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The Integration of Ethnomathematics at Masjid Al Mahdi
in Discovery Learning-Based Textbook on Students’ Reasoning Ability

Adi Satrio Ardiansyah®™"") | Abstract: Presenting meaningfulness in the process of learning
Yudhi Wahyu Adit, Fakhrur Rini mathematics is something that must be prioritized to achieve the goals

' of learning mathematics. However, the fact states that students’
mathematical skills (especially mathematical reasoning) are still low.
One alternative that can be done is through Ethnomathematics

Choirunnisal, Deva Fitria
Wardani?, Fatkhiya An-Nisa

Raharanit integration and the implementation of the Discovery Learning model.

Developing  Discovery  Learning-Based  Textbook  with
Universitas Negeri Semarang, Ethnomathematics nuances at the Masjid Al Mahdi Magelang on
Semarang, Indonesia students' reasoning abilities is the aim of this research. Research and

development with amodified 4D into a 3D model consisting of Define,
Design, and Develop has been carried out well. The feasibility

= ; o
Corresponding email: validation form, readability form, and student questionnaire form were

adisatrio@mail.unnes.ac.id analyzed descriptively and quantitatively to collect the data. From the

results, it was obtained the results of the feasibility validation of the
Received February 25, 2023 textbook with a percentage of 89.40%, the results of the assessment of
Accepted May 24, 2023 the readability of the textbook with a percentage of 89%, and the
Published July 31, 2023 results of students' responses to the textbook with a percentage of

86.66%. Overall, the textbook with ethnomathematics nuances at the
Masjid Al Mahdi Magelang is feasible and easy to understand. It is
https://doi.org/10.24090/ijrme.v1i1.7865 ready to be implemented in learning mathematics in 8th grade.

Keywords: Discovery Learning; Ethnomathematics; Reasoning
Ability; Textbook.
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A. Introduction

Indonesia is a nation that has thousands of wealth spread from Sabang to Merauke, with
a lot of cultures that are owned, namely in the form of customs, musical instruments, regional
clothing, regional songs, and so on. According to Koentjaraningrat (2009), culture is the entire
system of ideas, actions, and human works in the context of community life made human by
learning. Culture-based learning is a learning approach model that prioritizes the activities of
students with various cultural backgrounds and integrates them into the learning process of
specific fields of study and the assessment of learning outcomes (Fahrurrozi, 2015). Education
is one of the discussions that will continue. This is based on the fact that education is essential
in building a country.

Educational programs for learning in schools are influenced by several factors, including
students, curriculum, costs, academic staff, facilities and infrastructure, and environmental
factors. If these factors are met, then the learning process runs smoothly. Furthermore, learning
mathematics focuses on developing how to think and work mathematically so as to develop
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students’ mathematical abilities (Zevenbergen, Dole, & Wright, 2004; Suherman, 2003;
Hudojo, 2003; Junaedi & Asikim 2012).

Mathematical abilities for students have a vital role in providing knowledge skills and
forming attitudes and mindsets to preserve and develop the role of mathematics itself
(Darwanto, 2019). One of the essential parts of mathematics is a flat shape or, more fully, a
quadrilateral. Mathematical reasoning is the foundation for obtaining or constructing
mathematical knowledge. According to Putri, Sulianto & Azizah (2019), mathematical
reasoning is a necessary and essential ability for students. The importance of having
mathematical reasoning abilities in students is basically in line with the vision of mathematics,
especially to meet future needs.

Unfortunately, students mathematical reasoning in Indonesia are still low. The results of
PISA stated that around 71% of Indonesian students do not reach the minimum competency
level of math (Pusat Penilaian Pendidikan Balitbang Kemendikbud, 2019). It’s mean that there
are still many Indonesian students who have difficulty dealing with situations that require
mathematical reasoning skills.

Reasoning ability is one of the abilities to be achieved through the Discovery Learning
model. The Discovery Learning Model is one of the learning models where the teacher does
not provide the final results or conclusions from the material presented; instead, the teacher
allows students to search for and find the results of the data so that the learning process is more
meaningful and easy to remember by students and learning outcomes what is obtained is not
easily forgotten (Prasasty & Utaminingtyas, 2020).

Textbooks are material/subject matter that is arranged systematically and used by
teachers and students to achieve the expected goals. The development of textbooks can be used
as an alternative solution to overcome students' difficulties in solving mathematical problems.
Developed textbooks need to contain processes and strategies that make solving math problems
easier (Siniguian, 2017). This textbook was developed with an ethnomathematics approach to
building the Masjid Al-Mahdi Magelang and quadrilateral material. Ethnomathematics is a
mathematics learning using an approach to culture.

Ethnomathematics is also a particular method related to culture in mathematical activity
(Rahmawati & Muchlian, 2019). The Masjid Al Mahdi is a Magelang City building closely
related to ethnomathematics. In this Masjid Al Mahdi, some buildings are quadrilateral in
shape, which are mathematics subject matter. The Masjid Al Mahdi is a place of worship for
Muslim residents around the mosque. The forms in the mosque can be used as an ideas for
learning mathematics.

Learning mathematics regarding the forms in the Masjid Al Mahdi building can be
carried out in teaching and learning activities. It can be carried out as a reference to the material.
Mathematics learning also becomes more interesting by utilizing the Masjid Al Mahdi building.
With this ethnomathematics textbook, it is hoped that it will be easier for teachers to carry out
learning and students will be more assisted in learning mathematics and easy to understand the
material explained.

Some researchers have done several research about the integration of ethnomathematics
in geometry. Massarwe, Verner, & Bshouty (2010) integrated some ornaments as an
ethnomathematics exercise in a geometry class, including the quadrilateral material. Pramudita
& Rosnawati (2019) find that Javanese culture ethnomathematics like Batik and Joglo are
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related to quadrilateral material. Furthermore, Wulandari, et al. (2022) have been developed an
elementary triangle and quadrilateral mini book based on the ethnomathematics of Candi
Gedong Songo. This development is used as a reference of this study.

Based on this problem, this study aimed to develop a textbook based on Discovery
Learning with ethnomathematics nuances at the Masjid Al Mahdi Magelang on students'
reasoning abilities to assist students in learning mathematics on quadrilateral material. The
developed textbook is expected to improve students' mathematical reasoning abilities.

B. Methods

Research and development are carried out to develop products using a 4D model that is
modified into 3D, consisting of Define, Design, and Develop stages. The define stage includes
an integrated activity to indentify the characteristics of textbook. In the design stage, the
prototype of the textbook was develop. The develop stage ensures the textbook is feasible, easy
to understand, and it has a good response from students. Furthermore, this activity is presented
in the Figure 1.

Develop

| '

Develop

- =

Develop

Figure 1. 3D stages for Developing Textbook

This research involved students which is around the Masjid Al Mahdi, Magelang. Some
practitioners are also involved in this research. This is done to obtain valid and relevant data
related to textbook development.

Several forms were used in research, such as the feasibility assessment form, the
readability assessment form, and student response questionnaires as data collection techniques.
Experts and practitioners carry out feasiblity assessments. Several students who have studied
this material carried out the readability assessment and several students were studying the
material responses for the student responses. The Likert scale assesses feasibility, while the
Guttman scale assesses readability and student responses.

The data collection results were then analyzed to obtain a percentage score for each
assessment. The results of the percentage scores are then represented based on several criteria
presented in Table 1. The product is feasible, easy to understand, and has good student
responses if the minimum percentage score is 85%.
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Table 1. Score Percetage Categorization
Interval Percentage Category
85% < x < 100% Very Good

70% <x <85%  pod
60% < x < 70% Acceptable
50% <x=60%  Not good

0% < x <50% Very not good

C. Results and Discussion

Research and development have been carried out using a 3D model of Define, Design,
and Develop to obtain a textbook ready to be implemented in classroom learning for
quadrilateral material for class VI junior high school students. This textbook is expected to be
an additional reference for teachers in providing quadrilateral material. The 3D activity has
been well executed for each sub-activity. The following is a description of each activity and
sub-activity.

1. Define Stage

The Define stage aims to determine and define the requirements needed in learning by
analyzing the objectives and limitations of the material developed in the textbook. According
to Thiagarajan, Semmel, & Semmel (1974), in the Define stage, there are five main points,
namely (a) front-end analysis, (b) student analysis, (c) concept analysis, (d) task analysis, and
(e) formulation of learning objectives.

Front-end analysis was carried out to observe and find information about the problems
experienced by learning mathematics, so it is necessary to develop this textbook (Thiagarajan,
Semmel, & Semmel, 1974). In this research, efforts were made to improve the quality of
student learning outcomes with learning activities using an ethnomathematics-based textbook
at the Masjid Al Mahdi Magelang on quadrilateral material.

The next activity is student analysis, which is carried out by observation to determine
student characteristics, which include students' initial abilities and obstacles experienced by
students in learning mathematics. The results of the observation activities were that class VII
students still had difficulty understanding quadrilateral material. These difficulties are in line
with Darlia, La Arapu, & Rosdiana's findings (2016) where students experience learning
disorders, learning disabilities, learning dysfunction, low achievement and slow learning. This
is also the basis for choosing the suitable learning model to overcome student difficulties. This
textbook will use the Discovery Learning Model as a learning model. Discovery Learning is a
learning model in which students are expected to understand the origin or concept of the
material being taught. In addition, student analysis activities were also carried out by
interviewing one of the students about the relationship between the Masjid Al Mahdi building
and learning mathematics on quadrilateral material. The results obtained in an interview with
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one of the students were that students did not know the relation between mosque buildings and
learning mathematics.

Concept analysis is carried out to find out the main concepts taught in the material that
will be developed in a textbook. This activity was carried out by collecting learning resources
from the Buku Pegangan Siswa Kurikulum 2013 and Student Worksheets. This activity was
carried out through literature reviews and field studies regarding the building of the Masjid Al
Mahdi Magelang. Figure 1 shows the mosque building related to quadrilateral material. Figure
2 (a) and 2 (b) (which are marked in red) show buildings that are similar to the flat shapes
studied in mathematics, namely trapezoids and rectangles. In addition to these buildings, there
are still several buildings with square, rhombus, and parallelogram shapes.

The next activity is task analysis, which identifies skills or abilities that researchers will
study. The abilities that will be displayed in this textbook are students' reasoning abilities. The
last activity in the defining stage is the formulation of learning objectives adjusted to indicators
of competency achievement. The formulation of objectives is based on the results of the
analysis of concepts and assignments, which then become the basis for compiling and
designing a textbook that is then integrated into the material that has been determined in the
development of the textbook. The formulation of learning objectives is based on the basic
competencies and indicators of achievement of predetermined competencies. The following
results are obtained related to basic competencies and competency achievement indicators.

Table 2. Basic Competencies and Competency Achievement Indicators

Basic Competencies Competency Achievement Indicators

3.11 Associating the perimeter and  3.11.1 Identify the different types of quadrilaterals (square,
area formulas for various types of rectangle, rhombus, parallelogram, trapezoid, and
quadrilaterals (square, rectangle, kite).
rhombus, parallelogram,  3.11.2 Finding the area of a quadrilateral (square, rectangle,
trapezoid, and kite), and triangles. rhombus, parallelogram, trapezoid, and kite).

4.11 Solving contextual problems  4.11.1 Solve contextual problems related to the perimeter of
related to areas and perimeters quadrilaterals ~ (square,  rectangle,  rhombus,
and  quadrilaterals  (squares, parallelogram, trapezoid, and kite).
rectangles, rhombuses, 4.11.2 Solving contextual problems related to the area of
parallelograms, trapezoids, and quadrilaterals ~ (square,  rectangle,  rhombus,
kites), and triangles. parallelogram, trapezoid, and kite).
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2. Design Stage

The second stage in developing this product is to design a textbook with an
Ethnomathematics nuance by the Discovery Learning Model that can be created using students'
reasoning abilities. At this stage, several steps are taken, namely, making a textbook cover
design, making a design for instructions to use textbooks and explanations of learning models,
making designs and contents of motivational pages, and making an arrangement of textbook
material. The follow-up to the results of the study report on cultural exploration in the
surrounding environment that contributes to learning mathematics was compiled into an initial
design of a textbook (draft 1). Figure 3 shows the initial design of the textbook with
ethnomathematics nuances.

AN AJAR ¢

|OMATEMATIKA

MATERT BANGUN DATAR SEGI EMPAT

i
Ik

SMP/MTs
KELAS

Vi

SEMESTER 2

Figure 3. (a) Textbook Cover, (b) Quadrilateral Materials, (c) Competence Tests

3. Develop Stage

At this stage, several sub-activities are carried out. Feasibility validation is the first sub-
activity through assessments from experts and practitioners. Several students carried out
readability assessments as the second sub-activity. Student responses are carried out as the last
sub-activity to ascertain how students respond to the product being developed.

There is feasibility validation to ensure the textbook is feasible to be implemented in
learning mathematics. The results of the validation of the textbook that has been carried out are
as follows. Experts and practitioners have carried out the validation. The textbook's feasibility
validation was carried out based on three aspects, namely the content feasibility aspect, the
presentation feasibility aspect, and the linguistic aspect. In the aspect of content feasibility,
there are four assessment indicators, namely (1) the suitability of the material with basic
competencies, indicators of achievement of competencies, and learning objectives, (2) the
accuracy of the material, (3) supporting learning materials, (4) updating of the material. In the
aspect of presentation feasibility, there are four assessment indicators, namely (1) presentation
technique, (2) presentation support, (3) learning presentation, and (4) presentation
completeness. In the linguistic aspect, there are six assessment indicators, namely (1)
straightforward, (2) commutative, (3) dialogic and interactive, (4) conformity with the level of
student development, (5) coherence and integration of thought flow, (6) use of terms, symbols
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or icon. Based on the feasibility validation by experts and practitioners, the textbook's
feasibility validation results are presented in Tables 3 and 4.

Table 3. Expert Validation Results

Aspect Assessed Max P01 P02 P03  Criteria
Content Feasibility 104 102 86 97 Very Good
Presentation Feasibility 60 59 50 58

Linguistic 56 44 44 53

Final Score (%) 100 93.18 81.82 94

Mean 89.66

Table 4. Practitioner Validation Results

Aspect Assessed Max P01 P02 P03  Criteria
Content Feasibility 104 99 80 99 Very Good
Presentation Feasibility 60 59 45 58

Linguistic 56 52 42 56

Final Score (%) 100 9545 7590 96.81

Mean 89.38

Based on these results, the validation scores for each expert were 93.18%, 81.82%, and
94%, with an average of 89.66%. These results are included in the criteria for a very feasible
textbook. Furthermore, the validation scores for each practitioner were 95.45%, 75.90%, and
96.81%, with an average of 89.38%. These results are included in the criteria of a very feasible
textbook. If the average final score of expert and practitioner validation is obtained, a final
score of 89.52% is obtained with a textbook in the very feasible category. These results indicate
that the textbook based on ethnomathematics at the Masjid Al Mahdi Magelang on quadrilateral
material is ready to be implemented in the classroom.

Before being implemented in the class, the textbook must be tested for development. This
is done to get input or suggestions so that consistent and effective textbooks can be used in
classroom learning. This trial was aimed at three grade VII junior high school students as
textbook targets. Previously, five students of the mathematics education study program carried
out a readability test. In validating the readability assessment of textbook carried out by
students, there are ten assessment points, namely (1) the textbook uses language (vocabulary,
sentences, paragraphs, and discourse that is easy to understand), (2) the form of writing and the
font size used is transparent, so that makes it easy to read a textbook, (3) the width of the
spacing used makes it easy to read a textbook, (4) there are no writing errors in a textbook, (5)
the graphical aspects used in a textbook is interesting, (6) the presentation of a textbook is
interesting according to with the material and age of the readers (students), (7) the textbook
uses an exciting writing style, (8) the density of ideas and information contained in the reading
(length of short sentences) is easy to understand, (9) the textbook already uses standard
Indonesian grammar, (10) the systematic presentation of material on textbook facilitates
understanding of the reader. Based on legibility validation by students and textbook responses
by students, the analysis results are presented in Table 5. Based on these results, the average
final readability test score was 89% with easy-to-understand textbook representations. These
results indicate that the ethnomathematics-based textbook at the Masjid Al Mahdi Magelang
on quadrilateral material is easy to understand in terms of readability.
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Table 5. Readability Validation Results

Aspect Assessed Max P01 P02 P03 P04 P05  Criteria
Score 40 39 32 35 38 34 Very Good
Final Score (%) 100 975 80 875 95 85

Mean 89

The last sub-activity is assessing student responses. Student responses need to be
considered to ensure their learning needs. The results of the assessment of student responses
are presented in Table 6. Based on these results, the average final score of student responses to
the textbook was 86.66%. From the responses written by students, overall, the textbook is easy
for students to understand. However, there is still something that needs to be improved in the
color composition to clarify the writing in the textbook.

Table 6. Student Respone Quetionnaire Results
Evaluator  Score Final Score (%)  Student’s Respone
S01 15 75 There are color compositions that do not match,
causing the writing to not be seen clearly, it is better
to pay attention to the color composition of textbook

S02 17 85 The textbook are good and the material is also easy
for me to understand.

S03 20 100 The textbook are easy for me to understand

Mean 17.33 86.66

Research in the form of developing an ethnomathematics-based textbook through the
building of the Masjid Al Mahdi Magelang on quadrilateral material is a solution to students'
reasoning ability. Students' difficulty in solving contextual problems is the right solution in
developing this textbook because this textbook provides contextual problems with problem-
solving that is easy for students to understand.

The development of this textbook goes through three stages, namely the define stage, the
design stage, and the develop stage. There are five stages in the define stage: front-end analysis,
student analysis, concept analysis, task analysis, and formulation of learning objectives. The
design stage, which includes making the cover design for the textbook, designing instructions
for using the textbook and explaining learning models, making designs and contents of
motivational pages, and making textbook material arrangements, is a follow-up to the
definition stage so that an initial design of ethnomathematics-based textbook is made. Ready
to be tested. The final stage of this research is the development stage which includes validation
of feasibility by experts and practitioners with revisions, validation of readability by students
with corrections, and validation of student responses with corrections.

The validation study of the textbook feasibility test provides certainty about the quality
of the textbook being developed. The aspects of content feasibility, presentation feasibility, and
language that have been validated and given an assessment provide certainty that the textbook
is feasible to implement. In addition, students' validation of the readability test provides
certainty for textbooks developed in the easy-to-understand textbook category. These results
mean that the textbook is ready to be implemented in classroom learning.
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However, from the textbook, there are still deficiencies, including (a) the questions that
are developed are not open ended, (b) the quadrilateral material presented does not cover
everything, only covers parallelograms, rectangles, squares, rhombuses, and trapezoids, (c) the
material presented is only the perimeter and area of the rectangle. However, with these results,
textbooks with ethnomathematics nuances at the Masjid Al Mahdi Magelang are feasible to
implement in learning mathematics for class VII. From the results of the feasibility validation
with the suggestions and input provided, the textbook was perfected, and a final draft was
produced and ready to be implemented in class. In addition, textbooks with ethnomathematics
nuances at the Masjid Al Mahdi Magelang are prepared to be used as learning tools that are
easy to use and easily understood by students, with the hope of being able to improve learning
outcomes and students' reasoning abilities and textbook with ethnomathematics nuances at the
Masjid Al Mahdi Magelang are ready to be used by students in math learning. This finding is
in line with what was conveyed by Helaluddin (2018) which mentions the theory of
essentialism related to culture-based education, which in this study is referred to as
Ethnomatematics.

Student responses to the questionnaire results were very positive, and students were
interested in using the textbook to learn mathematics. Based on the validation results of the
assessment of the feasibility of the textbook, the assessment of the readability of the textbook,
and students' responses to the textbook, it was found that the textbook was in the very good
and easy-to-understand category. Hence, they were ready to be implemented in mathematics
learning for 8th grade. With the excellent validity and readability of this textbook, it will
undoubtedly help students understand quadrilateral material in which students are also required
to improve their reasoning abilities supported by examples and questions in the category of
reasoning ability questions. This textbook was developed using the Discovery Learning Model
for students' reasoning abilities. The application of the Discovery Learning Model will
undoubtedly help students improve their reasoning abilities because this model requires
students to understand the concept from the start, with the discovery process carried out directly
by the students themselves (Burais, Ikhsan, & Duskri, 2016).

