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Abstract
Numerous studies have been conducted to date on the effectiveness of the flipped classroom. However, the results of stud-
ies reporting on the model are generally inconsistent. The aim of this research was to evaluate the results of these primary 
studies in a comprehensive manner, and to obtain general results to document the effectiveness of flipped classroom, also 
expose the impact of various study characteristics on this effect. To this end, a meta-analysis of primary studies examining 
the impact of flipped classroom on academic achievement, learning retention and attitude towards course was conducted. 
177 studies for the academic achievement, 9 studies for the learning retention and 17 studies for the attitude towards course 
variables that meet the inclusion criteria were coded and analyzed. Additionally, moderator analyses were conducted for 8 
possible moderator variables. The results of the analysis indicated a moderate main effect size for the effectiveness of flipped 
classroom on academic achievement (g = 0.764) and learning retention (g = 0.601) also a modest main effect size on attitude 
towards course (g = 0.406). Through to this meta-analysis we have learned that in terms of academic achievement the flipped 
classroom phenomenon; (a) has been implemented more effectively in small classes, (b) has been applied most effectively 
in primary schools, (c) its effectiveness has decreased as the duration of implementation extends, (d) has been implemented 
effectively in almost all domain subjects, (e) also in terms of attitude towards course and learning retention it has been more 
effective than traditional lecture-based instruction.
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Introduction

Today’s learning paradigm argues that learning is actively 
structured by learners (Birenbaum, 2003). Learning takes 
place only when learners get out of the passive listener posi-
tion and become active participants (Hawtrey, 2007). In a 
related manner, many active learning methods have been 
developed by educators and researchers who are aware of 
this situation and also the search for alternative methods 
aiming to involve students in the learning process is still 

continuing (Findlay-Thompson & Mombourquette, 2014; 
Bhagat et al., 2016).

These days (i.e. during the information age), the devel-
opments in information and communication technologies 
and electronic devices have become an indispensable part 
of students’ life and the potential of technology to improve 
education have not been ignored. As a result, blended learn-
ing models that use technology to achieve learning goals 
have come to the forefront, among which flipped classroom 
is a recently developed model exclusively based on active 
learning (Mohanty & Parida, 2016; Mzoughi, 2015; Strayer, 
2012).

Flipped classroom is designed as an inverted instruc-
tional model since it reverses the lecture and the prac-
tice modules of a course (Lee et al., 2016). In this model, 
learners perform in-class routines such as listening to the 
lecture and observing the teacher outside the classroom 
and listen to and watch pre-prepared video lessons on their 
own by using technological devices such as computers or 
smart phones. In doing so, they use their in-class time for 
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active learning activities such as discussion, group work, 
peer instruction and problem solving (Bishop & Verleger, 
2013; Yestrebsky, 2016).

The implementation of the flipped classroom model 
brings about several benefits. For one thing, learners can 
watch videos as much as they want, at any time and place, 
which allows them to progress at their own pace and con-
trol the speed and time needed to learn the material. As 
such, with flipped classroom, learners can assume the 
ownership of their own learning (Bates et al., 2017; Ful-
ton, 2012; Mok, 2014). In the classroom, the model, by 
decreasing the time used for lecturing, maximizes the time 
used by the teacher for active-learning activities, thereby 
enhancing teacher-student interaction, student–student 
interaction, as well as collaboration. As a result of these, 
teachers can have more time to respond to students’ indi-
vidual demands and needs (Bergmann & Sams, 2012, 
2014; Sota, 2016). Taken together, these notions clearly 
indicate that flipped classroom provides better opportu-
nities for inclusive, differentiated, and personalized edu-
cation, thus leaving out traditional classroom practices 
(Spector, 2016).

Active-learning experiences are highly likely to show 
the rationale behind the subject being studied (de Caprariis 
et al., 2001), which thereby increases the level of learning 
by providing more information processing, better under-
standing and better retention (Beard & Wilson, 2005; Tay-
lor & MacKenney, 2008). Moreover properly applied stu-
dent-centered teaching will lead to more positive attitude 
towards course (Collins & O’Brien, 2003). Attitude is a 
psychological construct that is seen as an important pre-
dictor of individual behavior (Ajzen & Gilbert-Cote, 2008) 
and has cognitive, affective and behavioral factors (Toraman 
& Ulubey, 2016). Affective and cognitive factors play an 
important role in the learning process with their in-depth 
interaction (Di Martino & Zan, 2011). It is known that aca-
demic achievement is directly or indirectly related to many 
factors. When considered in this context, it can be thought 
that affective factors such as attitude may affect many fac-
tors, especially students’ desire and interest towards the 
course, which may affect students’ performance and thus 
their academic achievement (Kan & Akbaş, 2005). Students’ 
attitudes towards a course may make a difference between 
their success or failure in that course. For this reason, in 
many experimental studies, the effect of active learning on 
students’ academic achievement as well as their attitudes 
towards the course and learning retention was also investi-
gated. These effects have been demonstrated either by com-
prehensive meta-analyses investigating the effectiveness of 
active learning (Freeman et al., 2014; Tutal, 2019). Consid-
ering that active learning enhances academic achievement, 
provides greater learning retention and leads to more posi-
tive attitude towards course, flipped classroom, which is a 

recently developed model based on active learning, is likely 
to have similar effects.

The main purpose of flipped classroom is also to increase 
student achievement via active-learning activities (Zainud-
din & Halili, 2016) and this educational model is theorized 
to improve learner engagement and retention (Rose et al., 
2016). Nevertheless, the results of studies reporting on the 
effectiveness of the flipped classroom model are generally 
inconsistent. To illustrate, while many studies indicated that 
flipped classroom has a positive effect on the variables in 
question (Ceylan, 2015; Heyborne & Perrett, 2016; Özdemir, 
2016; Wiginton, 2013), some studies did not reveal a statisti-
cally significant difference (Dixon, 2017; Elakovich, 2018; 
Makinde & Yusuf, 2017; Perçin, 2019) and some others even 
reported on a negative effect (Akdeniz, 2019; Carlisle, 2018; 
Howell, 2013; Johnson & Renner, 2012). Accordingly, these 
contradictions indicate the need for meta-analyses present-
ing general conclusions on the effectiveness of the flipped 
classroom.

Review of literature

Despite being a relatively new model, flipped classroom 
has been a major concern among researchers. Tan et al. 
(2017) analyzed 29 studies in Chinese nursing education to 
examine learners’ academic performance both in knowledge 
and skills and found strong effect sizes for the effective-
ness of flipped classroom on knowledge (SMD = 1.13) and 
skills (SMD = 1.68). Hew and Lo (2018) analyzed 28 stud-
ies conducted in the realm of health professions education 
and found that the flipped classroom model had a modest 
effect on students’ academic achievement (SMD = 0.33). 
In addition, the authors also evaluated the effect of seven 
possible moderator variables on the results and determined 
that the quiz implementations performed prior to classroom 
activities significantly increased the effect size. In contrast, 
Gillette et al. (2018) conducted a meta-analysis to identify 
the influence of flipped classroom on pharmacy students’ 
educational outcomes by combining the results of five stud-
ies. The authors concluded that the model did not lead to 
a significant difference in students’ academic achievement. 
K. S. Chen et al. (2018) reviewed the results of 46 stud-
ies conducted in health sciences and some other disciplines 
at tertiary level and found a moderate effect (SMD = 0.47). 
Shi et al. (2019) conducted a meta-analysis to determine the 
effect of the model on college students’ cognitive learning 
outcomes and after combining the results of 33 multidisci-
plinary studies, the authors indicated a moderate main effect 
size (SMD = 0.53). In the same study, the moderator analyses 
indicated that only pedagogical approach was statistically 
significant among the seven potential moderator variables. 
Orhan (2019) analyzed 13 studies published in Turkey that 
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conducted in secondary and tertiary levels. The author indi-
cated a moderate main effect size (SMD = 0.74). Moderator 
analyses showed that the study result was not moderated by 
the education level, type of study and publication year. Mar-
tínez et al. (2019) meta-analyzed 12 studies that assessed the 
effect of flipped classroom on university students’ academic 
performance. In the study which moderator analyses was not 
performed, it was determined that the mean effect size value 
was strong (SMD = 2.29).

