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ABSTRACT 

Flipped Classrooms versus Traditional Classrooms:  

A systematic review and meta-analysis on student achievement in higher education 

 

Carol Nancy Sparkes, PhD 

Concordia University, 2019 

 

In an attempt to understand what makes blended learning (BL) more effective than 

Classroom Instruction (CI), this research looked more closely at the Flipped Classroom (FC) 

model of BL. The FC takes a relatively consistent approach to course design by flipping what is 

traditionally done in the classroom (i.e., lecture) with what is traditionally done as homework 

(i.e., application).  

Numerous studies have been conducted comparing FC with the CI on student achievement 

in higher education without conclusive results. To synthesize the literature, this dissertation 

implemented a systematic review and meta-analysis to measure the average effect size and the 

direction of the impact and to determine the conditions under which students learn more 

effectively. To ensure a transparent process the potential for bias in each step of a meta-analysis 

was acknowledged and addressed. 

Through a systematic review of the literature from 2000 to 2017, 114 studies were included and 

125 effect sizes were calculated. Using meta-analysis these effect sizes created a weighted mean 

effect-size of +0.30, which was statistically significant at p < 0.05 and educationally significant. 
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Study features were analyzed to determine if there were any attributes that made a 

difference but none were found to be significant. The use of quizzes, however, showed an 

interesting pattern and near significant difference (p = .058) when the effect sizes were grouped 

by STEM, non-STEM and Health-related disciplines. No publication bias was found, no outliers 

were found from the sensitivity analysis, and there was no significant difference between the 

effects from quasi-experimental and experimental designs. 

While the FC significantly outperformed CI it was not to a greater extent than general BL 

outperformed CI. Future research is encouraged between levels of treatments, instead of between 

FC and CI, in order to provide more nuanced results about how to improve instructional design in 

future courses.    
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CHAPTER 1: INTRODUCTION AND LITERATURE REVIEW 

As a new instructional approach is developed, researched and introduced into educational 

practice, its ability to improve student learning is often compared with that of the traditional 

lecture approach (e.g., Bernard, Abrami, Lou, Borokhovski, Wade, Wozney, Wallet, Fiset & 

Huang, 2004; Means, Toyama, Murphy & Bakia, 2013). The traditional lecture has been traced 

back to the 13th century, when books were so rare that the professor would read to the students 

from the one copy available, yet the lecture continues still as the main form of educational 

delivery in post-secondary education at the undergraduate level, even with the abundance of 

information on the internet (Bates, 2015), ease of access to it, and higher literacy for the general 

population to read it. Although academic achievement is only one measure of success of an 

instructional approach, an alternative to lecturing would be difficult to be recommended unless it 

was also at least as effective in student learning as the lecture. 

One of the more recent instructional approaches that has been inserted into this quest to 

improve student learning is the Flipped Classroom (FC). The FC is used in both K-12 and 

postsecondary courses, but research is more abundant in the latter. The focus of this study is on 

postsecondary, partly because this is where the FC began (Lage, Pratt & Treglia, 2000) but also 

because of major differences between how the FC is implemented with students in postsecondary 

classrooms and K-12 classrooms (Staker & Horn, 2012).  

The FC can be traced back to 1996 known then as the inverted classroom, when Maureen 

Lage and two fellow economics professors at Miami University in the US were trying to provide 

alternatives to lectures and a more inclusive environment that appealed to “all types of learners” 

(Lage et al., 2000, p. 32). Lage et al. recorded lectures on VHS videotapes, and PowerPoint files 

with audio for students with a computer to watch at home or in a lab.  Class time was reserved for 
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students to participate in activities that gave them the opportunity to see the economic principles 

in action. An example of such an activity is auctioning off a can of cola in class and charting the 

resulting supply and demand curves. Lage et al. found that the inverted classroom approach was 

more effective for female students’ achievement. As the field of economics was male dominated 

at that time, and when inclusivity was a goal, this was considered a significant result.  

In 2007, a similar approach was used by Bergmann and Sams, two Colorado (US) high 

school chemistry teachers, to accommodate students who needed to miss classes to participate in 

school sporting events. As Internet bandwidth and computer access had improved by 2007, the 

video lectures were provided through the Internet as downloadable podcasts (audio) or vodcasts 

(video). Students were asked to listen to the lecture before class, so that class time was “reserved 

exclusively for lab activities, demonstrations, one-to-one assistance, and small group tutoring” 

(Bergmann & Sams, 2008, p. 22). Bergmann and Sams referred to this instructional approach as 

the flipped classroom. Students continued at their own pace achieving mastery at each stage 

before moving to the next level of the course material, harking back to the mastery learning 

literature (e.g., Bloom, 1968; Guskey, 2007) that generated considerable interest and debate from 

the 1970s to the end of the 1980s (Guskey, 1987). Mastery instruction, however, is not 

considered a requirement in more recent FC literature.  

Bergmann and Sams posted their instructional videos online for anyone to use, which 

likely helped the idea of the flipped classroom approach spread quickly. In 2012, they shared 

their experiences of flipping their classroom in a book, entitled Flip Your Classroom: Reach 

Every Student in Every Class Every Day (Bergmann & Sams, 2012). The title promised what 

teachers were already striving to do, that is to reach every student in every class, every day. Since 

then, more primary studies comparing the effectiveness of the flipped classroom with the 

traditional lecture-based classroom instruction (CI) have been conducted and appeared in the 
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literature each year. The corpus of these studies has now reached a point that a comprehensive 

meta-analysis of the empirical literature is warranted.  

This dissertation uses the methodology of meta-analysis to summarize the literature from 

2000 to 2017 in an attempt to determine if FCs live up to their hype and to search for common 

instructional features that might moderate the overall effect. In the following sections, there is 

more about what the FC is, active learning’s central role in the FC, FC as a form of BL, the 

effectiveness of DE, OL, BL and the FC by examining various meta-analyses, and the 

methodology of systematic review and meta-analysis. 

What is the Flipped Classroom? 

The FC is a form of blended learning (BL), meaning that part of a course is conducted 

online and part in the classroom, that flips or reverses what is traditionally done in the classroom 

(i.e., lecture instruction) with what is traditionally done as homework (i.e., active application of 

theory to problems). Figure 1 shows the Classroom Instruction Model on the left of Anderson and 

Krathwohl’s (2001) modification of Bloom’s Taxonomy Framework  (Bloom, 1956; Bloom 

1968) and the Flipped Classroom Model on the right indicating its reversed/flipped connection to 

the levels.  In the Classroom Instruction Model the bottom three levels of Bloom’s taxonomy 

(i.e., remembering, understanding and applying) are addressed in the classroom, while in the 

Flipped Classroom Model they are “flipped” and addressed at home through the student watching 

video lectures and completing worksheets or quizzes. In the Classroom Instruction Model the top 

three levels of Bloom’s Taxonomy (i.e., analyzing, evaluating and creating) are addressed at 

home alone, while in the Flipped Classroom Model they are “flipped” and addressed in the 

classroom with the additional support of other students and the instructor(s) (Lopes & Soares, 

2018). 



 

 4 

  

Figure 1. Connection between Classroom Instruction and FC to Bloom’s Taxonomy (adapted 

from Lopes & Soares, 2018, p. 3847). 

The FC is also known as the inverted classroom and reversed instruction (Lage et al., 

2000; Bergmann & Sams, 2012; Ruddick, 2012; Baepler, Walker & Driessen, 2014). Bishop and 

Verleger (2013) described the FC as “an educational technique that consists of two parts: 

interactive group learning activities inside the classroom, and direct computer-based individual 

instruction outside the classroom” (p. 5). Direct computer-based individual instruction in this 

case refers to lectures that are recorded as video for the students to watch at home as their first 

introduction to the material and to prepare them with the pre-requisite knowledge needed to 

participate in active learning in the classroom. This direct computer-based individual instruction 

referred to by Bishop and Verleger is not to be confused with the Direct Instruction (referred to 

as DI) of Zigfred Engelman who developed a scripted model of instruction to teach at-risk 
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children in the 1960s, on which the National Institute for Direct Instruction was founded 

(https://www.nifdi.org/). A meta-analysis was recently published on DI (Stockard, Wood, 

Coughlin, & Rasplica Khoury, 2018) reporting its effectiveness. Another form of direct 

instruction (referred to as small di) was introduced by Rosenshine in 1976 in his teacher 

effectiveness research (e.g., daily review, presenting new material, guiding student practice, 

providing feedback and corrections, conducting independent practice, and weekly and monthly 

review may apply). Rosenshine laments that some authors refer to direct instruction as any 

instruction that is led by the teacher no matter how systematic or unsystematic it is (e.g., Kuhn, 

2007; Rosenshine, 2009). Even though the flipped classroom video lecture does not necessarily 

follow Engelman’s (large DI) or Rosenshine’s (small di) systematic form of instruction, they are 

all a form of teacher led explicit instruction.  

To encourage students to watch the video lectures of the FC carefully, pre-class or 

beginning of class quizzes based on the video lectures are commonly used in the FC. Sometimes 

worksheets for students to complete prior to class are used to ensure that students watch the 

videos and are prepared for the class activities (Lage et al., 2000). The results of these online 

assignments provide just-in-time feedback to inform the teacher of concepts that need 

clarification during the class session.  

Figure 2 shows the evolution of the FC model from blended learning (i.e., face-to-face 

and online learning) but with a specific pedagogical approach to be used in the classroom (i.e., 

active learning) and online (i.e., direct instruction in form of video lectures). Blended learning 

evolved from face-to-face classroom instruction by including the online environment for learning 

as well. With the increased accessibility of the Internet and personal computers, OL (i.e., students 

working completely on a computer on the Internet) evolved from distance education (i.e., 

primarily paper, radio, television, VHS tape, DVD based).  
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Figure 2. Evolution of the Flipped Classroom (FC) from Classroom Instruction (CI) 

The FC comes with opportunities and challenges as noted in two qualitative reviews 

(Halili & Zainuddin, 2015; Karabulut-Ilgu, Jaramillo Cherrez & Jahren, 2018).  Students valued 

the flexibility to watch and re-watch lecture videos at their own pace, and the access to the 

instructor for help with active learning and complex problem solving during class time. 

Instructors appreciated opportunities to interact with students to better understand their 

difficulties, and the ability to respond quickly with the necessary personalized corrective 
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feedback. Through this regular interaction the instructor has opportunities to get to know the 

students and their interests thus helping to customize more effective responses. Sometimes 

challenges arose, however, when students were reluctant to prepare sufficiently for class, did not 

participate fully during class, and complained of technical issues. Students did not always buy 

into the idea of taking responsibility for their own learning. Instructors felt overwhelmed 

sometimes by the greater workload; preparing the recorded lectures ahead of time and facilitating 

active learning classes instead of lecturing as they were used to doing. It must be noted, however, 

that these assessments were based on qualitative reviews.  

Active Learning’s Central Role in the Flipped Classroom    

The idea of active learning has a long history including ideas from Dewey, Piaget, 

Vygotsky, and Bruner. John Dewey, an American philosopher and psychologist in the early 

1900s, was a pragmatist who encouraged moving school activities from “drill, recitation, rote 

memorization, lecturing” to “broad-scale and open-ended group projects that involved activities 

such as carpentry, weaving, cooking, and candle making” (Dewey & Jackson, 1990, p. xxxiii). 

Jean Piaget, a Swiss philosopher who was known as a cognitive constructivist, argued that 

acquiring knowledge was “a process of continuous self-construction” (Driscoll, 2005, p. 191). 

Lev Vygotsky, known for social constructivism, and Jerome Bruner, known for constructivist 

theory, both agree that, “individual development could not be understood without reference to the 

social and cultural context within which such development is embedded” (Driscoll, 2005, p. 247). 

Each of these people remind us that learners are not just empty vessels waiting to be filled or 

blank slates waiting to be “written on” by the teacher’s words yet “much of U.S. schooling has 

been based on this premise” (Wilson & Peterson, 2006, p. 2). 
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Active learning is central to the FC. Prince (2004), when reviewing the research, 

generally defines active learning as “any instructional method that engages students in the 

learning process” (p. 1) but clarifies that having students engage in meaningful learning activities 

and thinking about what they are doing refers to classroom activities as opposed to homework. 

