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Flipped classroom has become a popular buzzword in the post-secondary education setting,
and it is one of the most visible trends in smart learning environments. Alongside this
popularisation comes the view that the flipped classroom is something desirable. Yet, many
educators remain divided over whether flipped classroom is really an improvement over
traditional approaches. This paper is the first to synthesise all relevant meta-analytic
information using a second-order meta-analysis approach on the effectiveness of the flipped
classroom on student learning outcomes. By synthesising the findings of multiple primary
meta-analyses instead of individual empirical studies, a second-order meta-analysis can more
accurately account for publication bias and generate a more robust result. The present study
synthesised and analysed the quality of 15 primary meta-analyses that involved 156,722
participants in flipped and non-flipped conditions to provide the most exhaustive test of the
flipped classroom approach on its effect on student learning outcomes in higher education to
date. The mean random effect size, after trim-and-fill adjustment, was 0.37, p < 0.001 in
support of flipped classrooms. To check the accuracy of the second-order meta-analysis
results, we performed a study-level meta-analytic validation. We discuss possible contextual
and methodological moderators.

Implications for practice or policy:

e Educators should consider using the flipped classroom approach in their teaching
because it increases learning performance compared with conventional non-flipped
teaching.

e Educators could use the insights reported in this study to inform planning for future
meta-analyses involving the flipped classroom approach.

e Educators could also use the insights reported in this study to inform planning for future
empirical studies involving the flipped classroom approach.

Keywords: flipped classroom, flipped learning, inverted classroom, learning outcomes, meta-
analysis

Introduction

Unlike a conventional course, where instruction occurs mainly in the classroom, and students complete
homework exercises outside class, a flipped classroom usually consists of online independent learning of
basic concepts before class (pre-class), followed by face-to-face lessons (in-class) that focus on active
learning activities such as collaborative group work (Abeysekera & Dawson, 2015). A recent search of
Google Scholar (July 8, 2020) yielded about 94,000, 183,000, and 72,000 hits for the terms flipped
classroom, flipped learning, and inverted classroom respectively. The flipped classroom approach has been
growing fast, particularly in higher education settings (Lundin et al., 2018). Theoretically, the flipped
classroom approach works better than non-flipped classrooms for two reasons: the flipped classroom’s
ability to better address student motivation and its ability to promote student active learning (Keengwe et
al., 2014). In doing so, flipped classrooms aim to be effective, efficient and engaging, thus meeting the
three general characteristics expected of smart learning environments (Spector, 2014).

The self-determination theory of motivation posits three basic universal human cognitive needs: the need
for autonomy, relatedness and competence (Ryan & Deci, 2000). A flipped classroom may theoretically
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satisfy students’ need for autonomy better than a traditional classroom because flipped students can choose
to skip viewing any pre-class content they have already understood, as well as choose to complete the pre-
class work at their own pace and time (Sergis et al., 2018). Flipped classroom learners also have the
autonomy to review the pre-class content as many times they wish.

Flipped classroom students are expected to apply what they have learned in pre-class sessions to solve
problems or discuss issues in face-to-face class sessions. This can enhance their sense of competency and
sense of relatedness with their peers particularly when group activities are employed (Abeysekera &
Dawson, 2015). Flipped classroom teachers also have more class time to give feedback to help students
understand the subject material more thoroughly and to enhance students’ sense of competence (van Alten
etal., 2019).

A flipped classroom also offers students more in-class time for active learning since the information
transmission of a traditional lecture is now shifted out of class time (Abeysekera & Dawson, 2015; Berrett,
2012). Freeman et al. (2014) defined active learning as a method where students learn by participating in
activities and/or discussion in class, as opposed to passively listening to an instructor. Methods of active
learning include the use of tests and quizzes, writings, discussions, case studies and group problem-solving
(Phillips, 2005). Active learning can help students construct better understandings of the subject material
(Bransford et al., 1999). Recent research has found that active learning can significantly increase students’
learning performance (Deslauriers et al., 2019; Freeman et al., 2014).

Nevertheless, not all institutions are sold on the idea of flipped classroom. A survey of 290 European
universities (one response per institution, for which a senior institutional representative was asked to take
responsibility, was collected) revealed that only 15% of institutions found the flipped classroom approach
to be fully useful (Gaebel & Zhang, 2018). The traditional lecture format remains many instructors’
preferred teaching method (Deslauriers et al., 2019; Stains et al., 2018). This is partly because designing
flipped classroom materials can be costly in terms of time as it requires the instructor to develop quality
video lectures and design appropriate face-to-face activities (Cheng et al., 2019). McLaughlin et al. (2014)
estimated that a faculty professor has to spend 127% more time to develop and manage a flipped course
and 57% more time to maintain a flipped course compared to a lecture course. The production of a mere
10-minute video may require approximately 2 to 3 hours (Altaii et al., 2017).

Although extensively studied over the years, there is still recent debate about the effectiveness of flipped
classroom in improving learning outcomes (Strelan et al., 2020; Zainuddin et al., 2019). While some
empirical studies reported significant improvements in student learning induced by flipped classrooms (e.g.,
Flynn, 2015; Lax et al., 2017), other studies reported no difference between non-flipped and flipped
classrooms (e.g., F. Chen etal., 2017; DeSantis et al., 2015). Still other studies found that flipped classroom
impaired student learning. For instance, a recent randomised controlled trial experiment published in a
Massachusetts Institute of Technology discussion paper involving 1,328 students across 80 economics and
mathematics classes found that flipped classroom exacerbated the achievement gaps between White and
Black or Hispanic students when compared to the traditional lecture group (Setren et al., 2019).

Prior first-order meta-analyses

Given the aforementioned concerns around the flipped classroom approach, more precise estimates of the
overall impact of this approach should be a priority. To achieve this aim, many authors have begun to meta-
analyse subsets of the existing empirical literature. The primary goal of these first-order meta-analyses
(hereafter called primary meta-analyses) is to estimate an overall mean effect from individual empirical
studies and to identify possible factors that moderate that effect (Gurevitch et al., 2018).

