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Abstract

This study cimed to evaluate the effectiveness of the
inquiry-based learning method supported by metacognitive
strategies on students’ problem-solving and problem-posing
skills. The research was conducted in two stages using an
exploratory sequential design, which is one of the mixed
methods research. The case study design was used in the
first stage, while the quasi-experimental design with the
pretest and posttest for control group was employed in the
second stage. The method that is considered effective in
students’ gaining problem-solving and problem-posing skills
was determined in the first stage. In the second stage, the
designated method supported by metacognitive strategies
was fested with 63 fourth-grade students. The data for the
first stage of the study were collected through interviews held
with 12 primary school tfeachers, the mathematics curriculum,
and a group of 10 experts’ opinions on the methods in the
relevant literature. A content analysis and Lawshe’s method
were employed to analyze the data at hand. Data in the
second stage were collected using the problem-solving
skills tfest and problem-posing skills fest. The Mann-Whitney
U test was used in the analysis of unrelated measurements,
whereas the Wilcoxon signed ranks fest was employed in
the analysis of related measurements. The analysis results
in the first stage revealed that the inquiry-based learning
method might be effective in improving students’ problem-
solving and problem-solving skills. Thus, it was decided fo
utilize this method in the second stage. The results of the
analysis in the second stage showed that the inquiry-based
learning method supported by metacognitive strategies and
the inquiry-based learning method could be effective in
developing students’ problem solving and problem-posing
skills. Moreover, it was concluded that the methods applied
were more effective in developing problem-solving skills and
structured problem-posing skills of the students from sub-
dimensions compared o the control group, but not effective
in the development of semi-structured and free problem-
posing skills from sub-dimensions.
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Introduction

Problem-solving and problem-posing are considered
fwo important skills located at the center of the
mathematics curriculum  (Ministry  of  National
Education [MoNE], 2018; National Council of Teachers
of Mathematics [NCTM], 2000). While problem-solving
is defined as the process of finding an appropriate
solution for a new and more complex situation using
students’ previous knowledge (Baykul, 2014; Mayer,
2002; NCTM, 2000); problem-posing is defined as the
developing new questions or problems fo discover a
particular situation and creating new problems based
on the solution of a given problem (Cai & Hwang,
2002; English, 2003; Silver, 1994).

Problem-solving is a meaningful learning process that
expands, deepens, and consolidates mathematical
knowledge (MoNE, 2015). Problem-posing is also as
important as problem-solving and even an important
endeavor that involves mathematical inquiry beyond
problem-solving skills (Gonzales, 1998; Silver & Cadai,
2005). Researchers claimed that there is a close
relationship between problem-solving and problem-
posing skills in development of mathematical thinking
and creativity, and these skills support each other
(Gonzales, 1998; Kilpatrick, 1987; Lowrie, 2002; Rosli,
2013; Stoyanova, 2005). Therefore, problem-solving
and problem-posing activities should be frequently
included to develop students’ mathematical creativity
(Kilpatrick, 1987; Mamona-Downs, 1993).

To provide students with problem-solving and
problem-posing skills, problem-solving and problem-
posing should be addressed as a process rather than
a subject or task (NCTM, 2000; Stoyanova & Ellerton,
1996). Therefore, learning environments should be
organized in such a way that allows students to
be occupied with problems and creative. Due to
the importance attributed to problem-solving and
problem-posing and comprehensive teaching of such
skills, it is emphasized that classroom environments
should be created where students are able to solve
problems in various ways and share their thoughts
about the problem-solving and problem-posing
process with their teachers and peers easily (MoNE,
2005; 2018). For this purpose, students’ problem-
solving and problem-posing skills were examined by
designing different learning environments (Akkas,
2014, Divrik, 2020; Erumit, 2014; Kanbur Tekerek & Argun,
2019; Karatas & Baki, 2017; Katranci, 2014; Polat, 2009;
Rosli, 2013; Turhan & Guven, 2014; Yazlik, 2015). In this
study, the inquiry-based learning method, a student-
centfered teaching approach enabling students to
create their questions and structure their knowledge,
was used (Hammerman, 2006; Keller, 2007; Llewellyn,
2002).
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The inquiry-based learning method is a fechnique
in which teachers present a problem and students
fry fo solve the problem by collecting data for
the problem. This method enables students to ask
questions, investigate, analyze information, and
tfransform the data into useful information (Perry &
Richardson, 2001; Woolfolk, 2001). Studies revealed
that lessons taught with an inquiry-based learning
method have a positive effect on students’ behaviors
and motivations (Camenzuli & Buhagiar, 2014; Caswell
& LaBrie, 2017; Kogan & Laursen, 2013; Yavuz et al., 2018;
Zhang, 2015). The same studies revealed that students’
mathematics achievement increased, their anxiety
levels decreased, and they enjoyed these lessons.

Studies also underscored the need fo make
arrangements that enable students to develop their
metacognitive knowledge and skills and manage
their own learning processes consciously (Asik,
2015; Erdogan, 2013; Goldberg & Bush, 2003; Nelson,
2012). In this context, another element to be useful
in mathematics teaching is metacognition, which is
defined as thinking about thinking (Blakey & Spence,
1990). Metacognition means the knowledge of the
structure and operation of one’s cognitive system and
an individual's awareness of planning, monitoring,
and evaluation processes in solving a mathematical
problem (Flavell, 1979; Ozsoy, 2007; Pugalee, 2007;
Schoenfeld, 1987; Senemodlu, 2013).

Some metacognitive strategies are used to create a
supportive classroom environment that willencourage
the development of students’ metacognitive skills and
enable them to take responsibility for their learning
(Barin,2016; Georghiades, 2004; Lin, 2001; Tian, 2016; Vula
et al.,, 2017; Weaver, 2012). These strategies are defined
as a series of processes used fo control cognitive
effectiveness in achieving a specified goal (Flavell,
1979; Gama, 2004; Schraw, 1998; Schraw & Moshman,
1995). Therefore, students have the opportunity fo
make the necessary planning, monitoring, and
evaluating their learning processes while performing
this series of procedures. In this respect, it would be
worthwhile to conduct comprehensive research on
the use of metacognitive strategies for primary school
students.

In line with the aforementioned contfext, the study
used tfwo different methods. The first method was the
inquiry-based learning method, while the second one
was the inquiry-based learning method supported
by metacognitive strategies. These methods are
considered to improve the fourth-grade students’
problem solving and problem posing skills. Thus, the
study aimed fo investigate the effect of these two
methods on students’ problem solving and problem
posing skills. The study, in this context, has the following
research questions:
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For fourth-grade students tfo gain problem-solving and
problem-posing skills:

1. Which method can be effective according to
tfeachers’ opinions?

2. Which method can be effective considering
the directions in the curriculum?

3. Which method can be effective considering
expert opinions on the methods in the relevant
literature?

4. Does the improvement of their problem-
solving skills differ significantly?

5. Does the improvement of their problem-

posing. skills (sfructured, semi-structured, and
free) differ significantly?
Methodology

Research Design

In this research, an exploratory sequential mixed
method design was used. In this design, priority is given
to collecting and analyzing qualitative data and the
process begins with them. According fo the findings,
the researcher begins applying the second stage, the
quantitative stage, and tests or generalizes the primary
results. They explain how they build quantitative data
on primary qualitative data (Creswell & Plano-Clark,
2015).

