribute to creating a more inclu-
sive learning environment. Contemporary
teaching methods, such as problem-
based and collaborative learning, allow
students from different ability back-
grounds to contribute effectively to the
learning process (Nurjanah et al., 2019).
These approaches accommodate differ-
ent learning styles, whether based on ab-
stract reasoning or observational learn-
ing, thus reducing the negative impact of
the MD gap on MPSA outcomes.

Third, reducing gender stereotypes
in mathematics education has increased
female students’ engagement in problem-
solving activities. Teachers who are more
aware of the importance of gender equity
often provide equal encouragement to
both male and female students, fostering
a classroom atmosphere that supports ac-
tive participation from all students (Casad
et al., 2017). This demonstrates that while
gender differences in mathematical dis-
position exist, social support and equita-
ble learning environments can mitigate
their impact on academic outcomes.

Fourth, the adaptability of modern
assessment systems has also contributed
to the equalization of MPSA outcomes.
These systems, which focus on results and
the problem-solving process, creativity,
and diverse solution approaches (Taylor
et al.,, 2024), can accommodate various
problem-solving styles, which may differ
between genders. This adaptability offers
equal opportunities for all students to
demonstrate their abilities, reassuring the
audience about the fairness of the
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evaluation process.

Fifth, the role of educational tech-
nology in modern mathematics education
has helped bridge the gap in mathemati-
cal disposition between genders. Digital
learning platforms and technological
tools provide various means to under-
stand and solve mathematical problems,
enabling students to choose approaches
that best suit their learning styles (Abidin
et al., 2018). Research indicates that fe-
male students are more comfortable with
visual-interactive approaches, whereas
male students tend to focus on mathe-
matical abstraction. This helps balance
differences in mathematical disposition
and ensures equal access to learning re-
sources.

Sixth, this study also suggests that
differences in mathematical disposition
may reflect self-perception and socio-cul-
tural factors rather than actual problem-
solving abilities. Longitudinal studies indi-
cate that gender differences in mathe-
matical disposition are often shaped by
societal expectations and cultural stereo-
types (Chan, 2022). However, both gen-
ders can demonstrate equivalent prob-
lem-solving skills when given appropriate
opportunities and support.

The Dominance of Appreciation for
Mathematics Grades: Analyzing Its
Relationship with the MPSA

The significant shift from the traditional
emphasis on mathematics self-efficacy to
the importance of 'appreciation of mathe-
matics value' as the strongest predictor of
the MPSA is an important finding. This
contrasts with previous research, such as
that conducted by Krawitz & Schukajlow
(2018). This underscores the need for a
deeper analysis of the role of mathemat-
ics value appreciation in mathematics
learning, particularly in relation to the
MPSA.

Appreciation of the value of mathe-
matics plays an important role in fostering
stable intrinsic motivation. Unlike self-ef-
ficacy, which is often situational and fluc-
tuates, value appreciation provides
stronger and longer-term motivation.
When students understand the relevance
of math in real life, they not only show
greater resilience in the face of mathe-
matical challenges, but also develop a
deeper appreciation for the subject. This
intrinsic motivation encourages students
to delve deeper into abstract concepts
and to seek conceptual understanding ra-
ther  than  procedural knowledge
(Rodriguez et al., 2021). For example, stu-
dents who have a high appreciation of the
value of mathematics tend to view math
as an important tool for solving real-world
problems, which ultimately increases
their perseverance in learning.

Understanding the long-term rele-
vance of mathematics is not just a matter
of perception, but also has a significant in-
fluence on students' cognitive processes.
Those who appreciate the practical im-
portance of mathematics are better able
to connect abstract concepts with real-
world applications, such as using geome-
try in architectural design or statistics in
data analysis (Hohol & Mitkowski, 2019).
This knowledge transfer process is partic-
ularly important in problem solving,
where students must integrate theory
with concrete situations that demand
cognitive flexibility. Research shows that
students with a high appreciation of the
value of mathematics are more adept at
identifying patterns, formulating strate-
gies, and applying appropriate ap-
proaches to solving mathematical prob-
lems (Matthews, 2018).

Moreover, appreciation of the value
of mathematics is not only a theoretical
concept, but also a practical tool that
helps students to maintain perseverance
when facing obstacles. Students who



have a positive view of the relevance of
mathematics are more likely to try differ-
ent strategies to find solutions and reflect
on their mistakes rather than giving up
when facing difficulties. This persever-
ance allows them to achieve better re-
sults, even in consistently complex prob-
lems (Barnes, 2019). In this regard, appre-
ciation of the value of mathematics pro-
vides a practical framework that supports
students continued cognitive exploration.

Unlike dispositional indicators, such
as self-efficacy or cognitive flexibility,
value appreciation forms the motivational
foundation that drives exploration and
sustains learning. While self-efficacy is
critical for building students' confidence
to try, without an appreciation of mathe-
matical values, this motivation may not be
sufficient to encourage deep exploration
or complex problem solving (Voica et al.,
2020). In contrast, combining a high ap-
preciation of the value of mathematics
with moderate self-efficacy results in op-
timal problem-solving performance, as
evidenced by recent research (Du et al.,,
2021).

This multi-perspective analysis un-
derscores the potential of pedagogical in-
terventions to bridge the gap between
mathematical disposition and problem-
solving ability based on gender. It offers
hope for the future of gender equity in ed-
ucation, showing that with the right inter-
ventions and systemic support, the gap
can be effectively bridged.

Implications of Research

The findings from this study make signifi-
cant contributions to various aspects of
mathematics education.

For educational practitioners, the
results of this study highlight the im-
portance of teachers developing learning
strategies that focus on problem solving
skills and actively foster positive
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mathematical dispositions. One potential
strategy is local context-based differenti-
ated instruction, which helps students
learn mathematics meaningfully by con-
necting it to real-life experiences. In addi-
tion, teachers should also utilize assess-
ment for learning and assessment as learn-
ing to provide richer feedback. Diverse as-
sessment methods, such as portfolios and
performance-based assessments, can be
used to support more holistic learning.

At the policy level, this research un-
derscores the need for professional devel-
opment programs, including training to
design differentiated learning tools and
adaptive technologies. Such technologies
include digital learning platforms that en-
able personalization of materials and
evaluation. This support will assist teach-
ers in designing innovative and student-
centered teaching, while improving the
overall quality of learning.

Limitations

This study has some limitations that must
be acknowledged. Methodologically, the
ex-post facto design limits the ability to
draw causal inferences between MD and
MPSA variables. Potential biases in the re-
search instruments, particularly in meas-
uring MD, should also be considered. The
external validity of the findings is limited
by the sample being confined to one re-
gion, and the influence of socio-cultural
factors on the reliability of MD measure-
ment has not been fully controlled.

The context of the study also has
limitations, such as notincluding variables
such as socioeconomic status, teaching
quality, and learning environment. The in-
fluence of culture on MD and the role of
parental and community support have not
been explored in depth. In addition, this
study did not analyze the interaction be-
tween gender, social status and culture in
MPSA.
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Future research directions include a
more in-depth exploration of the interac-
tions between gender, MD and MPSA and
the development of models that integrate
contextual factors. Longitudinal studies
are needed to understand the develop-
ment of MD and the mechanism of the
MD-MPSA relationship. Experimental ap-
proaches can be used to test the effective-
ness of specific interventions, while cross-
cultural and geographical studies can ex-
tend the generalizability of findings.

Practical applications include test-
ing the effectiveness of instructional strat-
egies differentiated instructional strate-
gies based on local contexts in improving
MD and MPSA. Technology-based inter-
vention programs, such as adaptive digital
platforms, should be validated to ensure
personalized learning supports MD devel-
opment. Research on the application of
gender-responsive learning strategies in
various local contexts is an important step
to ensure alignment with students' needs.
CONCLUSIONS

This study found a significant rela-
tionship between mathematical disposi-
tion and mathematical problem-solving
ability based on gender among grade 10
students in South Sulawesi, Indonesia.
The main findings showed that most stu-
dents showed low levels of problem-solv-
ing ability and mathematical disposition.
Allindicators of mathematical disposition
were found to significantly influence
problem-solving ability, with appreciation
of the value of mathematics identified as
the largest contributor. While there was
no significant difference in problem-solv-
ing ability between male and female stu-
dents, a significant difference was seen in
their mathematical disposition. These
findings underscore the importance of de-
veloping learning strategies that prioritize
improving problem-solving ability and
fostering positive mathematical disposi-
tions, considering gender differences. The

findings of this study not only provide a
solid foundation for developing a more
comprehensive and responsive approach
to mathematics education and open new
avenues for future research in this area.
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Abstract

This research is important to find out how students' creative thinking skills are in understanding the basic
teaching materials of geometry. We can use this knowledge to design or develop more innovative and effec-
tive learning methods. If a student learns more about his ability to understand and apply the basic concepts of
geometry, it will enable him to develop his ability further. The study aims to identify and analyze the level of
students' creative geometric thinking skills on the geometrical material. The research uses qualitative descrip-
tive methods, with data collection through tests, evaluation sections, and interviews. The research sample
was taken from students in a mathematics study program at a private university in Riau Province. The tests
are given to measure students' mathematical creative thinking skills in the geometry material, while the as-
sessment and interview sections are used to gain a deeper understanding of how students use their creativity
in understanding and applying the concepts of geometry so that the level of creativity can be identified. We
also use interviews to validate the results of student tests. The results show that students' creative thinking
skills are at the stage of identifying, describing, and understanding the basics of geometry, such as point mat-
ter, lines, and angles. Students have varying levels of understanding of visualization, analysis, and informal.
Nevertheless, students have demonstrated creative thinking skills in analyzing the images given, especially on
the subject where students refer to indicators of fluency, flexibility, originality, and elaboration. Although not
entirely original, they are able to combine existing concepts in an informative and detailed manner. The ex-
planations provided in the question's answer offer significant and pertinent details about the concepts of
points, lines, and angles, highlighting their interrelatedness. Students can also elucidate the fundamental def-
initions of each concept, applying them to both visual aids and supporting evidence. Implications of this re-
search are the development of learning methods and strategies, increased student understanding and crea-
tivity in applying concepts of geometry and providing insight into how best to evaluate and evaluate creative
thinking skills in a geometric context.
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Abstrak

Penelitian ini penting untuk mengetahui bagaimana keterampilan berpikir kreatif mahasiswa dalam memahami
materi dasar geometri. Pengetahuan ini dapat dimanfaatkan untuk merancang atau mengembangkan metode
pembelajaran yang lebih inovatif dan efektif. Jika mahasiswa mengetahui lebih banyak tentang kemampuannya
dalam memahami dan menerapkan konsep materi dasar geometri, maka memungkinkan mahasiswa untuk dapat
mengembangkan kamampuannya lebih jauh lagi. Penelitian ini bertujuan untuk mengidentifikasi dan
menganalisis tingkat keterampilan berpikir kreatif geometris mahasiswa pada materi geometri. Penelitian ini
menggunakan metode deskriftif kualitatif, dengan pengumpulan data melalui tes, rubrik penilaian dan wa-
wancara. Sampel penelitian diambil dari mahasiswa program studi matematika di sebuah universitas swasta di
Provinsi Riau. Tes diberikan untuk mengukur kemampuan berpikir kreatif matematis mahasiswa dalam materi
geometri, sementara rubrik penilaian dan wawancara digunakan untuk mendapatkan pemahaman yang lebih
mendalam tentang bagaimana mahasiswa mengqunakan kreativitas mereka dalam memahami dan menerapkan
konsep geometri, sehingga tingkat kreatifitas dapat diidentifikasi. Wawancara juga digunakan untuk menguat-
kan hasil tes mahasiswa. Hasil penelitian menunjukkan bahwa keterampilan berpikir kreatif mahasiswa berada
pada tahap mengidentifikasi, menggambarkan, dan memahami dasar-dasar geometri seperti: materi titik, garis,
dan sudut. Mahasiswa mampu mencapai tingkat pemahaman visualisasi, analisis, dan informal. Meskipun
demikian, mahasiswa telah menunjukkan kemampuan berpikir kreatif dalam menganalisis gambar-gambar yang
diberikan, terutama pada soal yang mendosong mahasiswa menujukkan indikator fluency, flexibility, originality,
dan elaboration. Walaupun tidak sepenuhnya orisinal, mereka mampu menggabungkan konsep-konsep yang ada
dengan cara yang informatif dan rinci. Penjelasan yang dituliskan dalam menjawab soal memberikan informasi
yang berarti dan relevan tentang konsep titik, garis, dan sudut, sehingga dapat dimaknai ketiga konsep ini saling
terkait satu sama lain. Mahasiswa juga dapat menjelaskan ketiga konsep tersebut secara detail sehingga definisi
dasar masing-masing konsep dapat dijelaskan dan dapat diaplikasikan baik dalam gambar maupun pembuktian.
Implikasi dari hasil penelitian ini adalah pengembangan metode dan strategi pembelajaran, peningkatan pema-
haman dan kreatifitas mahasiswa dalam menerapkan konsep-konsep geometri, dan memberikan wawasan ten-
tang cara terbaik untuk menilai dan mengevaluasi keterampilan berpikir kreatif dalam konteks geometri.

INTRODUCTION four aspects of creative thinking: fluency,
flexibility, originality, and elaboration
(Mutia et al., 2022).

The ability to think systematically,
scientifically, logically, and critically can
enhance creativity and help students ex-
press opinions or answers to problems
with various solutions. Furthermore, the
importance of creative thinking that gen-
erates new ideas is to solve the problems
faced in an ever-changing world (Istianah,
2013; Maulanaizza & Kusumandari, 2023).

The ability of mathematical creative
thinking is one of the essential aspects in
mathematics education. This ability of
students is related to generating new
ideas, creative solutions, seeing things
from new perspectives, and using uncon-
ventional approaches to solve mathemat-
ical problems so that they can address
global issues (Newman, 198g; Siswono,
2016). Additionally, creative thinking is

the ability to think beyond conventional
patterns; creative thinkers can free them-
selves from dominant patterns stored in
their brains. Therefore, enhancing crea-
tive thinking means increasing scores in
understanding, fluency, flexibility, and
novelty in problem-solving and using new
approaches, perspectives, methods, and
insights in understanding something
(Fakhriyani, 2016; Langrehr, 2020; Umar
& Abdullah, 2020). Students' creative
thinking abilities can be measured using

Moreover, it drives human progress in ex-
ploration, development, and new discov-
eries in the fields of science and technol-
ogy, as well as in all human endeavors
(Ghufron & Suminta, 2010). Additionally,
it produces new and varied solutions to
problems (Yunianta, 2014). The obstacles
in developing mathematical creative
thinking skills include habits (Snasel et al.,
2017). These habits include: 1) the tradi-
tion passed down by teachers that once
you can do something, there's no need to
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seek alternatives; 2) students prefer to
solve problems according to examples; 3)
more focus on formulas than considering
other alternatives.

Thinking is a mental activity that in-
volves formulating understanding, syn-
thesizing, and drawing conclusions to
solve problems, resulting in higher or
highest levels of cognitive behavior
(Gagné, 1980; Yuwono, 2016). In line with
this, (Houwer & Hughes, 2020) suggests
that high-level thinking includes both cre-
ative and critical thinking. Thinking in-
volves the careful and precise develop-
ment of ideas, often beginning with a
problem (Suryosubroto, 2009). Further-
more, (lin, 2023) explains that the thinking
process is an experience of encountering a
problem to generate and determine new
ideas as solutions to the problem at hand.
Meanwhile, creative thinking is character-
ized by four components: fluency (gener-
ating many ideas), flexibility (shifting per-
spectives easily), originality (creating
something new), and elaboration (devel-
oping additional ideas from one idea) (Ah-
madi, 2013; Siswono, 2016). Additionally,
(Wijngaarden et al., 2021) identified char-
acteristics of creative individuals such as:
1) openness to new experiences, flexible in
thinking and responding; 2) tolerance for
differing opinions, uncertain situations; 3)
freedom in expressing opinions and feel-
ings, enjoys asking questions; 4) apprecia-
tion for fantasy, rich in initiative, has orig-
inal ideas; 5) having their own opinions
and not easily influenced by others; 6)
having a positive self-image and emo-
tional stability, confident and independ-
ent; 7) having a great curiosity, interested
in abstract, complex, holistic and puzzling
matters, has broad interests; 8) willing to
take calculated risks, responsible and
committed to tasks; g) persevering and
not easily bored, resourceful in problem-
solving; 10) sensitive to environmental sit-
uations; 11) more focused on the present

and future than the past. Meanwhile, cre-
ative thinking according to other experts
is the thinking activity to produce some-
thing creative, original, and divergent
(Baer, 1991; Kadir et al., 2022; Pehkonen,
1997; Runco & Jaeger, 2012; Sekar et al.,
2015; Sunaryo, 2014). So, it can be con-
cluded that the indicators of creative
thinking consist of: (fluency), flexibility,
originality, and elaboration (Kahfi, 2016;
Sitepu, 2019). Based on these descrip-
tions, it can be concluded that thinking is
amental or brain activity that involves for-
mulating, problem-solving, decision-
making, efforts to understand something,
seeking answers to problems, and seeking
meaning in things, which lead to directed
discoveries towards a goal. Meanwhile,
creative thinking is a process to develop
and solve problems to create new ideas or
concepts.

