PEREN
w

Cukurova Universitesi Egitim Fakiiltesi Dergisi
Vol: 50 Numb: 2 Page: 1329-1366
http://dergipark.gov.tr/cuefd

The Effect of Flipped Learning Model on Primary and Secondary School
Students' Mathematics Achievement: A Meta-Analysis Study

Ziileyha YILDIRIM YAKAR : (ORCID ID - 0000-0002-6420-2205)

CrossMark

Kahramanmaras Siitci imam Universitesi, Egitim Fakiiltesi, Kahramanmaras /Tiirkiye

Article Info

Abstract

DOI: 10.14812/cufej.865337

Article History:
Received  01.20.21
Revised 05.16.21
Accepted  07.26.21
Keywords:

Flipped learning model,
Academic achievement,
Mathematics

Primary school students
Secondary school students.

With the transition to distance education during the coronavirus pandemic, one of the
most talked about teaching approaches has been the flipped learning model (FLM).
Conducting the discussions about FLM on a solid basis can only be achieved by finding
an answer to what the effect of FLM has in different fields and different education
levels. Based on this idea, in this study, it is aimed to evaluate the results of the studies
examining the effect of FLM on the mathematics achievement of primary and
secondary school students. In the meta-analysis study conducted in this direction,
using the findings of 45 studies that meet the specified criteria, the effect level of FLM
on students 'mathematics achievement compared to traditional teaching and also the
effect level of FLM on students' mathematics achievement over a single group were
determined. In the meta-analysis conducted in order to compare FLM with traditional
teaching, it was concluded that FLM was moderately more effective (d = 0.51) in
increasing students' mathematics achievement compared to traditional education.
According to the meta-analysis results made to determine the effect of FLM over a
single group, FLM has a high effect on mathematics achievement (d = 2.13). As a result
of the analysis made according to the moderators of the study, the effect size of the
FLM when compared to traditional teaching differs according to the type of
publication and sample size and the effect size of the FLM over a single group differs
only according to the sample size.
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Koronavirus salgini doneminde uzaktan egitime gegilmesiyle birlikte Gzerinde en fazla
konusulan 6gretim yaklasimlarindan biri ters yliz 6grenme modeli (FLM) olmustur. FLM
ile ilgili tartismalarin saglam temellerde ydratilebilmesi ise ancak FLM”in farkh
alanlarda ve farkli 6grenim duzeylerinde etkisinin ne oldugunun yanit bulmasi ile
saglanabilecektir. Bu dlsunceden hareketle, bu ¢alismada FLM’Un ilkogretim ve
ortadgretim ogrencilerinin  matematik basarisina etkisini inceleyen ¢alismalarin
sonuglarinin birlikte degerlendirilmesi amaglanmistir. Bu dogrultuda yapilan meta-
analiz c¢alismasinda, belirlenen o&lgltleri karsilayan 45 galismanin  bulgularindan
yararlanilarak, FLM’Uin geleneksel 6gretime kiyasla 6grencilerin matematik basarisina
etki diizeyi ve ayrica FLM’ln tek grup Uzerinden 6grencilerin matematik basarisina etki
dizeyi belirlenmistir. FLM ile geleneksel 6gretimi karsilastirmak amaciyla yapilan meta-
analizde FLM’Un geleneksel ogretime kiyasla Ogrencilerin matematik basarisini
artirmada orta dlzeyde daha fazla etkili (d=0,51) oldugu sonucuna ulasiimistir. Tek
grup Uzerinden FLM’(in etkisini belirlemek igin yapilan meta-analiz sonucuna gore ise
FLM matematik basarisi Uzerinde yiksek diizeyde etkilidir(d=2,13). Calismanin ara
degiskenlerine gore yapilan incelemeye gore geleneksel 6gretime kiyasla FLM’Un etki
blytkligl, yayin tiri ve érneklem buyikligiune gore, tek grup tzerinden FLM’Un etki
blyukligl ise sadece 6rneklem blyuklugine gore farklilasmaktadir. Bununla birlikte
arastirmada ele alinan ara degiskenler dogrultusunda FLM’Gin matematik dersinde her
durumda etkili oldugu belirlenmistir.
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Introduction

The Covid-19 virus, which emerged in Wuhan, China towards the end of 2019, was declared as a
global pandemic with its spread to other parts of the world in a short time (World Health Organization
[WHO], 2020). Due to the rapid spread of Covid-19, emergency plans have been implemented in many
countries to slow the spread of the virus. One of these practices is to interrupt face-to-face education in
schools and continue education through distance education platforms (United Nations Educational,
Scientific and Cultural Organization [UNESCO], 2020). In this process, it has emerged that there is a great
need to make radical reforms and strategic planning in the field of education in case of possible
interruptions in schools in the future (Bozkurt, 2020).

With the beginning of distance education, the necessity and importance of expanding the use of
technology-supported learning approaches has been understood once again. In parallel with all these
developments, one of the main alternative learning approaches that is expected to increase in the new
normal to be experienced after the pandemic is flipped learning, which is one of the blended learning
models (Bozkurt, 2020). At the beginning of the features that make flipped learning privileged are
lifelong learning necessary for a successful life in the information society and whose importance was
recognized again with the distance education during the pandemic period, knowing technological
products and methods, accessing information with information communication technologies, using the
computer for storing and presenting information and skills such as communicating via the internet
(MEB, 2018).

When the definitions in the literature are examined, it is understood that the basic idea of the
flipped learning model (FLM) is "to teach the course content before the course through online videos in
order to allocate more time for active learning and problem solving activities in the classroom" (Lo &
Hew, 2017; Murphy, Chang, & Suaray, 2016). Therefore, in FLM, there is a blending of the powerful
features of face-to-face education and technology-enriched distance education (Hayirsever & Orhan,
2018). In the distance education section of FLM, students learn the basic information about the course
before they come to the classroom, thanks to the technological access provided by their teachers.
Thanks to the temporal and spatial flexibility provided by distance education, the content can be shaped
in accordance with the learning speeds and situations of the students. In the face-to-face education
part, applications should be made in line with active learning approaches in order for students to have
in-depth knowledge of the subject in the classroom environment (Boz-Yaman & Sezen-Yiksel, 2017).
Accordingly, FLM offers an instructional design that allows the implementation of many activities that
will enable students to acquire high-level skills such as reasoning and problem solving unlike the
traditional classroom environment where lectures are concentrated.

The educational design offered by FLM also reflects the changing learning preferences of students
who have grown together with technological innovations such as computers, smart phones and social
networks. Because one of the most distinctive features of the new generation students is that they see
technology as their greatest helper in accessing information and they want to spend most of their time
on the internet (Sakarya, Tercan & Coklar, 2011; Sahin, 2009). Therefore, it is possible to say that FLM,
which is capable of responding to the changing educational needs of individuals depending on the
developments in the field of technology, and which is frequently on the agenda nowadays, is one of the
most preferred alternative education applications in the education processes in the future.

Therefore, it is possible to say that FLM, which is capable of responding to the changing educational
needs of individuals depending on the developments in the field of technology, and which is frequently
on the agenda nowadays, is one of the most preferred alternative education applications in the
education processes in the future. According to Cheng, Ritzhaupt, and Antonenko (2019), especially
after 2009, studies on the implementation and effectiveness of FLM at many educational levels and in
different subjects have been focused on. FLM has received a great deal of attention from researchers
and teachers in mathematics education, as in many other fields (Van Sickle, 2015), especially because of
its advantages such as the transfer of course content outside the classroom and thus enabling the use of
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problem-solving activities, group projects and in-class discussions in the classroom environment (Yang,
Lin, & Hwang, 2019).

With the increasing interest in FLM in mathematics education, the benefits and difficulties of this
teaching approach as well as its effect on academic achievement in mathematics lessons have become a
matter of curiosity for educators (Naccarato & Karakok, 2015). For this reason, in the last few years,
despite a limited number of studies in Turkey, many studies in the world have been carried out to
investigate the effectiveness of FLM in the field of mathematics education (Casem, 2020; Clark, 2015;
Cornehl, 2019; Esperanza, Fabian & Toto, 2016; Graziano, 2017; Jackson, 2019; Katsa, Sergiz & Sampson,
2016; Kog, 2019; Krouss & Lesseig, 2020; Lo & Hew, 2017; Maciejewski, 2016; Martin & Arrambide,
2016; Saunders, 2014; Sun & Xie, 2020; Tapan, 2019; Tekin, 2018; Yorganci, 2019; Wei et al., 2020;
Zeineddine, 2018; Zengin, 2020). In some of these studies, it was concluded that the effect of FLM on
academic achievement in mathematics course is higher than the traditional teaching method (Lo & Hew,
2017; Ozdemir, 2016; Wei et al., 2020), but in some of the studies (Aydin, 2020; Clark, 2015; Jackson,
2019; Saunders, 2014) no significant difference was observed between FLM and traditional teaching
method. The fact that different results have been reached regarding the effect of FLM on academic
achievement necessitates the consideration and evaluation of studies on the effect of this teaching
approach on academic success. For this reason, considering that more and more studies are focused on
FLM every year, determining the common effect sizes of studies examining the effect of FLM on
academic achievement in mathematics will guide future studies. This situation reveals the importance of
this meta-analysis study, which examines the effect of FLM on success in primary and secondary
mathematics education.

In the literature review, there are meta-analysis studies on the effect of FLM on academic
achievement (Algarni, 2018; Chen et al., 2018; Cheng, Ritzhaupt & Antonenko, 2019; Jang & Kim, 2020;
Karagol & Esen, 2019; Lo, Hew & Chen, 2017; Orhan, 2019; Tan, Yue & Fu, 2017; Wagner, Gegenfurtner
& Urhahne, 2020). However, among these meta-analysis studies, only those made by Algarni (2020) and
Lo, Hew, and Chen (2017) were specifically limited to the field of mathematics education. In these
studies examining the effectiveness of FLM on mathematics achievement, Lo, Hew, and Chen (2017,)
conducted 21 studies at primary, secondary and higher education levels between 2012 and 2016, and
Algarni (2020) carried out the same criteria and meta-analyses on 34 studies conducted between 2010
and 2017. In this sense, the most important difference of the present meta-analysis study from these
two studies is that it only examines the studies conducted at primary and secondary education levels
and uses 46 studies published in Turkey and abroad and more primary study sources. Thanks to the
inclusion of only studies with primary and secondary school students in this meta-analysis and the
exclusion of studies conducted at the tertiary level, Wagner et al. (2020), it is thought that more
accurate results can be drawn about the effect of FLM on academic achievement. Because primary and
secondary school students are not only different from higher education students in terms of age, they
also have differences in self-learning and teamwork skills. Therefore, evaluating all education levels
together may reveal limited results about the effect of FLM (Wagner et al., 2020).

In line with the reasons explained above, within the scope of this research, it is aimed to determine
the effect of the use of FLM in primary and secondary school mathematics education on the academic
achievement of students by meta-analysis method. For this purpose, answers to the following questions
were sought:

1) What is the overall effect of FLM on students' achievement in mathematics compared to the
traditional learning approach? This level of effect;

a) Is there any significant difference according to the publication type of the study (article, paper,
master's thesis, doctoral thesis)?

b) Is there any significant difference according to the place where the work is done (domestic,
abroad)?
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c) Is there any significant difference according to the education level (primary education, secondary
education) where the application is made?

d) Is there any significant difference according to the sample size of the study (1-40 people, 41-80
people, 81+ people)?

e) Is there any significant difference according to the learning area (algebra, geometry, numbers) in
which the application is made?

f) Is there any significant difference according to the duration of the application (1-4 weeks, 5-11
weeks, 12+ weeks)?

2) What is the general effect level of FLM on the success of students in mathematics course over a
single group (pretest-posttest)? This level of effect;

a) Is there any significant difference according to the publication type of the study (article, paper,
master's thesis, doctoral thesis)?
b) Is there any significant difference according to the place where the work is done (domestic,
abroad)?
c) Is there any significant difference according to the education level (primary education, secondary
education) where the application is made?
d) Is there any significant difference according to the sample size of the study (1-40 people, 41-80
people, 81+ people)?
e) Is there any significant difference according to the learning area (algebra, geometry, numbers) in
which the application is made?
f) Is there any significant difference according to the duration of the application (1-4 weeks, 5-11
weeks, 12+ weeks)?

Method

Research Design

In the research, meta-analysis method was used to analyze the results of studies examining the
effect of FLM on the success of primary or secondary school students in mathematics lessons. In the
meta-analysis method, similar studies conducted in a subject or study area are grouped within the
framework of determined criteria and the quantitative findings obtained in these studies are combined
and interpreted (Dinger, 2014).

Data Collection

In order to determine the studies to be included in the research, Google Scholar, Turkey Council of
Higher Education Thesis Center, Turkish Academic Network and Information Center, Web of Science,
ProQuest Citations databases and the bibliographies of the relevant meta-analysis studies identified in
the literature were scanned. Due to the fact that FLM has a very recent history, there was no date
limitation for the screening of the studies. In these searches carried out in August 2020, the keywords
“flipped classroom”, “flipped learning”, “inverted classroom”, “inverted learning”, “mathematics” were
used to reach English publications. In order to reach Turkish publications, the keywords "flip
learning","flipped classroom", "transformed classroom", "mathematics" were used. As a result of these
scans, 184 studies were downloaded for review. In order to determine which of these studies will be

included in the meta-analysis, the following criteria were used in line with the research problem:

1) The studies must be doctoral thesis, master's thesis, article published in national or international
refereed journals or a full text published paper in Turkish or English.

2) The studies must be carried out with students studying at primary education (grades 1-8) and
secondary education (grades 9-12).

3) They must be experimental studies for academic success.
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4) They must be studies in which only the experimental group is included and the pretest-posttest
measurement is made, or they must be studies that include the experimental-control group and the
post-test measurement is made.

5) Studies must include statistical data (arithmetic mean, standard deviation, sample size or t-test, F

test, Mann Whitney U test analysis results) necessary to calculate the effect size.

Of the 184 studies examined, 47 were excluded on the grounds that they were not experimental, 85
were conducted at the higher education level, 3 did not address academic achievement, and 4 did not
contain the statistical information necessary to calculate the effect size value. A study that was detected
to be published as both a thesis and an article was included in the meta-analysis as a thesis publication.
In the last case, it was determined that there were 45 studies that met the criteria of the research. 9 of
these studies carried out between 2013-2020 were carried out in the country and 37 of them were
carried out abroad. Since some of these 45 studies included more than one study, a total of 62 effect
size values were calculated, 46 of which were within the scope of studies revealing the difference
between FLM and traditional teaching, and 16 for studies examining the effect of FLM over a single
group.

Coding of Data

A coding form was created by making use of the relevant meta-analysis studies to ensure that the
studies to be used in the research meet the criteria for inclusion in the meta-analysis and to determine
the characteristics of these studies to be used as moderator variables. The characteristics of the studies
included in the coding form prepared are as follows:

. Identification number given to the study, name and surname of the author, year of publication,
type of publication and place of publication,

e  The education level of the students to whom the study was applied, the learning area where
the application was carried out, the duration of the application, the sample size,

. Whether or not the control group was included in the studies

Consistency between different coders can be calculated to ensure coding reliability in meta-analysis
studies. Consensus ratio (number of opinions agreed on/total number of opinions) can be used to
measure reliability between coders (Orwin & Vevea, 2009; as cited in Ustiin & Eryilmaz, 2014). In this
study, all studies included in the meta-analysis were coded by the researcher and a field expert to
ensure coding reliability. Consensus rate was found to be 95% in the codings. This result shows that
coding reliability is provided (Ergene, 1999). For the different codings, a common view was revealed by
re-examining them together.