In this stfudy, a single-case research design, where
more than one sub-dimension or unit in a single
case nesfted, was used fo obtain primary qualitative
data (Yin, 1984). While the case studied here was o
determine the method that could be effective in
tfeaching problem-solving and problem-posing skills,
the units of analysis of the case were the opinions
of teachers, the curriculum, and expert opinions
on the methods included in the relevant literature.
Considering the best method that could be effective
in developing students’ problem-solving and problem-
posing skills, the study adopted this method for the
second stage of the research.

In collecting and analyzing quantitative data as a
secondary case, a qguasi-experimental study was
conducted in the frial model with the prefest and
posttest confrol group. Studies that used experimental
model tested the effect of the experimental process
on the dependent variable. Thus, they added a high
statistical power to the research and allowed the
findings to be inferpreted in the context of cause and
effect (Buyukoztirk, 2012). In the experimental section,
the effect of activities conducted with the inquiry-
based learning method supported by metacognitive
strategies and inquiry-based learning on the problem-
solving and problem-posing skills of fourth-grade
primary school students was examined.

Study Group

The study group in the qualitative part of the study
consisted of 12 primary school teachers and the
mathematics curriculum. Criterion sampling, one
of the purposeful sampling methods, was used
to determine primary school feachers. The basic
understanding of this type of sampling is fo examine
the situations that meet a predetermined set of
criteria (Yildinm & Simsgek, 2006). For this purpose, a
list of criteria was prepared by the researchers. These
criteria were listed as the inclusion of three teachers
from each grade level in the research. Teachers were
selected from different schools in a disfrict center and
villages. The selection of the teachers was made by
considering the socio-economic characteristics of the
schools, tenure of tfeachers, and educational degree
of the teachers, and the expression of the teachers
that they paid attention to the application of different
methods in mathematics courses.

The study group in the quantitative part consisted of 63
fourth-grade students studying in three classes in the
second semester of the 2017-2018 academic year. In
the experimental part of the study, two experimental
groups and a control group were determined as the
effects of fwo independent variables (inquiry-based
tfeaching supported by metacognitive strategies and
inquiry-based teaching) on dependent variables
(problem-solving and problem-posing skills) were
investigated.

In  defermining the experimental and conftrol
groups, the first-term mathematics grade averages
of the three classes were examined. As a result
of the exploration, the average of mathematics
achievement of the classes was calculated as 82.72,
80.15, and 79.86. According to these averages, the
mathematics achievements of the groups were found
to be equivalent.

After the groups were determined fto be equivalent,
fwo experimental groups and one confrol group were
selected by the neutral assignment method. Twenty-
two students (10 girls [45.45%] and 12 boys [54.55%)])
were included in the first experimental group; 20
students (nine girls [45%], 11 boys [565%]) were included
in the second experimental group; and 21 students (12
girls [671%] and nine boys [42.9%]) were included in the
control group. These data show that the numbers of
students in the experimental and confrol groups were
equal and the disfribution of the participants in the
study groups by gender within the groups was close
tfo each other.
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Data Collection Tools
Semi-structured interview form

This form consisted of the following two dimensions:
personal information and inferview questions. The
personal information dimension of the form aimed to
collect demographic information of the partficipants,
such as gender, ftenure, educational degree, and
grade level that the participants teach were provided.
Besides, an open-ended question was added to the
interview question part of the questionnaire, aiming o
collect data in accordance with the purpose of the
research. Furthermore, expert opinions were consulted
while preparing the form.

While developing the form, a draft form consisting
of two questions was prepared first. Later, a pilot
study was conducted by applying this draft form to
fwo primary school teachers. During the pilot studly,
primary school teachers reported that the two
questions were similar. Thus, these fwo questions were
decided to combine. As a result of these studies, a
final form consisting of the following single question
was obtained: Is it possible to apply different methods
in mathematics classes for students fo gain problem-
solving and problem-posing skills by considering the
grade level that you teach, and could you please
explain how these methods should be?

Form for expert opinion

This form included approaches, methods, and
tfechnigues that can be used in mathematics teaching
by scanning the relevant literature. An expert group of
10 people was formed to fill in this form. This expert
group included mathematics tfeachers, primary
school teachers, and academicians who conducted
studies on mathematics education. The expert group
was asked to evaluate the methods and techniques
that could be effective in teaching problem-solving
and problem-posing skills by using this form.

Problem-solving skills test and problem-posing skills
test

The problem-solving skills test developed by the
researchers consisted of 15 problems and the problem-
posing skills test consisted of 15 problem-posing
sifuations. All questions in the problem-solving skills
tfest consisted of open-ended questions. The questions
included in the problem-posing skills test consisted
of structured, semi-structured, and free problem-
posing situations (five pieces for each). A structured
problem-posing presents a problem and poses a new
problem out of it. A semi-structured problem posing is
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developing a new problem from a problem situation
using instfruments such as raw information, graphs,
pictures, and tables. A free problem-posing is to pose
a problem about the desired subject without giving
any problem, data, figure, or problem situation. The
problems and problem-posing situations in the tests
consisted of questions in the learning domains of
addition, subtraction, multiplication, division, and
length measurement. In this way, it was aimed to
enable students to solve and pose problems by using
their four operations skills.

The opinions of three faculty members and eight
primary school teachers were taken in the process of
forming the tests. The Cronbach’s alpha (a) values of
the problem-solving skills test for the first experimental
group, the second experimental group, and the
confrol group were 90, 91, and .75, respectively. The
Cronbach’s alpha (a) value for the problem-posing
skills test for the first experimental group, the second
experimental group, and the control group were .89,
.86, and .94, respectively.

Rubrics for the evaluation of problem-solving and
evaluation of problem-posing

These rubrics were developed by Katranci (2014) o
evaluate problem-solving skills and consist of five
criteria. The rubrics aimed to evaluate the problem-
solving processes of the students better by separating
each criterion into sub-criteria. The highest score that
students could get from this rubric for each question
was 5, while the lowest score was 1. The Cronbach’s
alpha value of the rubric was 0.925. The rubrics for
the evaluation of problem-posing included four sub-
dimensions and each dimension consisted of four
criteria. The assessment criteria of the sub-dimensions
were evaluated between 0 and 4 points, and each
sub-dimension had the coefficients of the evaluation
criteria. Thus, it is possible to observe them in detail in
which stage they have deficiencies while evaluating
students’ problem-posing sfudies. The highest score
that students could get from this rubric for each
question was 14, whereas the lowest score was 0. The
Cronbach’s alpha score of the rubric was 0.932.

Observation forms for the evaluation of experimental
procedures

They were developed by the researchers to evaluate
the feaching performed in the experimental
groups. The forms were created by considering
the application steps of the methods applied in the
experimental groups. The aim was to set criteria for
determining whether the experimental applications
were functioned as planned or noft.
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Observation form for the evaluation of studies
conducted in the control group

The form was developed by the researchers to observe
the problem-solving and problem-posing activities
in the control group. Problem-solving and problem-
posing activities performed in the confrol group during
the experimental process were determined through
this form.