The geometry material was chosen
because geometry is a branch of mathe-
matics that requires understanding and
visualization of space, patterns, proper-
ties, and relationships between geometric
objects, making it a suitable research
topic. Having strong mathematical crea-
tivity in geometry will enable students to
solve complex geometric problems, gain a
deeper understanding of geometric con-
cepts, and improve their mathematical
modeling skills (Jones & Tzekaki, 2016;
Pujawan et al., 2020; Yahaya, 2005). This
research is also important because crea-
tive mathematical thinking skills have a
strong correlation with the development
of problem-solving skills, logic, abstract
thinking, and creativity in general. There-
fore, understanding students' creative
mathematical thinking skills in geometry
content can provide insights into the ef-
fectiveness of teaching methods and
strategies used in this context. By analyz-
ing students' mathematical creative
thinking skills in geometry content, this
research is expected to provide valuable



information for mathematics educators,
curriculum developers, and education
practitioners to develop more effective
teaching strategies and empower stu-
dents to develop their mathematical crea-
tive thinking skills.

In geometry, the properties of lines,
angles, planes, and space are studied. Ge-
ometry is a fundamental subject that re-
quires imagination and is an essential part
of the curriculum. The concepts of geom-
etry are often encountered in everyday
life and play a crucial role in understand-
ing characteristics and relationships, as
well as developing critical thinking skills
(Istikkomah et al.,, 2022). Concepts are
formed through students' direct participa-
tion in geometry instruction. Geometry
also requires high-level reasoning and
problem-solving skills. Students must un-
derstand geometric concepts and be able
toimplement them when recognizing var-
ious shapes and spaces, describing, and
distinguishing geometric shapes (Is-
tikomah, 2019).

The creative thinking skills of stu-
dents in geometry need to be analyzed
because it can help in understanding the
extent to which students are able to de-
velop their creativity in solving geometric
problems. The geometric problems re-
ferred to include evaluating the under-
standing of concepts, developing prob-
lem-solving skills, identifying student
needs, curriculum development, and oth-
ers. Thus, the urgency of analyzing stu-
dents' geometric creative thinking skills is
not only related to evaluating learning
achievements but also to developing stu-
dents' creative skills and improving the
overall effectiveness of mathematics edu-
cation. Therefore, this study aims to iden-
tify and analyze the level of students'
mathematical creative thinking skills in
the subject of geometry.

Kreano, 15(2) (2024): 566-577 569

METHOD

This research is a qualitative descriptive
study. The qualitative approach is an ap-
proach to building statement of know-
ledge based on a constructive perspective
(Creswell & Poth, 2016). The method used
to achieve the research objectives in-
volves the following stages (See Figure 1).

* Penentuan * Analisis
Sampel * Instrumen Data * Intrepretasi

Hasil
]

Figure 1. The stages of the research

Sampling Determination

The sample was students from the first se-
mester mathematics education study pro-
gram. They took geometry courses. The
sample selection method is purposive
sampling. Purposive sampling is a sam-
pling technique in which the selection of
informants is carried out with a specific
aim in order to fulfill the main criteria in a
study (Creswell, 2014). Purposive sam-
pling was selected by involving students
from various backgrounds, talent levels,
and levels of experience learning geome-
try. This aims to be appropriate to the re-
search topic.

Instruments

Mathematical creative thinking assess-
ment and assessment rubric are used as
instruments. Test questions are designed
based on key concepts of mathematical
creative thinking abilities and the geome-
try curriculum. Interviews are used to gain
deeper insights into their mathematical
creative thinking abilities. The test instru-
ment is given during the final semester
exam. Answer sheets are collected, then
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student answers are checked and ana-
lyzed one by one. This is to find out
whether the questions given can be an-
swered according to the indicators of cre-
ative thinking skills, namely: fluency, flex-
ibility, originality and elaboration. Then,
student answers are selected that repre-
sent these criteria to be discussed.

Data Analysis

After data collection, the analysis as-
sesses students' mathematical creative
thinking abilities in geometry. Descriptive
statistical techniques such as calculating
averages, percentages, or frequency dis-
tributions can characterize overall levels
of creative mathematical reasoning.

Qualitative analysis can provide a
deeper understanding of the mathemati-
cal creative thinking strategies used by
students.

Interpretation and Presentation of
Results

The final stage involves interpreting the
results of the data analysis and presenting
the research findings. Results can be pre-
sented in tables, diagrams, and narratives
to provide a clear picture of students' cre-
ative mathematical thinking abilities in
geometry. The research findings will also
be compared with previous studies for a
more comprehensive understanding.

This research will begin this year and
continue for the next two years. In sum-
mary, the research flow is depicted in the
flowchart below (See Figure 2).

Figure 2. Research Flow Diagram

RESULT AND DISCUSSION
Result

The research results indicate that stu-
dents' creative thinking skills in point, line,
and angle topics show that they can iden-
tify, describe, and understand the basics
of the subject. This can be seen from ques-
tion number 1, whichis: “a) Explain the Fig-
ure 3, b) What should you do first with the
images to make it easier for you to analyze
or provide comments on the images?, c)
Provide lots of correct analysis or com-
ments about the things that apply to each
picture accompanied by correct reasons in
the form of definitions, postulates/axioms,
properties of numbers, etc".

T L

Figure 3. Image for question number 1

Student answers are as shown in Figure 4.

Mg tapu. i g;k WL Cop s
Ynda. a‘_m-_u_w | Qua bt Copsre

_mm ;14 aresat,
e ,{‘,.M bana fmx h&l".“l_kiuf AMBE_ sk,

v Mu” nbir_pan;_bugi .4. £45¢ el [ T
Sl I Lot B
i Botallel 1 gony an Atk IL"‘: tegeen W cbbis 5
3. Buret G .{md..,,. feta_Legrie
) Bt Ot ) jon_jor_gome (0 /‘i(wpun.dn brur 0

Figure 4. Student answers to number 1

Based on Van Hiele's theory, the
analysis of these responses can be seen in
terms of the levels of geometric under-
standing achieved by the participants, in
this case, the students. At level o (Visuali-
zation), the students can identify the im-
ages presented in the question by drawing
lines in the images and understanding the
concept of dividing lines as angle dividers.



At level 1 (Analysis), the students can ana-
lyze, draw, and name angles, lines, and
segments. Additionally, there is an under-
standing of the coordinate axis AB as the
midpoint between segments. They also
mention that coplanar points are points
that are not within a segment. This
demonstrates an understanding of the re-
lationships between pointsin a coordinate
system. At stage 2 (Informal), the stu-
dents are not yet able to draw conclu-
sions, do not explain the properties of the
angles formed, and do not explain the re-
lationships between points and angles. In
stages 3 and 4, namely deduction and ri-
gor, they are not yet evident because the
students do not provide proof of their
findings and have not written their an-
swers in a sequential and precise manner.
Question number 2 provides atheorem: "A
triangle is isosceles if two of its angles are
congruent. What should you do with the
theorem?”. The student's answer is as fol-
lows in Figure s.
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Figure 5. Student answers to question number 2.

Based on Van Hiele's theory, the
analysis of the answer can be seen in
terms of the level of geometric under-
standing achieved by the participant, in
this case, the student. At level o (Visuali-
zation), the student can recognize the
given theorem and demonstrate an un-
derstanding of the concept of anisosceles
triangle and congruent angles. At level 1
(Analysis), the student can analyze the tri-
angle and its angles by naming each angle
and using the side-side-side postulate to
identify triangle congruence. At level 2
(Informal), the student uses informal de-
ductive reasoning by linking the given in-
formation (congruent angles) with the
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concepts they know (triangle congru-
ence). However, at levels 3 (Deduction)
and 4 (Abstraction), there is no evidence
that the analysis reaches the level of for-
mal deduction, where individuals can for-
mulate formal proofs to support geomet-
ric statements. Additionally, there is no
indication that the analysis reaches the
level of abstraction, where individuals can
understand more complex mathematical
concepts in the context of geometry.
Question number 3, Formulation: "If
a quadrilateral has a pair of parallel sides,
then it has a pair of congruent sides. What
should you do with the formulation?”. The
student's answer is as shown in Figure 6.
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Figure 6. Student answers to question number 3

Based on Van Hiele's theory, the
analysis of the answer can be seen in
terms of the levels of geometric under-
standing, namely: At level o (Visualiza-
tion), the student is able to recognize the
statement about a quadrilateral having a
pair of parallel sides and understand the
consequences of that statement. At level
1 (Analysis), the student can analyze the
statement by separating the hypothesis (a
pair of congruent sides) and the conclu-
sion (the quadrilateral has a pair of parallel
sides). The student is also able to use log-
ical reasoning to connect the hypothesis
with the conclusion. At level 2 (Informal),
the student uses informal deductive rea-
soning by linking the given information
(quadrilateral with a pair of parallel sides)
with the concepts they know (congruence
of sides). At level 3 (Deduction), the stu-
dent has not yet shown the ability to con-
struct formal proofs to support geometric
statements. Similarly, at level 4 (Abstrac-
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tion), the student has not yet demon-
strated an understanding of more com-
plex mathematical concepts in the con-
text of geometry. Therefore, the analysis
of question number 3 can be said to have
reached the levels of visualization, analy-
sis, and informal understanding in Van
Hiele's theory, but has not yet reached the
levels of formal deduction and abstrac-
tion.

Question number 4: Explain the fig-
ure 7 below, then provide reasons for your
explanation!

e |

Figure 7. Image for question number 4

Students answered as shown in Figure 8
below:

Based on Van Hiele's theory, the
analysis of the answer can be seen in
terms of the levels of geometric under-
standing achieved by the participant, in
this case, the student. At level o (Visuali-
zation), the student can recognize two
acute triangles and understand the con-
cept of anglesintriangles. At level 1 (Anal-
ysis), they can analyze the two triangles
by naming their angles (ABC and PQR)
and using the side-angle-side postulate to
prove triangle congruence. At level 2 (In-
formal), the student uses informal deduc-
tive reasoning by linking the given infor-
mation (congruence of sides and angles)
with the concepts they know (triangle
congruence). However, at levels 3 (Deduc-
tion) and 4 (Abstraction), the student has
not yet been able to present formal proofs
to support geometric statements or un-
derstand more complex mathematical
concepts in the context of geometry.
Based on this analysis, it can be concluded
that the student has achieved a level of
understanding in visualization, informal,

and analysis, but has not yet reached the
levels of formal deduction and abstrac-
tion.

The creative thinking skills of the
students, based on Van Hiele's theory, are
at the levels of visualization, analysis, and
informal understanding, but have not yet
reached the levels of formal deduction
and abstraction. If we look at this analysis
based on indicators of creative thinking,
the student's answer to question number
one shows creative thinking skills in ana-
lyzing the given images, especially in
terms of fluency, flexibility, originality,
and elaboration. Although not entirely
original in their ideas, they are able to
combine existing concepts in an informa-
tive and detailed manner.

Discussion

Based on the research findings, the results
of this study are important in enhancing
the quality of geometry education in
schools. By understanding students' level
of understanding in geometry, teachers
can adapt appropriate teaching methods
to enhance students' understanding and
creative thinking skills. By understanding
the level of students' understanding in ge-
ometry, teachers can tailor appropriate
teaching methods to enhance students'
understanding and creative thinking
skills. This means that teachers can adjust
their teaching strategies to match the stu-
dents' current grasp of geometric con-
cepts, ensuring that they receive instruc-
tion that is both effective and suitable for
their learning needs. Furthermore, the re-
sults of this research can serve as a refer-
ence for curriculum development and fur-
ther research in the field of geometry.
Therefore, this research can make a sig-
nificant contribution to improving the
quality of education in Indonesia.



The research findings mentioned in-
dicate that students can identify, de-
scribe, and understand the basics of ge-
ometry, which is the first step in building
creative thinking skills. Drawing from the
theory of creative thinking skills, this dis-
cussion will elucidate how the stages and
aspects of these skills contribute to these
findings, namely:

Basic Identification and Understanding
Stage.

The initial stage of developing creative
thinking skills involves basic identification
and understanding processes. In the con-
text of research, students have demon-
strated this ability through their under-
standing of points, lines, and angles. Ac-
cording to (Taylor, 2017), fluency, or the
ability to generate many ideas, is part of
the creative process. In this case, students
understand and identify basic geometric
concepts, which are the foundation for
building further ideas.

Visualization and Analysis.

The ability to visualize and analyze infor-
mation is the next step in creative think-
ing. Students demonstrate this ability
through their analysis of the provided im-
ages. Students' ability to analyze images
from various perspectives demonstrates
(Rudowicz et al., 1995) emphasis on the
importance of flexibility in creative think-

ing.

Fluency, Flexibility, Originality, and Elabo-
ration.

Research findings show that students
show indicators of creative thinking skills
through fluency, flexibility, originality,
and elaboration. Although not completely
original, their ability to combine existing
concepts in an informative and detailed
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way indicates elaboration or the develop-
ment of ideas. (Sawyer, 2003) states that
creativity  involves  using  existing
knowledge to produce something new
and useful.

Application and Proof.

In the end, students were able to explain
and apply the concepts of points, lines,
and angles in detail, which demonstrated
their ability to explain and prove these
concepts. According to (Kaufman &
Sternberg, 2010), these skills reflect an
important aspect of creative thinking,
namely the application of knowledge in
new and different ways.

Creative thinking skills in the con-
text of geometry, as shown in research
findings, include a complex process from
basic identification and understanding to
application and proof. Students demon-
strate key aspects of creative thinking
such as fluency, flexibility, originality, and
elaboration in the analysis and application
of geometric concepts. This shows that
building a strong foundation in concep-
tual understanding and encouraging crea-
tive exploration of these concepts can im-
prove creative thinking skills in the fields
of mathematics and geometry.

The novelty of this research lies in
the approach used to analyze students'
creative thinking skills in the context of
geometry. By utilizing the Van Hiele the-
ory, this study provides a deeper under-
standing of students' levels of visualiza-
tion, analysis, informal understanding,
formal deduction, and abstraction in com-
prehending geometry. By employing the
Van Hiele theory, this research offers a
deeper understanding of students' levels
of comprehension in visualization, analy-
sis, informal reasoning, formal deduction,
and abstraction concerning geometry.
This means that the study delves into how
students grasp and process geometric
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concepts at various cognitive levels, shed-
ding light on their ability to visualize
shapes, analyze their properties, reason
informally, deduce formally, and grasp
abstract geometric concepts. The Van
Hiele theory provides a framework for un-
derstanding how students progress
through these levels of geometric think-
ing, which can be valuable for educatorsin
designing effective teaching strategies
and materials tailored to students' cogni-
tive development in geometry. Addition-
ally, this research offers a comprehensive
analysis of students' responses based on
the levels of geometric understanding
achieved, along with recommendations
for the development of students' creative
thinking skills in the context of geometry.
Therefore, the novelty of this research lies
in the comprehensive analytical approach
based on the Van Hiele theory, which can
serve as a foundation for the development
of teaching methods and curricula in the
future context of geometry.

The findings of this research differ
from previous studies. Students with spe-
cific learning styles determine the level of
creativity in solving geometry problems
(Restanto & Mampouw, 2018). Prospec-
tive teacher candidates can solve Higher
Order Thinking Skills (HOTS)-oriented
problems at the analysis and evaluation
levels. Among the three research sub-
jects, all of them were able to meet the in-
dicators of the analysis and evaluation lev-
els quite well. In terms of creativity, only
one prospective teacher was able to meet
2 out of 4 creative indicators. Meanwhile,
the other 2 prospective teachers were
only able to meet 1 out of 4 creative indi-
cators (Maimunah et al.,, 2020). The weak-
nesses of students in process skills lie in
errors in using concepts, errors in using
data, and errors in using calculation algo-
rithm (Saragih, 2020).