Ethnomathematics is a field that studies how people from different cultures understand,
pronounce and use concepts from their culture related to mathematics so that in mathematics,
it can be learned how to understand, express, and use cultural concepts that are described
mathematically (Hariastuti, 2017). It is noted that Ethnomatematics integration can achieve
student learning success (Suwito & Trapsilasiwi, 2016; Ferdianto & Setiyani, 2018). The
development of a textbook with an ethnomathematics nuance does carry not only mathematics
education but also a culture that will make the teaching and learning process more meaningful
because students not only receive mathematics material but also get to know the local culture
that exists around the students' environment (Nelawati et al., 2018). Several successes of
textbooks with Ethnomatematics nuances have been recorded for achieving the goals of
learning mathematics among students, including among students' reasoning abilities.
(Ayuningtyas & Setiana, 2019; Ramadhani & Dewi, 2022). This follows the textbook the
researchers developed, in which students’ reasoning abilities are expected to increase with this
nuanced Ethnomathematics textbook. The ethnomathematics-based mathematics module using
the Discovery Learning Model will help students more easily understand the material presented
and can engage students in discovery activities, learning that is interesting and fun, and invites
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students to think critically and actively (Fitriyah, Santoso, & Suryadinata, 2018; Sartika &
Makmur, 2020). As with textbooks developed by researchers, by applying the Discovery
Learning Model, it is hoped that students will more easily understand quadrilateral material,
and student learning outcomes can increase.

D. Conclusion

Based on the research, it was determined that the developed textbook was feasible to
implement in mathematics learning. It was shown from the results of the feasibility assessment
of the textbook, which received a percentage of 89.40%, and an assessment of readability which
received a percentage of 89%. From the results of the feasibility and readability assessment of
the textbook, it is hoped that it will make it easier for students to understand the material
contained in the textbook. In addition to this assessment, the developed textbook has received
a response from students with a percentage obtained of 86.66%, so from the results of the
student's response, it can be interpreted that the textbook has an appeal for students. Overall,
the textbook with ethnomathematics nuances at the Masjid Al Mahdi Magelang is ready to be
implemented in learning mathematics in class VII. Therefore, it is hoped that the development
of another textbook at the Masjid Al Mahdi Magelang can be arranged to cover all quadrilateral
material.
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A. Introduction

In the learning process, students must have the ability to solve mathematical problems.
With these abilities, students will gain a deeper understanding of mathematics and the goals of
education will be achieved and developed. One of the mathematical solving abilities that
students must have is the ability to think creatively. Creative comes from the English word
Create which means to create, creative means to have creativity, to be able to realize ideas and
feelings so as to create a composition with a new atmosphere and circumstances (Marliani,
2015:17). So, it can be concluded that the ability to think creatively mathematically is an ability
possessed by students to solve mathematical problems easily, simply,

The ability to think can be done well, if there is a strong reasoning power so as to produce
a skill to act with the intelligence of the students themselves. Students will be able to generate
unexpected ideas and get different points of view, if they have the ability to think creatively.
The ability to think creatively mathematically can bring up various kinds of solutions in
mathematical problems (Utami, 2020: 45). Mathematical creative thinking is an ability that
includes originality, fluency, flexibility, and elaborations. Indicators of mathematical creative
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thinking ability include: Fluency (fluent thinking skills), Flexibility (flexible thinking skills),
Originality (original thinking skills), and Elaboration (detailing skills) (Utami, 2020: 45).

The factors that can influence students’ mathematical creative thinking abilities are
internal factors and external factors. Internal factors that can affect the ability to think creatively
mathematically is the initial ability of the students themselves. That is, the abilities that students
already have before the learning process is carried out. Students who have high thinking skills
are more likely to easily receive material or understand material. While the external factors that
influence students' mathematical creative thinking abilities are the learning process in the
selection of learning models by the teacher. In addition to the external factors described above,
there are other factors that can affect students' mathematical creative thinking abilities, namely
motivation,

The ability to think creatively mathematically must be owned by students at every level,
because mathematics is always there at every level of education. Mathematics is very important
for everyday life, so it is necessary to have the ability to think creatively to solve math
problems, but most students think that mathematics is complicated, difficult, and scary so that
students are difficult to understand math material. Students' mathematical creative thinking
abilities cannot develop properly if in the learning process the teacher does not involve students
to be active in concept formation (Andiyana, 2018: 241).

The phenomenon of students' low creative thinking ability often occurs at all levels of
education. This low ability can be demonstrated by the results of the 2015 PISA (Program for
International Student Assessment) which placed Indonesia in 63rd place out of 70 countries.
Likewise the results of TIMSS (The Trend International Mathematics and Science Study) in
2015, Indonesia was ranked 45th out of 50 countries (Putri, 2020:15). This phenomenon can
be found in students at MTs Ma'arif NU 04 Tamansari who on average have low mathematical
creative thinking abilities. During the interview conducted by the researcher with the resource
person, the teacher who teach in that school, information was obtained that students’ creative
thinking abilities were still low because when exams or assignments were held, how to solve
students still use the usual method or not varied. Student completion is not varied because when
learning the teacher uses the lecture method, where students only pay attention to explanations,
so students are less interested in learning and have difficulty understanding the material. The
existence of these events, causing students to be more likely to be passive so that when solving
math problems they experience difficulties. The learning process using the lecture method will
make students not active in learning. The lack of varied learning methods can affect students'
learning interest and will affect students' mathematical creative thinking abilities which
become low. Student completion is not varied because when learning the teacher uses the
lecture method, where students only pay attention to explanations, so students are less
interested in learning and have difficulty understanding the material. The existence of these
events, causing students to be more likely to be passive so that when solving math problems
they experience difficulties. The learning process using the lecture method will make students
not active in learning. The lack of varied learning methods can affect students' learning interest
and will affect students' mathematical creative thinking abilities which become low. Student
completion is not varied because when learning the teacher uses the lecture method, where
students only pay attention to explanations, so students are less interested in learning and have
difficulty understanding the material. The existence of these events, causing students to be
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more likely to be passive so that when solving math problems they experience difficulties. The
learning process using the lecture method will make students not active in learning. The lack
of varied learning methods can affect students' learning interest and will affect students'
mathematical creative thinking abilities which become low. causing students to be more
passive so that when solving math problems they experience difficulties. The learning process
using the lecture method will make students not active in learning. The lack of varied learning
methods can affect students' learning interest and will affect students' mathematical creative
thinking abilities which become low. causing students to be more passive so that when solving
math problems they experience difficulties. The learning process using the lecture method will
make students not active in learning. The lack of varied learning methods can affect students'
learning interest and will affect students' mathematical creative thinking abilities which
become low.

With the phenomenon of low students’ mathematical creative thinking abilities, an
innovative learning model is needed to develop students' mathematical creative thinking
abilities. Choosing the right learning model for students will make learning less boring and
more conducive, besides that it can affect students' achievement in learning mathematics. The
learning process in class can be said to be good if it uses a learning model that involves active
students and can participate in the learning process (Yusniawati, 2015: 88). One of the
objectives of the existence of a learning model is to manage learning in class so that it is more
effective and directed so as to be able to improve students' abilities to support successful
learning, namely in the ability to think creatively mathematically.

One learning model that can increase student activity so that students’ creative thinking
skills will increase, namely the Guided Discovery Learning learning model. Guided Discovery
is a form of discovery learning method which is one of the most influential cognitive
instructional models from Jerome Brunner. According to Bruner, discovery learning is in
accordance with the active discovery of knowledge by humans and by themselves being able
to produce something good. Whereas Guided Discovery according to Brunner is that students
are given a problem to find a solution to and the teacher only shows, directs, provides feedback
and provides examples to guide students to easily solve a problem (Sapitro, 2012: 5).

From the above understanding, it can be concluded that the notion of the Guided
Discovery Learning Learning Model is a learning model capable of creating learning situations
that involve students being able to learn actively and independently in solving a problem and
discovering a concept and theory, while the teacher is a facilitator and guide for the course of
the learning process (Riyanti, 2018: 3). The application of the GDL learning model can provide
a conducive and pleasant classroom atmosphere so that students can learn actively and are able
to find formulas for solving mathematical problems creatively and innovatively. With this
model, students will easily understand the material optimally and create a class atmosphere that
is not boring. Therefore, the existence of a learning model is needed to improve the ability to
think creatively. This model will provide broad opportunities for students to process and play
an active role in learning. The stages in the guided discovery learning learning model include:
Orientation, Hypothesis Generation, Conclution phase, and Regulation phase (Rini, 2021:25).

The advantages and disadvantages of the Guided Discovery Learning learning model.
The advantages of this learning model are that it can help students to develop their own abilities
and readiness to learn as well as mastery of skills in their cognitive processes, students gain
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knowledge independently so that this knowledge will be more meaningful and can give
students confidence in solving problems because this learning model focuses on independence
student. While the drawbacks are that students must have readiness and mental maturity, it is
not effective if it is applied in a fat class, and if the class is already accustomed to the old style
learning model or conventional model then it will not be interested in the guided discovery
learning model.

Based on this explanation, the author wants to conduct research that aims to describe the
quality of the application of the Guided Discovery Learning model and to find out whether
there is an effect of the Guided Discovery Learning model on the ability to think creatively
mathematically in class VIII students.

B. Method

The approach applied is a quantitative approach. Using test instrument which done by
students both before and after the study to get the data. Beside that, observation sheet is also
use to observe the student’s activity. The research design used in the study was the Pretest and
Posttest Control Group. The research was started by giving a pretest to the experimental class
and control class, then giving mathematics learning to the experimental class using the guided
discovery learning model and the control class using the lecture method. After carrying out the
entire learning series, the two classes were given a posttest with the aim of knowing the increase
in students' mathematical creative thinking abilities.

In this study, the population taken was class VIII students at MTs Ma‘arif NU 04
Tamansari in the academic year 2022/2023, which consisted of 5 classes, namely classes VI
A, VIII B, VIII C, VIII D, and VIII E. In this study, the sample taken are 2 classes (experimental
class and control class). The researcher made class V111 B as the control class and class VIII C
as the experimental class. Sampling in this study used the Convenience Sampling technique
(Desire Sampling). The method of data analysis is by implementing analysis and analyzing the
influence of the learning model by using the normality test, homogeneity test, and T test
(hypothesis) with the help of software SPSS Version 25.

C. Results and Discussion
1. Research Result

This research begins by testing the instrument with content validation and item
validation. This content validation was carried out by expert opinion by looking at the
feasibility of the research instrument which includes the suitability of the material, appropriate
language, and construction. The results of the analysis from the validator, namely 3.35, are
included in the interval3,25 < x < 4,00. So from the validator it can be concluded that
mathematical creative thinking questions are appropriate for use in research with the criteria of
"Very Valid”. As for the validation of the item items, this is done by instrument testing with
assistance software SPSS Version 25.By using the assisted product moment correlation formula
software SPSS Version 25 generated as Table 1.

Table 1. Test Results for the Validity of Pre-Test Items
No. Items rcount Rtable Information
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1 0.430 0.3739 Valid
2 0.466 0.3739 Valid
3 0.415 0.3739 Valid
4 0.497 0.3739 Valid
5 0.291 0.3739 Invalid
6 0.495 0.3739 Valid
7 0.648 0.3739 Valid
8 0.423 0.3739 Valid

From the table above it can be seen that of the 8 questions, one of them is invalid, namely
at number 5. Invalid item numbers cannot be used for research so they must be removed.
Meanwhile, item numbers that are declared valid are still used to obtain data needed for
research. So, the number of valid questions in this study totaled 7 questions, each item
representing one indicator, namely questions number 1, 3, 6, and 8.

Table 2. Results of the validity test of the post-test items

No. Items rcount rtable Information
1 0.554 0.3739 Valid
2 0.600 0.3739 Valid
3 0.651 0.3739 Valid
4 0.633 0.3739 Valid
5 0.620 0.3739 Valid
6 0.653 0.3739 Valid
7 0.702 0.3739 Valid
8 0.696 0.3739 Valid

From the Table 2 can be seen that all items are declared valid. So, in this study using all
item questions by selecting numbers 1, 3, 5, 7 which represent one indicator.

Then donereliability testing, can use Cronbach's Alpha formula. The reliability test
calculation was carried out with the help of the SPSS Version 25 application. The results of the
Cronbach's Alpha reliability test on the pre-test questions can be seen in Table 3.

Table 3. Reliability Test Results Creative Thinking Ability Pretest Questions
Reliability Statistics

Cronbach’s Alpha N of Items
,835 8

The table above shows that the Cronbach’s Alpha value of the instrument for the ability
to think creatively in the pre-test questions is 0.835, which means the reliability coefficient is
> 0.60 so it can be concluded that the instrument for the variable ability to think creatively in
the pre-test questions is reliable.

Table 4. Reliability Test Results Creative Thinking Ability Posttest Questions
Reliability Statistics

Cronbach's Alpha N of Items
,857 8

The table above shows that the Cronbach's Alpha value of the instrument for the ability
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to think creatively in the post-test questions is 0.857, which means the reliability coefficient is
> 0.60 so it can be concluded that the instrument for the variable ability to think creatively in
the post-test questions is reliable. After testing the validity and reliability tests, data analysis is
carried out, which is an activity after data from all respondents or other data sources have been
collected. The activity in question is to carry out calculations to answer the problem
formulation and perform calculations to test the hypotheses that have been proposed (Sugiyono,
2019: 206).
a.  Implementation of The Guided Discovery Learning Model

The assessment was given to determine the ability of researchers to manage mathematics
learning in the experimental class based on observations from observers 1 and 2. The level of
research ability in teaching was calculated by adding up the total score and then dividing the
number of aspects in the observation/observation sheet. For categorizing the ability of
researchers, the following criteria are used:

Table 5. Criteria for the ability of researchers in learning with the guided discovery learning model

Ability Level Criteria
3,25< x <£4,00 Very good
250< x < 3,25 Good
1.75< x < 2,50 Pretty good
1.00< x < 1,75 Not good

The results of observing learning with the Guided Discovery Learning learning model

carried out by observer 1 and observer 2 namely

Table 6. Learning Observation Results Model Guided Discovery Learning
No The Observed Observers  Observers  Average

1 2

1  Greetings and start learning by 4 4 4
praying

2 Presence of student attendance 4 4 4
and Convey the intent and purpose
of learning

3 Provide a stimulus so that students 3 3 3
are active in each lesson

4 Provide opportunities for students 3 4 3,5
to ask questions or give opinions

5  Provide opportunities for students 4 3 3,5
to conclude or suspect related
problems given by the teacher

6  Discuss students' conjectures or 4 4 4
conclusions together

7  Guiding students in concluding 4 4 4
the material that has been studied

8  Provide reflection to students 4 3 3,5

9  Closing the lesson by praying 4 4 4
together and greeting

Total 34 33 335
Average 3.77 3.66 3.72

Based on the table above, the results of observations made by observer 1 obtained a score
of 3.77 while for observer 2 a score of 3.66 was obtained. According to table 5 the criteria for
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the ability of researchers in learning, the average value is obtained which is at an interval of

3.25 < x < 4,00, which means that it is in the criteria of very well implemented.

b. Data Analysis The Effect of The Guided Discovery Learning Model on Students'
Mathematical Creative Thinking Abilities

The pre-test data obtained during the study were from two classes which were research
objects, namely VIII C as the experimental class and VI1II B as the control class. Information
was obtained that the highest score was obtained in the experimental class, namely 62.5 and
the lowest value, namely 31.25 with an average -the average is 43.75, while the highest score
in the control class is 62.5 and the lowest is 31.25 with an average of 45.5. After obtaining pre-
test data information, the normality test, homogeneity test, and t test were carried out.

The normality test is a procedure used to determine whether the data is normally
distributed or not. The normality test uses the Kolmogorov Smirnov formula. Results of data
analysis using software SPSS Version 25.With the criteria if it is significant (p-value) < a =
0.05, it means that the data is not normally distributed and vice versa if (p-value) is > a =
0.05, it means that the data is normally distributed (Ramadhani, 2021: 197).

Based on the results of the normality test with Kolmogorov Smirnov using software SPSS
Version 25 shows that the samples used from both the experimental class and the control class
are normally distributed data with a probability (Sig) greater than the alpha value. With the
experimental class sig pretest value of 0.054 > 0.050 while the control class sig pretest value
is 0.088 > 0.050.

After the samples used in the study from both the experimental class and the control class
were normally distributed data with a probability (Sig) greater than the alpha value, then the
homogeneity value was sought. The homogeneity test aims to determine the variance
(diversity) of data from two or more groups that are homogeneous (same) or heterogeneous
(not the same). Results of data analysis using softwareSPSS Version 25. With a significant
criterion (p-value) of < a = 0.05, it means that the data is not homogeneous or heterogeneous
and vice versa if (p-value) is > a = 0.05, it means that the data is homogeneous (Ramadhani,
2021: 214).

Based on the results of the homogeneity test using the software SPSS Version 25 shows
that the significance value (Sig) Based on Mean is 0.548 > 0.050, so it can be concluded that
the pretest data variance of the experimental class and control class is homogeneous (same).

The T test was carried out after it was known that the data taken was normally distributed.
Then, to test the hypothesis in this study using the independent sample t test using software
SPSS Version 25. This hypothesis test was carried outto find out whether there is an influence
from the Guided Discovery Learning learning model on students' mathematical creative
thinking abilities.

Based on the results of the independent sample t test using the software SPSS Version 25
above it can be seen that the value of sig. (2-tailed) 0.555 > 0.05, then H, accepted and
H, rejected. This shows that the scores of the experimental class and the control class are not
significantly different. can mean that H; : u; = u, conventional learning models (lectures)
have no effect on the ability to think creatively mathematically in class VIII students.

The post-test data obtained during the study were from two classes which were the object
of research, namely VIII C as the experimental class and VIII B as the control class.

International Research Journal in Mathematics Education Vol. 1 No. 1, 2023, 13-24|19



Amany, S.F. & Miatullabibah, Influence of Guided Discovery Learning...

Information was obtained that the highest score in the experimental class was 93.75 and the
lowest score was 68.75 with an average of 81.25, while the highest score in the control class
was 81.25 and the lowest was 37.5 with an average of 62.5.

The normality test is a procedure used to determine whether the data is normally
distributed or not. The normality test uses the Kolmogorov Smirnov formula. Results of data
analysis using software SPSS Version 25. With the criteria if it is significant (p-value) < a =
0.05, it means that the data is not normally distributed and vice versa if (p-value) is > a =
0.05, it means that the data is normally distributed (Ramadhani, 2021: 197).

Based on the results of the normality test with Kolmogorov Smirnov using software SPSS
Version 25 shows that the samples used from both the experimental class and the control class
are normally distributed data with a probability (Sig) greater than the alpha value. With the
experimental class sig pretest value of 0.083 > 0.050 while the control class sig pretest value
is 0.064 > 0.050.

After the samples used in the study from both the experimental class and the control class
were normally distributed data with a probability (Sig) greater than the alpha value, then the
homogeneity value was sought. The homogeneity test aims to determine the variance
(diversity) of data from two or more groups that are homogeneous (same) or heterogeneous
(not the same). Results of data analysis using software SPSS Version 25. With a significant
criterion (p-value) of < a = 0.05, it means that the data is not homogeneous or heterogeneous
and vice versa if (p-value) is = a = 0.05, it means that the data is homogeneous (Ramadhani,
2021: 214).

Based on the results of the homogeneity test using the software SPSS Version 25 shows
that the significance value (Sig) Based on Mean is 0.001 < 0.050, so it can be concluded that
the variance of the post-test data for the experimental class and the control class is not
homogeneous (not the same).

The T test was carried out after it was known that the data taken was normally distributed.
Then, to test the hypothesis in this study using the independent sample t test using software
SPSS Version 25. This hypothesis test was carried outto find out whether there is an influence
from the Guided Discovery Learning learning model on students' mathematical creative
thinking abilities.

Based on the results of the independent sample t test using the software SPSS Version
25above it can be seen that the value of sig. (2-tailed) 0.000 < 0.05, then H, rejected and
H, accepted. This shows that the scores of the experimental class and the control class are
significantly different. can mean that H; : u; # u, the Guided Discovery Learning learning
model influences the ability to think creatively mathematically in class VIII students.

2. Discussion of Research Results

This research was conducted to find out whether or not there was an influence or not
from the application of the guided discovery learning model to the mathematical creative
thinking abilities of class VIII students at MTs Ma'arif NU 04 Tamansari. In conducting
research using two classes as research samples. Then the classes were taken according to the
sampling technique, namely the Convenience Sampling technique, and the results obtained
were VIII C class as the experimental class and VIII B class as the control class.

In this case, different treatment will be given between the experimental class and the
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control class. The experimental class will be given treatment using the guided discovery
learning model and the control class will use the lecture method. The material taught at MTs
Ma'arif NU 04 Tamansari is material in the even semester, namely statistics. The thing that was
examined in this study was the ability to think creatively in mathematics.

Based on the results of the research that has been done, it is known that the experimental
class consisted of 24 students with the highest pretest score of 62.5 and the lowest 31.25 with
an average of 43.75. Meanwhile, the control class consisted of 22 students with the highest
pretest score of 62.5 and the lowest 31.25 with an average of 45.5. From the results of the
pretest of the two classes, we can see that the difference in the average scores of the
experimental class and the control class is not very significant. So that the students'
mathematical creative thinking abilities of the two classes were not too different before being
given treatment.

After being given the treatment, a posttest is then given to find out the results of the
treatment that has been given. From the results of the posttest, it was found that class VI1II C as
the experimental class got the highest score of 93.75 and the lowest score of 68.75 with an
average of 81.25. Whereas in class VIII B which is the control class, the highest score is 81.25
and the lowest score is 37.5 with an average of 62.5. From these results it is known that there
is a significant difference from the results of the posttest.