Data Collection Process

In the qualitative part, interviews were conducted with
primary school teachers first. Each interview lasted
approximately 30-40 minutes. Briggs (1986) stated
that the inferviewing, which is widely used in the
field of social sciences, is an effective data collection
method for obtaining information about individuals’
experiences, opinions, complaints, feelings, attitudes,
and beliefs (cited in Yildinm & Simsek, 2006). Thereafter,
the mathematics curriculum was examined through
document analysis. According to Wiersma and Jurs
(2005), document analysis is a fechnique used for
data collection, systematic analysis, and evaluation of
data.

Finally, the relevant literature was reviewed tfo
determine teaching approach and techniques that
could be employed in mathematics feaching. After
the expert group was informed about the methods
and techniques, they were asked fto evaluate these
methods and fechniques that could be effective in
tfeaching problem-solving and problem-posing skills.
The data obtained from the experts were converted
into statistical data using Lawshe’s technigue (critical
values for Lawshe's content validity ratio) to determine
the content validity ratios. Thanks to these rates, the
methods that could be used were determined. The
obtained data are presented in the findings section.

Furthermore, pretest and posttest were applied to the
students in the experimental and control groups of the
problem-solving skills test and problem-posing skills
fest to collect the quantitative data. The tests were
applied to the students with similar characteristics
to identify the response time of the tests and it was
concluded that the two class hours (40 + 40 min)
would be sufficient for the tests.

An (inquiry + metacognition) application process for
the first experimental group

In the first experimental group, the application of
an inquiry-based learning method supported by
various metacognitive sfrategies was performed.
The application was implemented for nine weeks
by performing problem-solving and problem-posing
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activities in one class hour each day. One problem
was solved and formed in each class hour. Forty-five
problem-solving and 45 problem-posing practices
were performed in 45 class hours. In addition, through
the homework guide form, 20 problem-solving and
20 problem-posing practices were distributed to the
students to solve them at home. In total, the students
completed 65 problem-solving and problem-posing
practices.

Various metacognitive sfrategies were used to
develop students’ metacognitive skills in the inquiry-
based learning environment, and thus, various
materials were designed by the researcher by
tfaking the expert opinions. These materials are
problem-solving with guidance card / problem-
posing worksheet, problem-solving with lbehavior
card / problem-posing worksheet, problem-solving /
problem-posing worksheet, checklist, error evaluation
form, peer evaluation form, reflective journal writing
form, homework guide form, and self-assessment
scale. These materials consisted of questions that
improve students’ metacognitive skills while solving
and posing problems. After reading a problem or
problem situation, the students solved and formed
the problems by answering the questions included in
each inquiry tread.

The second experimental group (inquiry) application
process:

In the second experimental group, the process,
including only the inquiry steps, was applied without
performing metacognitive sftrategy tfeaching. In
determining these steps, the inquiry steps infroduced
to encourage the application and use of inquiry-based
learning in mathematics and science by bringing
together 14 universities from 12 countries in Europe were
used (Promoting Inquiry in Mathematics and Science
Education Project [PRIMAS], 2010). In the practice
process based on inquiry, worksheets, containing the
same problems and problem-posing situations as the
first experimental group were prepared as materials.
The sftudents completed 45 problem-solving and
problem-posing activities for each in the classroom
within 45 class hours and completed 20 problem-
solving and problem-posing activities for each at
home. The students completed a total of 65 problem-
solving and problem-posing activities. However,
expressions that improved metacognitive skills were
excluded from these worksheets. The students were
allowed to perform problem-solving and problem-
posing practices in accordance with the steps
of “simplification and representation,” “analyzing
and solving,” “inferpretation and evaluation,”
“"communicating and reflecting,” and “reviewing the
process.”
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The control group application process

No insfructional planning was made in the control
group, and the normal process based on the textbook
contfinued. However, during the tfeaching process in
the control group, the students also dealt with the
same problems and problem-posing situations used
in the experimental groups. In addition, 20 problem-
solving and problem-posing activities were provided
for them to be solved at home.

Data Analysis

A confent analysis was used to examine the interviews
with the teachers and the mathematics curriculum,
while the Lawshe’s tfechnique was used to analyze the
expert opinions. The procedure in the content analysis
was fo bring similar data within the framework of
certain concepts and themes together and interpret
them in a way that the reader could understand
(Vildinm & Simsek, 2006). In the content analysis,
the teachers’ names obtfained during the interview
process were kept confidential and were coded as
T1, T2, T3, ... T12. Page numbers in the direct quotations
obtained from the mathematics curriculum were
given in the following form: pg, pg.2.

Lawshe’s technique was used to analyze the expert
opinions. A Mminimum of five and a maximum of 40
expert opinions are received through this technique
(Yurdugul, 2005; Yurdugul & Bayrak, 2012). The
opinions of the expert group were scaled into the
following three categories: "necessary,” “useful but
unnecessary,” and “unnecessary.” The calculation was
then made over the number of experts who reported
the item “necessary” (Ayre & Scally, 2014).

Content validity ratios (CVR) were obtained by 1 minus
of the ratio of the number of experts reporting the
opinion of "necessary” for any item to the half of the
fotal number of experts providing opinions on the item
(Lawshe, 1975). CVRs varied between +1 to -1. Ratios
with O and negative values were directly excluded
(Yurdugul, 2005). As the opinions from 10 experts were
received in this study, the conftent validity criterion was
found to be "0.62, and the evaluations were made
according to this criterion in the findings section.

Inthe quantitative section, the pp graph, skewness, and
kurtosis values were examined to determine whether
the data showed a normal distribution to select the
appropriate statistical method for the study and to
decide the statistical procedures to be applied. The
skewness/the standard error of skewness was found to
be >1.96 and, thus, the data set variables did not show
a normal distribution. Therefore, the Mann-Whitney
U test was used to analyze unrelated measurements
in the comparison of pretest and posttest scores of
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the students in the experimental and control groups,
and the Wilcoxon signed ranks test was used in the
analysis of related measurements. The error margin in
the research was accepted as .05.

In addition, the effect sizes were calculated to
determine to what extent the independent variables
affect the dependent variables. The effect size is a
value used fo determine how effective an examined
case is (Yildinm, 2015). In non-parametric tests,
the effect size, as mentioned by Field (2009), was
calculated using the formula r= z/VN, and they were
interpreted as small effect, moderate effect, and
strong effect with the values of r= 010, r= 0.30, and r=
0.50, respectively.

Results
The Results of the First Stage of the Study

In the first sub-problem of the study, interviews with
tfeachers were conducted to determine the method
that could be effective for fourth-grade students to
gain problem-solving and problem-posing skills. The
findings obtained from fthe interviews with tfeachers
are presented in Table 1.

As Table 1 presents, the opinions of feachers were
grouped under six categories. During the creation of
categories, the codes were identified, and expressions
were analyzed according fo these codes. Two
teachers (16.66%) reporting students could learn better
with fun activities said that game-oriented methods
could be effective. Two teachers (16.66%) said that the
methods that atfract more students to arouse their
interest and help them use their imagination could be
efficient.