As for the contributions and bene-

fits of this research, they include: 1) Im-
provement in learning: Teachers can use
the results of this research to adjust teach-
ing methods to enhance students' under-
standing of geometry; 2) Reference for
curriculum development: The findings can
serve as a reference for developing the
mathematics curriculum, particularly in
teaching geometry; 3) Reference for fu-
ture research: Researchers can use this re-
search as a basis for further studies on stu-
dents' creative thinking skills in geometry;
4) Contribution to education quality: With
a better understanding of students' ge-
ometry comprehension levels, this re-
search can contribute to efforts to im-
prove the quality of education in Indone-
sia.Therefore, this research has the poten-
tial to have a positive impact on geometry
learning and curriculum development in
the education context.

Some limitations of this research in-
clude: 1) The limited sample size of only
20 students. Future researchers could ex-
pand the sample size to obtain more rep-
resentative results; 2) The focus of this
study was on the topics of points, lines,
and angles. Subsequent researchers could
broaden the scope to examine students'
creative thinking skills in other geometry
topics. Considering these limitations, fu-
ture researchers could continue this study
with a broader and more in-depth ap-
proach to enrich the understanding of stu-
dents' creative thinking skills in geometry.

Implication of Research

The research highlights the significance of
understanding students' levels of geomet-
ric comprehension and creative thinking
skills, particularly in the topics of points,
lines, and angles. Based on Van Hiele's
theory, students predominantly operate
at the levels of visualization, analysis, and
informal reasoning but have not fully
reached the advanced stages of formal



deduction and abstraction. This finding
underscores the necessity for targeted
teaching strategies that align with stu-
dents' cognitive development stages, fos-
tering deeper understanding and creative
exploration of geometric concepts. The
study identifies students' creative think-
ing skills through indicators such as flu-
ency, flexibility, originality, and elabora-
tion, which are foundational to solving ge-
ometric problems effectively. Moreover,
the research contributes to educational
practices by offering insights for curricu-
lum development, instructional adjust-
ments, and further studies on enhancing
creative thinking in geometry. While the
study demonstrates progress in students'
understanding, it also reveals areas forim-
provement, such as developing formal
proof skills and abstract reasoning. These
findings provide valuable implications for
improving geometry education quality,
emphasizing the integration of concep-
tual clarity with creative and critical think-
ing development.

Limitation

The limitations of this study include the
following: (1) Limited Sample Size: The re-
search involved only 20 students, which
may not provide a fully representative un-
derstanding of the broader population's
creative thinking abilities in geometry. Fu-
ture studies should include a larger and
more diverse sample size to enhance gen-
eralizability; (2) Restricted Scope of Top-
ics: The study focused specifically on
points, lines, and angles, leaving out other
important geometric concepts such as
polygons, circles, and three-dimensional
shapes. Expanding the range of topics
could provide a more comprehensive
analysis of students' creative thinking
skills in geometry; (3) Reliance on Van
Hiele's Theory: While the Van Hiele theory
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is a robust framework for assessing geo-
metric understanding, it may not fully
capture all aspects of students' creative
thinking processes. Future research could
incorporate additional theories or frame-
works to provide a more holistic view; (4)
Limited Time Frame: The study was con-
ducted within a constrained period, which
may have restricted the ability to observe
longitudinal development in students’ ge-
ometric understanding and creative
thinking skills. Long-term studies are rec-
ommended for deeper insights; (5) De-
pendence on Written Responses: The re-
search relied heavily on analyzing stu-
dents' written answers, which might not
capture the full spectrum of their thought
processes. Including verbal explanations
or observational methods could enrich the
findings.

These limitations highlight areas for
improvement and offer directions for fu-
ture research to deepen understanding of
students’ creative thinking skills in the
context of geometry.

CONCLUSIONS

Based on the research findings, it can be
concluded that students' creative thinking
skills in the topic of points, lines, and an-
gles demonstrate their ability to identify,
describe, and understand the fundamen-
tals of the subject matter. The students
can achieve alevel of understandingin vis-
valization, analysis, and informal under-
standing in Van Hiele's theory, but have
not yet reached the levels of formal de-
duction and abstraction. Nevertheless,
students have shown creative thinking
skills in analyzing the given images, espe-
cially in terms of fluency, flexibility, origi-
nality, and elaboration. Although their
ideas are not entirely original, they are
able to combine existing conceptsinanin-
formative and detailed manner.
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The results of this research are sig-
nificantly important in improving the
quality of geometry education in schools.
By knowing the students' level of geomet-
ric understanding, teachers can adjust the
teaching methods to enhance students'
understanding and creative thinking
skills. Additionally, the research results
can serve as a reference for curriculum de-
velopment and further research in the
field of geometry. Therefore, this re-
search can make a significant contribution
to improving the quality of education in
Indonesia.

The limitations of this research may
include several aspects, such as: 1) the lim-
ited sample size of this study. Future re-
searchers can expand the sample size to
obtain more representative results; 2) the
scope of the material only focuses on the
topics of points, lines, and angles. Future
researchers can broaden the scope of the
material to examine students' creative
thinking skills in other geometry topics; 3)
the research method only uses descriptive
qualitative methods. Future researchers
can consider using other methods or a
combination of methods to obtain a more
comprehensive understanding.
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Abstract

This research notes that there is still a lack of focus on implementing digital-based learning media to helo
students in understanding of the concept of Linear Equations with One Variable and in finding the solution in
one of the East Nusa Tenggara (NTT) State Middle Schools. Virtual balance models can be used to help stu-
dents learn the concept of linear equations. Therefore, this study aims to develop digital-based learning me-
dia, considering the quality criteria of being valid, practical, and effective. The research adopts the Research
and Development (R&D) methodology with the ADDIE model (Analyze, Design, Development, Implementa-
tion, Evaluation). The research subjects are six seventh-grade students from one of the State Junior High
Schools in East Nusa Tenggara with high, moderate, and low cognitive abilities. Data on the quality of learning
media are obtained through questionnaires, interviews, and learning outcome tests. The learning media is
categorized as highly valid with a percentage of 88% and highly practical with a percentage of 94%. Addition-
ally, the learning media is deemed effective, with over 80% of the research subjects scoring above the Mini-
mum Completion Criteria (KKM). Digital-based learning media utilizing the balance model feature in Mathigon
with the help of Google Sites, was developed to facilitate students' understanding of concepts at one of the
State Middle Schools in NTT. The problems presented in the media carry the culture that exists in the NTT
region. Thus, students can easily imagine these problems because they are close to their lives. Both teachers
and students feel assisted by the developed learning media. Using this media, teachers enable to monitor the
students' progress and students also can participate actively during this learning.
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Abstrak

Penelitian ini mencatat bahwa masih kurangnya fokus pada implementasi media pembelajaran berbasis digital
untuk membantu siswa dalam memahami konsep Persamaan Linear Satu Variabel (PLSV) dan penyelesaiannya
di salah satu SMP Negeri Nusa Tenggara Timur (NTT). Model keseimbangan virtual dapat dimanfaatkan untuk
membantu siswa dalam mempelajari konsep persamaan linear. Oleh karena itu, penelitian ini bertujuan untuk
mengembangkan media pembelajaran berbasis digital pada materi persamaan linear satu variabel dengan mem-
perhatkan kualitas yaitu valid, praktis dan efektif. Penelitian ini menggunakan jenis penelitian dan pengem-
bangan atau Research and Development (R&D) dengan model ADDIE (Analyze, Design, Development, Implemen-
tation, Evaluation). Subjek penelitian adalah enam peserta didik kelas Vil di salah satu SMP Negeri Nusa
Tenggara Timur dengan kemampuan kognitif tinggi, sedang dan rendah. Data kualitas media pembelajaran di-
peroleh dari kuesioner, wawancara dan tes hasil belajar. Media pembelajaran dikategorikan sangat valid dengan
persentase 88% dan sangat praktis dengan persentase 94%. Serta media pembelajaran juga dikatakan efektif,
lebih dari 80% subjek penelitian mendapatkan nilai diatas Kriteria Ketuntasan Minimal (KKM). Media pembelaja-
ran berbasis digital dengan memanfaatkan fitur model keseimbangan pada Mathigon berbantu Google Sites,
dikembangkan untuk memfasilitasi pemahaman konsep siswa di salah satu SMP Negeri di NTT. Permasalahan
yang disajikan dalam media tersebut, mengusung budaya yang ada pada daerah NTT. Sehingga siswa dapat
dengan mudah membayangkan permasalahan tersebut karena dekat dengan kehidupan mereka. Guru dan pe-
serta didik merasa terbantu dengan media pembelajaran yang telah dikembangkan. Guru dapat memonitoring
perkembangan siswa dan siswa melalui media ini dapat terlibat aktif dalam pembelajaran.

INTRODUCTION braic form using variables and solve the al-
gebraic equation, especially linear equa-
tion. Mengistie (2020) said that linear
equation be the important topics in alge-
bra and has important role in other math-
ematics concepts.

In fact, most of students have lack in
understanding the concept of linear equa-
tion. They have problem in seeing the
equal sign. Students view the equal sign
as symbol that indicate the answer (Knuth
etal., 2006;Tan et al., 2013). For example,
when solving the problem 4 + 8 =5+ __,
the students put the adding numbers of 8
and 4 in the blank (Falkner et al., 1999).

The fact of lacking understanding of
linear equation concept also found at a
public junior high school in the province of

In science education, conceptual under-
standing is to be the primary goal
(Konicek-Moran & Keeley, 2015). Espe-
cially in mathematics, Syam (2019) said
that conceptual understanding is one of
ability that must be mastered by students
in learning mathematics. With a good
grasp of the fundamental concepts, stu-
dents can solve problems effectively (Fa-
jaretal., 2018). Why? Because conceptual
understanding is the comprehension of
why you do it, not only what to do it (Cum-
mings, 2015). Therefore, by understand-
ing the concept, students are expected to
connect and apply it in their daily life
(Syam, 2019).

One of concept in mathematics that
is important to solve the daily problems is
algebra (Nafii, 2017). Algebra is one of
branch in mathematics that be the major
component of the mathematics curricu-
lum in most of countries (Bal, 2016). The
unknowns, arithmetical operations, varia-
bles, expressions, and equations are some
concepts of algebra (Mengistie, 2020). In
junior high school, students learn about
how to express the real problem into alge-

East Nusa Tenggara (NTT). During an in-
terview with a mathematics teacher who
has three years of teaching experience,
the teacher mentioned that there are is-
sues regarding the solving of linear equa-
tions with one variable in the seventh-
grade curriculum, particularly in the oper-
ations of addition and subtraction. The
problem arises from the students' incom-
plete understanding of the concept. The
students are not aware of the correct fun-
damental concept of "moving terms."
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They mistakenly assume that when terms
are moved, pass the equal sign, the math-
ematical operation will be reversed or in
other word “change sides, change sign”.
The students do not understand that the
changing of the operation because of the
inverse operation to preserve the equality
of equation.

Balance model is one of strategy
that most used by teachers to teach the
concept of linear equation. Otten et al.,
(2019) found that from 29 articles were se-
lected in which the balance model was
used to teach linear equation solving, the
using of balancing model has positive ef-
fects on students’ understanding in linear
equation solving. The use of balance
model is suitable for the concept of linear
equation because 1) related to the equal-
ity concept: both sides of a balance model
represent equal value and can be ex-
changed, this is very suitable for repre-
senting the concept of equality, 2) related
to the physical experience: maintaining
balance as a biological activity can be con-
nected to the abstract idea of maintaining
equality in an equation, 3) related to learn-
ing through models and representations:
balance model can provide an opportunity
to semantically and syntactically set a
foundation for linear equation solving.
Based on 29 articles, only 2 articles that
using virtual balance model. While others
use physically balance model or drawn
balance model.

To teach a concept effectively,
teacher canintegrate the learning process
using technology as a media. But in fact,
at a public junior high school in NTT, they
have not yet used digital technology-
based learning media to enhance the de-
velopment of teaching materials. Accord-
ing to Jamun (2018), the use of technol-
ogy has a positive impact on the field of
education. When utilized properly, digital
technology in education can enhance stu-
dents' interest, motivation, the quality of

the learning process, and understanding
(Hidayat & Khotimah, 2019). Mathigon is
one of learning media that can facilitate
the understanding of the concept of solv-
ing linear equations with one variable. It
provides balance model feature that can
be accessed by student interactively. As
stated on their website, Mathigon - The
Mathematical Playground, Mathigon is a
website that resembles a mathematical
playground to make online learning more
engaging and interactive, created using
free features. Mathigon offers several fea-
tures including Polypad, courses, activi-
ties, and lessons. Among these features,
there are various topics such as geometry,
fractions, algebra, and probability. In the
algebra section of the Polypad feature,
there are illustrations related to balancing
scales. Mathigon's Polypad feature can be
used to visualize abstract concepts in
mathematics. According to Prasetya
(2021), Mathigon can be utilized to create
digital teaching materials in the form of
interactive activities.

To support students’ understand-
ing, the learning material must be pre-
sented sequentially so that student has a
complete comprehension. Therefore,
Mathigon must be integrated using other
learning media because Mathigon doesn’t
have features to present it. There are var-
ious digital-based learning media availa-
ble, including e-books, websites, e-mod-
ules, flash, and others (Sitepu, 2022). The
chosen learning media for this study is a
website because it can contain images,
links (videos or other required resources),
interactive PowerPoint. A website-based
learning media is practical and can be ac-
cessed anywhere with an internet connec-
tion (Aditya, 2018). In line with this, ac-
cording to Setyadi & Qohar (2017), in their
research, they stated that a website-
based learning media allows students to
actively engage in the learning process.
One of the platforms used for creating



websites is Google Sites. According to
Pubian & Herpratiwi (2022), Google Sites
can be used as a learning media in 21st-
century classrooms and the technological
industrial revolution. Google Sites is one
of the products in Google Docs that is
used for creating websites for free.

From the elaboration above, the
combination of Google Sites and Mathi-
gon as learning media can assist seventh-
grade students in understanding the ma-
terial of solving linear equations with one
variable, especially in the operations of
addition and subtraction. This research
develops learning media using Google
Sites to organize the material effectively.
This is in line with the research conducted
by Maskar et al., (2021), where the use of
Google Sites can help the learning process
in creating online notes. The learning me-
dia is also combined with Mathigon to
make the learning process more interac-
tive. Therefore, the objective of this re-
search is to develop Google Sites as a
learning media with the assistance of
Mathigon to help seventh-grade students
in solving linear equations with one varia-
ble using the correct concepts.

METHOD

This research aims to develop learning
media based on the needs of the subjects
and learning resources to solve the prob-
lem about conceptual understanding in
solving linear equation in one variable.
Therefor, this research utilizes the ADDIE
development model (Analyze, Design,
Development, Implementation, Evalua-
tion). Because ADDIE development
model is a systematically designed model
to solve learning problems related to
learning resources and learner character-
istics (Tegeh et al., 2014). Typically, this
research model is used to develop prod-
ucts such as textbooks, learning modules,
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multimedia learning materials, and simi-
lar materials.

In the analyze phase, a needs analy-
sis regarding what material that still make
student confused, what competency that
need to be improved, learning environ-
ments that are support, and learning me-
diais needed, need to be analyzed. There-
for, at this phase the output produced are
profile or characteristics of subjects, iden-
tification of needs, and detailed task anal-
ysis of learning environments and learn-
ing media. The second phase is design. At
this phase, a work plan was made by mak-
ing design principle and story board.
While at the third stage, that is develop-
ment, design that was made at the second
stage is realized into the media (Google
sites and Mathigon). The media that was
made be implemented to the students.
This is the results of the fourth phase. For
the last phase, evaluation is conducted by
giving questionnaire to students and
teacher to get the feedback of the imple-
mentation of the media in school.

The quantitative data obtained
from this research includes the scores ob-
tained from closed-ended questionsin the
questionnaire to measure validity and
practicality, as well as the scores from the
learning outcome test. The questionnaire
data is measured using a Likert scale. Af-
ter calculating the average percentage of
feasibility and the obtained results in dec-
imal numbers, rounding will be applied.
As for the categorization, it is adapted
from (Handayani et al., 2021) as shown in
Table 1.

Table 1. Criteria for validity and practicality

Percentage Criteria

85% < x <100% Very valid/very practical

70% < x < 85% Sufficiently valid/sufficiently practical
50% <x <70%
0% < x <50%

Less valid/less practical
Not valid/not practical
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As for the learning outcome test, a scoring
guideline is needed as shown in Table 2.

