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The main purpose of this research is to synthesize the experimental studies which refer
to the effect of student-centred strategies, methods and techniques used in
mathematics lessons on problem solving skills in mathematics. Publication bias was
tested to evaluate the validity of the study and no bias was found out. Meta-analysis
results show that student- centred strategy methods or techniques are more effective
than traditional teaching methods. 69 effect sizes from 55 studies were analyzed under
the random effects model according to heterogeneity test results. Since the
experimental and control groups had different sample sizes, Hedge's g was used to
calculate the effect size and it was calculated as g=0.868. The overall effect value
achieved shows a large effect according to the classifications of Cohen (1988). In order
to examine the factors that will change the effect size, moderator variables were
determined and sub-analysis was performed. In the analyzes of the moderator variables;
while there was a significant difference for the learning areas and research design
moderators, no significant difference was found for the other moderators.
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ArastirmaMakalesi

Bu arastirmanin genel amaci, matematik 6gretiminde kullanilan 6grenci merkezli
strateji, yontem ve tekniklerin matematik dersindeki problem ¢dzme becerilerine
etkisini konu edinen deneysel-yari deneysel galismalari sentezlemektir. Ulusal ve
uluslararasi veri tabanlarinin taranmasi sonucunda 55 c¢alisma arastirmaya dahil
edilmistir. Arastirmanin gegcerliginin degerlendirilmesi agisindan yayin yanliligi test
edilmistir ve vyanhlk riskine rastlanmamistir. Meta-analiz sonuglari, matematik
O0gretiminde kullanilan 6grenci merkezli strateji yontem veya tekniklerin geleneksel
Ogretim yontemlerine gbre problem ¢dzme becerileri tizerinde daha etkili oldugunu
gostermektedir. 55 ¢alismadan ortaya cikan 69 etki blyuklugu yapilan heterojenlik testi
sonucuna gore rastgele etki modeli altinda analiz edilmistir. Etki buytkIigu
hesaplamasinda deney ve kontrol gruplarinin farkli 6rneklem buyukliklerine sahip
olmasi sebebiyle Hedge’s g kullaniimis ve g=0.868 olarak hesaplanmistir. Ulasilan genel
etki degeri Cohen’in (1988) siniflandirmasina gore genis diizeyde etkiyi géstermektedir.
Etki buyUklGgini degistirecek faktorleri incelemek igin moderatér degisken belirlenmis
ve alt analiz yapilmistir. Moderator degiskenler analizlerinde; 6grenme alani ve
arastirma deseni moderatorleri icin anlaml farklilik bulunurken diger moderatorler igin
anlamli farkhilik bulunmamigtir.
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Introduction

In today's education system, the main goal should be to provide students with ways to access
information and the skills they will use in this way, rather than uploading or transferring information.
Unlike traditional teaching, in student-centered education, where the student is involved and the teacher
is a guide rather than a transmitter, teachers need to know their students better and then use the
knowledge they have acquired in the teaching process. In student-centered education, learning is a
constructive process and there is active participation of students in learning in a positive learning
environment (McCombs and Whisler, 1997). An education system that aims to raise individuals with this
understanding should have a structure that can successfully manage group work, solve problems, and
where the learner and the teacher play the role of guide, unlike the traditional understanding that the
students learns the content from teacher.

The foundations of student-centered education are based on constructivism. Today's mathematics
teaching is also based on constructivism. In this context, it is not possible to keep student-centered
education away from our contemporary understanding of mathematics learning. While students learn
meaning and relationships by doing mathematics, they also develop skills such as producing their own
mathematical knowledge and reasoning (Ersoy, 2006; Olkun and Ugar, 2014). It is very important for
students to participate in activities where they produce their own problems (NCTM, 2000). Such activities
enable children to understand important mathematical concepts and to understand the structure of
mathematical activities at school (Silver, 1994; Simon, 1993). In line with the points mentioned, it is seen
that the strategies, methods and techniques under student-centered approaches vary (Cooperative
teaching, Game teaching, Technology-supported teaching, RME, PBL, etc.). In this process, the
communication established between the teacher and the student, teachers' beliefs about the student-
centered approach, the principles and frequency of use of the mentioned strategies, methods and
techniques; academic success, problem solving skills, attitude, etc. variables appear to affect its
development (Cheang, 2009; Cornelius-White, 2007; Hattie, 2009; Pedersen and Liu, 2003).

Many different studies have been and are being conducted on students' problem-solving skills,
academic achievements and attitudes towards the course in courses where student-centered methods
and techniques are applied within the scope of the constructivist teaching approach. Developing problem-
solving skills in students is one of the important goals of mathematics education. Mathematics education
undertakes a task beyond teaching numbers, operations and calculation skills, which are an indispensable
part of daily life, and provides important gains such as associating events, reasoning, making predictions
and problem solving (Umay, 2003). In the literature, there are many independent and different studies on
student-centered teaching methods for students' problem solving in some mathematics courses (Akay,
2006; Cuneo, 2007; Pritchard, 2008; Tarim, 2009; Fede, 2010; Eissa and Mostafa, 2013). ; Kayapinar, 2014;
Ciligir and Artut, 2015; Pilten and Pilten, 2016; Alan and Ozsoy, 2017; Akkas and Oztiirk, 2018; Arsuk and
Memnun, 2019; Hobri et al., 2020; Zulkarneyn et al., 2021). In these studies, different student-centered
application approaches were used to increase mathematical problem-solving skills. The effects of these
applied approaches on problem solving skills are expected to be different. In this study, studies examining
the general effect and level of specific effects of student-centered strategies, methods and techniques
used in mathematics teaching between 2005 and 2021 on problem-solving skills, in the context of
application approaches, were examined.

One of the methods that enable researchers to access reliable information faster is the meta-analysis
method. Meta-analysis has an important place in the literature in that it systematically brings together
scientific research, provides the opportunity to evaluate quantitative results based on statistical methods,
creates consistency between studies and enables joint decision-making (Allen, Bourhis, Burreil, & Marby,
2002; Ergene, 2003; Borenstein, Hedges, Higgins & Rothstein, 2009; Ellis, 2010; Dinger, 2014; Ustiin &
Eryilmaz, 2014; Bakioglu& Ozcan, 2016).

When meta-analytic studies examining the effects of student-centered strategies, methods and
techniques on problem-solving skills are examined, it is seen that Leary (2012) calculated the effectiveness
of the problem-based learning model versus traditional learning on problem-solving skills in a meta-
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analysis study. A total of 75 effect sizes were obtained from 38 studies, and as a result of the heterogeneity
test, the random effects model was preferred. As a result of the analysis, a moderate, significant and
positive effect was found with an effect size of 0.45. As a result, it has been determined that the problem-
based learning model, as opposed to traditional learning, is effective on problem-solving skills. Another
related study was conducted by Kurt (2015), in which only three of the student-centered learning methods
used in various courses (Science, Mathematics, Social, Physics, Visual Arts, etc.) were mentioned. These;
problem-based learning, cooperative learning and project-based learning. The research concluded that,
with the data obtained from 12 studies, the effect level of the problem-based learning method on problem
solving skills was determined as a medium level effect of 0.675, and with the data obtained from 9 studies,
the effect level of the cooperative learning method on problem solving skills was determined as a large
level effect of 1.02, and with the data obtained from 5 studies. The effect level of the project-based
learning method on problem solving skills was found to be a large level effect of 1.08. Another meta-
analysis found in the literature is conducted by Ridwan et al., 2021, and consists of studies consisting of
international articles, the majority of which were conducted in Indonesia, aiming to reveal the effect size
of student-centered methods on the problem-solving skills of secondary school students. As a result of
the analyses, a large, significant and positive effect was found with an effect size of 0.95, and as a result
of the study, it was determined that student-centered teaching methods in mathematics teaching were
more effective on problem-solving skills than teacher-centered teaching.

In this study, unlike other meta-analysis studies in the literature, the effect of student-centered
strategies, methods and techniques used in mathematics teaching on problem-solving skills was
conducted by synthesizing studies that were nationally and internationally accessible at all education
levels, in accordance with the inclusion criteria, without limiting the method, technique or strategy.
Subgroup analyzes were carried out to determine whether there was a significant difference between the
effect sizes according to many moderator variables such as application approach types, education level,
publication type, year in which they were conducted, practitioners of the research, and application
periods, which were determined as factors that would affect the effect size values. In this context, it is
thought that the research will make a significant contribution to the literature since its scope is quite wide.

In the light of the above-mentioned thoughts, in this study, studies examining the effects of student-
centered methods in mathematics teaching on problem solving skills were investigated and the studies
were; A meta-analysis study was conducted with data that met the inclusion criteria determined by
categories such as year, databases, language, publication type, study subject area, etc., and asked "To
what extent is the impact of student-centered strategies, methods and techniques used in mathematics
teaching on problem-solving skills?" question constituted the main problem of the research.

The study also sought answers to the following questions.

I. What is the statistical distribution of the studies included in the meta-analysis according to various
variables?

Il. What is the level and direction of the effect of student-centered strategies, methods and techniques
used in mathematics teaching on problem-solving skills?

Ill. Do the effects of student-centered strategies, methods and techniques used in mathematics
teaching on students' problem-solving skills differ significantly according to various mediating variables?

Method
Research Model

It has been decided that it is appropriate to use the meta-analysis method to reach a consensus on
the consistency and reality of the findings obtained from research on the effect of student-centered
strategies, methods and techniques on problem-solving skills in mathematics teaching (Card, 2012; Lewis,
2000; Rosenthal, 1991). In meta-analyses, it is necessary to select appropriate criteria for the purpose of
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the analysis and combine appropriate research results without breaking away from the target situation
(Gliler, Koko¢ & Onder Bitiiner, 2023). In this study, meta-analysis steps were carried out using
appropriate criteria to obtain valid and reliable results. These steps are given below under separate
headings, respectively.

Literature Search

In this study, local and foreign articles and theses on the subject were scanned by following the steps
below.

1. Studies included in the research are “Problem Solving” OR “Problem Solving Skills” OR Turkish
“Effect on Problem Solving Skills” AND “Mathematics” AND “Student-Centered”; It was searched in English
with the keywords “Problem Solving” OR “Problem Solving Skills” OR “Problem Solving Abilities” AND
“Student-Centered”” AND “Mathematics” OR “Math”.

2. In the search, the searched keywords in the titles, keywords and abstracts of the studies were
scanned.

3. National Academic Network and Information Center (ULAKBIM) databases, Higher Education (YOK)
thesis center database and international Google Scholar, ProQuest and ERIC (EBSCO host) databases were
used.

Limitations

This research is limited to the sample of experimental - semi-experimental theses and articles
regarding the problem-solving skills of student-centered teaching methods in mathematics teaching
between 2005 and 2021, when student-centered methods began to be widely used in curriculum. The
research is limited to doctoral and master's theses written in Turkish or English and published articles,
which can be accessed through Google Scholar, ERIC, Proquest, Tr Index, National Thesis Center
databases.

Inclusion and Exclusion Criteria
The criteria used for the studies included in the research are as follows:

1. Having an article, master's or doctoral thesis published in peer-reviewed journals examining the
effect of student-centered methods on problem-solving skills in mathematics teaching,

2. Control group studies using an experimental or quasi-experimental design,
3. Studies must have sufficient statistical data to calculate the effect size in meta-analysis,
4. Conducting studies on students,

5. These are studies published between 2005 and 2021.
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Figure 1
The PRISMA Flow Chart According to the Total of Studies
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As seen in Figure 1, out of 2885 studies in the first stage, a total of 55 individual studies were included
in this meta-analysis study.
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Coding of The Study

In this study, a data coding form was developed by the researcher, taking into account the
characteristics specified in the coding process to collect the data and benefiting from the literature. In the
data coding form, information on all variables that could enable critical evaluation of individual studies
(year, author, place of conduct, etc.) as well as statistical data and research characteristics required to
calculate the effect size (variables such as application approach, subject area, sample, publication type,
etc.) were questioned. . For individual studies, the title of the study, author, year of publication, type of
publication, subject area, sample size, language of publication, measurement tool used, application
period, practitioner, etc. coded. During the coding process, independent coding was done by two
researchers using the coding protocol form prepared first. One of the coders is a researcher and the other
is a teacher who has a master's degree in mathematics education. Two coders thoroughly reviewed and
coded each of the studies that had the potential to be included in the analysis. As a result of the coding,
the coders agreed in 46 of the 55 studies included in the study, and the agreement rate for coding was
found to be sufficient with a rate of 83%. A rate of 80% and above is considered sufficient by many
psychometricians (Carol et al., 2017; Orwin and Vevea, 2009).