Data Analysis

In the study, the effect size and combined effect size values of each of the studies meeting the meta-
analysis criteria were calculated using the Comprehensive Meta Analysis (CMA) 3.0 program. In the
calculation of effect sizes in parametric studies that reveal the difference between FLM and traditional
teaching, the sample size of the experimental and control groups and the t value for independent
samples were used for one study, while in all other studies, the post-test arithmetic averages, standard
deviations and sample sizes of both groups were used in data entry. The Cohen d effect size of the two
non-parametric studies was calculated by the U value and sample sizes and entered into the software
(Lenhard & Lenhard, 2016). In the calculation of the effect size of the studies revealing the effect of FLM
on a single group, the paired t-value and sample size of the experimental group were used in the data
entry. Since one of the main purposes of the meta-analysis is to analyze the variability between the
effect sizes by performing moderator variable analysis in the studies (Borenstein, Hedges, Higgins &
Rothstein, 2009) such as the place of publication, type of publication, education level, learning area,
sample size, treatment time etc. , analogue ANOVA was used to analyze.
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The two main models developed for inference about effect size among statistical models are fixed-
effects and random-effects models (Borenstein et al., 2009). According to the basic assumption of the
fixed-effect model, the actual effect sizes of the studies included in the meta-analysis are only one, and
the differences that can be observed in the effect sizes are only due to sampling error. According to the
random-effects model, the actual effect sizes of the studies included in the meta-analysis may differ due
to the moderator variables in the studies (Ustiin & Eryilmaz, 2014). In order to decide which of these
models to apply, heterogeneity test should be done and fixed-effects model should be used if the effect
sizes are homogeneous, and random-effects model should be used if they are heterogeneous (Ellis,
2010). In this study, in order to determine the heterogeneity, the Q statistic (Borenstein et al., 2009),
which is used to test the null hypothesis, which claims that all studies share a common effect size, with a
chi-square distribution was used. These procedures were carried out separately for studies that reveal
the difference between FLM and traditional teaching and studies that reveal the effect of FLM on a
single group. Since it was determined that the effect sizes of the studies in both groups showed
heterogeneous distribution, the random-effects model was used. In the interpretation of the obtained
effect size values, Cohen d, one of the effect size indices, was used. Accordingly, if the effect size is
between 0-0.20, it is classified as weak effect, between 0.21-0.50 as modest effect, between 0.51-1.0 as
moderate effect, and above 1.0 as high effect (Cohen, Manion & Morrison, 2007). The positive effect
sizes seen in studies that reveal the difference between FLM and traditional teaching indicate that FLM
is more effective on success than traditional teaching, while negative effect sizes mean that traditional
teaching is more effective on success than FLM. The positive effect sizes seen in studies revealing the
effect of FLM on a single group mean that FLM increases academic achievement.

The presence of publication bias, which is a fundamental problem in the validity of meta-analysis
studies, was determined by using three different methods (Borenstein et al., 2009). Using the trim and
fill method developed by Duval and Tweedie (2000a; 2000b) in addition to the funnel plot and
Rosentahl's safe N method (1979), the number of possible missing studies in the meta-analysis was
determined, and with their addition, the "adjusted effect size", which is an unbiased estimate of the
effect size was calculated (Ustiin & Eryilmaz, 2014).

Findings

Two different meta-analyses were conducted in line with the sub-problems determined by using the
findings of 45 studies included in this study. The findings of the sub-problems of the research are given
below under separate headings.

Findings related to the first sub-problem of the study

In line with the first sub-problem of the research, it was tried to determine the overall effect level of
the studies in which the flipped learning model for mathematics achievement and traditional teaching
were compared (comparison meta-analysis). For this purpose, a meta-analysis was conducted by using
the findings of 39 studies out of 45 studies examining the difference between FLM and traditional
teaching on success in mathematics lessons. A total of 46 effect sizes were calculated for 39 studies,
since 3 studies included had two sub-studies and two studies had three sub-studies in the comparison
meta-analysis. In Table 1 below, the descriptive data of these studies and the effect size calculated for
each of them are given.

Table 1.
Descriptives of Studies that Included in Comparison Meta-Analysis
Learning Time School Sample  Cohen

Author(s)(year) Area Pub. Type (week) Place Level Size d
Akdeniz (2019) Geometry Ms thesis 5-11 Turkey  Primary 41-80 0.83

202 i -11 i 1- 2
Aydin (2020) Num&op Ms thesis 5 Turkey  Primary 41-80 0.28
Bhagat et al. (2016) Geometry Article 5-11 Abroad Secondary 81+ 0.49
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Bulut (2019)
Buskey (2019)(a)

Buskey (2019)(b)
Carlisle (2018)
Casem (2016)
Caverly (2017)
Clark (2015)

Esperanza et al. (2016)
Flick (2019)
Graziano & Hall (2017)
Glg (2017)

Jackson (2019)
Kalafat (2019)

Katsa et al. (2016)
Kirvan et al. (2015)(a)

Kirvan et al. (2015)(b)

Kirvan et al. (2015)(c)
Kog Deniz (2019)(a)

Kog Deniz (2019)(b)

Lo&Hew (2020)
Makinde (2017)

Martin Grace, (2015)

Montgomery (2015)

Njeru (2020)
Charles-Ogan&William
(2015)

Ozdemir (2016)
Ramaglia (2015)(a)
Ramaglia (2015)(b)
Ramaglia (2015)(c)
Reyes-Lozano et al.
(2014)

Ripley (2015)
Saunders (2014)
Schwankl (2013)
Sharpe (2016)
Smith (2015)
Tarazi (2016)
Topan (2019)

Vang (2017)

Wei et al. (2020)

Algebra
Geometry

Geometry
Algebra

Algebra
Algebra
Algebra

Algebra
Algebra

Num&op

Algebra
Algebra
Algebra
Algebra

Algebra
Algebra
Num&op

Num&op

Algebra
Algebra

Algebra

Algebra

Algebra
Geometry
Geometry
Algebra

Algebra
Geometry
Geometry

Algebra

Algebra
Num&op

Ms thesis
PhD thesis

PhD thesis
PhD thesis
Article
PhD thesis
Article

Presentation

PhD thesis
Article

Ms thesis

Ms thesis
Ms thesis
Article
Article

Article

Article
PhD thesis

PhD thesis

Article
PhD thesis
PhD thesis

Ms thesis

PhD thesis
Presentation

PhD thesis
PhD thesis
PhD thesis
PhD thesis
Presentation

PhD thesis
PhD thesis
Ms thesis
PhD thesis
PhD thesis
PhD thesis
PhD thesis
Ms thesis
Article

1335

5-11
12+

12+
12+
1-4
5-11
12+

12+
12+

5-11

5-11
5-11
1-4

1-4

1-4
5-11

5-11

12+
5-11
12+

5-11

1-4

1-4
12+
12+
12+
12+

12+
5-11
5-11
12+
12+
12+
1-4
12+
5-11

Turkey
Abroad

Abroad
Abroad
Abroad
Abroad
Abroad
Abroad

Abroad
Abroad

Turkey

Abroad
Turkey
Abroad
Abroad

Abroad

Abroad

Turkey
Turkey

Abroad
Abroad
Abroad

Abroad

Abroad
Abroad

Turkey
Abroad
Abroad
Abroad
Abroad

Abroad
Abroad
Abroad
Abroad
Abroad
Abroad
Turkey
Abroad
Abroad

Primary
Secondary

Secondary
Secondary
Primary

Secondary
Secondary
Secondary

Primary
Secondary

Primary

Primary
Primary
Secondary
Primary

Primary

Primary

Primary
Primary

Secondary
Primary
Primary

Primary

Secondary
Secondary

Primary
Secondary
Secondary
Primary
Secondary

Primary
Secondary
Secondary
Secondary
Primary
Secondary
Primary
Secondary
Primary

1-40
81+

81+
41-80
1-40
1-40
81+
81+

81+
41-80

41-80

41-80
41-80
1-40

41-80
41-80

41-80

41-80

41-80

41-80
81+
81+

81+

41-80
81+

41-80
41-80
81+
81+
41-80

81+
41-80
41-80
81+
81+
41-80
41-80
41-80
81+

0.72
-0.36

-0.24
-0.56
0.80
0.68
0.03
0.43

0.05
0.43

0.58

-0.21
0.65
0.91
0.32
0.38

0.86

0.44

0.57

0.73
0.86
-0.04

0.31

0.11
1.69

1.24
-0.35
0.15
1.12
3.73

0.01
-0.06
0.07
-0.15
-0.05
0.60
0.81
0.18
0.63
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Wiginton(2013)(a) Algebra PhD thesis 12+ Abroad Secondary 41-80 1.54
Wiginton(2013)(b) Algebra PhD thesis 12+ Abroad Secondary 1-40 2.00
Salimi&Yousefzadeh . . 41-80 1.86
(2015) - Article 5-11 Abroad  Primary

Zeineddine (2018) - Article 5-11 Abroad Secondary 41-80 0.43

Note. Num&op= Numbers and Operations

As seen in Table 1, the effect size values of the studies examining the difference between FLM and
traditional teaching vary between -0.56 and 3.73. The positive effect size value in 37 of the studies
indicates that the treatment effect is in favor of FLM. When the effect sizes of the studies were
evaluated according to Cohen d, it was determined that 7 studies had weak, 9 studies had modest, 14
studies had medium and 7 studies had strong effect sizes. In 9 of the studies, the effect size value was
determined as negative. The negative effect sizes shows that the effect of the procedure is in favor of
traditional teaching. When the effect sizes of these studies were evaluated according to Cohen d, it was
determined that 4 studies had a weak effect size, 4 studies had a modest effect size, and 1 study had a
medium effect size. The funnel scatter plot created to determine whether there is publication bias in
these studies is given in Figure 1.
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Figure 1. Funnel Plot that Shows Publicaiton Bias of Comparison Meta-Analysis

As can be seen from the funnel plot in Figure 1, the studies included in the comparison meta-analysis
show a nearly symmetrical distribution. The fact that the distribution is not concentrated on one side
means that there is no publication bias in the studies. Although funnel charts are visuals that can be
used to determine the publication bias of the studies, they do not provide statistical information to
detect the bias (Ustiin & Eryilmaz, 2014).

Duval and Tweedie's (2000a; 2000b) trim and fill method was also used to examine publication bias.
The trim and fill method focuses on possible missing work that will bring the funnel plot to full
symmetry. The funnel plot formed as a result of considering the trim and fill correction is given in Figure
2. As seen in Figure 2, full symmetry of the funnel plot will be achieved if the studies corresponding to
the coordinates at 9 points favoring FLM are added to the analysis. The fact that the number that needs
to be added to make the existing 46 studies fully symmetrical is only 9 indicates that the current
situation is close to symmetrical distribution. If these 9 studies are added, the overall effect will increase
from 0.51 to 0.72. The small difference indicates that publication bias is low in studies (Yelpaze & Yakar,
2020).
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Figure 2. Funnel Plot of Comparison Meta-Analysis for Trim and Fill Method

The publication bias of the studies was also examined by Rosenthal's fail safe N method. According to
the Rosenthal FSN results given in Table 2, the number of studies (N) required to be included in the
meta-analysis in order to make zero the 0.51 overall effect size detected in this meta-analysis was found
to be 1860. According to Mullen, Muellerleile, and Bryant (2001), the value of N/(5k+10) (k: number of
studies included in the meta-analysis) being greater than 1 indicates that the results of the meta-
analysis are sufficiently resistant to future studies (Ustiin & Eryilmaz, 2014). According to the data in
Table 2, the N/(5k+10) value was calculated as 7.75 in this meta-analysis study. According to this result,
it can be said that there is no publication bias problem in the comparison meta-analysis study.

Table 2.

Rosenthal FSN Statistics for Comparison Meta-Analysis
Statistic
Z-value for observed studies 12.61
p-value for observed studies 0.00
Alpha 0.05
Tails 2
Z for Alpha 1.95
Number of observed studies 46
FSN 1860

Heterogeneity test was performed to determine the effect size model to be used in calculating the
effect sizes of the 46 studies included in the comparison meta-analysis. According to the effect model
obtained in the heterogeneity test, the heterogeneous distribution value, average effect size and
confidence interval values of the studies are given in Table 3.

Models’ Overall Effect Size and Heterogeneity Test for Comparison Meta-Analysis

95% Cl V4 p Q p /
Upper

Table 3.

Model N Overall
EF

Fixed 46 0.25

Random 46 0.51

0.31 86 00 3720 0.0 879
0.69 57 00
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As seen in Table 3, the Q statistic was found to be 372.06 from the heterogeneity results obtained
according to the fixed effect model. Since this value is significantly higher than the critical value of 45
degrees of freedom in the chi-square table (p<.0.01), it can be said that the studies are heterogeneous.
The /2 value being 87.91% also reveals high heterogeneity. According to these statistics, since the studies
are highly heterogeneous, it was decided to use the random effects model in calculating the effect sizes.

According to the random effect model, the mean effect size value was 0.51, and the lower limit value
of the 95% confidence interval was calculated as 0.34 and the upper limit value as 0.69. When these
findings were interpreted according to Cohen d, it was concluded that FLM was moderately more
effective in increasing students' mathematics achievement compared to traditional teaching (p<0.01).

The results of the analysis conducted to determine whether there is a significant difference between
the effect sizes of the studies included in this meta-analysis according to the moderator variables (type
of publication, place of publication, sample size, education level, learning area, duration of application)
are given in Table 4.

Table 4.
Effect Sizes and Differences According to Moderator Variable for Comparison Meta-Analysis
Variable N  EffectSize SE 95% CI V4 p Q p
Pub. Type
1. Article 13 0.57 0.16 0.25-0.89 3.46 0.00
2. Presentation 3 1.79 0.34 1.11-2.46 5.19 0.00
3. Ms. Thesis 9 0.37 0.20 -0.02-0.77 1.87 0.06
4. PhD Thesis 21 0.36 0.13 0.11-0.60 2.82 0.00
Overall 46 0.68 0.23 0.23-1.14 2.97 0.00 15.80 0.00
Place
1. Abroad 37 0.47 0.10 0.28-0.66 4.89 0.00
2. Turkey 9 0.68 0.20 0.28-1.08 3.32 0.00
Overall 46 0.51 0.09 0.34-0.68 5.84 0.00 0.82 0.37
School Level
1. Primary 23 0.50 0.13 0.25-0.75 3.86 0.00
2. Secondary 23 0.53 0.13 0.28-0.78 4.10 0.00
Overall 46 0.51 0.09 0.34-0.69 563 0.00 0.03 0.86
Sample Size
1. 1-40 5 1.01 0.28 0.46-1.56 3.60 0.00
2. 41-80 25 0.58 0.11 0.35-0.81 4.94 0.00
3. 81+ 16 0.29 0.13 0.03-0.55 2.18 0.03
Overall 46 0.57 0.18 0.22-0.91 3.20 0.00 6.11 0.047
Learning Area
1. Algebra 24 0.48 0.10 0.28-0.68 4.64 0.00
2. Geometry 8 0.15 0.17 -0.18-0.49 0.90 0.37
3. Number & operations 5 0.50 0.23 0.06-0.95 2.21 0.03
Overall 37 0.38 0.13 0.13-0.63 298 0.00 2.88 0.24
Intervention Time
1. 1-4 weeks 8 0.52 0.20 0.13-091 2.61 0.01
2. 5-11 weeks 17 0.55 0.13 0.29-0.82 4.13 0.00
3. 12+ weeks 19 0.38 0.12 0.15-0.62 3.17 0.00
Overall 44 0.47 0.08 0.31-0.63 575 0.00 0.95 0.62

As seen in Table 4, the effect sizes of publication types according to the random effects model were
determined as 1.79 in the paper, 0.57 in the article, 0.37 in the master's thesis and 0.36 in the doctoral
thesis, respectively. When traditional teaching and FLM are compared, it is seen that the average effect
sizes in all publication types except master's theses differ significantly in favor of FLM. When the effect
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sizes of the papers, articles, master's thesis and doctoral thesis publications were compared according
to the heterogeneity test, it was determined that there was a significant difference between them
(Q=15.80, p<0.05). According to this result, the effect of FLM on mathematics achievement compared to
traditional teaching differs according to the types of publications.