To the best of our knowledge, the earliest primary meta-analysis on flipped classroom was published in
2016 (Kang & Shin, 2016). Since then, the number of flipped classroom primary meta-analyses has
skyrocketed. While primary meta-analyses do offer several advantages, they are usually hampered in their
focus and scope (Causadias et al., 2018). Although each primary meta-analysis provides a useful piece of
information, the result of any single primary meta-analysis cannot imply the overall effect of flipped
classroom on student learning outcomes. Instead of doing (yet) another primary meta-analysis of flipped
classroom, this study aimed to synthesise the quantitative results of all relevant primary meta-analyses to
provide a general picture of what we currently know about the effects of flipped classroom.
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The present study

Specifically, this study employed an approach known as second-order meta-analysis to analyse comparable
primary meta-analyses (Cooper & Koenka, 2012). This approach can be thought of as a meta-analysis of
meta-analyses. Rather than synthesising results from individual empirical studies, a second-order meta-
analysis combines data from primary meta-analyses. Second-order meta-analyses have become a widely
accepted research method (Steenbergen-Hu et al., 2016). The original contributions of our second-order
meta-analysis study are fivefold.

First, by summarising the findings of more than one primary meta-analysis using a second-order meta-
analysis approach, we can generate a more robust generalisable result with a very large sample size (Busch
& Friede, 2018). The present study synthesised 15 primary meta-analyses that covered 156,722 participants
to provide the most exhaustive test of the flipped classroom approach on its effect on student learning to
date. Such data are not easily available for analysis from an individual primary study or even in a primary
meta-analysis.

Second, a second-order meta-analysis can more accurately account for publication bias by analysing both
published and unpublished meta-analyses, on top of meta-analyses that examine unpublished empirical
works (Causadias et al., 2018). Unpublished meta-analyses or empirical works include dissertations and
theses (often collectively referred to as “gray literature™) (A. C. K. Cheung & Slavin, 2016, p. 288; Hartling
etal., 2017). Gray literature is often used to refer to literature not formally published in journals (Lefebvre
et al., 2008). Searching for gray literature such as dissertations or theses is a highly desirable practice
recommended by the Cochrane Handbook for Systematic Reviews of Interventions in order to capture as
many studies as possible and to minimise the risk of publication bias (Higgins et al., 2019). Dissertations
are more likely to report negative or non-significant findings when compared to journal articles (Pigott et
al., 2013). A second-order meta-analysis that includes gray literature meta-analyses is therefore more likely
to report the whole story of the existing research into an intervention’s effectiveness.

Third, a second-order meta-analysis can take advantage of heterogeneity across primary meta-analyses to
examine the role of moderators with regard to various contextual and methodological factors (Causadias et
al., 2018). The present study examined nine moderating factors.

Fourth, this study assessed the quality of the primary meta-analyses using an empirically validated
instrument, the Revised Assessment of Multiple Systematic Reviews (R-AMSTAR; Kung et al., 2010). R-
AMSTAR has been found to be a readily applicable and validated tool to evaluate the quality of a meta-
analysis (Sygouros & Acar, 2013). To date, we are unaware of any studies that have critically appraised the
quality of flipped classroom primary meta-analyses. We examined whether the quality of flipped classroom
primary meta-analyses may moderate the effect sizes. Hitherto, no other study has examined this issue to
the best of our knowledge.

Fifth, our study identified three major limitations of previous primary meta-analyses, consisting of a lack
of control to address possible student initial differences, a lack of explanation as to how independence of
effect size was addressed and sole reliance on funnel plots to assess publication bias. More importantly, we
provide useful suggestions to address these limitations.

To the best of our knowledge, this is the first second-order meta-analysis of flipped classroom approach
that cumulates the findings from multiple prior primary meta-analyses. Student learning outcomes refer to
domain-specific knowledge of a subject. Student learning outcomes are usually assessed using teacher-
developed or standardised tests (Davis et al., 2003). To validate the results, we conducted a synthesis of all
available study-level effect sizes reported in the primary meta-analyses included in our second-order meta-
analysis (see the Study overlap and validation of the second-order meta-analysis section for details). Each
individual empirical study was included only once in this validation stage, which contrasts with the second-
order meta-analysis which may include some empirical studies multiple times if they were included in
multiple primary meta-analyses. We then compared the findings from the present second-order meta-
analysis with the findings from the validation study, where study overlap had been removed, to determine
whether the average effect sizes were similar. This study addresses two specific research questions:
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e What is the overall effect of the flipped classroom on students’ learning outcomes as shown by
synthesising findings of existing primary meta-analyses?
e What factors may moderate the effect of the flipped classroom on students’ learning outcomes?

Method

Searching for eligible primary meta-analyses

We searched 11 major academic databases for eligible primary meta-analyses: ACM Digital Library;
EBSCO (e.g., Academic Search Premier, ERIC); Emerald Insight; IEEE Xplore; ProQuest Dissertations &
Theses A&lI; Science Direct; Scopus; Springer; Web of Science; JSTOR; PubMed; and Google Scholar.
We included primary meta-analyses that were published in journals or conference proceedings. We used
the following search string (“review” OR “synthesis” OR “meta-analysis”) AND (“flip*” OR
“invert*”) AND (“class*” OR “learn*”). “Flip*” and “invert* would capture morphological variants
such as flipping, flipped, inverting and inverted, while “class*” and “learn*” captures various expressions
including class, classroom, learning, learner. The date of publication remained open for the initial search.
The search was completed on May 22, 2020. The following inclusion criteria for selecting a primary meta-
analysis were used:

e It compared the effects of flipped classrooms with non-flipped classrooms using between-group
research designs.

e It measured students’ learning outcomes using teacher-developed or standardised tests and exams.

e It reported an overall mean effect size and the standard error or confidence intervals of the mean
effect size. The type of effect size metric used must also be clearly described.

e It provided a list of the primary empirical studies analysed.

e It was written in English.

e It was publicly available or through library database subscription.