Choosing the Model

The ultimate goal of statistical tests followed in any research is to reject or accept the null hypothesis
created by the researcher. Effect size, also known as effect width, is used to provide information about
the extent to which the independent variable positively or negatively affects the dependent variable
(Borestein et al., 2009; Littell et al., 2008). The fixed effects model is based on the assumption that all
studies collected within the scope of meta-analysis share similar effect sizes (homogeneous) (Borenstein
et al., 2009). This assumption is often not possible. Since studies in social sciences differ in many aspects,
it will almost always be appropriate to choose the random effects model in meta-analysis studies in this
field (Borenstein et al., 2009; Cooper et al., 2019; Higgins, Thompson, and Spiegelhalter, 2009). In the
random effects model, the effects of studies with large and small samples are balanced. This model gives
a more comprehensive confidence interval compared to the fixed effects model. When homogeneity
cannot be achieved in the random effects model, outlying studies are eliminated and the data must be
reanalyzed (Field, 2001; Higgins et al., 2009). In this study, the random effects model was chosen and the
reasons for this are explained under the following headings.

Heterogeneity Test

Studies with different measurements are used for meta-analysis. These different measurements
cannot be expected to have the same effect size. The important thing to consider here is not whether
these measurements are different or not, but to determine in the most appropriate way whether these
values should be ignored. The studies to be used for this must be subjected to heterogeneity testing. Q,
df, p, 12 statistics for heterogeneity are reported in this study. Each of these data is important statistical
data in determining the direction of heterogeneity (Cheung, 2015; Cooper, Hedges and Valentine, 2019).

The combined average effect size, standard error and lower and upper limits of the 95% confidence
interval of the studies included in the meta-analysis according to fixed and random effect models are given
in Table 1.

Table 1

Effect Sizes According to Fixed and Random Effects Models

%95 CI
Lower Upper
Model N ES SE Limit Limit
Fixed Effects 69 0.738 0.032 0.675 0.801
Random Effects 69 0.868 0.072 0.727 1.009
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When Table 1 is examined, the average effect size value of 69 effect size values of 55 studies included
in the research was found to be ES: 0.738 according to the fixed effects model, and ES: 0.868 according to
the random effects model. The "Q" value for the homogeneity test (Q-statistics) conducted within the
scope of the research was calculated as 314.943. Since the Q-statistic value (Q=314.943) for the 68
degrees of freedom obtained is higher than the critical value of the chi-square distribution with 68 degrees
of freedom, the homogeneity of the effect size distribution cannot be mentioned.

Calculating the 12 value in addition to the Q statistic in the homogeneity test provides more precise
information in the evaluation of heterogeneity (Petticrew and Roberts, 2006). The 12 value is obtained by
calculating the ratio of the effect size to the total variance. Another advantage of the 12 statistic over the
Q statistic is that the number of studies included does not affect the calculation. In the 12 interpretation,
25% or less indicates low heterogeneity, up to 50% (including 50%) indicates moderate heterogeneity,
and 75% (including 75%) indicates high heterogeneity ( Cooper et al., 2009 ). According to the data
obtained in the study, the random effects model was preferred because the 12 value showed a high level
of heterogeneity with 78.4%. Lipsey and Wilson (2001) recommend moderator analysis in this case. In this
study, moderator variables were determined as publication year, publication type, education level,
learning field, application period, research design, and moderator analyzes were conducted.

Publication Bias

One of the biggest problems of the meta-analysis method is bias. This is due to the fact that the studies
included in the research are generally more likely to be published if they report positive findings (Hunter
J, Schmidt F., 2004; Rothstein, Sutton, & Bornstein, 2005; Orwin F.G., 1983). There are some methods
used to detect publication bias. In this study, publication bias; Funnel Scatter Plot tested with Classic Fail-
Safe N, Orwin's Fail-Safe N and Intercept, and Duval and Tweedie's Trim and Fill. According to the funnel
scatter plot, most of the 69 effect sizes obtained from 55 studies that met the inclusion criteria were
concentrated towards the top of the funnel and very close to the general effect size (Figure 2). In order to
determine that there is no publication bias, the effect sizes of the studies must be distributed
symmetrically and on both sides of the vertical line on the general effect size (Borenstein et al., 2009).
Figure 2 shows the funnel plot of the Cut and Add correction. It is seen that there are studies included in
this meta-analysis that extend beyond the pyramid (Figure 2); However, most of these studies are
concentrated in the middle and upper regions of the funnel. If there were publication bias in the included
studies, then the majority of studies would be expected to be concentrated at the bottom of the funnel
shape and/or only part of the overall effect size vertical line (Borenstein et al., 2009).

Figure 2
Funnel Plot Showing the Studies Added by The Cut and Add Method and The Corrected Effect Size
Funnel Plot of Standard Error by Hedges's g
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Classic Fail-Safe N examines the number of excluded studies that must exist to be included in this
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meta-analysis to reduce the average effect size to a non-significant level (Card, 2012). The Z value for the
studies included in the meta-analysis was found to be 24.417 and the p value (0.000) was found to be
statistically significant (Table 2). Alpha was set to 0.05. In order for the effect size to be reduced to
insignificance, 641 studies would be required to be included in this meta-analysis. This shows that the risk
of publication bias in this study is very low. Moreover; Mullen, Muellerleile, and Bryant (2001) stated that
if the N/(5k+10) (k = number of studies included in the meta-analysis) value exceeds 1, it can be concluded
that it appears sufficiently resistant in terms of publication bias. According to the findings obtained in this
study, the N/(5k+10) ratio is 1.80. This value shows that the results of the meta-analysis are sufficiently
robust for subsequent studies (Table 2). The logic of Orwin's Fail-Safe N calculation is based on the
calculation of the number of studies that are likely to be missing in the meta-analysis (Rothstein et al.,
2005). The calculated Orwin's Fail-Safe N value is 3328. In other words, the number of studies required
for the 0.738 average effect size reached as a result of the analysis to reach the 0.015 level (trivial), that
is, almost zero effect level, is 3328. This indicator is further evidence that the risk of publication bias in
this meta-analysis is minimal (Table 2). In Duval and Tweedie's Trim and Fill method, it was calculated by
the program that if 6 more studies were added to the meta-analysis, the funnel chart would be
symmetrical. However, the effect size value ES: 0.96 calculated by placing the studies required to correct
the asymmetry of the funnel plot on the funnel plot virtually (dummy) by the program is insignificantly
different from the effect size value calculated before the process ES: 0.86 (effect size difference is 0.10).
Therefore, Duval and Tweedie's Trim and Fill method shows that there is no risk of publication bias (Table
2). When the trimmed studies are filled in, the new SOF calculated does not show a notable difference in
either size or direction (Figure 2).

Table 2

Results of Publication Bias Tests

Test Output Value
Classic Fail-Safe N Zvalue of observed studies 24.417
P value of observed studies 0.000
Alpha 0.050
Tail 2
Alpha for Z 1.959
Number of studies observed 69
Number of missing runs (for p > alpha)
641
Orwin's Fail-Safe N Hedge's analysis of the observed studies 0.738
Benchmark for Junk Hedge's g 0.015
Benchmark for Junk Hedge's g 0.000
FSN 3328
TrimandFill Observed study 0.86
Completed work 0.96
Trimmed work 6

Effect Size

It is said that the effect size index can be calculated in more than seventy ways with various shapes
and sizes (Huberty, 2002; Kirk, 2003). However, we can group most effect sizes into one of two families of
effects. These are also known as the “d” family and the “r” family (Ellis, 2010). In this meta-analysis study,
the effect size was calculated with the Hedges' g method and the significance level was accepted as 0.05.
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"Hedge's g" statistic is the effect size that describes the differences between standardized means. It shows
how many standard deviations the averages differ from each other (Borenstein et al., 2009; Card, 2012;
Ellis, 2010; Petticrew and Roberts, 2006). Quantitative data consists of pre-test and post-test scores of the
experimental and control groups, and if these cannot be reached, other test statistics that will allow
analysis.

When calculating effect sizes, it is recommended to use Hedge's g value instead of Cohen's d for all
effect sizes, because Hedge's g is more accurate and less biased than Cohen's d when the sample size is
relatively small (Borenstein et al., 2009; Little et al., 2008; Guler, Tumer, Danisman& Giirsoy, 2022). In
order to comment on the effect size of the studies, Cohen's classification is a general recommendation: if
the d value is less than 0.2, the effect size can be defined as low, if it is 0.5, it can be defined as medium,
and if it is greater than 0.8, it can be defined as strong or large. says (Cohen,1988). In this study, combined
effect sizes were calculated in the light of data suitable for meta-analysis obtained from the individual
studies included in the study. Cohen's (1988) effect size classification was used to interpret the findings
of this study.

Results

In the study, 55 studies (69 effect sizes) on the effects of student-centered strategies, methods and
techniques on problem-solving skills in mathematics lessons were included in the meta-analysis.
Descriptive analyzes of the studies in this section were conducted, and subsequently, the data were
brought together using the meta-analysis method.

Effect Size Results of the Studies Included in The Research

By analyzing the arithmetic means (X), standard deviations (S) and sample numbers (N) of the studies
included in our research, the effect sizes of each study were found. In Annex-1, the effect size is shown in
ascending order from smallest to largest. The standardized effect sizes of 69 studies ranged from -0.348
to 3.429, while the confidence interval ranged from -0.898 to 4.362. Data in 69 studies included in the
meta-analysis were according to the random effects model; The standard error is 0.072, the upper limit
of the 95% confidence interval is 1.009 and the lower limit is 0.727, and the effect size value is ES: 0.868.
It was calculated that the effect of student-centered strategies, methods and techniques used in
mathematics teaching on problem-solving skills was more positive in favor of the experimental group than
the control group (See. App. 1). Since the effect size value was greater than 0.80, it was determined to
have a large effect according to Cohen's classification (Cohen, 1988).

Moderator Analysis on Various Variables
7 categorical moderators were analyzed with ANOVA to explain the heterogeneity of the combined

effect size of the effect of student-centered strategies, methods and techniques used in mathematics
teaching on problem-solving skills. The results are given in Table 3.
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Table 3

Moderator Analyzes of Studies

%95CI
N B gg lower  Upper

(g) Limit Limit
Years 0.745 0.863
2006-2009 9 0.874 0.200 0.482 1.265
2010-2013 12 1.013 0.184 0.652 1.375
2014-2017 12 0.844 0.172 0.506 1.182
2018-2021 36 0.835 0.103 0.633 1.037
Publication 0.000 0.998
Thesis 37 0.869 0.100 0.674 1.064
Article 32 0.869 0.107 0.661 1.078
Education Level 2.450 0.484
Primary School 21 1.007 0.137 0.739 1.275
Middle School 37 0.764 0.101 0.566 0.962
High School 8 0.973 0.215 0.552 1.395
University 3 0.984 0.339 0.320 1.648
Learning Area 24.915 0.002
Unknown 4 1367 0.276 0.826 1.909
AlgESra 8 0.893 0.200 0.502 1.284
Geometry and Measuring 9 1.239 0.180 0.886 1.591
Statistics and Probability 1 0.721 0.527 0.311 1.754
Mixed curriculum problems 6 1.331 0.210 0.918 1.743
Routine and/or Non-routine Problems 20 0.484 0.120 0.249 0.718
Numbers and Operations 16 0.902 0.140 0.628 1.177
Verbal Logic Problems 3 0.723 0.296 0.143 1.302
Data processing 2 0.403 0.340 0.263 1.069
Practice Time 0.790 0.852
3 -5 weeks 19 0.825 0.142 0.548 1.103
6 — 8 weeks 23 0.832 0.126 0.585 1.078
9 weeks or above 21 0972 0.136 0.705 1.239
Unknown 6 0.825 0.239 0.356 1.294
Research Design 4,662 0.031
Mixed Method 21 1.111 0.134 0.849 1.373
Quantitative Method 48 0.770 0.084 0.605 0.935
Strategy, MethodsorTechniques 11.360 0.124
Alternative Methods and Techniques 28 0.749 0.111 0.531 0.967
STEM-Based Learning 3 2.005 0.363 1.294 2.716
Realistic Mathematics Education 3 0.894 0.329 0.249 1.538
Cooperative Learning 6 0.894 0.245 0.414 1.373
Game Teaching Method 4 0941 0.308 0.337 1.545

Teaching Mathematics with a Problem Posing 16 0.895 0.150 0.600 1.189
and Solving Approach

Inquiry-Based Teaching 3 0.929 0.378 0.188 1.669
Technology Supported Teaching 6 0.741 0.254 0.244 1.238
Total 69

According to Table 3, the average effect size values of the publication year groups in studies on the
effect of student-centered strategies, methods and techniques used in mathematics teaching on problem-
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solving skills are 0.874 (G.A. 0.482 — 1.265, p<0.05) for studies with publication year "between 2006-
2009", 1.013 (G.A. 0.652 - 1.375, p<0.05) for studies with publication year "between 2010-2013", 0.844
(G.A. 0.506 - 1.182, p<0.05) for studies with publication year "between 2014-2017" and 0.835 (G.A 0.633
— 1.037, p<0.05) for studies “between 2018 and 2021”. According to the results obtained from the
moderator analysis for the year of publication, the variance between studies is not statistically significant
(QB =0.745, p>0.05). Accordingly, it has been determined that the year of publication does not change
the effect size in studies on the effect of student-centered strategies, methods and techniques used in
mathematics teaching on problem-solving skills.