Three teachers (26%) reported that the methods
that could develop different perspectives could be
effective in problem-solving and problem-posing
practices. Two teachers (16.66%) mentioned that the
methods that could be understood by the students
at different levels with low-attendance and attention
deficit could be impressive. Two teachers (16.66%)
reported that the use of the methods in which the
problem solutions are explained step-by-step could be
effective. Furthermore, one teacher (8.34%) reported
that students should have different problem-solving
and problem-posing methods to form and solve
problems.

The findings of the analyses regarding the second
sub-problem of the study are presented in Table
2. When Table 2 was analyzed, eight categories
regarding the methods emphasized in the statements
in the program were identified. The details of these
categories revealed the following assumptions:
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Table 1
The Opinions of the Teachers Concerning the Applicability of Different Methods
Category f (%) Code Teacher statements
Té: The methods that students furn info a game and understand entertainingly
might be used while solving the problem.
Game-based 2 (16.66) Game
T1: The visual activities should be more for students with high visual intelligence.
Game-based methods should be included.
T2: Yes, the activities in the tfextbook seem very superficial and ordinary. | would
like methods that would draw children’s attention more and would make them use
Attractive 2 (16.66)  Attention their imagination more to be included.
T8: As the practices in the book are very few, the presence of the methods that
attract the students’ attention would increase diversity.
T4: 1 think that the methods that allow for posing more problems would be effec-
tive. By this means, the students could both pose and solve a problem they have
created by developing different viewpoints.
T1: The student would choose the shortest path to the solution or the most ap-
The one ) . ; ) ) .
o propriate way for their comprehension when solving or forming a problem. In this
contfaining 3 : . . g
different (25) Method respect, the m’rrqduo’non of different PoThs is important. Eurfrhermore, the me’rhods
) ) that could contribute to the teacher’s development of distinct ideas and increase
viewpoints , .
the student’s attention.
T9: In mathematics course, we make the students deal with a great variety of
questions. As every problem has absolutely a few solutions, it would be good to
have the methods that bring in different perspectives.
T7: Teaching could be easier if there were e different methods that can be easily
. understood by the students with low attendance and with attention deficit.
Suitable for a
level 2 (16.66) Level ‘ A ‘
T5: The comprehension and understanding level of each student f is not the same.
Therefore, different methods could appeal to different students.
T12: In particular, the students with difficulties understanding what they read while
reading information about the problem. They have problems with misapplying the
information and inability to express it adequately. It could be good to use paths
The one with different process steps to eliminate these issues.
A A Step-by-
including 2 (16.66) step
process steps T3: The number of examples should be increased, and the existence of different
methods would enable the students to understand the stages of problem-posing.
Thus, the student will be able to solve and form the problem more easily. Because
books are inadequate on this subject.
The one T10: Of course, the sample problem should be placed on the page so that the
including 1(8.34) Fiction student fictionalizes and solves it. Moreover, it would be better to reduce page
fiction densities visually and increase the numbers.
Total 12 (100)

the program emphasized the methods that direct
the use of metacognifive knowledge and skills, in
which ftime is effectively used, a teacher is a guide
when needed, could be built on previous learning,
individual differences are taken into account, active
parficipation is provided and is open to necessary
adaptations, could be effective.

In the third sub-problem of the research, expert
opinions concerning the methods in the relevant
literature, which could be effective in equipping fourth-
grade students with problem-solving and problem-
posing skills, were examined. In determining these
methods, Lawshe'’s technique was used to analyze
the answers provided by the experts. The content
validity ratio was 0.62 as 10 experts participated in
the research. The methods that took a value above
this rate were identified as effective methods in
tfeaching problem-solving and problem-posing skills.
The findings regarding expert opinions are presented
in Table 3.

Table 3 shows the content validity rafios of the
methods presenting the expert opinions. According
to these ratios, the methods that are above the 0.62
content validity ratio calculated in the method section
were considered effective methods. The methods
with the highest value were identified as the inquiry-
based learning and problem-solving method. Also,
the observation method, micro-teaching, simulation
fechnique, six hat-thinking technique, role-playing
method, demonstration method, show and tell
method, and direct instruction method, which fook
0 and negative values, were also defermined as the
methods and techniques that should not be used.

The findings obfained from fthe first stage of the
research revealed that the activities should not be
performed by rote learning methods that do not
encourage the student to conduct research and think.
Therefore, it has been observed that student-centered
methods should be preferred in which students
actively partficipate in the learning process, pose their
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Table 2
Expressions in the Program Regarding the Method that Could be Effective
Category Code Teacher statements
Mgkl.hg using ) "To pursue and insist on learning so that the individuals could organize their act of learning
the time effi- Time P . - . ) ) .
ciently individually or in groups, including effective time and knowledge management” (pg. 6).
Guidance "Gaining, processing, and adopting new knowledge and skills as well as looking for guid-
Support o
prepared by: ance support and fake advantage of it..” (pg. 6).
"Based on previous learning and life experiences to use and apply knowledge and skills in
various contexts such as home, workplace, education, and training environment” (pg. 6).
‘Students’ prior learning should be identified and opportunities for students fo build new
. Preliminary infor- mathematical concepts on previous concepts should be provided through the activities
Revealing ) ) . . - M
preliminary mation that support effective learning and students should be encouraged in this process”(pg. 15).
informartion Guidance “In the process of learning mathematical concepts, it is necessary and important for
teachers to guide students to express their thoughts. In this context, through questions such
as ‘Have you ever encountered a problem similar fo this problem? If so, do you remember
the path you followed? Do you know what path would work to solve this problem?’ the
student should be allowed to demonstrate and strengthen the thinking process” (pg. 15).
“As the individual is severely affected by internal and external dynamics such as educa-
. tional level, course content, social environment, and school facilities, the priority in ensuring
Including . ; ! ) ;
diversity Genuine the effectiveness of measurement and evaluation practices is expected from teachers and
training practitioners, instead of the curricula. At this point, originality and creativity are the

basic expectations of the teachers” (pg. 7).

"Due to the fact of individual differences, it is not appropriate to speak of a uniform method

of measurement and evaluation involving all students, and de facto for all students. The ac-

ademic development of the student cannot be evaluated by measuring a single method or
a technique” (pg. 7).

“Individual differences derived from hereditary, environmental, and cultural factors man-

Inferest ifest themselves also in terms of interest, need, and orientation. Alternatively, this includes
Requirement inter-individual differences and differences within the individual. Individuals differ both from
d others and are different from their characteristics. While an individual’s abstract thinking

Safeguarding
individual
differences

Development ability is strong, the same individual's painting ability could be weak” (pg. 8).
"Although development continues throughout life, the rate of this development varies ac-
Measurement and ) . L ) - ) .
Evaluation cording to the stages. Times, when the speed is high, are the risky and critical times in terms
of development. Therefore, teachers are expected to be more sensitive to the situation of
the student when the development speed is high” (pg. 8).

“Students’ individual differences should not be neglected. Therefore, priority and impor-
tance should be given fo the practices that put forward students’ learning styles and
strategies in mathematics tfeaching studies” (pg. 14).

“"Multi-focused measurement-evaluation is essential. The measurement and evaluation
practices are performed by the active participation of the teachers and students” (pg. 7).