The average effect size value of the studies in Turkey is 0.68, and the effect size value of the studies
abroad is 0.47. The mean effect size values of the studies in both groups differ in favor of FLM according
to the place of the study. According to the heterogeneity test, it was observed that there was no
significant difference between the average effect sizes of the studies conducted in Turkey and abroad
(Q=0.87, p>0.05). According to this result, when compared to traditional learning, the effect of FLM on
mathematics achievement does not differ according to the place of study.

According to Table 4, the effect size value of the studies applied at primary education level is 0.50
and 0.53 at secondary education level. Average effect size values differ significantly in favor of FLM in
both groups formed according to education level. As a result of the heterogeneity test, it was
determined that the effect sizes of the studies did not differ according to the education level (Q=2.73,
p>0.05). Accordingly, the effect size of FLM applications on mathematics achievement is similar when
compared to traditional learning applied at primary and secondary education levels.

The effect size of studies with a sample size of 1-40 people is 1.01, the effect size of studies with a
sample size of 41-80 people is 0.58, and in studies with a sample size of 81 and more people, it is 0.29 as
in Table 4. According to the heterogeneity test performed to determine the significance of the
difference between the effect sizes, the effect sizes between the groups formed according to the sample
size were significantly different (Q=5.5, p<0.05). According to this result, the effect of FLM and
traditional teaching on mathematics achievement differs according to the sample size.

According to the learning area moderator variable, the largest effect size belongs to geometry with
0.50, followed by algebra with 0.48 and numbers learning area with 0.15 in terms of effect sizes of the
studies. Effect sizes differed significantly in favor of FLM in algebra and numbers learning domains,
except for geometry learning domain. According to the heterogeneity test, difference between the
effect sizes was not statistically significant (Q=2.88, p>0.05). According to this result, when compared to
traditional learning, the effect of FLM on mathematics achievement does not differ according to the
learning area.

Moreover, according to the duration of the FLM application, the effect size of the studies between 1-
4 weeks is 0.52, the effect size of the studies between 5-11 weeks is 0.55 and the effect size of the
studies with 12 weeks or more is 0.38. According to the heterogeneity test, there was no significant
difference between these effect sizes (Q=0.95, p>0.05). According to this result, when compared to
traditional learning, the effect of FLM on mathematics achievement does not differ according to the
application time.

Findings related to the second sub-problem of the study

Of the 45 studies that met the criteria set in this study and were included in the meta-analysis, only
12 included the experimental group pre-test and post-test data necessary to determine the effect of the
flipped learning model on success. In relation to the second sub-problem of the study, a meta-analysis
was conducted named progress meta-analysis, with a total of 16 effect sizes calculated, together with
these 12 studies and the sub-studies in 3 of them. Of these 12 studies, 6 were also used in the
comparison meta-analysis. In Table 5 below, the descriptive data of these studies and the effect size
value calculated for each of them are given.
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Table 5.
Descriptives of Studies that Included in Progress Meta-Analysis
Author(s)(year) Learning Pub. Type Time Place School Level Sample Cohen
Area (week) Size d
Akdeniz (2019) Geometry Ms Thesis 5-11 Turkey  Primary 21+ 1.79
Cornehl (2019) Algebra PhD Thesis 5-11 Abroad Secondary 21+ 2.95
Jackson (2019) Algebra Ms Thesis 1-4 Abroad Primary 21+ 0.94
Kalafat (2019) Algebra Ms Thesis 5-11 Turkey  Primary 21+ 4.15
Katsa et al. (2016) Algebra Article 5-11 Abroad Secondary 1-20 1.94
Kog Deniz (2019)(a) Num&op  PhD Thesis 5-11 Turkey  Primary 21+ 1.92
Kog-Deniz (2019)(b) Num&op  PhD Thesis 5-11 Turkey  Primary 21+ 2.81
Leo (2017) Num&op  PhD Thesis 5-11 Abroad Primary 21+ 1.97
Lo & Hew (2017)(a) Geometry Article 1-4 Abroad Secondary 1-20 1.80
Lo & Hew (2017)(b) Geometry Article 1-4 Abroad Secondary 21+ 1.92
Ozdemir (2016) Algebra PhD Thesis 1-4 Turkey  Primary 21+ 2.51
Schwankl (2013) Geometry Ms Thesis 5-11 Abroad Secondary 21+ 5.39
Tekin (2018) Geometry PhD Thesis 5-11 Turkey  Secondary 21+ 2.51
Toh etal. (2017)(a) Num&op  Presentation 5-11 Abroad Primary 1-20 1.06
Toh etal. (2017)(b) Num&op  Presentation 5-11 Abroad Primary 1-20 1.15
Toh et al.(2017)(c) Num&op  Presentation 5-11 Abroad Primary 1-20 1.24

Note: Num&op= Numbers and Operations

As seen in Table 5, the effect size values of the studies included in this meta-analysis ranged from
0.94 to 5.39. When the effect sizes of the studies were evaluated according to Cohen d, it was
determined that all studies had strong effect sizes. Accordingly, a funnel plot was created to determine
whether the studies in Table 5, included in the progress meta-analysis had publication bias. As can be
seen from the funnel plot in Figure 3, the studies show a symmetrical distribution. The fact that the
distribution is not concentrated on a single side means that there is no publication in the studies.
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Figure 3. Funnel Plot that Shows Publicaiton Bias of Progress Meta-Analysis

Duval and Tweedie's (2000a; 2000b) trim and fill method was used to examine publication bias.
According to this method, since the number of studies that need to be added to make 16 studies fully
symmetrical is zero, the funnel plot is determined to be fully symmetrical. Publication bias of the studies
was also examined by Rosenthal's fail safe N method. According to the Rosenthal FSN results given in
Table 6 below, the number of studies that needed to be included in the meta-analysis in order to reset
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to zero the 2.13 overall effect size, detected in the progress meta-analysis was 1976 (N). According to
Mullen, Muellerleile, and Bryant (2001), the value of N/(5k+10) (k: number of studies included in the
meta-analysis) being greater than 1 indicates that the results of the meta-analysis are sufficiently
resistant to future studies (Ustiin & Eryilmaz, 2014). According to the data in Table 6, the N/(5k+10)
value was calculated as 21.95 in this meta-analysis study. According to this result, it can be said that the
publication bias of the studies in the progress meta-analysis is quite low.

Table 6.

Rosenthal FSN Statistics for Progress Meta-Analysis
Statistic
Z-value for observed studies 21,86
p-value for observed studies 0,00
Alpha 0,05
Tails 2
Z for alpha 1,95
Number of observed studies 16
FSN 1976

Heterogeneity test was performed to determine the effect size model to be used in calculating the
effect sizes of the 16 studies included in this meta-analysis. According to the effect model obtained in
the heterogeneity test, the heterogeneous distribution value, average effect size and confidence interval
values of the studies are given in Table 7.

Table 7.

Models’ Overall Effect Size and Heterogeneity Test for Progress Meta-Analysis

Model N Overall EF SE 95% Cl V4 p Q p r
Lower Upper

Fixed 16 1.87 0.09 1.70 2.05 20.69 0.00 84.41 0.00 82.23

Random 16 2.13 0.22 1.70 2.56 9.69 0.00

As seen in Table 7, the Q statistic was found to be 84.41 among the heterogeneity results obtained
according to the fixed effect model. Since this value is significantly higher than the critical value of 15
degrees of freedom in the chi-square table (p<.0.01), it can be said that the studies are heterogeneous.
The /2 value being 82.23% also reveals high heterogeneity. According to these statistics, since the studies
are highly heterogeneous, it was decided to use the random effects model in calculating the effect sizes.

According to the random effect model, the mean effect size value was 2.13, and the lower limit value
of the 95% confidence interval was calculated as 1.70 and the upper limit value as 2.56. When these
findings were interpreted according to Cohen d, it was concluded that FLM was highly effective on
students' mathematics achievement (p<0.01).

The results of the analysis performed to determine whether there is a significant difference between
the effect sizes of the studies included in the progress meta-analysis according to the moderator
variables are given in Table 8.
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Table 8.
Effect Sizes and Differences According to Moderator Variable for Progress Meta-Analysis
Variable N EF SE 95% ClI z p Q p
Pub. Type
1. Article 3 1.89 0.47 0.97-2.81 4.02 0.00
2. Presentation 3 1.15 0.45 0.26-2.04 2.54 0.01
3. Ms. Thesis 4 2.63 0.43 1.78-3.47 6.08 0.00
4. PhD Thesis 6 2.44 0.33 1.79-3.08 7.39 0.00
Overall 16 2.05 0.36 1.34-2.77 5.65 0.00 7.11 0.07
Place
1. Abroad 10 1.87 0.26 1.36-2.39 7.19 0.00
2. Turkey 6 2.54 0.34 1.87-3.21 7.41 0.00
Overall 16 2.17 0.33 1.52-2.81 6.59 0.00 2.37 0.12
School Level
1. Primary 10 1.86 0.26 1.36-2.36 7.27 0.00
2. Secondary 6 2.57 0.34 1.90-3.24 7.49 0.00
Overall 16 2.03 0.38 1.27-2.78 6.19 0.00 2.73 0.10
Sample Size
1. 1-20 5 1.42 0.36 0.71-2.13 3.94 0.00
2. 21+ 11 2.45 0.25 1.96-2.94 9.78 0.00
Overall 16 1.97 0.51 0.96-2.98 3.83 0.00 5.5 0.02
Learning Area
1. Algebra 5 2.39 0.40 1.60-3.19 5.93 0.00
2. Geometry 5 2.47 0.41 1.66-3.29 5.96 0.00
3. Num. & Op. 6 1.67 0.36 0.96-2.38 4.62 0.00
Overall 16 2.16 0.31 1.55-2.76 6.94 0.00 2.76 0.25
Intervention Time
1. 1-4 weeks 4 1.77 0.44 0.91-2.63 4.02 0.00
2. 5+weeks 12 2.26 0.26 1.75-2.77 8.72 0.00
Overall 16 2.13 0.22 1.69-2.57 9.55 0.00 0.93 0.33

According to the learning area moderator variable, the largest effect size belongs to geometry with
2.47, followed by algebra with 2.39 and numbers learning area with 1.67 in terms of the effect sizes of
the studies. According to the heterogeneity test performed to determine whether the difference
between these effect sizes is significant, the difference between the effect sizes is not statistically
significant (Q=2.76, p>0.05). According to this result, the effect of FLM on mathematics achievement
does not differ according to the learning area in which the application is made.

Also, according to the intervention time of the FLM, the effect size of the studies with an application
period of 1-4 weeks is 1.77, and the effect size of the studies with an application period of 5 weeks or
more is 2.26. According to the heterogeneity test, there was no significant difference between these
effect sizes (Q=0.93, p>0.05). According to this result, the effect of FLM on mathematics achievement
does not differ according to the duration of the application.

Discussion, Conclusion and Recommendations

In this study, two different meta-analyses were conducted to determine the effectiveness of FLM in
primary and secondary school mathematics lessons. In one of these, the effect of FLM and traditional
teaching on mathematics achievement was compared, and in the other, the effect of FLM on
mathematics achievement was determined using a single group pretest-posttest results.

In the meta-analysis conducted in line with the first sub-problem of the research, it was determined
that FLM was moderately (d=0.51) effective in increasing mathematics achievement compared to
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traditional teaching. When the relevant meta-analysis studies in the literature are examined, it is seen
that FLM is more effective than traditional teaching in increasing mathematics achievement (Algarni,
2018; Lo, Hew & Chen, 2017; Cheng, Rizhaupt & Antonenko, 2018; Jang & Kim, 2020). The studies
conducted by Algarni (2018) and Lo, Hew, and Chen (2017) are meta-analysis studies that only focus on
the effect of FLM in mathematics lessons, as in this study, but also include studies conducted on
university students. As a result of the meta-analysis conducted by Algarni (2018) on 34 studies (d=0.27)
and the meta-analysis conducted by Lo, Hew and Chen (2017) using 21 articles (Hedges' g=0.298), there
was a significant difference in effect size in favor of FLM. When we look at the meta-analysis studies in
which mathematics is not directly discussed but examined as an moderator variable, similar results have
been reached again. Cheng, Rizhaupt, and Antonenko (2018) determined the effect size of FLM as
g=0.205, making use of the findings of 15 studies in their meta-analysis covering all education levels.
Also, Jang and Kim (2020) made use of 13 studies whose application area is mathematics among the
studies they included in the meta-analysis, and they concluded that the effectiveness level of FLM in
higher education mathematics course is 0.13. Wagner et al. (2020) found the effectiveness of FLM in the
discipline of mathematics and information and communication technology as d=0.34 in their meta-
analysis, in which they included grade levels 5-12. Although in the study by Wagner et al. (2020) the
education levels of the students were similar to the current study, the difference in the effect size can
be explained by categorizing mathematics and information and communication technologies together
and examining only 11 studies in this context.

In the study, the effect of the flipped learning model on the mathematics achievement of the
students in line with the second sub-problem was determined over a single group. Considering the
effect size and overall effect size (d=2.13) of each study in the meta-analysis conducted for this purpose,
it was seen that FLM was highly effective in increasing mathematics achievement. As expected, the
effect size value of FLM on mathematics achievement (d=2.13) is much higher than the overall effect
size value (d=0.51) reached in the meta-analysis in which FLM is compared with traditional teaching.
Similar to this result, according to Wagner et al.'s (2020) study, while mathematics and information and
communication technologies are highly effective (d=1.05) on the success of FLM students in the
discipline, its effectiveness is low when compared to traditional teaching (d=0, 34).

Unlike the meta-analysis studies mentioned above, in the current study, the effect of FLM on
mathematics achievement was higher. The reason for this can be shown as the fact that fewer studies
are included in all of the relevant meta-analysis studies and that the higher education level is included in
the majority of them. In support of this view, in Algarni's (2018) study based on the educational level
moderator, the effect size of FLM applied at high school level was found to be 0.43, and the effect size
at higher education level was 0.30. As a result, this study, unlike other related studies, has clearly and
up-to-date the direct effect of FLM on primary and secondary school mathematics lessons.

In this study, moderator variables (type of publication, place of study, education level, sample size,
learning area, duration of application) that may change the effectiveness of FLM on mathematics
achievement were also examined. According to the findings, the effect size of FLM on success differs
significantly according to the moderator variables of publication type and sample size when compared
to traditional teaching. The effect size of FLM on mathematics achievement over a single group differs
only according to the sample size. A discussion of these findings regarding the type of publication and
sample size is given below.