The studies included in the research were divided into two groups as "article" and "thesis" according
to the publication type moderator. 37 studies were divided into categories as "articles" and 29 studies as
"thesis". The average effect size values for publication type groups are 0.869 (G.A. 0.674 — 1.064, p<0.05)
for articles and 0.869 (G.A. 0.661 — 1.078, p<0.05) for thesis. According to the results obtained from the
moderator analysis for publication type, the variance between studies is not statistically significant (QB
=0.000, p>0.05). Accordingly, in studies conducted on the effects of student-centered strategies, methods
and techniques used in mathematics teaching on problem-solving skills, it was determined that
publication types did not change the effect size.

The average effect size values for education level groups were 1.007 (G.A. 0.739 - 1.275, p<0.05) for
studies conducted with primary school students, 0.764 (G.A. 0.566 — 0.962, p<0.05) for studies conducted
with middle school students, 0.973 (G.A. 0.552 — 1.395, p<0.05) for studies conducted with high school
students and 0.984 (G.A. 0.320 - 1.648, p<0.05) for studies conducted with university students. According
to the results obtained from the education level moderator analysis, the variance between studies is not
statistically significant (QB =2.450, p>0.05). Accordingly, in studies conducted on the effect of student-
centered strategies, methods and techniques used in mathematics teaching on problem-solving skills, it
was determined that the level of education did not change the effect size.

Average effect size values for learning domain groups are 0.893 (G.A. 0.502 - 1.284, p<0.05) for studies
in the field of Algebra learning, 1.239 (G.A. 0.886 - 1.591, p<0.05) for studies conducted in the field of
Geometry and Measurement, and, 0.721 (G.A -0.311 - 1.754, p>0.05) for studies conducted in the field
of Statistics and Probability, 1.331 (G.A 0.918 — 1.743, p<0.05) for studies conducted in the field of Mixed
Curriculum Problems, 0.484 (G.A 0.249)- 0.718, p<0.05) for studies conducted in the field of Routine
and/or Non-Routine Problems, 0.902 (G.A 0.628 — 1.177, p<0.05), for studies in the field of Numbers and
Operations, 0.723 (G.A 0.143 — 1.302, p<0.05) for studies in the field of Verbal Logic Problems, 0.403 (G.A.
-0.263 - 1.069, p<0.05) for studies in the field of Data Processing and 1.367 (G.A. 0.826 - 1.909, p<0.05)
for studies with unknown learning area. According to the results obtained from the moderator analysis,
the variance between studies was statistically significant (QB = 24.915, p < 0.05). Accordingly, in the
studies conducted on the effects of student-centered strategies, methods and techniques used in
mathematics teaching on problem-solving skills, the learning areas are "Mixed Curriculum Problems",
"Geometry and Measurement", "Numbers and Operations", "Algebra", respectively. ', "Verbal Logic
Problems", "Statistics and Probability", "Routine and/or Non-Routine Problems" and "Data Processing"
were found to increase the effect size.

The studies included in the research were divided into four groups according to the moderator of the
application period as "3-5 weeks", "6-8 weeks", "9 weeks and above" and "uncertain application period"
studies. The average effect size values for the application duration groups were 0.825 (G.A. 0.548 — 1.103,
p<0.05) for studies lasting between 3-5 weeks, and 0.832 (G.A. 0.585 — 1.078, p<0.05) for studies taking
place between 6-8 weeks , 0.972 (G.A. 0.705 — 1.239, p<0.05) for studies lasting 9 weeks or more, and
0.825 (G.A. 0.356 — 1.294, p<0.05) for studies of unknown duration. According to the results obtained
from the moderator analysis for application time, the variance between studies is not statistically
significant (QB =0.790, p>0.05). Accordingly, it was observed that the effect size of the studies conducted
on the effect of student-centered strategies, methods and techniques used in mathematics teaching on
problem-solving skills was not changed by the application period.

The average effect size values of the research designs are 1.111 (G.A. 0.849 - 1.373, p<0.05) for studies
using "Mixed Method" and 0.770 (G.A. 0.605 - 0.935, p<0.05) for studies using "Quantitative Method".
According to the results obtained from the moderator analysis for the research design, the variance
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between studies is statistically significant (QB =4.662, p<0.05). Accordingly, it has been determined that
choosing "Mixed Method" increases the effect size in studies on the effect of student-centered strategies,
methods and techniques used in mathematics teaching on problem-solving skills.

The average effect size values of the application approach groups in the studies on the effect of
student-centered strategies, methods and techniques used in mathematics teaching on problem-solving
skills are 0.749 for "Alternative Methods and Techniques" (G.A. 0.531- 0.967, p<0.05), 2.005 for "Based
on STEM Activities" (G.A. 1.294 - 2.716, p<0.05), 0.894 for "Realistic Mathematics Education (RME)
Approach" (G.A. 0.249 - 1.538, p<0.05), 0.894 for "Cooperative Teaching" (G.A. 0.414 - 1.373, p). <0.05),
0.941 for "Game Teaching Method" (G.A. 0.337 - 1.545, p<0.05), 0.895 for "Teaching with Problem Posing
and Solving Approach" (G.A. 0.600 - 1.189, p<0.05), 0.929 for "Inquiry-Based Teaching" (G.A. 0.188 - 1.669,
p<0.05) and for "Technology Supported Teaching" it is 0.739 (G.A. 0.246 - 1.231, p<0.05). According to the
results obtained from the moderator analysis for the application approach, the variance between studies
is not statistically significant (QB=11.360, p>0.05). Accordingly, in studies conducted on the effect of
student-centered strategies, methods and techniques used in mathematics teaching on problem-solving
skills, it was determined that the difference in the type of application approach did not change the effect
size.

Argument
Discussing the Results of Main Effect Analyzes

In this study, we tried to determine the effect of student-centered strategies, methods or techniques
on students' mathematical problem solving skills compared to traditional teaching methods. When 69
effect sizes from a total of 55 studies were analyzed under the random effect model, the effect size ES
was calculated as 0.868. This result shows that it has a broad impact according to Cohen's (1988)
classification, in other words, that student-centered strategies, methods or techniques used in
mathematics teaching are quite effective on students' problem-solving skills.

Discussing Moderator Analysis Results

After determining the general effect following the meta-analysis, moderator variables were examined
to see whether they changed the effect size. A significant difference between the effect sizes resulting
from the moderator analyzes was found for the "Learning field" and "Research design" moderator
analysis. The first variable taken for moderator analysis is the publication year variable. The effect sizes
obtained from the moderator analysis results were close to each other. In moderator analysis, there is no
statistically significant difference between effect sizes according to publication year. It is understood from
the literature that published studies reveal larger effect sizes than unpublished studies (Rothstein et al.,
2005). However, in this meta-analysis, in the findings obtained from the moderator variable of publication
type, the effect sizes of articles (ES: 0.869) and theses (ES: 0.869) were found to be equivalent and a
different result was obtained from the literature. For the education level variable, the findings were
calculated as ES: 1.007 for primary school, ES: 0.764 for secondary school, ES: 0.973 for high school and
ES: 0.984 for university. Although there is no significant difference in effect size between the groups, a
large effect size was obtained at other education levels except secondary school level. In this context, in
the literature on the effect of student-centered strategies, methods and techniques on academic success,
it is seen that studies carried out at secondary and higher education levels generally have a higher level
of impact (Ayaz and Séylemez, 2015; Capar and Tarim, 2015; Géziisosyal, 2012; Ozdemirli, 2011; Tarim,
2003; Uyar and Doganay, 2018). However, this result may be affected by different variables; distribution
of countries' programs according to classes, suitability of the approach used to the level, etc. can be listed
as. In addition, students' prior knowledge, skills and attitude levels, depending on their age, are shown as
an important variable that should be taken into account in the use of student-centered strategies,
methods and techniques (Uyar and Doganay, 2018). When learning fields, another moderator variable,
were taken into consideration, it was determined that there was a significant difference between the
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effect sizes according to learning fields. While the majority of the studies, except two, had high effect
sizes, a small effect was observed in the learning areas "Data processing" ES: 0.403 and "Routine and/or
Non-Routine Problems" ES: 0.484. This result may be due to the fact that not many studies have been
conducted in the relevant learning field and may not yield reliable results when comparing effect sizes
(Rosenberg et al. 2000). Moreover; Capar and Tarim (2015), in their study examining the effect of
cooperative learning, one of the student-centered strategies, methods and techniques, on mathematics
achievement, stated that very limited studies have been done in Turkey and the world in the fields of
"Data processing" and "Statistics and Probability" learning. This situation can be interpreted as student-
centered strategies, methods and techniques not being very convenient for researchers in terms of
application in relevant learning areas. No statistically significant difference was observed in the findings
obtained as a result of the moderator analysis of application time. Although there is no significant
difference between the groups in terms of effect size, the effect size levels in terms of application time
intervals are at a large level according to Cohen's (1988) classification. The results show that the effect of
the application has the highest value when the application period exceeds 9 weeks ES: 0.972. It requires
a process for students to get used to a student-centered approach, which is completely different from a
teacher-centered practice, and skill-level gains should be targeted for the effective use of student-
centered strategies, methods, and techniques (Brown, 2003; Cornelius-White, 2007; Dochy, Segers, Van
den Bossche and Gijbels, 2003; Hattie, 2009; Marzano et al., 2001). In order to achieve skill-level gains,
students must first make sense of basic information and be emotionally prepared. Because; A larger effect
size is expected from applications carried out over a longer period of time. As a result, it can be interpreted
that student-centered strategies, methods and techniques are quite effective on problem-solving skills in
terms of all application times and that the application times for the relevant strategy, method or
technique are sufficient. A statistically significant difference was found in the findings obtained as a result
of the moderator analysis of the research design. This result showed that the mixed method preferred in
the studies increased the effect size compared to the quantitative method ES: 1.111 and the quantitative
method ES: 0.770. By using quantitative and qualitative techniques within the same framework, mixed
methods research strengthens the advantageous aspects of both techniques. More importantly,
researchers who use mixed methods have more chances to choose methods and approaches that are
related to the research questions they have determined (Baki and Gokgek, 2012). Many benefits can be
achieved in studies conducted by combining or connecting quantitative and qualitative data collection
methods (Fielding and Fielding, 1986). ; Greene, Caracelli and Graham, 1989; Kiral and Kiral, 2011; Koch
and Rhodes, 1979; Armenakis and Feild, 2008).The last variable taken for moderator analysis is the
application approach variable. The strategies, methods and techniques used in the studies are collected
under the title of "implementation approach". There was no statistically significant difference in the
findings obtained as a result of the moderator analysis according to the application approach. Although
there is no significant difference between the groups in terms of effect size, "teaching with STEM" has the
highest effect with ES: 2.005, while other strategies, methods and techniques also have a large effect
according to Cohen (1988). Problem solving skills are now seen as the basic component of physics,
technology and applied mathematics (Unsal & Ergin, 2011). Studies have shown that STEM education
increases students' success in science and mathematics (Acar, Tertemiz, & Tasdemir, 2018; Judson, 2014;
McClain, 2015; Olivarez, 2012; Wade-Shepherd, 2016; Wosu, 2013), and It is stated that problem solving
skills can be gained in students through STEM activities (Fortus, et al., 2005; Meyrick, 2011; Saleh, 2016;
Sahin, et al., 2014; Wosu, 2013). When the studies in the literature are examined, it is seen that problem
solving skills are considered alone and both the mathematics course success and problem solving skills of
students who receive education with STEM education increase (Corlu and Aydin, 2016; Gwon-Suk and Sun
Young, 2012; McClain, 2015; Wosu, 2013). ). Students studying with STEM education are good problem
solvers who apply interdisciplinary connection skills when they encounter a new problem situation
(Morrison, 2006).

Conclusion and Recommendations

In this study, the effects of student-centered strategies, methods and techniques used in mathematics
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teaching on problem-solving skills are examined. The results obtained from individual studies can serve
as a resource for teachers to choose strategies, methods and techniques for a learning environment
suitable for learning outcomes in the process of increasing students' problem-solving skills. In this study,
it was determined that there were some difficulties in scanning databases with high awareness and
reliability in the field of educational sciences. By providing opportunities for database users to perform
precise searches, they can easily access the studies they want according to their features. The results of
this study will be an important resource for educational programmers responsible for the preparation of
national mathematics curriculum in the context of student-centered strategies, methods and techniques.
The effect of the use of student-centered strategies, methods or techniques on mathematical problem
solving skills has been examined, and very few studies have been found in the field of Statistics and
Probability learning in the context of the learning field. Suggestions can be made for researchers to focus
on this area of learning in future studies. Moreover; In terms of the preferred research design in studies,
it has been determined that choosing the Mixed Method increases the effect size compared to the
Quantitative Method. In this context, researchers can use the strengths of one method to tolerate the
weaknesses of another method in their studies with mixed methods, thus revealing different views that
may be overlooked. The combined use of qualitative and quantitative research will give researchers more
precise and clear information about theory and practice.
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Tiirkge Siirimui

Girig

GUnUmuz egitim sisteminde temel amag;, bilgiyi karsiya yliklemek veya aktarmaktan ziyade 6grencilere
bilgiye ulasma yollarini ve bu yolda kullanacaklari becerileri kazandirmak olmalidir. Geleneksel 6gretimin
aksine, 6grencinin dahil oldugu ve 6gretmenin aktarici degil yol gosterici oldugu oOgrenci merkezli
egitimde, 6gretmenlerin 6grencilerini daha iyi tanimalari ve daha sonra edindikleri bilgileri 6gretim
siirecinde kullanmalari gerekmektedir. Ogrenci merkezli egitimde 6grenme yapici bir siiregtir ve olumlu
bir 6grenme ortaminda 6grencilerin 6grenmeye aktif katihmi s6z konusudur (McCombs ve Whisler, 1997).
Bu anlayisa sahip bireyler yetistirmeyi amaclayan bir egitim sistemi, 6grenenin igerigi 6gretmeninden
o0grendigi geleneksel anlayislarin aksine, grup ¢alismasini basarili bir sekilde ydnetebilen, problem
¢Ozebilen, 6grenen ve 6gretmenin rehber rolini Gstlendigi bir yapiya sahip olmalidir.