In addition to the studies abovementioned, several 
recently published meta-analyses evaluated studies con-
ducted in a wide range of disciplines and with students from 
different educational levels. In one of these, van Alten et al. 
(2019) analyzed 114 studies conducted at secondary and 
postsecondary levels to determine the effect of flipped class-
room on the assessed and perceived learning outcomes. The 
authors found modest effects on the assessed (SMD = 0.36) 
and perceived (SMD = 0.36) learning outcomes. Addition-
ally, their moderator analyses showed that higher effect size 
values could be achieved when the time allocated for face-to-
face training increased and when the quizzes were performed 
during treatments. Karagöl and Esen (2019) evaluated the 
results of 80 studies conducted at primary, high school and 
tertiary levels between 2012 and 2017. The result of the 
study indicated that flipped classroom had a moderate effect 
(SMD = 0.566) on students’ academic achievement. Moreo-
ver, it was also determined that the main effect size value 
was moderated by the sample size and by the geographi-
cal location where the studies were conducted, among the 
five different possible moderator variables. In their meta-
analysis, Cheng et al. (2019) combined the results of 55 
studies, the participants of which were graduates, K-12 and 
university students, published between 2000 and 2016. The 
authors found that the flipped classroom model had a weak 
effect (SMD = 0.193) on students’ learning outcomes. Their 
moderator analyses also showed that among the four pos-
sible moderator variables the effect sizes were moderated 
only by subject area and the largest effect size detected was 
in the Arts and Humanities. Låg and Sæle (2019) reviewed 
the results of 272 studies conducted at primary, secondary 
and tertiary levels, between 2010 and 2017. Their analy-
sis indicated that flipped classroom had a modest effect 
(SMD = 0.35) on student learning, a small effect on pass 
rates (odds ratio = 1.55), and a weak effect (SMD = 0.16) 
on student satisfaction. The overall effect on student learn-
ing moderated by disciplines significantly in favour of the 
Humanities. Also, in the analysis, it was concluded that 
the effects of education level, the test of preparation and 
social activity on learning outcomes were not statistically 
significant.

Some of the studies mentioned above are meta-analyses 
that were conducted in a certain discipline or at a certain 
level of education with relatively small samples. Such 

limitations impede the generalizability of the results of 
those studies. And extreme values that can be found among 
the effect sizes of individual studies may also distort the 
main effect size value and cause it to be estimated lower or 
higher than it is when meta-analyses are performed with a 
low number of studies. In addition, it is unlikely that reli-
able moderator analyzes can be performed, as there will not 
be enough studies in the subgroups of such meta-analyses. 
On the other hand, due to the inconsistent findings obtained 
from the meta-analyses published thus far, there appears to 
be a literature gap regarding the effectiveness of flipped class 
on academic achievement. Accordingly, there is need for 
meta-analyses evaluating the efficacy of flipped classroom 
on academic achievement from a wider perspective (K. S. 
Chen et al., 2018; Hughes & Lyons, 2017) also on learning 
retention and attitude towards course.

Purpose of the present study

In the present meta-analysis, we aimed to eliminate some of 
the limitations mentioned above by using a set of inclusion 
criteria and to evaluate the subject matter from a wider per-
spective. In order to broaden the scope of the meta-analysis, 
we included studies conducted at primary, secondary, and 
tertiary levels. Instead of focusing on a single domain, we 
included all the domains evaluated by the studies reached. 
The literature on flipped classroom is dominated by the stud-
ies published in English language. Additionally, we included 
the studies published in Turkish language, though few in 
number. However, we also included the studies published 
in 2018 and 2019 to perform an up-to-date meta-analysis. 
Besides, we included experimental and quasi-experimental 
studies that involved a concurred control group and imple-
mented group equivalence tests. By applying the limitations 
above, we aimed to increase the statistical power of the meta-
analysis, to enable more robust moderator analyses, and to 
evaluate the subject matter from a wider perspective, thus 
contributing to the scientific and practical results presented 
by previous meta-analyses. In order to better understand this 
relatively new model, although there are few studies in the 
literature, we also examined its effect on learning retention 
and attitude towards course, which can be considered closely 
related to academic achievement.

Accordingly, the primary aim of the present study was to 
review the results of experimental and quasi-experimental 
studies that examined the effect of flipped classroom on stu-
dents’ academic achievement, learning retention and attitude 
towards course by meta-analysis and to reveal the effect of 
various study characteristics on the results presented by 
previous studies. To this end, the following questions were 
addressed in the present study:
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(1) What is the effectiveness of flipped classroom versus 
traditional lecture-based instruction on students’ aca-
demic achievement?

(2) What factors moderate the effectiveness of flipped 
classroom (if any) on students’ academic achievement?

(3) What is the effectiveness of flipped classroom versus 
traditional lecture-based instruction on learning reten-
tion?

(4) What is the effectiveness of flipped classroom versus 
traditional lecture-based instruction on students’ atti-
tude towards course?

Method

Literature search

The first step in identifying the target experimental and 
quasi-experimental studies was performing a literature 
search in electronic databases (Table 1). The search was 
conducted three times in July 2017, June 2019 and Febru-
ary 2020.

Given that checking the reference lists leads to both 
reaching as many individual studies as possible and increas-
ing the validity of the meta-analysis (Brunton et al., 2012), 
in the second step we manually checked the reference lists 
of other meta-analyses and systematic reviews (k = 29) con-
ducted on flipped classroom, which yielded additional 1091 
studies. Eventually, the literature search yielded a total of 
4463 relevant studies. However, we excluded proceedings 
since most of them were not indexed in the databases and 
were not available in full text. The stages of the literature 
search and the number of studies examined at each phase are 
presented in the flow diagram below (Fig. 1).

Inclusion criteria and coding process

The following criteria were implemented for the primary 
studies to be included in the meta-analysis:

(1) Examining the effect of flipped classroom on students’ 
academic achievement, learning retention or attitude 
towards course

(2) Having an experimental or quasi-experimental design 
and a pretest-posttest control group design

(3) Theses, dissertations or articles published in peer-
reviewed journals

(4) Published in English or Turkish languages
(5) Published before 2020
(6) Containing sufficient statistical information (such as X, 

N, SD, t or p values) for the calculation of effect sizes
(7) Including participants at primary to tertiary levels
(8) Published in full text

Prior to the coding process, the first author excluded 
1606 duplicates. Subsequently, a total of 2129 other studies 
were eliminated since they were not experimental or quasi-
experimental, not published in English or Turkish, not a 
thesis, dissertation or article, not available in full text, their 
participants were not at elementary to tertiary levels, or did 
not address the purpose of the present study. As a result, the 
remaining 728 full-text studies were evaluated and coded by 
the first author and a second researcher who has a master’s 
degree in biology education (Table 2).

After the coding training in which the coders were pro-
vided detailed definitions, descriptions of codes, and practice 
coding, the coders coded sixteen different variables for each 
individual study. As per the inclusion criteria, they selected 
studies which contained sufficient statistical information for 

Table 1  Overview of literature 
search

*To reduce the number of irrelevant studies, we used several descriptors including “academic achieve-
ment”, “student achievement”, “achievement”, “student success”, “success” and “academic performance” 
in the ProQuest Dissertation and Theses database

Database Keywords searched Results

ERIC “flipped classroom”, “flipped learning”, “inverted 
classroom”, “inverted learning”, “flip classroom”, 
“flip learning”, “invert classroom”, “invert learning”

1096
Web of Science 1400
ProQuest Dissertation and Theses* 248
Yök Ulusal Tez Merkezi “ters yüz”, “ters düz”, “tersine eğitim”, “çevrilmiş 

öğrenme”, “flipped classroom”, “flipped learning”, 
“inverted classroom”, “inverted learning”

253
Ulakbim 71
Asos İndeks 7
Türk Eğitim İndeksi 22
Akademik Dizin 15
Araştırmax 25
Yök Akademik 123
Sobiad 112
Total 3372
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Fig. 1  PRISMA flow diagram 
for the literature search process. 
Some of the studies have 
reported multiple variables

Table 2  Rationales for including and excluding studies

Criterion Rationale for inclusion Rationale for exclusion Number 
of studies 
excluded

Research design Experimental or quasi-experimental with pretest-
posttest and control group

Non-experimental or without pretest or control 
group

1535

Statistical information Sufficient statistical information to calculate effect 
size

Insufficient statistical information 67

Language Published in English or Turkish Published in languages other than English or Turk-
ish

75

Publication type Thesis, dissertation or journal article Book chapters, reports, proceedings papers 627
Availability Full-text studies available on the internet or univer-

sity library systems
Title or abstract only 63

Variables Dependent variable: academic achievement, learning 
retention or attitudes towards course; independent 
variable: flipped classroom

Studies with different dependent or independent 
variables

274

Participants Elementary, middle school, high school or college 
students

Participants pre-school students, postgraduates or 
teachers

34
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the calculation of effect sizes and a pretest-posttest control 
design (Table 2).