Prince contrasts the term active learning with the passive listening done in a traditional lecture.  

Active learning is described in Figure 3 from Bishop and Verleger (2013, p. 6). 

According to this description, problem-based learning (PBL) and peer-assisted learning, partially 

overlap indicating that PBL can be used individually or in a group. The two key components of 

peer-assisted learning (i.e., collaborative learning and peer tutoring) also overlap each other. 

Collaborative learning is a broad term for instructional methods where students work together in 

small groups, usually to achieve a common goal. Cooperative learning is a form of group work 

where students pursue common goals but are assessed individually. At the core of cooperative 

learning is a perception of interdependence between the individual and the group so that the 

individual’s success is not possible without the group’s success (Johnson, Johnson & Smith, 

2014).  

 

Figure 3. A Venn diagram of active learning (Bishop and Verleger, 2013, p. 6) 
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Johnson, Johnson, and Smith (2014) synthesized the results of 168 university level studies 

in a meta-analysis and found that cooperative learning was significantly more effective at 

promoting higher individual achievement than competitive learning. They also found that 

cooperative learning was significantly more effective than individualistic learning with average 

effect sizes of +0.50. These effects are large given that the comparison is education. Most 

educationally significant outcomes are recognized when the effect size is greater than 0.30 

(Lipsey, Puzio, Yun, Hebert, Steinka-Fry, Cole, Roberts, Anthony & Busick, 2012). 

Also in support of the effectiveness of active learning is the Freeman, Eddy, McDonough, 

Smith, Okoroafor, Jordt, & Wenderoth (2014) meta-analysis on university-level studies. In their 

study, “the active learning interventions varied widely in intensity and implementation, and 

included approaches as diverse as occasional group problem-solving, worksheets or tutorials 

completed during class, use of personal response systems with or without peer instruction, and 

studio or workshop course designs” (p. 1). The Freeman et al. meta-analysis examined 225 

studies involving active learning but specifically undergraduate courses in science, technology, 

engineering and math (STEM), and concluded that active learning significantly increased student 

performance according to exam scores and reduced failure rates. They found active learning, in 

comparison to traditional lecturing, to be significantly more effective across all STEM disciplines 

and all class sizes although it was greatest in smaller classes that had fifty or fewer students.  

The results of these two meta-analyses on active learning and cooperative learning 

respectively (i.e., Freeman et al., 2014; Johnson et al., 2014) could indicate that improvement in 

the FC may be at least partially due to an emphasis on active learning in general or even 

cooperative learning (Jensen, Kummer, & Godoy, 2015). 
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It is important to note that active learning can be used within a lecture as well or to 

replace a lecture. A simple example of active learning during a lecture is think-pair-share (i.e., 

asking students to take two minutes to clarify their notes with a partner two or three times during 

a one-hour lecture) (Prince, 2004). On the FC’s video lectures the pause and rewind buttons may 

serve the same purpose as a two-minute activity by providing the opportunity for a student to 

stop, reflect on what was said, confirm one’s understanding, and prepare oneself to take in the 

information in the next 15 minutes of lecture. A question embedded in the FC video lectures is 

sometimes used to encourage students to stop and reflect on or actively engage with the video 

content. However, the video lecture is primarily direct instruction and not active learning. 

Flipped Classroom as a Form of Blended Learning 

The FC is a form of blended learning (BL). In the FC the lectures are recorded on video 

usually available online through the Internet, and students meet face-to-face for active learning in 

class. BL can be seen as evolving from online learning as it provides some course time online and 

some face-to-face. Online learning (OL), ranging from computer based training (CBT) to 

asynchronous online discussions to synchronous virtual classroom, was a natural evolution from 

the early manifestations of distance education (i.e., which just meant full-time learning at a 

distance) after the Internet and personal computers became more widely available. Distance 

education took many forms prior to OL from paper-based correspondence courses, to radio and 

television broadcasts and included VHS and DVD delivery (Bernard et al., 2004).  

BL is considered the thoughtful integration of online and face-to-face instruction 

(Osguthorpe & Graham, 2003) and about “rethinking and redesigning the teaching and learning 

relationship” (Garrison & Kanuka, 2004, p. 99). Given that BL “combines face-to-face 

instruction with computer-mediated instruction” (Graham, 2006) the current review defines the 
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blended FC as including video lectures for homework and active learning during class time, and 

is a more specific variant of BL. 

A BL course has also been referred to as a hybrid course although the term blended 

learning (BL) has become the most commonly used term (Spring & Graham, 2017). Hybrid was 

used as early as 2002 by the University of Wisconsin-Milwaukee and is still used in some circles. 

According to Staker and Horn (2012), who focuses on K-12 education, there are four 

models of BL with the FC model being a form of the Rotation model. In the K-12 world, students 

are not sent home to watch the videos but instead rotate through stations in the classroom to 

watch the videos, solve problems, or receive individual support. 

 

 

Figure 4. Blended-learning taxonomy (Staker and Horn, 2012, p. 2)  
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BL has also been defined by the replacement of class time with online time (Garnham & 

Kaleta, 2002; Owston, York & Murtha, 2013). For those courses that did not reduce class time to 

compensate for the online time and just added the online time on, BL has been referred to as a 

course and a half (Garrison & Vaughan, 2008). The extra time students spent on such a BL 

course has been considered as a possible reason some students do better in these courses (Means, 

Toyama, Murphy & Baki, 2013). In primary studies, it is really just a confound to the design and 

should be investigated as such.  

In order to distinguish BL from online learning and web-assisted courses the Online 

Learning Consortium (OLC; previously Sloan-C) estimated the percentage of time spent online 

or face-to-face. For example, OLC has defined BL as having anywhere from 30 to 70 percent of a 

course online, while Allen and Seaman (2013) estimated between 30 and 80 percent of the course 

content was offered online. BL is recognized and researched internationally in places such as 

Africa, Asia, Europe, Latin America, Middle East, North America, and Oceania (Spring & 

Graham, 2017) so the percentages are discussed globally.  

BL itself does not distinguish which aspects of teaching and learning take place online or 

face-to-face in the classroom. For example, there could be active learning on discussion forums 

and lectures face-to-face or vice versa or some other configuration. In reaction to such a large 

range of pedagogical approaches and the resulting difficulty to make comparisons with BL as a 

cohesive approach, Margulieux, Bujak, McCracken, and Majerich (2014) developed a taxonomy 

to organize BL approaches. They used this new taxonomy to categorize course design based on 

the type of instruction (i.e., lecturing content or giving feedback on activities) and how the 

content was delivered (i.e., via technology or via the instructor). Margulieux, McCraken and 

Catrambone (2015) recognized the FC pattern as “a flipped blend” which delivered content via 
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technology and provided feedback through the instructor (p. 220.) This taxonomy provided a 

framework in which to look at BL courses through a new lens. 

The Effectiveness of DE, OL, BL and the Flipped Classroom: An Examination of Meta-

Analyses  

Since early in 2000, meta-analysis has been used to synthesize the literatures of distance 

education (DE), online learning (OL), and Blended Learning (BL). See Table 1 below for a 

summary of these reviews (Bernard, 2017).  

Impact of DE. Between 2000 and 2006 seven meta-analyses were conducted on the 

impact of DE compared with CI (i.e., Machtmes & Asher, 2000; Cavanaugh, Gillan, Kromrey, 

Hess & Blomeyer, 2001; Shacher & Neumann, 2003; Allen, Mabry, Mattry, Bourhis, Titsworth 

& Burrell, 2004; Bernard, Abrami, Lou, Borokhovski, Wade, Wozney et al., 2004; Zhao, Lei, 

Yan, Lai, Tan, 2005; Williams, 2006) creating eight average effects. Seven out of eight average 

effect sizes were between -0.10 and +0.15 indicating that there was little difference between DE 

and CI. The category for a small effect starts at 0.20 (Cohen, 1988).  Shacker and Neumann 

(2003) with an average effect of +0.37 was an anomaly, possibly due to their inclusion of only 

published studies, and a selection bias from the inability of the authors to find 68 (26 percent) full 

text studies that were to be reviewed for inclusion. Also they chose to include some very high 

effect sizes that when removed resulted in the average dropping substantially.  

Impact of OL. Between 2004 and 2013 five meta-analyses were conducted on the impact 

of OL compared with CI (i.e., Cavanaugh, Gillan, Kromrey, Hess & Blomeyer 2004; Sitzmann, 

Kraiger, Stewart, & Wisher, 2006; Jahng, Krug & Zhang, 2007; Cook Levinson, Garside, 

Dupras, Erwin, & Montori, 2008; Means, et al., 2013. The range of the five average effect sizes 
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+0.02 to +0.15 indicated little difference between OL and CI. This is not surprising since DE and 

OL are both full-time, off-campus study arrangements. 
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Table 1 

Summary of meta-analyses conducted comparing DE, OL, BL, and FC to CI (adapted from 

Bernard 2017, OLC presentation) 

Author(s)  

Publication Year 
Inclusive Years 

Learner  

Population 
DE Context 

Number of Effect 
Sizes/Studies 

Mean/Sig.         
(*p ≤ .05) 

Gillette et al. 
(2018).  

2000-2017 
Student 

pharmacists 
FC 5 ns 

Cheng, Ritzhaupt, 
& Antonenko, 
(2018) 

2000-2016 All FC 55 0.193* 

Hu, Gao, Ye, Ni, 
Jiang, & Jiang 
(2018) 

2015-2017 
Nursing 

students in 
China 

FC 8 1.06* 

Tan, Yue, Fu 
(2017) 

unknown 
Nursing 

students in 
China 

FC 
16  

 
1.13* 

Cirak Kurt et al. 
(2018) 

2010-2016 All in Turkey BL 32 3.114 

Vo, Zhu, & Diep 
(2017) 

2001 + 
Higher 

Education (HE) 
BL 51 0.39*

 

Spanjers et al. 
(2015) 

unknown All  BL 24 studies 0.34* 

Bernard et al. 
(2014) 

2000-2010 HE BL 117 0.33* 

Means et al. 
(2013) 

1996-2008 HE 
OL 27 0.05 

BL 23 0.35* 

Cook et al. (2008) 1990-2007 Health Workers OL 63 studies 0.12* 

Jahng et al. (2007) 1995-2004 HE OL 20 0.02 

Sitzmann et al. 
(2006) 

1996-2005 Adults  Web-based (OL) 71 0.15 

Williams (2006) 1990-2003 Health Workers All DE 34 0.15 

Zhoa et al. (2005) 1966-2002 HE All DE 98 0.10 

Cavanaugh et al. 
(2004) 

1999-2004 K-12 Web-based (OL) 116 0.03 

Bernard et al. 
(2004) 

1985-2002 All Learners 
Asynchronous DE 174 0.05* 

Synchronous DE 92 –0.10* 
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Allen et al. (2004) unknown unknown All DE 39 0.10 

Shachar & 
Neumann. (2003) 

1990-2002 unknown All DE 86 0.37* 

Cavanaugh (2001) 1980-1998 K-12 DE 19 0.15 

Machtmes & 
Asher (2000) 

1943-1997 HE Tele-Courses 19 –0.01 

 

Impact of BL. Between 2009 and 2017 four meta-analyses compared the impact of BL to 

CI on achievement and found small but significant effects ranging from +0.33 to +0.39 (i.e., 

Means et al., 2013; Bernard, Borokhovski, Schmid, Tamim, & Abrami, 2014; Spanjers, Könings, 

Leppink, Verstegen, de Jong, Czabanowska, & Van Merriënboer 2015; Vo, Zhu & Diep, 2017). 

The two study features attributed with making the difference were quizzes, (i.e., quizzes in the 

blended condition when there were no quizzes in the CI condition) (Spanjers et al., 2015), and 

discipline area, (i.e., the effect was significantly greater for STEM courses than for non-STEM 

courses) (Vo et al., 2017). In these BL meta-analyses, the FC as defined in this study was not 

address separately, however, the effect of the use of technology was studied in Bernard et al. 