I:;IeinC)gnch{\?e_ Participation “In the process of teaching qnd learning mg‘rhemo‘rigg the fact that sTudenTs express ‘fheir
participation Communication thoughts verbolly plays an important role in infernalizing, unders‘rondmg, O_nd _sT_rucTurmg
mathematical concepts. Students should also be encouraged to establish individual and
inter-individual communication while demonstrating how they consfruct concepts in the
teaching process” (pg.15).

“"Although development continues throughout life, it is not in a single and an exemplary
structure. It proceeds as phases and the developmental characteristics of individuals are
different in each stage. The phases are not homogeneous in ferms of their beginnings and
The one Development .endingsA For this reason, the progrqms are sTrupTured with TheAuTmosT precision to take this
comprising info account. In the process of realizing the objectives and gains of the programs, the nec-
Teacher essary adaptations are expected to be made by the teacher” (pg. 7).
necessary
adaptations Method "The individual and cultural differences among students should be considered in the imple-
mentation process of the program. In this context, appropriate methods and approaches
should be preferred in the mathematics-teaching process” (pg15).

) “The students will be able fo express their thoughts and reasoning easily in the process of
Problem-solving ) - - : ) . M
problem-solving and see deficiencies or gaps in the mathematical reasoning of other” (pg.

Making use of 9).

metacognition Reasoning

. “Education is given not only for 'knowing (thought), but also for ‘feeling (emotion)’ and ‘do-
Action - - , . ) o .
ing (action),” therefore, only cognitive measures cannot be considered sufficient” (pg. 7).
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Table 3
The Content Validity Ratios of Expert Opinions (CVR)

© O

Approach/ o o) o Approach/ o o) Qo

5 ° 9] 5 ke ¢

XS] 19) = o 5 L2

= o = (o}
Method/ g g o ¥ Method/ g g o ¥
o c o O o c 5 O

. [0} 5 a . Q 3 a

Technique Q c 5 Technique Q c 5

< o £ < o c
Inquiry-based learning 10 0 0 1 Direct instruction method 1 2 7 -8
Peer learning method 9 1 1 .8 Question and answer method 7 0 3 4
Active learning 9 0 1 .8 Problem-solving method 10 0 ] 1
Programmed instruction 6 3 1 .2 Demonstration method 2 5 3 -6
Computer-aided instruction 7 1 2 4 Observation method 5 2 3 0]
Micro-teaching 4 1 5 -2 Role playing method 4 2 4 -2
Teaching by team 9 0 1 .8 Case study method 7 2 1 4
Simulation technique 4 2 4 -2 Discussion method 6 3 1 2
Six thinking hats technique 4 2 4 -2 Show and fell method 2 2 6 -6
Brainstorming technique 7 1 2 4 Group working method 9 0 1 8
Station technique 6 1 3 2 Project method 8 1 1 6

questions, work in collaboration by combining new
information with previous information, and that is also
enfertaining, individual differences are supervised,
communication is encouraged, and a teacher guides
when necessary.

One of these methods in the first sfage of the research
was the inquiry-based learning method deftermined
by analyzing feachers’ opinions, the mathematics
curriculum, and expert opinions. The inquiry-based
learning method is a sfudent-centered method in
which students use their creafivity in the process
of creating knowledge by asking quesfions and
conducting research. In the second stage of the studly,
an experimental study was designed tfo determine the
effect of this method on students’ problem-solving and
problem-posing skills. In this designed experimental
process, the effect of inquiry-based learning method
supporfed by metacognitive strategies and inquiry-
based learning method on students’ problem-solving
and problem-posing skills were examined.

The Results of the Second Stage of the Study

The fourth sub-problem of the study was examined fo
defermine whether there was a significant difference
between the pretest and posttest scores of the
problem-solving skills of the experimental and control
groups.

The findings of the Mann-Whitney U fest conducted
for the analysis of the problem- solving skills prefest
scores of the experimental and confrol groups are
shown in Table 4.

Table 4 shows that there was a statistically significant
difference in favor of experimental group 1 between
the experimental group 1 and the control group
before the practices (U= 62.50, z= -4.09, p< .05),
between the experimental group 1 and experimental
group 2 in favor of experimental group 1 (U= 101, z=
-3.00, p< .05). The findings also revealed that there
was no statistically significant difference between the
experimental group 2 and control group (U= 145.50, z=

Table 4
Analysis of Pretest Scores in Problem-Solving Skills
Groups n Mean rank Rank total ] P
I. Experiment 22 29.66 652.50
62.50 .00*
Control 21 13.98 293.50
II. Experiment 20 24.23 484.50
145.60 .09
Control 21 1793 376.50
|. Experiment 22 2691 592
101 .00*
II. Experiment 20 16.65 3N
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-1.68, p> .05). The mean scores of the groups revealed
that the problem-solving skills of the first experimental
group were higher than the second experimental
group and the contfrol group before applying the
learning methods. It would be safe to say that the
problem-solving skills of the second experimental
group and the control group equaled to each other.

The results of the Mann-Whitney U test conducted
for the analysis of the problem-solving skills posttest
scores of the experimental and control groups are
shown in Table 5.

According to Table 5, after the experimental
practices, the problem-solving skills of the students
in the experimental group 1 compared to both the
students in the control group (U= 46.50, z= -4.48, p< .05,
r=-.68), and in the experimental group 2 (U= 95.560, z=
-314, p< .05, r= -.48) showed a statistically significant
difference. In addition, the problem-solving skills of
the experimental group 2 students were found to be
higher than the control group (U= 117, z= -2.43, p< .05, r=
-.63). The effect size values revealed that the inquiry-
based learning method supported by metacognitive
strategies and inquiry-based learning significantly
improved students’ problem-solving skills compared
to the learning process envisaged by the curriculum.
Moreover, the inquiry-based learning method
supported by metacognitive strategies improved
students’ problem-solving skills at a moderate level
compared o the inquiry-based learning method.

December 2020, Volume 13, Issue 2, 287-308

The findings of the Wilcoxon signed ranks fest
conducted to deftermine whether there was a
statistically  significant difference between the
problem-solving skills pretest and posttest scores of
students in the experimental and control groups are
shown in Table 6.

Table 6 shows that, in the experimental and control
groups, a statistically significant difference was
observed in favor of posttest scores (z= -3.42, p< .05,
r=-52; z= -392, p< .05, r= -.62; z= -3.45, p< .05, r= -.563).
The effect sizes of this difference revealed that the
students’ problem-solving skills showed a statistically
significant improvement in all three groups.

The purpose of the fifth sub-problem of the research
was to determine whether there was a statistically
significant difference between the pretest and
posttest scores of the problem-posing skills of the
experimental and control groups.

The results of the Mann-Whitney U test conducted
for the analysis of the structured problem-posing skills
sub-dimension pretest scores of the experimental and
conftrol groups are presented in Table 7.

According to Table 7, no stafistically significant
difference was observed (U= 201, z= -73, p> .05; U=
20750, z= -.06, p> .05; U= 175, z= -113, p> .05). The mean
ranks of the groups revealed that structured problem-
posing skills were equivalent in each of the three
groups before the application of learning methods.