It is possible for a study to report more than one effect 
size. The procedure followed by coders for studies with 
multiple effect sizes was as follows. In cases where a study 
reported multiple measurements (quizzes, midterm exams, 
post-test), the coders chose only the post-test if reported. 
However, if studies (k = 19) reported multiple post-test 
results (post-tests of interventions in different units or post-
tests whose results were not reported as total scores, reported 
based on different dimensions such as reading, writing, lis-
tening, and speech), each effect size was included separately. 
In studies (k = 3) using multiple independent samples (e.g., 
students from different disciplines, genders or achievement 
levels), each sample group’s effect size was included sepa-
rately. Similarly, each comparison’s estimated effect size 
was included separately for comparisons where there were 
multiple experimental groups versus a single control group 
(k = 6).

There are different ways of coding studies with multiple 
effect sizes in the literature. It can be done by selecting a ran-
dom one of the different effect sizes in a study or averaging 
these effect sizes. However, this way is not recommended, 
as it leads to loss of data and statistical power (Cheung, 
2014; Marín-Martínez & Sánchez-Meca, 1999; Scammacca 
et al., 2014). Also, because it combines conceptually differ-
ent outcome measures that may be statistically irrelevant 
(Littell et al., 2008). Another way is incorporating all effect 
sizes into the meta-analysis separately. But this situation 
also has some drawbacks. When this method is preferred, 
statistical dependence occurs between the estimated effect 
sizes and ignoring such dependencies may lead to biases or 
lack of efficiency in statistical inferences (Gleser & Olkin, 
2009). Nevertheless, if few studies have more than one effect 
size, then it may not be a problem to assume independence 
(Hedges, 2007). The researcher who chooses this way should 
additionally perform sensitivity analysis (Greenhouse & 
Iyengar, 2009). In the current review, the dependent effect 
sizes were included separately in the analysis in some cases. 
The reason for this is both to minimize data loss and the low 
number of studies (k = 25) in this situation, and the fact that 
it can avoid dependency with publication bias, sensitivity 
and outlier analyses performed.

In the last instance, the coding process resulted in the 
selection of 177 studies (234 effect sizes) for academic 
achievement, 9 studies (10 effect sizes) for learning reten-
tion and 17 studies (17 effect sizes) for attitude towards 
course (Appendix A). Inter-coder reliability was found to 
be 97% based on the formula proposed by Miles and Huber-
man (1994): Coder reliability = number of agreements/(total 
number of agreements + disagreements) × 100. Disagree-
ments noted by the coders in the coding period were dis-
cussed and resolved by consensus.

Model choice, heterogeneity test and moderator 
analysis

The issue of which model should be used while performing 
meta-analysis is considered very important and discussed. 
According to some researchers (Card, 2012; Cumming, 
2012; Dinçer, 2014; Lipsey & Wilson, 2001), the model 
selection is decided based on the results of the heteroge-
neity test. However, this approach is criticized and not 
accepted much today. Deciding on the model selection 
according to the results of the statistical tests is seen as an 
erroneous approach (Borenstein et al., 2009; Schroll et al., 
2011). Model selection in meta-analysis should be based 
on researchers’ beliefs about the nature of basic data (Roth-
stein et al., 2013). The most important issue in choosing 
the statistical model should be the nature of the result to be 
achieved, and the model should be determined according to 
the type of inference the researcher wants to make (Hedges 
& Vevea, 1998; Konstantopoulos & Hedges, 2009). Prior 
to the analysis, the researcher must make the decision on 
model selection according to the scope of the studies, the 
nature of the variables considered and the design used in the 
studies (Başol, 2016). The primary studies examined within 
the scope of the current meta-analysis differed in terms of 
settings, course types, measurement tools, experimental 
designs, participants’ grades and age groups. Moreover, the 
studies did not have the same universe parameters and thus 
were not homogeneous. Therefore, it was decided to estimate 
the main effect size using the random effects model prior to 
the analysis.

Heterogeneity is an assumption of the random effects 
model and the assessment of heterogeneity is a primary 
goal of meta-analysis since the presence of heterogeneity 
among the effect sizes of primary studies indicates the pres-
ence of moderator variables (Huedo-Medina et al., 2006). 
Accordingly, we conducted the heterogeneity analysis to 
assess heterogeneity between the effect sizes of the primary 
studies examined in the meta-analysis and to determine the 
possible moderator variables that could affect the results of 
the research in case of heterogeneity (Table 3).

The analysis of the values of Q, I2 and p statistics indi-
cated heterogeneity between the effect sizes of the studies 
and also indicated the presence of possible moderator varia-
bles. In this meta-analysis, several study characteristics were 
predicted to be possible moderator variables for academic 

Table 3  Findings of heterogeneity analyses

df Q X2 p I2

Academic achievement 233 1923.09 277.138 0.000 87.88
Learning retention 9 16.739 16.919 0.053 46.235
Attitude towards course 16 21.163 26.296 0.172 24.39
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achievement including (a) publication status, (b) domain of 
subject, (c) educational level, (d) duration of experiment, (e) 
implementer, (f) research design, (g) published domestically 
vs. abroad and (h) sample size (total number of students 
in the experiment and control group). On the other hand, 
Borenstein et al. (2009) and Hedges and Olkin (1985) sug-
gest that each sub-group should include at least ten studies to 
get robust results from moderator analyses. Hence modera-
tor analyses could not be performed for learning retention 
and attitude towards course variables because the test results 
showed low heterogeneity and the small number of primary 
studies testing the impact of the model on them.

Outliers, publication bias and sensitivity analysis

There is a possibility of outliers in the data sets of meta-
analyses as well as in primary studies (Arthur et al., 2001). 
To detect outliers, we weighted the effect sizes of individual 
studies with the inverse of the variance and then ordered 
them linearly. Subsequently, we defined the effect sizes with 
a difference between two consecutive weighted effect sizes 
equal to or greater than the standard deviation (SD) of the 
distribution as outliers (see McLeod & Weisz, 2004; Hittner 
& Swickert, 2006; Swanson et al., 2009).

In some cases, researchers may not choose to publish 
studies without statistically significant results (Becker, 
2005). Even if they wish to publish, journals usually are 
unlikely to accept studies with negative or unexpected 
results (Bronson & Davis, 2012). Clearly, this means that 
the results of published and unpublished research can be 
systematically different (Clarke, 2007). In such cases, sys-
tematic reviews will tend to take a sample of positive studies 
that will include publication bias, i.e. an inflated estimate of 
application or method impact (Torgerson, 2003). Publica-
tion bias can affect any kind of research synthesis. However, 
there are some methods that enable the determination of 
publication bias in the context of meta-analysis (Brunton 
et al., 2012). In the present meta-analysis, we used the funnel 
plot to investigate publication bias visually. Then, we tested 
publication bias by using the classic fail-safe N (Rosenthal, 
1979), Orwin’s fail-safe N (Orwin, 1983), the trim-and-fill 
method (Duval & Tweedie, 2000a, b), and the weight-func-
tion model (Vevea & Hedges, 1995), which is recommended 
because it gives better results in studies with large samples 
(Vevea & Woods, 2005).

A number of decisions are taken that are likely to affect 
the conclusions in research syntheses, such as meta-analy-
sis (Greenhouse & Iyengar, 2009). In such cases, sensitiv-
ity analyses are used to evaluate the robustness of com-
bined estimates to different assumptions (Hanji, 2017). 
In the present review, we decided to include dependent 
effect sizes separately in the analysis in order to reduce 
data and statistical power loss. To see how this decision 

affects the result, we conducted a sensitivity analysis by 
comparing the overall effect size obtained by analyzing 
multiple effect sizes separately and the overall effect size 
obtained by combining multiple effect sizes.