Considering the type of publication as an moderator variable, in studies comparing traditional
teaching and FLM, moderate (d=0.57) for article, strong (d=1.79) for presentation, and modest for
master's thesis (d=0.37) and doctorate thesis (d=0.36) level effect size value was calculated. According
to the heterogeneity test, the effect of FLM on achievement compared to traditional teaching differs
according to the types of publications. Considering the possible reasons for the significant difference, it
is seen that the values obtained in studies other than the presentation are close to each other, and the
effect size obtained from the presentation is very different from the others. This shows the conclusion
that the difference may have arisen from the study of the presentations. One of the points to be
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considered while interpreting this result is that the highest effect size value belongs to the type of
publication that includes the least number of studies (n=3) in the meta-analysis. The determination of
the lowest effect sizes in thesis studies can be explained by the fact that publication bias is less in
unpublished studies (Card, Stucky, Sawalani & Little, 2008). In the literature, a study in which the effect
size of FLM was examined according to the publication type moderator was carried out by Orhan (2019).
In this meta-analysis, in which studies conducted in Turkey were discussed, presentations were not
included and as a result, it was determined that the effect sizes of the studies grouped as articles,
master's and doctoral thesis were close to each other, similar to the current study. According to the
progress meta-analysis in which the effectiveness of FLM was examined on a single group in the current
study, no significant difference was found in the effect size according to the type of publication.

Another moderator variable in which the effectiveness levels of studies comparing traditional
teaching and FLM differ significantly is the sample size. When we look at the studies grouped according
to the sample size, the effect size was found to be strong (d=1.01) in studies with a sample size of 1-40
people, at a moderate level (d=0.58) in studies with a sample size of 81 and above. In studies consisting
of individuals, it was determined to be at a weak level (d=0.29). However, one of the issues that should
be considered when interpreting this result reached in the current study is that the sample size refers to
all students in the experimental and control groups, and in some studies, the experimental and/or
control groups consist of more than one class branch. Again, the fact that most of the studies were in
the sample size group of 41-80 and the high standard errors of the effect sizes of the other two groups
should also be taken into account when interpreting this result.

In the study, it was determined that the effect of FLM on mathematics achievement differed
according to the sample size in studies conducted on a single group. According to the results, the effect
size value is d=1.42 in studies with a sample between 1 and 20 people, while it is d=2.45 in studies with
21 or more people, and this difference is at a significant level. According to this result, the effect size of
FLM increases significantly as the number of students to whom FLM is applied increases. Since the
sample size of the studies consisted of only the experimental group students, the grouping was made as
1-20 people and 21 and above people. Moreover, it should be taken into account that the majority of
the 16 studies included in the meta-analysis conducted on a single group were in the group of 21 and
above, and the number of students in the majority of the studies in this group was below 27. The fact
that the group sizes are not sufficiently differentiated from each other may be the reason for a different
result from the expected result as the effect size will decrease as the sample size increases in
comparative studies. Therefore, these different results obtained regarding the sample size moderator
indicate that more studies with a wide range of sample sizes are needed in order to achieve more
generalizable results.

According to the results of this research, FLM is a highly effective educational approach in the
mathematics achievement of primary and secondary school students, and also more effective than the
traditional approach. In addition, it has been determined that FLM is effective in every situation in the
mathematics course in line with the moderator variables discussed in the research. At the same time,
when the results obtained in the current study were compared with the meta-analysis studies covering
the higher education level in the literature, it was understood that the application of FLM in primary and
secondary education mathematics education gave more positive results than higher education. The
reason for this result may be that more concrete experiences, which are especially necessary for
younger students, can be offered to students thanks to FLM and that technology-based studies can
attract the attention of younger students more. Accordingly, it is obvious that the idea that FLM is only
suitable for higher grade levels is not true, and its application from the first stages of education will have
positive reflections on the learning outcomes of the students. Considering that compulsory distance
education has been introduced at all grade levels, especially during the current Coronavirus pandemic
period, it is known that FLM is a teaching approach that can be applied to students of all age groups,
which will enable students to use the technology-based educational resources required for distance
education effectively and to take responsibility for learning.
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In the future, it is necessary to take some measures to ensure that students are ready for the process
in case of distance education due to necessity or according to their own preferences, as in the pandemic
period. As one of these measures, with the opening of schools after the pandemic, lessons can be
conducted based on FLM in order to provide students with versatile educational experiences and to
facilitate them to receive quality education under all circumstances. Therefore, it is important to carry
out studies so that teachers do not have problems at the point of applying FLM. In the literature review
conducted within the scope of the mathematics course, it was seen that the number of researches in
the country was quite insufficient. Therefore, examining the effect of FLM on cognitive learning at all
grade levels, as well as its effect on many different variables such as attitude, motivation, and self-
learning skills will reduce the gap in the literature in this direction.
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Tiirkge Siirimui

Girig

2019 yilinin sonlarina dogru Cin’in Wuhan kentinde ortaya ¢ikan Covid-19 virlsi, kisa bir strede
dinyanin diger bolgelerine yayilmasiyla birlikte kiresel salgin olarak ilan edilmistir (World Health
Organization [WHO], 2020). Covid-19'un hizla yayilmasi nedeniyle bir¢ok tlkede, virlsiin yayilmasini
yavaslatmak igin acil durum planlari uygulanmaya baslanmistir. Bu uygulamalardan biri de okullarda
gerceklestirilen yiz yilize egitime ara verilerek uzaktan egitim platformlar araciligiyla egitime devam
edilmesidir (United Nations Educational, Scientific and Cultural Organization [UNESCO], 2020). Bu
suiregte, okullarin ilerleyen donemlerde de olasi kesintilere ugrama ihtimaline karsi egitim alaninda kokli
reformlar yapilmasinin ve stratejik planlamalar yapilmasinin buyik bir ihtiya¢ oldugu ortaya c¢ikmistir
(Bozkurt, 2020).

Egitimlerin uzaktan verilmeye baslanmasiyla birlikte, o0zellikle teknoloji destekli 6grenme
yaklasimlarinin kullaniminin yayginlastiriimasinin gerekliligi ve 6nemi bir kez daha anlasiimistir. Tam bu
gelismelere paralel olarak salgin sonrasinda yasanacak yeni normalde, egitim uygulamalarinda yonelimin
artacagl ongorilen baslica alternatif 6grenme yaklasimlarindan biri de harmanlanmis 6grenme
modellerinden biri olan ters ylz 6grenmedir (Bozkurt, 2020). Ters yiz O6grenmeyi ayricalikh kilan
ozelliklerin basinda, salgin doneminde verilen uzaktan egitimlerle énemi tekrar fark edilen ve bilgi
toplumunda basarili bir yasam igin gerekli olan yasam boyu 6grenme, teknolojik riinleri ve yontemleri
bilme, bilgi iletisim teknolojileri ile bilgiye erisme, bilginin saklanmasi ve sunulmasi igin bilgisayari
kullanma ve internet araciligyla iletisim kurulmasi gibi becerileri (MEB, 2018) kapsamasi gelmektedir.

Literatiirde yer alan tanimlamalar incelendiginde ters yiiz 6grenme modeline (TYOM) ait temel fikrin,
“sinif icinde aktif 6grenme ve problem ¢dzme aktivitelerine genis zaman ayirabilmek icin ders igerigi
o6gretiminin, ¢evrimici videolar araciligiyla dersten énce gergeklestirilmesi” oldugu anlasilmaktadir (Lo &
Hew, 2017; Murphy, Chang, & Suaray, 2016). Dolayisiyla TYOM'de, yiiz yiize egitimin ve teknolojiyle
zenginlestirilmis uzaktan egitimin guglu o6zelliklerinin harmanlanmasi s6z konusudur (Hayirsever &
Orhan, 2018). TYOM'iin uzaktan egitim kisminda &grenciler dersle ilgili temel bilgileri sinifa gelmeden
once Ogretmenlerinin sagladigi teknolojik erisimler sayesinde O6grenmektedirler. Uzaktan egitimin
sagladigl zamansal ve mekansal esneklik sayesinde 6grencilerin 6grenme hizlari ve durumlarina uygun
olarak icerik sekillendirilebilmektedir. Ylz ylze egitim kisminda ise sinif ortaminda 6grencilerin konu ile
ilgili derinlemesine bilgi sahibi olmalar icin aktif 6grenme yaklasimlari dogrultusunda uygulamalar
yapilmasi gerekmektedir (Boz-Yaman & Sezen-Yiiksel, 2017). Buna gére TYOM, ders anlatimlarinin
yogunlukta oldugu geleneksel sinif ortaminin aksine 6grencilerin akil yiriitme, problem ¢ézme gibi Ust
diizey beceriler edinmelerini saglayacak ¢ok sayida etkinligin uygulanmasina olanak taniyan bir 6gretim
tasarimi sunmaktadir.

TYOM’{in sundugu egitim tasarimi, bilgisayar, akilli telefon ve sosyal aglar gibi teknolojik yeniliklerle
ic ice buyliyen 6grencilerin degisen 6grenme tercihlerini de yansitmaktadir. Clinki{ yeni nesil 6grencilerin
en belirgin 6zelliklerinin basinda teknolojiyi bilgiye erisme konusunda kendilerinin en blyilk yardimcisi
olarak gérmeleri, zamanlarinin ¢ogunu internet basinda gegirmek istemeleri (Sakarya, Tercan & Coklar,
2011; Sahin, 2009) gelmektedir. Dolayisiyla teknoloji alanindaki gelismelere bagli olarak bireylerin
degisen egitim ihtiyaglarina cevap verebilecek nitelikte olan ve simdilerde sik¢a giindeme gelen
TYOM’Uin ilerleyen ddnemlerde egitim sireclerinde en fazla tercih edilecek alternatif egitim
uygulamalarindan biri oldugunu séylemek mimkindur.

Son zamanlarda hizla gelisen teknolojinin egitim ortamlarina yansimasi ve c¢oklu 6grenme
ortamlarinin 6grencilere farkli 6grenme yollari sunmasi sayesinde (Li vd., 2014), henliz 2000’lerin
basinda ortaya ¢ikan ve dzellikle yiiksek 6grenimde calisilan TYOM kisa siirede oldukg¢a popiiler bir aktif
o6grenme yaklasimi haline gelmistir (Bergmann & Sams, 2012; Chen, Wang, & Chen, 2014; Lo & Hew,
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2017). Cheng, Ritzhaupt ve Antonenko’ya (2019) gore &zellikle 2009 yilindan sonra TYOM'iin birgok
egitim diizeyinde ve farkli konularda uygulanmasina ve etkililigine yonelik galismalara yogunlagiimistir.
TYOM, ozellikle ders icerigi aktariminin sinif diginda gerceklestirilmesi ve bu sayede sinif ortaminda
problem ¢6zme etkinlikleri, grup projeleri ve sinif igi tartismalardan yararlanilmasini mimkiin kilmasi gibi
avantajlarindan (Van Sickle, 2015) dolayi birgok alanda oldugu gibi matematik egitiminde de
arastirmacilardan ve 6gretmenlerden biyik bir ilgi gormdistar (Yang, Lin, & Hwang, 2019).

Matematik egitiminde TYOM’e ilginin artmasiyla birlikte, egitimciler icin bu &gretim yaklasiminin
faydalari ve zorluklari yani sira matematik dersinde akademik basari Gzerindeki etkisi de bir merak
konusu haline gelmistir (Naccarato & Karakok, 2015). Bu nedenle matematik egitimi alaninda TYOM’{in
etkililigini arastirmak icin 6zellikle son birkag yilda Tiirkiye’de sinirli sayida olmakla beraber diinyada ¢ok
sayida ¢alisma yapilmistir (Casem, 2020; Clark, 2015; Cornehl, 2019; Esperanza, Fabian & Toto, 2016;
Graziano, 2017; Jackson, 2019; Katsa, Sergiz & Sampson, 2016; Kog, 2019; Krouss & Lesseig, 2020; Lo &
Hew, 2017; Maciejewski, 2016; Martin & Arrambide, 2016; Saunders, 2014; Sun & Xie, 2020; Tapan,
2019; Tekin, 2018; Yorganci, 2019; Wei vd., 2020; Zeineddine, 2018; Zengin, 2020). Bu ¢alismalarin
bazilarinda TYOM’ {in matematik dersinde akademik basariya etkisinin geleneksel 6gretim yéntemine
kiyasla daha fazla oldugu sonucuna ulasilmis (Lo & Hew, 2017; Ozdemir, 2016; Wei vd., 2020) olsa da
galismalarin bazilarinda (Aydin, 2020; Clark, 2015; Jackson, 2019; Saunders, 2014) TYOM ile geleneksel
dgretim ydntemi arasinda anlamh farkhlik gézlenmemistir. TYOM’{in akademik basari lizerine etkisiyle
ilgili farkli sonuglara ulasilmis olmasi, bu 6gretim yaklasiminin akademik basariya etkisini konu edinen
calismalarin birlikte ele alinmasini ve degerlendirilmesini gerekli kilmaktadir. Bu nedenle TYOM'l konu
edinen calismalara her gecen yil daha da fazla yogunlasildigi da distinildigiinde, TYOM'{in 6zel olarak
matematik dersinde akademik basariya etkisini inceleyen calismalarin ortak etki bayukliklerinin
belirlenmesi gelecekte yapilacak calismalara yol gosterecektir. Bu durum, TYOM’in ilkégretim ve
ortadgretim matematik egitimindeki basariya etkisinin incelendigi bu meta analiz ¢alismasinin 6nemini
ortaya koymaktadir.

Yapilan literatiir incelemesinde TYOM’iin akademik basariya etkisini konu edinen meta-analiz
calismalarinin (Algarni, 2018; Chen vd., 2018; Cheng, Ritzhaupt & Antonenko, 2019; Jang & Kim, 2020;
Karagol & Esen, 2019; Lo, Hew & Chen, 2017; Orhan, 2019; Tan, Yue & Fu, 2017; Wagner, Gegenfurtner
& Urhahne, 2020) mevcut oldugu gorilmustir. Ancak bu meta analiz ¢calismalarindan sadece Algarni
(2020) ve Lo, Hew ve Chen (2017) tarafindan yapilanlar 6zel olarak matematik egitimi alani ile
sinirlandiriimistir. TYOM’in matematik basarisi Gizerindeki etkililiginin incelendigi bu ¢alismalarda Lo,
Hew ve Chen (2017,) 2012-2016 yillari arasinda ilk, orta ve yliksekégrenim diizeylerinde yiritilmis ve
yayin dili sadece ingilizce olan 21 galisma lzerinde, Algarni (2020) ise yine ayni kriterleri tasiyan ve 2010-
2017 yillar arasinda gergeklestirilen 34 ¢calisma lizerinde meta analiz gerceklestirmislerdir. Bu anlamda
mevcut meta analiz galismasinin bu iki calismadan en 6nemli farki olarak, sadece ilkogretim ve
ortadgretim dizeylerinde gerceklestirilen c¢alismalari incelemesi ve Tirkiye’de ve vyurtdisinda
yayinlanmis olan 46 calisma ile daha fazla sayida birincil calisma kaynagini kullanmasi gésterilebilir. Bu
meta-analiz calismasinda sadece ilk ve ortadgretim 6grencileriyle gergeklestirilen ¢alismalarin dahil
edilmesi ve yiksekdgrenim diizeyinde yapilmis ¢calismalarin disarida tutulmasi sayesinde, Wagner vd.
‘nin de (2020) belirttigi gibi TYOM’Gn akademik basariya etkisiyle ilgili daha isabetli sonuglar
cikarilabilecegi dusinilmustir. Cunki ilk ve ortadgretim 6grencileri, yiksekdgretim 6grencilerinden
sadece yas itibariyle farkli olmayip, kendi kendine 6grenme ve takim ¢alismasi yapma becerilerinde de
farkhliklara sahiptirler. Bu nedenle tiim egitim diizeylerinin birlikte degerlendirilmesi TYOM'{in etkisiyle
ilgili sinirh sonuglar ortaya koyabilir (Wagner vd., 2020).