Table 2. Scoring Guidelines for Learning Outcome
Tests

No. Indicator

Description Score

1. - Presenting concepts Unable to answer (blank o
in various mathemati- response)
cal representations  Wrong answer and incor- 1
- Classifying objects ac-rect reasoning
cording to their spe- Correct answer but in- 2
cific properties based correct reasoning
on the concept Correct answerand cor- 3
rect reasoning
2. - Restatingaconcept Unableto answer (blank o
- Selecting, using, andresponse)
applying a specific Wrong answer andincor- 1
procedure or opera- rect reasoning
tion Correct answer but in- 2
correct reasoning
Correct answerand cor- 3
rect reasoning
3. Determining examples Unable to answer (blank o
and non-examples of a response)

concept Wrong answer and incor- 1
rect reasoning
Correct answer but in- 2

correct reasoning
Correct answer and cor- 3
rect reasoning
4. - Applying concepts inUnable to answer (blank o
problem-solving response)

- Selecting, using, and Able to write in mathe- 1
applying a specific matical form but incor-
procedure or opera- rect solution
tion Correct mathematical 2

- Applying problem- form and solution but
solving concepts or without a conclusion
algorithms Correct mathematical 3

form, solution, and con-
clusion

RESULTS AND DISCUSSION
Developing Learning Media
Analyze

Adapted from Sugiyono (2013), the analy-
sis phase includes the analysis of the ma-
terial, competency analysis, learning envi-
ronment analysis, and analysis of learning
media needs. The detailed results of the
analysis are as follows: Through inter-
views with a teacher at a public junior high
school in East Nusa Tenggara, it was

found that the students do not under-
stand the basic concept of solving linear
equations with one variable. They have
been solving equations by moving terms
without understanding the basic concept
behind it. The teacher mentioned that
one of the reasons the students do not
grasp the conceptis because the language
used in the reference book is very ad-
vanced and difficult to comprehend. Addi-
tionally, the teacher has never used learn-
ing media, while according to Novitasari
(2016), learning media can assist in the
students' concept comprehension.

The school environment is support-
ive, with features such as Wi-Fi and a pro-
jector screen. The students tend to be
passive, and so far, the teacher has only
used lecture-based teaching methods.

Since the school is still using the
2013 curriculum, the relevant competen-
cies encompassing the material are Com-
petency Standard 3.6, which involves ex-
plaining linear equations and inequalities
with one variable and their solutions, and
Competency Standard 4.6, which involves
solving problems related to linear equa-
tions and inequalities with one variable.
This study focuses on the precise concept
of moving terms in addition and subtrac-
tion operations because by using the cor-
rect steps and solution rules, students can
think systematically and accurately as
well (Patricia & Laja, 2020).

Design

Based on the analysis of the material, the
topic used is solving linear equations with
one variable, specifically focusing on addi-
tion and subtraction operations. Real-life
problems are used as the context for the
learning material because. According to
Sulastri (2016), Learning that is closely re-
lated to students' daily lives can facilitate
their understanding of concepts. The re-
quired learning media is a medium that



can combine several structured and well-
organized real-life problems. A website
that created by Google Sites is a suitable
learning medium that can combine the
created problems, guide students in a
structured and easy to use (Jubaidah &
Zulkarnain, 2020). There are several fea-
tures that help make the learning media
more structured and have a clear flow, in-
cluding pages and embeds.

Mathematics becomes meaningful
and engaging when learning involves in-
teraction with learning media that visual-
ize basic mathematical concepts. One
website that resembles a mathematical
playground is Mathigon. Mathigon is cho-
sen because, according to Istigomah
in(Prasetya, 2021), it is an interactive
learning media that can be utilized to vis-
ualize abstract concepts. One of the tools
available in Mathigon that aligns well with
the topic is the balance scale in the Poly-
pad feature. This feature is highly relevant
to the concept of solving linear equations
with one variable. Research conducted by
(Wahyuni, 2019) shows that the concept
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of linear equations with one variable can
be visualized using the concept of a bal-
ance scale. Therefore, this learning media
will utilize the balance scale feature in
Mathigon to teach the solution of linear
equations with one variable.

This study will develop a website-
based learning media using Google Sites
with the assistance of Mathigon. The se-
lected problems will be closely related to
the students. Additionally, design princi-
ples are needed to ensure that the learn-
ing media can achieve its learning objec-
tives. The design principles can be seen in
Table 3.

The next activity is to create a story-
board that will be incorporated into the
learning media. The storyboard provides
an overview of problems that are familiar
to the students. The objects used in these
problems are local traditional foods, spe-
cifically rebok. There will be two problems
included in the learning media. The story-
board can be found in Table 4 (See Appen-
dix A).

Table 3. Design principle

Media Principle

Supporting Principles

Learning media needs to provide interactive activities to:

e Assist students in restating concepts.

e Help studentsarticulate the solution process in mathe-

matical form.

e Assist students in selecting, using, and applying spe-

cific procedures or operations.

This is supported by research conducted by

e Byusing Mathigon's Polypad feature,
students are asked to move objects
to keep the balance on the scale.

e By using Mathigon and tables to as-
sist students in writing the solution
process systematically.

Novitasari (2016) which states that interactive multimedia can
enhance students' mathematical abilities, encompassing the

three indicators mentioned above.

Learning media needs to provide contextual problems so that: e

Using examples of objects around

e Students can determine the unknown objects/ele- them, “kompiang”, a traditional

ments (variables) in the given problem and the known
objects/elements (constants) with their known values.
Students can identify examples and non-examples of
a concept.

Students can apply the concept to problem-solving.

This is supported by research conducted by Sulastri (2016),
which suggests that the implementation of a contextual ap-
proach in mathematics instruction canimprove students' math-
ematical abilities, covering the three indicators mentioned

above.

Manggarai food.

Using contextual problem examples
supported by practice exercises on
the website.
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Development

The next stage is the creation of a proto-
type, which involves arranging the previ-
ously created visualizations and adding
dialogues. The prototype results can be
seen in Figure 1 and Figure 2.

Figure 2. Prototype of Problem 2

Next, create supporting activities
such as a preface aimed at recalling previ-
ously learned material, followed by a con-
clusion that includes drawing conclusions

and asking questions to ensure under-
standing among the students. Once all
the components are ready, they can be
combined in Google Sites using the "In-
sert Images" and "Embed" features, link-
ing relevant images. The combined dis-
play of the components on Google Sites
can be seen in Figure 3.

revision.

The next step is validation by ex-
perts. The validators in this study are one
of the education lecturers from Sanata
Dharma University and a mathematics
teacher junior high school in East Nusa
Tenggara. The results show that the
learning media is valid with a percentage
of 88.3%, which falls under the category
of highly valid.

Revision was made for the first
problem. The sentence "berat 1 kotak dit-
ambah 3 kompiang akan sama dengan 10
kompiang" (weight of one box plus three
kompiang is equal to ten kompiang) was
deemed inappropriate and conveyed a
meaning that is not consistent with the
concept being taught, according to the
validator. Therefore, the sentence was
modified to "berat kompiang dalam satu
kotak ditambah tiga kompiang akan sama
dengan 10 kompiang" (the weight of kom-
piang in one box plus three kompiang is
equal to ten kompiang). Additionally, the
content expert suggested the inclusion of
assumptions in the concept. The revision
was made accordingly, as shown in Figure

4.



Figure 4. Revision for Problem 1

The validator also provided feed-
back and suggestions to allow space for
participants to write down the process
they have done. Therefore, additional
space is provided for them to fill in, as
shown in figure 5.

Figure 5. Revision for Mathigon

The validator suggested adding a
sub-chapter before the main content by
maximizing the features available on
Google Sites. The "Pages" feature is used
to create a more structured presentation
and implement the media expert's advice
to maximize the features on Google Sites.
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The revised version of Google Sites can be
seenin Figure 6.

m

Figure 6. Revision for Google Sites Layout

Implementation

The implementation phase took place on
November 19, 2022. The implementation
was conducted offline for 3 hours of class
or120 minutes, and it was observed online
through a Zoom meeting. During this
phase, the quality of the learning learning
media was assessed and found to be prac-
tical. The practicality was determined
based on the questionnaires filled out by
the teachers and research subjects. Fol-
lowing that, on November 26, 2022, a
learning outcome test was administered
consisting of 4 questions and completed
individually and in a closed setting. Ac-
cording to Rapono et al., (2019), the learn-
ing outcome test can measure the stu-
dents' abilities, and it was found that 80%
of the research subjects achieved scores
above the minimum passing grade.

Evaluation

From the implementation results, ques-
tionnaires were distributed to the re-
search subjects and teachers. The findings
revealed that the teachers felt supported
by the learning media that was created.
They also believed that the learning me-
dia helped the students in understanding
the basic concepts of solving linear equa-
tions with one variable, particularly addi-
tion and subtraction operations. The re-
search subjects also mentioned that using
this learning media helped them better

m JOURNALS
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comprehend how to solve linear equa-
tions with one variable and gain a deeper
understanding of coefficients and varia-
bles. One of the advantages of this learn-
ing media was its use of objects that were
familiar to the students, suchas NTT's tra-
ditional food, "kompiang," which added
contextual relevance to the problem-solv-
ing scenarios. This provided an advantage
for the students as they could easily com-
prehend and relate the learning materials
to something familiar and relevant in their
daily lives.

In conclusion, both teachers and
students found the Google Sites learning
media with the assistance of Mathigon to
be beneficial. Since the students were us-
ing Google Sites and Mathigon for the
first time, they faced some difficulties in
operating the tools, particularly Mathi-
gon. However, these challenges could be
overcome with the guidance and support
of the teachers.

The Quality of Learning Media
Validity

According to Walker & Hess (1984), the
criteria for validity in instructional media
include content and objective quality, in-
structional quality, and technical quality.
In the study conducted by Panjaitan et al.,
(2020), the validation sheet was divided
into two parts: a media validation sheet
that covers the general technical aspects
of instructional media, and a content vali-
dation sheet that covers instructional and
content aspects. Therefore, in this study,
two validation sheets were used: a media
validation sheet that assesses the tech-
nical quality of instructional media, and a
content validation sheet that assesses the
content quality, objectives, and instruc-
tional quality. The instructional media val-
idator consisted of a mathematics educa-
tion lecturer from Sanata Dharma Univer-
sity and a mathematics teacher from a

public junior high school in East Nusa
Tenggara. Media and content experts
completed a questionnaire consisting of
29 closed-ended questions and 8 open-
ended questions. The results of the valida-
tion questionnaire can be seen in Table 5.

Table 5. The results of the validation questionnaire

Criteria Indicator Val.1 Val. 2
Content  Relevance of content to the 6 8
quality and Basic Competence (KD)
objectives Conceptual accuracy 3 4

Sequence of presenting mate- 6 8

rial

Appropriateness of provided 9 12
examples

Appropriateness of language 3 4
for student thinking level

Language fluency 3 4
Terminology accuracy 3 4
Grammar and spelling accu- 3 4
racy

Learning Learning objectives
quality Conceptual understanding
Summarization

Provision of exercises

Appropriateness of illustra-

tions to clarify the material
Technical Font

S~ Ow w
~ o B ©

9
Quality ~ Spacing usage 3 4
lllustrations 6 8
Navigation buttons 3 4
Background color 3 4
Ease of use 6 8
Total 89 116

Score percentage 76,7% 100%
Overall percentage 88,3%

Val 1 and Val 2 refers to Validator Score for re-
sponden 1 and 2.

With an overall percentage of 88.3%
and based on the categorization, the in-
structional media can be classified as
highly valid as it meets the minimum
threshold for high validity. Both validators
also stated that the instructional media
can facilitate students' understanding of
the concept in solving one-variable linear
equations. Regarding the content aspect,
the validator provided some suggestions,
stating that the concept needs to be ad-
justed by modifying less appropriate sen-
tences and providing assumptions. These
details have been explained further in the
development section.



According to the validator, the
strengths of the instructional media in-
clude using problems that are relatable to
students, engaging illustrations and sto-
ries, interactive features, and providing
detailed explanations of solution steps us-
ing language that is easily understood by
students. However, the validator men-
tioned a limitation of the instructional
media, which is the underutilization of
features in Google Sites. It would be ben-
eficial to provide structured pages or sub-
topics for better organization.

Practice

According to Akker et al., (1999), stated
that the level of practicality can be ob-
served from the responses of teachers
and students in using instructional media,
whether they consider the media to be
easy and usable. To measure practicality,
a questionnaire was used as a research in-
strument. The results of the questionnaire
can be found in Table 6 and Table 7.

Table 6. Results of Students’s Practicality Question-

naire
Aspect Indicator Score
Ease Easy to carry around 22
User interface is easy to understand 17
Practical to use 18
Clarity of written statements 23
Clarity of text on the media 22

Provides a place to provide feedback on 23
technical operation
lllustrations are easily understood 21
Overcomes technical constraints and 22
provides a place to provide feedback on
technical operation
Useful- The learning media can help improve 22
ness student understanding

Practicality Percentage 87,9%

Table 7. Effectiveness Questionnaire’s Results
Aspect Indicator Score
Ease Easy to carry around 4

User interface is easy to understand 4
Practical to use 4
Clarity of written statements 4
4
4

Clarity of text on the media
Provides a place to provide feedback on
technical operation
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~

lllustrations are easily understood
Overcomes technical constraints and 4
provides a place to provide feedback on
technical operation
Useful- The learning media can help improve 4
ness  student understanding
The learning media can help teach spe- 4
cific topics
Practicality Percentage 100%

Based on the results of both practi-
cality questionnaires, from both students
and teachers, the instructional media is
considered very practical. The overall per-
centage is 94%, which meets the mini-
mum criteria for being highly valid. Ac-
cording to Putra (2021), instructional me-
dia is considered practical if it fulfills two
aspects: ease of use and usefulness. This
is consistent with the statements pro-
vided by students and teachers, who ex-
pressed that they felt assisted in under-
standing and teaching with the instruc-
tional media. They also mentioned that
the instructional media was easy to use
overall. There were some challenges in
operating Mathigon, but they could be
overcome with the guidance of the
teacher.

Effective

According to Akker et al., (2010), effec-
tiveness refers to the extent to which a
product achieves its intended goals. In-
structional media is considered effective if
it helps students find the correct solutions
to one-variable linear equations with the
appropriate concepts. This can be ob-
served through the test scores of the stu-
dents. If 80% of the research subjects
achieve scores above the Minimum Mas-
tery Criteria, which is 75, then the instruc-
tional media can be considered effective.
The results of the learning outcome tests
can be seenin Table 8.
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Table 8. Test Results of Learning Outcomes

Indicator of Conceptual Understand- Test For- Average
ing to be Achieved mat score

Restating a concept Essay 2,5
Selecting, using, and applying a

specific procedure or operation

Restating a concept Essay 3
Selecting, using, and applying a

specific procedure or operation

Presenting concepts in various Multiple 3
mathematical representations choice
Classifying objects according to

specific properties based on the

concept

- Determining examples and non-  Essay 1
examples of a concept

- Applying concepts in problem- Essay 3
solving

Selecting, using, and applying a
specific procedure or operation

Table 9. Percentage of learning outcomes test

Number of stu- Number of stu-
dentsabove  dents below the
the minimum  minimum passing

passing grade grade
Number of students 5 1
Percentage 83,3% 16,7%

Since more than 80% of the re-
search subjects obtained scores above the
average, the instructional media can be
considered effective in assisting students
in finding solutions to one-variable linear
equations with the correct concept.
Therefore, it can be concluded that the
Google Sites instructional media with the
assistance of Mathigon is effective in facil-
itating concept understanding.

Discussion

The implementation of the media was
carried out for 120 minutes. During the
implementation, the researcher observed
that the students were enthusiastic about
using instructional media. After conduct-
ing interviews with the students, it was
found that they all remembered the in-
structional media used and found it easier
to understand the concept of finding the
solution of one-variable linear equation.
This is supported by Aditya (2018) who

stated that the website instructional me-
dia helped students understand a con-
cept.

One of fiture in Mathigon that sup-
port students easier in understanding the
concept in finding the solution of single-
variable linear equation is tools balance
scale polypad. Balance model is an inno-
vative tool that makes algebra easier for
students to learn and it is also a powerfull
tool that can make students more under-
stand about the equations’ idea (Waaren
& Cooper, 2005). The findings of Otten et
al., (2019) strengthen the previous state-
ment, that is balance model very suitable
for demonstrating the concept of equality
because both sides of a balance model
represent equal value and can be ex-
changed. Besides it, balance model can
provide an opportunity to semantically
and syntactically set a foundation for lin-
ear equation solving. It is in line with the
findings of Atteh et al., (2017) that one of
advantage of the balance model in teach-
ing linear equation is promoting the view
of an equation as an object. Study that
conducted by Mengistie (2020) show that
balanced model teaching method is an ef-
fective means of developing students' un-
derstanding of a relational view of the
equal sign and its ability to operate equal-
ity. Most students use more flexible strat-
egies after do the activities using balanc-
ing model.