Effect size estimation

The effect size estimation included four steps suggested 
by Borenstein et al. (2009). (1) effect size of each study 
was computed, (2) the effect sizes of all studies was inte-
grated to estimate the mean effect sizes by Hedges’s g, (3) 
the confidence interval (CI) for the overall mean effect 
size was calculated by the random effects model, (4) 
whether the effect size influenced by moderator variables 
was examined through the Qb value. The effect sizes were 
estimated via Comprehensive Meta-analysis software. To 
estimate the effect sizes, we used the standardized mean 
difference index developed by Hedges (1982):

where M1 represents the mean score of the experiment 
group, M2 represents the mean score of the control group, 
and SDpooled represents the weighted average of the SD value 
of the groups. Using this formula, we subtracted the post-
test mean of the control group from the post-test mean of 
the flipped classroom intervention group and divided the 
difference by their pooled SD. When no SD emerged, we 
used the p values of independent groups (k = 11). Accord-
ingly, positive effect sizes indicated that the students in the 
experimental group had more positive outcomes than the 
students in the control group.

Results

Results for academic achievement

A total of 177 individual studies were included in the 
meta-analysis to determine the effect of the flipped class-
room on the academic achievement of the students. In 
these individual studies, there were 234 separate effect 
sizes and 17,807 participants. The studies were pub-
lished between 2012 and 2019 and, as seen in Table 4, 
were mostly published as journal articles (61.1%), were 
conducted in the domain of languages (27%), focused on 
tertiary education (63.6%), involved an experimental dura-
tion of 5–8 weeks (27.5%), were implemented by course 
instructors (56.1%), had a quasi-experimental design 
(87.9%), were conducted abroad (65.3%), and had 50–100 
participants (44.4%).

(1)Hedges = M1 −M2

/

SDpooled,
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Overall effect size

In the research, the sample sizes, means, mean differences, 
SDs, and p values of the experimental and control groups 

were used to estimate the effect sizes. Statistical significance 
level of the studies was accepted as p = 0.05. Information 
about individual studies included in the meta-analysis 
related to academic achievement is presented in Table S1, 

Table 4  Categories and effect 
sizes based on moderator 
variables

Random effects model, *p < 0.05
a One study was not specified and thus was extracted from the analysis
b Twenty seven studies were not specified and thus were extracted from the analysis
c Forty seven studies were not specified and thus were extracted from the analysis
d Nineteen studies were not specified and thus were extracted from the analysis

Moderator k Effect size (g) 95% CI Qb p

Lower L Upper L

Publication type 234 0.566 0.754
 Master thesis 52 0.832 0.634 1.030
 Doctoral dissertation 39 0.738 0.514 0.961
 Article 143 0.749 0.634 0.864

Domain subject 233a 25.382 0.001*
 Science 40 0.680 0.471 0.889
 Mathematics 38 0.524 0.310 0.738
 Social sciences 21 0.712 0.420 1.005
 Educational sciences 18 0.840 0.518 1.162
 Computer and information technology 26 0.724 0.466 0.983
 Language 63 0.952 0.778 1.127
 Health-care programs 12 0.970 0.589 1.350
 Engineering 9 0.196 − 0.229 0.622
 Physical education 6 1.471 0.951 1.992

Educational level 234 8.914 0.030*
 Elementary school 11 1.162 0.739 1.585
 Middle school 41 0.671 0.454 0.887
 High school 33 1.020 0.768 1.272
 Tertiary 149 0.711 0.598 0.824

Experimental duration 207b 14.793 0.005*
 1–4 weeks 44 0.908 0.696 1.120
 5–8 weeks 57 0.995 0.807 1.184
 9–12 weeks 34 0.783 0.549 1.018
 13–16 weeks 55 0.582 0.395 0.768
  ≥ 16 weeks 17 0.434 0.095 0.772

Implementer 187c 1.491 0.474
 Researcher 72 0.778 0.623 0.932
 Course instructor 105 0.663 0.537 0.788
 Both 10 0.605 0.175 1.035

Research design 215d 0.004 0.950
 Experimental 26 0.776 0.506 1.046
 Quasi-experimental 189 0.767 0.665 0.869

Published domestically/abroad 234 16.096 0.000*
 Turkey 81 1.021 0.866 1.175
 Abroad 153 0.635 0.527 0.743

Sample size 234 17.002 0.000*
  < 50 85 1.008 0.853 1.162
  ≥ 50. < 100 104 0.701 0.570 0.832
  ≥ 100 45 0.515 0.325 0.706
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and the forest plot is presented in Figure S1. The small-
est effect size value was − 2.314 and the largest effect size 
value was 10.483, whereby 24 of the 234 effect size values 
included in the meta-analysis were negative and 210 were 
positive. According to the classification proposed by Cohen 
et al. (2007), 25 of the positive studies had a weak, 43 of 
them had a modest, 74 of them had a moderate, and 68 of 
them had a strong effect.

It is commonly known that excessively small or large 
effect sizes of primary studies may distort the results of the 
research by creating an extreme effect on the main effect 
size of the meta-analysis. Therefore, prior to the estimation 
of the main effect size, the effect size values in the present 
study were examined to investigate the presence of outliers 
among the effect sizes. The 234 effect size values analyzed 
in the meta-analysis were initially weighted with the inverse 
of their variance and then the weighted effect size values 
were ordered linearly (Table S2). Subsequently, the SD of 
the distribution was calculated as SD = 1.522. The difference 
between the weighted effect sizes in the first (Howell, 2013) 
and second (Kennedy et al., 2015) order of the distribution 
was found to be greater than the SD of the distribution. 
Therefore, the effect size of Howell (2013) was defined as 
outlier and was winsorized to the preceding effect size (Ken-
nedy et al., 2015) in the distribution. After winsorizing the 
outlier, the effect size value of Howell (2013) increased from 
− 2.314 to − 1.116. The differences between the weighted 
effect sizes fell below the new SD (1.518) of the distribu-
tion and further analysis was performed by using winsorized 
effect size.

At the end of the analysis, the main effect size value was 
estimated as 0.764 with a standard error of 0.046 under the 
random effects model (p = 0.000). At a 95% CI, the lower 
limit of the main effect size was 0.674 and the upper limit 
was 0.855. Accordingly, this result could be accepted as 
statistically significant. The positive mean effect size value 
(g = 0.764) indicated that the effect of the process was in 
favor of the experimental group, implicating that flipped 
classroom is more effective on students’ academic achieve-
ment than the traditional lecture-based instruction. However, 
this effect was found to be moderate according to the clas-
sification proposed by Cohen et al. (2007).

In the next step, sensitivity analysis was performed to 
determine whether the estimated overall effect size would 
differ substantially if combined effect sizes were included 
from the same samples. For this, a single combined effect 
size value was estimated for each of the 25 studies with mul-
tiple effect size values. 182 independent effect sizes were 
combined using the random-effects model, and a different 
overall effect size value was estimated. It was observed that 
the difference between the overall effect size (g = 0.764) 
estimated by combining 234 effect sizes in the first case and 
the overall effect size (g = 0.749) estimated by combining 

182 effect sizes in the second case was found to be trivial 
(Table S3).

Evaluation of publication bias

To determine whether the estimated overall effect size value 
was affected by publication bias, we initially conducted a 
comparison between published and unpublished studies 
based on the recommendations of Banks et al. (2012). The 
result of the comparison indicated that there was no sig-
nificant difference between the effect sizes of published 
(g = 0.747) and unpublished (g = 0.795) studies (p = 0.617). 
Subsequently, we conducted a visual inspection based on 
funnel plot. When the funnel plot was examined, it was seen 
that most of the effect sizes have low standard error and were 
close to the main effect size, and as a result, they accumu-
lated at the top of the funnel. It was not possible to determine 
whether the effect sizes were symmetrically distributed or 
not, that is, whether the main effect size value was affected 
by publication bias according to visual inspection of the 
funnel plot’s current version (Figure S2.). Therefore, the 
other statistical methods used in determining publication 
bias were applied. However, the result of classic fail-safe N 
(Rosenthal, 1979) showed that to make the p value (0.000) 
non-significant, a minimum number of 102,532 additional 
studies showing a null effect of flipped classroom on stu-
dents’ academic achievement should be added to the analysis 
(Table S4). The number of additional studies resulting from 
this calculation exceeded the “5k + 10” limit (Rosenthal, 
1979). As shown in Table S5, the result of Orwin’s fail-safe 
N (Orwin, 1983) suggested that approximately 134,896 stud-
ies with null results were needed to bring the overall effect 
size to a trivial level (g = 0.001). The fact that 134,896 stud-
ies with an impact size of 0 were unlikely to be included in 
the present study, which included 234 studies only, is an 
indication that the analysis results were not affected by pub-
lication bias. The result of the trim-and-fill method (Duval 
& Tweedie, 2000a, 2000b) revealed that the observed and 
adjusted effect size values were the same and thus no stud-
ies needed to be trimmed (Table S6). Moreover, since the 
number of effect sizes analyzed for academic achievement in 
the review is quite high, the weight function model (Vevea & 
Hedges, 1995), which is a more sophisticated technique used 
to determine publication bias in meta-analyses with large 
samples, was used. The results obtained from the analysis 
(Table S7) showed that the adjusted and unadjusted likeli-
hood estimates (106.4 and 106.5, respectively) were quite 
similar and the difference between them was not statisti-
cally significant (p = 0.684). When the results of comparison 
between published and unpublished studies, the classic fail-
safe N, Orwin’s fail-safe N, trim-and-fill, and weight func-
tion model are evaluated together, it is possible to say that 
the current meta-analysis is not affected by publication bias.
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Moderator analyses

