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ABSTRACT

The main problem in this research is the standard mathematical problem-solving ability of elementary
school students. The ineffectiveness of the learning model used by the teacher is the cause of these
problems. The purpose of this study was to analyze the Open-Ended learning model on mathematical
problem-solving abilities. This study uses a quantitative experimental approach with the Quasi-
Experiment method, and the research design is Post-Test Only Control Design. The subjects of this
study were 49 students in class IV, with the research sample consisting of two groups, namely class
IVB as the experimental group with 24 students and class IVD as the control group as many as 25
students. The instrument is a test of mathematical problem-solving ability in the form of open-ended
essay questions. The results of this study indicate an effect of the Open-Ended learning model on
mathematical problem-solving abilities with the results of t_count>t_table (37.23>2.01). Thus, the
result is that H_O is rejected, and H_1 is accepted. That is, there is an effect of the Open-Ended
learning model on students' mathematical problem-solving abilities. It can be concluded that the Open-
Ended learning model is beneficial in the mathematics learning process because it can make students
more active during learning activities, train students to dare to have opinions, and develop various
abilities, especially mathematical problem-solving abilities.

1. INTRODUCTION

Mathematics is a basic science related to logic because it can make students practice thinking to
solve a problem (Fathollahzadeh et al., 2021; Hidayat & Sariningsih, 2018). When students are faced with
a problem, of course they will think about how the problem can be solved or resolved. Mathematics is said
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to be learning that must be obtained by every student (Kurnia et al., 2019; Wijaya et al., 2019). Because
with this mathematics learning students can grow their various abilities. Mathematics is needed for the
process of counting and thinking, which of course these two processes are needed by people in solving
problems (Brhane et al,, 2021; Legesse et al,, 2020). Through learning mathematics, it can indirectly make
students to be more active in exploring their abilities. The learning process does not always run smoothly.
Sometimes there are obstacles that are experienced. For mathematics learning on fourth grade students at
SDN Cempaka Baru 01, the problem is the low mathematical problem solving ability of students. This can
happen due to several factors. Lack of understanding of concepts can be the cause of low mathematical
problem solving abilities. Because understanding the concept is an important foundation to make it easier
for students when pursuing learning mathematics (Hartati et al., 2017; Yin et al.,, 2020). If students do not
understand the concept of the material being studied, students will find it difficult to work on the
questions that will be given by the teacher.

The monotonous learning process also affects the mathematical problem solving ability of
elementary school students (Fung et al., 2020; Swanson et al., 2021). Because the age of elementary school
students will be more interested and motivated to learn if they are involved in the learning process (Lai et
al, 2019; Lian et al,, 2020). So that students' learning resources are not only teachers and books, but
themselves can be used as learning resources. Abstract learning media is also one of the factors for the
low mathematical problem solving ability of elementary school students (Suryaningtyas, 2017).
Elementary school students more easily understand a lesson that is accompanied by examples that exist in
their daily lives (O’Keefe et al,, 2021; Riyanto & Gunarhadi, 2017). For example, in the area of perimeter
and area of flat shapes, it is better if the teacher gives examples of flat figures using visual aids that can not
only be seen by students but can also be held by students. In addition, the application of an inappropriate
learning model can also affect the quality of the learning being undertaken and the abilities possessed by
students. Therefore, the teacher must be able to choose what learning model will be used in each lesson
appropriately. In determining the learning model, you cannot just choose, but you have to pay attention to
many things, including looking at the situation and conditions, adjusting the model to be used with the
material to be studied, and adjusting the learning model to the characteristics in the class.

With the provision of math problems, students can practice to hone their problem-solving skills to
complete the task (Simon & Cox, 2019; Yiwen, 2020). Therefore, with students learning mathematics, it is
the same as students learning to think using their reasoning to make them more creative and active. In
learning mathematics, of course, students are trained to get used to solving problems. A process that aims
to find a combination of rules that can be used to deal with new situations is also called problem solving
(Benavides-Varela et al., 2020; Noviyana, 2018). Because when a student is faced with something new, it is
the same as he must go through a series of processes with a unified rule so that he can handle it well. And
when students solve the problems contained in math problems, it goes through stages which will then get
the right results. The importance of problem solving in learning mathematics, which certainly requires
strategies to facilitate it can also make students have a positive character (Seibert, 2020;
Triwahyuningtyas et al.,, 2020; Wijaya et al., 2019). Because to solve a problem of course we need to find
the data first, then the data is identified to the stage of making conclusions (Alman, 2017). With students
solving a problem, it is the same as going through a series of processes that aim to solve a problem well
which of course can be done in various ways.