Table 8 shows that the implementa-
tion of the media using balance model in
Mathigon integrated Google Site can help
students in understanding the concept of
equally and in finding the solution of lin-
ear equation. Itisin line with the results as
of the study of Otten et al., (2019). How-
ever, this study shows that balance model
using Mathigon integrated Google Site
not enough to facilitate students’ ability in
determining the example and non-exam-
ple of one-variable linear equation. The
representation of variables in Mathigon is



limited and not enough representative. If
we want to use the representative icon,
we must download the icon first. Whereas
the icon of variables that available in
Mathigon is limited. Therefore, although
virtual balance models can be used in
teaching the concept of finding the solu-
tion of one-variable linear equation, but it
is not sufficient to facilitate the repre-
sentative of variables which resulted it is
hard to make the suitable representative
of variable in one-variable linear equation.

Through interviews, teachers also
felt assisted by the instructional media
and found it easier to visualize a concept.
Teachers also mentioned that the use of
instructional media made students more
interested in learning mathematics. This
finding is in line with (Lestari, 2018), that
is using technology in learning, can give
impact in learning. Such as, increase
stundents’ learning interest, so that it can
make learning process more effective.
However, there are limitations; due to de-
vice constraints and lack of knowledge
about digital instructional media, teach-
ers cannot frequently use this digital-
based instructional media.

Implications of Research

The results of this study are expected to
provide information to teachers regarding
website instructional media and Mathi-
gon as alternative learning tools. The re-
search subjects reported that they found
assistance from this learning media, and
quantitatively, it has been proven that the
learning media is valid, practical, and ef-
fective. Furthermore, it is recommended
to implement them in higher-level sub-
jects or grade levels. It would also be ben-
eficial if students are allowed to create ac-
counts and log in during Mathigon usage,
as this would enable teachers to monitor
the students' progress.
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Limitation

The limitations of this study include: 1)
The instructional media developed is still
in the preliminary stage and only covers a
subtopic of one-variable linear equations,
specifically addition and subtraction oper-
ations; 2) Due to time, cost, and resource
constraints, the researcher monitored the
implementation of the instructional me-
dia through online platforms such as
Zoom meetings; 3) The students did not
have Google accounts, which prevented
them from signing up for Mathigon.

CONCLUSION

The instructional media, Google Sites and
Mathigon, developed using the ADDIE re-
search and development model, can facil-
itate students' understanding the concept
of equally and in finding the solution of
linear equation with one variable, specifi-
cally focusing on addition and subtraction
operations. The quality of the instruc-
tional media is evaluated based on three
aspects: validity, practicality, and effec-
tiveness. The instructional media is classi-
fied as highly valid with an 88% percent-
age and highly practical with a 94% per-
centage. Additionally, the instructional
media is deemed effective to increase the
students’ understanding of equal sign and
in solving linear equation, as more than
80% of the research subjects achieved
scores above the minimum passing grade.
However, not sufficient effective in in-
crease the students’ understanding of var-
iable.
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Appendix A of article entitled Developing Google Sites and Mathigon Learning Media to Support Students’ Con-
ceptual Understanding in Solving Linear Equations in One Variable

Table 4. Storyboard

Scene

Visual Description

Problem 1

There is a mother who is cooking, and a child named Anita playing on the ter-
race. Anita is called by her mother.

Mother: "Anita... Please help me!"

Anita: "Yes, Mom? How can | help?"

Mother: "Your relative from another island will visit us, and I will give him a
special food gift from Manggarai, which is kompiang."

Mother: "l have prepared the rebok and put them in a box, but | forgot how
many rebok are in the box. Earlier, | weighed one box plus 3 kompiang, and it
was equal to 10 kompiang. Please help me determine the number of kom-
piang in the box!"
Enter Mathigon

There is a scale with one box plus 3 kompiang on the left side and 10 kom-
piang on the right side. The scale is balanced. There is a plate next to the
scale. The student is asked to move the kompiang from the scale to the plate,
leaving only one box on the left side and keeping the scale balanced. The stu-
dent is also asked to write the process in a table and represent it in the form of
a linear equation. Through this activity, the student is expected to find the so-
lution to the linear equation in mathematical form.

Problem 2
There is a child who is asked by their mother to deliver kompiang to their
neighbor. But before that, the child goes to the bathroom first. Anton: "l will
deliver these kompiang to the neighbor as instructed by Mom, but | need to
go to the bathroom first"
5 minutes later

Anton: "Why is it only this much left?!"

There is an empty part and only 24 kompiang left

Anton: “It must have been the actions of my younger siblings, Andi, Lana, and
Fafa. Let me message Andi.”

Anton: "You took the kompiang from the dining table, right?!"

Andi: "Yes, | took 1, Lana took 3, and Fafa took 2."

Anton: "Oh no!! Those were supposed to be given to the neighbor, Andii!! Why
did you take them?!"

Anton: "Before you took them, how many kompiang were in the box?"

Andi: "Oh.. I don't know, sorry )):"

Anton: "Oh, okay, | will figure out how many kompiang were originally in the
box using the Linear Equation with One Variable that | learned at school"
Anton: "Next time, if you want to take someone else's belongings, ask for per-
mission first, okay?!" Andi: "Yes, sorry )):"

Enter Mathigon

There is a scale with a box and number cards (available on tiles) on the left
side, which are labeled -3, -2, and -1. On the right side of the scale, thereis a
number card with the value 24. The student is asked to solve the problem by
overlapping the number cards on the scale with other number cards repre-
senting kompiang. The student is required to change the number cards on the
scale to make it equal to o, leaving only the box on the left side of the scale
while keeping it balanced. The student should write the process on the table
and find the solution in mathematical form.

Mother cooking

Child approaches the mother

Conversations between the
mother and child with a pink
box on the table containing
kompiang

The scale represents the prob-
lem with one box and 3 kom-
piang on the left side and 10
kompiang on the right side.
The scale is balanced.

A child places a box contain-
ing kompiang

A picture of a closed box on
the table

An image of the box of kom-
piang open, but with reduced
contents

WhatsApp chat

The scale represents the prob-
lem with one box and number
cards labeled -3, -2, and -1 0n
the left side, and a number
card with a weight of 24 on
the right side. The scale is bal-
anced.
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In the context of linear equations in one variable, students often struggle in basic algebra including variable
degrees, variable concepts, coefficients, and constants. However, proficiency in understanding algebraic con-
cepts is significantly lower compared to other areas and skills. As a consequence, this research aimed to ex-
plore students' learning obstacles in solving linear equations in one variable in secondary schools based on
mathematical proficiency. The research design using the hermeneutic phenomenological approach. This re-
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tive and the critical paradigms to empower students in the context of generating new knowledge as justified
true belief. In this study, the researcher delves into the interpretive paradigm. The research subjects involved
46 seventh-grade secondary school students from five different schools across four distinct provinces in Indo-
nesia. The instruments used were test and non-test. The test was done by giving a diagnostic test about linear
equation problems, while interviews used the non-test technique. The study findings revealed that students
met three types of obstacles in linear equation material, namely ontogenic, epistemological and didactical
obstacle. Ontogenic obstacles occur due to insufficient prerequisite knowledge and cognitive limitations. Epis-
temological obstacles arise when students' understanding works in certain con-texts but fails in others, often
due to misinterpretations of algebraic principles. Didactical obstacles emerge when instructional materials or
teaching methods are inadequate. Therefore, future research can focus on developing a Didactical Design to
reduce this obstacle.
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Abstrak

Dalam konteks persamaan linear satu variabel, peserta didik sering mengalami kesulitan dalam pembelajaran
aljabar, contohnya kesulitan dalam memahami konsep variabel, koefisien, dan konstanta. Selain itu, pema-
haman peserta didik terhadap konsep aljabar jauh lebih rendah dibandingkan dengan bidang dan mata pelajaran
lainnya. Oleh karena itu, penelitian ini bertujuan untuk mengeksplorasi hambatan belajar peserta didik dalam
menyelesaikan persamaan linear satu variabel di sekolah menengah berdasarkan mathematical proficiency. De-
sain penelitian ini bersifat kualitatif dengan pendekatan fenomenologi hermeneutik. Penelitian ini merupakan ba-
gian besar dari framework Didactical Design Research (DDR). DDR berpijak pada dua paradigma yaitu paradigma
interpretif dan kritis dan bertujuan untuk memandirikan peserta didik dalam konteks menghasilkan pengetahuan
baru sebagai pengetahuan yang justified true belief. Dalam penelitian ini, peneliti melakukan pendalaman dalam
paradigma interpretif. Subjek penelitian ini yaitu 46 peserta didik kelas VIl dari 5 sekolah yang berasal dari empat
provinsi yang berbeda di Indonesia. Instrumen yang digunakan adalah tes dan non-tes. Instrumen tes dalam
penelitian ini berupa asesmen diagnostik tentang persamaan linear satu variabel untuk mengidentifikasi learning
obstacle peserta didik, sedangkan instrumen non-tes terdiri dari pedoman wawancara dengan peserta didik. Hasil
penelitian mengungkapkan bahwa peserta didik mengalami tiga jenis hambatan belajar pada materi persamaan
linear satu variabel, yaitu hambatan ontogenik, hambatan epistemologis, dan hambatan didaktis. Hambatan on-
togenik muncul karena kurangnya pengetahuan dasar dan keterbatasan kognitif. Hambatan epistemologis ter-
Jadi ketika pemahaman siswa berhasil dalam konteks tertentu namun gagal jika diaplikasikan kedalam konteks
yang berbeda. Hambatan didaktik muncul karena sajiab bahan ajar atau metode pengajaran yang tidak me-
madai. Oleh karena itu, penelitian mendatang direkomendasikan untuk berfokus pada pengembangan Desain
Didaktis untuk mengurangi hambatan belajar dalam pembelajaran aljabar.

INTRODUCTION

Mathematics is an essential subject
taught at various educational levels, from
elementary school to high school and
even at the university level (Vilianti et al.,
2018). Mathematics is divided into three
main subjects: algebra, analysis, and ge-
ometry (Suherman et al., 2001). However,
algebra stands as the most foundational,
particularly at the junior high school level,
where it plays a critical role in the devel-
opment of mathematical skills for future
learning (Fardian et al., 2024; Jupri et al.,
2014). As part of the 2013 Curriculum, de-
veloping strong algebraic skills has been
prioritized to ensure students’ readiness
for more advanced mathematical con-
cepts (Putri, Juandi, & Turmudi, 2024).
Despite its importance, students often
demonstrate lower proficiency in algebra
compared to other areas of mathematics,
with particular struggles observed in lin-
ear equations (Al-Mutawah et al., 2019).
Algebra is considered a gateway
subject for higher education and profes-
sional careers in mathematics, yet it is
also seen as one of the most challenging
areas due to its abstract nature (Thorpe,

2018). Among algebraic topics, linear
equations are especially difficult, as they
lie at the intersection of arithmetic and
symbolic, formal mathematics (Sulastri &
Arhasy, 2017). Mastery of linear equations
is not only essential for progressing to cal-
culus and statistical analysis but also for
understanding nonlinear functions in ad-
vanced algebra (Casey, 2015; Nagle &
Moore-Russo, 2013). Without a thorough
understanding of linear equations, stu-
dents face difficulties in grasping more
complex mathematical concepts, limiting
their ability to solve real-world problems
and engage in future studies (Jupri et al.,
2024; Saraswati et al., 2016).

Despite its importance, students
face persistent obstacles in mastering lin-
ear equations. One of the most pressing
issues is students’ difficulty in solving
word problems involving linear equations.
These problems are complex because
they require translating real-world situa-
tions into mathematical models, a task
that many students find challenging
(Khoshaim, 2020; Reynders et al., 2014;
Siregaretal., 2022). In particular, identify-
ing the correct variables, operations, and



formulating equations from narrative text
poses a significant hurdle, hindering their
ability to apply abstract concepts to con-
crete situations (Nashiru et al., 2018; Pu-
tri, Juandi, Turmudi, et al., 2024). Moreo-
ver, students often struggle with miscon-
ceptions in basic algebra including varia-
ble degrees, variable concepts, coeffi-
cients, and constants (Makonye, 2015).
These misconceptions lead to errors in
identifying the general form of linear
equations in one variable (Arnawa et al.,
2019). Misunderstandings about linear
equations often lead to repeated errors
and misconceptions, creating a barrier to
deeper learning (Yansa et al., 2021).

Despite extensive research on linear
equations, there remains a significant gap
in understanding the specific learning ob-
stacles students face in secondary educa-
tion, particularly concerning their mathe-
matical proficiency. A learning obstacle
represents a condition that restricts stu-
dents' acquisition of new knowledge dur-
ing the learning process, potentially caus-
ing difficulties in their learning process
(Suryadi, 2019a). The diffusion and acqui-
sition of knowledge are likely to take place
within a scientific community setting due
to transitions occurring between different
institutions (Puspita & Kustiawan, 2024).
Learning obstacles can be observed based
on the relationship between teacher-stu-
dent-material (Suryadi, 2023). However,
any disruptions in these relationships can
contribute to the emergence of learning
obstacles. Brousseau (2002) classifies
learning obstacles into three categories
based on their origins: ontogenic obsta-
cles, didactical obstacles, and epistemo-
logical obstacles.

An ontogenic obstacle emerges in
the student's cultivation of intellectual ca-
pabilities (Utami et al., 2022). Students
may experience this obstacle if the prob-
lems presented by the teacher have diffi-
culty levels either below the actual ability
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or above the potential ability of the stu-
dents (Bakar et al., 2019). The identifica-
tion of ontogenic obstacles occurs when
there is an imbalance between the learn-
ing demands and the mental readiness of
the student (Islamiyah et al., 2023).
Suryadi (2019b) classifies ontogenic ob-
stacles into three categories: psychologi-
cal ontogenic obstacles, instrumental on-
togenic obstacles, and conceptual onto-
genic obstacles.

A didactical obstacle refers to a dif-
ficulty in learning that is linked to the in-
structional stages implemented by the
teacher (Prabowo et al., 2022). However,
the extent of detail in presenting teaching
material can impact the student's learning
process (Fardian et al., 2024). Didactical
obstacles can be identified when the ac-
tual learning process and the theoretically
expected content are dissimilar. Since the
primary aspect of this obstacle can be ob-
served through the content, stages of ma-
terial presentation, this obstacle may
originate from the teaching materials pre-
pared and implemented by the teacher in
the learning process.

An epistemological obstacle repre-
sents a difficulty in learning that refers to
how students acquire knowledge
(Suryadi, 2023). This obstacle is defined
by the limited understanding of students
related to a specific context of
knowledge. Consequently, epistemologi-
cal obstacles can be identified when stu-
dents' knowledge of a mathematical ob-
jectthey have learned works well in a spe-
cific problem context but is then inappro-
priately applied to another context. In es-
sence, students have an incomplete un-
derstanding of that mathematical object.

Mathematical proficiency is defined
as possessing suitable or sufficient math-
ematics skills, knowledge, or experience
(Corréa & Haslam, 2020; Hendriyanto et
al., 2024). Proficiency in mathematics
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provides learners with expertise, compe-
tence, knowledge, and facility in the sub-
ject, facilitating successful learning
(Fardian & Dasari, 2023; Findell et al.,
2001). Acknowledging a student's starting
level and proficiency in specific mathe-
matical content forms the basis for creat-
ing successful learning environments (Al-
tarawneh & Marei, 2021). Mathematical
proficiency is typically characterized by
five strands, namely conceptual under-
standing, adaptive reasoning, procedural
fluency, strategic competence and pro-
ductive disposition. The five strands serve
as a framework for examining the
knowledge, skills, abilities, and beliefs es-
sential to mathematical proficiency (Jun-
pengetal., 2020). Itisimportant to recog-
nize that these strands are interconnected
and interdependent, playing a collabora-
tive role in the cultivation of mathemati-
cal proficiency (Algarni & Lortie-Forgues,
2023; Yunus et al., 2012). The framework
aims to identify the components essential
for successful learning in mathematics.

Fardian, D. et al. Students’ Learning Obstacles in Solving Mathematical Proficiency Tasks: ...

Consequently, this proficiency allows
learners to navigate the mathematical
challenges encountered in everyday life
and supports their continued pursuit of
mathematical studies through high
school and beyond.

While the literature on learning ob-
stacles in algebra is growing, few studies
have focused on the impact of conceptual
understanding, adaptive reasoning, and
strategic competence in overcoming
these barriers (Brousseau, 2002; Findell et
al., 2001). Furthermore, much of the exist-
ing research fails to provide a comprehen-
sive analysis of how these obstacles relate
to students' ability to solve linear equa-
tions and apply mathematical reasoning
effectively. To further emphasize the im-
portance of this research, the researcher
conducted a bibliometric analysis of alge-
bra-related publications over the past five
years, as shown in Figure 1.