The unit of analysis in our second-order meta-analysis was the individual primary meta-analysis on flipped
classroom. All the primary meta-analysis articles that we examined compared the effects of flipped and
traditional classroom on student learning. In a traditional classroom, the instructor typically introduces the
course materials in the classroom using direct instruction such as lectures; students are then given a few in-
class exercises, followed by homework problems (Dove & Dove, 2015; Hew & Lo, 2018; Jungic et al.,
2015; Lag & Seele, 2019; Orhan, 2019; van Alten et al., 2019). We used the term non-flipped to refer to a
traditional classroom, following van Alten et al. (2019).

Figure 1 shows the preferred reporting of items for systematic reviews and meta-analyses flowchart (Moher
et al., 2009), which illustrates the entire article screening process. The initial academic databases search
resulted in 2,912 records. Eighteen additional records were identified by searching the Web. After removing
duplicates, 2,527 remained. The titles and abstracts of the remaining 2,527 records were screened. Many
records were excluded because they were irrelevant to the purpose of the present study (e.g., FLIP as a
therapeutic target in cancer). Subsequently, 48 full-text records were assessed for eligibility. Of these 48
full-text records, 20 were excluded because they did not focus on student learning outcomes, did not provide
a list of the primary empirical studies analysed or did not focus on the specific student-related challenges
of flipped classroom implementation. Ultimately, 15 meta-analyses were included in the present study. A
list summarising the pertinent information about the included 15 primary meta-analyses (e.g., effect sizes,
standard errors) is presented in Table 1. We included effect sizes related to higher education only.
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Table 1
Summary of the 15 meta-analyses examining the effects of flipped classroom on student learning outcomes
Primary meta-  Total Effect size Mean Lang. of Lit. source  Subject Publication
analysis: sampl  type effect primary bias
author e size size? studies
(Std
error)
K. S. Chen et 9,354 SMDP 0.47 English Journals + Combination  No bias
al. (2018) (0.082) theses +
conference
Cheng et al. 6,779 ¢° 0.193 English Journals + Combination  No bias
(2018) (0.064) theses +
conference
Gillette et al. 1,465 ¢ 0.366¢ English Journals Health Yes
(2018) (0.156)
Hew & Lo 4,715 SMD 0.33 English Journals Health No bias
(2018) (0.066)
Hu et al. 1,484 SMD 1.06 Chinese Journals Health No bias
(2018) (0.179)
Karag6l & 2640 g 0.594 English, Journals +  Combination ~ No bias
Esen (2018) (0.098) Turkish theses
Lag & Sale 4821 g 0.34 English Journals + Combination  Yes
(2019) 1 (0.026) theses +
conference
Lo & Hew 5238 g 0.272 English Journals +  Engineering No bias
(2019) (0.064) conference
Loetal (2017) 2919 g 0.30 English Journals Mathematics ~ No bias
(0.078)
Orhan (2019) 571 g 0.779 English, Journals + Combination  No bias
(0.096) Turkish theses
Shietal. 6,947 SMD 0.53 English Journals Combination ~ No bias
(2019) (0.087)
Strelan et al. 3165 g 0.48 English Journals Combination ~ No bias
(2020) 0 (0.040)
Tan et al. 3,694 SMD 1.13 Chinese Journals +  Health No bias
(2017) (0.184) theses
van Altenetal. 1944 ¢ 0.353 English Journals + Combination  No bias
(2019) 6 (0.048) theses +
conference
Zhang (2018) 1160 ¢ 0.320 English Journals +  Science No bias
9 (0.064) conference

aWe included effect sizes related to higher education only. The total sample size refers to higher education samples.

b Standard mean difference.

¢ Hedges’s g.

4We included all 6 studies shown in Table 3 (Gillette et al., 2018) and calculated the mean effect size using Hedges’s
g.
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Figure 1. Flowchart of article selection

Primary meta-analyses were excluded if they focused solely on K-12 flipped classroom studies, they
measured student learning outcomes using some form of self-reported data such as questionnaires and they
focused only on student behavioural outcomes (e.g., student skill in performing a psychomotor task).

Coding of the primary meta-analyses

We developed a codebook based on the work conducted by Steenbergen-Hu et al. (2016) and Tamim et al.
(2011). The codebook contains four main sections: basic information (e.g., year of publication); study
context (e.g., discipline); method (e.g., number of participants, research design); and results (e.g., effect
size data). The first author performed the study coding. To test the reliability of the coding, the second
author coded five randomly selected primary meta-analyses independently. There was perfect agreement
between the two coders.

Quality of the primary meta-analyses

To assess the quality of the primary meta-analyses, we employed an empirically validated instrument, R-
AMSTAR (Kung et al., 2010). R-AMSTAR was developed based on the widely used AMSTAR instrument
(Kung et al., 2010). The R-AMSTAR instrument rates each meta-analysis on 11 items. An example of an
item is “Was a list of studies (included and excluded) provided?” (see Kung et al., 2010, for more details).
Compared to the initial AMSTAR, R-AMSTAR has more detailed sub-criteria options for each of the 11
items, thus making R-AMSTAR a more detailed and sensitive quality assessment tool (Kohl et al., 2013).
Scores for each of the 11 items range from 1 to 4 points, making the full marks in R-AMSTAR 44 points.
The first and second authors assessed all 19 primary meta-analyses using R-AMSTAR. Discrepancies were
resolved through mutual discussion. Following Sygouros and Acar (2013), the total scores were then
categorised according to the percentile ranking of our sample.

Study overlap and validation of the second-order meta-analysis

An important concern in second-order meta-analysis is the issue of study overlap across the various primary
meta-analysis (Polanin et al., 2017). Study overlap occurs when the primary meta-analyses includes the
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same empirical studies (Cooper & Koenka, 2012). Although several approaches to address study overlap
have been proposed, it is not clear which approach is the most appropriate (Steenbergen-Hu, 2016). Some
scholars suggest eliminating a primary meta-analysis with a high percentage of overlapping empirical
studies (e.g., Young, 2017) or selecting only the most recent reviews (Cooper & Koenka, 2012). Others,
however, disagree by suggesting that discarding overlapping meta-analyses may not be optimal because
meta-analyses with a high degree of overlap may investigate different moderator variables (Cooper &
Koenka, 2012).