Yukarida agiklanan gerekgeler dogrultusunda bu arastirma kapsaminda, ilk ve ortadgretim matematik
egitiminde TYOM kullaniminin, 6grencilerin akademik basarilarina olan etkisinin meta analiz yéntemiyle
tespit edilmesi amaglanmistir. Bu amag dogrultusunda asagidaki sorulara yanit aranmistir:

1) Geleneksel 6grenme yaklasimiyla karsilastirildiginda TYOM’lin 6grencilerin matematik dersindeki
basarilarina genel etki diizeyi nedir? Bu etki diizeyi;
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a) Calismanin yayin tiirline (makale, bildiri, yliksek lisans tezi, doktora tezi) gore farklilik gostermekte
midir?

b) Calismanin yapildigi yere (yurtici, yurtdisi) gére farklilik géstermekte midir?

¢) Uygulamanin yapildigi 6grenim diizeyine (ilkdgretim, ortadgretim) gore farklihk gostermekte
midir?

d) Calismanin 6rneklem buyukltgline (1-40 kisi, 41-80 kisi, 81+ kisi) gore farklilik gdstermekte midir?
e) Uygulamanin yapildigi 6grenme alanina (cebir, geometri, sayilar ve islemler) gore farkhhk
gostermekte midir?

f) Uygulamanin siresine (1-4 hafta, 5-11 hafta, 12+ hafta) gore farklilik géstermekte midir?

2) TYOM'iin tek grup lizerinden (6n test-son test) 6grencilerin matematik dersindeki basarilarina
genel etki diizeyi nedir? Bu etki dizeyi;

a) Calismanin yayin tiriine (makale, bildiri, ylksek lisans tezi, doktora tezi) gore farklilik géstermekte

midir?

b) Calismanin yapildigi yere (yurtici, yurtdisi) gore farklilik gostermekte midir?

¢) Uygulamanin yapildigi 6g8renim dizeyine (ilkogretim, ortadgretim) gére farklilik gostermekte

midir?

d) Calismanin 6rneklem biytklGgine (1-40 kisi, 41-80 kisi, 81+ kisi) gore farkhhk géstermekte midir?

e) Uygulamanin yapildigi 68renme alanina (cebir, geometri, sayilar ve islemler) gore farkhhk
gostermekte midir?

f) Uygulamanin siiresine (1-4 hafta, 5-11 hafta, 12+ hafta) gére farkhlik gostermekte midir?

Yontem
Arastirmanin Modeli

Arastirmada TYOM’{in ilkdgretim veya ortadgretim &grencilerinin matematik dersindeki basarisina
etkisini inceleyen ¢alismalarin sonuglarini birlikte analiz etmek amaciyla meta-analiz yontemi
kullanilmigtir. Meta-analiz yénteminde, bir konu veya ¢alisma alaninda yapilmis benzer galismalarin
belirlenmis Oolgltler cercevesinde gruplandiriimasi ve bu g¢alismalarda ulasilan nicel bulgularin
birlestirilerek yorumlanmasi s6z konusudur (Dinger, 2014).

Verilerin Toplanmasi

Arastirmaya dahil edilecek calismalari belirleyebilmek icin Google Akademik, YOK Tez, ULAKBIM,
Web of Science, ProQuest Citations veri tabanlari ve alanyazinda tespit edilen ilgili meta analiz
calismalarinin kaynakgalari taranmistir. TYOM’Uin oldukga yakin bir gegmise sahip olmasi nedeniyle
¢alismalarin taranmasinda herhangi bir tarih sinirlamasi getirilmemistir. 2020 yilinin Agustos ayinda
gerceklestirilen bu taramalarda ingilizce yayinlara ulasabilmek amaciyla “flipped classroom”, “flipped
learning”, “inverted classroom”, “inverted learning”, “mathematics” anahtar kelimeleri kullanilmistir.
Tilrkce yayinlara ulasabilmek igin ise “ters yliz 6grenme”, “ters yliz sinif”, “donistlrilmis sinif”,
“matematik” anahtar kelimeleri kullaniimistir. Bu taramalar sonucunda 184 calisma incelenmek (lizere
indirilmistir. Bu c¢alismalardan hangilerinin meta-analize dahil edilecegini belirlemek igin arastirmanin

problemi dogrultusunda asagidaki olgutler kullanilmistir:

1) Calismalar Tiirkce veya ingilizce dillerinde yazilmis olan doktora tezi, yiiksek lisans tezi, ulusal
veya uluslararasi hakemli dergilerde yayimlanmis makale veya tam metni yayimlanmis bildiri
olmalidir.

2) Calismalar ilkogretim (1-8.siniflar) ve ortadgretim (9-12.siniflar) dizeyinde 06grenim goéren
o6grencilerle ylrutilmus olmahidir.

3) Akademik basariya yonelik deneysel galismalar olmalidir.

4) Sadece deney grubunun yer aldigl ve On test-son test 6lgimU yapilmis ¢calismalar veya deney-
kontrol grubunun yer aldigi ve son test 6l¢lim{ yapilan ¢alismalar olmalidir.
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5) Calismalar, etki blytkligini hesaplayabilmek igin gerekli olan istatistiksel verileri (aritmetik
ortalama, standart sapma, orneklem buyuklGglu veya t-testi, F testi, Mann Whitney U testi analiz
sonuglari) igermelidir.

incelenen 184 calismadan 47 tanesi deneysel olmadig, 85 tanesi yiiksekdégrenim diizeyinde
gerceklestirildigi, 3 tanesi akademik basariyi ele almadigl, 4 tanesi ise etki blylklGglu degerini
hesaplamak igin gerekli olan istatistiksel bilgileri icermedigi gerekcesiyle elenmistir. Hem tez hem de
makale olarak yayinlandigi belirlenen 1 ¢alismanin ise tez yayini meta analize dahil edilmistir. Son
durumda arastirmanin olgltlerini saglayan 45 ¢alismanin bulundugu belirlenmistir. 2013-2020 yillari
arasinda gergeklestirilen bu calismalarin 9’u yurtiginde, 37’si yurtdisinda gergeklestirilmistir. Bu 45
calismanin bazilarinda birden fazla calisma yer aldigindan, TYOM ile geleneksel 6gretimin farkini ortaya
koyan calismalar kapsaminda 46 etki biyikligi, TYOM’Gn tek grup Ulzerinden etkisini inceleyen
calismalar icin ise 16 etki blylklGgi olmak tzere toplam 62 etki blyliklGgi degeri hesaplanmustir.

Verilerin Kodlanmasi

Arastirmada kullanilacak ¢alismalarin meta analize dahil olma 6lgitlerini sagladigindan emin olmak
ve bu calismalarin ara degisken olarak kullanilacak olan 6zelliklerini belirlemek igin ilgili meta analiz
¢alismalarindan da yararlanilarak kodlama formu olusturulmustur. Hazirlanan kodlama formunda
¢alismalara ait yer verilen 6zellikler asagidaki gibidir:

e Calismaya verilen kimlik numarasi, yazar ad-soyadi, yayinlanma yili, yayin tiirii ve yapildigi yer,

e Calismanin uygulandig 6grencilerin 6grenim dizeyi, uygulamanin gergeklestirildigi 6grenme
alani, uygulamanin siresi, 6rneklem buyuklig,

e Calismalarda kontrol grubunun yer alip almama durumu

Meta analiz galismalarinda kodlama givenirliginin saglanmasi igin farkli kodlayicilar arasindaki
tutarhlik hesaplanabilir. Kodlayicilar arasi glivenirligi 6lgebilmek igin uzlasma orani (Uzerinde uzlasilan
goriis sayisi/toplam gériis sayisi) kullanilabilir (Orwin & Vevea, 2009; aktaran Ustiin & Eryilmaz, 2014).
Bu calismada da kodlama givenirligini saglamak icin meta analizde yer verilen tim calismalarin
kodlamalari arastirmaci ve bir alan uzmani tarafindan yapilmistir. Yapilan kodlamalarda uzlasma orani
%95 olarak bulunmustur. Ulasilan bu sonug¢ kodlama giivenirliginin saglandigini géstermektedir (Ergene,
1999). Farkli gikan kodlamalar igin birlikte tekrar inceleme yapilarak ortak gériis ortaya konmustur.

Veri Analizi

Calismada meta analiz 6lgtlerini karsilayan ¢alismalarin her birinin etki buyuklGgi ve birlestirilmis
etki blyuklugu degerleri Comprehensive Meta Analysis (CMA) 3.0 programi kullanilarak hesaplanmistir.
TYOM ile geleneksel &gretimin farkini ortaya koyan parametrik calismalarda etki biyikliiklerinin
hesaplanmasinda, bir calisma icin deney ve kontrol gruplarinin 6rneklem biyUklGgi ve bagimsiz
orneklemler icin t degeri kullanilmis diger tim calismalarda ise her iki grubun son test aritmetik
ortalamalari, standart sapmalari ve o6rneklem bilytkllkleri veri girisinde kullanilmistir. Parametrik
olmayan analiz iceren iki ¢alismanin Cohen d etki buylkligl ise U degeri ve drneklem buyuakltkleri
sayesinde hesaplanarak yazilima girilmistir (Lenhard & Lenhard, 2016). TYOM’iin tek grup Uzerinden
etkisini ortaya koyan galismalarin etki bliytkliginiin hesaplamasinda ise deney grubuna ait eslestirilmis
t degeri ve orneklem buylkligu veri girisinde kullanilmistir. Meta analizin temel amaglarindan biri
calismalarda ara degisken analizi yapilarak etki blyukltkleri arasindaki degiskenligin analiz edilmesi
oldugundan (Borenstein, Hedges, Higgins & Rothstein, 2009) bu meta-analiz calismasinda da yayinin
vapildigi yer, yayin tiirli, 6grenim dlizeyi, 6grenme alani, érneklem biliyuklGgl, uygulama sliresi ara
degiskenlerinin analizini yapmak icin analog ANOVA kullaniimistir.

istatistiksel modeller arasinda etki biyiikligii hakkinda ¢ikarimda bulunulmasi igin gelistirilen iki ana
model, sabit-etki ve rastgele-etkiler modelleridir (Borenstein vd., 2009). Sabit-etki modelinin temel
varsayimina gore meta-analizde yer alan ¢alismalarin gergek etki blyiklikleri sadece bir tanedir ve etki
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biyukliklerinde gozlenebilecek farkliliklar sadece 6rneklem hatasindan kaynaklanmaktadir. Rastgele-
etkiler modeline gore ise meta-analize dahil edilen galismalarin gergek etki biytklikleri calismalarda yer
alan ara degiskenler nedeniyle farkhlik gdsterebilmektedir (Ustiin & Eryilmaz, 2014). Bu modellerden
hangisinin uygulanacagina karar vermek igin heterojenlik testi yapiimali ve etki buyukliklerinin homojen
olmasi durumunda sabit-etki, heterojen olmasi durumunda ise rastgele-etkiler modeli kullanilmahdir
(Ellis, 2010). Bu ¢alismada da heterojenligi belirlemek igin, tiim ¢alismalarin ortak bir etki blyuklGgin
paylastigini iddia eden sifir hipotezini, ki-kare dagilimiyla test etmede kullanilan (Borenstein vd., 2009) Q
istatistigi yapilmistir. Bu islemler TYOM ile geleneksel &gretimin farkini ortaya koyan calismalar ve
TYOM'iin tek grup lzerinden etkisini ortaya koyan calismalar icin ayri ayri yapilmistir. Her iki grupta yer
alan calismalarin etki buyukliklerinin heterojen dagilim gosterdikleri belirlendiginden rastgele-etkiler
modeli kullanilmistir. Elde edilen etki bilylikligu degerlerinin yorumlanmasinda ise etki buyukligi
indekslerinden Cohen d kullanilmistir. Buna gore etki blyuklGginin, 0-0,20 arasinda olmasi zayif etki,
0,21-0,50 arasinda dustik etki, 0,51-1,0 arasinda orta etki ve 1,0 yukarisinda olmasi giglii etki olarak
siniflandirilmaktadir (Cohen, Manion & Morrison, 2007). TYOM ile geleneksel dgretimin farkini ortaya
koyan galismalarda goriilen pozitif etki biiyiiklikleri TYOM’iin geleneksel 6gretime gére basari iizerinde
daha etkili oldugunu gésterirken negatif etki biiyiikliikleri ise geleneksel 6gretimin TYOM’e gére basari
tizerinde daha etkili oldugu anlamina gelmektedir. TYOM'iin tek grup Uzerinden etkisini ortaya koyan
calismalarda goriillen pozitif etki biyikliikleri ise TYOM’iin akademik basariyi artirdigi anlamina
gelmektedir.

Meta-analiz calismalarinin gecerliliginde temel bir sorun olan yayin yanliiginin bu meta-analiz
calismasinda olup olmadigi tg¢ farkli yontem kullanilarak belirlenmistir (Borenstein vd., 2009). Huni
grafiginin incelemesi ve Rosentahl’in giivenli N yonteminin (1979) yani sira Duval ve Tweedie (2000a;
2000b) tarafindan gelistirilen kes ekle yontemi kullanilarak da meta-analizdeki olasi kayip ¢alisma sayisi
belirlenmis ve bunlarin eklenmesiyle birlikte etki bliyUklGgunin yansiz bir tahmini olan “diizeltilmis etki
biiyiikliigi” hesaplanmistir (Ustiin & Eryilmaz, 2014).

Bulgular

Bu arastirmaya dahil edilen 45 calismanin bulgularindan yararlanilarak belirlenen alt problemler
dogrultusunda iki farkli meta-analiz yapilmistir. Asagida arastirmanin alt problemlerine ait bulgulara ayri
basliklar altinda yer verilmistir.

Arastirmanin birinci alt problemine iligkin bulgular

Arastirmanin birinci alt problemi dogrultusunda matematik basarisina yonelik ters yiiz 6grenme
modeli ile geleneksel 6gretimin kiyaslandigi calismalardaki genel etki diizeyi belirlenmeye ¢alisiimistir.
Bu amagla, 45 galisma igerisinden TYOM ile geleneksel dgretimin matematik dersi basarisi izerindeki
etkisinin farkini inceleyen 39 calismanin bulgularindan yararlanilarak meta-analiz yapiimistir. Kiyas meta-
analizine dahil edilen 39 calismadan 3’linde ikiser alt calisma, 2’sinde ise 3’er alt ¢calisma bulundugundan
toplam 46 etki blyklGgu hesaplanmistir. Asagida yer alan Tablo 1’de bu ¢alismalara ait betimsel veriler
ve her biri icin hesaplanan etki blyuklugl degeri verilmistir.

Tablo 1.