After the research has been carried out and the results have been obtained, a hypothesis
test will be carried out. In this case, the hypothesis test was carried out using an independent
sample t test. Prior to that, normality and homogeneity tests were carried out on the pretest and
posttest data from the experimental class and the control class. From the results of data analysis
normally distributed with (p-value) > a = 0.05, namelythe sig pretest value of the
experimental class was 0.054 > 0.050, the sig posttest value of the experimental class was
0.083 > 0.050, the sig pretest value of the control class was 0.088 > 0.050, and the sig posttest
value of the control class was 0.064 > 0.050. And the pretest data is homogeneous with a
significance value (Sig) Based on Mean is 0.548 > 0.050 while the posttest data is not
homogeneous with a significance value (Sig) Based on Mean is 0.001 < 0.050.

Furthermore, the t independent sample test was carried out to test the hypothesis by
comparing the average values of the experimental class and the normally distributed control
class. From the results of the t independent sample test using the softwareSPSS Version 250n
the pretest it was found that the sig.(2-tailed) value was 0.555 which means it was greater than
0.05 so it was H, accepted and H, rejected. So it can be concluded that the scores of the
experimental class and the control class did not differ significantly, it can be interpreted that
the conventional learning model (lecture) has no effect on the ability to think creatively
mathematically in class VIII students while the results of the t independent sample test use
software SPSS Version 250n the posttest it was found that the sig.(2-tailed) value was 0.000,
which means it was smaller than 0.05 so it was H, rejected and H; accepted. So it can be
concluded that there is a significant difference in the scores of the experimental class and the
control class, it can be interpreted that the Guided Discovery Learning learning model
influences the ability to think creatively mathematically in class VIII students.

In this research learning model Guided Discovery Learning influence on students'
mathematical creative thinking abilities, this is supported by research conducted by research
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conducted by Ekawati in 2020 Faculty of Teacher Training and Education, University of
Muhammadiyah Makassar entitled "Application of the Guided Discovery Learning Model on
Physics Learning Outcomes of Class X MIPA Students of SMA Negeri 9 Enkarang”. The
results of this study are that there is an increase in students' physics learning outcomes after
being taught by applying the guided discovery learning model with an N-Gain of 0.55
(moderate criterion). In another study conducted by Amanda Pasca Rini, et al in 2021 entitled
"The Guided Discovery Learning Model, Is it Effective in Improving Students' Critical
Thinking Ability?". The results of this study are that the guided discovery learning model is
effectively applied to students because it can improve students' critical thinking skills. Besides
that, thesis by Qorri‘ah in 2011 Faculty of Tarbiyah and Teacher Training Sciences UIN Syarif
Hidayatullah Jakarta entitled "Use of the Guided Discovery Learning Method to Improve
Students' Conceptual Understanding of the Subject of Constructing Curved Sided Spaces”. The
result of this study is that increasing students' understanding of mathematical concepts using
the guided discovery learning method is better than increasing students' understanding of
mathematics using conventional methods (lecturing method) on the subject of curved side
shapes.

D. Conclusion

Based on the research that has been done, it can be concluded that the influence of
apllying Guided Discovery Learning model is carried out very well in the experimental class
on statistics material and the Guided Discovery Learning model influences the ability to think
creatively mathematically in class V111 students by interpreting the pretest and postest’s scores
analyzed.
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Abstract: This research was conducted based on the low ability to
understand mathematical concepts of students in class VIII SMP
Muhammadiyah 1 Purwokerto. One of the contributing factors is the
use of inappropriate learning models. The solution that is considered
capable of increasing the ability to understand mathematical concepts
is to apply the STAD learning model assisted by Geogebra media in
the learning process. This study aims to find out how the
implementation of the application of the STAD model assisted by
GeoGebra media and to find out whether there is an influence of the
STAD model assisted by GeoGebra media on the ability to understand
mathematical concepts in class V111 students of SMP Muhammadiyah
1 Purwokerto. The type of research used is quantitative with
experimental research methods. The population in this study were all
students of class VIII SMP Muhammadiyah 1 Purwokerto, totaling
118 students, with a sample of 38 students, 24 students from class V1lI
B and 14 students from class VIII D. The research variable was the
STAD model assisted by GeoGebra media as an independent variable
and the ability to understand mathematical concepts as the dependent
variable. Methods of data collection are done by observation and tests.

Data analysis used the T-test, with prerequisite tests for normality and
homogeneity tests. The results showed that there was an influence
between the STAD model assisted by GeoGebra media on students'
ability to understand mathematical concepts.
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models; GeoGebra media.
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A. Introduction

Education is a right for every citizen in Indonesia. Education plays an important role for
human life and future. This is regulated in the 1945 Constitution article 31 which states that
every citizen has the right to obtain basic education and the government seeks and organizes a
national education system (UUD, 1945). According to Law No. 20 of 2003, national education
has the goal of creating a learning atmosphere and learning process so that students actively
develop their potential through spiritual strength, religion, self-control, personality,
intelligence, noble character, and the skills needed by them. society, nation and state
(Depdiknas, 2003)). To achieve these national education goals, it is necessary to have learning
in various fields of study in every school in Indonesia, one of the fields of study that needs to
be studied is mathematics.

Mathematics is one of the scientific disciplines that plays a major role and is useful for
the development of science and solving problems in everyday life. Although not all of these

International Journal of Research in Mathematics Education Vol. 1 No. 1, 2023, 25-36 | 25


mailto:1917407051@mhs.uinsaizu.ac.id
https://doi.org/10.24090/ijrme.v1i1.8540

Afinda, D.A.N., The Influence of the Student...

problems are mathematical problems, mathematics plays an important role in solving
problems. In addition, mathematics is also one of the main subjects at every level of education
(Kamarullah, 2017). Thus, mastery of mathematics is needed at every level of education, one
of which is secondary education. Considering that learning mathematics is very important for
education and survival, every student from an early to middle age should be able to master
mathematics.

According to Permendiknas No. 22 of 2006, learning mathematics aims to enable
students to have the ability to understand mathematical concepts, explain the interrelationships
between concepts and apply concepts or algorithms in a flexible, accurate, efficient and precise
way in solving problems (BSNP, 2006). In addition, the objectives of learning mathematics
were also stated in the Ministry of National Education in 2003, which aims to make students
have the ability to understand mathematical concepts, reasoning, problem solving,
mathematical communication with tables, symbols, diagrams and others, and have an attitude
of respect for the application of mathematics in everyday life (Depdiknas, 2003). From this
explanation to achieve the goals of learning mathematics, students must master several
abilities, one of which is the ability to understand mathematical concepts.

Conceptual understanding is a basic ability that is very important for students to have.
The importance of understanding concepts is stated by Santrock in Hendriana's book (2021)
which says that understanding concepts is an important factor in the learning process. In
understanding concepts students not only memorize the concepts they have learned, but are
also able to re-express them in their own language or other easy-to-understand forms, provide
interpretation of data and are able to apply concepts in various problem solving (Sanjaya,
2009). The importance of students' ability to re-express concepts in their own language, provide
interpretation of data, and apply concepts in problem solving is so that students can build a
deeper and more meaningful understanding. This is in line with Winarno's opinion stated in
Hendriana's book (2021), which says that the ability to understand concepts is an ability that
must be considered in the learning process, especially to acquire meaningful mathematical
knowledge.

Mathematical concepts according to Dahar (2011) are likened to developmental stones
in thinking, meaning that students will experience difficulties in undergoing the learning
process to a higher level if they do not understand the concept. Mathematical concepts have
relationships with other mathematical concepts, so that if students do not understand the basic
concepts, students will have difficulty understanding and solving more complex mathematical
problems. By understanding the concepts in depth, students can understand the relationship
between these concepts and relate them to the knowledge they already have. This will help
students understand more complex material. Apart from that, understanding concepts also helps
students to develop other mathematical abilities (Hendriana et al., 2021). Therefore in learning
mathematics, conceptual understanding needs to be emphasized, students must understand the
basic concepts well before proceeding to more complex concepts. With a good understanding
of the concept will help students in solving mathematical problems and problems in everyday
life.

According to NCTM (2000), students' understanding of mathematical concepts can be
seen from students' ability to: (1) define concepts verbally and in writing; (2) make examples
and non-examples; (3) representing concepts with symbols; (4) change the form of
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representation to other forms; (5) get to know the various meanings and interpretations of
concepts; (6) identify the nature of the concept and the terms that define the concept; (7)
distinguish and compare concepts.

But in reality, the current understanding of mathematical concepts is still weak, in fact
many students are still wrong when understanding mathematical concepts. This can be proven
by the results of the 2018 Program for International Student Assessment (PISA) survey which
stated that Indonesia ranks 72 out of 78 countries participating in the survey. The average score
obtained by Indonesian students is 379, below the average score of students in other countries,
namely 489 (Tohir, 2019). This shows that the ability to understand concepts in Indonesia is
still relatively low.

Low understanding of mathematical concepts also occurs at SMP Muhammadiyah 1
Purwokerto. Based on the results of interviews and observations conducted by researchers
during the implementation of Field Experience Practice in March 2023, it can be seen that there
are still many students who only memorize the formulas that have been given by the teacher,
so that when students are given questions that are different from examples, they will have
difficulty solving them. this matter. Likewise, when students were given story questions, most
of them had difficulty writing them back into mathematical language. Then when the teacher
appoints students to re-explain the material they have learned, students cannot explain without
looking from the notebook they have written. In addition, when the teacher gave students the
opportunity to ask questions, none of the students asked, even though many of them did not
understand the material.

There are several factors that cause the low ability of understanding students'
mathematical concepts. Based on research conducted by Widyastuti (2015) one of the factors
causing the low ability to understand students' mathematical concepts is the learning process
which is still teacher-centered. In fact, in the learning process, teachers still use conventional
models or lectures, which make the teacher the center of information, so that students tend to
be passive in the learning process. To improve the ability to understand mathematical concepts,
teachers must apply innovative learning models, so that students are more active during the
learning process. One learning model that can facilitate students to be active is the Student
Team Achievement Divisions (STAD) learning model.

The Student Team Achievement Divisions (STAD) model is a type of cooperative
learning model developed by Robert Slavin and his friends at Hopkin University (Nurdyansyah
& Fahyuni, 2016). In the Student Team Achievement Divisions (STAD) model, students will
be divided into several heterogeneous groups based on their academic ability to discuss and
work together to solve a problem. When studying with groups, students are encouraged to help
explain to their friends, so that all members in each group can understand the concept being
studied. Then after studying with groups, each student will be tested through quizzes or tests,
at which time they are not allowed to work together.

Discussion or group learning, according to the syntax, is carried out to support the
Student Team Achievement Divisions (STAD) model. In addition, to improve students'
understanding of mathematical concepts, it is necessary to apply learning media in the learning
process. According to Azhar (2011), learning media is media that can facilitate the delivery of
material to students so that it can be well received and attract students' interest in learning. The
use of interactive and interesting learning media will make students more motivated to learn
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and actively participate in the learning process. One of the media that can make it easier for
students to understand mathematical concepts is geogebra media.

Geogebra is one of the computer-based learning media that can support mathematics
learning. Geogebra was created by Markus Hohenwarter in 2001, geogebra was developed to
solve mathematical problems, especially regarding geometry and algebra or algebra (Priatna &
Arsani, 2019). According to Syahbana (2016), geogebra is a computer program that is used as
a tool for constructing and visualizing or demonstrating mathematical concepts interactively
and dynamically. GeoGebra provides tools for constructing points, lines, plane shapes,
geometric shapes and other geometries accompanied by geometric calculations. Through
geogebra abstract mathematical concepts can be visualized so students can more easily
understand mathematical concepts.

Based on the description above, this research is important to do, this is in line with the
importance of the ability to understand mathematical concepts in learning mathematics. In
order to facilitate and improve students' abilities to understand mathematical concepts, teachers
must apply innovative learning models and media, so that students are more active during the
learning process. One of the learning models and media that is considered suitable for
facilitating and increasing the ability to understand concepts is the Student Team Achievement
Divisions (STAD) learning model assisted by GeoGebra media. From this, the researcher wants
to conduct a study related to the effect of the STAD learning model assisted by GeoGebra
media on the ability to understand students' mathematical concepts which the researcher wrote
in the title, "The Influence of the Student Team Achviement Divisions Model Assisted by
Geogebra Media on the Ability to Comprehend Mathematical Concepts”.

B. Methods

The type of research used in this research is quantitative research. The research design
used in this study is an experimental research design. Experimental research is research
conducted to test hypotheses about a causal relationship between two or more variables. In
experimental research, researchers carry out treatments by creating certain conditions by
controlling or manipulating one or more independent variables to see their impact on the
dependent variable (Kountur, 2009). In this study, the independent variable is "Student Team
Achievement Divisions (STAD) Learning Model assisted by Geogebra Media" and the
dependent variable is "Students' Ability to Understand Mathematical Concepts”.

This research was conducted at SMP Muhammadiyah 1 Purwokerto which is located on
JI. Independence Pioneer No. 6, Penisian, Purwokerto Kulon, Kec. Purwokerto Sel., Banyumas
Regency, Central Java. This research was carried out in the 2022/2023 academic year in
semester Il or even semester, to be exact in May 2023 until completion. The population in this
study were all grade VIII students of SMP Muhammadiyah 1 Purwokerto for the 2022/2023
academic year, which consisted of 5 classes, namely classes VIII A, VIII B, VIII C, VIII D,
and VIII E with a total of 118 students. The sample is part of the population to be studied.
Sampling in this study used a convenience sampling technique, namely researchers chose
samples because they were willing and available to be studied (Creswell, 2012). From five
classes with a total of 118 students, the researchers took 38 students to serve as research
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samples, 24 students came from class VIII B and 14 students came from class VIII D. Class
V111 B became the experimental class and class VIII D became the control class.

In this study data collection was carried out by observing and testing. Observations were
made to observe the implementation of the STAD learning model assisted by geogebra media,
the instrument used to observe the implementation was an observation sheet carried out by two
observers. A description test is a test whose questions require a description answer, where the
answer is an opinion from the knowledge possessed by an individual (Asrul et al., 2014). In
this study, the researcher collected data by means of a description test, namely the pretest and
posttest. The pretest was given before the research was conducted while the posttest was given
after the research was carried out.

Furthermore, the data analysis method, to find out the implementation of the STAD
learning model assisted by geogebra media from the observation sheet, then the decision-
making guidelines are as follows:

Table 1. Guidelines for Making Implementation Decisions
Average Score  Description Implementation

3,25<x<4,00 Very good
2,50 <x<3,25 Good
1,75 <x<2,50 Good Enough
1,00 <x<1,75 Not Good

Then to find out whether or not there is an influence of the media-assisted STAD
learning model on the ability to understand geogebra's mathematical concepts, it is done by
testing the average difference in increasing the ability to understand mathematical concepts
using the geogebra media-assisted STAD learning model. To test these differences using
pretest and posttest data in the control class and experimental class which were then analyzed
by the T test with a significance level of 0.05. The T test was carried out with the help of the
SPSS application, before carrying out the T test the prerequisite tests that must be fulfilled,
namely the normality test and homogeneity test. Test criteria in the T test, if the significance
value (2-tailed) <0.05 then H, is rejected and H; is accepted. If the significance value (2-tailed)
> 0.05 then H, is accepted and H; is rejected. The hypothesis is as follows:

HO:.“1=#2
Hl:.u1¢/12

C. Results and Discussion
1. Data Analysis On The Implementation Of The STAD Learning Model
Assisted By Geogebra Media
Based on the implementation data taken from the observation sheet given to the
observers. Decision making for implementation data analysis follows in table 1. Following are
the results of implementation observations filled in by the observer:
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Table 2. Implementation Observation Results

No Observer Date of Score Observer Average Observer
' Observation Total Score Score
Wiji Satrianingrum, Tuesday, May
L spd. 16 2023 40 3.33
Tuesday, May 3,42
2 Sisfi Sulistiani, S.Pd. 16 2023 42 3.50
Wiji Satrianingrum, Monday, 22
3 spd. May 2023 45 3.75
Monday, 22 3,84
4 Sisfi Sulistiani, S.Pd. May 2023 47 3.92
Observation Score Results 3,63

Based on table 2, it can be seen that the total average score obtained from the results of
implementation observations by Wiji Satrianingrum, S.Pd. and Sisfi Sulistiani is 3.63. Based
on the decision-making guidelines in table 1, the value of 3.63 is included in the "Very Good"
category. Thus, it can be said that the implementation of the Geogebra-assisted Student Team
Achievement Divisions (STAD) learning model in the experimental class is very good.

2. Data Analysis of the Influence of the Student Team Achievement Divisions
(STAD) Learning Model Assisted by Geogebra Media on the Ability to
Understand Mathematical Concepts
In the influence data analysis, the results from the pretest and posttest from the

experimental class and the control class were used, along with the explanation:

a. Experimental Class and Control Class Pretest Data
Pretest data on the ability to understand mathematical concepts in the experimental class

and control class were obtained before the application of the Student Team Achievement

Divisions (STAD) learning model assisted by GeoGebra media and conventional learning

models. The results of the pretest data in the experimental class and control class are presented

in the following table:

Table 3. Pretest Value Data for Experiment Class and Control Class

No. Experimental Class Pretest Control Class Pretest
1 AHP 64 AHA 75
2 AwWU 46 AAP 71
3 ANW 43 AAM 71
4 DDK 71 BK 61
5 DP 75 DAZ 71
6 DRA 75 DKS 61
7 EVP 54 EDT 61
8 FSM 54 EBH 54
9 FSM 39 FAR 68
10 JBA 57 M F K 83
11 KAD 86 MN A 75
12 KSS 64 N F 43
13 MMP 86 SPR 50
14 MFT 79 VDH 43
15 NDA 75
16 NAR 82
17 N K 39
18 PAR 61
19 RJP 54
20 RTW 79
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21 SD 46

22 SL 43

23 TSK 79

24  ZAP 61
Amount 1512 Amount 887
Average 63 Average 63.35714

Based on table 3, it can be seen that the pretest score of the experimental class has the
lowest score of 30 and the highest score of 86, with an average score of 63 out of 24 students
working on it. Meanwhile, the control class had the lowest score of 43 and the highest score of
83, with an average score of 63,35 out of 14 students who worked on it. The difference in the
mean scores of the experimental class and the control class was not much different, namely
0.35, which means that the initial abilities of the students from the two classes were the same.
This can be proven further by testing the hypothesis of the pretest data. In this study, the
hypothesis test used was the t-test with the prerequisite test being the normality test and
homogeneity test.

Then the normality test, the normality test is carried out to find out whether the sample
comes from a normally distributed population or not. In this study the normality test used the
Kolmogorov Smirnov test with the SPSS version 25 application. The decision-making criterion
in the test was that the Kolmogorov Smirnov test significance number Sig. > 0.05 then the data
is normally distributed and if the significance number is the Shapiro Wilk test Sig. <0.05 which
means the data is not normally distributed (Sugiyono, 2015). The following are the results of
the pretest value data normality test:

Table 4. Pretest Normality Test Results

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
pretest 131 38 .097 .945 38 .063

a. Lilliefors Significance Correction

Based on table 4, it can be seen that the significance value in the pretest results is greater
than 0.05, i.e. 0.063 > 0.05, meaning that H, is rejected and H, is accepted, so that it can be
said that the pretest results data from the experimental class and the control class are normally
distributed data..

After the data is tested for normality, it is followed by a homogeneity test, a homogeneity
test is carried out to find out whether the samples come from populations that have the same
variance. Homogeneity test can be done if the data group is normally distributed. The decision
making criterion in the test is if the significance score for the test is homogeneous > 0.05 which
means the data is homogeneous and if the significance score for the test is homogeneous < 0.05
which means the data is not homogeneous (Nuryadi et al., 2017). In this study the homogeneity
test was carried out using the SPSS version 25 application. Following are the results of the
homogeneity test from the pretest value data:
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Table 5. Pretest Homogeneity Test Results

Test of Homogeneity of Variances

Levene
Statistic df df2 Sig.
hasil pretest  Based on Mean 1.754 1 36 184
Based on Median 1.731 1 36 97
Based on Median and 1731 1 35,485 97
with adjusted df
Based on timmed mean 1.754 1 36 194

Based on table 5, it can be seen that the data based on the pretest results on the mean has
a significance value of 0.194 which is more than 0.05. So that it can be said that the pretest
result data is homogeneous data.