In this study, we followed the example of Young (2017) and Tamim et al. (2011) to validate the results of
our second-order meta-analysis. To do this, we extracted individual mean effect sizes and effect size
standard errors from the available empirical studies reported in the primary meta-analyses. If the primary
meta-analysis did not contain such information, we wrote to the corresponding author to request the data.
If the author did not respond to our request, we excluded the individual empirical study data from our
validation sample. We eliminated all empirical study overlap in the validation sample. Following Young
(2017) and Tamim et al. (2011), if the mean effect size of the second-order meta-analysis was equivalent
or closely similar to the mean effect size of the validation study, we can assume the result of second-order
meta-analysis is valid in representing the aggregate effects of the included primary meta-analyses.

Analyses of mean effect size, publication bias and moderators of the primary meta-
analyses

We first extracted the mean effect size from every primary meta-analysis. All the primary meta-analyses
used Hedges’s g or Cohen’s d to compute the overall mean effect size. We assume the differences between
g and d are minimal, because both metrics represent the standardised mean difference, and the sample sizes
were large in most of the primary meta-analyses (Young, 2017). We retrieved the standard error of each
mean effect size directly from the article when available. Otherwise, we computed the standard error using
95% confidence intervals via the following formula (Higgins et al., 2019):

SE = (95% Clupper limit — 95% Cllower Iimit) /3.92

We used the Comprehensive Meta-Analysis software package (Borenstein et al., 2009) to conduct our
analyses of effect sizes, publication bias and moderators. Publication bias may lead to overestimates of an
effect (Steenbergen-Hu et al., 2016). We conducted an evaluation of publication bias using the following
tests: a classic fail-safe N test, an examination of the funnel plot, the Begg and Mazumdar rank correlation
(Kendall’s Tau with continuity correction) and Egger’s regression. We employed the Duval and Tweedie’s
(2000) trim-and-fill method to adjust any possible publication bias.

We also examined different possible moderating factors. These moderators can be parsimoniously
categorised into two main groups — contextual and methodological factors. We chose to examine these
factors because they could influence the effects of a pedagogical innovation on student outcomes (Sailer &
Homner, 2020).

The flipped classroom approach has been implemented in various contexts. This second-order meta-
analysis includes the research context as a possible moderating factor for the effects of flipped classroom.
Some of these contextual factors, as investigated by other meta-analyses of the flipped classroom (e.g., K.
S. Chen et al., 2018), include subject discipline, language of primary studies, literature source and year of
publication. We coded these factors as follows.

Subject discipline

Following Lag and Szle (2019), we coded the subject discipline of the empirical studies included in the
primary meta-analysis using the following codes: HUM = humanities; STEM = science, technology,
engineering, mathematics; MH = medical and health science; SS = social sciences. If multiple subject
disciplines were included in one meta-analysis, we coded it as Combination.

Language of primary studies

The language of primary studies refers to the language in which the studies were written. If a meta-analysis
examined primary studies written in English, we coded the language of primary studies in the meta-analysis
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as English. If a meta-analysis included primary studies written in both English and Turkish, we coded the
language as English+Turkish.

Literature sources

Following Causadias et al. (2018), we coded this variable as Published Sources (e.g., journals, conference
proceedings) or Published and Unpublished Sources (e.g., journals and theses) based on the inclusion
criteria set by the primary meta-analyses. We did not find any primary meta-analysis that focused solely on
unpublished sources (e.g., theses).

Year of publication

Some researchers (e.g., K. S. Chen et al., 2018) have suggested that there might be improvement in flipped
classroom outcomes over time due to the increasing maturity of instructors’ teaching skills and experience
with flipped classroom as time progresses. We therefore examined whether the year of publication may
cause any significant difference in effect sizes. We coded the year of publication of each primary meta-
analysis (e.g., 2017, 2018, 2019) in the present study.

We also examined the following methodological rigor of the primary meta-analyses as a possible
moderating factor.

Instructor equivalence

Establishing instructor equivalence is important in determining the pedagogical effectiveness of an
instructional approach. Since different instructors have different teaching styles, it becomes unclear
whether the flipped classroom approach might have caused the effect or if it is influenced by differences
between teachers. For this reason, we included Instructor Equivalence as a potential moderating factor. We
examined whether each primary meta-analysis specifically addressed the issue of instructor equivalence.
Inspired by Causadias et al. (2018), we coded a primary meta-analysis as having Identical Instructor if it
explicitly reported that the same instructor was employed in both the flipped and control groups in greater
than 50% of its included empirical studies. We acknowledge that this is a compromised imputation as we
could not identify any primary meta-analysis that solely examined empirical studies with identical
instructors in both groups (see the Discussion section for a more in-depth treatment of this limitation).
Otherwise, we coded the meta-analysis as having Different Instructors/no data. We are aware that not all
primary meta-analyses explicitly stated whether the instructors were identical or different for the flipped
and control groups. Although we can choose to ignore these studies, such a practice is not recommended
since drawing conclusions only from studies that do report the items can be misleading (Lipsey & Wilson,
2001). Therefore, following Freeman et al. (2014), we coded the meta-analyses that did not explicitly report
it as Different Instructors/no data. We then conducted moderator analysis to determine differences (if any)
between studies with Identical Instructor and studies with Different Instructors/no data.

Student initial equivalence

Determining student initial difference is also important in evaluating pedagogical effectiveness. If students
have different initial knowledge about the subject matter, it becomes unclear whether it is the flipped
classroom approach that caused the effect or the student’s initial knowledge that influenced the outcome.
We examined whether a primary meta-analysis specifically addressed the issue of student initial
equivalence. If a primary meta-analysis explicitly reported, with supporting statistical evidence, that
students in both the flipped and control groups were initially equivalent in more than 50% of its included
empirical studies, we coded it as Equal Students. We acknowledge that this is a compromised imputation
as we could not identify any primary meta-analysis that only examined empirical studies with initial student
equivalence in both groups. We also considered students who were randomly assigned to either flipped and
control groups as Equal Students. Otherwise, we coded the meta-analysis as having Unequal
Students/Unsure.

