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Abstract

The aim of this study was to determine the effect of the problem-based learning method
on students’ academic achievement in mathematics lessons. A pre-test post-test control
group experimental design was used to obtain the data of the study. The study was con-
ducted in the 2021-2022 academic year in two classes, consisting of experimental and
control groups, in Sarkikaraaag¢ Science High School in Isparta. Data were collected
through an achievement test in the study. To prepare the achievement test, the objec-
tives were determined, inserted into the table of test specifications, and expert opinion
was obtained. Expert opinion was also obtained about the content validity. The overall
reliability coefficient of the measurement tool was found to be 0,91 as KR-20. Descrip-
tive statistics and independent and dependent group t-tests were used to analyse the
data. According to the results of the research, it can be said that the problem-based
learning method implemented in the 10th grade mathematic lessons improved the aca-
demic achievement of the students.

Keywords: Academic achievement, Mathematics lesson, Problem-based learning

Introduction

Mathematics has an important place in daily life and education (Soylu, Isik, & Kon-
yalioglu, 2004). Mathematics plays an important role in solving problems encountered
in daily life. The word “problem” here refers to the situations we call problems in daily
life, rather than the problems solved in the mathematics lesson. The fact that mathemat-
ics is so important is effective in the emergence of mathematics in education at all lev-
els, from pre-school to higher education. Although it is so important, students are afraid
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of mathematics lessons in schools (Baykul, 2004). So, what are the reasons why stu-
dents are afraid of mathematics lessons? Some studies have investigated the answer to
this question in the literature (Basar & Dogan, 2020; Boz, 2008; Keklikci, 2011; Senol
et al., 2015). Among the reasons for students’ fear of mathematics are the abstract nature
of the lesson and the methods used in teaching mathematics (Senol et al., 2015). There-
fore, different teaching methods are needed to make the mathematics lesson more con-
crete and to enable students to understand better (Ministry of National Education
[MEB], 2011).

In the rapidly changing and developing world, there is a need for individuals who fol-
low innovations and changes and are aware of their own responsibilities. For these indi-
viduals to learn, it is not enough to transfer the knowledge by rote memorization (Sasan,
2002). In this case, information is not acquired passively through senses or communica-
tion channels, on the contrary, it is actively acquired by the learner. It can be said that
all these express the constructivist learning approach.

The constructivist learning approach is not a method but a theory of knowing. It offers
views on how learning occurs (Caliskan, 2018). Although it is not particularly interested
in learning-teaching processes, it has revealed some results about these processes.
Knowledge is created by the learner, and prior knowledge is believed to have an im-
portant place. Therefore, knowledge is specific to the individual. It is impossible to
transfer information to another person. According to the constructivist learning ap-
proach, what teachers need to do is establish a relationship between the student and the
curriculum and guide students in obtaining information (A¢ikgdz, 2007). As mentioned
above, although the constructivist learning approach is not a method or model, many
methods and models adopt the constructivist learning approach (Tomooglu & Kurtulus,
2020). One of these methods is problem-based learning (Eroglu et al., 2020; inel, 2009;
Tezci, 2002).

Problem-based learning is a method that prompts students to think and helps them solve
the problems they encounter. Students embrace the problem by putting themselves in
the shoes of problem solvers and taking an active role in the teaching process (Edens,
2000). In classrooms where problem-based learning is practiced, learners gradually be-
come independent of their teachers and take responsibility for their learning (Kaptan &
Korkmaz, 2001).