(2014). Cirak Kurt et al. (2018) meta-analysis was written in Turkish, and from the English 

abstract it is impossible to tell why the average effect size is so unusually large, which brings the 

findings into question.  

Impact of the FC. Three meta-analyses were conducted on the impact of the FC as 

compared to CI. Two of the meta-analyses had a specific focus of nursing education in China 

(i.e., Tan, Yue & Fu 2017; Hu, Gao, Ye, Ni, Jiang & Jiang, 2018) and the third meta-analysis 

included kindergarten to postsecondary (K-20) students (Cheng, Ritzhaupt & Antonenko, 2018).  

Both of the nursing education meta-analyses found the FC significantly outperformed CI with 

large average effect sizes of greater than 1.00 (e.g., Hu et al., 2018,  = 1.06, k = 8; Tan et al.  d
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2017, = 1.13, k = 16). These effect sizes were unexpectedly large in comparison to meta-

analyses done on BL where average effects were closer to +0.33 to +0.35. Cohen (1988) is often 

cited as broadly categorizing effect sizes of 0.20 as small and 0.50 as medium, while Tallmadge 

(1977) had indicated 0.25 as the marker of educationally significant outcomes, while more 

recently Lipsey et al. (2012) noted that effect sizes in education rarely are as large as 0.30. Either 

way, these effect sizes of greater than 1.00 are anomalous and indicate a need to critically 

question the outcomes.  

On closer inspection, Hu et al. (2018) was based on a small number of studies in which 

anomalously large effect sizes have a greater impact on the resulting average effect size (e.g., the 

two largest effect sizes were 1.59 and 1.68). There were only eleven studies from 2015 to 2017 in 

the entire meta-analysis, however, after sensitivity analysis the knowledge scores were based on 

only eight studies. Hu et al. also included only randomized control studies (RCT), excluding 194 

studies because they were not RCTs. Even though Hu et al. claimed there was no publication bias 

according to the visual examination of the funnel plot, they were clear that the unpublished 

literature had not been searched, and that they excluded any conference abstracts that might 

otherwise have been included. The small number of studies may have prevented the funnel plot 

view from showing the inherent publication bias from not searching or including unpublished 

studies and conference papers. Publication bias creates a higher average effect size because 

studies with significant results are more likely to be published in academic journals, and studies 

are “more likely to be statistically significant if the effect size is larger” (Borenstein, Hedges, 

Higgins & Rothstein, 2011, Ch. 30, p. 283) yet RCT generally create lower average effect sizes 

than quasi-experimental studies. Perhaps the large effect sizes were due to some limitations of the 

studies that were included. Hu et al acknowledged low methodological quality in regard to 

 d
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randomization methods and lack of blinding of assessors resulting in potential selection and 

detection bias. When an assessor grades a paper that they know belongs to the treatment group, 

they may want them to do better and thereby unintentionally grade it more leniently. This bias 

could result in higher effect sizes than normal. 

In 2017, Tan et al. also included only peer-reviewed randomized controlled trials of 

nursing studies in China so publication bias might have inflated the average effect size yet again 

the high quality of RCT studies would have reduced the effect. Tan et al. found the FC created 

significant academic improvements in knowledge (  = 1.13) compared to the traditional CI 

based 16 studies. Selection and detection bias may have inflated the results in this study as well.  

Perhaps the overarching issue in these two meta-analyses (i.e., Tan et al., 2017; Hu et al., 

2018) is the small number of studies included (i.e., 16 and 8 respectively). Given both meta-

analyses are working with the random-effects model, the dispersion in effects is assumed to be 

real as opposed the fixed-effect model where the dispersion in effects is assumed to be a result of 

sampling error (Borenstein et al., 2011).  When a meta-analysis is “based on a small number of 

studies, the estimate of between-studies variance (T2) may be substantially in error” (Borenstein, 

et al., 2011, Ch. 40). Borenstein et al (2011) indicate that because the standard error of the 

average effect size is based on this between-study variance (T2) the resulting average effect size 

and the confidence interval may be wrong. They also note that with few studies we cannot tell if 

the dispersion effect is consistent or varies across studies. For this reason, Borenstein notes it 

maybe better not to summarize studies when the number is small as the results may be 

misleading. With this in mind, the data from the studies included in the Tan et al. and Hu et al. 

meta-analyses should be viewed individually and not in the form of an average effect-size. 

 d
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The third FC meta-analysis by Cheng et al. (2018) found an average effect size of +0.193 

in favour of the flipped classroom based on 55 combined effect sizes of K-20 students. This 

resulting average effect size was lower than the average effect size found for BL but closer in 

proximity than that of Tan et al. (2017) and Hu et al. (2018).  Cheng et al. indicated that they did 

not code for study quality, and they averaged effect sizes from 115 assessments taken throughout 

the courses to create 55 effect sizes as opposed to having taken the most cumulative assessment 

such as the final exam mark. There were thirty-nine studies based on undergraduate students, four 

based on graduate students, and twelve based on K-12 students. 

There have been a number of reviews, other than meta-analyses, on the FC. Margulieux, 

McCracken & Catrambone (2015) conducted a vote count and found that 17 of the 21 flipped 

courses added instruction during application and reported improved learning outcomes. In 2015, 

O’Flaherty and Phillips’ scoping review found that the FC literature was lacking any conclusive 

evidence that it was more effective than the traditional CI approach yet they recognized the 

importance of the pre-class quiz results to the instructor’s ability to address students’ 

misconceptions. Three qualitative reviews were conducted in nursing education (i.e., Betihavas, 

Bridgman, Kornhaber, & Cross, 2016; Presti, 2016, Njie-Carr, Ludeman, Lee, Dordunoo, 

Trocky, Jenkins, 2017). Betihavas et al. (2016) included nine studies, Presti (2016) reviewed 13 

studies, and Njie-Carr et al (2017) reviewed 13 nursing studies, and they all found neutral or 

positive results.  

Two FC reviews were conducted from an engineering perspective. Bishop & Verleger 

(2013) conducted a survey of the research and Karabulut-Ilgu et al., (2018) conducted a 

qualitative review and a vote count. Bishop and Vergeler found that most research as of 2013 was 

focused on student perceptions. By 2018, Karabulut-Ilgu et al. found 30 studies that directly 

compared student achievement in traditional and FC but the results were tabulated as a vote 
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count, and were inconclusive. Thirteen studies clearly indicated that FC was more effective but 

only seven of these were statistically significant; four studies had mixed results, two showed the 

FC underperforming the traditional CI, while eight indicated no difference. Karabulut-Ilgu et al.’s 

systematic review reported that there is a rapidly increasing interest in the flipped classroom 

approach in engineering and a meta-analysis would be ideal to make a definitive statement about 

whether the flipped classroom’s approach has any advantages over the traditional one. 

The Methodology of Systematic Review and Meta-Analysis 

The literature review on meta-analysis introduces a brief history of this research method, 

briefly discusses the potential bias that can exist in each of the seven steps involved in a meta-

analysis, with a more in-depth look at three (i.e., publication bias, outliers, and extreme effect 

sizes from large samples).  

Brief history. Gene Glass developed meta-analysis in 1976 as a way to quantify the 

standardized size of the effect that a treatment has on an outcome in comparison to a control 

condition. Prior to meta-analysis, the options for a synthesis of the literature were either a 

qualitative narrative review of the literature, resulting in a compilation of descriptions of studies, 

or a vote count approach that gives one vote for or against the treatment over the control 

condition based on the significance level reported in the study, regardless of how many 

participants were involved in the study. While any of the forms of review can qualify as a 

systematic review, described by the Cochrane Collaboration as “an appraisal and synthesis of 

primary research papers using a rigorous and clearly documented methodology in both the search 

strategy and the selection of studies. This minimizes bias in the results. The clear documentation 

of the process and the decisions made allow the review to be reproduced and updated.” (Cochrane 

http://www.cochrane-handbook.org/
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Handbook for Systematic Reviews of Interventions, 2011, 

https://libguides.library.qut.edu.au/systematicreviews). 

A meta-analysis specifies: (1) quantitative data; (2) effect sizes that are defined by a 

difference between groups, a correlation, or a 2 X 2 frequency table from which an odds-ratio or 

risk ratio can be calculated; and (3) Statistical methods are then used to synthesize the data.  

Seven steps. Meta-analysis follows seven steps (Cooper, 2017) and each one has the 

potential for bias (Bernard et al., 2014). The steps and a brief reference to potential biases follow.  

1. Formulating the problem. In order to formulate the problem, one should refer to at least 

one past meta-analysis and show that studies available for review are relevant to the topic. 

2. Searching the literature. Searching the literature involves searching for all relevant 

studies that are published or unpublished. Searching the literature would involve 

determining key words and systematically searching online databases as well as manually 

searching through reference sections of relevant studies. There is a potential for 

publication bias if the researcher only sought published journal studies. Selection bias 

may appear when deciding on search terms.  If a keyword is left out, a search may 

systematically miss studies that should be included. (Kugley, Wade, Thomas, Mahood, 

Jørgensen, Hammerstrøm & Sathe, 2016). 

3. Formulating criteria for including and excluding studies. When formulating criteria 

for including and excluding studies, a researcher should consider key aspects of the 

control and treatment group being studied (e.g., the flipped classroom required video 

lectures as homework), relevant years of interest, and data required to calculate an effect 

size. 

http://www.cochrane-handbook.org/
https://libguides.library.qut.edu.au/systematicreviews
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4. Extracting effect sizes and moderator effects. To extract the effect sizes for each study, 

data such as means and standard deviations for the control and treatment groups are 

determined. A code book is created to indicate which study features are to be coded as 

moderator variables and the levels for each. Ideally, two independent reviewers are 

trained to agree on studies to include/exclude, to extract the effect sizes, and to code the 

moderator variables. The inter-rater reliability (Cohen’s K) should be presented in the 

meta-analysis to show the lack of bias and the reliability of the coders. If the meta-

analysis only has one coder, this person could be unknowingly biased.  

5. Assessing the quality of the studies. While extracting effect sizes and coding moderator 

variables, the researcher has to assess whether a study fits the quality needed. For 

example, a researcher should never combine outcomes that are not the same category of 

outcome measure, such as attitude and achievement. Small sample sizes should be 

converted from Cohen’s d to Hedges’ g. Samples should be independent (i.e., not using 

the same participants more than once) if taking multiple effect sizes from one study. Any 

of the threats to validity (Campbell & Stanley, 1966; Shadish, Cook & Campbell, 2002) 

could make for a poor quality study. Randomized Control Trials (RCTs) are the “gold 

standard,” high-quality Quasi-experimental Designs (QEDs) are acceptable, but pre-

experimental studies are generally to be unacceptable except in certain instances (e.g., N-

of-one studies).   

6. Evaluating the research outcomes. Outliers and extreme effect sizes need to be 

determined. CMA’s one-study-removed and the funnel plot can assist in this process. 

These are discussed in more detail in the following section.  

7.  Interpreting the results. The researcher should note the limitations of the study, and 

ensure the results are those of interest to the reader and not just the researcher. 
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Publishing the paper is a way of sharing the results with a community of people who are 

interested. In order to assure that important information is included there are some standards 

developed for reporting meta-analysis: PRISMA (Preferred Reporting Items for Systematic 

Review and Meta-analyses; Moher, Liberati, Tetzlaff, Altman, The PRISMA Group, 2009) 

and MARS (Meta-Analysis Reporting Standards; APA Publications and Communications 

Board Working Group on Journal Article Reporting Standards, 2008) being two. There 

should be a code of ethics to guide the author, the reviewer, and the publisher on how to 

avoid bias in meta-analysis (Bernard et al. 2014). 

Two sources of bias in Meta-analysis. Two sources of bias addressed below are 

publication bias during the literature search, and extreme influence effect sizes from large 

samples in combination with using the correct model for analysis (e.g., fixed-effect versus 

random-effects model).   

