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Abstract
 The increasing need for innovative constructivist 
learning approaches in college STEM subject domains 
has necessitated the use of flipped instruction which 
infuses computer-assisted learning with face-to-face 
learning to achieve optimal learning. This meta-analysis 
investigates the effect of flipped instruction and the con-
ditions under which it is beneficial or deleterious for col-
lege students learning in STEM subject domains. Overall, 
the meta-analysis results show that flipped instruction is 
an effective learning strategy for STEM subject domains. 
Moderator analyses reveal that pre-class instructional 
features, the structure of in-class activities, STEM subject 
domains, and test format moderated the overall effect 
size. Our findings indicate that flipped instruction yields 
robust learning benefits when the pre-class videos are 
accompanied by pre-class tasks for students to work on 
and collaborative in-class activities that allow them to in-
teract with one another. These findings have implications 
for designing flipped instruction, particularly for STEM 
subject domains. 
 Keywords: flipped instruction, college students’ learn-
ing, STEM subject domains, constructivist learning 

 Flipped instruction, also called inverted instruc-
tion, is a growing trend of instructional delivery that has 
drawn the attention of researchers in different fields and 
has been applied in classrooms to increase student en-
gagement and learning outcomes ostensibly. Since the 
advancements in educational technology, teachers have 
continually sought ways to integrate technology into 
instruction to enhance learning. Flipped instruction (FI) 
was born out of technological advances in education. Al-
though a minimal form of FI has existed for a while (Buch 
& Warren, 2017), its use in different fields and research on 
it have only peaked over the last few years (since 2012) 
as its potential benefits become more pronounced (Hao, 
2016; Love et al., 2014; Ryan & Reid, 2015). In line with 
the growing research on FI, previous meta-analyses have 
been conducted to ascertain its learning benefits, among 
which there have been mostly positive findings on the 
learning effects of FI. However, there are mixed findings 

on whether subject domains moderate the effect of FI or 
not. Although FI has been used extensively in STEM do-
mains, there is no comprehensive and systematic meta-
analysis of the effects of FI on college students’ learning in 
STEM subject domains. The lack of such evidence-based 
meta-analysis limits our understanding of the different 
conditions under which FI is beneficial or deleterious for 
learning in STEM subject domains. The present meta-
analysis seeks to fill this gap. 

Flipped Instruction
 The meaning of the term “flipped instruction” has 
expanded beyond the intent of its pioneers to simply 
switch homework activities for the classroom and that of 
the classroom for homework to have more time for deep 
processing and learning of materials (Bergmann & Sams, 
2009). FI now incorporates the use of digital videos and 
other technologies to carry out the intended classroom 
activities at home and integrates other activity-based/
constructivist learning strategies such as problem-solving 
and collaborative learning during classes (Abeysekera & 
Dawson, 2015; Akçayır & Akçayır, 2018; Hao, 2016; Thai 
et al., 2017). Typically, in traditional instruction (TI), the 
teacher prepares and delivers a lecture while students are 
encouraged to tackle assignment problems independent-
ly. FI involves reversing what is done in a typical traditional 
classroom so that student-centered constructivist learning 
activities are employed in the classroom to ensure deeper 
learning of the material (Hao, 2016; He et al., 2016; Lage 
et al., 2000). 
 FI comprises two key sessions: pre-class and in-class 
sessions. In the pre-class session, students familiarize 
themselves with an upcoming lesson at home watching 
a video of the lesson (Cieliebak & Frie, 2016; He et al., 
2016). In many cases, the videos are accompanied by 
other tasks that students are required to carry out, such 
as taking online quizzes or working on online modules 
(Jonsson, 2015), studying a part of an assigned textbook 
for the topic, and taking notes or preparing questions for 
class discussions (Aşıksoy & Özdamlı, 2016; Peterson, 
2015). The pre-class and in-class activities implemented 
in the studies included in this meta-analysis are presented 
in Table 1.  

