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Abstract: The Effect Of Flipped Classroom Model on Mathematical Ability: A Meta Analysis
Study. Objective: This study aims to determine the effect of the flipped classroom model on
mathematical ability. Methods: The study design was a meta-analysis by analyzing 70 effect sizes
from 44 primary studies that met the inclusion criteria. Findings: The combined effect size was (d =
0.73; p<0.01). Measure the effect based on education level (Qb =21.04; p <0.05), use of LMS (Qb
=5.91; p <0.05), sample size (Qb =9.83). ; p < 0.05), year of study (Qb = 34.85; p < 0.05), type of
publication (Qb = 7.08; p < 0.05), trial period (Qb = 46.60; p < 0.05), and region (Qb = 49.59; p <
0.05). Conclusion: The flipped classroom model has an effect on mathematical ability. The effect of
the flipped classroom model compared to traditional teaching on math skills differs according to the
educational level group, use of LMS, sample size, year of study, type of publication, time of experiment,
and region.

Keywords: mathematical ability, flipped classroom, meta analysis.

Abstrak: Pengaruh Model Flipped Classroom terhadap Kemampuan Matematika: Sebuah Studi
Meta Analisis. Tujuan: Penelitian ini bertujuan untuk mengetahui pengaruh model flipped classroom
terhadap kemampuan matematika. Metode: Desain penelitian adalah meta-analisis dengan
menganalisis 70 ukuran efek dari 44 studi primer yang memenuhi kriteria inklusi. Temuan: Ukuran
efek gabungan adalah (d = 0,73, p < 0,01). Ukurun efek berdasarkan tingkat pendidikan (Ob =
21,04; p < 0,05), penggunaan LMS (Qb = 5,91, p < 0,05), ukuran sampel (Qb = 9,83). ; p <0,05),
tahun studi (Qb = 34,85; p <0,05), jenis publikasi (Qb = 7,08, p <0,05), masa percobaan (Qb =
46,60; p <0,05), dan wilayah (Ob = 49,59; p < 0,05). Kesimpulan: Model flipped classroom
berpengaruh terhadap kemampuan matematika. Pengaruh model flipped classroom dibandingkan
dengan pengajaran tradisional terhadap keterampilan matematika berbeda menurut kelompok jenjang
pendidikan, penggunaan LMS, ukuran Sampel, tahun studi, jenis publikasi, waktu eksperimen, dan
wilayah.

Kata kunci: kemampuan matematika, flipped classroom, meta analisis.
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B INTRODUCTION

Mathematical skills have long been
recognized as essential, not only for academic
success but also for efficient functioning in
everyday life (Carey et al., 2017). By studying
mathematics, we practice accuracy, consistency
and mental discipline, which are important skills
needed for effective and responsible problem
solving and decision making in everyday life
(Brezavscek etal., 2020). However, mathematics
teaching currently places students as passive
subjects (Rajghatta, 2014), students passively
receive information from the teacher. This causes
students difficulty in understanding mathematics
subjects (Offer & Bos., 2009). Nowadays,
mathematics educators face one of the main
challenges to improve students’ performance in
mathematics (Tan & Tan., 2015).

With the rapid advances in educational
technology today, the teaching and learning
environment has begun to change and develop
(Karagol & Esen, 2020). Therefore, teaching in
schools is expected to be able to find new
approaches to develop and update the teaching
process. These approaches should focus on the
role of the learner and make it central to the
learning process. Every student can learn and
achieve alevel of proficiency if the teaching and
learning environment and teaching methods are
in accordance with their abilities and needs (Elian
& Hamaidi, 2018). In line with technology and
science, changing needs of learners, differentiation
in instructional design and evolving opportunities
form the basis for new teaching approaches to
be put into practice. Reverse learning is a new
alternative to traditional learning environments
(Limayanta et al., 2021; Abeysekera & Dawson,
2015; Altakhaeyneh, 2022; Kvashnina &
Martynk, 2016; Arnold-Garza, 2014; Bergmans
& Sams, 2012; Bishop & Vergler, 2013 ; Enfield,
2013).