In problem-based learning, first, a problem is introduced. Then, the necessary infor-
mation to solve the problem is collected by the students. By preparing an appropriate
program, students are given opportunities to solve the problems they encounter (Woods,
1985). Problems posed in problem-based learning are not used for practice or practice
after the subject. On the contrary, the prepared program is based on the problems chosen
in line with the objectives. The selected problems should be real or similar to reality
(Ac¢ikgdz, 2007). Although there are some differences in the application of the problem-
based learning process when the researches are examined, the studies are carried out
with small student groups under the guidance of the teacher and by presenting the prob-
lems presented in the form of scenarios (Altintasg, 2018; Cantiirk Giinhan, 2006; Kaptan
& Korkmaz, 2001; Kara, 2020; Musal et al., 2002; Uslu, 2006; Usta, 2013). According
to the learning objectives, the level of the students or the subject to be covered; scenario
situations can be applied in one, two, or three sessions (Ac¢ikgoz, 2007; Musal et al.,
2002). Considering this information, the main stages in problem solving sessions are as
follows (Ac¢ikgoz, 2007; Kaptan & Korkmaz, 2001):

Session 1
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o Creation of groups
. The distribution of the problem (scenario) to the groups
o Students identify the problem in the scenario and determine what they know

and what they do not know.
o Determining the necessary information about the problem and assigning the

task within the group.

. Helping students concentrate on important questions by the teacher

. Ending the session by summarizing the information about the problem.
Session 2

. Sharing the work done by the groups to solve the problem with other mem-
bers of the group.

. Making arrangements regarding the work done in the 1st session, if necessary.

. Discussing the solution to the problem in the group and creating a common

solution considering the information found.

. Presenting the information about the solution to the problem by the group
. Groups discussing with each other and comparing their results.
. Identifying deficiencies, discussing mistakes, and presenting new suggestions

by students

. Summarizing and summarizing the results achieved by the groups

Problem-based learning is frequently applied in medical education (A¢ikgodz, 2007; Mu-
sal et al., 2002). Although it is frequently applied in medical education, it is also used in
other courses (Altintas, 2018; Cantiirk Giinhan, 2006; Eroglu et al., 2020; Inel, 2009;
Kaptan & Korkmaz, 2001; Oksiiz & Ugan, 2011; Uslu, 2006). In this study, problem-
based learning was applied to functions in mathematics lessons.

The subject of functions in the secondary education mathematics curriculum is one of
the most basic subjects in mathematics. Functions form the basis of other topics. It is
accepted as prior knowledge in teaching other subjects. In addition, students have diffi-
culties in learning the subject of function and have misconceptions about the concept of
function (Dede, 2006). Among the reasons why students have difficulty in learning the
subject of function are the fact that the subject of the function is seen as confused by the
students, the subject is not concrete, and they have difficulty in understanding the sub-
ject. In this case, problem-based learning can be used for functions in order to explain
the function subject to the students more concretely and for the students to understand
the subject more easily (Ozgen & Pesen, 2008). At the same time, it is thought that the
study will contribute to practitioners, namely mathematics teachers and researchers. By
examining the study, mathematics teachers will be able to master how the lesson is
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taught with a different approach in teaching the subject of functions, and they will be
able to obtain clues on how problem-based learning can be applied to other mathematics
subjects. It can be said that the study can be a guide for researchers when they want to
conduct a study on similar subjects in this way. As a result, it is hoped that the study
will be beneficial in terms of explaining the subject of functions to students in a more
concrete and daily life-related way, helping mathematics teachers benefit from the ap-
plication, and guiding researchers to conduct similar studies.

Various researches have been carried out on problem-based learning in different fields
such as geometry, mathematics, science, technology, STEM education, and medicine
(Cakar, 2015; Cetin & Mirasyedioglu, 2019; Inel, 2009; Menten, 2019; Musal et al.,
2002; Yavuz, 2019). There are many studies in the literature in terms of various varia-
bles in the mathematics course. These studies examine the effects of problem-based
learning on academic achievement, attitude, self-efficacy, problem-solving skills, moti-
vation, behavior, permanence in learning, geometry thinking level, and student views in
mathematics lessons (Altintag, 2018; Alus, 2013; Aytag, 2014; Cantiirk Gilinhan, 2006;
Eroglu et al., 2020; Hatisaru, 2008; Karaalioglu, 2016; Menten, 2019; Ozgen & Pesen,
2008; Sezgin Selguk et al., 2011; Uslu, 2006; Usta, 2013; Uyar & Bal, 2015; Uygun &
Tertemiz, 2014).