 During the in-class session, students engage in 
constructivist learning activities that foster deep learn-
ing. This session is usually influenced by the outcomes 
of the pre-class activities, such as students’ performance 
on the quizzes they took while watching the videos or 
the questions they bring to class (Jonsson, 2015). Some 
classes begin with the teacher answering and clarifying 
questions on challenging aspects of the topic and further 
incorporating activities like discussion, solving problems/ 
exercises individually or collaboratively, and simulations 
(Cieliebak & Frie, 2016). In some classes, the teacher 
highlights some critical aspects of the topic for classroom 
discussion, alongside reviewing the more challenging 
homework problems (Buch & Warren, 2017). While the 
in-class activities go on under the teacher’s supervision, 
students establish cognitive connections with the prior 
knowledge they have built during the pre-class session, 
unlike in traditional classrooms where students are left to 
achieve this task at home after the class (Cieliebak & Frie, 
2016). Moreover, students can use their skills face-to-face 
with the teacher’s support in a flipped classroom (Clark et 
al., 2016). Such teaching adaptation potentially meets the 
needs of all students and reflects just-in-time teaching 
(Jonsson, 2015). 
 An expanded view of FI involves a kind of blended 
learning where computer-assisted learning is infused with 
face-to-face learning. In most flipped courses, technology 
tools serve as online platforms for out-of-class learning 
(Thai et al., 2016; Zainuddin & Halili, 2016). In the major-
ity of the studies on flipped instruction (e.g., Maneeratana 
et al., 2016; Mason et al., 2013; Timmerman et al., 2016), 
videos or audio presentations of an upcoming lesson are 
made available for students online through learning man-
agement systems or course websites, while they meet 
face-to-face with the teacher during in-class sessions. 
Not only do students positively perceive using videos to 
flip the class, but research also suggests that out-of-class 
video lectures positively affect learning as much as face-
to-face lectures do in passing basic content information 
to learners (Fryling et al., 2016; Jonsson, 2015). Students 
have opportunities to rewatch videos or some parts of the 
videos to understand the topic at their own pace better.
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Table 1.   Description of Flipped Instruction Features in Individual Studies

Table 1
Description of Flipped Instruction Features in Individual Studies
Author Pre-class 

instruction 
features 

In-class 
strategy 
to assess 
pre-class 
learning

Structure of in-class 
activity 

In-class teaching 
approach 

Subject domain

Adams & Dove 
(2017)

Video None Collaboration Activities Math

Akkaraju 
(2016)

Video Quizzes & 
review

Collaboration Problem-solving, 
lecture, & notetaking

Science

Albalawi 
(2018)

Video None Noncollaborative Lecture Math

Aşıksoy & 
Özdamlı (2015)

Video + quiz, 
questions 
preparation

Question 
and answers

Collaboration Discussions, problem-
solving, & simulations

Science

Baepler et al. 
(2014)

Video None Collaboration Problem-solving, 
simulations, & games

Science

Bakr et al. 
(2016)

Video + quiz None Noncollaborative Lectures Science

Barral et al. 
(2018)

Video None Noncollaborative Activities Science

Baytiyeh & 
Naja (2017)

Video + 
homework

Quiz Collaboration Activities Engineering

Bradford et al. 
(2014)

Video None Noncollaborative Problem-solving & 
topic exploration

Math

Braun et al. 
(2014)

Video + 
guiding 
questions

None Noncollaborative Practice Math

Brooks (2014) Video + 
summary

Summary 
writing

Collaboration Activities Technology

Buch & Warren 
(2017)

Video None Noncollaborative Problem-solving Math

Choi & Lee 
(2015)

Video + 
ebooks 
reviews

Reviews Collaboration Interactive activities Technology

Cilli-Turner 
(2015)

Video None Collaboration Lecture, quizzes, & 
problem-solving

Math

Clark et al. 
(2016)

Video None Noncollaborative Problem-solving & 
student dialogue

Engineering

Crimmins & 
Midkiff (2017)

Video + 
reading + quiz

Quiz Noncollaborative Problem-solving & 
iclicker questions

Science

Davies et al. 
(2013)

Video None Noncollaborative Lectures, homework Technology

Eichler & 
Peeples (2016)

Video + 
reading + quiz

Quiz Noncollaborative Lectures Science

El-Banna et al. 
(2017)

Video + text None Noncollaborative Activities Science

Elmaleh & 
Shankararaman 
(2017)

Video + quiz None Noncollaborative Problem-solving, quiz 
& feedback

Technology

Entezari & 
Javdan (2016)