The flipped classroom model utilizes
problem-based and active learning techniques

Jurnal Pendidikan Progresif, Vol. 12, No. 3, pp. 1201-1217, December 2022

and new technologies to engage students
(Arnold-Gaza, 2014). Flipped classrooms
offer students the opportunity to be more
independent in managing their learning, they
can explore materials such as videos, readings
or exercises at their own pace (Holton et al.,
2016). Teaching with the flipped classroom
approach requires students to make pre-class
preparations by watching videos, while class
time is used for discussion and problem
solving activities related to the topic (Pierce
& Fox, 2012; Tune et al., 2013). Pre-class
activities are expected to allow students to use
their study time independently to acquire
fundamental knowledge and skills. While
learning is in class (face to face), students are
expected to participate individually and
collaboratively, and receive individualized
support from the teacher (Brewer &
Movahedazarhouligh, 2018; Umam et al.,
2019; DePietro et al., 2020). Flipped
classroom requires class activities to be
student-centered, active learning, teachers not
only provide information, but make them
independent learners (Bergmann & Sams,
2012; Bergmann & Sams, 2014; Abeysekera
& Dawson, 2015). Activities used in the
flipped classroom model related to active
learning are considered to be derived from
constructivism (Bishop & Vergleher, 2013;
Arnold-Gaza, 2014; Abeysekera & Dawson,
2015).

Regarding math skills, the flipped classroom
approach was identified as being able to improve
math skills (Albawi, 2018; Anderson & Brennan,
2015; Casem, 2016; Cilli-Turner, 2015;
Peterson, 2016; Jarah & Diab; 2019; Li et al.,
2017; Lo & Hew, 2018; Maciejewski, 2015;
Makinde, 2020; Petrillo, 2015; Ramadhani,
2019; Schroeder, 2015 Sergis et al., 2017;
Wasserman et al., 2015; Wei etal., 2020; Zatalini
et., 2017; Zebidi, 2021; Zineddine, 2018).
While there are several other studies that say
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that there is no significant difference between

the flipped classroom and traditional

approaches (Overmyer, 2015; Clark, 2015;

Crowford, 2017; Dixon, 2017; Jackson, 2019;

Montgomery, 2015). Davies (2000) states that

a single experiment has certain situational

limitations such as time, sample and context,

so that may be the reason for this contradiction.

The results of different studies on the same

topic of course result in drawing conclusions

on research questions that can be subjective.

In this regard, meta-analytical studies can be

used to coherently and consistently combine

the findings of different research results on the
same topic in order to expand the sample and

obtain reliable results (Borenstei et al., 2009;

Hunter & Schmit, 2004; Juandi et al., 2009). al.,

2020; Retnawati et al., 2018).

A meta-analysis study that focuses on the
effect of using the flipped classroom on
mathematics learning has so far only been
conducted by Yakar (2021) in Turkey. However,
the meta-analysis studies carried out only focused
on the elementary school level. The study is also
tentative due to the limited inclusion criteria and
scope of the search. The studies analyzed are
more dominant in thesis research and studies
conducted in Turkey. This study extends and
complements previous research that focused on
determining the overall effect of the flipped
classroom on students’ mathematical abilities.
Therefore, the purpose of this study was to
determine the effect of the flipped classroom
approach on students’ mathematical abilities
compared to the traditional learning approach
using the meta-analysis method. , this study seeks
answers to the following questions:

RQI1: Is there any effect of the flipped
classroom model on students’
mathematical abilities?

RQ2: Does the effect of the flipped classroom
model on mathematical ability different

according to the level of education?
Does the effect of the flipped classroom
model on mathematical ability different
according to the use of LMS?
Does the effect of the flipped classroom
model on mathematical ability differ
according to sample size?

Does the effect of the flipped classroom
model on mathematical ability differ
according to the year of the study?
Does the effect of the flipped classroom
model on mathematical ability differ
according to the duration of the
experiment?