In his master's thesis, Altintag (2018) examined how problem-based learning affects
students' thinking of Van Hiele geometry at "Level 0", "Level 1" and "Level 2" on the
subject of circles, circles and polygons. The researcher conducted an experimental study
with secondary school seventh grade students. The study was carried out in two groups.
Problem-based learning was used in a group and the existing program in the other. Be-
fore the application, the groups were pre-tested, and after the application, the post-test
was applied to both groups. As a result, both applications at "Level 1" and "Level 2"
benefited Van Hiele geometry thinking, but problem-based learning was more effective
at "Level 0".

Alus (2013) examined the effect of problem-based learning on academic achievement
and attitude in limit in his master's thesis. The researcher conducted an experimental
study with two groups of students studying at the twelfth-grade level in a high school.
Problem-based learning was carried out in one of the groups and teaching was carried
out according to the existing program in the other group. Before and after the applica-
tions, both the achievement test and attitude scale were applied to both groups. At the
end of the study, it was found that problem-based learning was more effective in terms
of academic achievement, but no effect of problem-based learning was found in terms
of attitude.

In his master's thesis, Aytag (2014) investigated the effect of problem-based learning on
sets on students' academic achievement and behaviour toward mathematics. The study
was conducted with ninth-grade students studying at Anatolian High School. The re-
search was carried out experimentally with two groups using pre- and post-tests. As a
result, it was determined that the problem-based learning method had a significant posi-
tive effect on students' academic success and behaviour in mathematics.

Cantiirk Giinhan (2006) investigated the effects of problem-based learning about angles
and polygons on students' attitudes, self-efficacy, academic achievement levels, critical
thinking skills, and Van Hiele Geometry Thinking levels. In addition, the opinions of
students, teachers, and faculty members about problem-based learning were also taken
in the study. The research was conducted with students studying at the seventh-grade
secondary school. It is both quantitative experimental and qualitative research. Because
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of the research, it was concluded that the problem-based learning method increased stu-
dents' attitudes, self-efficacy, academic achievement levels, critical thinking skills, and
Van Hiele Geometry Thinking levels. In addition, the researcher stated that in the quali-
tative dimension of the research, the students wanted the problem-based learning meth-
od to be used in the lessons, the teachers had positive thoughts about this method, and
the faculty members had positive opinions about the method.

In their study, Eroglu et al. (2020) examined the effect of problem-based learning on
students' achievements and attitudes about linear equations and inequalities. The study
was conducted with eighth-grade secondary school students in two groups. Problem-
based learning was applied in a group, and in the other, the application was made ac-
cording to the current curriculum. As a result, problem-based learning significantly in-
creased achievement and attitude.

Hatisaru (2008) examined the effect of problem-based learning on natural numbers and
integers on students' achievements and attitudes in mathematics in his master's thesis.
He also took the opinions of the students about problem-based learning. The research
was conducted with students studying in the 9th grade in a vocational high school. As a
result, it was concluded that problem-based learning increases success and attitude in
mathematics in the quantitative dimension of the research, while in the qualitative di-
mension, the students found this method positive and expressed their opinion in favour
of using it in the lessons.

In his master's thesis, Karaalioglu (2016) examined how problem-based learning pro-
vides a change in student success and permanence of learning. In addition, students'
opinions on the method were also taken. The study was conducted with students study-
ing at the seventh-grade secondary school. Two groups were used in the study; prob-
lem-based learning was used in one group and application was made with existing
methods in the other. Because of this research, it was determined that problem-based
learning did not have a significant effect on success and permanence. Despite this, the
scores of the student group in which the problem-based learning method was applied
were higher than those of the other group. At the same time, student opinions on the
method are generally positive.

In his master's thesis, Menten (2019) worked on polygons and quadrilaterals in the field
of geometry learning with tenth grade students studying at Anatolian High School. In
his study, the researcher examined the effect of problem-based learning on students'
success, motivation, persistence, and attitude. At the same time, he also took student
opinions on the method. Because of the research, the problem-based learning method
increased students' attitudes, motivation, success, and permanence levels in learning. At
the same time, in the qualitative dimension of the research, positive opinions of the stu-
dents about the method were reached.