TYOM ile Geleneksel Ogretimin Farkini inceleyen Calismalara Ait Betimsel Veriler

Yazar(lar)(yil) Ogrenme  Yayin Siire Yayin Ogrenim Ornekl  Cohen
Alani Turd (hafta) Dili Dizeyi em d

Akdeniz (2019) Geometri 5-11 Tiirkce ilkdgretim 41-80 0,83

Yl tezi

Aydin (2020) Yl tezi 5-11 Tlrkce ilkégretim 41-80 0,28
Say&isl

Bhagat vd. (2016) Geometri Makale 5-11 ingilizce Ortadgretim 81+ 0,49

Bulut (2019) Cebir Yl tezi 5-11 Tiirkce ilkdgretim 1-40 0,72

Buskey (2019)(a) Geometri  Dr tezi 12+ ingilizce Ortadgretim 81+ -0,36

Buskey (2019)(b) Geometri  Dr tezi 12+ ingilizce Ortadgretim 81+ -0,24
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Carlisle (2018)
Casem (2016)
Caverly (2017)
Clark (2015)

Esperanza vd. (2016)
Flick (2019)

Graziano ve Hall (2017)
Glig (2017)

Jackson (2019)
Kalafat (2019)
Katsa vd. (2016)
Kirvan vd. (2015)(a)
Kirvan vd. (2015)(b)
Kirvan vd. (2015)(c)
Kog Deniz (2019)(a)

Kog Deniz (2019)(b)

Lo&Hew (2020)
Makinde (2017)

Martin Grace, (2015)

Montgomery (2015)
Njeru (2020)
Charles-Ogan ve William
(2015)

Ozdemir (2016)
Ramaglia (2015)(a)
Ramaglia (2015)(b)
Ramaglia (2015)(c)

Reyes-Lozano vd. (2014)
Ripley (2015)

Saunders (2014)
Schwankl (2013)

Sharpe (2016)

Smith (2015)

Tarazi (2016)

Topan (2019)

Vang (2017)

Wei vd. (2020)

Wiginton(2013)(a)
Wiginton(2013)(b)
Salimi ve Yousefzadeh
(2015)

Zeineddine (2018)

Cebir
Cebir
Cebir
Cebir

Cebir
Cebir

Say&isl
Cebir
Cebir
Cebir
Cebir
Cebir
Cebir

Say&isl

Say&isl
Cebir
Cebir

Cebir

Cebir

Cebir
Geometri
Geometri
Cebir

Cebir
Geometri
Geometri

Cebir

Cebir

Say&lsl
Cebir
Cebir

Dr tezi
Makale
Dr tezi
Makale
Bildiri

Dr tezi
Makale

Yl tezi

Yl tezi

Yl tezi

Makale
Makale
Makale
Makale
Dr tezi

Dr tezi

Makale
Dr tezi
Dr tezi

Yl tezi

Dr tezi
Bildiri

Dr tezi
Dr tezi
Dr tezi
Dr tezi
Bildiri

Dr tezi
Dr tezi
Yl tezi

Dr tezi
Dr tezi
Dr tezi
Dr tezi
Yl tezi

Makale

Dr tezi
Dr tezi

Makale

Makale

12+
1-4
5-11
12+

12+
12+

5-11

1-4
5-11
5-11
1-4
1-4
1-4
5-11

5-11

12+
5-11
12+

5-11

1-4
12+
12+
12+
12+

12+
5-11
5-11
12+
12+
12+
1-4
12+
5-11

12+
12+
5-11

5-11

ingilizce
ingilizce
ingilizce
ingilizce
ingilizce

ingilizce
ingilizce

Turkge

ingilizce
Tirkce

ingilizce
ingilizce
ingilizce
ingilizce
Tirkce

Tirkce

ingilizce
ingilizce
ingilizce

ingilizce

ingilizce
ingilizce

Tarkge

ingilizce
ingilizce
ingilizce
ingilizce

ingilizce
ingilizce
ingilizce
ingilizce
ingilizce
ingilizce
Tirkce

ingilizce
ingilizce
ingilizce
ingilizce

ingilizce

ingilizce

Ortadgretim
ilkdgretim

Ortadgretim
Ortadgretim
Ortadgretim

ilkégretim
Ortadgretim

ilkégretim

ilkégretim
ilkégretim
Ortadgretim
ilkégretim
ilkégretim
ilkdgretim
ilkégretim

ilkégretim

Ortadgretim
ilkégretim
ilkdgretim

ilkdgretim

Ortadgretim
Ortadgretim

ilkégretim
Ortadgretim
Ortadgretim
ilkégretim
Ortadgretim

ilkégretim
Ortadgretim
Ortadgretim
Ortadgretim
ilkdgretim
Ortadgretim
ilkégretim
Ortadgretim
ilkégretim
Ortadgretim
Ortadgretim

ilkégretim

Ortadgretim

41-80
1-40
1-40
81+
81+

81+
41-80

41-80

41-80
41-80
1-40

41-80
41-80
41-80
41-80

41-80

41-80
81+
81+

81+

41-80
81+

41-80
41-80
81+
81+
41-80

81+
41-80
41-80
81+
81+
41-80
41-80
41-80
81+

41-80
1-40
41-80

41-80

-0,56
0,80
0,68
0,03
0,43

0,05
0,43

0,58

-0,21
0,65
0,91
0,32
0,38
0,86
0,44

0,57

0,73
0,86
-0,04

0,31

0,11
1,69

1,24
-0,35
0,15
1,12
3,73

0,01
-0,06
0,07
-0,15
-0,05
0,60
0,81
0,18
0,63

1,54
2,00
1,86

0,43

Not: Say&Isl= Sayilar ve islemler
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Tablo 1’de goriildiigi gibi TYOM ile geleneksel &gretimin farkini inceleyen galismalarin etki biyiklugi
degerleri -0,56 ile 3,73 arasinda degismektedir. Calismalardan 37’sinde etki biyikliglu degerinin pozitif
olmasi islem etkisinin TYOM lehine oldugunu géstermektedir. Calismalarin etki biyikliikleri Cohen d’ye
gore degerlendirildiginde 7 ¢alismanin zayif, 9 ¢calismanin disiik, 14 ¢alismanin orta ve 7 ¢alismanin ise
glcli dizey etki buyukligine sahip oldugu belirlenmistir. Calismalardan 9’unda ise etki blyuklGgi
degeri negatif olarak belirlenmistir. Etki blylklUklerinin negatif olarak belirlenmesi islem etkisinin
geleneksel 6gretim lehine oldugunu gostermektedir. Bu g¢alismalarin etki biyukliikleri Cohen d’ye gore
degerlendirildiginde ise 4 c¢alismanin zayif, 4 calismanin disik ve 1 calismanin orta dizey etki
buyukligliine sahip oldugu belirlenmistir. Tablo 1’de verilen galismalarda yayin yanhhginin olup
olmadigini belirlemek igin olusturulan huni sagihm grafigi Sekil 1’de verilmistir.
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Sekil 1. Kiyas Meta-Analizindeki Calismalarin Yayin Yanliligini Gosteren Huni Grafigi

Sekil 1’deki huni grafiginden de anlasildigi Gzere kiyas meta-analizinde yer alan galismalar simetrige
yakin dagihm gostermektedir. Dagilimin tek bir tarafta yogunlasmamis olmasi c¢alismalarda yayin
yanhhginin olmadigi anlamina gelmektedir. Huni grafikleri, ¢alismalarin yayin yanhhgini belirlemek igin
kullanilabilecek gorseller olmakla birlikte yanliik durumunu tespit etmek igin istatistiksel bilgiler
vermemektedir (Ustiin & Eryilmaz, 2014).
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Sekil 2. Kes ve Ekle Duzeltmesine Gore Kiyas Meta-Analizindeki Calismalarin Huni Grafigi

Yayin yanhhgini incelemek icin ayrica Duval ve Tweedie’nin (2000a; 2000b) kes ve ekle yontemi
kullaniimistir. Kes ve ekle yontemi, huni grafigini tam simetriye ulastiracak olasi kayip calismalarin
Gzerine odaklanmaktadir. Kes ve ekle diizeltmesinin dikkate alinmasi sonucunda olusan huni grafigi Sekil
2’de verilmistir. Sekil 2’de gérildiigii gibi TYOM lehine olan 9 noktadaki koordinata denk gelecek
yayinlarin analize eklenmesi halinde huni grafigi tam simetriye ulasilacaktir. Var olan 46 calismayi tam
simetrik hale getirmek icin eklenmesi gereken sayinin sadece 9 olmasi, var olan durumun simetrik
dagilma yakin oldugunun goéstergesidir. Bu 9 galismanin eklenmesi halinde genel etki 0,51 diizeyinden
0,72 diizeyine gelecektir. Aradaki farkin kiicik olmasi calismalarda yayin yanliiginin disiik olduguna
isaret etmektedir (Yelpaze & Yakar, 2020).

Tablo 2.
Kiyas Meta-Analizindeki Calismalara ait Rosenthal FSN Hesaplari
Yanllik durumu

Gozlenen galismalar igin Z degeri 12,61
Gozlenen galismalar igin p degeri 0,00
Alfa 0,05
Yon 2
Alpha i¢in Z degeri 1,95
Gozlenen Calisma Sayisi 46
FSN 1860

Calismalarin yayin yanhligi Rosenthal’in glivenli N yontemi ile de incelenmistir. Tablo 2’de verilen
Rosenthal FSN sonuglarina gore, bu meta-analizde tespit edilen 0,51 ortak etki blyUkligini sifirlamak
icin meta-analize dahil edilmesi gereken c¢alisma sayisi (N) 1860 olarak bulunmustur. Mullen,
Muellerleile ve Bryant’e (2001) gére, N/(5k+10) (k:meta-analize dahil edilen ¢alisma sayisi) degerinin
1’den biylk olmasi, meta-analiz sonuglarinin gelecekte yapilacak ¢alismalara karsi yeterince direngli
oldugunu gostermektedir (Ustiin & Eryilmaz, 2014). Tablo 2’deki verilere gére bu meta-analiz
calismasinda N/(5k+10) degeri 7,75 olarak hesaplanmistir. Bu sonuca gore de gerceklestirilen meta-
analiz calismasinda yayin yanhhgi sorununun olmadigi séylenebilir.

Kiyas meta-analizine dahil edilen 46 calismanin etki biyukliklerinin hesaplanmasinda kullanilacak
etki buyukligi modelini belirlemek igin heterojenlik testi yapilmistir. Heterojenlik testinde elde edilen
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etki modeline gére calismalarin heterojen dagilim degeri, ortalama etki blylklGgl ve gliven araligi
degerleri Tablo 3’te verilmistir.

Tablo 3.
Etki Modeline Gore Calismalarin Ortalama Etki BliyUklikleri ve Given Araliklari
Model N  Ortalama SH %95 Guven A. z p Q p r
EB Alt Ust
Sabit 46 0,25 0,03 0,19 0,31 8,61 0.00 372,06  0.00 87,91
Rastgele 46 0,51 0,09 0,34 0,69 5,76 0,00

Tablo 3’te goruldugi gibi sabit etki modeline gore elde edilen heterojenlik sonuglarindan Q istatistigi
372,06 olarak bulunmustur. Bu degerin ki-kare tablosunda 45 serbestlik derecesinin kritik degerinden
anlamli olarak yiksek olmasi (p<.0,01) nedeniyle ¢alismalarin heterojen oldugu soylenebilir. /2 degerinin
%87,91 olmasi da yine yiiksek heterojenligi ortaya koymaktadir. Bu istatistiklere gore calismalar yiiksek
diizeyde heterojen oldugundan dolayi etki biyikliklerinin hesaplanmasinda rastgele etki modelinin
kullanilmasinin uygun olduguna karar verilmistir.

Rastgele etki modeline gore ortalama etki blyklGgi degeri 0,51 olup %95 giiven araliginin alt sinir
degeri 0,34, Ust sinir degeri ise 0,69 olarak hesaplanmistir. Bu bulgular Cohen d’'ye gore
yorumlandiginda, TYOM’(in geleneksel gretime kiyasla 6grencilerin matematik basarisini artirmada orta
diizeyde daha fazla etkili oldugu sonucuna ulasiimistir (p<0,01).

Bu meta-analizde yer alan galismalarin etki biytklikleri arasinda ara degiskenlere gére (calismalarin
yayin tard, yapildigi yer, érneklem blyiklGgl, 6grenim dizeyi, 6grenme alani, uygulama siiresi) anlamli
farklilik olup olmadigini belirlemek icin yapilan analiz sonuglari Tablo 4’te verilmistir.

Tablo 4.
Ara Degiskenlere Gore Etki Buyukltkleri Arasindaki Farklihk
Kategori N  Ortalama EB SH %95 G.A. Z p Q p
Yayin Taru
1. Makale 13 0,57 0,16 0,25-0,89 3,46 0,00
2. Bildiri 3 1,79 0,34 1,11-2,46 5,19 0,00
3. VYl Tezi 9 037 0,20 -0,02-0,77 1,87 0,06
4. Dr. Tezi 21 0,36 0,13 0,11-0,60 2,82 0,00
Toplam 46 0,68 0,23 0,23-1,14 2,97 0,00 1580 0,00
Calismalarin yapildigi yer
1. Yurtdisi 37 047 0,10 0,28-0,66 4,89 0,00
2. VYurtigi 9 0,68 0,20 0,28-1,08 3,32 0,00
Toplam 46 0.51 0.09 0.34-0.68 5.84 0.00 0.82 0,37
Ogrenim Diizeyi
1. ilkdgretim 23 0.50 0.13 0.25-0.75 3.86 0.00
2. Ortadgretim 23 0.53 0.13 0.28-0.78 4.10 0.00
Toplam 46 0.51 0.09 0.34-0.69 5.63 0.00 0.03 0,86
Orneklem buyukltgi
1. 1-40 kisi 5 1.01 0.28 0,46-1,56 3,60 0,00
2. 41-80 kisi 25 0.58 0.11 0,35-0,81 4,94 0,00
3. 81+kisi 16 0.29 0.13 0,03-0555 2,18 0,03
Toplam 46 0.57 0.18 0.22-0.91 3.20 0.00 6.11 0,047
Ogrenme alani
1. Cebir 24 0.48 0.10 0,28-0,68 4,64 0,00
2. Geometri 8 0.15 0.17 -0,18-0,49 0,90 0,37
3. Sayilar ve islemler 5 0.50 0.23 0,06-0,95 2,21 0,03
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Toplam 37 0.38 0.13 0.13-0.63 2.98 0.00 2.88 0.24
Uygulama siiresi
1. 1-4 hafta 8 0,52 0,20 0,13-091 261 0,01
2. 5-11 hafta 17 0,55 0,13 0,29-0,82 4,13 0,00
3. 12+ hafta 19 0,38 0,12 0,15-0,62 3,17 0,00
Toplam 44 0,47 0,08 0,31-063 5,75 0,00 095 0.62

Tablo 4’te gorildugi gibi rastgele etkiler modeline gbre yayin tirlerinin etki blytklikleri sirasiyla
bildiride 1,79, makalede 0,57, yiksek lisans tezinde 0,37 ve doktora tezinde 0,36 olarak belirlenmistir.
Geleneksel &gretim ile TYOM kiyaslandiginda yiiksek lisans tezleri haricindeki tim yayin tiirlerindeki
ortalama etki buyikliklerinin  TYOM lehine anlamli olarak farklilastigi goriilmektedir. Yapilan
heterojenlik testine gore bildiri, makale, yiiksek lisans tezi ve doktora tezi yayinlarinin etki biyuklukleri
karsilastirildiginda aralarinda anlamli farkhlik oldugu belirlenmistir (Q=15,80, p<0,05). Buna gobre
TYOM’iin geleneksel 6gretime kiyasla matematik basarisi Gzerindeki etkisi yayin tirlerine gére
farkhlasmaktadir.