Does the effect of the flipped classroom
model on mathematical ability different
according to the type of publication?
Does the effect of the flipped classroom
model on math skills vary by national/
international?

RQ3:

RQ4:

RQ5:

RQ6:

RQ7:

RQ8:

HE METHODS
Participants

The population in this meta-analysis study
were all students who were involved in research
related to the effect of using flipped classroom
on students’ mathematical abilities published in
an online database. The sample in this meta-
analysis was 3645 participants who were
involved in studies that met the inclusion criteria.

Design and Procedures

In this study, the meta-analysis method
was used to review the results of research
examining the effect of the flipped classroom
model on students’ mathematical abilities. In
general, the procedures in the meta-analysis
are; determining inclusion criteria, study
tracing, data collection and variable coding,
statistical analysis (Borenstein et al., 2009;
Retnawati et al., 2018; Juandi & Tamur.,
2020).
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Inclusion criteria

In this meta-analysis, the determination
of inclusion criteria aims to facilitate the
search for studies at a later stage. All studies
collected in the initial search were then
examined and assessed using the inclusion
criteria defined for inclusion in the meta-
analysis and further evaluation. The inclusion
criteria established in this meta-analysis
included:

1. The year of publication ranges from 2015
t02022;

2. Studies can be in the form of doctoral theses,
master’s theses, undergraduate theses, and
articles published in national or
international journals;

3. Studies using experimental or quasi-
experimental research methods;

4. There s at least 1 experimental group with
the flipped classroom model and the
comparison group as the control group with
the traditional model,

5. The study must report the mean, standard
deviation and sample size of each

experimental group and control group; or
sample size and t-value; or sample size and
p-value; or sample size with F-value.

Data Collection and Coding

The stage of collecting relevant studies using
online databases such as Google Scholar, ERIC,
Elsevier, and others. The keywords used in the
literature search were “Effectiveness of the
Flipped Classroom” and “Mathematics” in both
Indonesian and English. Based on the specified
inclusion criteria, 70 effect sizes were obtained
from 44 primary studies. After getting an article
that is eligible (meets the inclusion criteria), then
identify the characteristics of the literature by
coding. The coding in this study was carried out
by two people (raters) so that subjective
errors could be avoided. The coding content
includes information; 1) Education Level,
2) Sample Size; 3 years; 4) use of LMS;
5) Type of Publication; 6) Time of experiment;
7) regions; 8) Frequency; and 9) Percentage.
Table 1 presents a summary of the coding
results.

Table 1. Studies included in the meta analysis

Educational Level Frequency Percentage
Primary School 4 5.71%
Junior High School 15 21.43%
Senior High School 17 24.29%
University 34 48.57%
Sample Size Frequncy Percentage
Big (> 30) 49 70.00%
Small (< 30) 21 30.00%
Research Year Frequncy Percentage
2015-2018 36 51.43%
2019-2022 34 48.57%
Use of LMS Frequncy Percentage
Yes 22 31.43%

No 48 68.57%
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Publication Type Frequncy Percentage
Journal 60 85.71%
Thesis 10 14.29%
Duration of Eksperiment Frequncy Percentage
1 month or less 28 40.00%
more than 1 month 42 60.00%
Region Frequncy Percentage
National 25 35.71%
International 45 64.29%
Data Analysis

The data analysis technique was carried out
with the help of JASP 0.16.1.0 software. The
meta-analysis scheme used in this article consists
of several steps, namely: (1) calculating the effect
size of each study; (2) heterogeneity test; (3)
Calculate the Combined effect size and analyze

the moderator variables; (4) Evaluation of
publication bias. (5) Analysis result report. The
effect size interpretation in this study uses the
classification proposed by Cohen et al (2018).
The effect size classification is presented in table
2 below:

Table 2. Categories of effect size groups using the cohen interpretation

Classification Interval

Ignored 0.00 < Effect Size <0.19
Small Effect 0.19 < Effect Size < 0.49
Medium Effect 0.49 < Effect Size < 0.79
Large Effect 0.79 < Effect Size < 1.29
Very Large Effect Effect Size > 1.29

The heterogeneity test in this study was
carried out using the Q parameter approach. If
the p-value <0.05, the estimation model that is
suitable for calculating the summary effect is the
random effects model. If the p value > 0.05, then
a fixed effect model estimate is used (Borenstein
et al., 2009; Retnawati et al., 2018; Juandi &
Tamur., 2020). Studies containing the statistics
required in the meta-analysis require a publication
bias test (Retnawati et al., 2018; Juandi & Tamur,
2020; Yunita et al., 2020; Martaputri etal., 2021;
Setiawan et al., 2022). The publication bias test
used the File-Safe N (FSN) approach. If the File-

Safe N value > (5K+10), where k is the number
of studies included in the meta-analysis, then this
study has no publication bias problem and can
be scientifically justified (Mulen et al., 2001).

B RESULTS AND DISCUSSION
Effect Size of Each Study

The first step in this meta-analysis was to
calculate the effect size of each study. The study
effect size was calculated with the help of JASP
0.16.1.0 software. Effect size values range from
-0.201 to 1.965. Table 3 provides a summary of
the effect size values, for each study.
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Table 3. Effect size of each study
Study Effect Size Study Effect Size
Albawi (2018) 1.965 Lo & Hew (2018) 0.720
Ambari (2021) 0.922 Maciejewski (2015) 0.389
Anderson & Brennan (2015) a 0.482 Makinde (2020) 0.920
Anderson & Brennan (2015) b 0.572 Mirlanda et al (2019) a 2.034
Anderson & Brennan (2015) ¢ 0.372 Mirlanda et al (2019) b 1.449
Andriani (2019) 0.022 Montgomery (2015) a 0.173
Ardiana et al (2020) 1.403 Montgomery (2015) b 0.308
Ario & Asra (2018) 1.714 Overmyer (2015) a 0.021
Arnawa & Setiawan (2021) a 0.523 Overmyer (2015) b 0.604
Arnawa & Setiawan (2021) b 0.452 Petrillo (2015) 0.406
Casem (2016) a 0.776 52‘3‘1"91;03“ & Walean 0.996
Casem (2016) b 0.834 Pratiwi (2021) 1.790
Cilli-Turner (2015) a 1.139 Ramadhani (2019) 0.108
Cilli-Turner (2015) b 0.873 Safitri (2022) 0.553
Daniel (2015) 0.732 Sappaile et al (2020) 0.923
Esperanza et al (2016) la 0.424 Saputra & Mujib (2018) 3.153
Esperanza et al (2016) 1b 0.079 Schroeder (2015) a 0.439
Esperanza et al (2016) 2a 0.100 Schroeder (2015) b 0.543
Esperanza et al (2016) 2b 0.067 Sergis et al (2017) 0.918
Etheridge (2016) 0.032 Spotts & Blumme (2020)a  1.106
Flick (2019) 0.050 Spotts & Blumme (2020) b  0.697
HSB (2021) 1.433 Utami (2017) 0.583
Jackson (2019) -0.201 Wasserman et al (2015) a 0.235
Jarah & Diab (2019) a 0.977 Wasserman et al (2015) b 0.206
Jarah & Diab (2019) b 0.971 Wei et al (2020) 1a 0.621
Jarah & Diab (2019) ¢ 0.908 Wei et al (2020) 2a 0.495
Jarah & Diab (2019) d 0.192 Wei et al (2020) 2b 1.529
Juniantari et al (2018) 1.198 Wei et al (2020) 2¢ 0.206
Khofifah et al (2021) 1a 1.435 William (2017) a 0.036
Khofifah et al (2021) 1b 0.658 William (2017) b 0.481
Khofifah et al (2021) 2a 1.409 William (2017) ¢ 0.509
Khofifah et al (2021) 2b 0.982 Yulietri et al (2015) 0.886
Kiptiyah et al (2021) a 0.818 Zatalini et (2017) 0.630
Kiptiyah et al (2021) b 0.795 Zebidi (2021) 3.466
Lietal (2017) 1.188 Zineddine (2018) 0.424
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Based on table 3 above, out of a total of
70 effect sizes, there are eleven effect sizes (n=
11 or 15.71%) classified as negligible effects,
eleven effect sizes (n=11 or 15.71%) classified
as small effects, fifteen effect sizes (n=15 or
21.43%) were classified as moderate effects,