As it seen in Table 3, the heterogeneity value of the studies 
related with academic achievement included in the meta-
analysis was Q = 1923.09. The critical value at 95% signifi-
cance level of 233 degrees of freedom was X2 = 277.138. 
The Q value exceeded the critical value of the chi-square 
distribution and thus revealed heterogeneity among the stud-
ies (p < 0.001). Based on these assumptions, we conducted 
several moderator analyses under the random effects model 
to offer possible explications to the significant heterogeneity 
detected in the analysis (Table 4).

The findings of moderator analysis indicated that the 
effect sizes of master theses (g = 0.832), doctoral disserta-
tions (g = 0.738), and articles (g = 0.749) were close to each 
other and all three of them had a moderate effect. Moreo-
ver, the between-groups heterogeneity statistics (Qb = 0.566) 
showed no significant difference between groups with regard 
to publication type (p > 0.05).

When the effect sizes of the studies were compared with 
regard to the domain subjects, flipped classroom had a 
strong effect in the studies conducted on physical educa-
tion (g = 1.471), a moderate effect in studies conducted on 
health-care programs (g = 0.970), languages (g = 0.952), 
educational sciences (g = 0.840), computer and informa-
tion technology (g = 0.724), social sciences (g = 0.712), and 
mathematics (g = 0.524), and a weak effect in studies con-
ducted on engineering (g = 0.196). Otherwise the difference 
between the effect sizes of the domain subject groups was 
statistically significant (Qb = 25.382, p < 0.05).

The between-group heterogeneity statistics also showed 
statistical significance for educational level (Qb = 8.914, 
p < 0.05). While middle school (g = 0.671) and tertiary edu-
cation (g = 0.711) had moderate effect sizes, elementary 
school education (g = 1.162) and high school (g = 1.020) 
had strong effect sizes.

Another point of comparison examined by moderator 
analysis was experimental duration. The results indicated 
that studies with an experimental duration of 1–4 weeks 
(g = 0.908), 5–8 weeks (g = 0.995), 9–12 weeks (g = 0.783) 
and 13–16 weeks (g = 0.582) had a moderate effect size, 
whereas the studies with an experimental duration of over 
16 weeks (g = 0.434) had a modest effect size. This finding 
implicates that the effect of flipped classroom on academic 
achievement gradually decreases in programs longer than 
8 weeks and decreases to the lowest level when the experi-
mental duration exceeds 16 weeks. Heterogeneity analysis 
also indicated a significant difference among studies with 
regard to experimental duration (Qb = 14.793, p < 0.05).

The findings given in Table 4 indicated that the studies 
in which the intervention was implemented by researchers 
(g = 0.778), course instructors (g = 0.663) and researchers 
and course instructors together (g = 0.605) had a moderate 

effect size. However, the heterogeneity value among the 
groups was statistically insignificant (Qb = 1.491, p > 0.05).

When the effect sizes of the studies were compared with 
regard to research design, flipped classroom had a moderate 
effect both in experimental (g = 0.776) and quasi-experimen-
tal (g = 0.767) studies and a significant difference was not 
found between the two types (Qb = 0.004, p > 0.05).

The moderator analysis of regional differences revealed a 
strong effect for the studies conducted in Turkey (g = 1.021) 
and a moderate effect for the studies conducted abroad 
(g = 0.635). The results of heterogeneity analysis indicated 
that the difference between the effect sizes of both groups 
was statistically significant (Qb = 16.096, p < 0.05).

Another moderator that emerged as a possible explanation 
to heterogeneity was sample size (total number of students 
in the experiment and control group). While the studies with 
fewer than 50 participants (g = 1.008) had a strong effect, 
the studies with 50–100 participants (g = 0.701) and with 
more than 100 participants (g = 0.515) had a moderate effect. 
Moreover, the heterogeneity value among the groups was 
statistically significant (Qb = 17.002, p < 0.05).

Results for learning retention

A total of nine individual studies were included in the meta-
analysis to determine the effectiveness of the model on the 
learning retention. In these individual studies, there were 10 
separate effect sizes and 716 participants.

Overall effect size

Information on individual studies included in the meta-anal-
ysis regarding learning retention is presented in Table S8 
and the forest plot is illustrated in Figure S3. The smallest 
effect size value was − 0.252 and the largest effect size value 
was 1.126, whereby 1 of the 10 effect size values included 
in the meta-analysis was negative and nine were positive. 
According to the classification of Cohen et al. (2007), seven 
of the positive studies had a moderate and two of them had 
a strong effect.

Prior to the estimation of the main effect size, the indi-
vidual effect size values were examined for outliers. The 
ten effect size values analyzed in the meta-analysis were 
initially weighted with the inverse of their variance and 
then the weighted effect size values were ordered linearly 
(Table S9). After that, the SD of the distribution was calcu-
lated as SD = 3.576. The difference between the weighted 
effect sizes in the first (Akdeniz, 2019; Koç-Deniz, 2019) 
and last two (Ceylan, 2015; Makinde & Yusuf, 2017) order 
of the distribution were found to be greater than the SD of 
the distribution. Therefore, the effect size of Akdeniz (2019) 
and Makinde and Yusuf (2017) were defined as outliers and 
were winsorized to the preceding effect sizes (Ceylan, 2015; 
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Koç-Deniz, 2019, respectively) in the distribution. After 
winsorizing the outliers, the effect size value of Akdeniz 
(2019) increased from − 0.252 to 0.422 and Makinde and 
Yusuf (2017) decreased from 0.908 to 0.355. The differences 
between the weighted effect sizes fell below the new SD 
(3.23) of the distribution and further analysis was performed 
by using winsorized effect sizes.

The main effect size value was estimated as 0.601 with 
a standard error of 0.085 under the random effects model 
(p = 0.000). At a 95% CI, the lower limit of the main effect 
size was 0.436 and the upper limit was 0.767. Consequently, 
this result could be accepted as statistically significant. The 
positive mean effect size value (g = 0.601) indicated that the 
effect of the implication was in favor of the experimental 
group, implicating that flipped classroom is more effec-
tive on learning retention than the traditional lecture-based 
instruction. However, this effect was found to be moderate 
according to the classification of Cohen et al. (2007).

One of the nine individual studies that were brought 
together for learning retention had two effect sizes and 
we included these effect sizes separately in the analysis. 
However, we conducted a sensitivity analysis to determine 
whether combining these effect sizes would cause a sub-
stantial difference in the overall effect size. According to the 
sensitivity analysis findings, there was a trivial difference 
between the overall effect size (g = 0.601) obtained from the 
combination of ten effect sizes and the overall effect size 
(g = 0.616) obtained from the combination of nine effect 
sizes (Table S10).