Ogrenci merkezli egitimin temelleri yapilandirmaciliga dayandiriimistir. Glinlimiiz matematik 6gretimi
de yapilandirmacilik temeline dayanir. Bu baglamda 6grenci merkezli egitimi ¢cagimiz matematik 6grenme
anlayigindan uzak tutmak miimkiin degildir. Ogrenciler matematik yaparak, anlam ve iliskileri 6grenirken,
kendi matematiksel bilgilerini tGretme, akil yiritme gibi becerilerini de gelistirmis olurlar (Ersoy, 2006;
Olkun ve Ugar, 2014). Ogrencilerin kendi problemlerini Urettigi aktivitelere katilimi olduk¢a énemlidir
(NCTM, 2000). Bu tarz aktiviteler, gocuklarin 6nemli matematiksel kavramlarini anlamasini ve okuldaki
matematik aktivitelerinin yapisini kavramayi saglar (Silver, 1994; Simon,1993). Belirtilen noktalar
dogrultusunda 6grenci merkezli yaklasimlar altinda yer alan strateji, yontem ve tekniklerin de cesitlilik
gosterdigi (Isbirlikli 6gretim, Oyunla &gretim, Teknoloji destekli 6gretim, GME, PDO vb.) gériilmektedir. Bu
slirecte 6gretmen-6grenci arasinda kurulan iletisimin, 6gretmenlerin 6grenci merkezli yaklasima yonelik
inanglarinin, bahsi gecen strateji, yontem ve tekniklerin kullanim ilkelerinin ve sikhginin; akademik basari,
problem ¢6zme becerisi, tutum vb. degiskenlerin gelisimini etkiledigi gorilmektedir (Cheang, 2009;
Cornelius-White, 2007; Hattie, 2009; Pedersen ve Liu, 2003).

Yapilandirmaci 6gretim yaklasimi kapsaminda 6grenci merkezli yontem ve tekniklerin uygulandigi
derslerde 6grencilerin problem ¢ézme becerileri, akademik basarilari ve derse yonelik tutumlari tGzerine
birgok farkl calisma yapilmis ve yapilmaktadir. Ogrencilerde problem ¢dzme becerilerinin gelistirilmesi
matematik egitiminin dnemli hedeflerinden biridir. Matematik egitimi, giinlik hayatin vazgecilmez bir
pargasi olan sayilar, islemler ve hesaplama becerilerinin kazandirilmasinin 6tesinde bir gérev Ustlenir ve
olaylari iliskilendirme, akil yiriitme, tahminde bulunma, problem ¢6zme gibi énemli kazanimlar saglar
(Umay, 2003). Literatiirde matematik derslerinin bazilarinda 6grencilerin problem ¢ézme galismalarina
yonelik 6grenci merkezli 6gretim yontemleri ile ilgili birbirinden bagimsiz ve farkh konulari igeren birgok
calisma bulunmaktadir (Akay, 2006; Cuneo, 2007; Pritchard, 2008; Tarim, 2009; Fede, 2010; Eissa ve
Mostafa, 2013; Kayapinar, 2014; Ciligir ve Artut, 2015; Pilten ve Pilten, 2016; Alan ve Ozsoy, 2017; Akkas
ve Oztirk, 2018; Arsuk ve Memnun, 2019; Hobri vd., 2020; Zulkarneyn vd., 2021). Bu calismalarda
matematiksel problem ¢6zme becerisini artirmaya yonelik farkh 6grenci merkezli uygulama yaklasimlari
kullaniimistir. Uygulanan bu yaklasimlarin problem ¢dzme becerileri Gzerindeki etkilerinin farkli olmasi
beklenmektedir. Bu g¢alismada, 2005-2021 yillari arasinda matematik 6gretiminde kullanilan 6grenci
merkezli strateji, yontem ve tekniklerinin problem ¢dzme becerileri lizerindeki genel etkisi ve 6zel
etkilerinin diizeyini uygulama yaklasimlari baglaminda ele alan g¢alismalar incelenmistir.

Arastirmacilarin glvenilir bilgiye daha hizli ulasmasini saglayan yontemlerden biri de meta-analiz
yontemidir. Meta-analiz, bilimsel arastirmalari sistematik bir sekilde bir araya getirmesi, nicel sonuglari
istatistiksel yontemlere dayali olarak degerlendirme olanagl saglamasi, calismalar arasinda tutarhlik
olusturmasi ve ortak karar almayi saglamasi agisindan literatiirde énemli bir yere sahiptir (Allen, Bourhis,
Burreil ve Marby, 2002; Ergene, 2003; Borenstein, Hedges, Higgins & Rothstein, 2009; Ellis, 2010; Dinger,
2014; Ustiin ve Eryilmaz, 2014; Bakioglu ve Ozcan, 2016).

Ogrenci merkezli starteji, ydntem ve tekniklerin problem ¢ézme becerileri tizerindeki etkisini inceleyen
meta analitik calimalar incelendiginde Leary’nin (2012) bir meta analiz calismasi ile geleneksel 6grenmeye
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kargi probleme dayali 6grenme modelinin problem ¢ézme becerileri lzerine etkiligini hesapladig
gorulmektedir. Toplam 38 gcalismadan 75 etki buyiikligi elde edilmis, yapilan heterojenlik testi sonucunda
rastgele etkiler modeli tercih edilmistir. Analiz sonucunda 0.45 etki bly{iklGgU ile orta diizeyde, anlamli ve
pozitif yonde bir etki bulunmustur. Bunun sonucunda geleneksel 6grenmeye karsi probleme dayali
o6grenme modelinin problem ¢6zme becerileri Uzerine etkili oldugu tespit edilmistir. Bir baska ilgili
arastirma Kurt (2015) tarafindan yapilan gesitli derslerde (Fen, Matematik, Sosyal, Fizik, Gorsel Sanatlar
vb.) kullanilan 6grenci merkezli 6g§renme yontemlerinden yalnizca tgline deginilmistir. Bunlar; probleme
dayal 6grenme, isbirlikli 6grenme ve proje tabanli 6grenmedir. Arastirma sonucuna 12 galismadan elde
edilen verilerle probleme dayali 6§renme yonteminin problem ¢ézme becerilerine etki diizeyi 0.675’lik
orta duzey etki olarak, 9 calismadan elde edilen verilerle isbirlikli 6grenme yonteminin problem ¢ézme
becerilerine etki dizeyi 1.02’lik genis dlizey etki olarak, 5 ¢alismadan elde edilen verilerle proje tabanl
6grenme yonteminin problem ¢dzme becerilerine etki diizeyi 1.08’lik genis diizey etki olarak bulunmustur.
Alanyazinda rastlanan, bir diger meta-analiz ise Ridwan vd., (2021) tarafindan yapilan, 6grenci merkezli
yontemlerin ortaokul 6grencilerinin problem ¢6zme becerileri Gzerindeki etki buyukligini ortaya
¢ikarmayi amaglayan, biyik cogunlugu Endonezya’da yapilan, uluslararasi diizeyde yapilmis makalelerin
olusturdugu calismalardan olusmaktadir. Yapilan analizler sonucunda 0.95 etki blyuklugl ile genis
dizeyde, anlamli ve pozitif yonde bir etki bulunmus olup g¢alisma sonucunda matematik 6gretiminde
o6grenci merkezli 6gretim yontemleri 6gretmen merkezli 6gretime gore problem ¢ézme becerileri lizerinde
oldukga etkili oldugu tespit edilmistir.

Yapilan bu arastirmada ise alanyazindaki diger meta analiz ¢calismalarindan farkh olarak matematik
ogretiminde kullanilan 6grenci merkezli strateji, yontem ve tekniklerinin problem ¢6zme becerilerine
etkisi, yontem, teknik veya strateji sinirlamasi yapmadan tiim 6grenim seviyelerinde ulusal ve uluslararasi
ulasilabilen, dahil etme kriterlerine uygun ¢alismalarin senteziyle ylritilmustir. Etki baylklik degerlerini
etkileyecek faktorler olarak belirlenen uygulama yaklagim tiirleri, 6grenim dizeyi, yayin tir, yapildiklari
yil, arastirmanin uygulayicilari, uygulama stireleri gibi bircok moderator degiskene gore etki buyuklukleri
arasinda anlamli fark olup olmadigini belirlemek Gzere alt grup analizleri gerceklestirilmistir. Bu baglamda,
vapilan arastirmanin kapsaminin olduk¢a genis olmasi agisindan alanyazinina énemli derecede katki
sunacagi distintilmektedir.

Yukarida belirtilen dlstinceleler 1siginda bu galismada matematik 6gretiminde 6grenci merkezli
yontemlerin problem ¢6zme becelerine etkisini inceleyen g¢alismalar arastirihp ¢alismalarin; yil,
veritabanlari, dil, yayin tiirdi, calisma konu alani gibi kategorilerle belirlenen dahil edilme kriterlerine uygun
olan veriler ile meta-analiz galismasi yapilarak “Matematik 6gretiminde kullanilan 6grenci merkezli
strateji, yontem ve tekniklerin problem ¢ézme becerileri tzerindeki etkisi hangi diizeydedir?” sorusu
arastirmanin temel problemini olusturmustur.

Calismada ayrica agagidaki sorulara yanit aranmistir.

I Meta-analiz kapsamina alinan galismalarin cesitli degiskenlere gore istatistiksel dagilimi
nasildir?

1. Matematik 6gretiminde kullanilan 6grenci merkezli strateji, ydntem ve tekniklerin problem
¢O6zme becerisi lizerindeki etkisinin diizeyi ve yoni nedir?

1. Matematik Ogretiminde kullanilan 6grenci merkezli strateji, yontem ve tekniklerin
6grencilerin problem ¢6zme becerileri Gzerindeki etkisi ¢esitli araci degiskenlere gore anlamli
farklihk gostermekte midir?

Yontem

Matematik 6gretiminde 6grenci merkezli strateji, yontem ve tekniklerin problem ¢6zme becerisine
etkisine iliskin arastirmalardan elde edilen bulgularin tutarliligi ve gercekligi konusunda fikir birligine
varmak icin meta-analiz yonteminin kullanilmasinin uygun olduguna karar verilmistir (Card, 2012; Lewis,
2000; Rosenthal, 1991). Meta analizlerde hedef durumdan kopmadan analizin amacina uygun olgutlerin
segilmesi ve uygun arastirma sonuglarinin birlestirilmesi gerekmektedir (Giiler, Kokog ve Onder Biitiiner,
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2023). Bu g¢alismada, meta analiz adimlar gecerli ve gilivenilir sonuglar elde etmek igin uygun kriterler
kullanilarak yirGtilmustir. Bu adimlar agagida ayri basliklar altinda sirasiyla verilmistir.

Literatiir Tarama
Bu calismada konuyla ilgili yerli ve yabanci makale ve tezler asagidaki adimlar izlenerek taranmistir.

1. Arastirmaya dahil edilen galismalar “Problem Cozme” VEYA “Problem Cozme Becerileri” VEYA
Tiirkce “Problem Cézme Becerilerine Etkisi” VE “Matematik” VE “Ogrenci Merkezli”’; ingilizce'de “Problem
Solving” VEYA “Problem Solving Skills” OR “Problem Solving Abilities” AND “Student-Centered” AND
“Mathematics” OR “Math” anahtar kelimeleri ile arandi.

2. Aramada, ¢alismalarin baslik, anahtar kelime ve 6zetlerinde aranan anahtar kelimeler tarandi.
3. Ulusal Akademik Ag ve Bilgi Merkezi (ULAKBIM) veri tabanlari, Yiiksek Ogrenim (YOK) tez merkezi

veri tabani ve uluslararasi Google Scholar, ProQuest ve ERIC (EBSCO host) veri tabanlari kullanildi.