There are various learning models that can be applied to mathematics learning (Bryant et al,,
2020; Hwang et al,, 2020). One of them is the Open Ended learning model. During the learning process
students are free to use their own way in solving problems, so they can train students in developing
problem solving skills (Alman, 2017; Mahmoud et al., 2020). The questions that use this open-ended
learning model are an effort to foster students' mathematical problem solving abilities (Rumapea, 2018).
The open-ended learning model in carrying out the learning process includes individual goals and desires
that are grown and achieved openly (Oliveira et al., 2021; Sholikhah et al., 2018). The open-ended model
helps students develop their mindset, and gives them the opportunity to use a variety of ways to solve a
problem according to their abilities in mathematics (Hamid et al,, 2013; Magelo et al., 2019). Because by
using the open-ended learning model, students have many opportunities to be able to actively participate
in solving a problem according to their abilities. So that students can also develop their abilities.
Moreover, the open-ended learning model also tends to be more appropriate for mathematics learning
because it makes students understand the concepts contained in it (Lestari et al,, 2019; Noviyana, 2018).
Because with the implementation of this open-ended learning model, it is indirectly easier for students to
understand mathematics learning. This open-ended learning model makes students more active in
participating in learning which can be obtained from their knowledge and experience with more than one
process (Hamid et al., 2013; Istiningrum, 2015). This open-ended learning model can convey students’
thoughts about how to solve problems and explain how the process is.
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The syntax of the open ended learning model are Presenting Problems, Designing Learning,
Observing and Recording Student Responses, Guiding and Directing Students, and Make Conclusions
(Jiang et al., 2018; Lestari et al., 2019). When presenting a problem, the learning begins with presenting an
open problem to students, which then students carry out understanding activities by expressing what is
known and asked, which of course uses their own language (Hafidzah et al., 2019; Mourtgos & Adams,
2019). Furthermore, when designing learning is the stage where the teacher provides a pattern of learning
activities that can stimulate learning activities and guide students to solve a problem. Then proceed with
paying attention and recording student responses where when students express the method they use to
solve the problem, the teacher records it on the blackboard so that all students know that there are
various ways and answers in solving the problem. In the step of guiding and directing students, the
teacher gives students the freedom to conduct discussions between students with the guidance of the
teacher in explaining how the process of solving the problems he wrote so that the process of how
students do it can be known. After the discussion activities, the results obtained are corrected together to
form a conclusion that gets several correct answers with various problem-solving techniques, which is the
last step in the syntax of the open-ended learning model (Mahuda, 2017; Sholikhah et al., 2018).

Each learning model certainly has its own advantages. Based on the previous description, we can
see that the Open Ended learning model has many advantages. Students play a more active role in learning
and often express their thoughts (Hafidzah et al., 2019; Mourtgos & Adams, 2019). Because at the step of
applying the open-ended learning model, students express their opinions using their own language. So
that students have more opportunities than usual to use their mathematical knowledge and skills. Not
only that, students who have low abilities can participate actively in their own way. Because in this open-
ended learning model students are free to explore and be creative (Balan etal., 2019; Jiang et al., 2018). So
that students get motivated from within themselves to explain and prove the results they get. In addition,
students also get various experiences in order to find something in answering the problem. This is
because there are various ways and results in solving a problem. The purpose of this study is to analyze
the effect of the Open-Ended learning model on mathematical problem solving abilities.

2. METHOD

In the research method there are 2 approaches, namely quantitative and qualitative. A
quantitative approach is carried out to test and prove the description of a phenomenon that has been
formulated in the form of variables that are proven to be true or not true from the theory that is believed
(Zaluchu, 2020). The research used by the researcher is a quantitative experimental approach, with the
method used in this study is the Quasi Experiment method. The research design used is Quasi Experiment
with posttest-only control design type, which will be applied to the experimental class and control class.
This design uses 2 groups, namely the experimental group and the control group. The experimental group
is a class that applies the Open Ended learning model, while the control group is a class that does not
apply the Open Ended learning model or in other words the learning is like schools in general. The
learning activities are carried out by adjusting the current conditions, namely online through the Zoom
Meeting application. The purpose of this online class is to break the chain of the spread of the Covid-19
virus. The learning was carried out in two meetings in the experimental group and two meetings in the
control class, after which each group was given questions to obtain a post-test of the learning outcomes.

Data is the most important component in research, because with the data researchers can draw
conclusions to find out the results of their research. Data collection techniques are the methods used by
researchers in obtaining data to be studied. The data collection used should be in accordance with the
characteristics of the research to be carried out, in order to facilitate researchers in obtaining the desired
data. The data collection technique in this study was in the form of a written test whose material was the
circumference and area of a flat shape. The test is through a post test which is carried out at the end of the
meeting. Post test was given to each group in order to determine the level of students' problem solving
abilities and to obtain research needs. As for the need for scoring guidelines criteria for answers to
students' mathematical problem solving ability tests.