In their study, Ozgen and Pesen (2008) examined the effect of problem-based learning
about functions on students' success and learning retention levels. In addition, students'
opinions on the method were also taken in the study. The study was conducted in two
groups with students studying at the ninth-grade level in a high school. Problem-based
learning was applied to one of the groups and the other was applied according to the
existing teaching. As a result, problem-based learning significantly increased the suc-
cess and retention of learning. It was also concluded that the opinions received from the
students about the method were positive.

Sezgin Selguk et al. (2011) carried out their study with mathematics teacher candidates
studying in higher education on measurement and vectors. In this study, the effect of
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problem-based learning on success in measurement and vectors was examined. Because
of the study, the success in the group in which problem-based learning was applied was
significantly higher than the success in the other group.

In his master's thesis, Uslu (2006) examined how the problem-based learning method on
probability affects student success, attitude, and permanence in learning. The study was
carried out in two groups with tenth grade students studying in a general high school.
Problem-based learning was applied to one of the groups, while the other group was
taught according to the current program. As a result, problem-based learning increases
student achievement, retention level, and attitude toward learning.

Usta (2013) examined how the problem-based learning method on equations and ine-
qualities affects students' self-efficacies, problem-solving skills, and success in his doc-
toral thesis. He also sought student opinions on the method. The research was conducted
with students studying at the seventh-grade secondary school. It was concluded that the
achievement, self-efficacy, and problem-solving skills of the students in the group in
which the problem-based learning method was applied were significantly higher than
those in the group in which the problem-based learning method was not applied. At the
same time, it was determined that the students had positive opinions on the method.
Uyar and Bal (2015) conducted a study on natural numbers and sets with students
studying at a sixth-grade secondary school. The research reveals the effect of problem-
based learning on success and to determine students' opinions on the method. The study
was carried out in two groups. Problem-based learning was applied to one group and the
other group was taught according to the current program. As a result, while it was found
that problem-based learning contributed significantly to success, it was concluded that
students' opinions on the method were also positive.

Uygun and Tertemiz (2014) conducted studies with students studying at the 5th grade
secondary school on the environment and space in their work. In this study, the effects
of the problem-based learning method on students' success, permanence levels, and atti-
tudes in learning was examined. The study was carried out in two groups. In conclusion,
while there was no significant difference between the groups in terms of attitude, it was
concluded that the problem-based learning method was more effective in terms of suc-
cess and retention in learning.

When the literature is examined, it is seen that there are many researches on different
topics in the mathematics course, but a limited number of researches on "functions" are
made. With this research, it is aimed to contribute to the field by using problem-based
learning about functions in mathematics lessons.

Purpose and Importance of the Research

In the rapidly developing and changing world conditions, the roles of students and
teachers in education are also changing. What is expected from students now is not to
passively receive information and memorize information but to be individuals who ac-
tively acquire information, assimilate and apply the learned information. The role of
teachers, on the other hand, is not an authority that conveys information but a guide that
guides students to acquire knowledge actively. For all these reasons, in this study, the
effect of the problem-based learning method, which is a learning method that will ena-
ble students to acquire knowledge actively, on the achievement of students in the sub-
ject of "functions" in the 10th grade mathematics lesson was examined. The problem
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statement determined in accordance with the purpose and the hypotheses to be tested
depending on this problem statement are given below:
Problem Statement

Is there a significant difference between the post- and pre-test scores (reaches) of the
groups in which problem-based learning is applied and not applied in the mathematics
lesson?

Hypotheses

1. There was a significant difference between the pre- and post-test scores of the
group in which problem-based learning was applied in the mathematics lesson.

2. There was a significant difference between the pre- and post-test scores of the
group in which problem-based learning was not applied in the mathematics lesson.

3. There was a significant difference between the achievement scores of the groups
in which problem-based learning was not applied in the mathematics course and the
groups in which it was applied.