The T-test was carried out after it was found that the research data were normally
distributed and homogeneous. To test the hypothesis in this study used the T test. In this study
the T test was conducted to determine the students' initial ability to understand mathematical
concepts. Following are the results of the t test using the SPSS version 25 application:

Table 6. Pretest Data T Test Results
Levene's Test

for Equality
of Variances t-test for Equality of Means
Std.  95% Confidence
Mean Error Interval of the
Sig. (2- Differen Differen Difference
F Sig. t df tailed) ce ce Lower  Upper
pretest Equal 1.754 194 -074 36 942 -35714 4.84340 - 9.46572
variances 10.180
assumed 01
Equal -.078 32.44 938 -.35714 4.55689 - 8.91991
variances 9 9.6341
not 9

assumed

Based on table 6, from the t-test that has been done it can be seen that the significance
value obtained in the pretest data is 0.942. Significance value 0.942 > 0.05, then H,, is accepted
and H, isrejected, Hy : u; = Uy, which means that the results of the values of the experimental
class and the control class are not significantly different. Thus, it can be said that students'
initial abilities regarding understanding mathematical concepts, both from the experimental
class and the control class, have the same abilities. So that the geogebra-assisted STAD
learning model can be applied to a class known as the experimental class, namely class VIII B
and the conventional learning model is applied to the control class, namely class VIII D.
Experimental Class and Control Class Posttest Data

Posttest data on the ability to understand mathematical concepts in the experimental class
and control class were obtained after the application of the Student Team Achievement
Divisions (STAD) learning model assisted by GeoGebra media and conventional learning
models. The results of the posttest data in the experimental class and control class are presented
in the following table:
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Table 7. Posttest value data for experimental class and control class

No. Experimental Class Postest Control Class Posttest
1 AHP 80 AHA 77
2 AwWU 83 AAP 43
3 ANW 80 AAM 70
4 DDK 90 B K 47
5 DP 93 DAZ 67
6 DRA 90 DKS 77
7 EVP 77 EDT 93
8 FSM 80 EBH 80
9 FSM 90 FAR 60
10 JBA 60 MF K 67
11 KAD 93 MN A 67
12 KSS 97 NF 90
13 MMP 87 SPR 73
14 MFT 87 VDH 60
15 NDA 97
16 NAR 93
17 NK 93
18 PAR 50
19 RJP 83
20 RTW 70
21 SD 100
22 SL 73
23 TSK 70
24 ZAP 100

Amount 2016 Amount 971
Average 84 Average 69.3571

Based on table 7, it can be seen that the posttest scores of the two classes are different.
The experimental class had the lowest score of 50 and the highest score of 100, with an average
score of 84 out of 24 students working on it. Meanwhile, the control class had the lowest score
of 43 and the highest score of 93, with an average score of 69.35 out of 14 students who worked
on it. The difference in the average scores of the experimental class and the control class has a
significant difference, which is 14.65, which means that the ability to understand mathematical
concepts of the two classes is different after being given treatment, the experimental class has
a higher average value than the control class. This can be proven further by testing the posttest
data hypothesis. In this study, the hypothesis test used was the t-test with the prerequisite test
being the normality test and homogeneity test.

Then the normality test, the normality test is carried out to find out whether the sample
comes from a normally distributed population or not. In this study the normality test used the
Kolmogorov Smirnov test with the SPSS version 25 application. The decision-making criterion
in the test was that the Kolmogorov Smirnov test significance number Sig. > 0.05 then the data
is normally distributed and if the significance number is the Shapiro Wilk test Sig. <0.05 which
means the data is not normally distributed (Sugiyono, 2015). The following are the results of
the posttest value data normality test:

Table 8. Posttest Normality Test Results

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
hasil_posttest 121 38 77 .947 38 .070

a. Lilliefors Significance Correction
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Based on table 8, it can be seen that the significance value in the posttest results is greater
than 0.05, namely 0.07 > 0.05, meaning that H, is rejected and H; is accepted. So that it can
be said that the posttest result data from the experimental class and the control class are
normally distributed data.

After the data is tested for normality, it is followed by a homogeneity test, a homogeneity
test is carried out to find out whether the samples come from populations that have the same
variance. Homogeneity test can be done if the data group is normally distributed. The decision
making criterion in the test is if the significance score for the test is homogeneous > 0.05 which
means the data is homogeneous and if the significance score for the test is homogeneous < 0.05
which means the data is not homogeneous. In this study the homogeneity test was carried out
using the SPSS version 25 application. Following are the results of the homogeneity test from
the posttest value data:

Table 9. Posttest Homogeneity Test Results

Test of Homogeneity of Variances

Levenea
Statistic df1 df2 Sig.
hasil posttest  Based on Mean 089 1 36 768
Based on Median 133 1 36 718
Based on Median and 133 1 35.906 718
with adjusted df
Based on trimmed mean 104 1 36 749

Based on table 9, it can be seen that the posttest data based on the mean has a significance
value of 0.768 which is more than 0.05. So that it can be said that the posttest result data is
homogeneous data.

The t test was carried out after it was known that the existing research data were normally
distributed and homogeneous. To test the hypothesis in this study used the T test. In this study
the T test was conducted to determine whether the Student Team Achievement Divisions
(STAD) learning model assisted by GeoGebra media has a significant effect on students' ability
to understand mathematical concepts. Following are the results of the t test using the SPSS
application:

Table 10. Posttest Data T Test Results

Levene's
Test for
Equality of
Variances t-test for Equality of Means
Std. 95% Confidence
Mean  Error Interval of the

Sig. (2- Differ Differen Difference
F  Sig. t df tailed) ence ce Lower  Upper

posttest Equal .089 .768 3.302 36 .002 14.642 4.43436 5.6495 23.6361
variances 86 6 5
assumed

34 | International Journal of Research in Mathematics Education Vol. 1 No. 1, 2023, 25-36



Afinda, D.A.N., The Influence of the Student...

Equal 3.198 24.73 .004 14.642 457938 5.2063 24.0793
variances 7 86 6 5
not

assumed

Furthermore, based on table 10, from the t test that has been carried out, it can be seen
that the significance value obtained in the posttest data is 0.002. A significance value of 0.002
<0.05 means H, is rejected and H, is accepted, H; : u, # u,, which means that there are
differences in the results of the experimental class using the STAD model assisted by Geogbra
media and the control class using the conventional model. Then, if seen from table 4.7, it can
be seen that the average value in the experimental class was 84 and the control class was 69.35.
This means that the average value in the experimental class is higher than the control class.

From the same initial abilities in the experimental class and control class, after being
given treatment, namely the experimental class which was treated using the geogebra-assisted
STAD learning model and the control class which was treated using conventional learning
models. It can be seen from the results of the posttest or the final results in both classes, namely
the experimental class obtained better scores than the control class. Thus it can be said that
there is an influence of the Student Team Achievement Divisions (STAD) model assisted by
geogebra media on the ability to understand students' mathematical concepts in class VIl circle
material at SMP Muhammadiyah 1 Purwokerto.

From the results of this study, it can be said that the Student Team Achievement Divisions
(STAD) learning model assisted by Geogebra media can be a way to improve students'
understanding of mathematical concepts. This is in line with the results of research conducted
by Pitri Oktaviani, Nurhanurawati, and Coesamin (2013) which stated that the STAD type
cooperative learning model had an effect on students' understanding of mathematical concepts
and also the results of research conducted by Ramantia (2016) which stated that there was an
effect of using geogebra on the ability to understand mathematical concepts.

D. Conclusion

Based on the results of the research that has been done, on the results of observations
made by Wiji Satrianingrum, S.Pd. and Sisfi Sulistiani achieved an average score of 3.63.
Based on the decision-making guidelines, the value of 3.63 is included in the "Very Good"
category, so it can be concluded that the implementation of the Student Team Achievement
Divisions (STAD) learning model assisted by GeoGebra media in the experimental class is
very good.

The application of the Student Team Achievement Divisions (STAD) model with
assisted by geogebra media has an effect on the ability to understand mathematical concepts of
class VIII students at SMP Muhammadiyah 1 Purwokerto. This can be proven from the results
of hypothesis testing using the t-test, namely a significance value of 0.002 <0.05 is obtained,
S0 H, is rejected and H, is accepted, which means that there are differences in the ability to
understand students' mathematical concepts between the experimental class and the control
class. This difference is then seen from the average value obtained by the experimental class
that applies the STAD model assisted by geogebra media which is higher than the control class
which applies the conventional model.
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A. Introduction

Education is an effort for every human being to develop his potential through the learning
process. Mathematics is a science knowledge acquired by reasoning. These problems can be
solved with various mathematical concepts themselves. Mathematics is also called a structured
and organized science, because mathematics starts from elements that are not defined, then
elements that are defined by axioms and finally at theorems with various concepts. It is from
here that students will gain experience that can improve their understanding of mathematical
concepts by applying them. However, there are many students who think that learning
mathematics is a complicated and very boring lesson because there is a lack of understanding
of the mathematical concepts obtained. This is because there are many formulas that must be
memorized and understood. So that the assumption appears that learning mathematics is
learning that is difficult, complicated and terrible.

Comprehension is an ability to understand the meaning or concept of a known fact, so as
to be able to make a picture, model, give some examples, to explain and re-describe more
broadly. A concept is an image or design drawn in the mind. While mathematics is a scientific
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discipline that has rules and is organized, where there are low concepts to high concepts that
are arranged systematically and hierarchically. Conceptual understanding is a key aspect of
learning, besides that the ability to understand mathematics is very supportive of the
development of other mathematical abilities. Comprehension is an ability to understand the
meaning or concept of a known fact, so as to be able to make a picture, model, give some
examples, to explain and re-describe more broadly. A concept is an image or design drawn in
the mind.

One of the problems in the process of learning mathematics is the low ability of students
to understand the concept of learning mathematics. From the results of the Program survey for
International Student Assessment (PISA) 2018 places Indonesia in 74th place (sixth from the
bottom). Indonesian students' mathematical abilities got 379 in 73rd position.Observing the
problem of students' low ability to understand the concept of learning mathematics, ideas are
needed in choosing the right learning model as an innovation in building students' conceptual
understanding abilities. The right learning model will create a fun learning atmosphere for
students in capturing lessons. Optimal learning and able to achieve the goals of learning.

Based on the results of observations made by means of non-formal interviews with
mathematics teachers at SMA Ma'arif NU 1 Kemranjen, it is said that many students are less
active during learning, many students cannot re-express a concept, many students find it
difficult to classify objects based on their nature according to the concept and many students
have not been able to relate a concept to real life. Therefore, it can be concluded that the ability
to understand the concepts of class XI SMA Ma'arif Nu 1 Kemranjen is still low. In addition,
the learning model used is less attractive or lacks a good response from students so that
students' focus on learning is reduced. The learning model used in SMA Ma‘arif Nu 1
Kemranjen is a conventional learning model that only uses methods such as lectures and taking
notes on the material that has been delivered. Because the teacher often repeats the material
presented, in the end the teacher experiences a lack of time in delivering the material.

Based on the problems above, it is necessary to have ideas regarding how to improve
students' understanding of mathematical concepts. One of the right ways to overcome this is
by implementing a new learning model. The learning model that can be applied to PTM (face-
to-face meetings) to overcome students' lack of ability to understand concepts is the Quantum
Learning model assisted by the Quizizz application.

The Quantum Learning learning model is tips, instructions, strategies and the entire
learning process that can sharpen understanding of memory, and make learning a fun and
rewarding process. This learning model is a learning that makes learning comfortable so as to
create harmony between students and teachers. In addition, the Quantum Learning learning
model has the advantage of being able to increase academic potential (learning achievement)
and increase the creative potential that exists within students. While the use of the Quizizz
application as a complement to the Quantum Learning learning process is used as a tool that
aims to help improve students' understanding of concepts.

The purpose of this study is to find out whether there is an implementation of the
Quantum Learning model assisted by the Quizizz application and whether there is an influence
of the Quantum Learning model assisted by the Quizizz application on the concept of
understanding mathematics in SMA Ma‘arif Nu 1 Kemranjen.
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B. Methods

Before the test is carried out, there is a validation questionnaire which includes
material, language and construction. This validation aims to determine the feasibility level of
the instrument used. There are four scores used, namely as follows:

Tablel. Expert Validation Instrument Scoring

Average score Description implementation
325< x 4,00 Very good
250< x <3,25 Good
1,75< x <250 Good Enough
1,00< x <1,75 Not god

The feasibility of the concept understanding instrument used in this study is based on an
analysis that has been validated by the validator.

C. Results and Discussion
The following is an explanation of the results of this study:

1. The results of the analysis of the implementation of the quantum learning
learning model assisted by the Quizizz application

Table 2. The analysis of the implementation of the quantum learning learning model assisted by the
Quizizz application
Research Partition ~ Sample Location  Jumlah
Tuesday, May 6

1. Nur Halifah 2023 21,5
2. Khilmatul Tuesday, May 6 2115
Fuadiyah 2023 '
Average 3,3

Based on the table above, the results of observations made by observer 1 Nur Halifah
were 21.5 while for observer 2, namely Khilmatul Fuadiyah, it was 21.15. Based on the table
of the researcher's ability criteria, an average value of 3.3 was obtained which was at an interval
of 3.25 <x <4.00, which means that the criteria were well implemented.

2. The application of the analysis of the implementation of the quantum
learning learning model assisted by the Quizizz application

Following are the results of data analysis:

a.  Experimental Class and Control Class Pretest data
The following are the results of the control class pretest and the experimental class

Table 3. Posttest value DataFor Experiment Class and Control Class

Numb Name Pretest Name Pretest
1 Al 25 B.1 3
2 A.2 3 B.2 28
3 A.3 18 B.3 11
4 A4 28 B.4 14
5 A5 14 B.5 14
6 A.6 21 B.6 25
7 A7 14 B.7 21
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8 A8 18 B.8 21
9 A9 14 B.9 25
10 A.10 11 B.10 32
11 All 11 B.11 28
12 Al12 7 B.12 18
13 A.13 21 B.13 25
14 A.l4 11 B.14 25
15 A.15 3 B.15 18
16 A.16 25 B.16 7
17 A.l7 7 B.17 14
18 A.18 14 B.18 11
19 A19 7 B.19 14
20 A.20 21 B.20 21
21 A2l 25 B.21 11
22 A.22 28 B.22 18
23 A.23 32 B.23 3
24 A.24 3 B.24 18
25 A.25 18 B.25 3
26 A.26 3 B.26 7
27 A.27 21 B.27 7
28 A.28 18

The normality test is a prerequisite test regarding the feasibility of data to be analyzed
using parametric statistics. This normality test aims to determine whether or not the distribution
of pretest results data is normal or not. The results of data analysis using SPSS Version 25
software. The normality test used in this study is the Kolmogorof Smirnov test. Application of
the Kolmogorof Smirnov test if the significance (p-value) < a = 0.05 means that the data is not
normally distributed. If the significance (p-value) > a = 0.05, it means that the data is normally
distributed. The normality test results are as follows:

Tabel 4. Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.

Hasil Belajar ,102 55 ,200 ,951 55 ,026

After the two class data are normally distributed with a value sig.= 0,176 > a.= 0,05, then
the homogeneity value is sought. Homogeneity test was carried out to find out whether the
variance of the data from the samples analyzed was homogeneous or not. In this study, the
homogeneity test used the Levenve test. The results of data analysis using SPSS software
Version 25. With the criteria if significant (p-value) < o = 0,05 means the data is not
homogeneous and vice versa if (p-value) > o = 0,05 means the data is homogeneous. The
following is the result of homogeneity:

Tabel 5. Test of Homogeneity of Variance

Levene Statistic dfl df2 Sig.
Based on Mean ,005 1 53 ,942
Based on Median ,014 1 53 ,906
Hasil Belajar Ba_sed on Median and with 014 1 52,723 906
adjusted df
Based on trimmed mean ,005 1 53 ,944
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The T test is carried out after it is known that the data taken is normally distributed. The
t-test aims to determine the effect of the Quantum Learning model assisted by the Quizizz
application on students' understanding of concepts by comparing the average results of the
experimental class with the control class. Then to test the hypotheses in this study using an
independent sample t test using SPSS Version 25 software. The following is is the result of the
-t test:

Tabel 6. Independent Samples Test
Levene's Test for

Equality of t-test for Equality of Means
Variances
sig. 2 Mean EStd. 9|50/': COTﬁ:‘jiﬂce
. ig. (2- . rror nterval of the
F Sig. t df tailed) Differe Differe Difference
nce
nce Lower Upper
Equal variances
Hasil  assumed ,005 ,942 ,275 53 ,784 ,620 2,256 -3,904 5,145
Belajar  gqual variances
not assumed ,275 52,967,784 ,620 2,255 -3,904 5,144

The decision criterion Ho is accepted if the sig. > o = 0,05 and Hj is accepted if the sig.
< a = 0.05. Based on the results of the independent sample t test using SPSS Version 25
software, it can be seen that the two variances are homogeneous with sig = 0.914 > a = 0.05,
so the sig value —t test refers to assumed equal variances. So it is obtained that the significance
value is sig = 0.850 > a = 0.05. From the predetermined decision criteria, Ho IS accepted, so
there is no average difference in the pretest results. This means that the initial understanding
of the concept of the control and experimental classes is the same.

b. Experimental Class and Control Class Posttest data
The following are the results of the control class posttestt and the experimental class:

Table 7. Posttest value DataFor Experiment Class and Control Class

Numb. Name Posttest Name Posttest
1 Al 64 B.1 96
2 A2 96 B.2 82
3 A3 64 B.3 100
4 A4 67 B.4 100
5 A5 82 B.5 100
6 A.6 86 B.6 93
7 A7 86 B.7 86
8 A.8 75 B.8 93
9 A.9 89 B.9 96

10 A.10 78 B.10 78
11 All 78 B.11 86
12 A2 67 B.12 89
13 A.13 89 B.13 93
14 A.l4 96 B.14 89
15 A.15 71 B.15 96
16 A.16 82 B.16 100
17 A.17 71 B.17 89
18 A.18 82 B.18 82
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19 A.19 71 B.19 75
20 A.20 57 B.20 93
21 A2l 82 B.21 75
22 A.22 93 B.22 75
23 A.23 100 B.23 93
24 A24 64 B.24 89
25 A.25 57 B.25 100
26 A.26 53 B.26 86
27 A.27 75 B.27 78
28 A.28 75

The normality test is a prerequisite test regarding the feasibility of data to be analyzed
using parametric statistics. This normality test aims to determine whether or not the distribution
of pretest results data is normal or not. The results of data analysis using SPSS Version 25
software. The normality test used in this study is the Kolmogorof Smirnov test. Application of
the Kolmogorof Smirnov test if the significance (p-value) < a = 0,05 means that the data is not
normally distributed. If the significance (p-value) > a = 0,05, it means that the data is normally
distributed. The normality test results are as follows:

Tabel 8. Tests of Normality
Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
Hasil Belajar ,107 55 ,176 ,950 55 ,022

After the two class data are normally distributed with a value sig. = 0,176 > o = 0,05 and
the value is sig. the experimental class is sig = 0,108 > o = 0,05, then the homogeneity value is
sought. Homogeneity test was carried out to find out whether the variance of the data from the
samples analyzed was homogeneous or not. In this study, the homogeneity test used the
Levenve test. The results of data analysis using SPSS software Version 25. With the criteria if
significant (p-value) < a = 0,05 means the data is not homogeneous and vice versa if (p-value)
> a = 0,05 means the data is homogeneous. The following is the result of homogeneity:

Tabel 9. Test of Homogeneity of VVariance

Levene Statistic dfl df2 Sig.
Based on Mean 4,844 1 53 ,032
Based on Median 4,853 1 53 ,032
. . Based on Median and with
Hasil Belajar adjusted df 4,853 1 46,022 ,033
Based on trimmed mean 4,828 1 53 ,032

The T test is carried out after it is known that the data taken is normally distributed. The
t-test aims to determine the effect of the Quantum Learning model assisted by the Quizizz
application on students' understanding of concepts by comparing the average results of the
experimental class with the control class. Then to test the hypotheses in this study using an
independent sample t test using SPSS Version 25 software. The following is is the result of the
-t test:
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Tabel.10 Independent Samples Test

Levene's Test for

Equality of t-test for Equality of Means
Variances
Mean Std. 95% Confidence
. Sig. (2- . Error Interval of the
F Sig.tdl iled) P Ditfere  Difference
nce
nce Lower  Upper
Equal
variances 4,844 ,032 4,356 53 ,000 12,548 2,881 6,770 18,325
Hasil assumed
Belajar Equal 46.93
variances not 4,388 0’ ,000 12,548 2,860 6,795 18,301
assumed

The decision criterion Ho is accepted if the sig. > o = 0,05 and Hj is accepted if the sig.
<a=0,05. Because the variance is homogeneous with a value of sig = 0,032 <a = 0,05, the sig
value of the —t test refers to equal variances not assumed. From the table it can be seen that the
value of sig. = 0,000 < a = 0.05, means that H: is accepted and means p1 # u2 . Because the
initial abilities of the two classes are the same and the final abilities are different, it can be
concluded that there is an influence of the Quantum Learning model assisted by the Quiziz
Application on the students' understanding of SMA Ma'arif Nu 1 Kemranjen.