Figure 1 illustrates that there is no
direct connection between linear equa-
tions and mathematical proficiency. This
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Figure 1. Research trend on algebra over the past five years




suggests a significant research gap in the
existing literature. Furthermore, the data
shows that mathematical proficiency has
been relatively underexplored compared
to other topics, as indicated by the smaller
number of publications in this area within
the bibliometric analysis. The yellow color
in the figure highlights that mathematical
proficiency has emerged as a hot topic in
the last five years, drawing increasing at-
tention from researchers. However, this
growing interest contrasts with the lim-
ited exploration of its relationship with
specific mathematical topics like linear
equations, reinforcing the need for further
research in this domain.

To provide an overview of previous
research on early algebra, Figure 2 sum-
marizes key studies conducted in the
field, focusing exclusively on Scopus Qzi-
indexed articles.

Based on figure 2, the orange nodes
in the visualization represent significant
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areas of focus in existing research, high-
lighting the six major themes in early alge-
bra studies. The blue nodes, on the other
hand, represent the authors who have
contributed to these themes. However,
the green node, labeled "Mathematical
Proficiency”, emphasizes a crucial void in
the literature. Despite the extensive focus
across the six themes, none explicitly ana-
lyzes the role of mathematical proficiency
in the context of early algebra. This lack of
attention to mathematical proficiency,
particularly in relation to key algebraic
concepts like linear equations, presents a
clear research gap. This focus could pave
the way for more effective teaching prac-
tices and contribute significantly to math-
ematics education reform.

The importance of this research is
underscored by the findings from the
PISA 2022 assessment, which reveal that
61% of OECD countries have mathemat-
ics performance below the average, with

Research Related to Early Algebra in Q1 Indexed Articles
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31% of students demonstrating profi-
ciency below Level 2 (Fardian & Dasari,
2023). This level of proficiency is critical
for engaging in active societal participa-
tion, making it clear that a substantial por-
tion of students lack the foundational
mathematical skills necessary for success
in both education and life (Lee et al,,
2023).

This study seeks to address this gap
by investigating the obstacles students
encounter while solving linear equations,
emphasizing mathematical proficiency.
Through this investigation, we aim to
shed light on the specific obstacles that
hinder students’ progress, including their
understanding of basic algebraic princi-
ples, their ability to reason adaptively, and
their strategic competence in solving real-
world problems. By focusing on these crit-
ical areas, the research will contribute to a
clearer understanding of how these ob-
stacles manifest and how they can be
overcome in the classroom.

For this reason, the researcher con-
siders it crucial to identify student learn-
ing obstacles in understanding linear
equations in terms of mathematical profi-
ciency. Through this identification, it is
hoped that it will prompt teachers to es-
tablish effective learning environments.
This study aims to investigate the chal-
lenges that middle school students en-
counter when solving linear equations.

METHOD

The research design using hermeneutics
phenomenological method (Moustakas,
1994). This research is a significant part of
the Didactical Design Research (DDR)
framework. DDR constitutes research to
identify learning difficulties within the ed-
ucational process, focusing on proactively
tackling and eliminating these obstacles
(Suryadi & Itoh, 2023). This conceptual
framework aligns with the objective of the

current study, which is to explore learning
obstacles related to linear equations in
secondary schools. DDR is based on two
paradigms: the interpretive and the criti-
cal paradigms, and it aims to empower
students in the context of generating new
knowledge as justified true belief
(Suryadi, 2019a). In this study, the re-
searcher delvesinto the interpretive para-
digm. The interpretive paradigm aims to
analysis the impact of existing didactic de-
signs on students' thinking patterns in the
process of acquiring new knowledge, thus
identifying learning obstacles.

A total of 46 seventh-grade stu-
dents were selected as participants, rep-
resenting five schools across four distinct
provinces in Indonesia. The participant
distributions are as follows: 7 students
from a middle school in West Sulawesi, 24
students from a middle school in Central
Sulawesi, 5 students from a middle school
in Gorontalo, and 10 students from two
middle schools in South Sulawesi. The dif-
ferences in the selected schools in the re-
search provide important variations in the
subjects represented. These schools were
chosen with different variations, because:
(1) geographical diversity: selecting
schools from different provinces allows
the research to encompass students from
various geographical backgrounds. This
can broaden the scope of the research
findings and strengthen conclusions
about potential learning obstacles. (2) dif-
ferencesin education systems: Each prov-
ince has slightly different educational ap-
proaches, including curriculum, teaching
methods, and learning approaches. By se-
lecting schools from various provinces,
the research can explore how these differ-
ences affect students' understanding and
learning, as well as how they influence
learning obstacles in the context of linear
equations with one variable. Considering
these factors, selecting schools from dif-
ferent provinces can help ensure that the



research covers important diversity in the
represented student population, thus en-
abling stronger conclusions about poten-
tial learning obstacles in the field of linear
equations in one variable. Moreover, the
researcher selected for this particular
group due to the relevance of the material
under investigation to seventh-grade
middle school students.

The researchers took several steps
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to minimize bias in participant selection
and ensure that the sample was repre-
sentative of the broader population. First,
all selected schools were of comparable
educational levels, meaning that the
schools were chosen based on their simi-
larity in terms of the grade level being
studied (seventh-grade) and the overall
academic standards. This step was crucial
to control for any age-related cognitive

Table 1. The instrument of mathematical proficiency tasks

Test Instrument

Non-test Instrument

Solve the following equations by
writing the steps of the solution: a.
3X—2=10

The researcher asks the stu-
dent to solve the equation 3x —
2 = 10, explaining each step
taken.

Solve the following equations by

writing the steps of the solution:
3x+1 1-2x
b. - =2
14 2

The researcher asks the stu-
dent to describe the steps
needed to solve the fractional
operations in this equation.

Mirna is 30 years younger than her
father. Five years later, the sum of
their ages will be 46 years. How old
are Mirna and her father now?

The researcher asks the stu-
dent to read the problem about
Mirna and her father, then ex-
plain how they use the infor-
mation in the problem to create
an equation.

The price of a chicken is Rp25.000
each, and the price of a goat is
Rp700.000 each. Fauzan wants to
buy two goats, but he currently
only has Rpi25.000. To have
enough money to buy the two
goats, Fauzan decides to sell his
chickens. How many chickens does
Fauzan need to sell?

The researcher asks the stu-
dent to justify the steps they
took in calculating the number
of chickens to sell.

Risda and Arlinda are running on
the same track. Risda runs at a
speed of 240 meters per minute
and starts 100 meters ahead of
Arlinda. If Arlinda runs at a speed of
290 meters per minute, after how
many minutes will Risda and
Arlinda be at the same position?

The researcher asks the stu-
dent to read the problem about
Risda and Arlinda, then explain
how they start formulating the
mathematical problem from
the given situation.

Strands Indicators
Unable to solve
mathematical
Conceptual concepts
Under-
standing Unable to solve
(CU) .
mathematical
operation
Unable to think
logically about
the relationship
between con-
cepts and situa-
tions
Adaptive
Reasoning
(AR)
Unable to justify
the conclusions
Unable to for-
mulate mathe-
matical prob-
lems
Strategic
Compe-
tence
(SO

Unable to repre-
sent and solve
mathematical

problems

After running, Risda goes to buy
some drinks. Risda buys 2 bottles of
drinks and 2 snacks with Rpg50.000
and receives Rp8.000 in change.
The price of one bottle of drink is
twice the price of one snack. What
is the price of one bottle of drink
and one snack?

The researcher asks the stu-
dent to read the problem about
the price of drinks and snacks,
then explain how they choose
variables to represent the price
of each item.
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differences that might otherwise influ-
ence the results. To further reduce poten-
tial bias, the study intentionally included a
mix of public and private schools. This
strategy was used to account for the vari-
ations in resources, teaching methods,
and educational systems that may exist
between public and private institutions.
Additionally, the researchers employed
stratified sampling to ensure that the
sample was proportionally representative
of each region's population. Stratified
sampling involves dividing the population
into subgroups (regions) and then select-
ing participants from each subgroup in a
way that mirrors the region's actual de-
mographic distribution.

The research employed both test
and non-test instruments. The test was
done by giving questions about linear
equation problems, while interviews used
the non-test technique. The current study
focuses exclusively on three strands, spe-
cifically conceptual understanding, adap-
tive reasoning, and strategic competence,
with several justifications guiding this se-
lection. Firstly, it is important to empha-
size that the size and scope of the strands
should not be confused, as the model
aims to provide a comprehensive depic-
tion of holistic mathematics proficiency
strands. Certain strands may hold greater
significance at specific age levels than
others. For instance, while conceptual un-
derstanding and procedural fluency may
be fully developed for 14-year-old stu-
dents, their adaptive reasoning might still
be somewhat limited (Findell et al., 2001).
Table 1 represent the test and non-test in-
strument of mathematical proficiency
tasks.

Each indicator, category, and code
assigned to the student responses are
processed using ATLAS.ti 9 software. To
mitigate coder bias in the qualitative data
analysis, the data coding process is carried
out by multiple researchers. This reduces

the risk of individual interpretation errors
and ensures consistency across the coding
process. Additionally, member checking
used to verify the interpretations of stu-
dent responses, ensuring that the analysis
accurately reflects the participants' un-
derstanding and experiences. The code la-
bel “14 — CU1" indicates the issue found
in question 1A (14), category conceptual
understanding (CU), the first code (1),
which is “unable to solve mathematical
concept.

The data analysis employed in this
study used the Miles and Huberman
model, which was conducted in three
stages: (1) data reduction, where the re-
searchers recorded all student questions
responses related to linear equations; (2)
data presentation, during which the re-
searchers systematically categorized and
identified various types of student re-
sponses based on their obstacles; (3)
drawing conclusions, wherein the re-
searchers analyzed the identified types of
learning obstacles in linear equations
among seventh-grade middle school stu-
dents, drawing insights based on the the-
oretical framework of learning obstacles
(Miles & Huberman, 1994). Figure 3 repre-
sents the data analysis process diagram.

RESULTS AND DISCUSSION
Results

The analysis was conducted by examining
the components of the obstacle aspect to
present the number of students who had
obstacles based on the mean score for
each set of questions. Subsequently, the
analysis progressed to identify the per-
centage of students facing obstacles in
each aspect. The researchers generally
observed a uniform distribution of obsta-
cles across conceptual understanding,
procedural fluency, and strategic compe-
tence.



The result shows that the main ob-
stacles were discovered in the domain of
linear equation material, particularly in
strategic competence. Strategic compe-
tence is the proficiency to formulate, illus-
trate, and solve mathematical problems
(Schulz, 2023). This aspect aligns with
what has been termed as problem-solving
and problem formulation in the field of
mathematics education literature
(55.44%), followed by adaptive reasoning,
which is the capacity to navigate through
a lot of facts, procedures, concepts, and
solution methods and discern their inter-
connected coherence and meaningful-
ness (48.92%).

Conceptual understanding of linear equa-
tion in one variable

On average, 44.57% of students met this
initial problem, with a slight standard de-
viation 5.09. This research indicates that
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the data is homogeneous (see table 1).
Based on Table 1, most students had diffi-
culties in comprehending and performing
operations related to linear equations in
one variable.

Table 1. Percentage of students who met indica-
tors on the first obstacle aspect
Question The Number Per-
Number of Students centage
Unable to solve 1a 7 15.21%
mathematical
concepts
Unable to solve 1b 34
mathematical
operation

Indicators

73.91%

To further illustrate the challenges
faced by students in solving the problem,
Figure 4 provides a visual representation
of the patterns of difficulty, particularly in
terms of conceptual understanding and
performing mathematical operations re-
lated to linear equations in one variable.

7 subjects from a school in
West Sulawesi

24 subjects from a school in
Center Sulawesi

5 subjects from s school in
Gorontalo

10 subjects from two
schools in South Sulawesi

l Phenomenology

Diagnostic assessment
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l A Posteriori analysis A Posteriori analysis A Posteriori analysis
Conceptual Adaptive strategic
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Didactical Epistemological Ontogenic
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Figure 3. The data analysis process diagram
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Figure 4. Answers by subject 1 (a) and subject 2 (b)

According to the book of seventh-
grade mathematics curriculum "Merdeka"
developed by the Ministry of Education,
Culture, Research and Technology in In-
donesia, when solving linear equation
problems, students must move terms
from one side to the other (transpose).
However, there are obstacles experienced
by subject 1 and subject 2 (see Figure 1).
Subject 1 shifts the coefficient from the
left-hand side to the right-hand side,
causing the sign in front of the coefficient
to change inversely. In 14 — CU1, subject
is directed to solve the equation 3x — 2 =
10. Initially, it appears that the students
understand the concept of transposing,
which is subtracting the same number
from both sides. However, the problem
occurs when Subject 1 reaches 3x = 12,
and the student moves the number 3 (red
colour) to the other side, resulting in the
equation 1x = 12 — 3.

To examine the underlying meaning
behind this student error, the researcher
conducted further analysis from a herme-
neutic perspective. Hermeneutics, as a
methodology, focuses on interpreting
and understanding the meaning behind
human experiences and actions within

their context. Based on in-depth inter-
view, the error made by subject 1 in trans-
posing the coefficient reflects a misunder-
standing of the conceptual framework un-
derlying the operation of moving terms in
linear equations. From a hermeneutic
standpoint, this error can be seen because
of the student's limited contextual
knowledge and their inability to fully
grasp the deeper implications of the
transposing rule. The lack of appropriate
examples provided by the teacher, as well
as the absence of a comprehensive expla-
nation in the mathematics textbook,
means that students may interpret the
rule based on surface-level understand-
ing, leading to errors like incorrectly shift-
ing the coefficient without adjusting its
sign. Hermeneutic analysis suggests that
these kinds of mistakes are not just about
cognitive limitations, but about misinter-
pretations shaped by the absence of
meaningful guidance and contextual
grounding. Moreover, since one of the
sources of this misunderstanding origi-
nates from the textbook, the researcher
examined the 'Merdeka' curriculum math-
ematics textbook. Upon review, the re-
searcherfound that the textbook presents
a mis-interpretation of the concept of
transpose, which likely contributes to the
students' confusion. Figure 5 illustrates
this mis-representation, showing how the
textbook may inadvertently encourage a
simplistic understanding of transpose,
leading students to make errors like the
one demonstrated by subject 1.

Students original answer
Kita belajar dari halaman sebelumnya, bahwa dalam persamaan kita dapat
memindahkan suku-suku dari satu sisi ke sisi yang lain. Hal ini disebut

mentranspos atau memindahkan suku-suku.

x-9=3 ¢ 2= 643

memindankan suky

A-x=6

memincahkan suky |
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)
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5 §
5 ve349 )
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Ingat, ketika sebuah suku berpindah sisi, tanda yang ada di depannya berubah

menjadi kebalikannya,

(@)



Translation
We learned from the previous page that inan
equation, we can move terms from one side to the
other, This is called transposing or moving terms.
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Remember, when a term mowves to the other side,

lx-x=6

the sign in front of it changes to its opposite

(b)
Figure 5. The presentation in the textbook related
to the concept of transpose

Based on Figure s, if students inter-
nalize this concept, they will encounter
difficulties when they move on to the
topic of inequalities. In the concept of ine-
qualities, if both sides are divided by a
negative number, the inequality sign will
change. For example, —3x < 12. If stu-
dents apply the concept they learned, the
inequality will become x < —4. However,
in the context of inequalities, dividing
both sides by a negative number should
change the inequality sign, resulting in
x> —4.

Furthermore, in 14 — CU1, subject
2 selects an arbitrary coefficient and di-
vides both sides by that coefficient rather
than dividing by the coefficient associated
with x. In the assesment diagnostic test,
the student was able to solve the initial
problem smoothly and understood the
concept of transposing, which involves
subtracting the same number from both
sides. However, the problem arose when
subject 2 reached 3x = 12. Instead of di-
viding both sides by the coefficient 3, the
student mistakenly divided both sides by

o .3
2 (red colour), resulting in the equation SX

=12—2. When researcher asked why the sub-

ject 2 divided by 2 instead of the coeffi-
cient 3, subject explained that they misun-
derstood the structure of the equation. In-
itially, they understood the transposition
process, which involves subtracting the
same number from both sides. However,
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when they reached the equation 3x —
2 = 10, the student explained that they
saw the number 2 (red colour) and mistak-
enly thought it was the "coefficient" to di-
vide by, rather than the number directly
associated with x (which is 3). The obsta-
cle occurs due to the limited understand-
ing regarding the concept of numerical
operations and the concept of the coeffi-
cientin linear equations.