Method

Research Model

The study is experimental in quantitative dimension. The design of the research is
schematized in Table 1. According to Karasar (2014), there is a comparison in experi-
mental studies. This comparison can be in the form of changes within a method or com-
paring two different methods with each other. In this study, a comparison of two differ-
ent methods applied in two different groups was made. For this reason, the pre-test post-
test control group model, which is one of the experimental design types, was applied. In
the model, groups are taken as they are in institutions. Appointment is not made by
choice or chance. In addition, in experimental studies, the universe and the sample are
not determined, but the study groups are determined. In these groups, it is important to
balance them in terms of undesirable variables and not their size (Sonmez & Alacapinar,
2019).

In the research conducted to examine the effect of problem-based learning on the
achievement of 10th grade secondary school students in teaching the subject of func-
tions, problem-based learning and the methods and activities specified in the 2018
mathematics curriculum are the independent variables, and student achievement is the
dependent variable. While teaching was carried out with problem-based learning in the
experimental group, the methods and activities in the 2018 mathematics curriculum
were used in the control group. Teaching time is equal to both groups, and it is 24 les-
son hours for 4 weeks, 6 lesson hours a week. In the experimental group, first of all, the
objectives were determined according to the "Bloom Taxonomy" in terms of functions,
and the contents suitable for these objectives were arranged. These contents consist of
problem scenarios and worksheets related to achievements prepared on the basis of
problem-based learning. An example of a scenario is given in Appendix-1. Then, lesson
plans suitable for problem-based learning were prepared by the researcher. In line with
these plans, before starting the teaching, the students in the experimental group were
informed about problem-based learning and the experimental group was taught lesson
plans suitable for problem-based learning.

Table 1. Design of the Research
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Groups Pre-Test Applied Method Post-Test
. Function . . Function
Experiment Test Problem-Based Learning Implementation Test
Control Function Methods and Activities in the Program of Function
Test Teaching 2018 Mathematics Test
Working group

While forming the study group for the experimental procedures, 55 students in 10-B and
10-D classes were recruited from the 10th grade of "Sarkikaraaga¢ Science High
School" in Isparta province Sarkikaraagag district in the 2020-2021 academic year. The
experimental group was the 10-D class consisting of 28 people, and the control group
was the 10-B class consisting of 27 people. The equivalences of these two groups in
terms of gender, 9th grade mathematics course grades, and function test scores are ex-
amined below.

Table 2. Distribution of Students by Gender

Groups Girl Boy Total
Experiment 17 11 28
Control 18 9 27

When Table 2 is examined, there are 17 female and 11 male students in the experi-
mental group and 18 female and 9 male students in the control group. Considering the
number of students, it is seen that there is not much difference between the groups. In
this case, it can be said that the groups are equal in terms of gender.

In order to reveal the equivalence of the groups in terms of mathematics course
achievement, the analyses made with the 9th grade mathematics course grades are
shown in Table 3.

Table 3. T-test Results of Students' 9th Grade Mathematics reports Grades by Groups

Groups n X S sd t p
Experiment 28 78,82 13,47 33 1,042 0,302
Control 27 74,90 14,42

According to Table 3, there was no significant difference between the 9th grade mathe-
matics course grades of the groups [t (53) = 1.042, p>0.05]. In that case, it can be said
that the groups are equivalent in terms of 9th grade mathematics course grades.

The analyses made with the pre-test scores in order to reveal the equivalence of the

groups in terms of their achievement in mathematics lesson functions are shown in Ta-
ble 4.
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Table 4. T-test Results of Students' Pre-Test Scores by Groups

]

Groups n S sd t p
Experiment 28 9,86 3,50 53 0,35 0,725
Control 27 9,44 5,04

According to Table 4, there was no significant difference between the pre-test scores of
the groups on mathematics course functions [t (53) = 0.35, p>0.05]. In that case, it can
be said that the groups are equivalent in terms of pre-test mean scores.