Table 5
Analysis of Posttest Scores in Problem-Solving Skills
Groups n Mean rank Rank fotal U P
|. Experiment 22 30.39 668.50
46.50 .00*
conftrol 21 13.21 27750
IIl. Experiment 20 25.67 513
n7z 01"
control 21 16.567 348
I. Experiment 22 2716 59750
95.50 .00*
IIl. Experiment 20 15.28 305.50
Table 6
Analysis of Prefest and Posttest Scores in Problem-Solving Skills
Groups Pretest posttest n Mean rank Rank total z [e)
Negative ranks 3¢ 7 21
I. Experimental group Positive ranks 190 12.21 232 -3.42* .00
Equal 0° - -
Negative ranks o .00 .00
Il. Experimental group Positive ranks 20P 10.50 210 -3.92* .00
Equal 0° - -
Negative ranks 3¢ 417 12.50
The control group Positive ranks 17° 1.62 197.50 -3.45* .00

Equal
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The results of the Mann-Whitney U test conducted
for the analysis of the structured problem-posing skills
sub-dimension posttest scores of the experimental
and control groups are presented in Table 8.

According to Table 8, after the experimental
applications, both the students in the experimental
group 1 (U= 12850, z= -2.49, p< .05, r= -.38), as well as
the students in experimental group 2 (U= 131.50, z=
-2.06, p< .05, r= -.32) structured problem-posing skills
showed a statistically significant difference compared
tfo the students in the confrol group. However, there
was no staftistically significant difference between
the students’ structured problem-posing skills in the
first and second experimental groups (U= 199.50,
z= -b2, p> .05). The effect size values revealed that
the inquiry-based learning method supported by
metacognitive strategies and inquiry-based learning
methods improved the students’ problem-posing skills
at a moderate level compared to the learning process

predicted by the curriculum. However, the inquiry-
based learning method supported by metacognitive
strategies was not more effective compared to the
inquiry-based learning method.

The results of the Wilcoxon signed ranks test conducted
for the studentsin the experimental and control groups
regarding whether there was a statistically significant
difference between the sfructured problem-posing
skills sub-dimension pretest-posttest scores are shown
in Table 9.

According to Table 9, in the experimental and control
groups, a statistically significant difference was found
in favor of posttest scores (z= -411, p< .05, r= -.62; z=
-3.92, p< .05, r=-.62; z= -3.42, p< .05, r= -.63). According
to the effect size values of this difference, the students’
structured problem-posing skills showed a statistically
significant improvement in all three groups.

Table 7
The Analysis of Pretest Scores in the Structured Problem-Posing Skills Sub-Dimension
Groups n Mean rank Rank total U P
I. Experiment 22 20.64 454
201 A7
Control 21 23.43 492
II. Experiment 20 2113 422.50
207.50 95
Control 21 17.26 362.50
|. Experiment 22 19.45 428
175 26
II. Experiment 20 23.75 475
Table 8
The Analysis of Posttest Scores in the Structured Problem-Posing Skills Sub-Dimension
Groups n Mean rank Rank total 0] P
|. Experiment 22 26.66 586.50
128.50 01"
Control 21 1712 359.50
Il. Experiment 20 2493 498.50
131.50 .04*
Control 21 17.26 362.50
|. Experiment 22 22.43 493.50
199.50 .60
Il. Experiment 20 20.48 409.50
Table 9
The Analysis of the Prefest and Posttest Scores in the Structured Problem-Posing Skills Sub-Dimension
Groups Pretest posttest n Mean rank Rank total z @)
Negative ranks o .00 .00
I. Experimental group Positive ranks 220 11.60 253.00 -411* .00
Equal 0° - -
Negative ranks 0° .00 .00
Il. Experimental group Positive ranks 20P 10.50 210.00 -3.92* .00
Equal 0° - -
Negative ranks 20 8.50 17
The control group Positive ranks 19° 1.26 214 -3.42* .00
Equal 0° - -
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The results of the Mann-Whitney U test conducted for
the analysis of the semi-structured problem-posing
skills sub-dimension pretest scores of the experimental
and control groups are presented in Table 10.

According to Table 10, before the practices among
the groups, no stafistically significant difference was
observed (U= 18750, z= -1.06, p> .05; U= 173.50, z= -95,
p>.05; U= 216, z= =10, p> .05). The results of the mean
ranks of the groups revealed that the semi-sfructured
problem-posing skills were equivalent in each of
the three groups before the application of learning
methods.

The outcomes of the Mann-Whitney U test conducted
for the analysis of the semi-structured problem-posing
skills sub-dimension posttest scores of the experimental
and control groups are shown in Table 11.

December 2020, Volume 13, Issue 2, 287-308

According fo Table 11, affer the experimental
applications, no staftistically significant difference was
observed between the groups (U= 208.50, z= -55, p>
.05; U= 162, z= -1.25, p> .05; U= 180 z= -1.01, p> .05). The
results of the mean ranks of the groups revealed that
semi-structured problem-posing skills did not differ in
all three groups affer the implementation of learning
methods.

The findings of fthe Wilcoxon signed ranks fest
conducted to determine whether a statistically
significant difference between the prefest and
posttest scores of the sub-structured problem-posing
skills sub-dimension of the students in the experimental
and control groups is presented in Table 12.

According to Table 12, in the experimental and control
groups, a statistically significant difference was found
in favor of posttest scores (z= -3.49, p< .05, r= -53;

Table 10
The Analysis of the Pretest Scores in Semi-Structured Problem-Posing Skills Sub-Dimension
Groups n Mean rank Rank fotal U P
|. Experiment 22 2398 52750
187.50 .29
Control 21 19.93 418.50
Il. Experiment 20 22.83 456.560
173.50 .34
Control 21 19.26 404.50
|. Experiment 22 21.32 469
216 92
Il. Experiment 20 21.70 434
Table 11
The Analysis of the Posttest Scores in Semi-Structured Problem-Posing Skills Sub-Dimension
Groups n Mean rank Rank fotal U P
|. Experiment 22 23.02 506.50
208.50 .58
conftrol 21 20.93 439.50
IIl. Experiment 20 23.40 468
162 21
conftrol 21 18.71 393
I. Experiment 22 19.68 433
180 .31
IIl. Experiment 20 23.50 470
Table 12
Analysis of Prefest and Posttest Scores of the Semi-Structured Problem-Posing Skills Sub-Dimension
Groups Pretest posttest n Mean rank Rank total z [e)
Negative ranks 4 4.75 19
I. Experimental group Positive ranks 18P 13 234 -3.49* .00
Equal 0° - -
Negative ranks 1@ 1 1
II. Experimental group Positive ranks 190 n 209 -3.88* .00
Equal 0° - -
Negative ranks 4e 4.50 18
The control group Positive ranks 16° 12 192 -3.25% .00

Equal

1o - -
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7z=-3.88, p< .05, r=-.61; z= -3.25, p< .05, r= -50). According
to the effect size values related to this difference,
the sfudents’ semi-structured problem-posing skills
showed a statistically significant increase in all three
groups.