While Subject 2’s misunderstanding
stemmed from confusion about the role
of coefficients in the equation, subject 3
faced a different type of challenge in solv-
ing the problem. Figure 6 illustrates the
errors made by subject 3 during this pro-
cess.

Students original answer

alpat
O.Fhro Yool whe dp 0
[z vdote

@

Translation

Answer

a. Ifx=4,then3x—2 =10
B#)-2=12-2
=10

Figure 6. Subject 3’s answer

Based on Figure 6, instead of apply-
ing a structured approach to isolate x,
subject 3 resorted to a trial-and-error
method, searching for a value that satis-
fied the equation without fully under-
standing the meaning of x in the context
of the problem. Subject 3 substituted the
value 4 to fulfil the equation 3x — 2 = 10.
Although the chosen number was correct,
when the researcher directly asked about
the value of x that fulfilled the equation,
the students saw confusion in explaining
theiranswer. The studentinterpreted that
the value of x is something that can be re-
placed with any number without under-
standing the meaning of x. This led the
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subject to use a trial-and-error system, re-
placing the value of x with any number
without considering the equality in the
problem.

Based on the hermeneutic analysis,
itis revealed that the error experienced by
subject 3 stemmed from an inability to
distinguish between the concept of the
equal sign in algebra and the equal sign in
equations. In equations, the equal sign
represents a relationship of equivalence
between the left and right sides, whereas
in algebra, the equal sign is perceived as a
command to solve the problem. The stu-
dent was still operating within an alge-
braic thinking framework, which was
shaped by their previous exposure to alge-
braic concepts in Chapter 2, before being
introduced to equations in Chapter 3. This
early learning stage led the student to in-
ternalize the concept that the equal sign
represents an instruction to solve, rather
than recognizing it as a symbol of equiva-
lence that must be respected in the con-
text of solving an equation.

In 1B — CU2, the student experi-
enced difficulties when solving the second
problem. Figure 7 represents the student's
struggles in this process.

b3y . N—22 _
14 >

Sl i e
19 - =

b+ 2 ""‘”'E‘Hsz,{:z
R

=Sqy -2
z %

=5b
Figure 7. Subject 4's answer

=2

Based on Figure 7, it is evident that
the subject has mastered basic arithmetic
concepts such as multiplication and divi-
sion, as evidenced by their responses
when solving the initial problem. How-
ever, subject 4 encountered difficulties

34x-12 _

=2
where the subject performed cross-multi-
plication to eliminate the fraction. De-
spite this, the student was unable to con-
tinue solving the equation to completion
because they did not understand the tech-
nical concept of algebraic manipulation,
which made it difficult for the student to
fully follow the progression of the learning
process. To justify this phenomenon, the
researcher conducted an in-depth inter-
view with the subject, as presented in the
following interview excerpt

when reaching the equation

1

Researcher  : |want to ask about question 1b, the
problem you previously worked on.
The question is% - % =2.In
the first step, what does 2(3x + 1)
mean?

Subject 4 : 2 times 3x

Researcher  : Just 2 times 3x?

Subject 4 : 2 times 3x plus 1

Researcher  : Where did you get 2?

Subject 4 : From here (pointing at student
work), because it is multiplied

Researcher  : Multiplied by what? Why multi-
plied?

Subject 4 : Because of the cross

Researcher  : What? Cross-multiplication, right?

Subject 4 : (silent), because of cross-multipli-
cation

Researcher  : Okay, then, so where does this 14
come from? (pointing at student
work)

Subject 4 : From here (pointing at student
work)

Researcher  : Alright, so this 14 is from here, and
this 2 (pointing at student work).
So, you use a cross-multiply
method?

Subject 4 : Yes

Researcher  : Okay, so what can be operated on
are the ones with the same?

Subject 4 : Like terms

Researcher  : Yeah, like terms or those with the
same x, right?

Subject 4 : Yes

Researcher  : Okay, good job. Now, is the final re-
sult 562

Subject 4 : (silent)

Researcher  : Where did you get 56, dear?

Subject 4 : 28 times 2

Researcher  : Why is that?



Subject 4 : Idon’t know anymore

Based on the interview results con-
ducted by the researcher, subject 4 had a
learning obstacle. During the phase of
moving terms in the form of variables to
the left side and terms in the form of num-
bers to the right side, the subject used
cross-multiplication by multiplying the
denominators on the left side with the
constant on the right side. In other words,
subject 4 applied the cross-multiplication
method that they acquired in the fraction
operation material to linear equation
problems. From a hermeneutic perspec-
tive, this error can be understood because
of the student's previous experiences and
the way they interpreted new knowledge
based on those experiences. The stu-
dent's prior knowledge of cross-multipli-
cation in fractions influenced how they
approached the linear equation problem.
The lack of proper contextual understand-
ing, shaped by their earlier learning expe-
riences, prevented them from interpret-
ing the equation accurately. This error oc-
curred because the student lacked suffi-
cient prerequisite knowledge, which
made it difficult to adapt to the process of
constructing new knowledge. Addition-
ally, this misunderstanding was also influ-
enced by the teacher's insufficient expla-
nation of the material, which did not pro-
vide the necessary clarity for the student
to fully grasp the concept.

Adaptive reasoning for linear equation in
one variable

In this component, two questions were
employed to analyze students' compre-
hension of the operational procedures for
linear equations, featuring two indicators
to identify any obstacles in this aspect.
The outcomes revealed that, on average,
48.92% of students encountered chal-
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lenges in this aspect, with 71.73% of stu-
dents unable to estimate the results of the
problem related to linear equations (see
table 2).

Table 2. Percentage of students who met indica-
tors on the second obstacle aspect

Question The Number Percent-

Indicators Number of Students age

Unable to es- 2 33 71.73%
timate the re-
sults of a pro-
cedure
Unable to 3 12 26.08%
solve the
problem
based on pro-
cedures

To further illustrate the challenges
faced by students in solving the problem,
Figure 8 provides a visual representation
of the patterns of difficulty, particularly in
terms of adaptive reasoning related to lin-
ear equations in one variable (2 — AR1).

Students original answer

2.

oy

ULy o = 45 —Z2c -~
Eal =30 =%
2

)
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Translation

2. Children’'sage=46-30-5
=46-30-5
=11
Father'sage=46-11
=46—-11
=36

Figure 8. Subject 5’s answer

Based on the student’s answer in
Figure 8, it is evident that subject 5 only
interpreted the story problem within the
framework of arithmetic thinking without
undergoing the process of transforming it
into algebraic form first. This was identi-
fied because the student did not initially
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represent the child's age as x and the fa-
ther's age as y. The student directly
worked through the problem arithmeti-
cally. Based on the interview results, it
was revealed that this phenomena arose
because the problem presented was be-
yond the student’s actual ability, making
it difficult for them to solve it correctly.
The word problem required the student to
apply abstract algebraic thinking, but the
student had not yet fully developed the
cognitive skills needed for such tasks. As a
result, the student struggled to move be-
yond simple arithmetic operations and
was unable to recognize the need to rep-
resent the child’s age as x and the father’s
age as y. Additionall, student’s struggle
and fear of making mistakes when inter-
preting the information provided in a
word problem. The complexity of the
problem, combined with the lack of foun-
dational understanding in translating real-
world situations into algebraic expres-
sions, led to the student’s reliance on
arithmetic operations rather than alge-
braic thinking. This suggests that the stu-
dent was not able to properly deconstruct
and translate the problem into an alge-
braic form, which is a necessary skill in
solving such types of problems. The ob-
stacle indicates that the student's thought
pattern remains in the field of arithmetic
thinking and has not transitioned to alge-
braic thinking.

After conducting an in-depth inter-
view, it can be concluded that subject 6
does not understand the meaning of vari-
ables in linear equations. This is what
causes subject 5 to struggle in transform-
ing word problems into algebraic form.
Figure g visualize the errors of student in
comprehending the concept of variable.

Students original answer
2 wuva

ema +0Yol. =~ 320

O¥ai. - 20 +ovoLk > 36
oYaL.+tolan = 36 430

2 ABQL‘ =bb
avou =662 Aoo¢
oyou =33 oD
(a)
Translation
2. Mirna + Dad =36

Dad-30+Dad=30
Dad + Dad=30+30
2Dad =66
Dad=66:2
Dad=133

(b)
Figure 9. Subject 6’s answer

Based on Figure g, it can be clearly
seen that subject 6 interpreted the varia-
bles in the problem as "Mirna" and "Fa-
ther" literally, rather than as symbols rep-
resenting "Mirna's Age" and "Father's
Age." Procedurally, this misinterpretation
may not directly affect the student’s final
answer. However, from an epistemologi-
cal standpoint, this misunderstanding has
the potential to create ambiguity in defin-
ing mathematical statements within
equations. When students view variables
as mere labels or names, they may strug-
gle to recognize them as abstract symbols
that represent unknown quantities. Based
on the results of the in-depth interview,
the subject acknowledged that the con-
cepts they hold are derived from the
mathematics book used in the "Kurikulum
Merdeka" curriculum, which is applied in
classroom learning.

After analyzing the secondary
school mathematics book from the Minis-
try of Education, Culture, Research and
Technology in Indonesia for the seventh-
grade with the “Merdeka” curriculum,
there are obstacles found in the teaching
materials prepared and implemented by
the teacher in the classroom.



"A rabbit hutch is made from a square fence.
Using a wire fence with a length of 24 m, what
is the length of the side fence so that the
length of the front fence is 3 m longer than the
side fence?”

To solve the problem, the first step
is to transform the word problem into al-
gebraic form:

2x + (x +3) =24

However, a learning obstacle identi-
fied in the secondary school mathematics
book from the Ministry of Education, Cul-
ture, Research and Technology in Indone-
sia for the seventh-grade with the
“Merdeka” curriculum. In this context, the
equation is expressed in the sentence,
"two times the side plus the front equals
the total length". The equation 2x + (x +
3) = 24 should ideally be expressed as
"two times the length of the side plus the
length of the front equals the total
length."

Strategic competence in the field of linear
equation in one variable

Most obstacles occurred in the material
related to linear equations, particularly in
strategic competence (55.44%). More
than 70% of students could not represent
and solve story problems related to linear
equations, and approximately 36% strug-
gled to formulate story problems as rep-
resent in table 3.

Table 3. Percentage of students who met indica-
tors on the third obstacle aspect

The Num

Indicators ?\jliﬁ:cblzp ber of Pe;ceent-
Students 9
Unable to formu- 4 17 36.95%
late mathematical
problems
Unable to repre- 5 34 73.91%

sent and solve
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. Question The Num- Percent-
Indicators Number ber of age
Students 9

mathematical
problems

To further illustrate the challenges
faced by students in solving the problem,
Figure 10 provides a visual representation
of the patterns of difficulty, particularly in
terms of strategic competence related to
linear equations in one variable (4 — SC1).

Students original answer

+ 20.Coo

'“:T Persnat: 2.000

-~ dio memben 9w : 2 : 201207 W0

@ N ”°j° Irbool  aaua

- dia membeti  cngp | - 2.000

Translation

- Price per bottle of aqua = 20.000
- Price per snack = 2.000

- She buys 2 Aqua =20+ 20 =40

- She buys a snack = 2.000

co
o

1o
a

g

Figure 10. Subject 7’s answer

Based on Figure 10, it can be con-
cluded that subject 7 does not understand
the sentence "the price of 1 drink bottle is
twice that of 1 snack". This misunder-
standing occurs due to the limited prob-
lem-solving abilities of the student. The
inability to properly interpret the relation-
ship between the prices of the drink bottle
and the snack suggests that the student
struggles with applying mathematical
reasoning to real-life situations, which
may hinder their ability to solve problems
involving ratios or proportional relation-
ships effectively.
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Based on in-depth interview, sub-
ject's misinterpretation stems from a lim-
ited ability to identify and apply key math-
ematical relationships within the prob-
lem. More precisely, the student struggles
with proportional reasoning, which is
foundational to wunderstanding linear
equations. The sentence itself implies a
ratio-based relationship (2:1) between the
prices of the two items, yet the student ei-
ther did not grasp this or struggled to
translate this into a solvable equation. In
other words, many students fail to recog-
nize how to translate real-life situations or
verbal descriptions into mathematical re-
lationships. For example, the phrase "the
price of 1 drink bottle is twice that of 1
snack" should prompt students to create a
simple algebraic expression like Pypink =
2Pgpqck, but many students do not make
this connection. This often happens be-
cause word problems involve multiple lay-
ers of interpretation that require careful
analysis. A lack of number sense can make
it difficult for students to connect the ver-
bal description to the mathematical struc-
ture. Subject 7's answer, where the price
of a drink bottle is assumed to be
Rp20.000 and a snack Rp2.000, points to
a failure in logical deduction rather than a
basic arithmetic error. This suggests that
subject 7 may be over-relying on heuris-
tics or assumptions that are not grounded
in the problem's structure. For instance,
the student may have arbitrarily chosen a
set of prices that seem reasonable to
them, rather than systematically deriving
these from the relationships stated in the
problem.

Based on an interview with a
teacher, it was revealed that the chal-
lenges students encounter in understand-
ing linear equations are not solely at-
tributed to difficulties in applying mathe-
matical concepts but are also influenced
by significant disparities in their educa-
tional backgrounds. Specifically, some

students, particularly those from elemen-
tary schools with more basic curricula,
have not been adequately exposed to pre-
requisite materials, such as the concepts
of ratios or proportions, which are essen-
tial for a comprehensive understanding of
linear equations. As a result, the teacher,
being familiar with the characteristics of
the students, recommended that the
teaching of linear equations should not
begin directly with problem-solving tasks.
Instead, it is essential to first provide a
stimulus, or a review of prerequisite
knowledge related to algebra. This ap-
proach would help activate students' prior
understanding and bridge the gap before
introducing more complex concepts, such
as linear equations.

Discussion

Mathematical proficiency can be de-
scribed as possessing the necessary skills,
knowledge, or experience in mathematics
to a sufficient level (Go, 2023). The
strands of mathematical proficiency are
referred to as conceptual understanding,
procedural fluency, strategic compe-
tence, adaptive reasoning, and productive
disposition (Findell et al., 2001). However,
the current study focuses exclusively on
three strands, specifically conceptual un-
derstanding, adaptive reasoning, and
strategic competence.

In the conceptual understanding
perspective, several phenomena were
identified when students studied linear
equations. Figure 11 summarizes the
overall phenomena and the underlying
meanings behind the phenomena identi-
fied in students when solving the indica-
tors of conceptual understanding. The
white node represents the phenomena
identified when students solve problems,
while the orange node indicates the
meaning behind the identified phenom-
ena (hermeneutic) as students work



through conceptual understanding. The
green node denotes the type of learning
obstacle encountered during the prob-
lem-solving process.

Based on Figure 11, there are six
phenomena captured when the subject is
working on conceptual understanding
tasks. These phenomena included errors
made by the students in performing basic
arithmetic operations such as addition,
subtraction, multiplication, and division.
Additionally, students struggled with ap-
plying the transpose method correctly,
and they found it challenging to recognize
patterns or relationships within mathe-
matical expressions. Many students also
experienced difficulty with algebraic ma-
nipulations, particularly in terms of simpli-
fying or rearranging equations. There was
also a limited understanding of the con-
cept of coefficients, and students did not
fully comprehend the meaning of the

Sabject interprets the concept of
tEnspose as a method of moving
terms from one side of the
equation o the other

Subgect interprets the "=" sign as
an instruction te solve the
equation

Subject lacked an understanding

of the underlying principlesof ———
algebraic manipulation —F
[distributive, associative, and

commartitive properiies)
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equal sign in the context of linear equa-
tions.

Based on an in-depth investigation
from a hermeneutic perspective (Figure
11), it was identified that all phenomenon
is caused by seven factors: (1) the subject
had weak prerequisite abilities; (2) the
presentation of the mathematics text-
books is less comprehensive; (3) the lack
of comprehensive examples provided by
the teacher; (4) the students' reliance ona
trial-and-error method; (5) subject lacked
an understanding of the underlying princi-
ples of algebraic manipulation (distribu-
tive, associative, and commutative prop-
erties); (6) subject interprets the "=" sign
as an instruction to solve the equation,
and (7) subject interprets the concept of
transpose as a method of moving terms
from one side of the equation to the
other.

In the first factor, it was identified

The presentation of the
mathematics texthook is less
comprehensive.