20
15

10

Ignored Small Effect

eighteen effect sizes (n = 18 or 25.71%) were
classified as large effects, and fifteen effect
sizes (n = 15 or 21.43%) were classified as
very large effects. Figure 1 presents the number
of effect size classifications.

anllll

Medium Effect

Large effect VeryLarge Effect

Figure 1. Effect size classification

Heterogeneity Test

The second stage is to test for heterogeneity
and select the appropriate estimation model. The
heterogeneity test was conducted to determine
the model to be used in calculating the effect size

of the 70 studies to be analyzed. The
heterogeneity test in this study was carried out
using the Q parameter approach with degrees of
freedom (df =70-1 = 69). Table 4 presents the
results of the heterogeneity test.

Table 4. Summary of heterogeneity test

Q

Df p-value I’

Test of Residual Heterogeneity 363.99

81.04

69 <0.001

The results of the heterogeneity test (see
table 2) showed that (Q =363.99, p <0.001).
It can therefore be concluded that the variance
between the effect sizes used in this study is
heterogeneous. The value of I? being 81.04% also
indicates high heterogeneity. According to these
statistics, because the study was very
heterogeneous, a random effects model was used
in calculating the combined effect size. It is also
potential for analysis of moderator variables to
determine the contribution of each moderator
variable to the difference in variance between
effect sizes included in this meta-analysis.

Overall Effect Size and Analysis of
Moderator Variables

The third step is to calculate the combined
effect size and analyze the moderator variables.
The moderator variables identified in this study
are (level of education, sample size, skills
measured, years, use of LMS, type of publication,
time of experiment and region. Table 5 presents
a summary of the combined effect sizes using
random effects model estimation and analysis
of moderator variables.

The results of the analysis showed that
the overall effect size of the study was (d=
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Table 5. Results of combined effect sizes and analysis of moderator variables
Heterogeneity
Moderator variable K d P
Q Df Qw Qb P
Overall 70 0.73  <0.01 363.9 69
Educational Level
Primary school 4 0.27 0.260 6.40
Junior high school 15 0.96 <0.01 89.44 34295 21.04 0.000
Senior High School 17 0.73 <0.01 83.04
University 34 069 <0.01 164.07
Use of LMS
Yes 22 0.80 <0.01 101.32
No 48 071 <001 25676 39808 591 0015
Sample Size
Big (> 30) 49 0.68 <0.01 259.61
Small (< 30) 21 0.91 <0.01 94.55 ! 35416 9.83 0.001
Research Year
2015-2018 36 0.60 <0.01 180.22
2019-2022 34 088 <001 14892 | 329.14 3485 0.000
Publication Type
Journal 60 078 <0.01 324.28
Thesis 10 046 <001 32.63 ! 35691 7.08 0.007
Duration of Experiment
1 month or less 28 0.90 <0.01 119.84
more than 1 month 42 0.64 <0.01 197.55 ! 317.39 - 46.60 0.000
Region
National 25 1.04 <0.01 112.74
International 45 057 <001  201.66 31444959 0.000

Note. k = the number of studies; CI = Confidence Interval; Qw = Q within; Qb = Q between.