Calismanin yapildigl yere gére gruplandirilan ¢alismalarin etki baydklukleri incelendiginde, yurt ici
calismalarin ortalama etki blyuklGgi degeri 0,68, yurt disi calismalarin etki buyukliga degeri ise 0,47dir.
Her iki grupta da yer alan galismalarin ortalama etki biyiikligii degerleri TYOM lehine farkhlasmaktadir.
Yapilan heterojenlik testine gore yurtici ve yurtdisi ¢alismalarin ortalama etki buylklikleri arasinda
anlamli farkhhk olmadigi géralmustir (Q=0,87, p>0,05). Buna gore geleneksel 6grenimle kiyaslandiginda
TYOM’iin matematik basarisi lizerindeki etkisi calismalarin yapildigi yere gore farklilasmamaktadir.

Tablo 4‘e gore ilkégretim diizeyinde uygulanan galismalarin etki biyukliga degeri 0,50, ortadgretim
diizeyinde ise 0,53’tiir. Ogrenim diizeyine gére olusturulan gruplarin ikisinde de ortalama etki biyiklugi
degerleri anlamli bir sekilde TYOM lehine farklilasmaktadir. Heterojenlik testi sonucunda &grenim
diizeyine goére calismalarin etki buyukltklerinin farklilasmadigi belirlenmistir (Q=2,73, p>0,05). Buna gére
ilkdgretim ve ortadgretim kademelerinde uygulanan geleneksel 6grenimle kiyaslandiginda TYOM
uygulamalarinin matematik basarisi Gzerindeki etki blyikligi benzerdir.

Tablo 4’de gorildugi gibi érneklem biyliklGgh 1-40 kisi arasinda olan galismalarin etki buydklagi
1,01, 41-80 kisi arasinda olan galismalarin etki blyikligi 0,58, 6rneklem buydkluga 81 ve Ustu kisi
sayisina sahip olan ¢alismalarda 0,29'dur. Etki buyukltkleri arasindaki farkin anlamhligini belirlemek igin
yapilan heterojenlik testine gore orneklem buyikligine gore olusturulan gruplar arasindaki etki
biyiklikleri anlamli diizeyde farklidir (Q=5,5, p<0,05). Bu sonuca gore, TYOM ile geleneksel 6gretimin
matematik basarisi Gzerindeki etkisi 6rneklem buyiikligline gére farklilagsmaktadir.

Calismalarin 6grenme alani ara degiskenine gore etki biylikliukleri incelendiginde ise en biiylk etki
biyuklGgi 0,50 ile geometriye ait olup bunu 0,48 ile cebir ve 0,15 ile sayilar ve islemler 6grenme alani
izlemektedir. Geometri 6grenme alani disinda cebir ve sayilar 6grenme alanlarinda etki buyuklikleri
anlamli bir sekilde TYOM lehine farklilasmistir. Yapilan heterojenlik testine gore etki buyikliikleri
arasindaki fark istatistiksel olarak anlamli degildir (Q=2,88, p>0,05). Bu sonuca gore geleneksel
ogrenimle kiyaslandiginda TYOM’Gin matematik basarisi lzerindeki etkisi, 6grenme alanina gére
farkhlasmamaktadir.

TYOM uygulamasinin yapildigi siireye gore calismalarin etki biyikliklerine bakildiginda, uygulama
siresi 1-4 hafta arasinda olan ¢alismalarin etki blyklGga 0,52, 5-11 hafta arasinda olan ¢alismalarin etki
biyuklGgi 0,55 ve 12 hafta ve lzerinde olan galismalarin etki biyiklGga ise 0,38’dir. Yapilan heterojenlik
testine gore bu etki buyuklukleri arasinda anlamh fark bulunmamaktadir (Q=0,95, p>0,05). Elde edilen
bu sonuca gore geleneksel dgrenimle kiyaslandiginda TYOM’(in matematik basarisi tGzerindeki etkisi,
uygulama slresine gore farklilasmamaktadir.
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Arastirmanin ikinci alt problemine iliskin bulgular

Bu galismada belirlenen 6lgiitleri karsilayan ve meta-analize dahil edilen 45 calismadan sadece 12
sinde ters yliz 6§renme modelinin basari lzerine etkisinin belirlenmesi icin gerekli olan deney grubu 6n
test ve son test verileri yer almaktadir. Arastirmanin ikinci alt problemine iliskin olarak bu 12 ¢alisma ve
bunlarin 3’lGnde yer alan alt ¢calismalarla birlikte toplam 16 etki buyukligi hesaplanan gelisim meta-
analizi yapilmistir. Bu 12 calismadan 6 tanesi kiyas meta-analizinde de kullanilmistir. Asagida yer alan
Tablo 5’te bu galismalara ait betimsel veriler ve her biri icin hesaplanan etki bly(iklUgi degeri verilmistir.

Tablo 5.

Tek Grup Uzerinden TYOM'(in Etkisini inceleyen Calismalara Ait Betimsel Veriler

Yazar(lar)(yil) Ogrenme  Yayin Uygulama Yayin Dili  Ogrenim Orne  Cohe

Alani Turu Sdresi Dlzeyi klem nd

Akdeniz (2019) Geometri Yl Tezi 5-11 Tarkge ilkdgretim 21+ 1,79
Cornehl (2019) Cebir DrTezi  5-11 ingilizce Ortadgretim 21+ 2,95
Jackson (2019) Cebir Yl Tezi 1-4 hafta  Ingilizce  ilkdégretim 21+ 0,94
Kalafat (2019) Cebir Yl Tezi 5-11 Tarkge ilkégretim 21+ 4,15
Katsa vd. (2016) Cebir Makale  5-11 ingilizce Ortadgretim  1-20 1,94
Kog Deniz (2019)(a) Say.veisl. Drtezi 5-11 Tirkee ilkégretim 21+ 1,92
Kog-Deniz (2019)(b) Say.veisl. Drtezi 5-11 Tirkee ilkégretim 21+ 2,81
Leo (2017) Say.veisl. Dr tezi 5-11 ingilizce ilkégretim 21+ 1,97

Lo ve Hew (2017)(a) Geometri Makale 1-4 hafta ingilizce Ortadgretim  1-20 1,80
Lo ve Hew (2017)(b)  Geometri Makale 1-4 hafta ingilizce Ortadgretim 21+ 1,92

Ozdemir (2016) Cebir Dr tezi 1-4 hafta  Tirkge ilkégretim 21+ 2,51
Schwankl (2013) Geometri Yl Tezi 5-11 ingilizce Ortadgretim 21+ 5,39
Tekin (2018) Geometri  Dr Tezi 5-11 Tarkce Ortadgretim 21+ 2,51
Toh vd. (2017)(a) Say.veigl.  Bildiri 5-11 ingilizce  ilkégretim 1-20 1,06
Toh vd. (2017)(b) Say. veisl. Bildiri 5-11 ingilizce  ilkdgretim 1-20 1,15
Toh vd.(2017)(c) Say.veisl.  Bildiri 5-11 ingilizce  ilkégretim 1-20 1,24

Tablo 5’'te goriildigi gibi bu meta-analize dahil edilen galismalarin etki blyiklGgi degerleri 0,94 ile
5,39 arasinda degismektedir. Calismalarin etki blyuklikleri Cohen d’ye gore degerlendirildiginde tim
calismalarin gigli etki blyaklGagine sahip olduklar belirlenmistir. Buna gére meta-analize dahil olan
Tablo 5’teki ¢alismalarin yayin yanliiginin olup olmadigini belirlemek i¢in ise huni sagilim grafigi
olusturulmustur. Sekil 3’teki huni grafiginden de anlasildigi Uzere c¢alismalar simetrik dagihm
gostermektedir. Dagihmin tek bir tarafta yogunlasmamis olmasi ¢alismalarda yayin yanlili§inin olmadigi
anlamina gelmektedir.
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Sekil 3. Gelisim Meta-Analizindeki Calismalarin Yayin Yanhhgini Gésteren Huni Grafigi

Yayin yanlihgini incelemek igin Duval ve Tweedie’nin (2000a; 2000b) kes ve ekle yontemi
uygulanmistir. Bu yonteme gore 16 ¢alismayi tam simetrik hale getirmek icin eklenmesi gereken galisma
sayisi sifir oldugundan huni grafiginin tam simetrik oldugu belirlenmistir. Calismalarin yayin yanliligi
ayrica Rosenthal’in giivenli N yontemi ile de incelenmistir. Asagida Tablo 6’ da verilen Rosenthal FSN
sonuglarina gore, gelisim meta-analizinde tespit edilen 2,13 ortak etki biiyukliguni sifirlamak icin meta-
analize dahil edilmesi gereken calisma sayisi(N) 1976 olarak bulunmustur. Mullen, Muellerleile ve
Bryant’e (2001) gore, N/(5k+10) (k:meta-analize dahil edilen galisma sayisi) degerinin 1’den blyuk
olmasi, meta-analiz sonuglarinin gelecekte yapilacak c¢alismalara karsi yeterince direngli oldugunu
gostermektedir (Ustiin & Eryilmaz, 2014). Tablo 6’daki verilere gére bu meta-analiz calismasinda
N/(5K+10) degeri 21,95 olarak hesaplanmistir. Bu sonuca gére gelisim meta-analizindeki calismalarin
yayin yanlihginin oldukca diistik oldugu soylenebilir.

Tablo 6.
Gelisim Meta-Analizindeki Calismalara ait Rosenthal FSN Hesaplari
Yanlihk durumu

Gozlenen galismalar igin Z degeri 21,86
Gozlenen galismalar igin p degeri 0,00
Alfa 0,05
Yon 2
Alpha i¢in Z degeri 1,95
Gozlenen Calisma Sayisi 16
FSN 1976

Bu meta-analize dahil edilen 16 calismanin etki biyulkluklerinin hesaplanmasinda kullanilacak etki
biyuklGgi modelini belirlemek icin heterojenlik testi yapilmistir. Heterojenlik testinde elde edilen etki
modeline gbre ¢alismalarin heterojen dagilim degeri, ortalama etki blyiklGgu ve gliven araligi degerleri
Tablo 7’de verilmistir.

Tablo 7.
Etki Modeline Gore Calismalarin Ortalama Etki Bliytklikleri ve Glven Araliklari
Model N Ortalama EB  SH %95 Gulven A. V4 p Q p r
Alt Ust
Sabit 16 1.87 0.09 1.70 2.05 20.69 0.00 84.41 0.00 82.23
Rastgele 16 213 0.22 1.70 2.56 9.69 0.00
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Tablo 7’de gorildugi gibi sabit etki modeline gore elde edilen heterojenlik sonuglarindan Q istatistigi
84,41 olarak bulunmustur. Bu degerin ki-kare tablosunda 15 serbestlik derecesinin kritik degerinden
anlamli olarak yiiksek olmasi (p<.0,01) nedeniyle galismalarin heterojen oldugu sdylenebilir. 12 degerinin
%82,23 olmasi da yine ylksek heterojenligi ortaya koymaktadir. Bu istatistiklere gére calismalar yiksek
diizeyde heterojen oldugundan dolayi etki biytkliklerinin hesaplanmasinda rastgele etki modelinin
kullanilmasinin uygun olduguna karar verilmistir.

Rastgele etki modeline gore ortalama etki blyikligu degeri 2,13 olup %95 gliven araligl alt sinir
degeri 1,70, Ust sinir degeri 2,56 olarak hesaplanmistir. Bulgular Cohen d’ye gbre yorumlandiginda,
TYOM'iin égrencilerin matematik basarisi Gizerinde yiiksek diizeyde etkili oldugu sonucuna ulasiimigtir
(p<0,01).

Gelisim meta-analizinde yer alan c¢alismalarin etki buyiklikleri arasinda ara degiskenlere gore
(cahsmalarin yayin tird, yayin dili, érneklem biyukligu, 6grenim dizeyi, 6grenme alani, uygulama
stresi) anlamli farkhlik olup olmadigini belirlemek icin yapilan analiz sonuglari Tablo 8’de verilmistir.

Tablo 8.
Ara Degiskenlere Goére Etki Buylklukleri Arasindaki Farklilk
Kategori N  Ortalama EB SH %95 Guven A. Z p Q p
Yayin Turt
1. Makale 3 189 0,47 0,97-2,81 4,02 0,00
2. Bildiri 3 1,15 0,45 0,26-2,04 2,54 0,01
3. VYl Tezi 4 2,63 0,43 1,78-3,47 6,08 0,00
4. Dr. Tezi 6 244 0,33 1,79-3,08 7,39 0,00
Toplam 16 2,05 0,36 1,34-2,77 565 0.00 7,11 0.07
Galismanin yapildigi yer
1. Yurtdisi 10 1.87 0.26 1.36-2,39 7.19 0.00
2. VYurtici 6 2.54 0.34 1.87-3,21 7.41 0.00
Toplam 16 2.17 0.33 1.52-2,81 6.59 0.00 237 0,12
Ogrenim Diizeyi
1. ilkégretim 10 1.86 0.26 1,36-2.36 7.27 0.00
2. Ortadgretim 6 2.57 0.34 1.90-3.24 7.49 0.00
Toplam 16 2.03 0.38 1.27-2.78 6.19 0.00 2,73 0,10
Orneklem buyuklugi
1. 1-20 5 1.42 0.36 0,71-2.13 3.94 0.00
2. 21lvedsti 11 245 0.25 1.96-2.94 9.78 0.00
Toplam 16 1.97 0.51 0.96-2.98 3.83 000 55 0,02
Ogrenme alani
1. Cebir 5 239 0,40 1,60-3,19 5,93 0,00
2. Geometri 5 247 0,41 1,66-3,29 5,96 0,00
3. Sayilar ve islemler 6 1,67 0,36 0,96-2,38 4,62 0,00
Toplam 16 2.16 0.31 1.55-2.76 6.94 0.00 2,76 0,25
Uygulama siiresi
1. 1-4 hafta 4 177 0.44 0.91-2,63 4.02 0.00
2. 5+hafta 12 2.26 0.26 1.75-2,77 8.72 0.00
Toplam 16 2.13 0.22 1.69-2,57 9.55 0.00 0.93 0,33

Tablo 8'de gorildigi gibi 6rneklem blyuklGgi 1-20 kisi arasinda olan galismalarin etki baydklagia
1,42 iken, 6rneklem bliylkligt 21 ve Gstl kisi sayisina sahip olan ¢alismalarda 2,45'tir. Etki bayuklGkleri
arasindaki farkin anlamliligini belirlemek i¢in yapilan heterojenlik testine gére érneklem buyikligline
gore olusturulan gruplar arasindaki etki buyuklikleri anlamli dizeyde farkhdir (Q=5,5, p<0,05). Bu
sonug, 21 ve Ustli 6rneklem blyuklGgh ile gergeklestirilen ¢alismalarin 20 ve alt 6rneklem blyukIGgi ile
gerceklestirilen calismalara daha etkin oldugunu gostermektedir.
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Calismalarin 6grenme alani ara degiskenine gore etki blytklikleri incelendiginde ise en biyik etki
bilyuklGgi 2,47 ile geometriye ait olup bunu 2,39 ile cebir ve 1,67 ile sayilar ve islemler 6grenme alani
izlemektedir. Bu etki blyuklikleri arasindaki farkin anlamh olup olmadigini belirlemek igin yapilan
heterojenlik testine gore etki buyukliukleri arasindaki fark istatistiksel olarak anlamh degildir (Q=2,76,
p>0,05). Elde edilen bu sonuca gére TYOM’iin matematik basarisi lizerindeki etkisi, uygulamanin
yapildig1 6grenme alanina gore farklilasmamaktadir.