Data Collection Tools

The data required to solve the sub-problems determined in accordance with the purpose
of the study were obtained using the "Function Test" prepared for the 10th grade math-
ematics lesson functions. For the "Function Test", the objectives were determined and a
table of specifications was prepared. 34 questions were prepared to measure achieve-
ments. Questions consist of multiple choice, fill-in-the-blank and open-ended questions.
The opinions of three experts were taken to ensure the content validity of the prepared
measurement tool. Arrangements were made within the framework of the opinions of
the experts. The measurement tool was then applied to 100 students at the 10th, 11th,
and 12th grade levels. In the evaluation of the measurement tool, correct answers were
given a value of 1, and empty and incorrect answers were given a value of 0. Sample
questions on the measurement tool are given in Appendix-2.

The KR-20 formula was used for the reliability of the measurement tool. According to
Biiyiikoztiirk et al. (2012), this formula is applied when “1” is given to the correct an-
swers and “0” is given to the incorrect answers of the test items. The reliability coeffi-
cient of the function test prepared by the researcher was found to be KR-20 = 0.91. Ac-
cording to the KR-20 value found, it can be said that the function test is reliable.

Data Collection and Analysis

Before starting the study, the significance of the difference between gender status, 9th
grade mathematics course grades, and pre-test scores of the students in the experimental
and control groups was examined. The groups were balanced considering these data.
Then, experimental and control groups were determined. Problem-based learning was
applied to the students in the experimental group in line with the lesson plans prepared
considering the achievements of the subject of functions. In order for students to learn
the achievements about functions, problem scenarios and worksheets related to real life
were prepared by the researcher in accordance with the problem-based learning method.
Before starting to apply the prepared problem scenarios and worksheets, the students
were divided into groups of 3-5 according to their wishes. Students were informed
about the problem-based learning method. The students were given information about
what to do during the lesson and how the lesson will be taught. In the control group, the
lesson was taught using the methods and activities in the 2018 mathematics curriculum.
A total of 24 lesson hours was taught for 4 weeks in groups. After the application was
completed, the function test developed by the researcher and applied to the students
before starting the study was repeated to the groups for the post-test.

In the analysis of the data obtained because of the study, descriptive statistics and de-
pendent and independent group t-tests were used through the SPSS 26 program. To de-
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termine the difference between the pre- and post-test scores of the experimental and
control groups, the dependent groups t-test was analyzed. To determine the difference
between 9th grade mathematics course grades, pre-test scores, and achievement scores
of experimental and control groups, the t test was used for independent groups. The col-
lected data and analysis to test the research hypotheses are summarized in Table 5 be-
low:

Table 5. Data Used in Testing the Hypotheses and Analyses Made

Hypotheses Data Used Analysis Made

1 Experimental group pre-test post-test t-test for dependent groups
scores

2 Control group pre-test post-test scores t-test for dependent groups

3 Experimental and control group achieve- t-test for  independent
ment scores groups

Findings

Findings Related to the First Hypothesis

The first hypothesis of the study is that “There is a significant difference between the
pre- and post-test scores of the group in which problem-based learning was applied in
the mathematics lesson.” The dependent groups t-test was used to test the hypothesis.
The T-test results are shown in Table 6.

Table 6. T-test Results According to the Pre- and Post-Test Scores of the Students in the
Experimental Group

vl

Groups n S sd t p
Pre-Test 28 9,86 3,50 27 -19,52 0,000
Post-Test 28 26,18 4,92

Table 6 shows a significant difference in favour of the post-test because of the depend-
ent groups t-test of the data obtained from the function test applied to the students be-
fore and after the subject of functions was taught in the group in which problem-based
learning was applied in the mathematics lesson [t (27) =-19.52, p>0.05]. In this case, it
can be said that problem-based learning effects students' achievement of functions in
mathematics lessons.