D. Conclusion

Based on the results of the research, it is known that there is an implementation of the
Quantum Learning model assisted by the Quizizz application on the conceptual abilities of
Ma'arif Nu 1 Kemranjen High School students. It can be seen that the average result of the two
observers is 3.3. So that at vulnerable 3.25<x <4 it can be concluded that there is a very good
implementation.

Furthermore, it is known that learning with the Quantum Learning model assisted by the
Quizizz application is able to influence the ability to understand the concepts of Ma‘arif Nu 1
Kemranjen High School students. This can be seen from the results of the Independent Sample
T-Test with a value of sig = 0.000 <a = 0.05, means that Hy is accepted and means P # po2 .
Because the initial abilities of the two classes are the same and the final abilities are different,
it can be concluded that there is an influence of the Quantum Learning model assisted by the
Quiziz Application on the students' understanding of SMA Ma'arif Nu 1 Kemranjen.
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Abstract: The ability to understand concepts is very important to
understand learning material in the framework of learning outcomes
that are in line with the goals to be achieved. The low understanding
of students is caused by two factors, namely internal factors and
external factors. Internal factors are factors inside of the students.
While external factors are factors that are coming from outside of the
students. The selection of learning strategies is an external factor that
can increase students' understanding. Learning methods that are less
innovative and boring, such as only listening to teacher explanations
and lack of student activity in learning, are still teacher-centered and
students often feel bored with the ongoing learning. This type of
research uses an experimental method. The population in this study
was class V111 at SMP Negeri 1 Baturaden. The sample of this research
was class VIII A and V111 B which consisted of 66 students. The data
analysis used the T-test. Conceptual understanding is an important
aspect of learning that allows students to acquire in-depth and
sustainable knowledge. In recent years, the Flipped classroom learning

strategy has emerged as an innovative approach in education, in which
learning materials are conveyed to students outside the classroom
through videos or reading materials, while class time is used for
discussion and application of concepts. This study aims to determine
the effect of the strategy using flipped classroom.
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A. Introduction

Understanding the concept is the main goal in learning which allows students to build in-
depth and sustainable knowledge. However, conventional learning approaches often face
obstacles in achieving in-depth understanding. Therefore, innovative learning strategies such
as Flipped Classroom have been introduced as an attractive alternative. Flipped Classroom
utilizes technology and the role of students in learning, where learning material is conveyed
outside the classroom through videos or reading materials, while class time is used for
discussion, problem solving, and application of concepts. An important factor in the teaching
and learning process is understanding concepts, understanding concepts is one of the most
important parts of learning mathematics, because mathematics is not only about calculating or
just memorizing formulas, but also understanding the concepts of the material being studied so
that you can work on problems more easily. Understanding of concepts is very related to
students' interest in learning, understanding concepts is the basic goal of learning mathematics,
when students understand mathematical concepts, these students will easily solve problems in
mathematics. The ability to understand concepts is very important to understand learning
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material in the framework of learning outcomes that are in accordance with the goals to be
achieved. At present many teachers teach mathematics only by presenting material in class or
we can call it a conventional learning strategy so that students are only able to solve math
problems without understanding the solution to the problems given by the teacher. The low
understanding of students is caused by two factors, namely internal factors and external factors.
Internal factors are factors from within while external factors are factors that are outside the
individual. Selection of learning strategies is an external factor that can improve student
understanding. This study aims to investigate the effect of Flipped Classroom learning
strategies on students' conceptual understanding abilities. In this context, we want to determine
whether the application of Flipped Classroom can improve students' understanding of concepts
compared to conventional learning approaches.

And the implementation of the flipped classroom learning strategy. From interviews
conducted by researchers with one of the Mathematics teachers in Class V11l at SMP Negeri 1
Baturaden, namely Mrs. Yuli Puji Astuti S.Pd., one of the reasons for the low understanding is
the ineffective learning strategy, which affects students' understanding to the subject matter,
evidenced by the learning strategies that are usually applied by teachers at SMP Negeri 1
Baturaden in the learning process are conventional methods such as lectures, taking notes on
the material provided, according to the Mathematics teacher at SMP Negeri 1 Baturaden the
learning methods are less innovative and boring as only listening to explanations teachers and
lack of student activity in learning, and are still centered on educators and often students feel
bored with ongoing learning, therefore appropriate strategies are needed so that learning is
more effective. Teachers in learning mathematics in the classroom also still lack a lot of
teaching time to make students understand the material presented because the teacher has to
repeat it many times so that students understand. Students do not try to work on the example
questions given by the teacher, late in submitting assignments, often waiting for answers from
the theme, this is what causes students at SMP Negeri 1 Baturaden to be unable to properly
solve questions from the material that has been given by the teacher. The flipped classroom
learning strategy is one of the learning strategies that can be used to assist students in learning
which provides opportunities for students to develop their potential. During the research, the
factors that influence the success of Flipped Classroom are also observed. Active interaction
between students and teachers, both in the form of class discussions and collaborative activities,
has been shown to be a key factor in increasing conceptual understanding. In addition, easy
access to learning materials outside the classroom provides students with flexibility. The
flipped classroom learning model is a learning model in which students are required to study
the subject matter first at home before the material is delivered by the teacher in the classroom,
so that when the learning process takes place in the classroom students only discuss issues that
are not yet understood and do task The flipped classroom learning model is different from the
learning model that is generally used in schools. In this flipped classroom learning model,
students can repeat and re-learn at home, at school, anywhere and anytime by using electronic
teaching media without having to wait for guidance from educators in understanding the
material being taught.

Thus understanding the concept can help students to simplify, summarize, and classify
information. By understanding the concept students can simplify, summarize, and classify
information. With an understanding of the concept can also improve students' ability to
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understand new information that is used to retrieve a knowledge that has been obtained.
Concept understanding activities are not always carried out in the classroom, students are able
to learn mathematical concepts through daily activities. The low understanding of
mathematical concepts is not only caused by the lack of students' ability in mathematics, but
there are other factors that can influence it. Understanding of the concept is influenced by
several factors, including: internal factors (within the student), and external factors (factors
from outside the student).

B. Methods

This study uses an experimental design with two groups, namely the experimental group
that applies Flipped Classroom and the control group that follows a conventional learning
approach. Research participants consisted of students from the same or similar classes with
similar levels of conceptual understanding. Data was collected through conceptual
understanding tests before and after the intervention. The research design used in the study was
the Pretest and Posttest Control Group. The research was started by giving a pretest to the
experimental class and control class, then giving mathematics learning to the experimental
class using the flipped classroom learning model and the control class using the lecture method.
After carrying out the entire learning series, the two classes were given a posttest with the aim
of knowing the increase in students' understanding of mathematical concepts.

The research was conducted at SMP Negeri 1 Baturaden which is located at JI. Raya
Baturaden No. 20, Dusun Il, Rempoah, kec. Baturaden, Banyuma Regency, Central Java,
postal code 53126 in the even semester of the 2022/2023 school year.

Population and sample. The population is a generalization area consisting of
objects/subjects that have certain quantities and characteristics determined by the researcher to
be studied and then conclusions drawn. In this study, the population taken was class VIII
students of SMP Negeri 1 Baturaden in the academic year 2022/2023, which consisted of 8
classes, namely classes VIII A, VIII B, VIII C, VIII D, VI E, VIII F, VIII G, and VIII H with
a total of 227 students. The sample is part of the population taken by a certain method. In this
study, the samples taken were 2 classes (control class and experimental class). Population and
sample.

The population is a generalization area consisting of objects/subjects that have certain
quantities and characteristics determined by the researcher to be studied and then conclusions
drawn. In this study, the population taken was class V111 students of SMP Negeri 1 Baturaden
in the academic year 2022/2023, which consisted of 8 classes, namely classes VIII A, VIII B,
VI C, VIII D, VI E, VIII F, VIII G, and VIII H with a total of 227 students. The sample is
part of the population taken by a certain method. In this study, the samples taken were 2 classes
(experimental class and control class). The researcher made class VIII A as the control class
and class VIII B as the experimental class. Sampling in this study used the Convenience
Sampling technique (Desire Sampling). Convenience Sampling technique is a sampling
technique by selecting students because they are often easily available.

The expert validation questionnaire includes material suitability, appropriate language,
and construction. This validation aims to determine the feasibility level of the instrument. There
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are four response options with different scores for each. The following is the expert instrument
scoring table, namely:

Tablel. Expert Validation Instrument Scoring

Average score Description implementation
325< x <£4,00 Very good
250< x < 3,25 Good
1,75< x < 2,50 Good Enough
1,00< x <1,75 Not god

The feasibility of the mathematical creative thinking ability instrument in this study is

shown based on the results of the analysis that has been validated by the validator.

C.

1.

Results and Discussion

Data Analysis Implementation of Flipped Classroom Learning Strategies
The following will explain the result and discussion of this study:

Table 2. Data Analysis Implementation of Flipped Classroom Learning Strategies
Research Partition  Sample Location ~ Sum
Tuesday, May 16

1. Ibu Yuli S.Pd 2023 26

. Tuesday, May 16
2.Azkiyah 2023 27
Average 3,75

Based on the table above, the results of observations made by observer 1, Mrs. Yuli Puji

Astuti, was 37.1, while for observer 2, namely Azkiyah, it was 38.5. According to the table of
the researcher's ability criteria, an average value of 3.75 is obtained which is at an interval of
3.25 <x <4.00, which means that it is in the criteria of well implemented.

2.

The application of flipped classroom learning strategies to learning
mathematics

In the influence data analysis, along with the explanation:

Experimental Class and Control Class Pretest data

The following is pre-test data obtained during the study, namely from two classes which

were the object of research, namely VIII A as the control class and VIII B as the experimental

class.

Table 3. Pretest value DataFor Experiment Class and Control Class

No  Eksperimen class Pretest Kontrol class Pretest
1. Al 54 B1 82
2. A2 52 B2 82
3. A3 67 B3 62
4, Ad 68 B4 70
5. A5 76 B5 82
6. A6 74 B6 54
7. A7 56 B7 67
8. A8 78 B8 67
9. A9 72 B9 74
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10. Al0 68 B10 57
11. All 72 B11l 50
12. Al2 76 B12 67
13. Al3 71 B13 82
14 Al4 68 B14 80
15. Al5 72 B15 78
16. Al6 70 B16 60
17. Al7 72 B17 77
18. Al8 71 B18 58
19. Al9 68 B19 68
20. A20 80 B20 70
21. A21 48 B21 62
22. A22 84 B22 72
23. A23 64 B23 72
24, A24 82 B24 62
25. A25 75 B25 71
26. A26 58 B26 48
217. A27 62 B27 62
28. A28 62 B28 64
29. A29 60 B29 71
30. A30 61 B30 72
31. A3l - B31 48
32. A32 - B32 50
33. - B33 62
34. - B34 68
35. B35 64

The normality test is a procedure used to determine whether the data is normally
distributed or not. The normality test uses the Kolmogorov Smirnov formula. The results of
data analysis using SPSS Version 25 software. With the criteria if it is significant (p-value) <
a = 0.05, it means that the data is not normally distributed and vice versa if (p-value) > a =
0.05, it means that the data is normally distributed. The normality test results are as follows

Table 4. Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
KELAS_A 132 30 .194 .976 30 699
KELAS_B .088 30 200" .962 30 344

*, This is a lower bound of the true significance.
a. Lilliefors Significance Correction

After the samples used in the study from both the experimental class and the control class
were normally distributed data with a probability (Sig) greater than the alpha value, then the
homogeneity value was sought. The homogeneity test aims to determine the variance
(diversity) of data from two or more groups that are homogeneous (same) or heterogeneous
(not the same). The results of data analysis using SPSS Version 25 software. With the criteria
if it is significant (p-value) < o = 0.05, it means that the data is not homogeneous or
heterogeneous and vice versa if (p-value) > a = 0.05, it means that the data is homogeneous.
The results of homogeneity are as follows:

Table 5.Test of Homogeneity of Variances
Levene Statistic dfl df2 Sig.
Based on Mean .184 1 58 .670
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hasil Based on Median 178 1 58 .675
pretest Based on Median and with 178 1 57.985 .675
adjusted df
Based on trimmed mean .183 1 58 .670

The T test was carried out after it was known that the data taken was normally distributed.
Then, to test the hypothesis in this study using an independent sample t test using SPSS Version
25 software. This hypothesis test was conducted to determine whether there is an effect of the
Flipped Classroom Learning Strategy on the ability to understand mathematical concepts.

Table 6. Pretest Data T

Std.
Error
Mean Diffe
Sig. (2- Differenc renc
F  Sig. t df tailed) e e Lower Upper
HA Equal variances 2  .000 - 64 .000 -13.47778 2.32 - -8.83024
SIL assumed 1. 5.79 641 18.1253
BE 6 3 1
LA 9
JA 0
R Equal variances - 36.277 .000 -13.47778 2.49 - -8.42745
not assumed 5.41 084 18.5281
1 0

Based on the results of the independent sample t test using the SPSS Version 25 software
above, it can be seen that the sig. (2-tailed) 0.000 > 0.05, then H_O is rejected and H_1 is
accepted. This shows that the scores of the experimental class and the control class are
significantly different. H_1 : u 1 > p 2 can be interpreted that the flipped classroom learning
strategy affects the ability to understand mathematical concepts in class VI1II students.

b.  Experimental Class and Control Class Pretest data

The following is the post-test data obtained during the study, namely from two classes
which are the object of research, namely VII A as the control class and VIII B as the
experimental class.

Table 7. Postest value Data For Experiment Class and Control Class

No Eksperimen Posttest Kontrol Post-test
1. Al 75 B1 96
2. A2 68 B2 86
3. A3 57 B3 72
4. A4 78 B4 84
5. A5 52 B5 90
6. A6 50 B6 88
7. A7 62 B7 84
8. A8 88 B8 82
9. A9 80 B9 86
10. A10 50 B10 88
11. All 66 B11 82
12. Al2 61 B12 78
13. A13 60 B13 94
14 Al4 72 B14 82
15. Al5 70 B15 86
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16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

Al6
Al7
Al8
Al9
A20
A21
A22
A23
A24
A25
A26
A27
A28
A29
A30
A3l
A32
A33
A34
A35
A36
SUM
AVERAGE
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74 B16 88
68 B17 82
72 B18 74
50 B19 78
90 B20 80
44 B21 82
88 B22 82
70 B23 80
86 B24 84
82 B25 78
89 B26 84
72 B27 82
74 B28 78
80 B29 82
66 B30 88

- B3l 82

- B32 82

- B33 78

- B34 82

- B35 90

- B36 84

2094 SUM 2998
69,8 AVERAGE 83,2

Based on the table above, information was obtained that the highest score in the
experimental class was 96 and the lowest score was 72 with an average of 83.2, while the
highest score in the control class was 90 and the lowest was 44.The following is the post-test data
obtained during the study, namely from two classes which are the object of research, namely VII A as
the control class and V111 B as the experimental class

Table 8.Tests of Normality

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic df Sig. Statistic df Sig.
KELAS_A 132 194 976 30 .699
KELAS B .088 .200" 962 30 344

*. This is a lower bound of the true significance.

a. Lilliefors Significance Correction

Based on the results of the normality test with the Kolmogorov Smirnov according to the
table above, it shows that the samples used from both the experimental class and the control
class are normally distributed data with a probability (Sig) greater than the alpha value. With
the experimental class sig pretest value of 0.200 > 0.050 while the control class sig pretest
value was 0.088 > 0.050.
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Table 9. Independent Samples Test

Levene's Test
for Equality of

Variances t-test for Equality of Means
Std. 95% Confidence
Error Interval of the
Sig. (- Mean  Diffe Difference
F Sig. t df tailed) Difference rence Lower Upper
21.69  .000 - 64 .000 -13.47778 2.32 - -8.83024
0 5.79 641 18.1253
3 1
- 36.277 .000 -13.47778 2.49 - -8.42745
5.41 084 18.5281
1 0

The T test was carried out after it was known that the data taken was normally distributed.
Then, to test the hypothesis in this study using an independent sample t test using SPSS Version
25 software. This hypothesis test was conducted to determine whether there is an effect of the
Flipped Classroom Learning Strategy on the ability to understand mathematical concepts.

D. Conclusion

The Flipped Classroom learning strategy was implemented in the experimental class
based on the stages of the Flipped Classroom learning strategy, namely preparation, assessment
and evaluation. Through this learning strategy, students can solve math problems, with the
material that has been given beforehand before the learning process in class takes place, this
allows students to get material beforehand so they can understand statistical material easily.
Researchers hope that by implementing this learning strategy, students' understanding of
mathematical concepts will further increase.
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Based learning model based on open-ended to improve students'
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score of 3.46. From the results of the T-test data analysis, it can be seen
that the learning model based on open-ended is effective for improving
students' mathematical creative thinking skills, it can be seen from the
significance value of 0.006 < 0.05, then HO is rejected and H1 is
accepted, which means that the problem-based learning model based
on open-ended effective to improve students' mathematical creative
thinking skills.
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A. Introduction

Education is a conscious and planned effort as an effort to promote ethics, mind and body
in order to promote better perfection in life. According to Law No. 20 of 2003, education is a
conscious and planned effort that aims to create a learning atmosphere and the learning process
of students actively developing their potentialto have religious spiritual strength, self-control,
personality, intelligence, noble character, and skills needed by themselves, society, nation, and
state.

Educational Objectives are very important in an education, because the purpose of
Education is the direction to be aimed or to be achieved in an Education. Therefore, the purpose
of education always changes from time to time which is adjusted to the demands of
development and development of the lives of the people and the state of Indonesia.

Mathematics is a scientific discipline that systematically examines mindsets, relationship
patterns, language, and art which are all studied with logic and are deductive, mathematics can
be useful in helping humans in social, economic, and natural problems. Mathematics is one of
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the subjects that is considered important to teach because mathematics will require students to
think logically, thoroughly, and calculatingly which is useful in everyday life.

The ability to think higher order is a component of thinking ability, which is the ability
to process the mind to produce new ideas. According to Beetlestone (1998), the creative aspect
of the brain can help explain and interpret abstract concepts, thus allowing students to achieve
greater mastery, especially in subjects such as mathematics and science that are often difficult
to understand. Thus, it can be concluded that students' creative thinking is one of the aspects
that Plays a role in improving students' mathematical creative thinking skills in the field of
mathematics.

Many efforts have been made by the government to develop students' creative thinking
skills. One of them is in K-13, the government requires that in every learning process must
support students to improve students' mathematical creative thinking skills. This is illustrated
in the principles of k-13 learning (Permendikbud No. 103, 2014). In 2018 the government
presented HOTS type questions of 10% in UN questions, the policy was implemented to train
students to use their skillsto think creatively and critically. In addition, government policy also
aims to encourage teachers to improve the quality of learning in the classroom.

Indonesia’'s participation in PISA since 2000 also aims to evaluate and improve the
quality of education with students' reading literacy skills, mateamtics skills and science skills
in 2015. However, the efforts made by the government have not been directly proportional to
the results achieved to improve students' mathematical creative thinking skills. The latest PISA
results in 2015 did increase from 275 points in 2012 to 386 points in 2015. However, Indonesia
is still in the bottom position, inferior to neighboring countries and even lagging far behind
Singapore which occupies the first position.

In the participation of TIMSS (Trends In International Mathematics And Science Study)
which aims to evaluate and improve the quality of mathematics and science education in
Indonesia. However, the efforts made by the government are still not directly proportional to
the purpose of participation in TIMSS. This can be seen from the average mathematics
achievement score in Indonesia for 3 periods (1999, 2003-2007, 2011, and 2015) is still low
which shows that in general students in Indonesia only know concepts and cannot apply
concepts in various problems well in mathematics. So that students can only solve the exact
same questions exemplified by the teacher.

Another indicator thatillustrates the weakness of students' mathematical creative
thinking skills can be seen from the results of UN mathematics subjects are in the less category.
In fact, in general, the UN results of each level have decreased from 2014/2015 to 2017/2018.
One of the causes of the decline in UN results is allegedly because the implementation of
UNBK has many HOTS questions, where there are many HOTS questions that require
reasoning in solving so that it requires students to think more creatively in solving these
problems. thus making the difficulty level of the questions higher.

In the ability to think creatively, students are required to be more independent and active
in learning. However, now a lot of classroom learning only relies on the teacher, so students
are less active and what happens is that students become passive in the learning process. Based
on the results of interviews with teaching teachers in class VIII mathematics subjects at MTs
N 1 Purbalingga, it is known that students' mathematical creative thinking skills are still low.
It can be seen from the results of students' tests and assignments, most of the answers from
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students are still ordinary or less varied in answering questions. Students tend to be lazy to
solve questions independently, there are no students who ask questions about other ways to
solve or solve problems so that students always answer questions in the way the teacher has
taught, there is no desire to solve problems with their own thoughts in various ways.

To overcome these problems, an Open-Ended Problem Based Learning model can be
applied, where the learning model offers a form of learning that involves students actively in
their learning so that students are more creative in solving open-ended based mathematical
problems . Where the learning model strongly emphasizes students to be more independent in
learning so that students can build their own knowledge, and can create a conducive and fun
classroom atmosphere so that students can learn actively and are able to solve mathematical
problems related to a problem.