Publication bias. When searching the literature, there is potential for publication bias as a 

result of only searching within the published literature (e.g., peer-reviewed journals) for studies 

to include in the meta-analysis.  Journals are known to more likely publish large studies and those 

with significant effects (Borenstein et al., 2011). If the researcher only searches journals, online 

or paper, then they may be missing all the other studies that could provide different results.  A 

meta-analysis is meant to include all studies on the topic, not just a sample, so it is important to 

look further. The solution to this bias is to search, not only in journal databases, but also in what 

is called the grey literature to find the remaining studies that have not been published (Bernard et 

al., 2014).  Some ways to find grey literature include searching through the reference section of 

studies that were previously found; searching prominent journals that are not online, or back 

issues of journals that are only online after a certain year; conference papers and proceedings on 

the topic; and dissertations and theses.  
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To explore whether the meta-analysis has publication bias, the researcher should use 

Comprehensive Meta-analysisTM software or other dedicated meta-analysis software (e.g., 

RevMan) to create a funnel plot diagram which indicates the effect size on the x-axis (with zero 

in the middle, negative effect sizes on the left and positive effect sizes on the right), and a 

reflection of the sample size, and usually the standard error on the y-axis (zero on the top, so that 

relatively large studies appear at the top of the plot (relatively low standard errors) and small 

studies with larger standard errors at the bottom of the plot. The effect sizes show a visual 

assessment of potential bias. The most common area missing studies is at the bottom left of the 

plot as that is where small samples and negative effect sizes would be located (Borenstein et al., 

2011).  To conduct a statistical analysis of this funnel plot, the researcher should use the Fill and 

Trim method (Duval & Tweedie, 2000) through Comprehensive Meta-analysis to report if there 

is any publication bias showing and what would happen to the average effect size if these studies 

were added or trimmed (trim and fill is linked with the funnel plot). Orwin’s Fail-safe N can also 

be used to assess potential publication bias by noting how many studies with an effect size of 

zero it would take to reduce the average effect size to zero. Orwin’s Fail-safe N (as opposed to 

Rosenthal’s fail safe N) will also give the options to choose the average effect size that would be 

considered negligible (e.g.,  = 0.05) as well as an alternative effect size (i.e., the minimum 

expected) to zero of any missing studies (Borenstein et al., 2011).  

Extreme influence effect sizes. When evaluating the research outcomes there is the 

potential for extreme influence effect sizes from very large samples especially on the margins (+ 

or -) of the effect size distribution. Studies like this can skew the average effect size, either 

positively or negatively. Using the random-effects model, as contrasted with the fixed effect 

model, can reduce the influence of these kinds of effect sizes.  If, for example, most of the studies 

g
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include samples of 100 and one study has 5,000 participants, this large study could have a much 

greater influence on the average effect size, especially if the effect size is very large or small. The 

effect size may not be large but it will have a disproportionally large influence if the sample size 

is large. The influence would be greater if the fixed-effect model results were used instead of the 

random-effects model results. The fixed-effect model uses a different weighting system than the 

random effects. The fixed-effect model weight is 1/variance within while the random-effects model 

uses 1/ variance within + average variancebetween groups (tau2). Because the random weights are 

smaller than fixed weights, the random-effects model allows less influence from studies with 

high/low and relatively large sample sizes.  Such a study could also be an outlier in which case 

there is the option to remove it or truncate it (i.e., Winsorizing). Comprehensive Meta-analysis TM 

software has a program called One-Study Removed that indicates what the average effect size and 

standard error would be with each individual study removed in turn. The average effect size may 

change dramatically when an outlier is removed, especially if it is a high influence effect size. 

The funnel plot can also provide a visual depiction of potential outliers. 

Solution: The social sciences should use the random-effects model because not all studies 

have the same kind of treatment, outcome measure, sample, etc. and there is not one true effect to 

be found (Borenstein et al., 2011).  

Goals and objectives. Systematic review and meta-analysis is used in this dissertation to 

answer the question “Is there a difference between FC and CI on achievement outcomes in higher 

education?” 

The Purpose of this Study 

The purpose of this study is to compare the impact of the Flipped Classroom on higher 

education student achievement in comparison with Classroom Instruction (i.e., primarily lecture-
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based). Study features were coded and analyzed to determine if they explain a significant amount 

of the difference. Figure 5 shows the position of this research in relation to the research on 

blended learning (a combination of Classroom Instruction and Online Learning as shown by the 

overlapping circles in the top part), active learning, collaborative learning and cooperative 

learning, as well as the two moderators that were found to be significant in the BL literature (i.e., 

subject matter and the use of quizzes). 
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Figure 5. Flipped Classroom concepts in relation to the research. 

Chapter 2 (Method) describes the methods that were used at each stage of the meta-

analysis, Chapter 3 (Results) outlines the results, and Chapter 4 (Discussion) discusses the 

findings as they relate to the literature.  
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CHAPTER 2: METHOD 

“Research syntheses focus on empirical studies and seek to summarize past 

research by drawing overall conclusions from many separate investigations that 

address related or identical hypotheses.” 

(Cooper, 2017, p. 4) 

As the above quote from Harris Cooper, a recognized authority on meta-analysis, foretells, 

this study is a research synthesis that summarizes empirical studies on the same question. In this 

case, the question of interest is, “What is the impact of the Flipped Classroom (FC) compared to 

Classroom Instruction (CI) on achievement in higher education?” Data from the studies selected 

to address this question were analyzed using a set of statistical procedures, collectively referred to 

as meta-analysis, that were first introduced by Gene Glass in 1976. Meta-analysis normally 

proceeds from a systematic review (Cooper, 2017), whereby a research question is identified, 

definitions of terms and inclusion/exclusion criteria are specified, and an iterative process of 

search, retrieval, and selection of studies that meet the inclusion/exclusion specified is followed. 

The first section of this chapter describes the research synthesis and meta-analytic procedures that 

were implemented according to the following key areas: (1) literature search strategies; (2) 

selecting studies, extracting effect sizes and coding study features; and (3) statistical methods. 

The research questions, terms with definitions and inclusion criteria have been added at the 

beginning for context.  
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Research Questions, Terms and Definitions, and Inclusion/Exclusion Criteria  

Research questions. Three qualitative surveys of the FC literature (Bishop & Verleger, 

2013; Margulieux et al., 2015; O’Flaherty & Phillips, 2015) indicated that there is an interest in 

and need for a study comparing student achievement in the FC (or ‘inverted classroom’) with the 

traditional CI, featuring mostly lecture-based teaching. This meta-analysis attempts to address 

this need by answering the following research questions: 

• Does an analysis of methodological factors associated with the distribution of effect sizes 

extracted from studies (i.e., publication bias analysis, sensitivity analysis and research 

design analysis) suggest that a meta-analysis of the literature is advised? 

• What is the impact of the FC (i.e., courses where video lectures are watched at home and 

class time is spent on student-centered activities) compared to their traditional CI 

counterparts on the learning achievement of higher education students in formal 

educational settings? 

• How do course demographic study features (e.g., course subject matter) moderate the 

overall average effect size?  

• How do pedagogical factors, (e.g., regular quizzes in the FC condition) moderate this 

effect? 

Terms and definitions. The following terms and definitions are used in this meta-

analysis: 

• Flipped Classroom (FC): Students use video lectures for homework followed by 

active learning in the classroom. The flipped classroom is also known as the inverted 

classroom or reversed instruction in some studies. The flipped classroom in this study 

is a form of blended learning.  
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• Classroom Instruction (CI): Classroom time is primarily a lecture-based teaching 

approach. Classroom Instruction is also known as the traditional classroom). This 

lecture-based approach could be delivered in person for a campus-based course or 

online for a distance course. Homework is usually reading and active learning 

exercises and applications. 

• Student Achievement: Learning achievement is measured by performance on final 

exams, midterms and other tests. The final exam score is the first-choice indicator of 

student achievement. Alternatively, a midterm that assessed the intervention is the 

second option. The third option is a final grade in the course, but because this measure 

is usually a composite of many forms of evaluation (e.g., attendance) it is not 

considered the ideal measure of achievement effects. The number of students who 

pass and fail or withdraw is used as a last option. The last two options are used only if 

no other information on student achievement is available. 

• Active learning: Active learning takes the form of designed activities using problem-

based learning, peer-assisted learning, peer tutoring, collaborative learning, and 

cooperative learning (Bishop & Verleger, 2013). In some studies active learning 

primarily took the form of students completing work in class that was also assigned to 

the control group as homework. 

Inclusion and exclusion criteria. Included studies met the following criteria: 

• Published and unpublished studies in English were available through a systematic 

search as outlined later in the Search Strategies section.  

• Studies were published or otherwise available from 2000 through 2017. 

• Students were in higher education courses (e.g., university or college) 
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• FC treatment group used video lectures for homework and active learning in the 

classroom.  

• The control group received primarily lectures in class or online. 

• Study design was either two-group experimental or quasi-experimental (i.e., with 

some method of determining prior group equivalence). 

• Data sufficient to calculate an effect size were available.  

The year 2000 was used as a starting year because that was when Lage et al. (2000) 

coined the term inverted classroom while teaching an undergraduate economics course even 

though it was Bergmann and Sams (2008) who popularized the term flipped classroom.  

The included studies took place in institutions of higher education. All other forms of 

adult education, including employer run courses, were not part of this review. The definition of 

FC required video lectures for homework, which meant that studies that used printed reading 

homework alone were not included. The FC in-class participation was required to be 

predominantly active for the student (i.e., the in-class component could not be focused on 

lectures). Some micro-lectures were permitted in class to correct student understanding. Measures 

of learning outcomes in both treatment and control conditions needed to be equivalent. Sufficient 

data available to calculate an effect size with independent samples was required. The sample size 

was a necessary statistic for retaining a study because it is needed to calculate the standard error.  

To be included, the study design needed to be experimental (i.e., random assignment of 

participants to both the control and the treatment groups), or quasi-experimental (i.e., the 

experimental and control groups were shown to be equivalent from the beginning). Excluded 

were one-group pre-test post-test design studies, as were two group pre-experimental studies 

where experimental and control pre-experimental group equivalence could not been ascertained.  
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Literature Search Strategies and Search Outcomes 

Searching the literature involved a search strategy including keywords and places to 

search as outlined below:  

Search strategy. Keywords searched included variations on the following depending on 

the options best suited to the various online databases: (flip* OR invert*) in the title AND 

(undergraduate* OR postsecondary OR university OR college OR higher education OR tertiary) 

AND (outcomes OR achievement) AND (comparison OR experiment OR quasi-experiment OR 

evaluation).  

The databases searched included the following: ERIC (EBSCO), ABI InformGlobal 

(ProQuest), Academic Search Complete (EBSCO), CBCA Education (ProQuest), 

Communication Abstracts (CSA), EdLib or AACE Digital Library, Education Source (EBSCO), 

Education: A SAGE Full-text Collection, Francis (CSA), Medline (PubMed), ProQuest 

Dissertation and Theses, PsycINFO (EBSCO), Australian Policy Online apo.org.au, and Social 

Science Information Gateway. 

The search strategies outlined by the Campbell Collaboration Policy Brief on Searches 

(Kugley et al., 2016). guided the electronic and manual searches. Grey literature was sought 

through web searches, branching of the qualitative reviews, subject indexes, and manual searches 

of key journals and conference programs.  

Search Outcomes. In total, the search produced 1,442 abstracts from the database search 

and 259 from branching of which 1281 remained after duplicates were removed. Of these 1,047 

were excluded due to being the wrong topic, the wrong population, the wrong language or the 

wrong year. The remaining 234 full text articles were reviewed for eligibility. One hundred and 

twenty studies were excluded for various reasons including study design quality. The remaining 
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114 studies met all the inclusion criteria, and produced 125 effect sizes that were included in this 

meta-analysis. See the PRISMA Flow Diagram in Figure 6 for a graphical view of this data. 

 

Figure 6. PRISMA flow diagram 

For more about the reasons why studies were excluded see Appendix A.                                                                                                                                                      

Selecting Studies, Extracting Effect Sizes, and Coding Study Features 

This section involves four steps: (1) selecting the studies for inclusion, (2) identifying the 

number of effect sizes, (3) extracting the effect sizes and (4) coding the study features (moderator 

variables).  Details about each step follow.  