Findings Related to the Second Hypothesis

The second hypothesis of the study is that “There is a significant difference between the
pre- and post-test scores of the group in which problem-based learning was not applied
in the mathematics lesson.” The dependent groups t-test was used to test the hypothesis.
T-test results are shown in Table 7.
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Table 7. T-test Results According to the Pre- and Post-Test Scores of the Students in the
Control Group

Groups n X S sd t p
Pre-Test 27 9,44 5,04 26 -10,84 0,000
Post-Test 27 21,41 6,31

Table 7 shows a significant difference in favour of the post-test because of the depend-
ent groups t-test of the data obtained from the function test applied to the students be-
fore and after the subject of functions was taught in the group in which problem-based
learning was not applied in the mathematics lesson [t (26) =-10.84, p>0.05]. In this case,
it can be said that the method applied in the control group also has an effect on the stu-
dents' achievement of functions in the mathematics lesson.

Findings Regarding the Third Hypothesis

The third hypothesis of the study is that "There is a significant difference between the
achievement scores of the groups in which problem-based learning is not applied in the
mathematics course and the groups in which it is applied." Independent groups t test
was used to test the hypothesis. T-test results are shown in Table 8.

Table 8. T-test Results of Student Achievement Scores by Groups

Groups n X S sd t p
Experiment 28 16,32 4,42 53 3,16 0,003
Control 27 11,96 5,73

According to the results in Table 8, it has been determined that there is a significant
difference in favour of the group where problem-based learning is used, between the
mean achievement scores of students in the class where problem-based learning is used
(Xexperiment = 16.32) and the mean achievement scores of students in the class where

problem-based learning is not used (Xcontrol = 11.96) [t (53) = 3.16, p>0.05]. Therefore,

it can be said that problem-based learning effects students' achievement scores in the
topic of functions in mathematics.

Discussion, Conclusion and Suggestions

Here, considering the findings, the results of the research were determined, these results
were discussed in terms of the application of the problem-based learning method in the
mathematics course, and suggestions were developed depending on the results obtained.
In the study, when the distributions by gender were examined, it was found that the
groups were close to each other, and there was no significant difference between the 9th
grade mathematics course grades of the experimental and control groups and the pre-
application scores of the groups obtained from the function test. In this respect, it can be
said that the groups are similar in terms of gender, report grades, and pre-test scores.
Sonmez and Alacapinar (2019) stated that it is important to balance the groups in terms
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of undesired variables in experimental studies. Because of these findings, it can be in-
terpreted that the groups are balanced.
In the study, it was determined that there was a significant difference between the pre-
and post - test scores in favour of the post-test scores both in the group in which prob-
lem-based learning was applied and in the group in which problem-based learning was
not applied. Regardless of the method used for functions, teaching was carried out to the
students in the end. As a result, it can be said that both methods affect student achieve-
ment. This is an expected situation. There are studies in the literature that support these
results. Aytac (2014) found a significant difference in favour of post-test scores in both
problem-based learning and the current curriculum in his study on sets with ninth grad-
ers. Cantiirk Giinhan (2006), in his research on angles and polygons with secondary
school seventh grade students, found that the post-test scores of the problem-based
learning and current curriculum were significantly higher than the pre-test scores.
Eroglu et al. (2020) also reached the same conclusion in their study with eighth-grade
students on linear equations and inequalities. At the same time, Ozgen and Pesen (2008)
worked with ninth grade students on functions, Sezgin Selguk et al. (2011) on meas-
urement and vectors with prospective mathematics teachers, Usta (2013) worked on
equations and inequalities with seventh grade students in secondary school, Uygun and
Tertemiz (2014) worked with secondary school fifth grade students on the subject of
environment and space. All of them found significant differences in favour of post-
testing in teaching with problem-based learning and current curriculum in their studies.
Although the current curriculum applied together with the problem-based learning
method increases the achievement in terms of functions, the average of the achievement
scores of the group (experimental group) in which the problem-based learning method
is applied is significantly higher than the average of the achievement scores of the group
(control group) in which the problem-based learning method is not applied. Because of
the findings, although it can be said that both methods increase the achievement of func-
tions in the mathematics course, it can be interpreted that problem-based learning in-
creases the achievement more. Studies supporting this result we have obtained can be
found in the literature. In his study, Alus (2013) stated that among the students studying
at the twelfth-grade level on limit, those who were taught problem-based learning were
more successful. Again, Cantiirk Giinhan (2006) reached the same conclusion with the
seventh-grade students of secondary school on polygons with angles. In another study,
Eroglu et al. (2020) presented a parallel result with secondary school eighth grade stu-
dents on linear equations and inequalities. At the same time, Menten (2019) studied
geometry with tenth grade students in Anatolian high school on polygons and quadrilat-
erals, Ozgen and Pesen (2008) on functions with ninth grades, Uslu (2006) on probabil-
ity with tenth grade students in general high school, Usta (2013) on equations and ine-
qualities with the seventh grade students, Uyar and Bal (2015) on natural numbers and
sets with the sixth grade students, Uygun and Tertemiz (2014) on the environment and
field with secondary school fifth grade students. All of them said that problem-based
learning gave better results than the current curriculum. According to the research and
findings of our study, it can be interpreted that problem-based learning is more effective
than other methods in mathematics lessons.
According to the findings and results of the research, the following suggestions can be
made.