The results of the Mann-Whitney U test conducted
for the analysis of the free problem-posing skills sulb-
dimension prefest scores of the experimental and
control groups are shown in Table 13.

According fo Table 13, before the practices among
the groups, no statistically significant difference was
observed (U= 230.50, z= -.01, p> .05; U= 168.50, z= -1.08,
p>.05; U=176.50, z= -110, p> .05). When the mean ranks
of the groups are observed, it can be stafed that
free problem-posing skills were equivalent in each of
the three groups before the application of learning
methods.

The results of the Mann-Whitney U fest conducted
for the analysis of the free problem-building skills sulb-
dimension posttest scores of the experimental and
control groups are presented in Table 14.

According fo Table 14, after experimental applications,
no statistically significant difference was observed
between the groups (U= 16750, z= -1.64, p> .05; U= 142,
z= -1.77, p> .05; U= 209.50, z= -.26, p> .05). When the
mean ranks of the groups are examined, it can be
stated that the free problem-posing skills did not differ
in all three groups after the application of learning
methods.

The results of the Wilcoxon signed ranks test conducted
fo defermine whether a statistically significant
difference between the prefest-posttest scores of the
students’ free problem-posing skills sub-dimension in
the experimental and control groups is presented in
Table 15.

Table 13
Analysis of Pretest Scores of the Free Problem-Posing Skills Sub-Dimension
Groups n Mean rank Rank total 0] P
|. Experiment 22 2198 483.50
230.50 99
Control 21 22.02 462.50
Il. Experiment 20 23.08 461.50
168.50 .28
Control 21 19.02 399.50
|. Experiment 22 19.52 42950
176.50 27
Il. Experiment 20 23.68 473.50
Table 14
Analysis of Posttest Scores of the Free Problem-Posing Skills Sub-Dimension
Groups n Mean rank Rank total ] P
I. Experiment 22 24.89 54750
167.50 12
Control 21 18.98 398.50
IIl. Experiment 20 24.40 488
142 .08
Control 21 17.76 373
|. Experiment 22 21.02 462.50
209.50 79
Il. Experiment 20 22.03 440.50
Table 15
Analysis of Pretest and Posttest Scores of Free Problem-Posing Skills Sub-Dimension
Groups Pretest posttest n Mean rank Rank total z [e)
Negative ranks 1@ 7 7
I. Experimental group Positive ranks 20° 1.20 224 -3.77* .00
Equal 1° - -
Negative ranks ba 4.60 23
II. Experimental group Positive ranks 156° 12.47 187 -3.06" .00
Equal 0° - -
Negative ranks 7° .21 78.50
The control group Positive ranks 130 1012 131.50 -99* 32

Equal
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According to Table 15, in the first experimental group,
(z= -3.77, p< .05, r= -57) and in the 2nd experimental
group (z= -3.04, p< .05, r= -.48), there was a statistically
significant difference in favor of posttest scores,
while no statistically significant difference (z= -99,
p> .05) was observed in the control group. Also the
effect size values revealed that the first experimental
group was found to make significant progress in the
problem-posing skills, while the second experimental
group showed moderate improvement. However, the
learning process envisaged by the curriculum was not
effective in the development of free problem-posing
skills of the students in the control group.

Conclusion and Discussion

By examining the feachers’ opinions, the curriculum,
and the relevant literature, the method that could be
effective in making the students gain problem-solving
and problem-posing skills were determined as the
inquiry-based learning method. The inquiry-based
learning is seen as a process in which the problems
or questions are formed, and the students, during the
course, try to solve problems or find answers to the
problems (Hammerman, 2006; Lliewellyn, 2002; Wood,
2003).

The findings revealed that the courses carried out
with the inquiry method increased students’ success,
developed their scientific process skills, led to a positive
attitude toward the course of science and technology,
developed their learning of concept, improved their
academic self-efficacy, and inquiry-based activities
were applicable in the preschool period (Cakar, 2013;
Duban, 2008; Eti, 2016; Gengtirk & Turkmen, 2007,
Kayacan, 2014; Unal, 2018).

According fo these results, the application of
inquiry processes foreseen by the curriculum allows
students to structure their knowledge by developing
independent questions. Based on these results, the
inquiry-based learning method was adopted as the
method used in the second part of the study.

The findings of the second part of the study revealed
that the methods applied in the experimental
groups were more effective than the control group
and improved the sftudents’ problem-solving skills.
Among the applied methods, it was concluded that
the inquiry-based learning method supported by
metacognitive strategies was more effective than the
inquiry-based learning method.

The courses carried out with theinquiry-basedlearning
method supported by metacognitive strategies have
an effect on the improvement of students’ problem-
solving skills. In a similar vein, Izzati and Mahmudi (2018)
emphasized that metacognition is necessary to solve
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mathematical problems successfully. They found that
students with higher metacognition are also better
problem-solvers. Goldberg and Bush (2003) claimed
that the metacognition process used in mathematical
problem solving improves students’ problem-solving
performance and metacognition skills. Ozsoy (2007)
examined the effect of metacognitive strategies
tfeaching on the students’ success in problem-solving
stages suggested by Polya. The findings revealed
that teaching metacognitive strategies through
metacognitive problem-solving activities increased
students’ problem-solving success.

Mevarech and Kramarski (1997) argued that the
IMPROVE strategy, a metacognitive strategy, used
in their study conftributed to the students’ success in
some areas such as mathematical thinking, problem-
solving, and reasoning. Vula et al. (2017) claimed that
the use of metacognitive strategy and self-regulation
processes was effective onstudents’ actions, reasoning,
and reflections. The findings of these studies coincide
with the findings of this research. Thus, it would be
safe to say that the use of various metacognitive
strategies in the problem-solving process improves
the students’ problem-solving skills. The strategies
used in the problem-solving process help the students
decide which steps to complete the task and transmit
their experiences to the subsequent tasks, as these
strategies are conscious, and they contain awareness
and control. Moreover, materials prepared to use
these strategies (guidance card worksheet, behavior
card worksheet, problem-solving worksheet, peer
assessment form, etc.) could be considered factors
that improve students’ problem-solving skills.

It was observed that the activities performed by
the inquiry-based learning method were effective
in improving sfudents’ problem-solving skills. Polat
(2009) argued that the interrogative problem-solving
approach improves students’ problem-solving skills,
offers new solutions through in-class discussions
and feaches them to think differently. These results
are also consistent with the results of this study.
Furthermore, previous studies demonstrated that
the effect of inquiry-based learning on unsuccessful
students’ grades was strong and permanent (Kogan &
Laursen, 2013), the students enjoyed the lessons during
the inquiry-based learning process, there was an
improvement in their behaviors and motivations, and
their success of mathematics increased (Camenzuli
& Buhagiar, 2014; Caswell & LaBrie, 2017), and the
questioning skills of the feacher frainees and their
anxiety levels related to the mathematics teaching
had an inverse relationship (Yavuz et al., 2018).

The findings on the students’ problem-posing skills
revealed that the applied methods were more
effective in developing students’ structured problem-
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posing skills among the groups. No stfafistically
significant difference was observed among the
groups in the ofher sub-dimensions. Furthermore,
while studies conducted on the sub-dimensions
developed the students’ sfructured, semi-structured,
and free problem-posing skills in all three groups,
no improvement was observed in the sfudents’
free problem-posing skills only in the control group.
This sitfuation revealed that sfudies conducted in
the experimental groups were effective, whereas
inadequate in the control group.