Based on the statements above, researchers are interested in conducting research entitled
The Effectiveness of Open-Ended Based Learning Problem Based Models to Improve
Mathematical Creative Thinking Skills of Class VIII Mts N 1 Purbalingga Students.

B. Methods

The type of research in this study is quantitative research. Quantitative research refers
to the philosophical view of positivism which views that phenomena in research can be
classified, measurable, relatively fixed, concrete, observed, and have a relationship of
symptoms that are cause and effect. Quantitative research method is a type of research whose
specifics are more planned, systematic, and structured more clearly from the beginning to the
end of the research. As for those who consider that quantitative research is a study that uses
numbers, starting from data collection, interpretation of the data obtained, and the appearance
of the results.

The research design used in the study was the Pretest and Posttest Control Group. The
research began with the provision of Pretest to the experimental class and the control class,
then given mathematics learning to the experimental class using the problem based learning
models base on open-ended and the control class using conventional model. After carrying out
the entire series of learning, the two classes were given a posttest with the aim of determining
the improvement of students mathematical creative thinking skills.

This research was conducted at MTs N 1 Purbalingga located on JI. Sokawera No. 01,
Karanganyar Village, Karanganyar District, Purbalingga Regency, Central Java Province
53354.The learning process carried out for this research was carried out in classes VIII G and
VI H as control classes and experimental classes.

The population is the overall subject of study. If one wants to examine all the elements
in the research area, then the research is population research. Stidu or its research is also called
population study or census study. The population of this study was MTs N 1 Purbalingga Class
V111 students totaling 320 students.

The sample is a portion or representative of the population studied. The sample is also
part of the number and character possessed by that population. If the population is large, and it
is not possible to study everything in the population, for example due to limited funds, energy
and time, then the study can use samples taken from that population. The sample of this study
uses the Convenience Sampling Technique, which is sampling where researchers choose
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participants because they are willing to be studied. In this case, the researcher cannot say with
confidence that the individual is representative of the population. However, samples can
provide useful information to answer questions and hypotheses. The samples used in this study
were class VIII G numbering 28 and class V111 H totaling 30 students.

The method of collecting data in this study is using observation and tests. Data collection
techniques with observation are used when the research deals with human behavior, work
processes, natural phenomena and when the observed respondents are not large.

In this case, observations were used to obtain data to see the implementation of open-
ended based problem based learning (PBL) models to improve the mathematical creative
thinking skills of grade VIII MTs N 1 Purbalingga students. The instrument used to observe
the implementation is with an observation sheet assessed by the class teacher and one other
observer.

Then to increase the ability of researchers in teaching is calculated by adding up the total
score then divided into many aspects in the observation sheet. The following are the basic
decision-making guidelines for the implementation of the Problem Based Learning mode base
on Open-Ended:

Table 1. Implementation Decision Making Guidelines

Average Score Implementation Descriptin
3,25<x<4,00 Very Good

2,50 <x<3,25 Good

1,75 <x<2,50 Good Enough
1,00<x<1,75 Not Good

Then tomeasure the effectiveness of open-ended based problem-based learning models
to improve creative thinking skills Student mathematics can be done if they have been given
treatment to the experimental group. After being given treatment, researchers will get the data
needed to analyze the data. The data will be analyzed using the T test (hypothesis) with the
help of SPSS version 16.

The criteria used in the T test are as follows:

If HO is accepted if the value of teount < tranle , OF the value of sig (2-tailed) > a

If H1 is accepted if the value of tcount > tranie OF the value of sig (2-tailed) < a

If there is acceptance of Ho, it can be concluded that there is no significant effect, while
if Ho is rejected it means that there is a significant influence. Which means that if HO is
accepted, it means that there is no effectiveness of the Problem Based Learning Model base on
open-ended to improve the mathematical creative thinking ability of grade VIII Mts N 1
Purbalingga students.

To improve the mathematical creative thinking ability of grade V111 students of Mts N 1
Purbalingga. And if Hy is accepted , it means that there is an effectiveness of the open-ended
based Problem Based learning model base on open-ended to improve the mathematical
creative thinking ability of grade VIII Mts N 1 Purbalingga students.

C. Results and Discussion
1. Implementation data analysis
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In this implementation data analysis, it will be explained how to implement an open-
ended problem-based learning model on experimental class statistics material. The
implementation data was taken from an observation sheet given to two observers, namely
Azwar Usman, S.Pd and Inanda Shofa Azahroh. The following are the results of
implementation observations filled in by observers:

Table 2. Implementation Observations

No Observers Date Of Total Score Average
Observation Observer
Score
1 Observer 1 Thursday, 11 46 3,54
May 2023
2 Observer 2 Thursday, 11 44 3,38
May 2023
Observation Score Results 90 6,92
Averange Observation Score Results 45 3,46

Based on the table above, it can be seen that the observation score obtained from the
implementation observations by Azwar Usman, S.Pd. and Inanda Shofa Azahroh is 3.46. Based
on the decision-making guidelines in table 3. 9, a score of 3.46 falls into the "Very Good"
category. Thus, it can be said that the implementation of problem based learning models base
on open-ended in experimental class statistics material is very good.

2.  Effectiveness Data Analysis

After the pretest and posstest instruments are tested for validity and reliability, the pretest
and posstest can be used to determine the effectiveness of implementation of problem based
learning models base on open-ended to improve the mathematical creative thinking skills of
grade VIII MTs N 1 Purbalingga students. The following is an analysis of pretest and posstest
data after being applied to experimental classes and control classes to determine the
effectiveness of problem based learning models base on open-ended to improve mathematical
creative thinking skills:

a.  Pretest Data Analysis

Pretest is used to measure students' initial ability related to mathematical communication
skills before different learning models or treatments are carried out. The following are the
pretest results in the experimental class and control class.

Table 3. Pretest Value Comparison Experiment Class and Control Class

No Experiment Pretest ~ Control Class  Peretest
Class Code Scores Code Score

1 Al 45 B1 45
2 A2 55 B2 55
3 A3 44 B3 44
4 A4 45 B4 46
5 A5 57 B5 47
6 A6 36 B6 36
7 A7 43 B7 43
8 A8 45 B8 44
9 A9 45 B9 45
10 A10 39 B10 38
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11 All 44 B11 44
12 Al2 57 B12 47
13 Al3 54 B13 55
14 Al4 35 B14 46
15 Al5 57 B15 42
16 Al6 47 B16 33
17 Al7 44 B17 44
18 Al8 55 B18 49
19 Al19 48 B19 48
20 A20 45 B20 41
21 A21 55 B21 46
22 A22 48 B22 49
23 A23 36 B23 33
24 A24 38 B24 47
25 A25 35 B25 38
26 A26 47 B26 47
27 A27 35 B27 39
28 A28 38 B28 55
29 A29 58 - -
30 A30 45 - -
Sum 1375 Sum 1246
Average 45.83 Average 44.5
Higest Score 58 Higest Score 55
Lowest Score 35 Lowest Score 33

Based on the table above, it can be seen that the lowest scores of the two classes are
different, namely 35 and 33, the highest scores of the two classes are also different different,
namely for experimental class 58 control class 5 5, and for the average of the two classes are
almost the same at 45.83 and 44.5. So it can be said that the creative thinking ability of
experimental class students and control classes is the same, and problem based learning models
base on open-ended can be applied to experimental classes.

The normality test is a procedure used to determine whether data is normally distributed
or not. Test normality using Kolmogorov Smirnov's formula. Results of data analysis using
SPSS Version 16 software.

The decision-making guideline in the test is that if the significance number of the
Kolmogorov Smirnov Sig. test > 0.05, then the data distributes normally and if the significance
number of the Kolmogorov Smirnov Sig. test < 0.05, which means that the data does not
distribute normally. Here are the results of the experimental class and control class pretest
normality tests:

Table 4. Pretest Normality Results

Kolmogorov-Smirnov? Shapiro-Wilk
Statistic Df Sig. Statistic df Sig.
Hasil 112 58 .069 .946 58 .062

a. Lilliefors Significance Correction
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Based on the table above, it can be seen that the significance value of the experimental
classis 0,69 > 0.050. So it can be concluded that the pretest results of the two classes are normal

A homogeneity test is performed to find out if the sample comes from a population that
has the same variance. A homogeneity test can be performed when the data group is normally
distributed.

The decision-making guideline in the test is if the homogeneous test significance number
> (0.05 which means homogeneous data and if the homogeneous test significance number <
0.05 which means the data is not homogeneous. In this study, the homogeneity test was carried
out using the SPSS Version 16 software application. Here are the homogeneity test results from
the pretest data:

Table 5. Pretest Homogeneity Test Results

Levene
Statistic dfl df2 Sig.
Hasil Based on Mean 2.253 1 56  .139

Based on Median 1.730 1 56 .194
Based on Median
and with adjusted 1.730 1 53.970 194
df
Based on trimmed 2991 1 56 142
mean

Based on the results of the homogeneity test according to the table above, it shows that
the significance value (Sig) Based on Mean is 0.139 > 0.050, so it can be concluded that the
variant of pretest data for the experimental class and the control class is homogeneous (the
same).

The T test is performed after it is known that the data taken is normally distributed data.
Then, to test the hypothesis in this study using an independent sample t test using SPSS Version
16 software. This hypothesis test was conducted to determine whether there is an effectiveness
of problem based learning models base on open-ended to improve students' mathematical
creative thinking skills. The results of the independent sample T test conducted using SPSS
Version 16 software are as follows

Table 6. Results of the hypothesis test Independent Samples Test
Levene's Test
for Equality of
Variances t-test for Equality of Means
95%
Sig. stg.  Confidence
taile Differ Differ ~ Difference
F Sig. T df d) ence ence Lower Upper

Hasil Equal
variances 2.253 139 763 56 .449 1.333 1.748 -2.169 4.836
assumed
Equal 54.21
variances not .769 .6 445 1.333 1.733 -2.141 4.808
assumed
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Based on the results of the independent sample t test using SPSS Version 16 software
above, it can be seen that the value of sig. (2-tailed) 0.449 > 0.05, then ,H-0. accepted and ,H-
1.rejected. This shows that the scores of the experimental class and the control class were not
significantly different. : It can be interpreted that conventional learning models (lectures) have
no effect on the ability to understand mathematical concepts.

b.  Postest Data Analysis

Posttest is used to measure students' final ability related to mathematical communication
skills after different learning models or treatments in experimental and control classes. Here
are the posttest results in the experimental class and control class:

Table 7. Comparison of Experimental Class and Control Class Pretest Values

Experiment Pretest ~ Control Class Pretest
No Class Code Scores Code Scores
1 Al 76 B1 75
2 A2 79 B2 80
3 A3 74 B3 70
4 Ad 72 B4 65
5 A5 95 B5 67
6 A6 78 B6 80
7 A7 92 B7 78
8 A8 85 B8 79
9 A9 75 B9 75
10 Al0 90 B10 68
11 All 86 B11 75
12 Al2 90 B12 78
13 A13 78 B13 79
14 Al4 90 B14 67
15 Al5 88 B15 79
16 Al6 79 B16 82
17 Al7 80 B17 75
18 A18 79 B18 85
19 Al19 70 B19 74
20 A20 75 B20 72
21 A21 80 B21 80
22 A22 85 B22 74
23 A23 75 B23 80
24 A24 91 B24 65
25 A25 75 B25 65
26 A26 74 B26 82
27 A27 68 B27 80
28 A28 92 B28 75
29 A29 67
30 A30 72
Sum 2410 Sum 2104
Average 80.5 Average 75.5
Higest Score 95 Higest Score 85
Lowest Score 67 Lowest Score 65

Based on the table above, it can be seen that the lowest scores of the two classes are not
the same, namely for the experimental class of 67 and the control value of 65, the highest values
of the two classes are different, namely for experimental class 95, control class 85, and for the
average of the two classes are also different, namely 80.5 for experimental class and 75.5 for
control class. So it can be said that the mathematical creative thinking ability of experimental
class and control class students is different, where the posttest results of the experimental class
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are higher than those of the control class.

The normality test is a procedure used to determine whether data is normally distributed
or not. Test normality using Kolmogorov Smirnov's formula. Results of data analysis using
SPSS Version 16 software.

The decision-making guideline in the test is that if the significance number of the
Kolmogorov Smirnov Sig. test > 0.05, then the data distributes normally and if the significance
number of the Kolmogorov Smirnov Sig. test < 0.05, which means that the data does not
distribute normally. Here are the results of the experimental class and control class pretest
normality tests:

Based on the table above, it can be seen that the significance value of the experimen class
is 0.093 > 0.050. So it can be concluded that the posttest results of both classes are normal.

A homogeneity test is performed to find out if the sample comes from a population that
has the same variance. A homogeneity test can be performed when the data group is normally
distributed.

The decision-making guideline in the test is if the homogeneous test significance number
> 0.05 which means homogeneous data and if the homogeneous test significance number <
0.05 which means the data is not homogeneous. In this study, the homogeneity test was carried
out using the SPSS Version 16 software application. Here are the homogeneity test results from
the posttest date:

Table 9. Postest homogeneity test results

Levene
Statistic  dfl df2 Sig.
Hasil Based on Mean 4,345 1 56 .042
Based on Median 2.939 1 56 .092

Based on Median and
with adjusted df

Based on trimmed
mean

2.939 1 50.967 .093

4.268 1 56 .043

Based on the results of the homogeneity test according to the table above, it shows that
the significance value (Sig) Based on Mean is 0.042 < 0.050, so it can be concluded that the
posttest data variant of the experimental class and the control class is not homogeneous (not
the same).

The T test is performed after it is known that the data taken is normally distributed data.
Then, to test the hypothesis in this study using an independent sample t test using SPSS Version
16 software. This hypothesis test was conducted to determine whether there is an effectiveness
of problem based learning models base on pen-ended to improve students' mathematical
creative thinking skills. The results of the independent sample postest T test conducted using
SPSS Version 16 software are as follows:
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Table 10 Results of the hypothesis test (independent samples t test)on the
posttest question

Levene's
Test for
Equality of
Variances t-test for Equality of Means
95% Confidence
Interval of the

Std. Difference
Sig. Mean Error

(2- Differ Differe
F Sig. t df tailed) ence nce Lower Upper

Hasil Equal
variances 4'3‘5‘ 0.42 2'82 56 006 5190 1832 1520 8.860
assumed
Equal
variances 2'82 52é2 006 5190 1812 1555 8.826

not assumed

Based on the results of the independent sample t test using SPSS Version 16 software
above, it can be seen that the value of sig. (2-tailed) 0.006 < 0.05, then H, rejected and H,
Accepted. This shows that the scores of the experimental class and the control class are
significantly different. : It can be interpreted that problem based learning models base on pen-
ended are effective for improving students' mathematical creative thinking skills.

D. Conclusion

Based on research and discussion, it can be concluded that problem based learning
models base on open-ended can be done well, in accordance with the research criteria table
and obtained an average of 3.46 which means that it is vulnerable 3.25 < X < 4.00, so it is
included in the "Very Good" category. So it can be said that the implementation of problem
based learning models base on open-ended on experimental class statistics material is very
good.

The problem based learning models base on open-ended is effective for improving the
mathematical creative thinking skills of grade VIII students. Evidenced by showing that the
score scores of the experimental class and the control class were significantly different. And
also seen from the results of the t test with a significance value (2-tailed) of 0.006 < 0.05, H 0
was rejected and H 1 was accepted, which means that the problem based learning models base
on open-ended is effective for improving the mathematical creative thinking ability of grade
VIl MTs N 1 Purbalingga students.
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A. Introduction
The science of mathematics plays various roles in people's and society's growth (Fatima,
2015). A person must cooperate and communicate with others in a social setting. Transactions
and other activities, the majority of which cannot be separated from mathematics, can be
considered types of cooperation and communication that take place. Additionally, humans need
mathematics to further their cerebral development. Math problem-solving exercises aid in the
development of pupils' thinking skills. These exercises will develop a positive, inventive
mindset. Later on, this procedure would impact pupils' mental capacities in daily life.
Numerous societal areas, such as education, economic development, and science and
technology, demonstrate the value of mathematics. Math is studied or required in practically
every topic and course in education. Mathematics supports economics in terms of economic
growth. In the development of science and technology, mathematics is used extensively in
business and financial services, and as a result, science and technology are present. From social
sciences to medical and medical sciences, mathematics is widely used in various scientific
fields. The advancement of science and technology in this century has also made successful
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use of mathematics. This is demonstrated using mathematics in multiple domains, such as
planetary exploration and biotechnology.

Mathematics must be continually improved to generate the range of mathematical
knowledge needed by humanity as a force supporting science and technology. Various tools
and technologies can be used in conjunction with this knowledge. Therefore, the need for
additional mathematical expertise to enhance human life is excellent. Mathematicians play a
crucial part in this talent, and the more mathematicians there are, the newer skills there are to
learn.

One of the ways to create many mathematicians is by nurturing and educating students
in solving mathematical problems in schools. Therefore, teachers need to increase their role in
improving problem-solving skills in mathematics. However, most mathematics teachers
currently produce students or graduates. One strategy for creating many mathematicians is to
encourage and train pupils to solve mathematical problems in the classroom. As a result,
teachers need to play a more significant part in enhancing students' ability to solve
mathematical problems. However, most math instructors today generate graduates or students
who need more knowledge or expertise to solve complex problems (Xavier, 2013).
Additionally, even though some mathematics textbooks use conjectures in the presentation of
the topic, modern educational activities have largely stripped mathematics of its distinctive
features. This is evident from the simplified mathematical algorithms the teacher uses to
explain the material, from the fact that students rarely learn why definitions, examples,
theorems, and proofs are significant or fascinating, and from their perception that learning
mathematics consists only of learning rigid rules and procedures (Wilson, 2003).

Only some students need to be math experts or have a strong math background. To deal
with technological advancements and the advancement of the times, pupils must learn
mathematics from a young age. As a result, teaching kids problem-solving abilities is crucial
if they can recognize patterns in the continuously shifting, uncertain, and competitive world of
real life. Students are expected to be able to forecast and resolve an issue that will be and is
currently being encountered by identifying ways that occur in daily life.

Only in a suitable learning environment is problem-solving feasible in classroom
learning activities. It is more likely to be employed as a problem-solving method because the
national school curriculum requires a multi-strategy approach and technology. However, the
fact that instructors' learning methods have stayed the same since then is daily news. Teachers
of mathematics still provide material using traditional methods. Most math instructors rarely
use technology in their lessons; hence the adoption of technology in math instruction advances
relatively slowly. Additionally, some teachers have access to computers and the right software
at work and home; nevertheless, the facilities and technology already in place are rarely
incorporated into classroom instruction by the teachers (Zilinskiene & Demirbilek, 2014).
Some teachers have access to computers and the right software at work and home, but they
only sometimes incorporate the available resources into classroom instruction (Hardy, 1940).

The characteristics of learning activities that allow for improving problem-solving
skills are learning activities in which there are activities that they enable students to be able to
make observations. Of course, these observations are based on a task/activity and a problem
that allows students to obtain different results, make mistakes, make improvements, and
conclude the effects they have received. One alternative learning approach with these
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characteristics is problem-based learning (PBL) because, in PBL, it is possible to find several
problem-solving solutions, which are the completion of a problem or activity. In addition,
involving teachers in experimentation/observation activities and pain-solving with PBL
provides teachers with new experiences about PBL. Exciting adventures and successful use of
PBL are expected to encourage teachers' willingness to use PBL in their teaching activities
(Cazzola, 2009). Besides PBL, technology can also be used in problem-solving activities
(Colton, 2007).

Technology has affected the world of education at this time. This is due to the
availability of various hardware and software and facilities or information and communications
technology (ICT) that students can use for learning. ICT at least influences school subjects,
knowledge, curriculum, how experts work, how teachers teach, how students work individually
and in groups, and how students learn. This influence has consequences for teacher competence
and implications for teacher education. Teachers must also be able to use these technologies in
the classroom and laboratory (Cornu, 1999).

One of the technologies that teachers in classroom learning activities can use is the
GeoGebra dynamic mathematics software. GeoGebra can be used in active and problem-
oriented learning (Majerek, 2014). According to Evans (May 2013), the GeoGebra developer
hopes that mathematics will be easy to understand with this software. He also wanted to show
students that mathematics is beneficial and exciting. With GeoGebra, students can play with
math. They can do something quickly, shift points wherever they want, can experiment with
mathematics, and it is hoped that this method will make students understand better. Therefore,
introducing GeoGebra is the right way to improve the quality of learning and is expected to
improve student learning outcomes so that they are better (Kyeong, 2010; Ljajko, 2013). In
addition, GeoGebra allows students to see abstract concepts, make connections, and discover
mathematics (Antohe, 2009).