Sinirhhiklar

Bu arastirma,6gretim programlarinda 6grenci merkezli yontemlerin yaygin olarak kullaniimaya
baslandigl 2005 - 2021 yillari arasinda matematik 6gretiminde 6grenci merkezli 6gretim yontemlerinin
problem ¢ézme becerilerine iliskin gerceklestirilmis olan deneysel - yari deneysel tezlerin ve makalelerin
olusturdugu érneklemle sinirhdir.Arastirma Tirkce veya ingilizce olarak yapilan doktora ve yiikseklisans
tezleri ile yayinlanmis makalelerden Google Scholar, ERIC, Proquest, TR Dizin, Ulusal Tez Merkezi
veritabanlariyla ulasilabilen ¢alismalarla sinirlidir.

Dahil etme ve harig tutma kriterleri

Arastirmaya dahil edilen ¢alismalar icin kullanilan kriterler sunlardir:

1. Matematik 6gretiminde 6grenci merkezli yontemlerin problem ¢dzme becerisine etkisini inceleyen
hakemli dergilerde yayinlanmis makale, yiiksek lisans veya doktora tezi olmasi,

2. Deneysel- yari deneysel desenin kullanildigi kontrol gruplu galismalar olmasi,

3. Galismalarin meta-analizde etki blyliklugunin hesaplanmasi igin yeterli istatistiksel veriye sahip
olmasi,

4. Ogrenciler tizerinde yapilan ¢alismalar olmasi,

5.2005-2021 yillari arasinda yayinlanan ¢alismalar olmasidir.

Calismalarin toplamina gére PRISMA Akis Semasi Sekil 1'de verilmistir.
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Sekil 1
Calismalarin Toplama Gére PRISMA Akis Semasi

( “"Problem ¢ozme becerileri’” iizerine
caligmalar)

Tespit etme

TR Dizin Igin (n= 492

ERIC igin (n= 1939)

Veritabam taramasiyla tespit edilen kayitlar

Tez Merkezi igin (n = 324)

ProQuest i¢in (n= 130)

yapilan calismalar

)

y

Taranan kayitlar
Tez Merkezi igin (n = 324)

ProQuest igin (n= 130)
ERIC igin (n= 1939)

Tarama

—~

Dislanan kayitlar

(2005-2021 wllan arasmda yapilmayan, deneysel olmayan,

TR Dizin Igin (n= 492) kontrol grupsuz, matematik 6gretimi disinda kalan , 8grenci

merkezli stratejiydntem veya teknik icermeyen calismalar)

Tez Merkezi i¢in ( Toplam n = 279)
TR Dizin Igin (Toplam n = 459)
ProQuest icin (Toplam n = 106)

ERIC igin (Toplam n = 1896)

Uygunluk acisindan degerlendirilen
tam metin makaleler ve tezler

Tez Merkezi igin (n = 45)
TR Dizin Igin (n= 33)

Uygunluk

ProQuest igin (n= 24) \ .
ERIC igin (n= 43) Tez Merkezi i¢in (n = 20)

Arastirmaya dahil edilmeyen tammetin
makaleler ve tezler
( Meta analize uygun veri icermeyen
calismalar)

TR Dizin Igin (n=21)
ProQuest igin (n= 15)
ERIC igin (n= 29)

Meta- analize dahil edilen ¢ahsmalar

Tez Merkezi igin (n = 25)
TR Dizin f¢in (n= 12)
ProQuest igin (n= 5)
ERIC igin (n= 13)

Dahil etme

Toplam(n= 55 )

Sekil 1’de gorildugi gibi ilk asamada 2885 adet calismadan sonug olarak bu meta-analiz calismasina

toplamda 55 bireysel calisma dahil edilmistir.

Calismanin Kodlanmasi

Bu calismada, verileri toplamak icin kodlama sirecinde belirtilen oOzellikler dikkate alinarak,
alanyazindan faydalanilarak arastirmaci tarafindan veri kodlama formu gelistirilmistir. Veri kodlama
formunda bireysel arastirmalarin elestirel degerlendirilmesini yapabilecek tiim degiskenlere iliskin bilgiler
(ytli, yazari, yapildigi yer, vb.) ile etki buytklugini hesaplamak icin gereken istatistiksel veriler ve arastirma
ozellikleri (uygulama yaklasimi, konu alani, 6rneklem, yayin tiirti vb. degiskenler) sorgulanmistir. Bireysel
n tiirli, konu alani, 6rneklem blyukluga, yayin dili,

arastirmalar icin calismanin basligi, yazari, yayin yili, yayi
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kullanilan 6l¢lim araci, uygulama suresi, uygulayici vb. kodlanmistir. Kodlama sirecinde ilk olarak
hazirlanan kodlama protokoli formu kulanilarak, iki arastirmaci tarafindan bagimsiz kodlama yapilmistir.
Kodlayicilardan birisi arastirmaci, digeri ise matematik egitimi alaninda ylkseklisans yapan bir
dgretmendir. iki kodlayici analize dahil edilme potansiyeli olan tiim ¢alismalarin her birini ayrintili olarak
incelemis ve kodlamistir. Kodlamalar sonucunda ¢alismaya dahil edilen 55 ¢alismanin 46'sinda kodlayicilar
hemfikir olmus ve kodlama igin uzlasma orani %83'liik bir oran ile yeterli bulunmustur. %80 ve lizeri bir
oran birgok psikometrist tarafindan yeterli kabul edilmektedir (Carol vd., 2017; Orwin ve Vevea, 2009).

Modelin Segilmesi

Herhangi bir arastirmada izlenen istatistiksel testlerin nihai amaci, arastirmaci tarafindan olusturulan
sifir hipotezini reddetmek veya kabul etmektir. Etki genisligi olarak da bilinen etki buyukliga, bagimsiz
degiskenin bagimli degiskeni ne dlglide olumlu ya da olumsuz etkiledigi hakkinda bilgi vermek igin kullanilir
(Borestein vd.2009; Littell vd. , 2008). Sabit etkiler modeli, meta-analiz kapsaminda toplanan tim
arastirmalarin benzer etki buyukliklerini paylastigi (homojen) varsayimina dayanmaktadir (Borenstein
vd., 2009). Bu varsayim ¢ogu zaman mimkiin degildir. Sosyal bilimlerdeki calismalar bircok yonden farklilik
gosterdiginden, bu alandaki meta-analiz ¢alismalarinda hemen hemen her zaman rastgele etkiler
modelinin secilmesi uygun olacaktir (Borenstein vd., 2009; Cooper vd., 2019; Higgins, Thompson ve
Spiegelhalter, 2009). Rastgele etkiler modelinde, biliylik ve kigik orneklemli galismalarin etkileri
dengelenir. Bu model, sabit etkiler modeline kiyasla daha kapsamli bir gliven araligi verir. Rastgele etkiler
modelinde homojenlik saglanamadigi zaman ug noktalardaki calismalar elenir ve verilerin yeniden analiz
edilmesi gerekir (Field, 2001; Higgins vd., 2009). Bu ¢alismada rasgele etkiler modeli segilmis ve bunun
nedenleri asagidaki baghklar altinda agiklanmistir.

Heterojenlik Testi

Meta-analiz icin farkl 6lgimlere sahip g¢alismalar kullanilimaktadir. Bu farkli élgiimlerin ayni etki
biyuklGgline sahip olmasi da beklenemez. Burada dikkat edilmesi gereken 6nemli olan bu dlgiimlerin farkh
olup olmadigi degil, bu degerlerin goz ardi edilip edilmeyecegini en uygun sekilde belirlemektir. Bunun igin
kullanilacak calismalar heterojenlik testine tabi tutulmalidir. Bu calismada heterojenite icin Q, df, p, I2
istatistikleri rapor edilmistir. Bu verilerin her biri heterojenligin yoniini belirlemede 6nemli istatistiki
verilerdir (Cheung, 2015; Cooper, Hedges ve Valentine, 2019).

Meta-analize dahil edilen ¢alismalarin sabit ve rastgele etki modellerine gore birlestirilmis ortalama
etki bliylkligu, standart hata ve % 95’lik glivenirlik araligina gore alt ve Ust sinirlari Tablo 1’de verilmistir.

Tablo 1

Sabit ve rastgele etkiler modellerine gére etki biiyiikliikleri

%95 CI
Ort Ust
Etki Modeli N EB SH Alt Limit Limit
Sabit Etkiler 69 0.738 0.032 0.675 0.801
Rastgele Etkiler 69 0.868 0.072 0.727 1.009

Tablo 1 incelendiginde, arastirmaya dahil edilen 55 galismaya ait 69 etki blyikligi degerinin ortalama
etki buyuklugi degeri sabit etkiler modeline gore EB: 0.738, rastgele etkiler modeline gore ise EB: 0.868
bulunmustur. Arastirma kapsaminda yapilan homojenlik testi (Q-istatistikleri) icin “Q” degeri 314.943
olarak hesaplanmistir. Elde edilen 68 serbestlik derecesi icin Q-istatistik degeri (Q=314.943), 68 serbestlik
derecesine sahip ki-kare dagiliminin kritik degerinden yiliksek oldugu icin etki blytklGglu dagiliminin
homojenliginden s6z edilememektedir.
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Homojenlik testinde Q istatistigine ek olarak 12> degerinin hesaplanmasi, heterojenlik agisindan
degerlendirmede daha kesin bilgi saglar (Petticrew ve Roberts, 2006). |12 degeri etki biiyiikligiiniin toplam
varyansa orani hesaplanarak elde edilir. |2istatistiginin Q istatistigine gére bir bagka avantaji da dahil
edilen calisma sayisinin hesaplamayi etkilememesidir. 12 yorumunda %25 veya alti diisiik heterojenligi,
%50'ye kadar (%50 dahil) orta derecede heterojenligi ve %75 (%75 dahil) yliksek heterojenligi gosterir
(Cooper ve digerleri, 2009). Calismada elde edilen verilere gore, 12 degeri %78.4 ile yiiksek diizeyde
heterojenlik gosterdigi icin rastgele etkiler modeli tercih edilmistir. Lipsey ve Wilson (2001) bu durumda
moderator analizini 6nermektedir. Bu ¢alismada moderator degiskenler yayin yili, yayin tiiri, 6grenim
dizeyi, 6grenme alani, uygulama suresi, arastirma deseni olarak belirlenmis ve moderator analizleri
yapilmistir.

Yayin yanlihgi

Meta-analiz ydonteminin en biiylk sorunlarindan biri yanlliktir. Bu durum arastirmaya dahil edilen
¢alismalarin genellikle pozitif bulgu bildiren ¢alismalarin yayinlanma olasili§inin daha yiiksek olmasindan
kaynaklanmaktadir (Hunter J, Schmidt F., 2004; Rothstein, Sutton ve Bornstein, 2005; Orwin F.G., 1983).
Yayin yanliliginin tespitinde kullanilan bazi yontemler vardir. Bu ¢alismada ise yayin yanliligi ; Huni Sacgilim
Grafigi, Classic Fail-Safe N, Orwin’s Fail-Safe N ve Intercept ve Duval and Tweedie’s Trim and Fill ile test
edilmistir. Huni sacihm grafigine gore, dahil etme kriterlerini karsilayan 55 calismadan elde edilen 69 etki
biyuklGginin buyik bir kismi huninin tepe noktasina dogru ve genel etki blyukligiine ¢ok yakin bir
noktada toplanmistir (Sekil2). Yayin yanliligi olmadiginin tespiti icin calismalarin etki blyukltklerinin genel
etki buytiklugi tizerindeki dikey cizginin her iki yanina ve simetrik bir sekilde dagilmasi gerekir (Borenstein
vd., 2009). Sekil 2, Kes ve Ekle diizeltmesinin huni grafigini gostermektedir. Yapilan bu meta analize dahil
edilen arastirmalardan piramidinin disina tasanlar oldugu gérilmektedir (Sekil2).Ancak bu g¢alismalarin
cogu da huninin orta ve st bolgelerinde toplanmistir. Eger dahil edilen ¢calismalarda yayin yanhligi soz
konusu olsaydi, o zaman ¢alismalarin buytk bir kisminin huni seklinin alt kisminda ve/veya genel etki
buyuklugl dikey gizgisinin sadece bir bolimiinde toplanmasi beklenirdi (Borenstein vd., 2009).