The materials concerning how the activities would be
performedin the experimental groups (error evaluation
form, checklist, reflective journal writing form, efc.)
were considered the factors that improved students’
problem-posing skills. Tertemiz and Sulak (2013) argued
that most of the students developed problems by
changing the values of the dafta at hand without
changing the technical conditions and the subject. It
was identified that there would be no problem in the
classifications of “reversing the given and requesfed
information” and “changing the conditions without
changing the given data and the subject”

Ngah et al. (2016) found that free problem-posing was
a more challenging task than semi-structured and
structured problem-posing situations. Similarly, Ozgen
et al. (2017) found that while there was no statistically
significant difference between students’ ability fo
construct different problems, it was found that the
students had more difficulty in the free problem-
posing activities. According to these results, it would
be safe to say that the results olbtained in this research
were similar to the results of the relevant studies. The
main reason for this is that, in structured problem-
posing skills, the students could produce problems
more easily than the ready-made problem situations.
Although there were raw data such as pictures, tables,
and figures for students to use in semi-sfructured
problem situations, they had difficulties in forming
problems by combining these data. Likewise, in the
cases of free problem-posing, the limited information
that would serve as an example for students led them
to have difficulty in developing problems. Therefore, it
would be useful to include different problem-posing
activities frequently in mathematics classes.

Teachers’' inadequate information about the problem-
posing can be considered one of the reasons why
students cannot develop problems related to different
problem situations. Isikk and Kar (2012) found that
primary school mathematics teachers included
structured and semi-structured problem-posing
activities in the process of the course, whereas they
did not engage in free problem-building activities.
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The other reason would be fthe insufficient number
of activities in the textbooks for students to work with
different problem situations. Fewer problem-posing
activities prevent students from being productive by
seeing different problem situations. Regarding this
subject, Isik (2010) found that the problem-posing
strategies in mathemaftics textbooks have not reached
the desired prevalence level yet.

Arkan and Unal (2013) argued that the students
could not develop a problem in line with the desired
situation and that this was due fo the fact that the
problem-posing activity in the book is not appropriate
for students’ readiness levels. According to Cai and
Jiang (2016), the problem-posing tasks should be
included more in the textbooks both in China and the
US, depending on the class levels, the problem-solving
diversity, and the designs of problem-solving tasks. Ev-
Cimen and Yildiz (2017) pointed out that the problem-
posing activities in all textbooks that they examined
were included in a limited number and variety in all
tfextbooks except for the eighth-grade textbook of
a private publishing company. In addition, it was
observed that the problem-posing activities were not
in a balanced disfribution in sub-learning areas and
that there was no textbook covering all learning areas
and all types of problem-posing. Therefore, it would be
effective to include an adequate number of different
problem-posing activities in mathematics textlbooks.

Suggestions

Methods that encourage students to conduct
research and solve problems should be preferred by
the teachers to help students gain problem-solving
and problem-posing skills.

- Learning environments should be prepared by the
tfeachers in which the students could activate their
metacognition skills in the process of asking questions,
researching, analyzing information, and transforming
data into useful information in the problem-solving
and problem-posing stages.

- Organizing pre-service and in-service training might
help teachers and prospective teachers learn about
metacognition and inquiry-based learning.

- It will be beneficial for the teachers and students to
use the materials developed by the researchers to
improve metacognition in the learning process.

- Training can be organized for the feachers to design
and implement in-class practices in which different
problem-posing activities are conducted.
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- Problem-posing skill is as important as problem-
solving skill and it should not be considered separately
from problem-solving skill. Therefore, by considering
this sifuation in feacher fraining programs, the
arrangements should be made for the importance of
problem-posing in the problem-solving process and
the improvement of problem-posing skills.

- In this research, as a result of experimental practices,
students’ problem-solving and problem-posing skills
development were examined. In addition, further
studies would be helpful to examine the effect of
students’ problem-forming skills on problem-solving
skills.

The inquiry-based learning method supported
by metacognifive strategies was conducted in a
quantitative dimension. Future studies employing
qualitative methods could examine the views of
tfeachers and students about this process.

- This research was conducted in accordance with
the problem-solving and problem-posing gains in
primary school fourth-grade mathematics course.
Experimental research can be conducted in different
subject areas, courses, and grade levels using
the inquiry-based learning method supported by
metacognitive strategies.
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Appendix
|. EXPERIMENTAL GROUP GUIDANCE CARD WORKSHEET

Problem: Goktug is now 18 years old. Age of his father is 3 fimes the age of Goktug. In two years, what will be
the sum of their ages?

Simplify and Represent
1. Read aloud a few times until you understand the problem and underline important information.
2. 1s there an expression in the problem that you do not know the meaning of? If so, what is it?

3. Write down what was given and what was asked? Do you think there is some missing or unnecessary infor-
mation about the problem?

4. Can you write down what you understand from the problem, what you are asked to do?

5. Which information, methods, and tools can be used fo solve the problem?
é. Is it difficult for you to solve the problem before you start solving it? If yes, why is it difficult?
Analyze and Solve

1. Have you previously solved a problem similar to this one? If so, can you explain in what way it is similar?

/Solve the Problem: \

. A

2. Which steps you followed to solve the problem?

3. What did you use to solve the problem? (chart, table, figure, etc.)

Interpret and Evaluate

1. Is the result you found correct? How do you verify it is correct?

2. If your answer is wrong, where do you think you have made a mistake?

3. Are there any places you have difficulty or need to reevaluate while solving?
Communicate and Reflect

1. Can you summarize what you have learned from the problem?

2. Could you solve the problem in another way?

3. Do you think this study will be useful for solving other problems?
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Il. EXPERIMENTAL GROUP PROBLEM POSING WORKSHEET

Problem Situation: Duru reads 25 pages on the first day, 30 pages on the second day, and 50 pages on the third
day.

Develop a problem that includes addition and subfraction by adding new information and data to the infor-
mation in the problem.

‘. 0

Let's Simplify the Problem Situation: To better understand the problem situation, look at what
is given, and which variables are listed. S/he tries to understand the problem situation by
creating simpler questions.

<

>'Lef's Analyze the Problem Situation: Have | encountered such a problem before to pose the
problem? S/he connects with previous information. S/he draws visuals, tables, and graphics
that facilitate problem-posing. Each group develops a problem in accordance with its plan.

>

Let's Pose the Problem:

-

>(Le'r's Interpret and Evaluate the Posed Problem: S/he checks whether the problem is cc>rrec'r.‘<
The data related to the problem e.g., tables, graphs are transferred to forms. If s/he's not
sure of her/his problem, s/he'll go back to the beginning.

/Le'r's Present and Reflect the Posed Problem: S/he effectively explains and shares 1he\
problem s/he has developed in the classroom. S/he tells if there are alternative problems.

S/he tells her/his relationship with other problems. Finally, s/he keeps the report.

X 4

Process Review: The importance of the process is emphasized by talking and discussing the
problem-posing process.

< 4