Independence of data explicitly addressed

Often a single primary meta-analysis may report multiple data from the same participants (e.g., Howell,
2013; Whitman Cobb, 2016). For instance, a study may report outcome measures from multiple tests (e.g.,
weekly tests, midterm test, final test) taken by the same participants (Freeman et al., 2014; Lo & Hew,
2019). The resulting effect sizes are dependent because the same participants were measured more than
once (Scammacca et al., 2014). Borenstein et al. (2009) argued that we cannot treat multiple outcomes from
the same participants as if they are independent as this would cause incorrect results. It is therefore
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important for meta-analyses to explicitly report how they specifically address the issue of multiple
outcomes within a same primary study. If a primary meta-analysis explicitly addressed the issue on
independence, we coded it as yes; if not, we coded it as no.

Research design

Some meta-analyses include both quasi-experimental and randomised controlled trial (RCT) studies. While
participants in RCTs are randomly assigned to different groups to avoid selection bias in the experiment
(Sailer & Homner, 2020), quasi-experimental studies cannot do so (Wouters et al., 2013). Therefore,
randomisation is likely to be a potential moderator in terms of methodological rigor. If the primary meta-
analyses included only empirical studies in which participants were randomly assigned to the experimental
and control groups, it was coded as randomised controlled trials (RCT). Following Causadias et al. (2018),
if a meta-analysis included more than one research designs, we coded the most frequent research design in
it (greater than 50%). If a primary meta-analysis did not explicitly indicate the type of research design, we
coded it as Not Reported.

Quality of meta-analyses

We applied the R-AMSTAR checklist to categorise the quality of each meta-analysis. The quality of the
meta-analyses ranged from 23 to 36 R-AMSTAR points. Following Sygouros and Acar (2013), we
categorised the total R-AMSTAR points for each meta-analysis based on a percentile ranking of our sample.
Two meta-analyses could be classified as high-quality studies ranking within the top 75th percentile; four
meta-analyses were of good quality ranking between the 50th and 75th percentiles of our sample; three
meta-analyses were of fair quality ranking between the 25th and 50th percentiles; and six meta-analyses
were of low-quality ranking below the 25th percentile.

The first author coded all the aforementioned moderating factors. The second author coded 50% of the

randomly selected primary meta-analyses. The overall percentage agreement of the coding was 93%.
Discrepancies were resolved through mutual discussion.

Results
Effect size synthesis
We used the random-effects model to synthesise the effect sizes. The results revealed a significant positive

effect in favour of the flipped classroom approach on students’ learning outcomes (Hedges’s g = 0.45,
confidence interval (CI) = 0.37-0.53, p < 0.001) (see Figure 2).

Study nam Statistics for each study Hedges's g and 95% CI1
Standard Lower Upper
Hedges's g error Variance limit limit 2 value  p value
K.S. Chenetal (2018) 0470 0.082 0.007 0.309 0.631 5.732 0.000 =
Cheng et al. (2018) 0.193 0.064 0.004 0.068 0318 3.016 0.003 .
Gillette et al. (2018) 0.366 0.156 0.024 0.060 0.672 2.346 0.019 e
Hew & Lo (2018) 0.330 0.066 0.004 0.201 0459 5.000 0.000 [ ]
Hu et al. (2018) 1.060 0.179 0.032 0.709 1.411 5.922 0.000 e
Karagol & Esen (2018)  0.594 0.098 0.010 0.402 0.786 6.061 0.000 E o
Lag & Sele (2019) 0.340 0.026 0.001 0.289 0.391 13.077  0.000 .
Lo & Hew (2019) 0.272 0.064 0.004 0.147 0.397 4250 0.000 .
Loetal (2017) 0.309 0.078 0.006 0.156 0.462 3.962 0.000 E 3
Orhan (2019) 0.779 0.096 0.009 0.591 0.967 8.115 0.000 =
Shi et al. (2019) 0.530 0.087 0.008 0.359 0.701 6.092 0.000 -
Strelan et al. (2020) 0.480 0.040 0.002 0,402 0.558 12.000 0.000 .
Tanetal. (2017) 1.130 0.184 0.034 0.769 1.491 6.141 0.000 ——
van Alten et al. (2019) 0.353 0.048 0.002 0.259 0.447 7.354 0.000 .
Zhang (2018) 0.320 0.064 0.004 0.195 0.445 5.000 0.000 .
Overall 0.449 0.042 0.002 0.367 0.530 10.770 0.000 ‘
-2.00 -1.00 0.00 1.00 2.00

Favors non-flipped classroom Favors flipped classroom

Figure 2. Forest plot of effect sizes
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Validation study

To validate the results of the second-order meta-analysis, we also undertook a meta-analytic validation at
the study level. We performed data validation by extracting the raw individual effect sizes used in the 15
primary meta-analyses and using these to perform a regular meta-analysis. A total of 385 available
individual effect sizes and standard errors were extracted. The overall random-effect size also showed a
significant positive effect in favour of the flipped classroom approach (Hedges’s g = 0.41, Cl = 0.36 — 0.45,
p < 0.001). The mean effect sizes were closely similar in both the second-order meta-analysis and the
validation study. The mean effect size of the second-order meta-analyses was 0.45 (random effects model),
while the mean effect size of the validation study was 0.41 (random effects model). There was only a
difference of 0.04; a magnitude which can be deemed trivial (Cohen, 1988). Therefore, the second-order
meta-analysis in the study was considered valid.