Table 1. Score Guidelines in Problem Solving Ability Test

Rated Aspect Reaction to Problems/Problems Score
Incapable to understand the question or no answer 0
Understanding Not paying attention to the terms of the question or 1
problem misinterpreting the question
Understanding the question well 2
Planning a solution  No planning for how to solventhe problem 0
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Rated Aspect Reaction to Problems/Problems Score
Inappropriate the planned strategy

Unfihished using one strategy

Using one particular strategy but not leading to problem solving
Using certain strategies but not leading to problem solving

No solution

Unclear procedure of solution

Using one particular procedure and leading to the correct
answer

Using a certain procedure that is correct but wrong in calculating
Using certain correct procedures and correct results

No checking answer

Checking answer with inaccurate conclusion

Interpret the results obtained by making appropriate
conclusions

[EnN

Solving problem

Checking answer

N RO, W N RODDWDN

Score 12
(Modified from Ima et al., 2020)

Before the test questions were used, the researcher carried out a validity test first. Validity test is
done by using the Product Moment formula. Next, enter the reliability calculation using the Cronbach
Alpha formula. The results obtained from this calculation are r.pyu: = 0.952 > 714 = 0.361, and the
instrument's problem-solving ability is reliable. Furthermore, data analysis techniques were carried out to
conclude whether the application of the Open Ended learning model had an effect on the ability to solve
mathematical problems or not. The analysis technique uses the Liliefors test to conclude whether the
observed sample distribution comes from a normally distributed population or not. Then, the
homogeneity test used Fisher's exact test to determine whether the two groups have homogeneous
variance or not. Followed by hypothesis testing using the T test and finally knowing how much influence
the learning model has using the Effect Size test formula.

3. RESULT AND DISCUSSION

Result

The results of the research conducted in class IV at SDN Cempaka Baru 01 were obtained by
giving a post test given at the end of the study. It aims to determine the level of problem-solving skills
possessed by students in the experimental class and control class. The results of the post-test data
analysis in the table above state that there are differences in each statistical data. In the experimental
class, the highest score was 98 and 90 in the control class. The lowest score for the experimental class is
60 and the control class is 40. The average value for the experimental class is 78, which is higher than the
control class, which is only 65. More values are obtained in the experimental class and the control class,
which are different, namely the experimental class mode is 93 and the control class mode is 75. The
difference in the mean in the two classes, namely the experimental class obtained a median of 76 while the
control class obtained a median of 63. The difference in the value of students’ mathematical problem-
solving abilities is caused by the application of the learning model used in each class. In the application of
the Open-Ended learning model students become more active in learning because students can practice to
dare to have an opinion. In addition, with the implementation of the Open-Ended learning model, students
can develop their abilities both from science and from experience compared to the implementation of
conventional models which are less able to make students explore their abilities.

The results of the normality test in the experimental group and the control group were normally
distributed. This happened because both groups obtained the results Liount < Ltaple- In the experimental
group, the Legun: i 0.159 and the Ly, is 0.190. For the control group, the Leguy: is 0.141 and the Lip)e is
0.173. Furthermore, the homogeneity test of the two groups was carried out using Fisher's exact test to
get a conclusion whether the two sample groups had homogeneous variance or not. The results of the
homogeneity test analysis in both groups were homogeneous. This is because F., ¢t < Fiqpie- After testing
for normality and homogeneity, it can be concluded that the two groups were normally distributed and
homogeneous. Furthermore, researchers can analyze the hypothesis test by using the t-test. As for the
criteria H is accepted if toount = tianies then there is an influence on the ability to solve mathematics by
applying the Open-ended learning model. On the other hand, if t g, ns = tiane, then Hy is rejected, which
means that there is no effect on mathematical problem-solving ability with the implementation of the
Open-Ended learning model. The results of the analysis of hypothesis testing are obtained that H; is
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accepted. So it can be concluded that the Open Ended learning model has an influence on mathematical
problem solving abilities. To find out how big the effect is, the Effect Size test is calculated. From the
calculation results of the Effect Size test, the result is 0.8, which means that the Open-Ended learning
model has a high effect on mathematical problem-solving abilities. The following are the criteria for the
Effect Size value. The difference in the average value of the post test results can show that there is a
difference in the experimental group and the control group. Where the experimental group is superior to
the control group. This is because the experimental group applied the Open-Ended learning model, while
the control group did not apply it. Learning in both groups was done through the Zoom Meeting
application which had been provided by the researcher, with each group carrying out learning in two
meetings.