Selecting Studies for Inclusion. An Information Specialist retrieved the abstracts for all 

the studies found. Two coders worked independently on randomly selected 25% of the abstracts 

to help reduce (or identify) coding bias. Any discrepancies between the two coders were 
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discussed until a consensus was reached. After establishing an acceptable level of inter-coder 

reliability, the author continued to make the decisions regarding the remaining studies.  

The information specialist then retrieved the full text for the studies determined to fit the 

inclusion criteria. The two coders again worked independently on randomly selected 25% sample 

of the studies to extract effect sizes from the full text, and code moderator variables. The inter-

rater reliability was 90.9 (or Cohen's Kappa of 0.82), which ensured the coders were working 

under the same assumptions and basically making the same coding decisions. Any discrepancies 

between the two coders were discussed until a consensus was reached. The author continued to 

code the remaining studies. 

Identifying the number of effect sizes. When more than one independent subgroup was 

compared in a study, more than one effect size was extracted. Each subgroup contributed 

independent information so they were treated as if they were independent studies. The control 

group needed to be independent for each comparison so that no participants were counted twice. 

If there was only one control group and two comparison groups there was a choice to be made. 

The options included (1) randomly select one group to include, or (2) choose the more 

representative group to include. A type II error is the potential result if participants are repeatedly 

used in calculating more than one effect size. A Type II error would occur if the results indicated 

there was a significant difference but in reality there was not one.  

Extracting effect sizes. Cohen’s d was used to calculate the effect size by subtracting the 

mean of the control (C) from the mean of the treatment/experimental group (E), and dividing the 

difference by the pooled standard deviation (SD) of the two groups as seen in the equation below.   
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 The SDpooled was calculated by applying the following formula: 

SDPooled = √
(𝑛𝐸−1)𝑆𝐷𝐸

 2
+(𝑛𝐶−1)𝑆𝐷𝐶

 2

(𝑛𝐸−1)+(𝑛𝐶−1)
 

To overcome the problem of small-group bias (i.e., those groups with fewer than 20 

individuals), the Hedges’ g multiplier was applied to all studies. Hedges’ g corrects small study 

bias while not affecting larger studies. The correction factor called J is used to convert Cohen’s d 

to Hedges’ g (Borenstein et al., 2011). 

J = (1 −
3

4𝑑𝑓−1
)  

Also seen as:  

J = (1 −
3

4𝑁−9
) 

then, g = d x J  

or  

g ≈ 𝑑(1 −
3

4𝑁−9
) 

The variance of Cohen’s d is calculated as follows: 

𝑉𝑑 =
𝑛1 + 𝑛2

𝑛1𝑛2
+

𝑑2

2(𝑛1 + 𝑛2)
 

 

The standard error is the square root of the variance of Cohen’s d, 

𝑆𝐸𝑑 = √𝑉𝑑 
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The variance of Hedges’ g was derived from J squared times the variance of Cohen’s d: 

𝑉𝑔 = 𝐽2 𝑥 𝑉𝑑 

  

𝑆𝐸𝑔 = √𝑉𝑔  

 

To determine if the average effect size was educationally significant and not just 

statistically significant this study followed Lipsey et al. (2012) who set the threshold for the 

average effect size to pass at 0.30. Lipsey et al.’s approach is more tailored to educational studies 

than Cohen’s (1988) general guidelines (i.e., small average effects are where d starts at 0.20; 

medium starts at 0.50; and large starts at 0.80.  

Evaluating the quality of studies.  Evaluating the quality of studies involved (1) 

assessing the methodological quality, (2) assessing the publication bias, and (3) performing a 

sensitivity analysis.  

To determine if there was a difference in methodological quality between research 

designs, studies were coded as experimental or quasi-experimental and analyzed to see if the 

average effect sizes were significantly different. Given there was no significant difference 

between the two groups, the quality of both research designs were considered equivalent. 

Publication bias analysis was used to determine if a theoretically large number of studies 

were missed or not present when searching the literature, and to what extent those hypothetical 

missing studies would have changed the resulting average effect size. A funnel plot, Duval and 

Tweedie’s (2000) Trim and Fill, and classic fail-safe analysis procedures were used to analyze 

the data for publication bias. These procedures were performed in Comprehensive Meta-

AnalysisTM. The funnel plot graphically showed where each study’s effect size is along the range 
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of standard errors (i.e., an indicator of sample size) so the reader can visually see how the studies 

were distributed. Duval and Tweedie’s trim and fill indicates where studies’ effects sizes on the 

funnel plot would need to be removed (trimmed) or added (filled) to make the funnel plot 

symmetrical around the mean. The classic fail-safe analysis indicates how many studies of null 

effect would need to be found to make the effect size insignificant = .  

Sensitivity analysis helps to determine if there are outliers skewing the results. 

Comprehensive Meta-Analysis TM was used to perform the One-Study-Removed –Analysis 

where the average effect size and relevant statistical data were re-calculated as each study was 

removed in turn.  

Coding Study Features (Moderator Effects). Studies were coded for the following 

features: research design, outcome measure, size of experimental and control groups, effect size, 

and direction of the effect, publication year, publication type, same or different instructor, same 

or different semester, graduate or undergraduate course, discipline (e.g., STEM, Health-related, 

or non-STEM), elements of STEM, instructor experience, whether the control was strictly lecture 

or it included some active learning, as well as, whether pre-class quizzes were used in the FC. 

See Appendix B for the codebook including levels of each study feature.   

Statistical methods  

Comprehensive Meta-Analysis TM, version 3.3.070 (Borenstein et al., 2014) was used to 

calculate the overall weighted mean estimate of the treatment effect (i.e., Hedges’ ) from the 

effect sizes. The QTotal statistic  (Hedges & Olkin, 1985) was used to test the assumption of 

heterogeneity of effect size. The descriptive statistics I2 (i.e., percentage of true variation beyond 

sampling error) and tau-squared ( ), a measure of average heterogeneity present, were also 

interpreted.  

g

 t
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Meta-analyses in education and the social sciences in general, typically find the effect size 

distributions to be heterogeneous because experiments in these areas can vary widely in many 

ways. For instance, primary studies of education are often conducted by different 

researchers/teachers, using different research designs, measured with different instruments and on 

students of various levels. The random-effects model is the most appropriate approach for 

systematic review analysis in areas such as education where the true effects are known to be 

heterogeneous, and this model should be chosen a priori before any analyses or tests of 

heterogeneity are conducted (Borenstein et al., 2011). As a result of using the random-effects 

model, less weight is given to large studies and more weight to smaller studies than the fixed-

effect model, because each individual study does not represent one true effect, but represents an 

average effect of a hypothetical population of like studies.  

The fixed-effect model is typically used in areas where the treatment and experimental 

conditions are very consistent, such as pharmaceutical trials, because it assumes there is a single 

true effect average size and that the variation among studies is limited to sampling error (i.e., 

between-study variability is low).  

With a heterogeneous result, QTotal and I2 show how much variability there is in the 

group of studies. This extra variability indicates that there is potential for moderator 

variables to explain some of the variation. The mixed-effects model was used for moderator 

analysis.  Categorical and continuous moderator variables are analyzed differently to 

determine if they account for between study variability; categorical variables (e.g., subject 

matter) use a method equivalent of ANOVA in that it tests differences among groups, while 

continuous variables (e.g., publication year) use random effects weighted meta-regression. 

Interpreting the evidence. Interpreting the evidence involved discussing the results and 

drawing conclusions. This step provided the opportunity to review the research questions and 
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discuss how the data helped to address them. Any practical, theoretical and/or conceptual 

implications were considered in context with the literature as well. In this case the FC was 

compared to traditional CI for its effect on achievement in higher education. Moderator variables 

were tested to determine if any produced a significant difference between/among categories.  

Conclusion 

This chapter reviewed the method used to conduct this systematic review, and meta-analysis. The 

method section began with the statement of research questions, and definitions of the terms 

flipped classroom, traditional classroom, student achievement, and active learning. This chapter 

then described the meta-analysis procedures according to: (1) search strategies, (2) selecting 

studies, extracting effect sizes, and coding study features, and (3) statistical methods. The results 

and the discussion sections follow. 
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CHAPTER 3: RESULTS 

In this chapter results are presented in three sections, the first of which presents the 

overall average effect size of the random-effects models. The second section addresses 

publication bias including the funnel plot. The third section provides the test of the moderator 

variables, (e.g., methodological, demographic, and pedagogical). 

Overview of Included Studies and Average Effect Size 

Overview of included studies. This meta-analysis of the flipped classroom included 114 

studies and 125 effect sizes. Nine studies had multiple independent effect sizes where each 

treatment group had its own independent control group (i.e., Gillispie, 2016; Haughton & Kelly, 

2015; Horton, Craig, Campbell, Gries & Zingaro, 2014; Hu, Montefort & Tsang, 2017; Lape, 

Levy, Yong, Haushalter, Eddy & Hankel, 2014; Margoniner, 2014; Prescott, Woodruff, Prescott, 

Albanese, Bernhardi & Doloresco, 2016; Quint, 2015; Ruddick, 2012;). All included studies were 

quasi-experimental or experimental.  

Average effect size. The weighted effect sizes were analyzed using two different models, 

the random-effects model, and the fixed-effect model. The random model was used to form an 

overall average for the collection ( ). This analysis is shown in the upper part of Table 2. The 

fixed effect model was used to estimate within-group heterogeneity in the collection. Table 2 

shows that the overall weighted average effect size is (  = 0.300, k = 125, p < 0.001) using the 

random-effects model.     
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Table 2 

Overall results 

Model Effect size and 95th Confidence Interval Test of null 

Random 

Effects 
k 

 

SE Lower 95th Upper 95th z-value p-value 

Total 

Collection 
125 0.300 0.041 0.220 0.380 7.365 0.000 

Model Heterogeneity  

Fixed Effect Q-value df p-value I2 Tau2  

Total 

Collection 
1487.391 124 0.000 91.663 0.160  

        

In this meta-analysis, as in most social science meta-analyses, the random-effects model 

was the most appropriate model to use to report the average overall effect size because the studies 

differed in terms of sample size, subject matter, and research design (Borenstein et al., 2011). 

Statistically these differences are confirmed by the significant heterogeneity shown in the Q-

value in Table 2.  

A forest plot helps to provide the context in which to interpret the statistics as it “shows if 

the overall effect is based on many studies or a few, on studies that are precise or imprecise; 

whether the effects for all studies tend to line up, or whether they vary substantially from one 

study to the next” (Borenstein et al, 2011, Ch. 41). The forest plot shows each study and the 

summary effect as a point estimate with its boundaries in the form of a confidence interval.  

Appendix C: Forest Plot shows the 125 effect sizes on which the average random effect size is 

 g
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based. Although most studies have a positive point estimate, many confidence intervals cross the 

zero line into the negative range indicating that they are not significantly different than zero. 

Some studies have shorter confidence intervals showing the results were more precise than those 

with longer confidence intervals. Notice the point estimates do not all line up but instead range 

from +1.500 at the top and -0.656 at the bottom reflecting the heterogeneity as noted above in the 

Q-value.  