12 ¥ 4, The subject made ermors
when applying the transpose
method in Conceptual

S

understand the meaning of equal

= 1:5 1 8, The subject does not
sign in Conceptuzl Understanding

=/ 15 17, The subject had limited
understanding regarding the
| concept of coefficient in
R | Conceptual Understanding

= 13 15, The subject has difficulty
“--|  recognizing patterns or relation:
In mathematical expression in
Conceptual Understanding

=11:113, The subject made emors
when carrying out addition,
subtraction, multiplication, or
division of number in Conceptual
Understanding

1:4 16, The subject struggles with
performing algebraic manipulations
in Conceptual Understanding

Figure 11. Overall phenomena when students solving the conceptual understanding task

BN sournaLs
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that students have weak prerequisite
knowledge related to algebra concepts.
According to Brousseau (2002), the mis-
match between an individual's cognitive
processes and inadequate prerequisite
abilities hinders the adaptation of new
knowledge, leading to the emergence of
ontogenic obstacles. Suryadi (2019b) cat-
egorizes these difficulties as conceptual
ontogenic obstacles, wherein the concep-
tual level within didactic design does not
align with the students' prior learning ex-
periences. This is in line with Karlsson and
Kilborn (2023) , which stated that onto-
genic obstacles arise when students are
unable to connect new concepts to their
existing knowledge. Additionally, Utami
et al (2023) highlight that such obstacles
occur due to students' insufficient under-
standing of prerequisite concepts, such as
variables. Students struggle to make
sense of learning due to limitations in
their thinking processes (Pratiwi et al.,
2019).

The second and third factors reveal
that errors arise due to the inadequate
presentation of the mathematics text-
books and the insufficient examples pro-
vided by the teacher. According to Brous-
seau (2002), errors resulting from the de-
sign of the instructional process or the
teacher's interventions are classified as di-
dactical obstacles. This aligns with the
study by Hannah et al (2016). When inter-
viewed about the conceptual knowledge
they had worked on, some respondents
still gave incorrect answers. This suggests
that they understand the material better
when it is based on examples provided.
Consequently, this will likely pose a prob-
lem if they encounter different types of
mathematical questions. Magfiroh et al
(2024) stated that this issue primarily
stems from how the textbook content is
presented, with insufficient examples lim-
iting students’ ability to apply their
knowledge in varied contexts.

According to Brousseau (2002), the
fourth through seventh factors, namely,
the students' reliance on trial-and-error
methods, insufficient understanding of al-
gebraic principles (such as the distribu-
tive, associative, and commutative prop-
erties), misinterpretation of the '=' sign,
and misunderstanding of the concept of
transpose, can be classified as epistemo-
logical obstacles. This epistemological
obstacle is identified when students' un-
derstanding of a mathematical concept
works effectively in a certain context, but
when they are faced with a different situ-
ation, that understanding becomes diffi-
cult or ineffective to apply. These difficul-
ties, however, are not purely the result of
external factors but are also linked to on-
togenic obstacles, which stem from the
students' individual cognitive develop-
ment and learning experiences. One nota-
ble ontogenic obstacle is the students'
lack of sufficient prerequisite knowledge.
Due to this gap, students often rely on
trial-and-error methods to solve prob-
lems. This strategy, though sometimes
effective in simple contexts, fails when
the problem's context changes. The re-
sults supported by Pincheira and Alsina
(2021), who observed that students often
approach algebraic tasks primarily by trial
and error, neglecting the structure of the
problem and the underlying knowledge
required to develop algebraic thinking.
Similarly, Edo and Tasik (2022) found that
students tend to solve problems based on
instinct, trial and error, and logic, rather
than relying on a deep understanding of
the concepts involved.

From the strands of adaptive rea-
soning, several key phenomena were ob-
served as students worked on linear equa-
tions. Figure 11 provides an overview of
these phenomena in relation to the indi-
cators of adaptive reasoning. The white
nodes represent the phenomena identi-



fied during problem-solving, while the or-
ange nodes signify the underlying mean-
ings (hermeneutic) associated with stu-
dents' conceptual understanding. The
green nodes highlight the types of learn-
ing obstacles encountered throughout
the problem-solving process.

Based on Figure 12, four key phe-
nomena were observed as the subject
worked on tasks involving adaptive rea-
soning. First, the subject relied on an
arithmetic approach instead of using an
algebraic method to solve the problem.
This suggests a fundamental difficulty in
transitioning from basic arithmetic to
more abstract algebraic thinking. Second,
the subject displayed a lack of under-
standing regarding the meaning of a vari-
able, which is crucial for solving algebraic
equations. Third, the subject struggled to
transform the word problem into an alge-
braic form, highlighting a challenge in ab-
stracting real-world situations into math-
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ematical representations. Finally, the sub-
ject tended to focus on procedural steps
without grasping the underlying rationale
behind them, indicating a reliance on rote
procedures rather than developing a deep
understanding of the mathematical con-
cepts involved.

Based on an in-depth investigation
from a hermeneutic perspective (Figure
12), it was identified that all phenomenon
is caused by eight factors: (1) the subject
does not understand the concept of equa-
tion; (2) the subject interpreted the varia-
bles in the problem as "Mirna" and "Fa-
ther" literally, rather than as symbols rep-
resenting "Mirna's Age" and "Father's
Age"; (3) the available textbook presenta-
tion is not comprehensive; (4) the expla-
nation by the teacheris lackingin compre-
hensiveness; (5) the problem presented
was beyond the student’s actual ability;
(6) the subject's fear of making mistakes
when answering questions; (7) previous

1:3 118, The subject struggle in

1:2 118, The subject does not
understand the meaning of a
variable in Adaptive reasoning

transforming word problem into
form in A i

P

“Mirna” and "Father” i
rather than as symbols

and

“Father's Age”

The student does not understand /'
the concept of equations

The explanation by the Amiherh P"‘ b

that were inadequate
lacking in comprehensiveness

elemeniarr school

The subject interpreted the
variables in the problem as

i \\//I\

representing “Mirma's Age” and
b

Previous leaming experiences

on procedural steps without
understanding the rationale behind

1:4 ¥ 20, The subject tends to focus
them in Adaptive reasoning

teralty,

‘Didactical ol

The problem presented was
beyond the student’s actual
ability

during

The subjects have limited
prerequisite knowledge

method rather than an
algebraic approach to solve
problem in Adaptive reasoning

//'
1:1 117, The subject employs an

The subject’s fear of making
mistakes when answering
questions.

Figure 12. Overall phenomena when students solving the adaptive reasoning task
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learning experiences that were inade-
quate during elementary school, and (8)
the subjects have limited prerequisite
knowledge.

In the first and second factors, alt-
hough the students had previously stud-
ied linear equations in Chapter lll, they
failed to apply this knowledge when solv-
ing the problem. Instead, they ap-
proached the problem from an arithmetic
perspective, using basic operations rather
than algebraic methods. This reflects a
limitation in the students' ability to trans-
fer their understanding to new contexts.
While students can solve problems within
the same context, they encounter signifi-
cant obstacles when faced with problems
presented in different contexts. Addition-
ally, the students struggled with under-
standing the concept of variables in equa-
tions. According to Brousseau (2002), er-
rors arising from limitations in the context
in which a concept is initially learned are
classified as epistemological obstacles.
These obstacles occur when a student’s
understanding works well in a specific
context but becomes ineffective or diffi-
cult to apply in different situations. Li
(2010) highlighted that many students’ er-
rors and misconceptions arise specifically
in areas like variables, equations, and
functions, which are foundational to alge-
braic thinking.

According to Brousseau (2002), er-
rors that result from the design of the in-
structional process or are caused by an ex-
planation from the teacher that lacks
comprehensiveness, as identified in the
third and fourth factors, are categorized
as didactical obstacles. These obstacles
arise when the teaching methods, materi-
als or explanations provided do not fully
support the students' understanding or
problem-solving abilities, hindering their
ability to grasp the concept effectively.
Moreover, these didactical obstacles con-

tribute to the emergence of epistemolog-
ical obstacles for students. The lack of
comprehensive material presentation im-
pacts the students' understanding of key
concepts, such as equations and variables,
preventing them from applying these
concepts effectively in problem-solving
tasks. This is consistent with the findings
of Utami and Prabawanto (2023), who ar-
gued that didactical obstacles might be
one of the two primary learning obstacles.
The second type, epistemological obsta-
cles, occurs when students become con-
fused because the knowledge they have
acquired applies only to specific contexts
and cannot be transferred to different
problems, even though they belong to the
same concept. The third type, ontogenic
obstacles, is related to the individual de-
velopment of students and their personal
growth in understanding.

The fifth to eighth factors, accord-
ing to Brousseau (2002), contribute to the
emergence of ontogenic obstacles. The
complexity of the problem, which ex-
ceeded the student's current capabilities,
is categorized by Suryadi (2019b) as a con-
ceptual ontogenic obstacle. This type of
obstacle occurs when students struggle to
understand or apply the underlying con-
cepts needed to solve a problem (Pertiwi
et al., 2023). The student's fear of making
mistakes when responding to questions,
as identified in the sixth factor, is classi-
fied by Suryadi (2019b) as a psychological
ontogenic obstacle. This fear inhibits the
student’s confidence and ability to ap-
proach the problem effectively. Addition-
ally, the inadequate prior learning experi-
ences during elementary school and the
limited prerequisite knowledge, pre-
vented the students from grasping the
technical aspects of solving the problem.
According to Suryadi (2019b), this is cate-
gorized as an instrumental ontogenic ob-
stacle, where students lack the necessary
skills or techniques to solve the problem



correctly. This aligns with the stages of
cognitive development proposed by Pia-
get (1970), students in the age range of
12-13 years (seventh-grade) are still in the
cognitive shift from the concrete opera-
tional stage to the formal operational
stage. As a consequence of this transition,
students may encounter challenges when
faced with problems that require abstract
reasoning, hypothetical thinking, or the
application of formal rules.

In examining the strands of strategic
competence, several key phenomena
emerged as students worked on tasks in-
volving linear equations. Figure 13 offers a
summary of these phenomena in relation
to the indicators of strategic competence.
The white nodes illustrate the phenom-
ena observed during problem-solving,
while the orange nodes represent the
deeper meanings (hermeneutic) tied to
the students' conceptual understanding.
The green nodes indicate the types of
learning obstacles that students faced
during the process of solving the prob-
lems.

Based on Figure 13, three phenom-
ena were identified as the subject en-
gaged in tasks requiring strategic compe-
tence. First, the subject struggled to un-
derstand the information presented in the
problem. Second, subject had difficulty
selecting the appropriate methods or

s cause of
I o i + .
-

The subjects have limited
prerequisite knowledge
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strategies to solve the problems. Lastly,
the subject demonstrated limited prob-
lem-solving skills, which hindered their
ability to effectively tackle the tasks.
Based on an in-depth investigation from a
hermeneutic perspective (Figure 13), it
was identified that all phenomenon is
caused by six factors: (1) A lack of student
number sense; (2) the subjects have lim-
ited prerequisite knowledge; (3) the sub-
ject's over-reliance on heuristics or as-
sumptions that are not grounded in the
problem's structure; (4) the subject does
not understand the sentence "the price of
1 drink bottle is twice that of 1 snack"; (5)
the subject struggles with proportional
reasoning, and (6) failure of students in
logical deduction.

In the first, second and third factors,
it is clear that these issues stem from the
students' lack of problem-solving skills.
This barrier occurs due to technical diffi-
culties, such as a limited understanding of
fundamental mathematical concepts or
restricted cognitive abilities in breaking
down complex problems, which makes it
difficult for students to fully keep up with
the learning process. According to Brous-
seau (2002), such mistakes can be catego-
rized as ontogenic obstacles, which are in-
herent difficulties that arise from the stu-
dent's own cognitive and developmental
limitations in learning. In addition, in the

I Epistemological obstacle |

A lack of student number sense
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—
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1:2 1 34, The subject faces difficulty
in choosing appropriate methods or
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Figure 13. Overall phenomena when students solving the strategic competence task
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fourth, fifth, and sixth factors, it is evident
that these challenges are attributed to the
limited context that students have in their
mathematics learning. According to
Brousseau (2002), knowledge that was
once relevant and effective in specific
contexts, including school settings, but
later becomes outdated or inadequate, is
categorized as epistemological obstacles.
This results in line with Swan (2014),
which stated that this strand encom-
passes the capability to formulate, illus-
trate, and resolve mathematical problem.
It aligns with what has been referred to as
problem-solving and problem formula-
tion within the field of mathematics edu-
cation literature. The primary challenge
faced by students in strategic compe-
tence concerning linear equations is par-
ticularly apparent when they attempt to
translate information from story prob-
lems into mathematical models. How-
ever, the results are in line with the re-
search by Astuti et al (2017), where stu-
dents make mistakes when they restate a
concept, classify items according to their
composition, calculation operations, and
apply concepts or problem-solving algo-
rithms.

In summary, the novelty of this
study lies in the detailed categorization of
learning obstacles (ontogenic, didactical,
and epistemological) within the context
of linear equations, highlighting both cog-
nitive and psychological obstacles that
students face. The research further pro-
vides new insights into students' misinter-
pretations of key algebraic principles, an-
alyzed through the three strands of math-
ematical proficiency: conceptual under-
standing, adaptive reasoning, and strate-
gic competence. It also examines how
teaching practices can contribute to the
emergence of these challenges, offering a
nuanced view of the complex factors in-
fluencing students' learning. These find-

ings offer valuable implications for educa-
tors and researchers, emphasizing the
need for more comprehensive textbooks,
clearer teacher explanations, and a
deeper understanding of cognitive devel-
opment stages in algebra instruction. By
focusing on the foundational knowledge
gaps, improving instructional materials
and methods, fostering deeper concep-
tual understanding, supporting students’
psychological well-being, and providing
appropriate challenges, educators can ef-
fectively address the various learning ob-
stacles students face in mastering alge-
bra. These strategies will not only improve
students' proficiency in linear equations
but also contribute to their overall mathe-
matical development.

Implication of Research

The implications of the findings on learn-
ing obstacles can significantly benefit re-
searchers, educators, and policymakers in
designing didactic frameworks based on
justified true belief. By thoroughly under-
standing the challenges that students en-
counter, these stakeholders can develop
more effective and precise educational
strategies. This, in turn, supports the cre-
ation of a learning environment that not
only enhances student comprehension
and retention but also fosters critical
thinking and the application of
knowledge. Consequently, this research
can lead to a more robust and resilient ed-
ucational system that is better equipped
to meet diverse learner needs and adapt
to evolving educational demands.

Limitation

Didactical Design Research relies on two
paradigms: the interpretive and the criti-
cal paradigms, with the goal of empower-
ing students to generate new knowledge
as justified true belief. However, this



study only focuses on the interpretive par-
adigm. Further research is needed from a
critical paradigm perspective to perceptu-
ally and memorially examine the learning
obstacles identified from previous re-
search results, thus yielding a hypothet-
ical didactic design. Additionally, this re-
search only reveals the potential learning
obstacles of learners through the method
of hermeneutic phenomenology. Further
research is needed on the potential learn-
ing obstacles obtained through the analy-
sis of the Theory of Didactic Situations,
praxeology, and didactic transposition.
Another limitation of this study is that it
does not analyze two other strands of
mathematical proficiency: procedural flu-
ency and productive disposition. By focus-
ing on only three strands: conceptual un-
derstanding, adaptive reasoning, and
strategic competence, this research may
overlook critical elements of students'
mathematical development. Procedural
fluency, which involves the ability to per-
form mathematical operations accurately
and efficiently, and productive disposi-
tion, which refers to students’ attitudes
and beliefs about learning mathematics,
are both essential in forming a complete
picture of students' mathematical profi-
ciency. The exclusion of these strands
may limit the overall scope of the findings
and their applicability to all areas of math-
ematical learning.

CONCLUSION

Based on the discussion above, it can be
concluded that students identified three
types of learning obstacles in linear equa-
tion material, namely ontogenic obstacle,
epistemological obstacle and didactical
obstacle. However, students had limited
knowledge, ranging from basic concepts
of mathematical operation, arithmetic
operations, and solving linear equationsin
one variable problem.
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Ontogenic obstacles occur due to
insufficient prerequisite knowledge and
cognitive limitations, which prevent stu-
dents from connecting prior learning to
new concepts like variables or algebraic
manipulation. Epistemological obstacles
arise when students' understanding works
in certain contexts but fails in others, of-
ten due to misinterpretations of algebraic
principles, such as the role of variables or
the equal sign. Many students rely on
trial-and-error methods instead of devel-
oping a deeper understanding of prob-
lem-solving strategies, preventing them
from effectively transferring knowledge
to more complex situations. Didactical
obstacles emerge when instructional ma-
terials or teaching methods are inade-
quate. When textbooks are not compre-
hensive or teachers fail to provide suffi-
cient examples, students struggle to fully
understand the concepts, as they lack the
necessary support to apply their
knowledge effectively. Therefore, itis rec-
ommended that teachers construct a Di-
dactical Design to minimize this obstacle.
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