Sekil 2
Kes ve Ekle Yéntemi Tarafindan Eklenen Calismalari ve Diizeltilmis Etki Biiyiikligiinii Gésteren Huni Grafigi
Funnel Plot of Standard Error by Hedges's g
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ClassicFail-SafeN, ortalama etki buyukligini anlamh olmayan bir dizeye indirmek igin bu meta-
analize dahil edilmeleriicin var olmasi gereken haric tutulancalismalarin sayisini inceler (Card, 2012). Meta
analize dahil edilen ¢alismalar icin Zdegeri 24.417 olarak bulunmus ve p degeri (0.000) istatistiksel olarak
anlamh bulunmustur (Tablo 2). Alfa 0.05 olarakayarlanmistir. Etki buyukliguntunanlamsiz diizeye
indirgenmesi icin bu meta analize dahil edilecek641galismagerekir. Bu da bu calismadayayinyanhlig
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riskinin ¢ok dislk oldugunu goéstermektedir. Ayrica; Mullen, Muellerleile ve Bryant (2001), N/(5k+10)
(k=meta-analize dahil edilen galisma sayisi) degerinin 1’i gegcmesi halinde, yayin yanhhgi agisindan
yeterince direngli goriindigl sonucuna ulagilabilecegini belirtmislerdir. Bu ¢alismada elde edilen
bulgulara gore, N/(5k+10) orani 1.80dir. Bu deger meta-analizin sonuglarinin sonraki ¢alismalar igin
yeterince direngli oldugunu gostermektedir (Tablo 2). Orwin’s Fail-Safe N hesaplamasinin mantigi yapilan
meta-analizde eksik olmasi muhtemel ¢alisma sayisinin hesabina dayanmaktadir (Rothstein vd., 2005).
Hesaplanan Orwin’s Fail-Safe N degeri 3328’dir. Bagka bir deyisle, analiz sonucunda ulagilan 0.738
ortalama etki blyukliguniin 0.015 diizeyine (trivial), yani hemen hemen sifir etki diizeyine ulasabilmesi
icin gereken calisma sayisi 3328’dir. Bu gdsterge, bu meta-analizde yayin yanhhgi riskinin minimum
oldugunun bir baska kanitidir (Tablo 2). Duval ve Tweedie’nin Kirp ve Doldur yénteminde ise meta analize
6 calisma daha eklenirse huni grafiginin simetrik olacagi program tarafinda hesaplanmistir. Ancak huni
grafiginin asimetrikliginin dizeltilmesi icin gereken galismalarin huni grafigine sanal olarak (dummy)
program tarafindan yerlestirilerek hesaplanan etki biylklGgi degeri EB:0.96 islem 6ncesi hesaplanan etki
blyuklGgi degerinden EB:0.86 6nemsiz diizeyde farklidir (etki blytklGgi farki 0.10). Dolayisiyla Duval ve
Tweedie’nin Kirp ve Doldur yontemi yayin yanliliginin riskinin olmadigini gostermektedir (Tablo 2). Kirpilan
¢alismalar doldurulunca hesaplanan yeni SOF ne biyiklik agisindan ne de yoni agisindan dikkate deger
bir farklilik géstermemektedir (Sekil 2).

Tablo 2
Yayin yanliligi testlerinin sonuglari
Test Cikti Deger
Classic Fail-Safe N Gozlenen galismalara ait Z degeri 24.417
Gozlenen galismalara ait p degeri 0.000
Alfa 0.050
Kuyruk 2
Zigin alfa 1.959
Gozlenen galisma sayisi 69
Eksik ¢calisma sayisi (p > alfa igin) 641
Orwin's Fail-Safe N Gozlenen galismalara ait Hedge’s g 0.738
Onemsiz” Hedge’s g icin 6lgiit 0.015
Kayip ¢alismalar igin ortalama Hedge’s g 0.000
FSN 3328
Trim and Fill Gozlenen galisma 0.86
(Kirp Doldur) Doldurulan galisma 0.96
Kirpilan calisma 6

Etki Blyiikligi

Etki buyukligu indeksinin cesitli sekil ve boyutlariyla yetmisten fazla sekilde hesaplanabilir oldugu
soylenmektedir (Huberty, 2002; Kirk, 2003). Ancak ¢ogu etki blylklagln, etkilerin iki ailesinden biri
olarak gruplandirabiliriz. Bunlar “d” ailesi, “r” ailesi olarak da bilinir (Ellis, 2010). Bu meta-analiz
calismasinda Hedges' g yontemi ile etki biylkligl hesaplanmis ve anlamlilik diizeyi 0.05 olarak
kabuledilmistir. “Hedge’s g” istatistigi standardize edilmis ortalamalar arasi farklari tanimlayan etki
bilyuklGgidar. Ortalamalarin birbirinden kag standart sapma uzaklastigini gosterir (Borenstein vd., 2009;
Card, 2012; Ellis, 2010; Petticrew ve Roberts, 2006). Nicel veriler, deney ve kontrol gruplarinin 6n test ve
son test puanlarindan, bunlara ulasilamadiysa analize imkan saglayacak diger test istatistiklerinden
olusmaktadir.
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Etki buyuklikleri hesaplanirken, tim etki buytklikleri i¢in Cohen's d yerine Hedge's g degerinin
kullaniimasi 6nerilmektedir, ¢linkli 6rneklem buylklugl gorece kiiglik oldugunda Hedge's g, Cohen d’ye
goére daha dogru ve daha az yanlidir (Borenstein vd., 2009; Little vd., 2008; Giiler, Tiimer, Danisman &
Gursoy, 2022). Calismalarin etki biiytkligine yonelik yorum yapabilmek adina, Cohen’in yapmis oldugu
siniflandirma genel bir oneri olmak (izere, d degerinin 0.2’den kigik olmasi durumunda, etki
blyuklGginin dastk, 0.5 olmasi durumunda orta ve 0.8’den blyik olmasi durumunda ise kuvvetli veya
genis olarak tanimlanabilecegini sdylemektedir (Cohen,1988). Bu ¢alismada birlesik etki biydklikleri,
¢alismaya dahil edilen bireysel calismalardan elde edilen meta-analize uygun veriler 1g18inda
hesaplanmistir. Bu ¢galismanin bulgularini yorumlamak igin Cohen’in (1988) etki biyikligi siniflandirmasi
kullanilmigtir.

Bulgular

Calismada oOgrenci merkezli strateji, yontem ve tekniklerin matematik dersindeki problem ¢6zme
becerilerine etkisini konu edinen 55 calisma (69 etki biylklGgli) meta—analize dahil edilmistir. Bu
boélimunde bulunan galismalarin betimsel analizleri yapilmis ve bunu takiben meta-analiz yontemi
kullanilarak veriler bir araya getirilmistir.

Arastirmaya dahil edilen calismalarin etki biyiikliigii sonuglari

Arastirmamiza dahil edilen ¢alismalarin aritmetik ortalamalari (X), standart sapmalari (S) ve érneklem
sayilart (N) analiz edilerek her bir calismanin etki buytkliikleri bulunmustur. Ek-1 ‘de etki blyuklGgu
kiiglkten biyige artan sirada gosterilmistir. 69 ¢alismanin standardize edilmis etki blyklikleri -0.348 ile
3.429 arasinda degisirken, gliven aralig1 -0.898 ile 4.362 arasinda degismektedir. Meta analize dahil edilen
69 calismadaki veriler rastgele etkiler modeline gére; standart hata 0.072 ve % 95’lik gliven araliginin Gst
siniri 1.009 ve alt sinir 0.727 ile etki bayiklugi degeri EB: 0.868 matematik 6gretiminde kullanilan 6grenci
merkezli strateji, yontem ve tekniklerin problem ¢ézme becerilerine etkisine iliskin deney grubu lehine
kontrol grubundan daha olumlu oldugu hesaplanmistir (Bknz. Ek-1). Etki blylklGgl degeri 0.80’ den biyik
oldugu igin Cohen’in siniflandirmasina gére genis diizeyde bir etkiye sahip oldugu belirlenmistir (Cohen,
1988).

Cesitli degiskenler iizerinde moderator analizi

Matematik 6gretiminde kullanilan 6grenci merkezli strateji, yontem ve tekniklerin problem ¢dzme
becerileri Gzerindeki etkisinin birlesik etki buyukliginin heterojenligini agiklamak igin 7 kategorik
moderatér ANOVA ile analiz edilmistir. Sonuglar Tablo 3’te verilmistir.
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Tablo 3
Calismalarin moderator analizleri

%95Cl
ES Lower Upper
N Y tmit lmie @ P

Yillar 0.745 0.863
2006-2009 9 0.874 0.200 0.482 1.265
2010-2013 12 1.013 0.184 0.652 1.375
2014-2017 12 0.844 0.172 0.506 1.182
2018-2021 36 0.835 0.103 0.633 1.037
Yayin Tiirii 0.000 0.998
Tez 37 0.869 0.100 0.674 1.064
Makale 32 0869 0.107 0.661 1.078
Ogrenim Diizeyi 2.450 0.484
ilkokul 21 1.007 0.137 0.739 1.275
Ortaokul 37 0.764 0.101 0.566 0.962
Lise 8 0.973 0.215 0.552 1.395
Universite 3 0.984 0.339 0.320 1.648
Ogrenme Alani 24,915 0.002
Diger 4 1.367 0.276 0.826 1.909
Cebir 8 0.893 0.200 0.502 1.284
Geometri ve Olgme 9 1.239 0.180 0.886 1.591
istatistik ve Olasilik 1 0.721 0.527 0.311 1.754
Karma Mifredat Problemleri 6 1.331 0.210 0.918 1.743
Rutin ve/veya Rutin olmayan Problemler 20 0.484 0.120 0.249 0.718
Sayilar ve islemler 16 0.902 0.140 0.628 1.177
Sozel Mantik Problemleri 3 0.723 0.296 0.143 1.302
Veri Analizi 2 0.403 0.340 0.263 1.069
Uygulama Siireleri 0.790 0.852
3 -5 hafta 19 0.825 0.142 0.548 1.103
6 - 8 hafta 23 0.832 0.126 0.585 1.078
9 hafta ve Uzeri 21 0972 0.136 0.705 1.239
Bilinmiyor 6 0.825 0.239 0.356 1.294
Arastirma Deseni 4,662 0.031
Karma Yéntem 21 1.111 0.134 0.849 1.373
Nicel Yontem 48 0.770 0.084 0.605 0.935
Uygulama Yaklagimi 11.360 0.124
Alternatif Yontem ve Teknikler 28 0.749 0.111 0.531 0.967
FeTeMM ‘e Dayali Ogretim 3 2.005 0.363 1.294 2.716
GME Yaklagimi 3 0.894 0.329 0.249 1.538
isbirlikli 6gretim 6 0.894 0.245 0.414 1.373
Oyunla Ogretim Yéntemi 4 0.941 0.308 0.337 1.545
Problem Kurma ve Cézme Yaklasimh Matematik 16 0.895 0.150 0.600 1.189
Ogretimi
Sorgulamaya Dayali Ogretim 3 0.929 0.378 0.188 1.669
Teknoloji Destekli Ogretim 6 0.741 0.254 0.244 1.238
Toplam 69
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Tablo 3’e gore, matematik 6gretiminde kullanilan 6grenci merkezli strateji, ydntem ve tekniklerin
problem ¢ézme becerisine etkisine iliskin yapilan ¢alismalardaki yayin yili gruplarina ait ortalama etki
buyuklGgi degerleri, yayin yili “2006-2009 arasi” olan ¢alismalar igin 0.874 (G.A. 0.482 — 1.265, p<0.05),
yayin yili “2010-2013 arasi” olan galismalar igin 1.013 (G.A 0.652 - 1.375, p<0.05), yayin yih  “2014-2017
arasi” calismalar icin 0.844 (G.A 0.506 — 1.182, p<0.05) ve yayin yili  “2018-2021 arasi” ¢alismalar igin
0.835 (G.A 0.633 — 1.037, p<0.05) seklindedir. Yayin yili icin moderatér analizinden elde edilen sonuglara
gore, calismalar arasi varyans istatistiksel olarak anlaml degildir (Qs =0.745, p>0.05). Buna gore
matematik Ogretiminde kullanilan &grenci merkezli strateji, yontem ve tekniklerin problem ¢6zme
becerisine etkisine iliskin yapilan ¢alismalarda yayin yilinin etki buytklGglniu degistirmedigi belirlenmistir.

Arastirmaya dahil edilen galismalar yayin tiirli moderatériine gore “makale” ve “tez”, olarak iki gruba
ayrilmistir. 37 calisma “makale”, 29 calisma “tez” olarak kategorilere dagilmistir. Yayin tiir gruplarina ait
ortalama etki blyklGgi degerleri, makaleler icin 0.869 (G.A 0.674 — 1.064, p<0.05), tezler icin 0.869 (G.A.
0.661 — 1.078, p<0.05) seklindedir. Yayin tlrd icin moderator analizinden elde edilen sonuglara gore,
calismalar arasi varyans istatistiksel olarak anlaml degildir (Qs =0.000, p>0.05). Buna gére matematik
O0gretiminde kullanilan 6grenci merkezli strateji, yontem ve tekniklerin problem ¢6zme becerilerine
etkisine iliskin yapilan calismalarda yayin tirlerinin etki baylkligiini degistirmedigi belirlenmistir.