The One Study Removed analysis, as seen in Table 3 (shows only the top six and the 

bottom six effect sizes), indicated that there was no meaningful difference to the average effect 

size even when each study was systematically removed, and hence no study effect sizes were 

considered outliers.  
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Table 3  

Sensitivity analysis 

Study Names 

K = 124 

Actual 

g 

One Study Removed 

Relative 

Weight 
 

SE 
Lower 

95th 

Upper 

95th 
z-Value p-value 

Wong2014 1.50 0.29 0.04 0.21 0.37 7.15 0.00 0.87 

Reza2015 1.46 0.29 0.04 0.21 0.37 7.17 0.00 0.68 

Turan2016 1.04 0.29 0.03 0.22 0.35 9.21 0.00 1.04 

Prescott2016b 0.98 0.29 0.04 0.21 0.37 7.20 0.00 0.93 

Pereira2007 0.94 0.29 0.04 0.21 0.38 7.21 0.00 0.85 

Li & Dan2015 -0.31 0.31 0.04 0.23 0.39 7.49 0.00 0.92 

Cobb2016 -0.43 0.31 0.04 0.23 0.39 7.47 0.00 0.70 

Witman 

Cobb2013 
-0.43 0.31 0.04 0.23 0.39 7.48 0.00 0.73 

Kang2015 -0.51 0.31 0.04 0.23 0.39 7.50 0.00 0.74 

Hu2017d -0.57 0.31 0.04 0.23 0.39 7.56 0.00 0.87 

Moffett2014 -0.66 0.31 0.04 0.23 0.39 7.61 0.00 0.90 

Overall (k = 

125) 
0.30 — 0.04 0.22 0.38 7.36 0.00 100.00 
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Explanation: The studies selected and displayed in this table are those that lower (above 

the middle line) the overall average effect size below  = 0.30 when they are individually 

removed (i.e., one study removed) and ones (below the middle line) that raise the average effect 

size of  = 0.30 when they are removed. All of the other effect sizes in the distribution neither 

lower nor raise the one study removed effect size beyond the overall average effect size of  = 

0.30 and SE = 0.04. Outliers (i.e., high influence effect sizes) are a function of two variables 

either working separately or in combination: (1) the magnitude of the study’s effect size (either 

higher or lower effect sizes); and (2) the relative weight that studies are given in the synthesis of 

studies. Large studies (relatively speaking) have smaller standard errors and larger weights. So 

large N studies with a smaller SE have a smaller CI (and thus are more likely to be significant) 

and small N studies with a larger SE have a wider CI that is more likely to cross 0 (and not be 

significant). 

Another aspect of the table to look at is the standard error of the one study removed group 

and the overall average standard error. Only in one case do they vary, and then by only 0.01. 

Similarly, the upper and lower boundaries of the 95th confidence interval (based on the average 

effect size and the standard error [Lower Limit = ( ) - (1.96 x SE) and Upper Limit = ( ) + 

(1.96 x SE)]. In this case, the standard errors are all the same (SE = 0.04) and the confidence 

intervals vary no more than ±0.03. The overall conclusion from this analysis is that there are no 

outliers needing removal or adjustment.  

Publication Bias 

Publication bias is due to the tendency of journals to publish positive studies and large 

studies (Thornton & Lee, 2000). Given that published studies tend to report higher effect sizes 

 g

 g

 g

 g  g
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than unpublished studies, the potential bias would result in an inflated effect size if the review 

only included published studies.  

The following three tests of publication bias: (1) Funnel Plot, (2) Duval and Tweedie’s 

Trim and Fill and (3) Classic fail-safe N, found no sign of publication bias according to the 

Comprehensive Meta-analysisTM report. 

The funnel plot locates large studies near the top of the graph and near the mean, while 

smaller studies are located near the bottom and more dispersed given the greater sampling error 

(CMA report). If there was publication bias the smaller studies at the bottom of the funnel would 

be concentrated on one-side of the mean, indicating that it likely was their larger effect sizes that 

resulted in them being published and easier to find. A funnel plot indicating no publication bias 

would display the effect sizes symmetrically. 

The funnel plot in Figure 7 shows the calculated effect sizes (by the hollow dots) in 

relation to the standard error, a representation of sample size. The effect sizes (hollow dots) 

appear to fall symmetrically on either side of the mean.   
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Figure 7. Funnel plot with effect sizes (horizontal axis) and standard errors (vertical axis) for the 

125 effect sizes (hollow dots).  

Duval and Tweedie’s Trim and Fill analysis, as seen in Table 4, indicates that zero studies 

need to be trimmed in order to make the funnel plot symmetrical, and thereby supports the claim 

that this meta-analysis has no publication bias. 

Table 4 

Duval and Tweedie’s trim and fill (zero studies trimmed) 

  Random Effects Q Value 

 Studies 

Trimmed 

Point 

Estimate 

Lower 

Limit 

Upper 

Limit 

 

Observed 

values 
 0.30 0.22 0.38 1482.32 

Adjusted 

values 
0 0.30 0.22 0.38 1482.32 
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Classic Fail-Safe N, named by Harris Cooper, addresses whether the entire observed 

effect is a result of bias due to missing studies that were not included (CMA Report). These 

missing studies would be likely unpublished and still possibly sitting in ‘file-drawers’. In this 

meta-analysis the Classic Fail-Safe N indicates we would need to find 14,716 new studies with 

null effect sizes to change the result to not statistically significant (2-tailed p-value greater than 

0.050). This number of 14,716 is far too large to suggest that the observed effect is a result of 

bias. If the number was small then there might be reason for concern. 

Other Forms of Potential Bias. Three other forms of potential bias include research 

design, method of effect size calculation, and publication source. 

For research design, the effect sizes are categorized based on their design (quasi-

experimental versus experiments) showed no significant difference, nor did the effect sizes based 

on calculation format (i.e., whether the effect size was calculated from one final exam, from an 

average of tests, or a combined form of assessment such as the course grade.  

The only evidence of bias can be seen in Table 5-c where the difference in effect size for 

type of publication was statistically significant (p < 0.01). The average effect size for published 

literature was  = 0.339 (k = 98) while unpublished grey literature such as conference papers 

and theses/dissertations had an average effect size of = 0.140 (k = 27), p < 0.05. This 

significant difference is to be expected because it is in line with the theory on which publication 

bias is based. A meta-analysis would likely have even more publication bias if it only included 

published studies. Twenty-seven of 125 (or 22%) of the effect sizes in this review are from 

unpublished sources so again this study does not appear to have biased results. Given that a well-

seasoned professional information retrieval specialist was used, it is very likely that all studies in 

English available from 2000 to 2017 that met the inclusion criteria were retrieved.  

 g
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Table 5  

Other forms of potential bias 

Codes k  SE 

Lower 

95th 

Upper 

95th 

z-

value 

p-value Q-B df p-value 

a) Research design 

QED 119 0.303 0.045 0.214 0.392 6.701 0.000    

RCT 6 0.266 0.157 -0.042 0.574 1.693 0.091    

Total between  0.050 1 0.822 

b) Effect Size Calculation 

Average 11 0.416 0.079 0.260 0.572 5.233 0.000    

Combined 11 0.333 0.105 0.126 0.539 3.156 0.002    

One 103 0.276 0.051 0.176 0.375 5.446 0.000    

Total between  2.233 2 0.327 

c) Publication Source 

Published  98 0.339 0.048 0.246 0.432 7.142 0.000    

Unpublished 27 0.140 0.047 0.047 0.233 2.941 0.003    

Total between  8.835 1 0.003 

 

Borenstein et al. (2011) suggests that instead of asking if there is any bias, we should ask 

how much impact the bias would have (trivial, modest or substantial). The impact of any bias 

would be trivial as the funnel plot, and trim and fill indicate no bias. The average effect size of 

= 0.30 is right on the mark of educationally significant (Lipsey et al., 2012). 

 g

 g



 

 49 

Test of Moderator Variables 

Demographic study features.  The demographic study features included four areas: (1) 

year of publication, (2) educational level (i.e., graduate/ undergraduate), (3) broad subject matter 

(i.e., STEM/ non-STEM/ health-related) and, (4) detailed subject matter (i.e., science/ 

technology/ engineering/ math/ non-STEM). See Table 6 for details. 

• Year of publication. Even though this synthesis covers 18 years, 108 of the 125 effect 

sizes (or 86%) came from last three years 2014- 2017. Table 6-a shows the interest in 

2014 with 24 effect sizes and that interest peaked in 2016 with 36 effect sizes. There was 

no significant difference between the time periods. The effect size and the number of 

effects were as follows: Years 2000 - 2011 (  = 0.551, k = 5); 2012 (  = 0.435, k = 4); 

2013 (  = 0.293, k = 8); 2014 (  = 0.204, k = 24); 2015 (  = 0.260, k = 32); 2016 ( = 

0.338, k = 36); 2017-18 (  0.283, k = 16) p = .427. 

• Educational Level. Graduate courses comprised 10 of 115 (or 9%) of all courses and had 

a higher average effect size (  = +0.46) however it was not significantly different than 

that of undergraduate courses. See Table 6-b where effect sizes from graduate courses (  

= 0.46, k = 10) are compared with those of undergraduate courses (  =0.286, k = 115, p 

= .134).  

• Broad Subject Matter. The FC appears to be of most interest to instructors of STEM 

courses as STEM courses account for 61.6% of the calculated effect sizes (i.e., 77 of 125), 

and health-related subjects that require STEM knowledge such as medicine, pharmacy 

and nursing accounted for another 16.8% (i.e., 21 of 125) of the effect sizes. There were 

only 21.6% (i.e. 27 of 125) of the effect sizes that were calculated from non-STEM 

courses. The impact of the FC was not significantly different between STEM ( = 0.273, 
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k = 77), non-STEM ( = 0.277, k = 27), and health-related ( = 0.434, k = 21) courses (p 

= 0.149). See Table 6-c about broad subject matter.  

• Specific subject matter. The impact of the FC was not significantly different between 

Engineering (  = 0.210, k = 17); science ( = 0.219, k = 30); math  = 0.268, k = 23); 

non-STEM  = 0.322, k = 26; health-related (medicine/ nursing/ pharmacy) (  = 0.376, 

k = 24); and technology (  = 0.525, k = 5), p = .456. Even though technology had the 

highest average effect size (  = +0.525) there were only five effect sizes so the lack of 

power from this sample may have caused the no significant difference outcome. See 

Table 6-d for the range of average effects. 

Table 6 

Demographic variables 

Levels k  SE 

Lower 

95th 

Upper 

95th 

z-value p-value Q-Bet. df p-value 

a) Year of Publication 

2000-2011 5 0.551 0.137 0.283 0.819 4.024 0.000    

2012 4 0.435 0.216 0.012 0.859 2.015 0.044    

2013 8 0.293 0.080 0.137 0.450 3.666 0.000    

2014 24 0.204 0.072 0.063 0.344 2.838 0.005    

2015 32 0.260 0.064 0.134 0.385 4.048 0.000    

2016 36 0.338 0.104 0.133 0.543 3.237 0.001    

2017-2018 16 0.283 0.066 0.154 0.412 4.300 0.000    

Total between  5.964 6 0.427 
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b) Educational Level 

Graduate 10 0.460 0.108 0.249 0.671 4.268 0.000    

Under 115 0.286 0.043 0.202 0.370 6.648 0.000    

Total between  2.246 1 0.134 

c) Broad Subject Matter (Health-Related vs. Non-STEM vs. STEM) 

Health-R 21 0.434 0.064 0.307 0.560 0.307 0.560    

Non-STEM 27 0.277 0.089 0.103 0.452 0.103 0.452    

STEM 77 0.273 0.060 0.155 0.392 0.155 0.392    

Total between 3.808 2 0.149 

d) Specific Subject Matter  

Engineering 17 0.210 0.083 0.047 0.373 2.523 0.012    

Math 23 0.268 0.049 0.172 0.364 5.474 0.000    

Health-R 24 0.376 0.066 0.246 0.506 5.670 0.000    

Non-Stem 26 0.322 0.081 0.164 0.480 3.996 0.000    

Science 30 0.219 0.064 0.094 0.344 3.442 0.001    

Technology 5 0.525 0.315 -0.091 1.142 1.669 0.095    

Total between 4.678 5 0.456 

 

The educationally relevant moderator variables. The educationally relevant moderator 

variables included: (a) instructor (i.e., same/different), (b) semester (same/different), (c) quizzes 

were used in the FC condition, (d) broad subject matter with and without quizzes, (e) control 

condition (lecture vs active), and (f) whether the instructor of the FC had prior experience 

teaching in an active classroom. See Table 7 for details. 
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a) Instructor. Table 7-a shows there was no significant difference between effect sizes where 

the control and FC conditions had the same instructor (  = 0.259, k = 69) versus different 

instructor ( = 0.302, k = 35) p = .634. 