Evaluation of publication bias

To determine whether the estimated overall effect size value 
was affected by publication bias, we initially compared the 
summary effect sizes of published and unpublished stud-
ies. The result showed that there was no significant dif-
ference between the effect sizes of published (g = 0.438) 
and unpublished (g = 0.736) studies (p = 0.05). Then we 
conducted a visual inspection based on funnel plot (Figure 
S4). When the funnel plot was examined, it was observed 
that the effect sizes of the studies did not show an exces-
sive asymmetry. However, other statistical methods were 
used to determine publication bias to make a more objec-
tive evaluation than visual inspection. The result of classic 
fail-safe N (Rosenthal, 1979) showed that in order to make 
the p value (0.000) non-significant, a minimum number of 
154 additional studies showing a null effect of flipped class-
room on learning retention should be added to the analysis 
(Table S11). The number of additional studies resulting from 
this calculation exceeded the “5k + 10” limit (Rosenthal, 
1979). As shown in Table S12, the result of Orwin’s fail-
safe N (Orwin, 1983) indicated that almost 5722 studies with 
null results were needed to bring the overall effect size to a 

insignificant level (g = 0.001). Essentially 5722 studies with 
an impact size of zero were improbable to be included in the 
present study, which included ten studies only, is an indica-
tion that the analysis results were not affected by publication 
bias. Moreover, the result of the trim-and-fill method (Duval 
& Tweedie, 2000a, 2000b) revealed that the observed and 
adjusted effect size values were the same and therefore no 
studies needed to be trimmed (Table S13). When results of 
all the analyses are evaluated together, it is possible to say 
that the current meta-analysis is not affected by publication 
bias.

Results for attitude towards course

A total of 17 primary studies, which have 17 discrete effect 
sizes and 1345 participants, were included in the meta-
analysis to determine the effectiveness of the model on the 
attitude towards course. In these primary studies, attitude 
scales were used to measure students’ attitudes towards the 
course. In the aforementioned Likert-type scales, there are 
items that contain attitude expressions such as; “I like Eng-
lish; Physics lessons are boring for me; It is not interesting 
for me to try solving mathematics problems; I enjoy learning 
how to use chemistry in daily life”. The scales were applied 
as a pre-test before the intervention, including the flipped 
classroom model and as a post-test after the intervention to 
the students who were the study participants. By comparing 
the post-test average scores of the experimental and control 
group students, it has been tried to determine to what extent 
the flipped classroom model changes the students’ attitudes 
towards the course.

Overall effect size

Information about individual studies included in the meta-
analysis related to attitude towards course is presented in 
Table S14, and the forest plot is illustrated in Figure S5. 
The effect sizes ranged between 0.016 and 1.035, whereby 
all of the effect size values included in the meta-analysis 
were positive. According to the classification of Cohen et al. 
(2007), five of the positive studies had a weak, six of them 
had a modest, five of them had a moderate and one of them 
had a strong effect.

Prior to the estimation of the main effect size, the indi-
vidual effect size values were examined for outliers. As a 
result of the outlier analysis, all of the differences between 
the weighted effect sizes were found to be lower than the SD 
(3.35) of the distribution (Table S15). After realizing that no 
effect size was outlier further analysis was performed using 
effect sizes without winsorizing.

As a result of the analysis, the main effect size value was 
determined as 0.406 with a standard error of 0.068 by ran-
dom effects model (p = 0.000). At a 95% CI, the lower limit 
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of the main effect size was 0.274 and the upper limit was 
0.538. The result was statistically significant and indicated 
that the effect of the treatment was in favor of the experimen-
tal group, implicating that flipped classroom is more effec-
tive on attitude towards course than the traditional lecture-
based instruction. Nonetheless, this effect was found to be 
modest according to the classification of Cohen et al. (2007).

Evaluation of publication bias

To determine whether the estimated overall effect size value 
was affected by publication bias, firstly we compared the 
summary effect sizes of published and unpublished stud-
ies. The result of the comparison showed that there was no 
significant difference between the effect sizes of published 
(g = 0.425) and unpublished (g = 0.399) studies (p = 0.858). 
Next, we conducted a visual inspection based on funnel plot 
(Figure S6). When the funnel plot was examined, it was 
observed that the effect sizes of the studies did not show an 
excessive asymmetry. However, for make a more objective 
evaluation the other statistical methods used. The result of 
classic fail-safe N (Rosenthal, 1979) indicated that in order 
to make the p value (0.000) insignificant, a minimum num-
ber of 205 additional studies showing a null effect of flipped 
classroom on attitude towards course should be added to 
the analysis (Table S16). The number of additional studies 
resulting from this estimation were more than the “5k + 10” 
limit (Rosenthal, 1979). As shown in Table S17, the result of 
Orwin’s fail-safe N (Orwin, 1983) indicated that almost 6550 
studies with null results were needed to bring the main effect 
size to a trivial level (g = 0.001). In fact 5722 studies with 
an impact size of zero were unlikely to be included in the 
present study, which included 17 studies only, is an indica-
tion that the analysis results were not affected by publication 
bias. Besides, the result of the trim-and-fill method (Duval 
& Tweedie, 2000a, 2000b) revealed that the observed and 
adjusted effect size values were the same and thus no studies 
needed to be trimmed (Table S18).

When results of all the analyses are evaluated together, 
it is conceivable to say that the current meta-analysis is not 
affected by publication bias.

Discussion

The present meta-analysis reviewed a total of 177 studies 
that investigated the effectiveness of flipped classroom on 
academic achievement. The meta-analysis included indi-
vidual studies conducted in multiple disciplines, educa-
tional levels, and in different countries. In this respect, to 
our knowledge, the present study is one of the most com-
prehensive studies conducted on this subject to date. The 
mean effect size calculated in the study (g = 0.764) revealed 

that flipped classroom is more effective than traditional 
lecture-based instruction in increasing students’ academic 
achievement. From this point the result was consistent with 
the findings of previous meta-analyses. Except one (Gillette 
et al., 2018) in all of the meta-analyses conducted on this 
subject (Tan et al., 2017; Hew & Lo, 2018; K. S. Chen et al., 
2018; Cheng et al., 2019; Karagöl & Esen, 2019; Låg & 
Sæle, 2019; Martínez et al., 2019; Orhan, 2019; Shi et al., 
2019; van Alten et al., 2019) it was concluded that flipped 
classroom was more effective than traditional lecture-based 
instruction. However, the study results were inconsistent 
in terms of the level of effectiveness of flipped classroom 
(Ranged from 0.19 to 2.29). The inconsistencies in the mean 
effect sizes of the meta-analyses in the literature may have 
resulted from the fact that some of them included a relatively 
low number of studies at a particular discipline or level of 
education. In meta-analyses conducted with a small number 
of studies, it is possible that extreme values in individual 
effect sizes can distort the mean effect size so that it may 
cause the mean effect size to be estimated higher or lower 
than its actual value. We believe that in our meta-analysis 
not only the presence of a large number of individual effect 
sizes but also the winsorizing of extreme values through our 
outlier analysis allows more literal results to be achieved by 
preventing distortions of the main effect size value.

Apart from these, the overall effect size estimated for aca-
demic achievement in the present meta-analysis was also 
different from other comprehensive meta-analyses (Låg & 
Sæle, 2019; van Alten et al., 2019). This is probably due to 
these meta-analyses’ inclusion criteria and, therefore, the 
difference in the primary studies they include. To illustrate, 
Låg and Sæle (2019) review also included studies using non 
concurred control groups, written in German and Scandina-
vian languages or based on pass/failure rates, contrary to the 
existing meta-analysis. In the van Alten et al. (2019) review, 
contrary to our meta-analysis, individual studies in which 
previous cohorts were used as a control group, participants 
were graduates, written only in English or conference papers 
were included in the analysis.