Analyses of publication bias

Next, we conducted an examination of publication bias, which refers to situations when authors selectively
report positive and/or significant studies or when journal editors or reviewers preference such studies for
publication. Figure 3 shows the funnel plot of the 15 primary meta-analyses. The classic fail-safe N was
2,289. According to Carson et al. (1990), “if the fail-safe N (X) is relatively small in comparison to the
number of studies in the meta-analysis (k), then only tenuous conclusions should be drawn” (p. 239). They
suggested using Rosenthal’s (1979) guideline in which X should reach 5k +10 to ensure X is large relative
to k. Using this formula, the X in our meta-analysis should be larger than 85 (i.e., 5(15) + 10). The result
of our classic fail-safe N test showed that 2,289 additional missing studies with a mean effect size of 0
would be required to make the overall effect size statistically insignificant. There would have to be an
unreasonably large number of undetected studies with zero effect to bring the reported effect sizes to values
that may be statistically insignificant. However, Kendall’s Tau was 0.50 (one-tailed p = 0.004) and Egger’s
regression intercept was 2.51 (one-tailed p = 0.021), which suggest evidence of publication bias. The trim
and fill-method suggests that three studies are missing from the left side of the mean effect; after re-
estimation and imputation to account for these missing studies, the mean effect size changed from 0.45 to
0.37 [CI1 =0.28, 0.46].
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Figure 3. Funnel plot of standard error by Hedges’s g (white data points are observed, black data points are
imputed)
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In summary, although the large fail-safe N = 2,289 suggests no obvious publication bias, the funnel plot
(Figure 3) and statistical tests (Kendall’s Tau and Egger’s regression) seem to suggest otherwise. Therefore,
to be conservative, we conducted trim-and-fill adjustments, which yielded an effect size estimate of 0.37
for the 15 primary meta-analysis. While trim-and-fill analyses probably yield not very precise estimates
(Peters et al., 2007), the adjusted effect size is around one third of its standard deviation when taking
publication bias into consideration.

Moderator analyses
To explore the variability between flipped and conventional approaches, we conducted moderator analyses

on contextual and methodological features under the random-effects model. The results of the moderator
analyses are summarised in Table 2.

Table 2
Results of moderator analyses
95% ClI

Moderator variables N g SE LL UL Qs (p)

Subject discipline 5.746 (0.057)
Combination 8 0453 0.056 0.343 0.562
Health professions 4 0.623 0.099 0428 0.818
STEM 3 0.300 0.091 0.122 0.478

Languages of primary studies 39.742*** (< 0.001)
Chinese 2 1094 0.137 0.826  1.362
English 11 0.357 0.028 0.302 0.412
English+Turkish 2 0.688 0.083 0.525 0.851

Independence addressed 22.896*** (< 0.001)
No 5 0.739 0.072 0.598 0.880
Yes 10 0.357 0.035 0.289 0.425

Literature sources 0.587 (0.444)
Published 8 0421 0.062 0.300 0.542
Published and Unpublished 7 0.489 0.065 0.362 0.617

Year of publication 1.095 (0.778)
2017 2 0.598 0.147 0.311 0.886
2018 7 0434 0.073 0.291 0.577
2019 5 0440 0.079 0.284 0.596
2020 1 0.480 0.169 0.148 0.812

Quality of meta-analysis 1.346 (0.718)

High 2 0599 0.149 0.307 0.890
Good 4 0492 0.100 0.296 0.687
Fair 3 0441 0.119 0.207 0.675
Low 6 0414 0.078 0.260 0.567
Student equivalence 6.801* (0.009)
Different/unsure 10 0.531 0.052 0.429 0.632
Equal/randomised 5 0315 0.064 0.189 0.442
Instructor equivalence 3.312 (0.069)
Different/unsure 12 0.495 0.049 0398 0.592
Identical 3 0.309 0.089 0.133 0.484
Research design 20.444*** (<0.001)
Quasi-experiment 4 0412 0.065 0.285 0.539
RCT 2 1.09%4 0.150 0.801 1.388
Not reported 9 0.393 0.044 0307 0.479

Note. N = number of primary meta-analysis. g = Hedges’s g; SE = standard error; Cl = confidence interval,
LL = lower limit; UL = upper limit. STEM = science, technology, engineering, and mathematics.
*p < .05 ***p < .001
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Subject discipline
The moderator analysis concerning subject discipline suggested no significant effect size difference
between different disciplines (Qs =5.746, df = 2, p = 0.057).

Language of primary studies

There was a significant difference between Chinese, English, and English + Turkish empirical studies (Qs
=39.742, df = 2, p < 0.001). Primary meta-analyses examining Chinese-reported primary studies displayed
a higher effect size (g = 1.094) than meta-analyses investigating English primary studies (g = 0.357) and
meta-analyses examining both English and Turkish studies (g = 0.688).

Independence of effect sizes

We found evidence of significant variation in effect sizes between meta-analyses that explicitly handled
effect size independence and meta-analyses which did not (Qg =22.896, df = 1, p < 0.001). Primary meta-
analyses that did not explicitly handle effect size independence reported a higher effect size (g = 0.739)
than those that did (g = 0.357).

Literature included
There was no significant difference in effect sizes between only published sources, and both published and
unpublished sources (Qs=0.587, df = 1, p = 0.444).

Year of publication
There was no significant difference among 2017, 2018, 2019 and 2020 (Qg = 1.095, df = 3, p = 0.778).

Quality of primary meta-analysis

There was no significant difference in effect sizes between the different groups of meta-analytic quality
(Qe = 1.346, df = 3, p = 0.718), although the mean effect size of the high-quality meta-analyses was greater
than the other groups.

Student initial equivalence

Moderator analysis showed a significant difference between primary meta-analyses that reported students
in both the flipped and control groups were initially equivalent and meta-analyses that did not report student
initial equivalence (Qs = 6.801, df = 1, p = 0.009). Meta-analyses that did not report student initial
equivalence showed a higher mean effect size (g = 0.531) than their counterparts (g = 0.315).

Instructor equivalence

We found no evidence of significant variation in effect sizes between meta-analyses that reported the same
instructor was employed in both the flipped and control groups and meta-analyses that did not report
instructor equivalence (Qg = 3.312, df = 1, p = 0.069).