b) Semester. Table 7-b shows there was no significant difference between effect sizes where 

the control and FC conditions took place during the same semester (  = 0.247, k = 58) 

versus different semesters ( = 0.319, k = 60) p = .341. 

c)  Quizzes. As seen in Table 7-c, including quizzes (  = +0.30, k = 78) compared to not 

including quizzes (  = +0.236, k = 26) in the FC condition was not significantly different 

(p = .478).   

d) Subject categories with and without quizzes. Table 7-d shows there was a range of 

average effects when testing to see if quizzes made a difference when grouped by broad 

subject matter. The difference in average effect sizes was not significant (p = .058) 

although it was very close. The subgroup of health-related studies average effects sizes 

were very close showing little to no difference ( = +0.45; = +0.46) when quizzes were 

used or not used. However, the STEM and nonSTEM subgroups seemed to follow a 

pattern of their own (i.e., with no quizzes the average effect sizes were low at = + 0.10 

and = + 0.14, but with quizzes the average effect sizes for both STEM and nonSTEM 

were much higher at = + 0.30 and reflective of the overall average effect size). The vast 

majority of effect sizes did use quizzes in the FC condition yet there were enough that did 

not, to show this pattern.  

e) Control condition. Table 7-e shows that when the control condition was all lecture (  = 

+0.267, k = 78) or it included some active learning (  = +0.348, k = 39) the difference 

was not significant (p = .336).  
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f) FC Instructor prior experience teaching actively. Not all studies reported whether the 

teacher had experience teaching actively but for those that did Table 7-f shows the 

difference was not significant (i.e., not experienced (  = 0.289, k = 18) versus yes 

experienced (  = +0.404, k = 12) p = .374.) 
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Table 7 

Educationally relevant moderator variables 

Levels k  SE Lower 

95th 

Upper 

95th 

z-value p-value Q-Bet. df p-value 

a) Instructor (different/same) 

Different 35 0.302 0.058 0.189 0.415 5.235 0.000    

Same 69 0.259 0.068 0.127 0.392 3.830 0.000    

Total between  0.226 1 0.634 

b) Semester (different/same) 

Different 60 0.319 0.058 0.205 0.433 5.504 0.000    

Same 58 0.247 0.049 0.150 0.343 5.017 0.000    

Total between  0.905 1 0.341 

c) Quiz in FC 

No 26 0.236 0.071 0.098 0.375 3.353 0.001    

Yes 78 0.300 0.055 0.193 0.407 5.477 0.000    

Total between 0.503 1 0.478 

d) Subject Categories with and without quizzes 

Health-R/No 5 0.445 0.147 0.156 0.733 3.017 0.003    

Health-R/Yes 12 0.460 0.095 0.273 0.646 4.817 0.000    

N-Stem/No 6 0.101 0.184 -0.258 0.461 0.553 0.580    

N-Stem/Yes 14 0.297 0.152 -0.001 0.594 1.955 0.051    

STEM/No 14 0.141 0.061 0.022 0.259 2.323 0.020    

STEM/Yes 52 0.278 0.078 0.125 0.432 3.551 0.000    
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Total between  10.678 5 0.058 

e) Control Condition (lecture vs. active) 

Active 39 0.348 0.066 0.219 0.477 5.295 0.000    

Lecture 78 0.267 0.052 0.165 0.369 5.139 0.000    

Total between  0.927 1 0.336 

f) FC Instructor Prior Experience 

No 18 0.289 0.080 0.133 0.446 3.624 0.000    

Yes 12 0.404 0.102 0.205 0.604 3.972 0.000    

Total between  0.789 1 0.374 

 

This chapter reported on the results of the overall average effect size, the publication bias 

indicators from CMA (Comprehensive Meta-analysis) and the moderator variables. The 

discussion of these findings follow in the next chapter. 
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CHAPTER 4: DISCUSSION 

The main question addressed in this review consists of the impact of the flipped 

classroom (FC) on achievement in higher education as compared to the traditional classroom 

instruction (CI). This chapter is organized in three sections. The first section interprets the major 

findings including the overall effect size and the moderator variables. The second section 

addresses the generalizability of the conclusions and general limitations. The third section covers 

the implications for theory, policy, and practice along with suggestions for future research. 

Major Findings and Interpretation 

Overall effect sizes. The overall weighted average random-effects of the FC over the CI 

is  = +0.30, k = 125, p < .01. The random-effects model is the appropriate model to use with 

social science studies, such as these in education, where there is variation across a number of 

experimental conditions, including the treatment, unlike many pharmaceutical trials for example 

(Borenstein et al., 2011) where there is a more standardized treatment and random assignment of 

participants to groups.  

Interpretation of effect size. According to Cohen (1988) this effect size of  = 0.30 

would be considered small as it is between 0.20 and 0.50. However, it may be better to compare 

this effect size with others in education to attain a relative comparison (Lipsey et al., 2012) where 

0.30 is considered the threshold beyond which is considered educationally significant. As this is 

one of the first extensive meta-analysis comparing the FC with CI, the most appropriate 

comparison effect sizes would be the four meta-analyses that compared BL in general with CI: 

Means et al. (2013) who found an average effect size of = +0.35 (k = 23), Bernard et al. (2014) 

who found an average effect size of  = +0.33 (k = 117), Spanjers et al. (2015) who found an 

average effect size of  = +0.34 (k = 24), and Vo et al. (2017) who found an average effect size 
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of = +0.39 (k = 51). As such, when comparing this study’s effect size between the FC versus 

traditional CI (+0.30), and with previous BL versus CI studies, there is almost no difference, as 

seen in Table 8.  

Table 8 

Meta-analyses comparing Blended Learning/Flipped Classroom versus Classroom Instruction 

Authors of Meta-

analyses 
Comparison Average ES k (# of ESs) 

Means et al. (2013) BL vs. CI +0.35 23 

Bernard et al. (2014) BL vs. CI +0.33 117 

Spanjers et al. (2015) BL vs. CI +0.34 24 

Vo et al. (2017) BL vs. CI +0.385 51 

Sparkes (2019) FC vs. CI +0.30 125 

 

Notwithstanding the overall effect size, it is important to note that the average effect size 

is highly heterogeneous (Q-value 1487.391, p < .001). As such, it is important to be careful 

generalizing the effect to the general population. Some studies had positive impact while other 

studies showed negative effects. The heterogeneity analysis thus suggests the need to examine 

moderator variables to explain some of the variation in effect sizes. 

Moderator variables findings. Estimating the overall average effect size is only one 

objective of the meta-analysis. In order to more thoroughly answer the research questions, the 

focus now turns to the moderator variables in an attempt to understand the variability of the effect 

sizes and explain why the average effect size for FC was significantly larger than CI (i.e., what 

are the important factors that made the difference). Returning to the previous literature, of 

particular interest were the two moderator variables found significant in the BL meta-analyses 

g
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(i.e., subject matter of STEM versus non-STEM (Vo et al., 2017) and whether quizzes were 

included or not (Spanjers et al., 2015) as seen in Figure 5. A discussion follows on possible 

reasons why this meta-analysis did not find these study features to be significant in the FC 

studies. 

Subject Matter. The first moderator variable is subject matter. The FC is more 

commonly researched in STEM courses, so naturally there is interest in whether the FC is more 

effective in STEM areas. From this meta-analysis there was no significant difference found when 

comparing the effect of the FC in STEM courses versus non-STEM courses. This finding is 

different from that of Vo, Zhu and Diep (2017) who found that BL improved learning more in 

STEM courses than non-STEM courses. There were two choices that Vo et al. made that were 

different from the current study. The first choice was how to categorize studies as STEM or non-

STEM. In particular, for health-related courses Vo et al. did not appear to have an obvious 

rationale for categorizing a course as STEM or non-STEM (e.g., nursing (electrocardiography) 

was coded as non-STEM, while a General Health course was coded as STEM. The second choice 

was about which data to use to calculate an effect size (e.g., a study coded as STEM that used 

grading criteria in the BL condition different from the CI condition yet Vo et al. used the course 

grade as the data for effect size calculation resulting in a large effect size of +2.87). Because the 

Vo et al. meta-analysis was based on BL it included some FC studies. This common study, when 

coded in this FC meta-analysis, was coded as non-STEM and the effect size used a common 

assessment to both groups resulting in a lower effect size of +0.65. Because of the difficulty of 

categorizing health-related discipline courses into either STEM or non-STEM, this meta-analysis 

created a third category called “health-related” to include courses specific to nursing, pharmacy, 

and medicine. This third category was found to be useful in the second moderator variable 

analysis discussed next. 
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Quizzes. The second moderator is quizzes. For coding purposes the FC quizzes only 

included graded quizzes, but not formative quizzes, worksheets or questions embedded in video. 

Spanjers et al. (2015, p. 68) found quizzes to be a significant moderator of the BL success. The 

FC courses with quizzes did not significantly outperform the FC course comparisons without 

quizzes. However, when the effect sizes were sub-categorized into STEM, non-STEM, and 

health-related, then the STEM and non-STEM categories showed noticeably higher effect sizes 

for those using quizzes, and lower effect sizes for those not using quizzes. The health-related 

subgroup showed little difference between conditions using quizzes and those not using quizzes.  

Generalizability of the Conclusions 

When addressing the generalizability of the conclusions the following are considered: 

the participants, variations in the predictor and outcome variables, and research designs.  

Participants.  The majority of the population was comprised of English speaking, 

undergraduate students in higher education studying STEM subjects and so the outcome is 

generalizable to this group. Ninety two percent of the effect sizes were from studies of 

undergraduate students. The majority of effect sizes (62%) were from studies based on STEM 

courses, followed by non-STEM courses (21%), and then by health-related courses (17%). One 

can thus conclude that, overall, the FC model will result in better results than CI, while noting the 

heterogeneous variability indicated above.  

Variations in predictor variables (FC) and outcome variables.  The FC is comprised 

of active learning in the classroom and video lectures to be watched at home. As simple as this 

sounds there was a large range of variations in the types and amounts of active learning and the 

type and amount of video lectures. Some studies included active learning in the form of students 

working individually on their homework with the instructor available for questions similar to 
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office hours. However, other studies included active learning in the first minutes of class in the 

form of short quizzes about the material covered in the video lectures, followed by structured 

collaborative and cooperative activities, including discussions, problem solving, debates, 

presentations, and role plays. Video lectures ranged in time from short video clips to full hour-

long lectures, and in content from the instructor lecturing about the topic to third party material 

professionally produced. The benefit of this range in the predictor variables is that the results of 

this meta-analysis are representative of many variations of FC. 

Achievement was represented in a number of forms: the final exam score, the average of 

tests, and a combination of scores to form a course mark. Over eighty-two percent of the effect 

sizes were based on the standard representation of achievement, (i.e., one exam score). If only 

studies that recorded final exam scores were included, there would be fewer effect sizes and less 

information about study features in this meta-analysis.  Statistically there was no difference 

between the average effect sizes among these different forms of achievement. As equivalent 

measures were always used to calculate the effect size, the results were representative of effect 

sizes using a final exam. As a result, this meta-analysis benefited from the additional effect sizes 

being calculated and study features being coded. 

Research designs. Research designs included experimental (i.e., random assignment of 

participants to control and treatment groups), and quasi-experimental (i.e., assignment of 

equivalent groups to the control and treatment group).  The two-group pre-experimental group 

design studies were excluded, as there were no bases to determine if the comparison group was 

equivalent to the treatment group at the beginning (Shadish, Cook & Campbell, 2002).  

Within these research designs, variations of the control and treatment were coded, such as 

the timing of the semester (concurrent or consecutive) and the consistency of the instructor (same 
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or different). Forty-six percent of studies used concurrent semesters for the control and treatment 

groups, while the remaining used consecutive semesters. Ideally studies would use concurrent 

semesters, however excluding studies that used consecutive semesters would greatly reduce the 

number of studies included. As there was no statistical difference found between the average 

effect size of these studies, the results were representative of comparisons in either concurrent or 

consecutive semesters. Similarly, fifty-five percent of the comparison studies used the same 

instructor while the remaining studies used different instructors to teach the treatment and control 

groups. Again, while using the same instructor reduces the extraneous variables that come with 

different instructors, there was no significant difference between the effect size of these groups. 