Padmavathy and Mareesh (2013) said that PBL has a more effective influence on
learning mathematics than conventional learning in increasing students' understanding and use
of mathematical concepts in real life. In addition, Leinwand and Burrill (2001) added that
technology is essential in learning mathematics. However, integrating the GeoGebra dynamic
mathematics software into learning activities with the PBL approach is challenging. More
material on PBL training (Ward & Lee, 2002) and the availability of a computer laboratory are
needed to guarantee the implementation of regular use of computers in classroom learning
(Leikin & Zazkis, 2010). According to So and Kim (2009), several things that need to be
improved in integrating technology into PBL are the lack of ability to connect ideas,
knowledge, and action and the lack of teaching resources that integrate technology with PBL.
Someone who can effectively integrate technology into learning usually has a good mastery of
technology. However, someone with good skills in mastering technology can only sometimes
use these skills in teaching. Therefore, it is indispensable for a teacher to master technology
and how to use it in learning to achieve the objectives of learning activities.

One effort to encourage mathematical software to be used regularly in classroom
learning is to train teachers to use the software (Gawlick, 2002). Kennedy et al. (2008) added
that the correct use of computers and programs that are effective in learning would benefit
students when learning using computers is applied in the classroom. However, computers will
not help much if the software is not combined with the proper learning techniques. For
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example, student-centered learning methods, active learning methods, and learning through
skills, practice, and experimentation.

The designed research is expected to provide new learning experiences in developing
students' problem-solving abilities. Problem-solving in this study can be done with various
learning activities. These activities can be in the form of activities to produce concepts,
conjectures, theorems, and proofs. Identifying the shortcomings of a theorem, simplifying a
proof, generating a new proof method, and finding techniques for constructing a concept can
also be seen as problem-solving activities (Colton, 2007).

Creative learning activities to bring up mathematical problem-solving skills are closely
related to mathematical situations or problems that can bring out the creativity in the classroom.
The mathematical situations or problems in question are at least situations and problems
familiar to everyday life. In addition, the situations and problems presented can be manipulated
so that students can explore, provide sources of information for student questions, and provide
materials and equipment that will encourage students to do experiments. Another thing that
will be done is giving time to students to be able to manipulate, discuss, and experiment,
encourage students not to be afraid of making mistakes that can later be corrected, and produce
conclusions or success from these activities. Providing guidance, reflection, and
reinforcement of students' ideas and hypotheses is also vital, in addition to providing positive
feedback on student work. Researchers or teachers must know when or in what situations a
student should be given guidance or assistance. Reflection is needed in students' understanding
of the material provided, and reinforcement broadens or deepens students' mastery and
knowledge of particular studies. Therefore, this research aims to provide new learning
experiences so students can creatively produce problem-solving. This is done by combining
problem-based learning with GeoGebra dynamic mathematics software, which aims to
improve problem-solving skills.

B. Methods

The research method used is quasi-experimental. The main difference between this
research and pure experimental research lies in placing individuals into groups. In experimental
research, individuals are randomly selected to minimize bias. If individual selection is deemed
impossible or impractical, quasi-experimental research is the right choice (Cohen et al., 2007;
Muijs, 2004). Because the quasi-experimental design does not provide complete control,
researchers need to pay attention to the factors that affect internal and external validity in
interpreting the results of their research (Ary et al., 2009).

This study consisted of independent variables, namely problem-based learning
assisted by technology, and the dependent variable, namely problem-solving skills. The quasi-
experimental design used in this study was a Post-test-Only Design with Non-equivalent
Groups (Prancan & Wise, 2002), as shown below.

NR XO

NR O,
Information:
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NR = Nonrandom (Not Random)
X = Problem-Based Learning Assisted GeoGebra
01=02 = Problem Solving Ability Test

The dotted line between the two sample classes, namely the experimental class and the
control class, indicates that the two classes were not formed by randomly placing individuals
or research subjects into sample classes (Prancan & Wise, 2002). Students who were subjects
in the experimental class were taught using problem-based learning assisted by technology (X).
In contrast, students used as research subjects in the control class were taught traditionally. At
the end of the learning activity, students in both sample classes were given a final test (O1 =
02), namely a test to measure their problem-solving abilities.

The quasi-experimental design in this study did not use pre-tests. This is due to the
possibility that the initial test can affect the final test results (Lana cit. Prancan and Wise, 2002).
In addition, the problem-solving ability test is an unusual test for students. Students need to be
trained in completing tests or questions of this type in the learning process. Therefore, giving
the initial test in this study was eliminated.

This study's population was all class VII SMP Islam 1 Kota Ternate students. The
experimental research class was class VII8, with a total of 21 students and the control class
was class V1111, with 25 students with purposive sampel test. Before being given treatment, an
initial mathematical ability test was carried out on the experimental and control classes. Based
on data analysis on the results of this test, it is known that there is no significant difference in
initial mathematical abilities between the two sample classes, so the two sample class groups
are eligible to be used as research sample classes.

The main instruments of this research are Mathematical Preliminary Ability Tests and
Problem-Solving Ability Tests. The initial mathematical ability test is used to measure students'
understanding of the material studied and is thought to be supporting material in mastering the
material of Triangles and Quadrilaterals. These materials include Numbers, Algebra, Lines and
Angles, and Cartesian Coordinates.

The total number of items is 30. Before being tested, three experts assessed the test's
quality. The assessment includes the suitability of the questions with the indicators; suitability
of the material in question with competence; homogeneous and logical answer choices; the
number of answer keys; formulation of the subject matter; suitability of the primary question
formulation and answer choices; whether there are answer essential instructions; whether there
are statements that are double negative in the main question; selection of homogeneous and
logical answers in terms of material; clarity and functionality of pictures, graphs, tables,
diagrams, or the like in the items that present them; the length of the answer choices; use of
answer choices; sorting of answer choices; the dependence of the item on the answer to the
previous question; the use of language in accordance with the rules of the Indonesian language;
use of communicative language; use of local/taboo language; the selection of answers does not
repeat the same word/group of words, unless it constitutes a unified understanding.

The three assessors stated that the items assessed were by the criteria in terms of
suitability of the items with the indicators; suitability of the material in question with
competence; homogeneous and logical answer choices; formulation of the subject matter;
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whether there are answer essential instructions; whether there are statements that are double
negative in the main question; selection of homogeneous and logical answers in terms of
material; the length of the answer choices; use of answer choices; sorting of answer choices;
the dependence of the item on the answer to the previous question; the use of language by the
rules of the Indonesian language; use of communicative language; use of local/taboo language;
the selection of answers does not repeat the same word/group of words unless it constitutes a
unified understanding.

There are differences between the three assessors in terms of assessing the quality of
the items in terms of the number of answer keys; suitability of the leading question formulation
and answer choices; and the clarity and functionality of pictures, graphs, tables, diagrams, or
the like in the items that present them. Therefore, the opinions of the three assessors need to be
tested for diversity using the Q -Cochan statistic. The Q -Cochan test is used because the data
from the three experts are dichotomous (Siegel, 1956). The analysis results show that the
criterion for the number of answer keys shows the Asymp value. Sig. 0.465; the suitability of
the main questions and the answer choices shows the Asymp value. Sig. 0.392; the clarity and
functionality of pictures, graphs, tables, diagrams, or the like in the items that present them
show the Asymp value. Sig. They amounted to 0.465. This shows that the probability value
(sig.) is more significant than 0.05. Therefore, the three assessors gave uniform considerations
that there was only one answer key, the main questions and answer choices were only necessary
statements, and the image was clear and working. In addition, two out of three raters stated that
the instrument could be used without revision, and one rater stated that the instrument could be
used with minor revisions. Therefore, the researcher concluded that the instrument could be
used without revision.

Problem-solving ability test tests will determine students' problem-solving abilities,
including concepts, conjectures, theorems, proofs, simplification of proofs, and new method
skills. Before use, this problem-solving ability test is tested for quality. The examiners are three
experts. The assessment includes the suitability of the items with the indicators; suitability of
question and answer limits; suitability of the material in question with competence; suitability
of the content of the material being asked for with the level, type of school or class level; the
use of question words or orders; clarity of how to do the questions; the existence of scoring
guidelines; the communicativeness of the question sentence formulation; use of Indonesian;
the use of words that will lead to multiple interpretations or misunderstandings; use of
local/taboo language; and the use of words/expressions that can offend students.

The three assessors stated that the four items assessed had shown the suitability of the
items with the indicators; suitability of question and answer limits; suitability of the material
in question with competence; suitability of the content of the material being asked for with the
level, type of school or class level; use of Indonesian; use of local/taboo language; and the use
of words/expressions that can offend students. However, there are still differences among raters
about assessing the items in terms of the use of question words or commands which requires
explanatory answers; there are clear instructions on how to do the questions, there are scoring
guidelines, the communicativeness of the formulation of the question sentences, and the use of
words that will lead to multiple interpretations or misunderstandings. Therefore, it is necessary
to test the uniformity of the assessment of the four assessors using Q-Cochran statistics.

72 | International Journal of Research in Mathematics Education Vol. 1 No. 1, 2023, 67-80



Suratno, J. & Waliyanti, I.K., The Integration of GeoGebra in...

The results of the analysis using the Q-Cochan statistics show that the criteria for using
question words or commands, clarity on how to do the questions, communicativeness of the
formulation of the questions, the use of words that will lead to multiple interpretations or
misunderstandings all four have an Asymp value. sing. of 0.392, and the criteria for the
existence of a scoring guideline shows the Asymp value. sing. of 1,000. This shows that the
probability value (sig.) is more significant than 0.05. Therefore, it can be concluded that the
three assessors gave uniform considerations that the four items used question words or
commands that demanded detailed answers, there were clear instructions on how to do the
questions, the communicative formulation of the questions, the use of words that would lead
to multiple interpretations or misunderstanding, and there is a scoring guideline. In addition,
two out of three raters stated that the instrument could be used with minor revisions and one
rater stated that the instrument could be used without revision. Therefore, the researcher
concluded that the instrument could be used with minor revisions.

Research data on students' problem-solving abilities will be analysed using SPSS
(Statistical Product and Service Solution) assistance. Before testing, there will be the detection
of outliers as well as testing of normality assumptions and homogeneity of the variance of
research data, namely data on students' problem-solving abilities.

Outliers are detected using standard scores. Datums with standard scores around an
absolute value of three should be suspected as outliers. This is because approximately 99% of
normally distributed data should lie within three standard deviations of the average (Stevens,
2002). Therefore, data with a standard score of around three will be given special attention
later.

The assumption of normality is a requirement of most inferential statistical
procedures. SPSS provides two normality test formulas: the lilliefors normality test
(Kolmogorov-Smirnov) and the Shapiro-Wilk Normality Test. In addition, a variance
homogeneity test will also be carried out, both of which will be used to carry out the type of
test that will be used next, namely parametric or non-parametric tests. If the assumptions of
normality and homogeneity are met, the research hypothesis will be tested by paired-sample t-
test with SPSS 20. If the assumptions of normality or homogeneity are not met, then the
research hypothesis will be tested by the Mann-Whitney test.

C. Results and Discussion

The main objective of this study was to determine the impact of GeoGebra-assisted
problem-based learning (PBL) on students' problem-solving abilities. The number of schools
involved in this research is one. From these schools, two classes were selected as research
samples. One of the two classes learns with GeoGebra-assisted problem-based learning
(PBL+G), and the other learns conventionally. At the end of the learning activity, a test was
carried out to measure student learning outcomes in the form of a problem-solving ability test.
Table 1 below shows data on students' problem-solving abilities from the two class groups.

Table 1. Data of Students’ Problem-Solving Ability

PSS average Deviation Standards The number of

Approach students
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PBL+G 7,10 4,979 21
conventional 5,36 4,154 25
Notes. PSS = Problem Solving Skills
PSS Maximum Score = 23

The research data shows that the average problem-solving skills (PSS) of students in the
PBL+G class is higher when compared to the PSS of students in conventional classes. Even so,
the range of student scores in the PBL+G class looks more spread out than in the conventional
class. This can be seen from the standard deviation of the PBL+G class, which is higher than
the conventional class.

The PSS value in this study has the lowest value of 0 and the highest value of 23.
When viewed from the maximum value of the PSS, the average value of PSS for the PBL+G
class can be categorized as being in a low category, and the average value of the conventional
class descriptively can be categorized in the value criteria as very low.

The assumption of normality is a requirement of most inferential statistical procedures.
This study uses the SPSS 20 in carrying out the normality test. The groups to be tested were
the PBL+G class and the conventional class.

Based on the normality test conducted on the PSS values, it was found that the PBL+G
class showed a p-value < 0.05 for the Lilliefors (Kolmogorov -Smirnov) normality test and a
p-value < 0.05 for the Shapiro-Wilk normality test. Both p-values are smaller than 0.05, so the
PBL+G class data does not come from a normally distributed population. On PSS value for the
conventional class, a p-value <0.05 was obtained for the Lilliefors (Kolmogorov-Smirov)
normality test and a p-value < 0.05 for the Shapiro-Wilk normality test. Both p-values are
smaller than 0.05, so conventional class data do not come from normally distributed
populations for the Lilliefors (Kolmogorov-Smirov) normality test and the Shapiro-Wilk
normality test.

The next test is for the similarity of variance or homogeneity of variance. The class
being compared is the PBL+G class and the conventional class. The homogeneity test of
student PSS data variance shows that the p-value for the variance homogeneity test is more
significant than 0.05. This shows that the two groups, PBL+G and conventional, have the same
variance. Even though the two groups have the same variance, they do not come from normally
distributed populations. Based on the normality test and homogeneity of variance of PSS data,
the statistical test used in this analysis is a nonparametric test. The nonparametric test used is
the Mann-Whitney test. The Mann-Whitney test is an alternative to the independent two-
sample t-test. Based on the analysis, it is known that —the p-value for the two-tailed test is less
than 0.05, so it can be concluded that there is significant difference between the problem-
solving abilities of PBL+G class students and conventional classes.

The main objective of this study was to determine the impact of GeoGebra-assisted
problem-based learning on students' problem-solving skills. Therefore, various learning tools
and research instruments were designed and prepared to achieve the intended research
objectives. After making teaching materials, the next step is assessing the quality of teaching
materials that have been made by involving several experts.

The research was conducted in a school involving 46 students. A total of one PBL+G
class and one conventional class were selected from the school. At the end of the study, a
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learning achievement test was carried out to measure students' problem-solving abilities. The
results showed no significant difference between classes taught by GeoGebra-assisted
problem-based learners and classes taught by conventional methods. Thus GeoGebra-assisted
problem-based learning has no impact on students' problem-solving abilities.

This study's ability to solve problems reflects a mathematical understanding
consisting of four indicators. The four indicators used as tools to measure problem-solving
abilities are finding, exploring, and interpreting the relationship between the properties of the
angles in triangles and lines for triangles; finding, exploring, and interpreting the relationship
between the properties of the midpoints of the sides of a quadrilateral and the shapes formed
by the midpoints; discover, explore and interpret the relationship between the properties of a
diagonal line and the area divided by the diagonal of a parallelogram; and find, explore, and
interpret the properties of lines that are formed based on the relationship between diagonal
lines, gravity lines, and lines that are parallel to the sides of the base of the trapezoid.

The first item indicator is finding, exploring, and interpreting the relationship
between the properties of angles in triangles and lines for triangles. These indicators are used
as guidelines in the formulation of the desired questions. In formulating the problem, the
researcher chose an isosceles triangle which would be used as a problem that students had to
solve. According to von Glasersfeld (2000), knowledge can only result from experience.
Efforts to provide experience with problem-based learning assisted by GeoGebra mathematical
software to gain knowledge about problem-solving have yet to meet expectations. This relates
to basic skills students have not fully mastered, such as understanding symbols and terms in
plane shapes and naming and types of plane shapes. Therefore, the effort to improve it is to
reconstruct (Piaget, 1970) this basic knowledge through an improved learning design so that
the advantages of PBL can be maximized. An example is maximizing the role of cooperation
in groups where individuals can help one another construct knowledge through social and
cultural interaction (Mason & Johnston-Wilder, 2004).

Essential knowledge that students have mastered is necessary for making conjectures
by following the instructions in the problem correctly. Some of the students in this study
indicated that they did not follow the instructions, and others still had problems using writing
aids, such as compasses and protractors. Even though finding conjectures is the first step in
finding mathematics (Wu & Chen, 2009), students' limited abilities will cause obstacles to
getting the expected conjectures.

Analysis of students' problem-solving abilities between classes taught with
GeoGebra-assisted problem-based learning and conventional classes on the four indicators of
problem-solving ability showed no significant difference between the two groups in each
indicator of problem-solving ability.

There are striking differences between the results of this study with several previous
studies. Previous studies have shown that problem-based learning has increased students'
mathematical abilities. Noer (2010) concluded that the quality of improving critical, creative,
and reflective mathematical thinking skills and learning independence of students who received
mathematics learning using problem-based learning was better than students who studied
mathematics conventionally. Problem-based learning also results better than conventional
learning in improving mathematical communication, problem-solving, and students'
mathematical dispositions (Karlimah, 2010).
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Armiati (2011) concluded that problem-based learning is superior to conventional
learning in improving students' mathematical reasoning abilities, mathematical
communication, and emotional intelligence. The ability of problem-solving, communication
and mathematical representation of students who get problem-based learning are better than
students who get conventional learning (Sabirin, 2011).

Combining problem-based learning with other models or strategies also shows
promising results. This can be shown by the high-level mathematical thinking skills and
independence of students whose learning uses a problem-based approach with a Jigsaw-type
cooperative setting better than the high-level mathematical thinking abilities of students whose
learning uses a problem-based approach (Ismaimuza, 2010). Sugandi (2010) also concluded
that the critical thinking skills, creative mathematics, and attitudes of students who received
problem-based learning with cognitive conflict strategies were better than students who
received conventional learning. This combination implies that problem-based learning is a
learning approach that does not rule out the possibility of being combined with other learning
strategies or learning aids.

The results above show that a good learning approach or method successfully applied
in a place is not necessarily appropriate or suitable for application in places, subjects, school
levels, or other materials. Researchers who wish to study research related to technology must
consider several things. First is selecting the correct method or approach to a subject matter
and developing the student's abilities. This requires thinking about how to see the problems
faced by students to find alternative solutions. The second is the allocation of time between
activities in the laboratory and class. The amount of time spent in laboratory activities will
undoubtedly affect students' ability to be measured.

Learning activities entirely spent in front of the computer will undoubtedly affect
students' abilities or skills in using geometric construction tools, such as rulers, compasses, and
arcs. One of the researchers' recommendations for researchers who study geometry problems
with technology is that it is necessary to conduct research that examines the impact of the
number of learning activities in the computer laboratory on students' abilities or skills in
painting or constructing geometric objects and finding out the ideal percentage between the
number of hours of activity in the laboratory and class so that students' skills in constructing
geometric objects both using technology and manually are maximized.

D. Conclusion

The main objective of this study was to determine the impact of GeoGebra-assisted
problem-based learning on students' problem-solving abilities. In general, this research activity
has been carefully prepared, starting from the design and development of teaching materials
and instruments, expert validation, and trials that conclude that the developed teaching
materials and instruments are feasible and can be used further. This research took
approximately four months. The first two months are used for testing teaching materials, and
the remaining two months for field research. Based on the results of data analysis, students'
problem-solving abilities through problem-based learning assisted by GeoGebra are
significantly different from students' skills abilities through conventional learning. Although a
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descriptive review of the average PSA scores shows differences in the criteria for average
scores between PBL+G and conventional classes, the characteristics of the data do not allow
data on students' problem-solving abilities to be tested with parametric statistics. Therefore, the
parameter used as a reference is the median data from the two study sample groups. Based on
the nonparametric test of these parameters, it was concluded that there was significant median
difference between the two study groups being compared. So, GeoGebra-assisted problem-
based learning affect students' problem-solving abilities. The number of activities in class and
the laboratory is the same: five meetings each. Therefore, it is necessary to pay attention to the
number of meetings between the class and the laboratory. This study has yet to maximize
teaching materials and learning tools that have been compiled, developed, and tested with good
results. Therefore, researchers interested in using technology in learning need to pay attention
to the number of meetings in the classroom and the laboratory because this will relate to the
abilities of the students to be measured.
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A. Introduction

The rapid development in today's technology is also underpinned by developments in
mathematics in various fields, such as number theory, algebra, analysis, probability theory, and
discrete mathematics. To master and create technology in the future, strong mastery of
mathematics is needed from an early age. Therefore, mathematics is one of the important
subjects that must be taught in schools, starting from the basic education level to the higher
education level (Chang, Y. L., & Huang, Y. I., 2014). According to Abdurrahman (2003)
Mathematics is a symbolic language whose practical function is to express quantitative and
spatial relations while its function is to facilitate thinking. In education, students' abilities are
honed through problems, so that students are able to improve the various competencies they
have.

One of the objectives of learning mathematics is to develop problem solving abilities.
This indicates that problem solving is one of the most important abilities to be honed in learning
mathematics (Kristianti, N. K. H., Sudhita, I. W. R. S., & Riastini, P. N. ). Oztiirk et al (2020)
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states that problem solving is the process of solving problems that are resolved by using
information, skills, and also attitudes that are used when someone faces unfamiliar or
unfamiliar situations. Sugiman (2009) states that problem-solving skills are not just the goal of
learning mathematics but are even the heart of mathematics. This means, problem solving
ability is a basic ability in learning mathematics.