TYOM uygulamasinin yapildigi siireye gore calismalarin etki biyikliiklerine bakildiginda, 1-4 hafta
arasinda uygulama siiresi olan ¢alismalarin etki buyuakliga 1,77, 5 hafta ve tizerinde uygulama siresi
olan calismalarin etki buyukligl ise 2,26’dir. Yapilan heterojenlik testine gore bu etki buyuklikleri
arasinda anlamli fark bulunmamaktadir (Q=0,93, p>0,05). Bu sonuca gére TYOM’iin matematik basarisi
Uzerindeki etkisi, uygulamanin siiresine gore farklilasmamaktadir.

Tartisma, Sonug ve Oneriler

Bu arastirmada ilkégretim ve ortadgretim matematik dersinde TYOM’iin etkililiginin belirlenmesi
amaciyla iki farkli meta-analiz yapilmistir. Bunlardan birinde TYOM ve geleneksel égretimin matematik
basarisina etkisi karsilastirilmis digerinde ise TYOM’iin matematik basarisina etkisi tek grup &n test-son
test sonuglari kullanilarak belirlenmistir.

Aragtirmanin birinci alt problemi dogrultusunda yapilan meta-analizde, TYOM’iin geleneksel
Ogretime gbre matematik basarisini artirmada orta diizeyde (d=0,51) etkili oldugu tespit edilmistir.
Alanyazinda yer alan ilgili meta-analiz ¢alismalari incelendiginde de TYOM’iin matematik basarisini
artirmada geleneksel 6gretimden daha etkili oldugu gorilmektedir (Algarni, 2018; Lo, Hew & Chen,
2017; Cheng, Rizhaupt & Antonenko, 2018; Jang & Kim, 2020). Algarni (2018) ve Lo, Hew ve Chen (2017)
tarafindan yiiriitiilen calismalar, bu calismada oldugu gibi TYOM’lin sadece matematik dersinde etkisini
konu alan meta-analiz ¢calismalar olmakla birlikte, farkl olarak liniversite 6grencileri lizerinde yurutiilen
galismalari da igermektedirler. Algarni'nin (2018), 34 calisma Uzerinde gerceklestirdigi meta-analiz
(d=0,27) ve Lo, Hew ve Chen (2017) tarafindan 21 makale kullanilarak yapilan meta-analiz (Hedges’
g=0,298) sonucunda TYOM lehine anlamli diizeyde etki degeri bulunmustur. Matematigin dogrudan
konu alinmadigi ancak ara degisken olarak incelendigi meta-analiz ¢calismalarina bakildiginda yine benzer
sonuglara ulasiimistir. Cheng, Rizhaupt ve Antonenko (2018) tim 6grenim dizeylerini kapsayacak sekilde
gerceklestirdikleri meta-analizde 15 calismanin bulgularindan yararlanarak, TYOM’iin etki biyikligind
g=0,205 olarak belirlemislerdir. Yine Jang ve Kim (2020) meta-analize dahil ettikleri calismalar icinde
uygulama alani matematik olan 13 ¢alismadan vyararlanarak, TYOM’iin yiiksekégretim matematik
dersindeki etkililik dizeyinin 0,13 oldugu sonucuna ulasmislardir. Wagner vd. (2020), 5-12 arasi sinif
diizeylerini dahil ettikleri meta-analizde, TYOM’iin matematik ile bilgi ve iletisim teknolojisi disiplin
alaninda etkililigini d=0,34 olarak bulmustur. Wagner vd. 'nin (2020) bu ¢alismasinda 6grencilerin
6grenim dlzeyleri mevcut calisma ile benzerlik gostermesine ragmen etki buyikliginde ortaya c¢ikan
fark, matematik ile bilgi ve iletisim teknolojilerinin birlikte kategorize edilmesi ve bu kapsamda sadece
11 ¢alismanin incelenmesi ile agiklanabilir.

Arastirmada ikinci alt problem dogrultusunda ters yliz 6grenme modelinin 6grencilerin matematik
basarisina etkisi tek grup Uzerinden tespit edilmistir. Bu amagla yapilan meta-analizde her bir ¢alismanin
etki biyikligine ve genel etki biyikligine (d=2,13) bakildiginda, TYOM’iin matematik basarisini
artirmada yiiksek diizeyde etkili oldugu gériilmistir. Beklenildigi gibi TYOM’iin matematik basarisi
tizerindeki etki biyikligi degeri (d=2,13), TYOM’iin geleneksel 6gretimle karsilastirildigi meta-analizde
ulasilan genel etki blytiklugl degerinden (d=0,51) cok daha yliksektir. Bu sonuca benzer olarak Wagner
vd.’nin (2020) calismasina gére de matematik ve bilgi ve iletisim teknolojileri disiplin alaninda TYOM
ogrencilerinin  basarilari Uzerinde yiksek dilizeyde etkili (d=1,05) iken geleneksel Ogretim ile
karsilastinldiginda etkililigi distk diizeydedir (d=0,34).

Yukarida deginilen meta-analiz calismalarindan farkl olarak mevcut ¢alismada, TYOM’iin matematik
basarisina olan etkisi daha yiksek cikmistir. Bunun nedeni olarak ilgili meta-analiz ¢alismalarinin
tamaminda daha az sayida g¢alismanin yer almasi ve bliyiik ¢cogunlugunda yiksekdgrenim diizeyinin de
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dahil edilmis olmasi gosterilebilir. Bu gorist destekler sekilde Algarni’nin (2018) 6grenim dizeyi ara
degiskenine gére yaptigl incelemede, lise diizeyinde uygulanan TYOM'iin etki blyikligl degeri 0,43,
yuksekogrenim diizeyinde etki buyuklGgl ise 0,30 olarak bulunmustur. Sonug olarak, bu ¢alisma diger
ilgili calismalardan farkli olarak TYOM'lin dogrudan ilkégretim ve ortadgretim matematik dersine etkisini
net ve glincel olarak ortaya koymustur.

Bu calismada ayrica TYOM'iin matematik basarisi tzerindeki etkililigini degistirebilecek olan ara
degiskenler de (yayin tird, calismalarin yapildigi yer, 6grenim diizeyi, 6rneklem biylklGgl, 6grenme
alani, uygulama siiresi) incelenmistir. Elde edilen bulgulara gére TYOM’in geleneksel &gretim ile
kargilastinldiginda basar Uzerindeki etki bUyUklGgl, yayin turi ve Orneklem bulylkligu ara
degiskenlerine gére anlaml diizeyde farkhlasmaktadir. Tek grup tizerinden TYOM’lin matematik basarisi
Uzerindeki etki buyukligu ise sadece 6érneklem biyukligline gore farklilasmaktadir. Asagida yayin turi
ve 6rneklem buyaklugi ile ilgili bu bulgulara iliskin tartismaya yer verilmistir.

Ara degisken olarak yayin tiiri ele alindiginda geleneksel &gretim ile TYOM’lUn karsilastirildigi
calismalarda, makale icin orta (d=0,57), bildiri i¢in glicli (d=1,79), yuksek lisans tezi (d=0,37) ve doktora
tezi (d=0,36) icin ise duslk diizeyde etki blayukligu degeri hesaplanmistir. Yapilan heterojenlik testine
gore, TYOM’iin geleneksel 6gretime kiyasla basari {izerindeki etkisi yayin tiirlerine gére farklihk
gostermektedir. Anlamli farkhhigin olasi nedenleri diistinildigtinde bildiri haricindeki ¢calismalarda elde
edilen degerlerin birbirine yakin oldugu, bildiriden elde edilen etki buyuklGglnin ise digerlerinden ¢ok
farkh oldugu gorilmektedir. Bu durum farkin bildiri ¢alismalarindan meydana gelmis olabilecegi
sonucunu gostermektedir. Elde edilen bu sonucu yorumlarken goz éniinde bulundurulmasi gereken
noktalardan biri de, en yiksek etki blylklGgi degerinin, meta-analizde en az sayida (n=3) ¢alismanin yer
aldigi bildiri yayin tirtine ait olmasidir. Tez ¢alismalarinda en diisuk etki blytkliklerinin belirlenmesi ise
yayin yanhhginin yayinlanmamis ¢alismalarda(tez) daha az olmasi ile agiklanabilir (Card, Stucky, Sawalani
& Little, 2008). Literatiirde TYOM’{in etki biyikligiiniin yayin tiir(i ara degiskenine gére incelendigi bir
¢alisma Orhan (2019) tarafindan gergeklestirilmistir. Turkiye’de yapilan galismalarin ele alindigi bu meta-
analize bildiri yayinlari dahil edilmemis ve sonug olarak, makale, yiiksek lisans ve doktora tezi olarak
gruplandirilan calismalarin etki blyukliginidn, mevcut ¢alismaya benzer sekilde birbirine yakin oldugu
belirlenmistir. Mevcut arastirmada TYOM'(in etkililiginin tek grup Uzerinden incelendigi meta-analize
gore ise yayin tlrine gore etki bliytkliginde anlamli farklilasma tespit edilememistir.

Geleneksel dgretim ile TYOM’iin karsilastirildigi calismalarin etkililik diizeylerinin anlamli farkhlik
gosterdigi bir diger ara degisken drneklem biyikligidir. Orneklem biyiikligiine gére gruplandirilan
¢alismalara bakildiginda etki biylklugunin, érneklem buylikligu 1-40 kisi arasinda olan g¢alismalarda
guclu duzeyde (d=1,01), 41-80 kisi arasinda olan galismalarda orta dizeyde (d=0,58) ve orneklem
blyuklGgi 81 ve lstiinde kisiden olusan ¢alismalarda ise zayif diizeyde (d=0,29) oldugu belirlenmistir. Bu
sonuca goére TYOM'lUn geleneksel 6gretimle karsilastirildiginda basari (izerindeki etkisi calismalarin
orneklem bayuklGgi arttikca anlamh dizeyde azalmaktadir. Ortaya c¢ikan sonuca benzer bir sonug
Karagol ve Esen (2018)’in calismasinda da gorilmis ve 6grenci sayisi arttikca basarinin da anlamh
diizeyde azaldig belirlenmistir. Bununla birlikte mevcut ¢alismada ulasilan bu sonug yorumlanirken goz
onitnde bulundurulmasi gereken hususlardan biri 6rneklem buyukliginden kastin deney ve kontrol
gruplarinda yer alan 6grencilerin tamami oldugu ve bazi galismalarda deney ve/veya kontrol gruplarinin
birden fazla sinif subesinden olustugudur. Yine c¢alismalarin biytk bir kisminin 41-80 o6rneklem
blyuklugl grubunda yer aldigi ve bunun disindaki diger iki gruba ait etki buyukliklerinin standart
hatalarinin yiiksek olmasi da bu sonucu yorumlarken dikkate alinmalidir.

Arastirmada TYOM’iin matematik basarisina etkisinin tek grup lzerinden yapilan calismalarda da
orneklem buyiklugine gore farklilastigl belirlenmistir. Ulasilan sonuglara gore drneklemi 1 ile 20 kisi
arasinda olan galismalarda etki blytklUgl degeri d=1,42 iken 21 ve Usti kisi sayisinda olan galismalarda
d=2,45'tir ve olusan bu farkliik anlamli diizeydedir. Bu sonuca gére TYOM’iin uygulandigi 6grencilerin
sayisi arttikca TYOM'(in etki biyukligi de anlamli diizeyde artmaktadir. Burada galismalarin rneklem
blyuklugl sadece deney grubu 6grencilerinden olustugu icin gruplama 1-20 kisi ve 21 ve Usti Kkisi
seklinde yapilmistir. Burada da dikkate alinmasi gereken durumlar tek grup lzerinden yapilan meta-
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analizde yer alan 16 ¢alismanin biyik bir cogunlugunun 21 ve Ustl grupta bulunmasi ve bu gruptaki
¢alismalarin ise ¢ok biylik bir kisminda 6grenci sayisinin 27’'nin altinda olmasidir. Grup biyikluklerinin
birbirlerinden yeterince ayrismamasi, karsilastirmali calismalarda 6rneklem buyuklGgu arttikga etki
blyuklGginlin azalacagl seklinde beklenen sonugtan farkh bir sonucun g¢ikmasinin nedeni olabilir.
Dolayisiyla orneklem buyukligi ara degiskeniyle ilgili olarak ulasilan bu farkli sonuglar daha
genellenebilir sonuglara ulasilabilmesi icin 6rneklem buyklGgliniin genis bir aralikta seyrettigi daha fazla
saylda ¢alismaya ihtiyag oldugunu gostermektedir.

Bu arastirmanin sonuglarina gére, TYOM ilkdgretim ve ortadgretim &grencilerinin matematik
basarilarinda oldukga etkili ve ayni zamanda geleneksel yaklasima kiyasla daha etkili bir egitim
yaklagimidir. Ayrica arastirmada ele alinan ara degiskenler dogrultusunda TYOM’iin matematik dersinde
her durumda etkili oldugu belirlenmistir. Ayni zamanda mevcut ¢alismada ulasilan sonuglarla literatiirde
yiksekdgretim diizeyini kapsayan meta-analiz calismalar karsilastirildiginda, TYOM’iin ilkdgretim ve
ortaégretim matematik egitiminde uygulanmasinin yiiksekdgretime gore daha olumlu sonuglar verdigi
anlasilmistir. Bu sonucun nedeni, Ozellikle kigik yastaki 6grenciler icin gerekli olan daha somut
deneyimlerin TYOM sayesinde 6grencilere sunulabilmesi ve teknoloji icerikli calismalarin kiigiik yastaki
dgrencilerin ilgisini daha fazla ¢ekebilmesi olabilir. Buna gére TYOM’{in sadece daha ileri sinif diizeylerine
uygun oldugu fikrinin dogru olmadigi egitimin ilk kademelerinden itibaren uygulanmasinin 6grencilerin
dgrenme ciktilari izerinde olumlu yansimalari olacagi ortadadir. Ozellikle icinde bulundugumuz Korona
virls salgini ddneminde tum sinif diizeylerinde mecburi uzaktan egitime gegildigi g6z 6niine alindiginda,
ogrencilere uzaktan egitim icin gerekli olan teknolojiye dayali egitsel kaynaklari etkin kullanabilme ve
dgrenmenin sorumlulugunu Ustlenebilme becerilerini kazandirabilecek olan TYOM’Un her vyas
grubundaki 6grencilere uygulanabilecek bir 6gretim yaklasimi oldugunun bilinmesi oldukga degerlidir.

Gelecekte Ogrencilerin salgin doneminde oldugu gibi zorunluluktan veya kendi tercihleri
dogrultusunda uzaktan egitim alma durumlarinda siirece hazir olabilmelerini saglamak adina birtakim
tedbirlerin alinmasi zorunludur. Bu tedbirlerden biri olarak salgin sonrasinda okullarin agiimasiyla
birlikte, 6grencilere ¢ok yonli egitim deneyimleri verebilmek ve her kosulda nitelikli egitim alabilmelerini
kolaylastirabilmek adina dersler TYOM’e dayali olarak yiritilebilir. Dolayisiyla TYOM’G uygulama
noktasinda 6gretmenlerin sorun yasamamasi icin ¢alismalar yiritilmesi 6nemlidir. Matematik dersi
kapsaminda yapilan literatiir incelenmesinde yurticindeki arastirma sayilarinin oldukga yetersiz oldugu
goérilmiistiir. Dolayisiyla tiim sinif diizeylerinde TYOM’(in bilissel 6grenmeler tizerindeki etkisi yani sira
tutum, motivasyon, kendi kendine 6grenme becerisi gibi birgok farkli degisken Uzerindeki etkisinin
incelenmesi literatiirde bu yonde var oldugu belirlenen boslugu azaltacaktir.
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