The post test questions were given simultaneously at the end of the meeting with the same
questions related to the circumference and area of flat shapes that had been studied at the Zoom Meeting
meeting. Post test questions are given in the form of description questions. This is because each question
given includes all indicators of problem-solving ability. There are 4 indicators of problem-solving ability,
namely: (1) Understanding Problems, (2) Planning Solutions, (3) Solving Problems, and (4) Checking
Answers. Judging from the first indicator, namely understanding the problem. Students carry out activities
to understand the existing problems by expressing what is known and asked in their own language.
Because to solve the problem properly and correctly, the first thing to do is to understand the problem.
The second indicator is planning a solution. In this indicator students are trained to think in having a
picture of the problem. Students design the steps that will be used to solve the problem. The third
indicator is solving the problem. After students make a plan of completion, then the next is to carry out the
plan. The activities he does include carrying out calculations as planned, checking whether the steps that
have been taken are correct or not, and proving the correctness of the steps. The fourth is to re-check the
steps that have been done. The activity consists of checking the results obtained, whether the answer can
be found in other ways, and can the answer or method be used to solve other problems. So that students
can practice their thinking skills more deeply. Based on the explanation above, it can be seen that applying
the Open-Ended learning model has an effect on students’ mathematical problem-solving abilities. This
can be seen from the results of the calculations in table 7 which obtains tqunt of 37,2, while tiape With the
provisions of dk 47 at a significance level of 5% is 2,02. So it is said that t.qunt = trables Which means Hy is
rejected and H; is accepted.

Discussion

The ability to solve mathematical problems in students who take lessons using the Open-Ended
learning model is superior to students who take lessons without using the Open-Ended learning model.
This Open-Ended learning model can make students participate more actively than usual because it
provides opportunities for students to develop their knowledge and abilities (Hamid et al., 2013). The
open-ended learning model can make students participate in learning and have the opportunity to take
full advantage of their mathematical knowledge and skills to develop students' creativity (Alman, 2017;
Sholikhah et al.,, 2018). This is also supported by the opinion which states that the main goal of this open
ended is not to obtain results alone, but to emphasize how to get to the results (Balan et al, 2019;
Mahmoud et al., 2020; Noviyana, 2018). Because using this open-ended learning model can make students
more daring to voice their opinions. This results in a variety of answers to each of the existing problems.
In addition, the purpose of applying the open-ended learning model is also to stimulate and develop
students' thinking skills in solving existing problems according to their abilities (Oliveira et al., 2021).

Students can develop various abilities by how he solves a problem which is of in accordance with
his abilities both from knowledge and experience (Chang & Lan, 2019; Shiow-Fern et al, 2021).
Mathematics often presents a problem that must be solved by students. So that students are required to
be able to solve these problems well (Stojanovic et al., 2021; Sunismi, 2015). So that by going through this
open-ended learning process, it can help students to develop their thinking skills in solving a problem
well. This is in line with the opinion which states that through open ended learning, students can develop
mathematical thinking skills and also develop their mindset to the maximum (Magelo et al., 2019). This
open ended makes students not only find results, but also argue in explaining the process to achieve these
results (Hassan et al., 2016; Mahuda, 2017). Because with the learning process that uses this open-ended
learning model, students practice to solve problems, express their opinions, and explain how the problem-
solving process is in their own way. Therefore, the purpose of the learning model is to make students
more active in learning, to train students to have the courage to express their opinions, and to develop
their abilities both from science and from experience (Shafie et al., 2010; Tjakradidjaja et al.,, 2016).

Research that can strengthen the results of this study also states that the application of the right
learning model is very important which is recommended in the learning process which can later help
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students in solving mathematical problems (Fauzi et al, 2017). Another study state that students’
mathematical representation of visual reality is higher than in the form of description (Kowiyah &
Mulyawati, 2018). Other research findings also state that the Open-Ended learning model is effectively
used in learning (Hamid et al., 2013; Oliveira et al.,, 2021). It can be concluded that the open-ended
learning model is feasible to use in the learning process. The implication of this research is that the open-
ended learning model can be used by teachers to improve students' understanding of mathematics.

4. CONCLUSION

Based on the results of the research and discussion described above, it can be concluded that the
implementation of the Open-Ended learning model has an influence on students' mathematical problem
solving abilities on the circumference and area of flat shapes. This Open Ended learning model is very
helpful in the mathematics learning process because it can make students more active during learning
activities, train students to dare to have opinions, and develop their various abilities, especially
mathematical problem solving abilities.
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