1. When the researches made in the mathematics course with the problem-

based learning method are examined, although there is sufficient research at the secondary
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and high school level, enough research has not been done at the higher education level. Re-
search can be conducted to address this deficiency in the literature.

2. When the research conducted in the mathematics lesson with the problem-
based learning method was examined, studies were conducted on success, attitude, self-
efficacy, persistence, motivation, student views, and Van Hiele geometry thinking levels.
Studies can be conducted to examine how problem-based learning affects high-level thinking
skills in mathematics.

3. When the studies conducted in the mathematics lesson with problem-based
learning are examined, it is seen that the method generally increases the success, attitude, self-
efficacy, persistence, and motivation of the students at every grade level in the mathematics
lesson. In the context of this result, it can be suggested that practitioners, i.e., mathematics

teachers, should use the problem-based learning method more frequently in their lessons.
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Appendix-1. A Scenario Example Created According to the Problem-Based Learning
Applied in the Experimental Group
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Scenario-1

Ali, Fatih, Mehmet, Hamdi, Ferdi and Murat donate blood in the hospital to learn their
blood types. After a certain period of time, blood groups become clear. The files con-
taining the blood groups are mixed by the nurse. The nurse needs to find the blood
groups of the right people. Therefore, the papers with the names Ali, Fatih, Mehmet,
Hamdi, Ferdi and Murat were put aside. On the other side, papers on which A Rh (+), A
Rh (-), 0 Rh (+) and 0 Rh (-) blood groups were written were placed. What can be done
so that the nurse can match blood types and people correctly?

a) Indicate the problem situation?
b) How can people's names and blood types match?
o) Is it possible for all people to have the same blood groups?

d) Is it possible for all people to have different blood types?

e) Discuss and define the concept of function as a group?
f) Define the function in this case and give an example?
Q) Write the definition, value and display sets of the function you defined in this

event?

Appendix-2. “Functions Test” Sample Questions

Fill in the blanks below with the correct terms.

e The relation that maps each element of A to one and only one element in B, where A and B
are two non-empty sets is called ...,

e The set of “input” values for which a function 1is defined is called

e The set of "output" wvalues for which a functon is defined 1is called

e The set formed as a result of matching the "input" values of a function with the "output”

ValUues 1S CALLEd .veveeeeieeeeeeeeeee e
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e This test is applied to determine whether a relation whose graph is given is a function. It is

e TFunctions are special ...,

Answer the questions given below.

Write the definition and value set in the expression f : A — B.

e Write what x and y mean in the expression y = f(x).

e Image set, functions equal to the value set are called covering functions.
e A function can be both an encapsulating and a covering function.

e In one-to-one functions, the images of any two elements taken from the domain are not

equal.
e Constant functions are both even and odd functions.
e Functions with straight graphs are called linear functions.
e f(x)=x1is the unit function.

How many of the above statements are correct?
A)2 B)3 04 D)5 E) 6
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