Research design

A significant difference in effect sizes was found pertaining to the research design used (Qg = 20.444, df =
3, p <0.001). Results showed that studies employing RCTs had a higher effect size (g = 1.094) than studies
that predominantly used quasi-experiments (g = 0.412).

Discussion

In this study, we conducted the largest quantitative test to date on the effect of the flipped classroom
approach on student learning performance, with data from 15 primary meta-analyses covering 156,722 total
participants. We found a significant mean effect size of 0.45 (0.37 after trim-and-fill adjustment) supporting
the flipped classroom approach. Compared to students in a non-flipped classroom, students in a flipped
classroom have a greater opportunity to do self-paced learning due to the availability of pre-class activity.
Students can choose to watch the video or read the course materials at any time and in whatever pace they
desire. The flipped classroom also provided students with more than one exposure to the course materials,
as they are first exposed to the course materials before class during the pre-class activity as well as in the
classroom (Lo & Hew, 2019). Multiple exposure to course materials can help improve student
understanding of the lesson (Lo & Hew, 2019; Yelamarthi & Drake, 2015; Yelamarthi et al., 2016).

143



Australasian Journal of Educational Technology, 2021, 37(2). AJET A% ASC

The overall effect size of 0.37 may be considered small (Cohen, 1988). Therefore, educators might question
whether it is worth the time and effort to flip a course. But the real question is: how big should a flipped
classroom effect size be before it is considered worthwhile to be used? In terms of learning achievement in
the education field, an increase of 0.1 in the effect size is argued to be a marked improvement if it is a result
of a small and inexpensive change (Coe, 2002). Glass et al. (1981) pointed out that the practical importance
of an effect depends entirely on its relative costs and benefits. One of the major costs involved in flipping
a course is the considerable demand on an instructor’s effort (Altaii et al., 2017; Cheng et al., 2019;
McLaughlin et al., 2014). Yet, although a significant amount of start-up effort is required to create flipped
classroom resources, these resources can be reused in subsequent semesters, which may make the flipped
classroom less expensive in the long term.

In this study, we also examined if contextual and methodological moderators affect the disparities of effect
sizes. We found no evidence of significant difference in effect sizes regarding meta-analytic quality, subject
disciplines, literature sources, sample sizes, year of publication and instructor equivalence. Although there
was no significant effect size difference regardless of meta-analytic quality, it is still important to pay
attention to quality in meta-analyses. This is because quality can help minimise the problem of the mass
production of ambiguous and misleading meta-analyses (loannidis, 2016).

Likewise, even though we found no significant difference in effect size between meta-analyses that reported
the same instructor was employed in both groups and meta-analyses that did not report an identical
instructor, it is still a matter of concern that many primary meta-analyses have failed to account for
instructor equivalence. The use of different instructors in the treatment and control groups is, after all, a
poorly controlled study. We suggest two simple methods that future meta-analysts can employ to deal with
the issue of instructor equivalence. First, meta-analysts could choose to select and analyse only empirical
studies that used identical instructors in both the treatment and control groups. Second, meta-analysts could
create two categories to characterise the quality of the controls over instructor equivalence in the included
empirical studies; for example, (a) no data or different instructors, and (b) identical instructor (Freeman et
al., 2014). Later, a moderator analysis could be conducted to reveal the differences (if any) between the
two categories of studies.

Some of the findings should be viewed with some caution. For instance, with regard to subject disciplines,
eight of the primary meta-analyses examined a combination of disciplines. As a result, we could not report
a more fine-grained result concerning the effect of specific subject disciplines on effect size heterogeneity.
The four categories used here, from Lag and Sale (2019), are broad and have the potential to conflate
disciplines where the flipped approach may work quite differently, such as education and economics, which
are both categorised as social sciences. Further work is necessary to identify the particular subject
disciplines that are best suited to the flipped approach.

We found evidence of effect size differences with regard to the language of the empirical studies, type of
research design, student initial equivalence and issue of effect size independence. Concerning the language
of the empirical studies, we found that the largest mean effect size (g = 1.094) came from studies by Hu et
al. (2018) and Tan et al. (2017) conducted exclusively with Chinese nursing students reported in Chinese-
medium publications. At this moment, we could not provide any conclusive reasons for this. However, we
can speculate that one possible reason for this could be that both meta-analyses accessed Chinese-language
databases (e.g., China National Knowledge Infrastructure, Wanfang, Chinese Scientific Journals Database),
which were not accessed by the other meta-analyses. Another possible reason is that compared to other
contexts, teachers in conventional Chinese classroom contexts are more authoritarian, and students are
expected to be quiet and obedient and not question the information given by teachers during lectures (Sit,
2013). This strict expository teaching culture can greatly diminish students’ learning enthusiasm (Hu et al.,
2018) and makes learning less effective. This may explain why the flipped learning approach, which
emphasises student active learning, may lead to even larger benefits when compared with expository
teaching (Freeman et al., 2014).

We found meta-analyses that employed RCTSs reported a significantly higher mean effect size than meta-
analyses that predominantly employed quasi-experiments. This finding appears to contradict those of
previous reviews which reported either non-significant differences in effect sizes between randomised and
quasi-experiments (de Boer et al., 2014) or a significantly higher mean effect size in quasi-experimental
studies (A. C. K. Cheung & Slavin, 2016). The significantly larger mean effect size in the randomised
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studies found in the present review may be accounted for in part by the large number of randomised studies
conducted exclusively with Chinese nursing students reported in Chinese-medium publications. We were
unable to retrieve the actual empirical studies for further verification. Hence, we could provide only some
possible reasons, as mentioned in the preceding paragraph.

We will discuss the significant differences in effect sizes regarding the student initial equivalence and effect
size independence moderators in the following subsection.

Limitations of previous primary meta-analyses

We have identified three major limitations of previous primary meta-analyses: a lack of control to address
possible student initial differences, a lack of explanation as to how independence of effect size was
addressed and sole reliance on funnel plots to assess publication bias.