Ogrenim diizeyi gruplarina ait ortalama etki biyikligi degerleri, ilkokuldaki 6grencilerle yapilan
calismalar icin 1.007 (G.A. 0.739- 1.275, p<0.05), ortaokuldaki 6grencilerle yapilan ¢alismalar icin 0.764
(G.A. 0.566 — 0.962, p<0.05), lisedeki 6grencilerle yapilan ¢alismalar i¢in 0.973 (G.A. 0.552- 1.395, p<0.05)
ve Universitedeki 6grencilerle yapilan calismalar icin 0.984 (G.A. 0.320- 1.648, p<0.05) seklindedir.
Ogrenim diizeyi moderatdr analizinden elde edilen sonuglara gére, calismalar arasi varyans istatistiksel
olarak anlamh degildir (Qg =2.450, p>0.05). Buna gore matematik 6gretiminde kullanilan 6grenci merkezli
strateji, yontem ve tekniklerin problem ¢dzme becerisine etkisine iliskin yapilan ¢alismalarda 6grenim
diizeyinin etki blayukliginil degistirmedigi belirlenmistir.

Ogrenme alani gruplarina ait ortalama etki biyiklGgi degerleri, “Cebir” égrenme alaninda yapilan
calismalar igin 0.893 (G.A 0.502 — 1.284, p<0.05), “Geometri ve Olcme” alaninda yapilan calismalar igin
1.239 (G.A 0.886 - 1.591, p<0.05), “istatistik ve Olasilik” alaninda yapilan calismalar igin 0.721 (G.A -0.311
-1.754, p>0.05), “Karma miifredat problemleri” alaninda yapilan ¢alismalar i¢in 1.331 (G.A 0.918 — 1.743,
p<0.05), “Rutin ve/veya Rutin Olmayan Problemler” alaninda yapilan ¢alismalar igin 0.484 (G.A 0.249 —
0.718, p<0.05), “Sayilar ve islemler” alaninda yapilan calismalar icin 0.902 (G.A 0.628 — 1.177, p<0.05),
“Sozel Mantik Problemleri” alaninda yapilan ¢alismalar igin 0.723 (G.A 0.143 — 1.302, p<0.05), “Veri
isleme” alaninda yapilan galismalar igin 0.403 (G.A -0.263 — 1.069, p<0.05) ve 6grenme alani belli olmayan
calismalar icin 1.367 (G.A 0.826 - 1.909, p<0.05) seklindedir. Moderator analizinden elde edilen sonuglara
gore calismalar arasi varyans istatistiksel olarak anlamli ¢ikmistir (Qs =24.915, p<0.05). Buna gore
matematik o6gretiminde kullanilan 6grenci merkezli strateji, yontem ve tekniklerin problem c¢ézme
becerilerine etkisine iliskin yapilan c¢alismalarda 6grenme alanlarindan sirasiyla “Karma Mifredat
Problemleri”’, “Geometri ve Olgme”, “Sayilar ve islemler”, “Cebir”, “Sézel Mantik Problemleri”, “istatistik
ve Olasilik”, “Rutin ve/veya Rutin olmayan Problemler” ve “Veri isleme” olmasinin etki biyikligini
arttirdig tespit edilmistir.

Arastirmaya dahil edilen calismalar uygulama siiresi moderatoriine “3-5 hafta”, “6-8 hafta”, “9 hafta
ve lzeri” ve “uygulama siiresi belirsiz” ¢alismalar olarak dort gruba ayrilmistir. Uygulama sliresi gruplarina
ait ortalama etki blylklugi degerleri, 3-5 hafta arasinda yer alan ¢alismalar icin 0.825 (G.A. 0.548 — 1.103,
p<0.05), 6-8 hafta arasinda yer alan ¢alismalar igin 0.832 (G.A. 0.585 — 1.078, p<0.05), 9 hafta ve lzerinde
yer alan ¢alismalar igin 0.972 (G.A. 0.705 — 1.239, p<0.05), siresi bilinmeyen ¢alismalar igin 0.825 (G.A.
0.356 —1.294, p<0.05) seklindedir. Uygulama siiresi icin moderator analizinden elde edilen sonuglara gore,
¢alismalar arasi varyans istatistiksel olarak anlaml degildir (Qs =0.790, p>0.05). Buna gére matematik
6gretiminde kullanilan 6grenci merkezli strateji, yontem ve tekniklerin problem ¢6zme becerisine etkisine
iliskin yapilan ¢alismalarin uygulama siirelerinin etki bliytklGglini degistirmedigi gozlemlenmistir.

Arastirma desenlerine ait ortalama etki blylklugl degerleri, “Karma Yontem” kullanilan ¢alismalar
icin 1.111 (G.A. 0.849 — 1.373, p<0.05) ve “Nicel Yontem” kullanilan ¢alismalaricin 0.770 (G.A 0.605- 0.935,
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p<0.05) seklindedir. Arastirma deseni icin moderator analizinden elde edilen sonuglara gore, ¢alismalar
arasi varyans istatistiksel olarak anlamlidir (Qs =4.662, p<0.05). Buna gore matematik Ogretiminde
kullanilan 6grenci merkezli strateji, yontem ve tekniklerin problem ¢dzme becerisine etkisine iligkin
yapilan ¢alismalarda ““Karma Yontem”'in tercih edilmesinin etki bayGklugina arttirdigi belirlenmistir.

Matematik 6gretiminde kullanilan 6grenci merkezli strateji, yontem ve tekniklerin problem ¢6zme
becerilerine etkisine iliskin yapilan ¢alismalardaki uygulama yaklasimi gruplarina ait ortalama etki
buytkligi degerleri, “Alternatif Yontem ve Teknikler”, i¢in 0.749 (G.A. 0.531- 0.967, p<0.05), “FeTeMM
Etkinliklerine Dayali Ogretim” icin 2.005 (G.A. 1.294 - 2.716, p<0.05), “Gercekci Matematik Egitimi (GME)
Yaklasimi” icin 0.894 (G.A. 0.249 - 1.538, p<0.05), “isbirlikli Ogretim” icin 0.894 (G.A. 0.414 - 1.373,
p<0.05), “Oyunla Ogretim Yéntemi” icin 0.941 (G.A. 0.337 - 1.545, p<0.05), “Problem Kurma ve Cé6zme
Yaklasimli Ogretim” icin 0.895 (G.A. 0.600 - 1.189, p<0.05), “Sorgulamaya Dayali Ogretim” icin 0.929 (G.A.
0.188 - 1.669, p<0.05) ve “Teknoloji Destekli Ogretim” icin 0.739 (G.A. 0.246 - 1.231, p<0.05) seklindedir.
Uygulama yaklasimi i¢cin moderatér analizinden elde edilen sonuglara gore, calismalar arasi varyans
istatistiksel olarak anlamli degildir (QB=11.360, p>0.05). Buna gére matematik 6gretiminde kullanilan
O0grenci merkezli strateji, yontem ve tekniklerin problem ¢6zme becerisine etkisine iliskin yapilan
¢alismalarda uygulama yaklagimi tiirtintin farkli olmasinin etki biyukligiini degistirmedigi belirlenmistir.

Tartisma
Ana Etki Analizlerinin Sonuglarinin Tartisilmasi

Bu calismada geleneksel 6gretim yontemlerine kiyasla 6grenci merkezli strateji, yontem veya
tekniklerin 6grencilerin matematik problem ¢ézme becerilerine olan etkisi belirlenmeye calisiimistir.
Toplam 55 calismadan ortaya ¢ikan 69 etki buyuklugi rastgele etki modeli altinda analiz edildiginde, etki
buyuklugi EB:0.868 olarak hesaplanmistir. Bu sonug, Cohen (1988) ‘in siniflandirmasina gére genis
diizeyde etkiye sahip oldugunu bir baska deyisle matematik 6gretiminde kullanilan 6grenci merkezli
strateji, yontem veya tekniklerin 6grencilerinin problem ¢dzme becerilerinde oldukga etkili oldugunu
gostermektedir.

Moderator Analizi Sonuglarinin Tartisilmasi

Yapilan meta analiz sonrasinda genel etkiyi belirlendikten sonra etki blyukligini degistirip
degistirmedigine yonelik moderator degiskenler incelenmistir. Yapilan moderator analizleri sonucunda
olusan etki biyikliikleri arasinda anlamli fark “Ogrenme alani” ve “Arastirma deseni” moderatdr analizi
icin bulunmustur. Moderator analizi igin alinan ilk degisken yayin yili degiskenidir. Yapilan moderatér
analizi sonuglarindan elde edilen etki blyukltkleri birbirine yakin ¢ikmistir. Moderator analizinde yayin
yilina gére etki buyuklikleri arasinda istatistiksel olarak anlamli bir fark yoktur. Yayinlanmis galismalarin
vayinlanmamis ¢alismalara gore daha buyik etki blylkligl ortaya koydugu literatlirden anlasiimaktadir
(Rothstein ve digerleri, 2005). Ancak bu meta-analizde yayin tiirii moderator degiskeninden elde edilen
bulgularda makalelerin (EB:0.869) ve tezlerin (EB: 0.869) etki bulyuklikleri esdeger bulunmus ve
literattirden farkli bir sonug elde edilmistir. Egitim diizeyi degiskeni igin, bulgular ilkokul i¢in EB:1.007,
ortaokul igin EB:0.764, lise i¢in EB:0.973 ve Universite i¢in EB:0.984 olarak hesaplanmistir. Gruplar arasinda
etki buydkligh acisindan anlamli fark bulunmamakla birlikte ortaokul diizeyi hari¢ diger egitim
diizeylerinde genis dizeyde etki blyiikligl elde edilmistir. Bu kapsamda, alanyazinda 6grenci merkezli
strateji, yontem ve tekniklerin akademik basariya etkisine yonelik yapilan ¢alismalarda orta6gretim ve
ylksekogretim diizeyinde gerceklestirilen calismalarin genellikle daha yiiksek diizeyde etkiye sahip oldugu
gorilmektedir (Ayaz ve Séylemez, 2015; Capar ve Tarim, 2015; Goziiyesil, 2012; Ozdemirli, 2011; Tarim,
2003; Uyar ve Doganay, 2018). Ancak bu sonuc¢ farkli degiskenlerden de etkilenebilir; tlkelerin
programlarinin siniflara gére dagilimi, kullanilan yaklasimin diizeye uygunlugu vb. olarak siralanabilir.
Ayrica 6grencilerin yaslarina bagh olarak 6n bilgi, beceri ve tutum dizeyleri 6grenci merkezli strateji,
yontem ve tekniklerin kullaniminda dikkate alinmasi gereken 6nemli bir degisken olarak gosterilmektedir
(Uyar veDoganay, 2018).Bir diger moderator degisken olan 6grenme alanlari dikkate alindiginda 6grenme
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alanlarina gore etki buyuklikleri arasinda anlamli fark bulundugu beirlenmistir. Calismalarin ikisi harig
buyik ¢cogunlugu ylksek dizede etki buyikligiine sahip iken “Veri isleme” EB:0.403 ve ‘‘Rutin ve/veya
Rutin Olmayan Problemler” EB:0.484 6grenme alanlarinda kiiglik diizeyde etki goriilmustir. Bu sonug ilgili
o6grenme alaninda ¢ok sayida ¢alisma yapilmamis olmasindan kaynaklanabilir ve etki biyukliklerinin
karsilastirilmasinda giivenli sonuglar vermeyebilir (Rosenberg vd. 2000). Ayrica; Capar ve Tarim (2015)
ogrenci merkezli strateji, yontem ve tekniklerinden isbirlikli 6grenmenin matematik basarisina etkisini
inceledikleri calismalarinda “Veri isleme” ve “istatistik ve Olasilik” dgrenme alanlarinda Tirkiye’de ve
Dunya’da ¢ok sinirli galismanin yapildigini belirtmislerdir. Bu durum 6grenci merkezli strateji, ydntem ve
tekniklerinin ilgili 6grenme alanlarinda uygulama baglaminda arastirmacilar igin ¢ok da elverigli
bulunmadigi seklinde yorumlanabilir. Uygulama suresinin moderatdér analizi sonucunda elde edilen
bulgularda istatistiksel olarak anlamli bir farkhlik géralmemistir. Etki bliytkligi agisindan gruplar arasinda
anlamh bir fark bulunmamakla birlikte uygulama siire araliklari agisindan etki buyukligu dizeyleri
Cohen'in (1988) siniflamasina gére genis diizeydedir. Sonuglar, uygulama siiresinin 9 haftayr EB:0.972
astigl durumlarda uygulamanin etkisinin en yiiksek degere sahip oldugunu géstermektedir. Ogretmen
merkezli bir uygulamadan tamamen farkli olan 6grenci merkezli bir yaklagima 6grencilerin alismasi bir
slireg gerektirir ve 6grenci merkezli strateji, yontem ve tekniklerin etkili kullanimi igin beceri diizeyinde
kazanimlarin hedeflenmesi gerekmektedir (Brown, 2003; Cornelius-White, 2007; Dochy, Segers, Van den
Bossche ve Gijbels, 2003; Hattie, 2009; Marzano ve digerleri, 2001). Beceri diizeyinde kazanimlara
ulasilmasi icin, 6grencilerin 6ncelikle temel bilgileri anlamlandirmalari ve duyussal agidan hazirlanmalari
gerekmektedir. Bu nedenle; daha uzun bir slire boyunca gergeklestirilen uygulamalardan daha buyuk bir
etki bliyukliglu beklenmektedir. Sonug olarak, 6grenci merkezli strateji, yontem ve tekniklerinin tim
uygulama siireleri agisindan problem ¢ézme becerileri Uzerinde oldukga etkili oldugu ve ilgili strateji,
yontem veya teknik igin uygulama sirelerinin yeterli oldugu yorumu yapilabilir. Arastirma deseninin
moderator analizi sonucunda elde edilen bulgularda istatistiksel olarak anlamh bir farkhlik bulunmustur.
Bu sonu¢ calismalarda tercih edilen karma yontemin EB:1.111 nicel yonteme EB:0.770 gore etki
blyuklGgind artirdigini gostermistir. Nicel ve nitel tekniklerin ayni cerceve icerisinde kullanimi ile karma
yontem arastirmalari, her iki teknigin avantajli taraflarini kuvvetlendirmektedir. Daha da 6nemlisi, karma
yontemleri kullanan arastirmacilarin, belirledikleri arastirma sorulariyla iliskili olan yéntem ve yaklasimlari
se¢me sanslari daha fazladir(Baki ve Gokgek, 2012).Nicel ve nitel veri toplama yontemlerini birlestirerek
veya baglayarak yapilan ¢alismalarda pek c¢ok fayda saglanabilmektedir (Fielding ve Fielding, 1986;
Greene, Caracelli ve Graham, 1989; Kiral ve Kiral, 2011; Koch ve Rhodes, 1979; Armenakis ve Feild,
2008).Moderator analizi igin alinan son degisken uygulama yaklasimi degiskenidir. Calismalarda kullanilan
strateji, yontem ve teknikler “uygulama yaklasimi” bashgi altinda toplanmistir. Uygulama yaklasimina gore
moderatoér analizi sonucunda elde edilen bulgularda istatistiksel olarak anlamh bir farkhhk gorilmemistir.
Etki blyUkligu agisindan gruplar arasinda anlamh bir fark bulunmamakla birlikte ‘FETEMM ile 6gretim”’
EB:2.005 ile en ylksek etkiye sahip iken diger strateji, yontem ve teknikler de Cohen (1988)’e gbre genis
etkiye sahiptir. Problem ¢6zme becerisi; artik fizik, teknoloji ve uygulamali matematigin temel bileseni
olarak gériilmektedir (Unsal & Ergin, 2011). Yapilan arastirmalarda, FETEMM egitiminin dgrencilerin fen
bilimleri ve matematik basarisini artirdigi (Acar, Tertemiz ve Tasdemir, 2018; Judson, 2014; McClain, 2015;
Olivarez, 2012; Wade- Shepherd, 2016; Wosu, 2013), bununla birlikte 6gretim programlarinda
kazandirilmasi hedeflenen problem ¢6zme becerisinin, FETEMM etkinlikleriyle 6grencilere
kazandirilabildigi belirtilmektedir (Fortus, vd., 2005; Meyrick, 2011; Saleh, 2016; Sahin, vd., 2014; Wosu,
2013). Literattirdeki calismalar incelendiginde, problem ¢ozme becerisinin tek basina ele alindig1 ve
FETEMM egitimiyle 6grenim goren 6grencilerin gerek matematik dersi basarilari gerekse problem ¢ézme
becerlerinin arttigl gorilmektedir (Corlu ve Aydin, 2016; Gwon- Suk ve Sun Young, 2012; McClain, 2015;
Wosu, 2013). FETEMM egitimiyle 6grenim goren 6grenciler, yeni bir problem durumuyla karsilastiklarinda
disiplinlerarasi baglanti becerilerini uygulayan iyi bir problem ¢oziiclidirler (Morrison, 2006).