0.73; k="70). This effect size is in the medium
category. These results indicate that the overall
use of the flipped classroom model has a
moderate effect on mathematical ability when
compared to traditional learning. This finding
is in line with the results of a previous meta-
analysis conducted by Yakar (2021) which
revealed that the use of the flipped classroom
had a moderate effect on mathematics
achievement compared to traditional learning
(d=0.51; k=46). However, different results
were found by Algarni (2018) who conducted
a meta-analysis of studies in 2010-2017. The
results of his research revealed that learning
mathematics using a flipped classroom had

little effect when compared to traditional
learning (0.27; k= 34). This difference in results
becomes the basic idea for further research
involving more primary studies and more recent
years of study.

Based on the moderator variable of
education level, the results of the analysis reveal
that the effect of the flipped classroom model
compared to traditional teaching on mathematics
learning differs according to education level. Of
the four groups, the use of the flipped classroom
model was effective in the junior high school
group, high school group and university group.
While the elementary school group was not
proven significant. This reveals that the flipped
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classroom in mathematics learning is not
proven to be effective when compared to
traditional learning at the elementary school
level. This result is different from the meta-
analysis conducted by (Yakar, 2021; Karagol
& Esen, 2019) which revealed that the use of
the flipped classroom was effective on the
mathematics achievement of elementary school
students. However, the problem in this study
is that primary school groups are grouped in
grades 1 to 6, while the studies above do not
group elementary school groups in the same
way, this may result in different results. To
obtain consistent results, it is recommended
to conduct more primary studies and stricter
inclusion criteria, especially focusing on the
elementary school level.

Based on the moderating variable of LMS
use, the results of the analysis reveal that the eftect
of the flipped classroom model compared to
traditional teaching on mathematics learning differs
according to the group using the LMS. The use
of the flipped classroom model in learning
mathematics is more effective in the group that
uses the LMS than the group that does not use
the LMS. These results are in accordance with
the findings (Bradley, 2016; Chaney, 2016;
Crowley, 2018; Comfort, 2016; Day, 2017,
Osborne, 2020; Ozeda et al., 2017) which
revealed that the use of LMS resulted in greater
mathematics academic achievement than
conventional. Thus it can be said that in order to
achieve a higher level of effectiveness, flipped
classroom learning is recommended to use a small
sample size. Despite the differences, the two
groups confirmed that the use of the flipped
classroom model was effective compared to
traditional teaching.

Based on the sample size moderator
variable, the results of the analysis show that
the use of the flipped classroom model is more
effective in groups with small sample sizes

(d<30) than groups with large sample sizes
(d>30). In this study, the sample size was
grouped based on the experimental group.
These results indicate that the use of the flipped
classroom is more effective if it involves the
number of students below or equal to 30
compared to the number of students above 30.
This result is in line with the findings (Yakar,
2021; Karagon & Esen, 2019; Juandi et al.,
2021). Their findings show that small sample
sizes produce larger effect sizes. Thus it can
be said that in order to achieve a higher level
of effectiveness, flipped classroom learning
is recommended to use a small sample size.
Although this study reported that there were
significant differences based on the sample
size group, both groups proved to be effective
using the flipped classroom model compared
to traditional teaching.

Based on the moderator variable in the year
of research, it was found that the effectiveness of
the flipped classroom model compared to
traditional teaching in mathematics learning differs
according to the year of the study. The use of the
flipped classroom model was most effective in
the 2019-2022 group compared to 2015-2018.
We speculate that the use of the flipped
classroom was more effective in the current
research year perhaps because the flipped
classroom model has gone through a
development process from previous years, so the
results obtained will be better than the previous
year. Although there are significant differences in
this study, the two groups proved effective in using
the flipped classroom model compared to
traditional teaching.

Based on the moderator variable of
publication type, the results of the analysis reveal
that the effect of the flipped classroom model
compared to traditional teaching on
mathematics learning differs according to the
type of publication. The use of the flipped
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classrom model in learning mathematics is
more effectively reported by the journal group
than that reported by the thesis group. We
speculate that results reported in journals tend
to report only significant research results. This
result is also in line with the findings of Yakar
(2021) which revealed that the reported effect
sizes in the article group were significantly
different from the thesis group. However,
different results reported by Orhan (2019) and
Karagol & Esen (2019) in their meta-analysis
study showed that the effect sizes of the studies
grouped into articles and theses were not
significantly different. Although these findings
report different effect sizes by publication type
group, both groups confirm that the flipped
classroom model is more effective than
traditional teaching.