The benefits of flipped classroom such as allowing learn-
ers to watch videos multiple times at anytime and anywhere 
in accordance with their own pace (Bates et al., 2017; Ful-
ton, 2012; Mok, 2014) can be attributed to the increase in 
students’ performance. Another explanation to this finding 
may be that flipped classroom has the potential to transform 
students into active learners and to support hands-on learn-
ing (Nederveld & Berge, 2015). As is commonly known, 
the flipped classroom model offers more in-class time for 
active learning activities (Bergmann & Sams, 2012, 2014; 
Sota, 2016) and active learning, in turn, increases the level 
of learning by providing learners more information process-
ing and better understanding (Beard & Wilson, 2005; Taylor 
& MacKenney, 2008).
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The homogeneity test indicated heterogeneity among the 
effect sizes of the studies included in the present meta-anal-
ysis. In line with this heterogeneity, the subgroup compari-
sons of eight different possible moderator variables showed 
significant results for five moderators. The findings indicated 
that studies with a small number of participants had a greater 
effect size than studies with a large number of participants. 
Furthermore, the average effect size value decreased as the 
number of students in the groups increased, implicating 
that flipped classroom can be more effective on learners’ 
academic achievement in smaller classes. This finding was 
found to be consistent with the findings presented by previ-
ous meta-analyses conducted on flipped classroom. Gillette 
et al. (2018) and Karagöl and Esen (2019) concluded that 
flipped classroom implementations were more effective in 
small classes. Likewise, not only the studies investigating 
flipped classroom but also the meta-analysis evaluating the 
effectiveness of active learning approach (Tutal, 2019; Free-
man et al., 2014) and the strategies that support active learn-
ing (Shin & Kim, 2013; Kalaian & Kasim, 2014; Dağyar 
& Demirel, 2015; M. Chen et al., 2018) reported that the 
effect size values of the groups with fewer students were 
greater in terms of academic achievement. Moreover, it has 
also been reported that the implementation of flipped class-
room in small classes provides better classroom manage-
ment for teachers (Karagöl & Esen, 2019), thus leading to 
higher success among students. On the other hand, small 
classes have some other advantages over crowded classes. To 
illustrate, small classrooms have fewer distractions and the 
teacher has more time to take care of each student (Mostel-
ler, 1995), which in turn enhances the teacher-student inter-
action. Moreover, as teachers in non-crowded classrooms 
have higher morale, they are more likely to provide a sup-
portive learning environment for their students (Biddle & 
Berliner, 2002).

Another moderator variable evaluated in the analysis was 
the geographical location where the studies were conducted. 
Accordingly, it was revealed that the studies conducted in 
Turkey had a larger effect size compared to those conducted 
abroad. Similarly, in a previous meta-analysis, Karagöl and 
Esen (2019) concluded that the studies conducted in Turkey 
had greater impact size values than those conducted abroad. 
On the other hand, when we examined the individual studies 
included in the meta-analysis based on their sample size, 
which was another moderator variable, we found that the 
proportion of studies conducted in Turkey with a sample 
size of less than 50 (51.7%) was greater than the propor-
tion of studies conducted abroad (25.4%). Additionally, the 
proportion of studies conducted in Turkey with more than 
100 participants (3.5%) was lower than those conducted 
abroad (29.4%) and the average sample size was 54 in the 
studies conducted in Turkey as opposed to 89 in the studies 
conducted abroad. These findings suggest that the studies 

conducted in Turkey may have greater impact sizes since 
they had smaller samples.

The comparison of educational levels revealed that the 
summary effect size value of the studies conducted at ele-
mentary and high schools were higher than those in other 
groups. This finding contradicts the conclusions of other 
meta-analyses (Cheng et al., 2019; Karagöl & Esen, 2019; 
Låg & Sæle, 2019; Orhan, 2019) performing a similar sub-
group comparison that academic achievement was not mod-
erated by the student level. Considering the fact that flipped 
classroom, as it is known today, is first being used in high 
school classes (Bhatnaga & Bhatnagar, 2020; Divyashree, 
2018), and is most commonly applied in universities (63.6% 
in this study), it is important for us to see that the largest 
effect size was at primary school level in the current meta-
analysis. Besides self-regulated learning is a key aspect for 
the success in flipped classroom (Lai & Hwang, 2016; Sun, 
2015) and it is related to learners grade level (Zimmerman & 
Martinez-Pons, 1990). There are biological limits at differ-
ent ages for self-regulation. Younger children may have less 
capacity to regulate their actions (Wigfield et al., 2011), with 
increasing grade level the self-regulation capacity increases 
also (Zimmerman & Martinez-Pons, 1990). Considering this 
situation regarding self-regulated learning, the mentioned 
finding of meta-analysis is surprising.

One explanation for this result may be that primary 
school students’ abilities are different (Bergmann & Sams, 
2016), so they need more teacher guidance than students at 
other levels. Flipped classroom allows teachers more in-class 
time (Akçayır & Akçayır, 2018), enabling more effective 
teacher-student interaction (Bergmann & Sams, 2012) and 
guidance. Another explanation is that in flipped classroom 
the motivation for learning increases as being an internal 
source of excitement. Because in lecture-based instruction, 
excitement depends on the teacher’s expression and behav-
iour; thus, the source of excitement is external (Elian & 
Hamaidi, 2018). According to Şık (2019), young students 
state that they find flipped classroom different, interesting, 
entertaining and efficient. Therefore, the enthusiastic par-
ticipation and motivation of the students affect their learning 
positively. Also, preparing for lessons by watching videos at 
home for young students with short attention spans may have 
resulted in less cognitive load and better concentration on 
the lesson. We hope this result, which implicates the model 
can be most effectively used in elementary school classes, 
will be encouraging for teachers who think flipped classroom 
is for older students and their students are not mature enough 
to take responsibility.

When the effect sizes of the studies included in the meta-
analysis were compared according to the experimental dura-
tions applied in the studies, the difference between the sum-
mary effect sizes of the groups was found to be statistically 
significant. Although it was concluded that the summary 
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effect size values of the groups did not differ significantly 
according to the experimental duration in other meta-anal-
yses that made a similar comparison (Cheng et al., 2019; 
Karagöl & Esen, 2019; Shi et al., 2019), we think, this is 
due to the time intervals determined in the analyses. To illus-
trate, in two of the meta-analyses (Cheng et al., 2019; Shi 
et al., 2019), studies shorter and longer than one semester 
were compared, while in the other (Karagöl & Esen, 2019), 
studies that lasted between 1 and 4, 5–8 weeks and longer 
than 9 weeks were compared. On the contrary, in the cur-
rent meta-analysis, a comparison of the studies that lasted 
between 1 and 4, 5–8, 9–12, 13–16 weeks and longer than 
16 weeks was used. Determining the time intervals in this 
way allowed for more sensitive comparison. As a result, we 
observed that flipped classroom could be used most effec-
tively in implementations shorter than 8 weeks, and this 
effect gradually decreased as time goes on. In this regard, it 
may be suggested that the educators implementing the model 
should take this finding into account when determining the 
duration of implementation.

Another moderator variable that differs significantly 
according to meta-analysis results was the domain subject. 
Findings indicated that studies conducted on physical edu-
cation had a strong, studies in engineering had a weak, and 
studies in other areas had a moderate summary effect. Thus, 
we can say that flipped classroom is effective in increas-
ing academic achievement, although it is partially low in 
engineering, in all subject areas. Nevertheless we have to 
note that this was just based on nine studies in engineering 
domain subject. As Karabulut-Ilgu et al. (2018) stated in 
their systematic review on flipped classroom studies in engi-
neering, most of the studies in engineering did not report 
means, SDs and number of participants which necessary 
for a meta-analysis. In addition, the studies used different 
measurements (course grades, exam or quiz scores) rather 
than pre and post-tests that would made such a comparison 
difficult. While reviewing the literature, we noticed this situ-
ation in person and had to eliminate many studies because 
they did not meet the inclusion criteria. Otherwise, if there 
were more studies in the engineering, a different summary 
effect size value could be estimated.

It is also necessary to draw attention to the strong effect 
size obtained for physical education. Since physical educa-
tion is designed to learn sports skills, it is usually done face-
to-face. In these lessons, instructors focus on explaining the 
rules and showing movements that students need to repeat 
and imitate (Hill, 2014). However, physical education curric-
ulums in many countries are based on the understanding that 
the relationship between physical activity and good health 
is cognitively and practically learned by students (Øster-
lie, 2016). This means that schools that want to fulfil the 
objectives of physical education curricula must embrace the 
fact that theoretical knowledge is part of physical education 

(Solomon, 2006). Many teachers want to give students more 
information about physical education’s basic concepts with-
out taking the time from practical activities in physical edu-
cation courses (Østerlie, 2016). However, this is not always 
possible because of the limited time allocated to physical 
education lessons and some of the time is inevitably lost in 
the locker rooms. As such, flipped classroom seems to have 
a serious potential to solve this problem in physical educa-
tion. Because the research revealed that flipped classroom 
optimizes the time that students can be physically active 
(Sargent & Casey, 2020). In the classrooms where the model 
was applied, students’ learning the necessary theoretical 
information before the lessons through videos may have 
caused them to increase their competence in basic subjects 
in physical education lessons and to allocate valuable time 
to physical activity, thus increasing their success (Østerlie, 
2016). On the other hand, the low number of effect sizes 
included in the analysis (k = 6) in physical education as in 
engineering requires us to approach the results obtained 
from this moderator analysis with caution.