Sonug ve Oneriler

Matematik 6gretiminde kullanilan 6grenci merkezli strateji, yontem ve tekniklerin problem ¢6zme
becerisine etkisinin incelendigi bu ¢alismada, bireysel calismalardan elde edilen sonuglar 6gretmenlere
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Ogrencilerin problem ¢6zme becerilerini artirma siirecinde 6grenme g¢iktilarina uygun bir 6grenme
ortami igin strateji, yontem ve tekniklerin segiminde bu arastirma sonuglari bir kaynak olusturabilir. Bu
¢alismada egitim bilimleri alaninda farkindaligi ve guvenilirligi yuksek olan veritabanlarinin
taranmasinda bazi gigliklerin oldugu tespit edilmistir. Veritabani kullanicilarina hassas aramalar
yapabilecekleri imkanlar saglanarak, 6zelliklerine gore istedikleri galismalara kolayca ulasabilmeleri
saglanabilir. Ulusal matematik 6gretim programlarinin  hazirlanmasindan sorumlu egitim
programcilarina, bu galismanin sonuglarini 6grenci merkezli strateji, ydntem ve teknikleri baglaminda
dnemli bir kaynak oalcaktir. Ogrenci merkezli strateji, ydntem veya tekniklerin kullaniminin matematik
problem ¢dzme becerisine etkisi incelenmis ve &grenme alani baglaminda “istatistik ve Olasilik”
0grenme alaninda ¢ok az sayida galismaya rastlanmistir. Gelecekteki ¢calismalarda arastirmacilarin bu
o6grenme alanina odaklanmalari icin 6nerilerde bulunulabilir. Ayrica; calismalarda tercih edilen
arastirma deseni agisindan karma yontemin tercih edilmesi nicel yénteme gore etki baydklagina
arttirdigi arttirdigi  tespit edilmistir. Bu baglamda, arastirmacilar karma yontemle yapacaklari
calismalarda bir yontemin zayif yonlerini tolere etmek icin diger bir yontemin glgli taraflarini
kullanabilir ve bu sayede godzden kagabilecek farkli gorisler agiga ¢ikmis olur. Nitel ve nicel
arastirmalarin birlikte kullanimi, arastirmacilara teori ve uygulamaya iliskin daha kesin ve net bilgi
verecektir.

Yazar Katki Orani

Arastirmanin yazarlari arastirmanin planlanmasindan sonug¢ raporunun yazilmasina kadar tim
asamalarda esit bir sekilde katki sunmuslardir.

Etik Beyan

“Yiksekogretim Kurumlari Bilimsel Arastirma ve Yayin Etigi Yonergesinde’ yer alan tim kurallara
uyulmus ve yonergenin ikinci bélimiinde yer alan “Bilimsel Arastirma ve Yayin Etigine Aykiri Eylemlerden”
hicbiri gerceklestirilmemistir.

Catisma Beyani

Mevcut arastirmada herhangi bir ¢ikar ¢atismasi bulunmamaktadir.
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EK-1
Etki

Calismanin Biiyukliigii Standart
S.N. Yazar/Yazarlan (g) Hata Varyans  Alt Limit Ust Limit p
1 Kir, D. -0.348 0.281 0.079 -0.898 0.202 0.215
2 Goban, H. (c) -0.136 0.323 0.104 -0.769 0.496 0.673
3 Kablan Z. vd. (b) -0.040 0.277 0.077 -0.583 0.503 0.885
4 Cuneo, A. 0.040 0.237 0.056 -0.424 0.503 0.867

Parwati, N. N. vd. 0.143 0.218 0.047 -0.284 0.570 0.512
5 (a)

Psycharis, S. 0.225 0.113 0.013 0.004 0.446 0.046
6 &Kallia M.

Parwati, N. N. vd. 0.231 0.239 0.057 -0.237 0.700 0.333
7 (b)

Celebi, 0. 0.236 0.198 0.039 -0.152 0.624 0.234

Diker, H. 0.251 0.294 0.087 -0.326 0.828 0.393
10 Coban, H. (a) 0.274 0.303 0.092 -0.320 0.867 0.366
11 Alan,S.& Ozsoy G.  0.278 0.254 0.065 -0.220 0.776 0.273
12 Pritchard, P. J. 0.299 0.137 0.019 0.031 0.566 0.029
13 Rousseau, D.R. 0.313 0.171 0.029 -0.023 0.648 0.068

Arsuk,S.& 0.356 0.286 0.082 -0.205 0.918 0.213

Memnun D.

14 S.(b)
15 Fede, J. L. (b) 0.358 0.348 0.121 -0.323 1.039 0.303
16 Kog Deniz, H. (b) 0.431 0.279 0.078 -0.116 0.978 0.123
17 Aytacli, B. 0.441 0.310 0.096 -0.167 1.049 0.155

Hwang, W.Y. & Hu, 0.510 0.263 0.069 -0.007 1.026 0.053
18 S.S
19 Rajotte, T. vd. 0.530 0.495 0.245 -0.439 1.499 0.284
20 Kog Deniz, H. (a) 0.562 0.284 0.081 0.004 1.119 0.048
21 Kablan Z. vd. (a) 0.587 0.283 0.080 0.032 1.142 0.038
22 Zhang, L. 0.619 0.242 0.059 0.145 1.094 0.011

Bakir, B. & Kog¢ 0.624 0.297 0.088 0.042 1.205 0.036
23 Akran, S.

Demirel 0.627 0.318 0.101 0.004 1.250 0.048

&KarakusYilma

24 z
25 Coban, H. (b) 0.643 0.326 0.106 0.004 1.281 0.049
26 Hobri vd. (b) 0.655 0.246 0.061 0.173 1.138 0.008
27 Kayapinar, A. 0.677 0.271 0.074 0.145 1.208 0.013
28 Ericek, A. 0.679 0.321 0.103 0.051 1.308 0.034
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31
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52
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Karakus  Aktan,E.
vd.

Fidan, S.

Suarsana, | M.vd.
(b)

Kuguk, M.

Tarim, K. (b)

Aktas, I.

Fede, J. L. (a)

Divrik, R. vd. (b)

Ciligir, E&Artut,P.
(a)

Yeltekin, E.

Bolat, Y. I.

Pilten G. &Pilten P.

Sahin, E.

Zulkarnain.vd.

Arsuk,S.&
Memnun D.
S.(a)

Yilmaz, S.

Coban, H. (d)

Kas, S.

Chadli, A. vd.

Ciligir, E&Artut,P.
(b)

Ke, F.

Kar, T.

Ahdhianto,E. vd.

Turhan B. & Giiven
M.

Agac, G.

Tarim, K. (a)

Suarsana, | M.vd.
(a)

Yilmaz, F.

Akay Y. & Er O. K.

Ebret, A.

Hobri vd. (a)

Usta,N.

Akay, H.

0.690

0.694
0.706

0.721
0.741
0.754
0.761
0.803
0.842

0.842
0.866
0.878
0.934
0.988
0.999

1.025
1.033
1.058
1.082
1.129

1.140
1.151
1.151
1.179

1.195
1.238
1.300

1.330
1.376
1.463
1.627
1.723
1.799

0.239

0.293
0.228

0.282
0.337
0.283
0.358
0.372
0.202

0.300
0.255
0.255
0.327
0.667
0.299

0.274
0.316
0.266
0.293
0.220

0.288
0.252
0.151
0.337

0.346
0.357
0.246

0.330
0.271
0.309
0.277
0.798
0.265
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0.057

0.086
0.052

0.080
0.114
0.080
0.128
0.138
0.041

0.090
0.065
0.065
0.107
0.445
0.089

0.075
0.100
0.071
0.086
0.048

0.083
0.064
0.023
0.114

0.120
0.128
0.060

0.109
0.074
0.096
0.077
0.637
0.070

0.223

0.121
0.259

0.168
0.080
0.200
0.060
0.074
0.445

0.253
0.367
0.378
0.293
-0.319
0.413

0.489
0.414
0.536
0.507
0.699

0.576
0.656
0.856
0.518

0.516
0.538
0.819

0.684
0.844
0.857
1.084
0.158
1.280

1.158

1.268
1.154

1.274
1.403
1.309
1.462
1.533
1.238

1.430
1.366
1.378
1.575
2.295
1.585

1.562
1.653
1.580
1.656
1.560

1.704
1.646
1.447
1.840

1.874
1.938
1.782

1.976
1.908
2.070
2171
3.287
2.319

0.004

0.018
0.002

0.011
0.028
0.008
0.033
0.031
0.000

0.005
0.001
0.001
0.004
0.139
0.001

0.000
0.001
0.000
0.000
0.000

0.000
0.000
0.000
0.000

0.001
0.001
0.000

0.000
0.000
0.000
0.000
0.031
0.000
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62 Divrik, R. vd. (a) 1.839 0.671 0.450 0.524 3.153 0.006
63 Ozsoy, G. 1.964 0.351 0.123 1.275 2.652 0.000
64 Akkas,E.& Ozturk F. 2.115 0.703 0.494 0.737 3.493 0.003
65 Erumit, A. K. 2.197 0.324 0.105 1.561 2.832 0.000
66 Acar,D. (b) 2.230 0.368 0.136 1.508 2.951 0.000
67 Curaoglu, O. 2.622 0.782 0.612 1.089 4.155 0.001
Eissa, M. A. 2.983 0.373 0.139 2.252 3.714 0.000
68 &Mostafa, A. A.
69 Acar,D. (a) 3.429 0.476 0.226 2.497 4.362 0.000
Q
(0]
20
&‘G 0.868 0.072 0.005 0.727 1.009 0.000
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