Polya (1973) interprets problem solving as an attempt to find a way out of a difficulty in
order to achieve a goal that is not so easy to achieve immediately. It appears that learning to
solve problems is essentially learning to think or learning to reason, namely thinking or
reasoning by applying previously acquired knowledge to solve new problems that have never
been encountered (Purwanto, 2013). Through the process of solving problems, students can
develop skills in critical thinking (Purwanto, 2013).

Polya (1973) states that there are four steps to the problem solving phase, namely
analyzing and understanding the problem, designing and planning a solution, solving the
problem, and re-checking all the steps taken. has been done (verifying a solution).
Understanding the problem is of course not just reading, but also digesting the material
presented and understanding what is going on. In other words understanding the
problem/reading the problem is an activity of identifying what is asked to be solved and the
facts given. The activity of planning, the problem solver finds the relationship between the
given data (which is known) and the unknown (which is asked). If the relationship between the
two is not immediately obtained, the problem solver can use auxiliary problems so that a
solution plan is obtained (Baiduri, 2015). At this stage it is also related to what strategy will be
used. Implementing the plan relates to checking each stage of the plan that was made before.
Rechecking activities are related to the correctness/certainty of the solutions obtained (Baiduri,
2015).

As for research on the implementation of the Polya stages carried out by(Sariati, K.,
2013) to improve learning achievement and student motivation, (Apryanti, H., Ismail, F., &
Fitriani, Y., 2015) on solving math story problems(Nitya, I. G. E. P. D., Koyan, I. W., &
Partadjaja, T. R. , 2013) to increase the activity and student learning outcomes, and
(Masrurotullaily, Hobri, & Suharto., 2013) in analyzing financial mathematical problem
solving.

Based on the explanation above, this time the researcher will present a study on the
analysis of the problem-solving ability of polya stages in solving comparative material in
mathematics courses. This study will describe students' problem-solving abilities at each stage
of problem-solving abilities. It is hoped that this research can be used as a basis for providing
lecturer assistance to students who experience problems in the process of solving mathematical
problems.

B. Methods

This type of research is qualitative research using a descriptive approach. According to
Arikunto (2010) Descriptive research is research that is intended to investigate circumstances,
conditions, situations, events, activities, etc., and the results are presented in the form of a
research report. The purpose of this study is to describe the ability to solve mathematical
problems using polya stages in comparative material. The subjects in this study were students
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of the Open University Elementary School Teacher Education Study Program Semester 2 of
the Academic Year 2021/2022.

The subjects in this study were 15 students who would later be grouped based on the
category of solving mathematical problems. The following is a category of students'
mathematical problem solving abilities used by Hermawati et al (2021) that is:

Table 1. Categories of Mathematical Problem Solving Ability

Categories Achievement Percentage
High 75 < P <100
Medium 60<P<75
Low 0<P<60

The data obtained from all 15 students will be used, while for the interview stage two
students will be taken in each category of mathematical problem solving abilities. This research
was conducted in December 2022 - February 2023. To validate the data in this study, the
triangulation method was used. Data collection techniques in this study used diagnostic tests
and interviews.

Where the diagnostic test is in the form of a description test for the Mathematics course
on comparative material. The expected data is in the form of students’ work on a diagnostic test
in the form of a description test of 2 questions along with the steps for solving them according
to the Polya stage. The purpose of the diagnostic test is to determine students' problem-solving
skills in solving math problems. The results of student answers to the diagnostic test questions
were analyzed based on the assessment rubric. The rubric for assessing mathematical problem-
solving abilities in this study was adapted from Mufarida's rubric (2008). This rubric can be

seen in Table 2.
Table 2. Problem Solving Ability Assessment

Rated Aspect Reaction to the problem (problem) Score

Understanding Do not write down/do not mention what is known and what is asked of 1
the questions.

Just write down/mention what is known. 2
Write down/mention what is known and what is asked from the 3
questions inaccurately.

Write down/mention what is known and what is asked of the questions 4
correctly.

Planning Does not present a sequence of solution steps. 1
Presents a sequence of solution steps, but the presented sequence of 2
solutions is not accurate.

Presents the correct sequence of solving steps, but leads to the wrong 3
answer.

Presenting the correct sequence of completion steps and leading to the 4
correct answer.

Solving There is no solution at all. 1
There is a solution, but the procedure is unclear. 2
Using certain correct procedures but incorrect answers. 3
Using certain correct procedures and correct results. 4

Checking Do not write checks and do not write conclusions. 1
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Write conclusions without writing checks. 2
Just write checks without writing conclusions. 3
Write checks and conclusions. 4

Furthermore, for the data obtained through the interview method using interview
guidelines. Interview guidelines are unstructured because researchers do not use guidelines that
have been compiled in a complete and systematic way to collect data, but the guidelines used
are only an outline of the problems to be asked (Sugiyono, 2016). The purpose of the interview
was to clarify the results of the student's answers in accordance with the polya problem solving
stages.

Data analysis techniques were carried out by data reduction, data presentation,
conclusions and verification. In this study also the results of data analysis using a descriptive
approach. Data reduction is done when taking the subject as data. The researcher gave a
diagnostic test to determine the category of problem solving ability. Furthermore, the same
data will be taken one of which is then conducted interviews with reduced subjects. If there is
data that can provide information, then the data is used. Presentation of data is done with
narrative text. Conclusions were drawn after the researchers triangulated the method between
diagnostic tests and interviews. From the results of the conclusions, the results of problem
solving abilities based on the polya stage will be obtained which are divided into high, medium
and low categories.

C. Results and Discussion

This research was conducted on 15 students of the Open University Elementary School
Teacher Education Study Program to determine students' problem solving abilities based on
the Polya stage which were in the high, medium, and low categories. The following are
categories of mathematical problem solving abilities obtained by students in completing
mathematical problem solving ability tests in Table 3.

Table 3. Percentage of Students’ Mathematical Problem Solving Ability

Categories Number of Students Percentage (%)
High 6 40
Medium 6 40
Low 3 20
Total 15 100

Based on table 3 data, out of a total of 15 students who were the subject of the study,
there were 6 students who had high category problem solving abilities with a percentage of
40%, 6 students had moderate category problem solving abilities with a percentage of 40%,
and 3 students had problem solving abilities. low category problems with a percentage of 20%.
Therefore, from all research subjects it was found that students with low category mathematical
problem solving abilities had the least percentage compared to the high and medium categories.

Furthermore, the results of the recapitulation of the results of the ability assessment of
mathematical problems in comparative material for PGSD UT students can be seen in Table 4.

Table 4. Assessment of Mathematical Problem Solving Ability
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Problem Solving

QueNs(t)ion Understanding Planning Solving Checking
4 3 2 1 4 3 2 1 4 3 2 1 4 3 2 1
1 7 5 1 2 5 3 7 0 6 5 1 3 5 4 3 3
2 6 4 5 o 6 4 2 3 6 5 4 0 5 6 1 3

The description of each stage of solving mathematical problem solving is described as follows:
1. Understanding

The first step in solving a problem according to Polya is to understand the problem. In
the first stage students are required to make a picture or illustration if possible, look for special
cases, and try to understand the problem in a simple way. Furthermore, students are required
to be able to write down/mention what is known and what is asked of the questions correctly.
The following are the results of the Understanding stage analysis for each category of research
subject.
a. Low Category

Based on the results of diagnostic tests and interviews, the results of student work in the
low category at stage 1 (understanding) were obtained in Figure 1.

e o S31: "What is known is that Nadia (N),
ok: N1 V- 222 e Rafli (R), and Vito (V)'s test scores

[ = t2 = = . .
,xcLﬁ’;qF/Zng 77 lit2:qb+1 = 7 — immediately add up the result 222"

Figure 1. Results of Stage 1 Low Category Questions

Based on Figure 1, students are incomplete in writing down the information they know
and are asked questions. This is also reinforced by the results of interviews where students can
only determine the sum of the ages of the three students without defining one by one.

b. Medium Category

Based on the results of diagnostic tests and interviews, the results of student work in the

medium category at stage 1 (understanding) were obtained in Figure 2.

S21: "It is known that Rafli's score is 2 higher than
Nadia and Vito's score is 7 lower than Rafli's. The
sum of the three ages of Rafli, Vito and Nadia is
222."

P: “whereas what is being asked about?”

S21: “what is being asked is the grades of Rafli,

Nadia and Vito.”
Figure 2. Work Results of Stage 1 Questions Medium Category
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It can be seen from Figure 2 that students only wrote down what was known in the
problem but did not write down exactly what was asked from the problem. However, during
the interview students can explain what is asked in the questions.

c. High Category

Based on the results of diagnostic tests and interviews, the results of student work in the

high category at stage 1 (understanding) were obtained in Figure 3.

b |Detahui ;R - Variole Rafu S11: “known R variable Rafli, N variable Nadia, V
\'; : M’i‘,—%ﬂ‘———z variable Vito. R = 2 + N means that Rafli's score is
= Naride 3 7 ¢ | 2 points higher than Nadia's. Vito's score is 7
R 244 % | points lower than Rafli's score and Nadia's score is
M R~ 1 “ | 2 points lower than Rafli's score. Furthermore, the
he £-2 '| sum of Rafli, Nadia and Vito's scores is 222. What
Refsv = 222 is being asked is each of their scores.”
Dibanws @ DNlal Ulangan Rofur, Nadys dan Viko 2

Figure 3. Work Results of Stage 1 Questions in the High Category

Based on Figure 3 students can write down or mention what is known and asked in the
questions correctly and completely. This is also reinforced during interviews where students
can explain what is known and asked questions.

From the results of the analysis above, it was found that the three categories had different
stage 1 (Understanding) abilities, where the low category could not write down or mention
what was known and asked about the questions, but for the medium and high categories
students were able to write down or mention what was known. and asked questions.

Based on the test answers, it was found that 12 students (80%) could understand the
problem in question number 1, while for question no.2 there were 10 students (66.67%). Most
students cannot understand the problem because students have not been able to identify the
elements that are known in the problem and change the statement into a mathematical model.
This is in line with Timutius et al (2018) which states that students who do not identify the
necessary elements as known or asked mean that students do not understand the problem
properly.

2. Planning

The second step of problem solving according to Polya is to plan a settlement. The
designing and planning phase includes planning solutions systematically, and determining
what to do, how to do it and the expected results. At this stage, 2 types of responses were found
by students, namely students writing a settlement plan on the answer sheet and students not
writing a settlement plan on the answer sheet (doing directly). The following are the results of
the analysis of the Planning stage for each category of research subjects.

a. Low Category
Based on the results of diagnostic tests and interviews, the results of student work in the
low category in stage 2 (planning) were obtained as follows:
2B Nt R4V - 222 - .| S31:"to first use the equation of the sum

pilaf PREG = 744240+ 1 = 77 | of the three values, then find the value

s0df’ Rapli = 77 e W N
“Nilaf Nadfa” = 7441 = 756 of each.
adi Ntlar Vabile = 75 gelanglean prilad yin -
6911 =FO ST
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Figure 4. Results of Stage 2 Low Category Questions

Based on Figure 4, it can be seen that students have been able to present a sequence of
completion steps, but the sequences of completion presented are inaccurate and strengthened
from the results of interviews where students cannot explain precisely.

b. Medium Category

Based on the results of diagnostic tests and interviews, the results of student work in the
medium category in stage 2 (planning) were obtained in Figure 5.

S21: “To solve this problem, use the equation for the
sum of the three values, which is 222, then enter the
Vito and Nadia equations to get Rafli's value. In the
end, Nadia and Vito's scores will be obtained."

Figure 5. Work Results of Phase 2 Medium Category Questions

In Figure 5 it can be seen that students in the moderate category have been able to present
the sequence of completion steps correctly, but lead to inaccurate answers because the
completion steps are incomplete. Even though the results of the interviews showed that students
were able to plan a settlement with the correct steps.

c. High Category

Based on the results of diagnostic tests and interviews, the results of student work in the

high category in stage 2 (planning) were obtained as follows:

ot - RN+ Y o S11: "first use the equation of the sum of the three
Rt (R-2) ¢ (R7) = 222 values R + N + V = 222, Then enter the equations N
iR-2 - f::” and V where N =R -2 and V =R - 7 then the value of
3',: =23t R or Rafli will be obtained. From the value of R = 77
R o= 2o . 10 included in the N and V equations, the Nadia and Vito
2 values will be obtained.”
N = R-2 y=R-1
N=T7-2 Ve 171-1
i .g_ Y - E

Figure 6. Work Results of Stage 2 Questions in the High Category

Based on Figure 6, students in the high category are able to present the sequence of
completion steps correctly, completely and lead to the correct answer. This shows that students
are able to make plans for the problems they face with reinforcement from the results of
interviews where students can explain the settlement plan properly according to what is written.
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From the results of the analysis above, it was found that the three categories had different
stage 2 (Planning) capabilities, where the low category could not present the sequence of
completion steps, the medium category could present the sequence of steps correctly but led to
an incorrect answer, and the category height can present the correct, complete sequence of
completion steps and lead to the correct answer.

Based on the test answers, it was found that 8 students (53.33%) were able to correctly
present the order of completion steps in question number 1, while for question no.2 there were
10 students (66.67%). Most students are able to present the order of completion correctly, but
have not yet led to the correct answer.

3. Solving

The third stage is to find a solution to the problem. In the problem solving stage it is very
dependent on the experience of students to be more creative in compiling a solution to a
problem. Following are the results of the analysis of the Solving stage for each category of
research subjects.

a. Low Category

Based on the results of diagnostic tests and interviews, the results of student work in the

low category in stage 3 (solving) were obtained as follows:

~=~ - .. | S31: "The sum of Nadia, Rafli and
2 =0 Vito's scores is 222. Then we get Rafli's
good Rapli = 77 A score of 77 from 74 plus 2 and 1. Then
laf "Nadfa” = 1 -756 == ; ) C
é\/a/&u N{:/la/‘ bl :7/1;; ' %7/;”41400_1,//(,,' v/ - | Nadia's score is 75 from 74 plus 1 while
£9f1 =70 o e Vito's score is 69 plus 1 to 70."

wB: N+ R+ vV - 222 o TR
nilal PREW = T4 tasgo+1 = T7 3

Figure 7. Results of Stage 3 Low Category Questions

Based on Figure 7 it appears that students in the low category provide solutions but the
procedures or steps are not clear so that the answers given are also wrong. Students do not
understand what steps to solve the problem.

b. Medium Category

Based on the results of the diagnostic tests and interviews, the results of student work in

the medium category were obtained in stage 3 (solving) as follows:

S21: "firstadd up R + V + N = 222, then enter
the equations V and N so you get the Rafli value
of 77 then enter it into the equation to get the
values of Nadia 75 and Vito 70."

Figure 8. Work Results of Phase 3 Medium Category Questions

Figure 8 shows that students are able to answer questions with the right flow and stages
so as to provide the correct final result according to the plan in the previous step. This was also

88 | International Journal of Research in Mathematics Education Vol. 1 No. 1, 2023, 81-94



Muhassanah, N. & Winarni, A., Analysis of Problem-Solving Ability Based...

reinforced by the results of the interviews which explained the settlement procedures that were
appropriate to the problem.
c. High Category

Based on the results of diagnostic tests and interviews, the results of student work in the
low category in stage 3 (solving) were obtained in Figure 9.

S11: "first use the equation of the sum of the

= 'EI?{.I) f(:?:') = 222 ) three values R + N + VV = 222. Then enter the

2p -9 = 222 | equationsNandV whereN=R-2andV =R

gk = 22239 | -7 then calculate the value R = 77. Enter the

B value R = 77 in the equation N and V so that

3 = | eachobtained 75 and 70."

B v-or-7
K =T7-2 VR f (o -
i =/l§‘ A v = E o

Figure 9. Work Results of Stage 3 Questions in the High Category

In Figure 9 it appears that students in the high category are able to solve questions in a
coherent and correct manner so that they get the correct final grade according to what was
planned in the previous step.

Based on the analysis, it was found that the three categories had different stage 3
(Solving) abilities, where the low category provided solutions but the procedure or rarity was
not clear so that the answers given were also wrong, the medium and high categories were able
to answer questions with the right flow and stages so as to provide correct final result as planned
in the previous step.

Based on the test answers, it was found that 12 students (80%) were able to answer the
questions with the correct flow and steps so as to provide the correct final results according to
plan in question number 1, while for question no.2 there were 10 students (66.67%). Most
students are able to find strategies or solutions using the right procedures in solving problems
so that they get the right answers. This is in line with Aspiandi et al (2020) which states that
students with good problem-solving skills can find the right strategy or solution to solve
problems.

4. Checking

The last stage is examining the solution which consists of activities using specific
examinations of each information and completion steps and using general inspections to find
out the problem in general and its development. In addition, at this stage it is equipped with
writing conclusions on solving the problem. Following are the results of the Checking stage
analysis for each category of research subjects.

a. Low Category

Based on the results of diagnostic tests and interviews, the results of student work in the

low category at stage 4 (checking) were obtained as follows:
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P: “After getting the answer, did you check

J‘fw(/l ; /l//:[ruT Raf C s your answer again?
Nilar N4 Bila - IC S31: "check again ma'am but just don't check
Nilat W0 - o that it's just a rudimentary one"

Figure 10. Low Category Stage 4 Problem Work Results
Figure 10 shows that students have checked their answers again, but because they do not
understand the steps for solving them, the answers given are not correct. However, students
write conclusions from answers even though the answers given are not correct.
b. Medium Category
Based on the results of diagnostic tests and interviews, the results of student work in the
medium category at stage 4 (checking) were obtained as follows:

. P: "After getting the answers, did
you check the answers again?"
S21:"Yes ma'am, | checked again
from the beginning regarding the
equations and calculations.”

P: "to strengthen the answer what
to do?"

S21: "1 will write down the
answers again in conclusion for
each value of Rafli, Nadia and
Vito."

Figure 11. Work Results of Phase 4 Medium Category Questions

Joh nilal Bapli adibh 77, Nadiya adblah 7 don Vito

Based on Figure 11 it appears that students in the middle category did not write down the
re-checking stage but during the interview it was conveyed that the student checked his answers
regarding equations and calculations. In addition, students also write conclusions about
answers with the right results.

c. High Category

Based on the results of diagnostic tests and interviews, the results of student work in the
high category at stage 4 (checking) were obtained as follows:

—— | P:"After finishing work, the answers are checked
_}GLJ!_W',UM%‘“—E“&EA° " | again? ’

S5 Ml ulamgan, MNedia = U6 | 579 yeg | checked again from the beginning to
— Mia Glangn Vi = the calculations, then I gave a conclusion for each

value from Rafli, Nadia and Vito."
Figure 12. Work Results of Stage 4 Questions in the High Category

It can be seen from Figure 12 that students in the category did not write down the re-
checking stage but during the interview it was conveyed that the student checked the steps and
calculations. In addition, students also wrote a summary of the answers with the correct results.

Based on the analysis, it was found that the three categories had different stage 4
(Checking) abilities, where the low category gave but the conclusions that were written were
not correct, the medium and high categories wrote the conclusions of the answers with the right
results without writing down the checks.
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Based on the test answers, it was found that 9 students (60%) were able to write a
conclusion with the right results on question number 1, while for question no.2 there were 11
students (73.33%). Most of the students wrote the conclusion of the answers with the right
results without writing checks.

Based on the results of the analysis above, students who fall into the high category have
good problem-solving skills according to the Polya stage. This is in line with the results of
Christina & Adirakasiwi's research (2021) which states that students with high problem-solving
abilities are able to use the four stages of Polya well.

According to Christina & Adirakasiwi (2021) in their research it showed students with
low mathematical problem solving abilities were more dominant than students with high and
moderate mathematical problem solving abilities. The results of this study were different from
this study, where as many as 12 students (80%) who were in the high and medium categories
had good solving skills according to the Polya stage.

D. Conclusion

Based on the results of the analysis and discussion of this research, it can be concluded
that problem solving abilities according to Polya vary at each stage in each category. For
students in the low category, they are incomplete in writing down the information they know
and are asked about the questions, the sequence of solutions presented is inaccurate, the
procedures or steps are written but they are not correct, and the answers are checked again but
the conclusions written are not correct.

Whereas students in the moderate category have the ability to solve problems, namely
writing what is known in the problem but not writing down what is asked of the problem,
presenting the correct sequence of steps for solving the problem, but leading to wrong answers
using certain procedures or steps that are correct and the results are correct. , and write down
the conclusion of the answer with the right results without writing a check.

For the high category, according to Polya, the ability to solve problems is
writing/mentioning what is known and what is asked of the questions correctly, presenting the
correct sequence of steps for solving the problem, complete and leading to the right answer,
using the right steps or procedures and getting results. correct, and write conclusions without
writing checks.
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