Although no significant difference was obtained in the 
remaining subgroup comparisons performed in the modera-
tor analysis, some of the findings obtained in the analysis 
provided ideas for implementations would be conducted. 
In another comparison, it was determined that the average 
effect sizes of the studies with an experimental and quasi-
experimental design were close to each other. This finding is 
in line with the results of Hew and Lo (2018) and Shi et al. 
(2019). It could be attributed to the inclusion of individual 
studies in the meta-analysis, all of which applied pre-test 
only prior to the experimental procedure. Based on these 
findings, it can be suggested that pre-test application before 
experimental procedures allows determining random-equiv-
alent groups.

As a result of the subgroup comparison conducted accord-
ing to the types of studies, it was determined that there was 
no significant difference between the summary effect sizes 
of the groups. This result was similar to the results of Cheng 
et al. (2019) and Orhan (2019), who made a similar sub-
group comparison and concluded that the effect sizes did 
not differ significantly according to the publication types. 
The fact that the summary effect size values of the master’s 
theses, doctoral dissertations and articles reviewed within 
the scope of meta-analysis were close to each other was 
another indication that the meta-analysis was not affected 
by publication bias.

Whether there was a difference between the summary 
effect sizes related to the implementers of the studies 
included in the meta-analysis was another possible modera-
tor variable investigated within the scope of the research. 
Our analysis, coinciding with Hew and Lo (2018), Karagöl 
and Esen (2019) and Shi et al. (2019), also showed that the 
results were not moderated by whether the implementers 
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were different or not. The absence of a significant difference 
between the academic achievements of the classes in which 
the experimental process was implemented by the research-
ers or the instructors suggests that the results of the current 
meta-analysis do not have the Hawthorne effect that occurs 
in the experimental processes if the researcher exists or is 
aware that the participants are observed.

Apart from the possible moderator variables examined 
in the present meta-analysis, there may be different vari-
ables that could explain the variation in the effect sizes. 
For instance, the different types of videos used in flipped 
classroom applications may affect students’ achievement 
(Hew & Lo, 2018). On the other hand, engagement, which 
is accepted as a prerequisite of learning, may vary according 
to the different characteristics of those videos. According 
to Guo et al., (2014), the most important determinant of 
engagement is the length of videos and that short videos 
increase participation more than long videos do. Similarly, 
Turro et al., (2016) stated that short and purposeful vid-
eos are more effective and Amresh et al. (2013) suggested 
that long video lectures may negatively affect students’ per-
ception of flipped classroom. In addition to length, some 
other variables including the timeliness of availability of 
videos (Wagner et al., 2013), types of videos (tutorials, lec-
ture videos, talking-head videos, PowerPoint slides and/or 
code screencasts), planning phase of videos, speech rate of 
instructors (Guo et al., 2014), and the presence or absence of 
in-video questions (Cummins et al., 2015; Vigentini & Zhao, 
2016) may also affect learners’ academic success.

Besides the variables abovementioned, some other vari-
ables have been suggested as possible sources of heteroge-
neity including pedagogical approaches used in classroom 
activities and the time allocated for them, previous expe-
riences of teachers and students about flipped classroom, 
content and cognitive level of knowledge, pre-preparation 
of students, and the presence of pre-course quizzes (K. S. 
Chen et al., 2018; Gillette et al., 2018; Hew & Lo, 2018; van 
Alten et al., 2019). Such diversity of primary studies contrib-
utes to the heterogeneity in effect sizes. However, moderator 
analyses of these variables could not be performed in the 
present study since they were not clearly reported in the 
individual studies included in the meta-analysis, which could 
be a limitation of our research. We recommend that detailed 
reporting of these issues by the authors in future studies will 
allow further moderator analyses in the meta-analyses to be 
conducted on the same subject matter.

Also in our meta-analysis we reviewed nine studies 
which examined the effect of flipped classroom on learning 
retention. As far as we know, the current study is the first 
analysis to date to determine the overall effect size of the 
flipped classroom on learning retention. The mean effect 
size estimated in the study (g = 0.601) revealed that flipped 
classroom is more effective than traditional lecture-based 

instruction in increasing learning retention. In general, it 
is suggested that the active learning approach increases 
the level of learning by making the knowledge more per-
manent (Collins & O’Brien, 2003; Beard & Wilson, 2005; 
Taylor & MacKenney, 2008), and in particular, the flipped 
classroom is theorized to improve learner engagement and 
retention (Roehl et al., 2013; Rose et al., 2016). It is pos-
sible to say that the result of the research regarding the 
learning retention provides an important evidence for this 
view.

The main effect size value obtained by synthesizing 17 
study results for the attitude towards course variable was 
modest. According to Gall et al. (2003), for practical signifi-
cance in educational research, an effect size value of at least 
0.33 is considered sufficient, and according to Slavin (1996), 
an effect size value of 0.20–0.25 is considered pedagogically 
important. Taking into account these thoughts, the overall 
effect size value of 0.406 obtained from the research, a mod-
est but notable effect size in educational research, provides 
evidence that flipped classroom is significantly effective 
in developing positive attitude towards course. This result 
supports the views that properly applied student-centered 
teaching will lead to more positive attitude towards course 
(Collins & O’Brien, 2003) and that models such as flipped 
classroom should be used in the learning process that will 
enable students to take responsibility for their own learn-
ing to develop positive attitude towards course (Demirel & 
Dağyar, 2016).

It was seen that the effect size of the flipped classroom 
on attitude towards course was not as large as the effect size 
on academic achievement or learning retention. However, 
as attitude researchers agree, some attitudes are resistant 
to change (Prislin & Crano, 2008) and attitude change can 
take time (Siegel & Ranney, 2003). Considering this fea-
ture of the attitudes, it can be said that the implication peri-
ods should be kept long enough for the approaches used in 
educational practices to cause students to develop positive 
attitude towards course. In 12 (70.58%) of the 17 individual 
studies analyzed within the scope of the present study, the 
practice time being less than 8 weeks was not sufficient for 
the students to develop positive attitude towards course and 
therefore a modest effect size value may have emerged.

The lack of moderator analyses for the attitude towards 
course and learning retention variables can be considered as 
a limitation of this review. It may be suggested that research-
ers can conduct more studies examining the effectiveness 
of the model on these variables, and as a result, implement 
more comprehensive meta-analyzes on the subject. Another 
limitation of the present study was that due to the language 
barrier, we could not examine individual studies written in 
languages other than English and Turkish within the scope 
of our research. Moreover, further meta-analyses combin-
ing the results of individual studies in other languages will 



670 Ö. Tutal, T. Yazar 

1 3

also contribute to our understanding of the flipped classroom 
model.

In this meta-analysis, we tried to examine how the flipped 
classroom model affects learners’ academic achievement, atti-
tude towards course and learning retention. Future meta-analy-
ses may investigate the effect of the model on other dependent 
variables such as self-efficacy, motivation, engagement and 
self-directed learning. Meta-analyses will be able to synthesize 
the results of studies investigating the effect of flipped class-
room on preschool children and graduates. Moreover, future 
studies can also compare flipped classroom with other online 
or blended classes instead of traditional classes.

Conclusion

The present meta-analysis demonstrated that the flipped 
classroom model significantly improves students’ academic 
achievement, attitude towards course and learning retention 
compared to the traditional lecture-based instruction. However, 
there was large heterogeneity between the effect sizes of the 
primary studies carried out for academic achievement and the 
moderator analyses we applied could only explained some part 
of it. Through our meta-analysis we have learned that in terms 
of academic achievement the flipped classroom phenomenon; 
(a) has been implemented more effectively in small classes, 
(b) has been applied most effectively in primary schools, (c) 
its effectiveness has decreased as the duration of implementa-
tion extends, (d) has been implemented effectively in almost 
all domain subjects, (e) also in terms of attitude towards 
course and learning retention it has been more effective than 
traditional lecture-based instruction. On the other hand, the 
effect of the model on achievement did not differ according to 
variables such as publication type, implementer and research 
design. In order to better understand flipped classroom and use 
it more effectively, we invite researchers to conduct research 
to determine other possible sources of heterogeneity and the 
effect of the model on other dependent variables.
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