Based on the moderating variable for the
duration of the experiment, the results of the
analysis reveal that the effect of the flipped
classroom model compared to traditional teaching
on mathematics learning differs according to the
experimental duration group. The use of the
flipped classroom model was most effective in
the group with an experimental duration of less
than one month compared to the group with an
experimental duration of more than one month.
These results are in line with the findings of the
meta-analysis of Juandi et al. (2021) who found
that the duration of the experiment affected the
effect size. However, this result is different from
the findings (Yakar, 2021; Karagol & Esen; 2019;
Saygili & Cetin; 2021). Their findings show that
the effect of the flipped classroom model
compared to traditional teaching on mathematics
learning does not differ according to the
experimental duration group. Although this study
found significant differences, the two groups
proved effective in using the flipped classroom
model compared to traditional teaching.

Based on the measured region moderator
variable, it was found that the effectiveness of
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the flipped classroom model compared to
traditional teaching in mathematics learning
differs by region group. Of the two groups,
the use of the flipped classroom model was
most effective in the national region group
compared to the international region group.
This finding is in line with the results of a
meta-analysis conducted by Karagol & Esen
(2019) which also revealed that the effect of
using flipped classrooms compared to
traditional teaching differs between the
national (Turkey) and international levels.
Saygili & Cetin (2021) also found that the
effect size of using LMS versus traditional
learning differed between countries.
However, in contrast to the results of Yakar’s
(2021) analysis who also conducted a meta-
analysis study in Turkey, the results of the
analysis showed that there were no significant
differences between national and international
groups. Although there were significant
differences in this study, both groups were
proven to report that the use of the flipped
classroom model was more effective than
traditional teaching.

Evaluation of Publication Bias

The final step in the meta-analysis is to
detect publication bias. The evaluation of
publication bias was carried out to show that the
meta-analysis carried out was truly objective, in
the sense that the articles that were the material
for the meta-analysis were correct and showed
results that were in accordance with the reality in
the field. There are many methods that can be
used to analyze publication bias. In this study,
publication bias was evaluated using the File-Safe
N method. Table 6 presents the results of the
diagnosis of Fail-Safe N values.

The results of the FSN test are shown in
table 6. Because the value of k = 70 then 5k +
10 = 360. The Fail-Safe N value obtained is
(FSN = 16114) with target significance
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Table 6 . File-Safe N

File Drawer Analysis

K Fail-safe N

Target Significance

Observed Significance

Rosenthal 70 16114

0.05

<0.001

(0=0.05) and p <0.001. Since the FSN value
is > (5k + 10), this indicates that the meta-
analysis carried out has no problems of
publication bias and is scientifically justified
(Mullen et al., 2001; Borenstein et al., 2009;
Retnawati etal., 2018; Juandi & Tamur., 2020)

B CONCLUSIONS

The results of the analysis show that the
application of the flipped classroom model has
an effect on students’ mathematical abilities
compared to the application of the traditional
approach. Based on the analysis of moderator
variables, it is known that the effect of the flipped
classroom model on mathematical abilities differs
according to education level, use of LMS, sample
size, year of research, duration of experiment,
type of publication and national/international.

The findings of this meta-analysis show the
consistency of the publication of research results
on the effect of using the flipped classroom model
on students’ mathematical abilities. Apart from
the reported validation results, this study also has
limitations. This study only analyzed 70 effect
sizes. This study also only analyzes mathematical
abilities in general. Further research needs to
expand the research sample and analyze
mathematical abilities more specifically, for
example: critical thinking skills, mathematical
communication, and others. In addition, itis also
recommended to be more specific in reviewing
the analysis of moderator variables in this study
by involving more research so that research
findings become more accurate.
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