The results of a moderator analysis showed a significant difference between primary meta-analyses that
reported students in both the flipped and control groups were initially equivalent and meta-analyses that
did not report student initial equivalence. More specifically, meta-analyses that did not explicitly report
student initial equivalence showed a higher mean effect size. The large number of primary meta-analyses
that failed to account for student initial equivalence is a matter of concern. If students have different initial
knowledge about the subject matter, it becomes unclear whether it is the flipped classroom approach that
caused the effect or the student’s initial knowledge that influenced the outcome.

We therefore suggest two possible methods for future meta-analysts to address the potential problem of
student initial differences. These two methods are similar to what we may use to address the problem of
instructor difference. The first and easier method is to simply impose a stricter set of inclusion criteria to
accept only empirical studies that explicitly reported student initial equivalence based on some form of pre-
tests. Such a claim should be supported by relevant statistical data as we have, based on our experience,
found empirical studies that merely claimed that the students were equal in terms of their initial knowledge
of the subject matter, but the statistical evidence was missing. The first method, however, may yield too
few primary studies to be included in a meta-analysis. The second method is to adapt the procedure
employed by other scholars (e.g., Freeman et al., 2014) by categorising the empirical studies into one of
several groups in terms of how well the empirical studies controlled for student equivalence. For example,
an analyst may decide to categorise the empirical studies into studies with no data on student initial
equivalence, studies with data showing student initial equivalence and studies with data showing students
were unequal. The analyst can then conduct between-level moderator analysis to identify the differences in
effect size (if any) among the different groups of studies.

One of the key assumptions in a primary meta-analysis is that the effect sizes are independent (M. W.-L.
Cheung, 2019). For example, if more than one effect sizes are computed involving the same sample of
participants, this will make such effect sizes correlated (Nakagawa et al., 2017). Consequently, the non-
independent effect sizes can lead to incorrect conclusions (Nakagawa & Santos, 2012). In this study, close
to half of the primary meta-analyses did not explicitly state they corrected for non-independence of effect
sizes. We found that meta-analyses that did not explicitly state they corrected for non-independence had a
significantly higher mean effect size than those that explicitly corrected for non-independence. To correct
for non-independence among effect sizes in a single empirical study, the meta-analyst could use methods
such as averaging the non-independent effect sizes (Cheng et al., 2019; Nakagawa et al., 2017) or selecting
one among several non-independent effect sizes (Hew & Lo, 2018).

Publication bias was assessed in all 15 primary meta-analyses. Of these, four relied solely on visual
inspection of the funnel plots (Gillette et al., 2018; Hu et al., 2018; Shi et al., 2019; Tan et al., 2017).
Although funnel plots can provide an easy way to visualise the presence of asymmetry (which indicates the
presence of publication bias) (Egger et al., 1997), researchers can be misled by its shape (Terrin et al.,
2005). Further tests, such as the classic fail-safe N, as well as statistical tests (e.g., Begg and Mazumdar
rank correlation) which can “quantify the amount of bias” (Borenstein, 2005, p. 195) should be conducted.
Although there are no perfect solutions for correcting for publication bias, existing techniques should still
be used (Nakagawa et al., 2017). An example of these existing techniques is the trim-and-fill approach.
Based on the funnel plot of the data set, this approach trims off the asymmetric outlying part of the funnel
after estimating the number of studies that lie within the asymmetric part (Duval & Tweedie, 2000).
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Possible studies would be imputed in the trim-and-fill analysis, which will lead to an adjustment of the
mean effect size. We have demonstrated that the use of these techniques leads to a slightly smaller overall
effect size, which suggests that some researchers are not publishing unsuccessful flipped classroom
interventions.

Conclusion

The increasing popularity of flipped classroom has spawned many empirical studies. Along with this
growing number of empirical studies, there has also been a corresponding increase of meta-analytic studies
of the flipped classroom approach. Rather than conducting yet another primary meta-analysis, this study
employed a second-order meta-analysis method to systematically synthesise the findings of 15 primary
meta-analyses. We conclude by presenting the main limitation of the present second-order meta-analysis
and several implications for future flipped classroom research.

The main limitation of our second-order meta-analysis is that we could not examine other possible
moderators due to the lack of available data. Flipped classroom approaches may differ from one another.
For example, some flipped classrooms may include the use of quiz and video lectures before class, while
others do not. However, since we conducted a second-order meta-analysis which is a meta-analysis of
primary meta-analyses (Young, 2017), we can only analyse what was reported in the primary meta-
analyses. Although all the primary meta-analyses that we examined hold the common view that in a flipped
approach, students study instructional material before class and apply the learning material during class,
not every primary meta-analysis reported the details of the flipped classroom approaches used. For instance,
we could not examine the role of the use of quizzes across all the primary meta-analyses because most of
the included primary meta-analyses did not report it. Likewise, we could not extract data on the flipped
classroom intervention duration because many primary meta-analyses did not report or did not clearly
specify the durations. We encourage future meta-analysts to think carefully about the potential moderators
that may be of practical or theoretical significance, and we similarly encourage future empirical study
authors to report greater details to enable extraction of these moderators. This would enable us to move
beyond the simplistic question of if the flipped classroom “works™” and towards asking more nuanced
questions such as “for whom?”” and “in what circumstances?” (Pawson, 2006).

Despite this limitation, this second-order meta-analysis is the first study to provide evidence of this
magnitude on the effect of the flipped classroom approach on student learning outcomes. The results
showed that the flipped classroom approach, on the whole, does increase learning performance compared
with conventional, non-flipped teaching. Future research should therefore move beyond doing yet another
empirical study comparing the effectiveness of flipped learning versus conventional teaching. It should
instead investigate the impact of the design of pre-class as well as in-class learning activities on student
learning performance. Since flipped learning poses heavier demands on learners’ self-regulation (e.g., the
requirement to watch videos outside of class), it would be profitable for future research to examine what
self-regulation strategies can best promote students’ pre-class learning (Cheng et al., 2019), what strategies
can best motivate students to complete the pre-class work as well as the long-term effects of flipped
classroom approaches on students’ learning performance.
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