Including studies that use different instructors for the control and treatment conditions benefits 

the meta-analysis by increasing the number of studies included and providing results that are 

representative of both situations.  

The research designs of the studies used in this meta-analysis asked the same question 

that the meta-analysis was trying to answer (i.e., Is the FC at least as effective as CI in regards to 

achievement in higher education?).  The answer is yes, the FC is even more effective that CI on 

average. Therefore, the research designs were in alignment with the meta-analysis purpose and 

support the findings’ generalizability. 

Implications for Theory and Practice 

Theoretical Significance. Researchers may be interested in the results of this study as it 

helps to confirm the effectiveness of the FC in comparison with traditional CI lecture in higher 

education. This is the first comprehensive meta-analysis on the FC focusing on postsecondary 

education capturing studies from 2000-2017, and it showed the FC significantly outperformed CI 

with an overall effect size of +0.30.  
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With the focus on improving student success in STEM education to improve scientific 

innovation and economic growth (DeCoito, 2016), there is interest in whether there are 

instructional approaches that are more effective in STEM disciplines. While Vo et al. (2017) 

found the effect of BL to be significantly greater with STEM courses, this meta-analysis found 

there to be no significant difference between the impact of the FC on STEM and non-STEM 

average effect sizes. This meta-analysis found that how disciplines are categorized into STEM or 

non-STEM is rarely discussed and not universally agreed upon, especially when it comes to 

professional health-related disciplines. This study recommends creating a new category called 

health-related to absorb nursing, pharmacy, and medicine specific courses. The moderator 

variable of subject was expanded from STEM versus non-STEM during the preliminary coding 

process because some studies did not fit into the dichotomous options. Although nursing, 

medicine, and pharmacy seemed to require STEM subjects overall, some courses were not clearly 

STEM related or non-STEM. The idea of a new health-related category emerged to absorb the 

studies that were specific to nursing, pharmacy, and medicine. When analyzing the moderator 

variable of quizzes versus no quizzes a different pattern of results emerged when they were 

further categorized by STEM, non-STEM, and health-related. The effect sizes for studies with 

quizzes in STEM and non-STEM courses were higher than those without, however there was no 

difference between quizzes and no quizzes in the health-related category. While not statistically 

significant at p = 0.058 it was approaching significance enough to mention that health-related 

studies may act differently than STEM or non-STEM studies. To some degree these seemingly 

different moderator variables appear to be confounded. Perhaps in the health-related professional 

disciplines of nursing, medicine, and pharmacy there is already ample opportunity to put the new 

knowledge in practice so that quizzes are not needed as the driving force to ensure the material 

from the video lectures is understood.  
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As noted above, the results of this extensive FC meta-analysis showed the impact of the FC 

on achievement in higher education was comparable to that of BL in general. However, given 

that FC is a manifestation of BL, this supports the theoretical alignment of these approaches as 

presented in Figure 5.  

In summary, this meta-analysis added not only to the FC literature but to a better 

understanding of the different impact of FC quizzes on achievement in STEM, non-STEM, and 

health-related disciplines. 

Practical Significance. Practitioners such as university or college faculty and possibly 

secondary teachers may look to this study to help make more informed decisions when 

implementing BL and in particular the FC model. This study would reassure instructors and 

administrators that the FC had a small but practically significant (Lipsey et al., 2012) difference 

in improving achievement compared to traditional teaching (  = +0.30, k = 125, p < 0.01). With 

this kind of evidence supporting the FC, university administrators could use the results of this 

meta-analysis to help justify extra financial support, time required by instructors for 

development, technical support, and the pedagogical support of an instructional designer to guide 

the design. The results of the FC meta-analysis were not different than those from BL in general 

though. The FC is just one way to structure BL.  

Limitations 

Even though meta-analysis surpasses qualitative reviews and vote counts as a form of 

analysis because it is based on a systematic review process and uses statistical approaches to 

calculate magnitude of effect sizes and direction, there is still potential for bias. Where there is 

bias there may be misrepresented results. The limitations of this meta-analysis are reflected in the 

limitations of the data collected and how it is treated.  

 g
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First it is important to note that the research question itself provides a limitation on the 

results possible from this study.  The comparison of FC to CI provides an average overall effect 

size that then can be further analyzed according to moderator factors to possibly find more 

meaning. However, the question that compares FC to CI will not be able to answer finer 

instructional design questions. See the suggestions for future research section for more about 

how the research question could be improved. 

Secondly, language is a limitation because the literature search was conducted only on 

studies or abstracts available in English. Any research available in other languages that might 

have contributed to the findings was excluded. Future analyses should incorporate additional 

research in this regard. 

A third limitation is that there was only one main coder throughout the meta-analysis. 

Coding requires judgement calls and for that reason ideally two independent coders code 

everything and compare results.  In this meta-analysis twenty-five percent of all search results 

were reviewed independently by two coders, and discrepancies were discussed until there was 

consensus. This consensus was negotiated to ensure consistency of coding for the remaining 

seventy-five percent of the results that were coded by one person, the author. Interrater reliability 

statistics were calculated as well to ensure a solid basic understanding and agreement. This 

approach was used again when reviewing the full-text of the studies, when calculating the effect 

sizes, and when coding the study features. The funnel plot along with other tests for publication 

bias, indicated there was no publication bias. 

A fourth limitation is that all the variations of active learning used were not coded. 

Sometimes the lists were extensive and due to limited resources was put aside. Instead, levels of 

active learning within the control condition (some or none) became a reasonable variable to code, 

along with whether there were different instructors, and if the study took place over different 
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semesters. Sometimes these variations are specified and sometimes these details are missing. 

Meta-analyses in the social sciences are always prone to the realities of variability in treatment 

implementation, and/or incomplete reporting. That said, the very large sample obtained in the 

present study mitigates drawing misleading conclusions.  

A fifth limitation is that the study cannot comment on how students received the FC. If 

students found the FC too difficult or too much work and decided to switch sections or drop the 

course, this information would not be detected by comparing the final exam marks of the FC with 

those of CI as the marks would only reflect the achievement of students who did finish the 

course. Students drop classes or change sections for any number of reasons not necessarily 

related to whether the students felt they would fail. Reporting on student perceptions is the scope 

of a different study than this one. 

A sixth limitation comes from missing data in the primary studies. The researcher of the 

primary study is often the instructor in the treatment condition and may be invested in having the 

treatment work. Some studies described the extra steps needed to blind the student names from 

assessments, and/or have another instructor independently mark the exams to ensure fair 

marking. However, this information was not discussed in other studies. Whether the researcher 

was the instructor of the treatment group and whether the assessments were blinded before 

grading was not coded in this study. The effect size does not always show the full picture of 

possible bias when implementing the FC.  

Suggestions for Future Research 

Now that we know that on average the FC significantly outperforms CI to the same 

degree that BL outperforms CI, the field will benefit less from studies that compare FC with CI. 

What is needed now, in the opinion of this researcher, are comparisons between FC treatments or 
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between BL treatments, so that we can determine the impact of how instructional approaches 

differ between them. Within the FC model there are a range of active-learning approaches that 

can be used to varying degrees, with and without collaboration, as well as a range of video lecture 

styles with and without interaction, for varying durations, and purposes. Studies that compare FC 

to FC could help shed light on the sorts of interaction treatments and the conditions that would 

result in improved achievement. The heterogeneity of FC studies’ outcomes suggests that there 

may be design and/or contextual issues that yield positive, neutral or even negative effects. More 

nuanced studies that examine the design and processes underlying FC environments will help 

inform better ways of utilizing this promising strategy. 

Finally, for years DE, OL, and BL versus CI comparison studies have been conducted and 

many meta-analyses followed as seen in Table 1 in the literature review. In the move away from 

“all versus none” meta-analyses, when there were enough DE versus DE studies, the Bernard et 

al. (2009) meta-analysis built on Moore (1989), and Anderson’s (2003) work by comparing 

different types of interaction treatments (i.e., instructional and/or media conditions designed to 

facilitate student-student, student-content, and student-teacher interactions) under various 

conditions (e.g., synchronous or asynchronous) to determine correlations with improved 

achievement.  Schmid, Bernard, Borokhovski, Tamim, Abrami, Surkes, Wade, and Woods 

(2014) also used this approach to examine technology integration in both the control and 

treatment conditions to address questions about the impact different levels of technology use, and 

the purposes of their use (e.g., cognitive support versus presentation support). While Bernard, 

Borokhovski, Schmid, and Tamim, (2018) also encouraged moving from the “all versus none” to 

“all versus some” comparisons to answering questions about effective instructional design 

practices, they recognized that more time and effort are required for this type of coding.  

Researchers would need to move from what Cooper (2017) called low-inference coding (e.g., FC 
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versus CI) to high-inference coding (e.g., more active learning versus less active learning). 

Nonetheless, the time has come to take up this challenge in order to improve the instructional 

design of the future. 

Recognizing that a meta-analyst is a “prisoner of the existing literature,” meaning that 

there are limits on how much a reviewer can do to disentangle complex questions if they are not 

addressed by primary researchers, there is a need for these researchers to ask more subtle 

questions. In the absence of a new approach to experimentation, it is possible that we will not get 

to the core questions that teachers and instructional designers need to improve the conditions 

under which FC, or for that matter any other new instructional approach, work best. 

Overall Summary 

In conclusion, according to this study, the FC is significantly more effective (statistically 

and practically) in improving student achievement than the traditional CI in higher education. No 

study features were found to significantly moderate this effect. The FC version of BL 

outperformed the traditional CI to the same degree that BL did. Even though the FC included 

pedagogical guidance of active learning in the classroom and video lectures to watch at home, it 

was not more effective than the results of four meta-analyses on BL in general without specific 

pedagogical guidance. Meta-analyses whose questions involve differentiating between the 

impacts on STEM versus non-STEM courses should include a Health-related category for 

courses specific to nursing, pharmacy, and medicine or clearly articulate how these are being 

coded. Given the meta-analysis is clear that the FC is more effective than CI, it is time to stop 

this line of inquiry and pursue comparisons that involve variations of the FC in the treatment and 

the control in order to determine underlying attributes that can improve the instructional design of 

future courses. 
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APPENDIX A. CATEGORIES, NUMBERS, AND % OF EXCLUDED FULL-TEXT 

STUDIES 
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Excluded full-text 

studies 

Category Number % 

Study quality insufficient (e.g., one group pre-test post-test) 26 22 

Insufficient statistics to calculate an effect size 23 19 

Student feedback; survey data 17 14 

Wrong population; wrong topic; opinion; literature review 22 18 

Definition of flipped classroom violated in the study 11 9 

Duplicates 9 8 

Multiple reasons 9 8 

Language other than English or non-retrievable 3 3 

    Total 120 100 
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APPENDIX B. CODEBOOK 
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1) Publication Features 

• Study number 

• Author(s) Name(s) 

• Year of publication 

• Publication type (Peer Reviewed Journal, Dissertation/Thesis, other) 

2) Methodological Features  

• Design (experiment, quasi-experimental, pre-experimental) 

• Instructor (Same or different) 

• Semester (Same or different) 

• Outcome Measurement (One, average, composite, e.g., final course grade)  

• Sample size (experimental) 

• Sample size (control) 

• Sample size (total) 

• Effect size magnitude (Cohen's d converted to hedge’s g) 

• Effect size direction (positive or negative) 

3) Course demographics  

• Control Condition (F2F or Online) 

• Control Description (describe) 

• Course Year Level (Graduate or undergraduate) 

• Course Subject matter (STEM or Non-STEM) 

• STEM subject (Science, Technology, Engineering, or Math or Health)  

• Instructor experience facilitating active learning 

4) Pedagogical factors   
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• Quizzes/pre-class assessment used regularly in treatment (yes or no)  

• Time on Task (Equivalent/ greater than/ less than) 
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APPENDIX C: FOREST PLOT FOR THE FULL SET OF 125 EFFECT SIZES 
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