Video None Collaboration Activities Science

Table 1 (continued)
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Table 1. (Continued)   Description of Flipped Instruction Features in Individual Studies

Author Pre-class 
instruction 
features 

In-class 
strategy 
to assess 
pre-class 
learning

Structure of in-class 
activity 

In-class teaching 
approach 

Subject domain

Foldnes (2016) Video + 
exercises

Question & 
answers

Collaboration Discussions & 
problem-solving

Math

Fryling et al. 
(2016)

Video Quiz Collaboration Discussions, 
activities

Technology

Harrigton et al. 
(2015)

Video None Noncollaborative Lectures Science

He et al. (2016) Video Quiz Noncollaborative Reviews Science
He et al. (2019) Video + 

homework
Quiz Noncollaborative Reviews Science

Heuett (2017) Video None Noncollaborative Activities & 
quizzes

Math

Heyborne & 
Perrett (2016) 

Video None Noncollaborative Discussions & 
problem-solving

Science

Hotle & Garrow 
(2016)

Video None Noncollaborative Lectures Engineering

Hu et al. (2016) Video None Noncollaborative Discussions, 
quizzes

Technology

Ichinose & 
Clinkenbeard 
(2016)

Video + 
assessment

None Noncollaborative Problem-solving Math

Jonsson (2015) Video + quiz None Collaboration Problem solving Technology
Kennedy et al. 
(2015)

Video None Noncollaborative Problem-solving Math

Kim et al. 
(2014)

Video None Collaboration Problem-solving Engineering

Li & Dan (2015) Video None Noncollaborative Discussions & 
exams

Technology

Liebert et al. 
(2016)

Video + review Review Collaboration Activities Science

Lloyd & Ebener 
(2014)

Video + 
activities

Activities Collaboration Lecture & 
activities

Science

Love et al. 
(2014)

Video None Collaboration Discussions, 
problem-solving, 
& quizzes

Math

Maciejewski 
(2016)

Video + quiz Question & 
answer

Collaboration Discussions Math

Maneeratana et 
al. (2016)

Video + 
discussion

None Noncollaborative Lectures Engineering

Mason et al. 
(2013)

Video + quiz None Collaboration Problem-solving Engineering

Mattis (2014) Video None Noncollaborative Lectures & 
problem-solving

Math

McLaughlin et 
al. (2013)

Video None Noncollaborative Exercises & 
quizzes

Science

Missildine et al. 
(2013)

Video None Noncollaborative Simulations, 
games & exercises

Science

Moffett & Mill 
(2014)

Presentation 
+ reading + 
quizzes

Quiz Noncollaborative Activities & 
discussions

Science
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Table 1. (Continued)   Description of Flipped Instruction Features in Individual Studies

Table 1 (continued)
Author Pre-class 

instruction 
features

In-class 
strategy to 
assess pre-
class learning

Structure of in-class 
activity

In-class teaching 
approach

Subject domain

Morton et al. 
(2017)

Video + 
workbook + 
notes

Worksheet Collaboration Discussions Science

Moudgalya et al. 
(2016)

Video Quiz Noncollaborative Discussions, 
quizzes, & 
tutorials

Engineering

Munson & 
Pierce (2015)

Video Test Noncollaborative Activities & 
discussions

Science

Murray et al. 
(2014)

Presentation+ 
notetaking 
+ question 
preparation

Question & 
answer

Noncollaborative Lectures, 
question & 
answers

Science

Ojennus (2016) Presentation + 
exercises 

None Collaboration Problem-solving Science

Ozpinar et al. 
(2016)

Video Question & 
answers

Collaboration Discussions, 
problem-solving, 
& practices

Technology

Peterson (2016) Video + 
questions 
preparation

Question & 
answers

Collaboration Problem-solving 
& quizzes

Mathematics

Ranalli & Moore 
(2016)

Video Quizzes Noncollaborative Problem-solving 
& homework

Engineering

Reid (2016) Video + 
assignment

None Noncollaborative Discussions & 
problem-solving

Science

Rui et al. (2017) Video + 
discussion

Question & 
answers

Noncollaborative Discussions & 
problem solving

Science

Ryan & Reid 
(2016)

Video None Noncollaborative Discussions & 
problem-solving

Science

Sahin et al. 
(2015) Video None Noncollaborative Problem-solving Math

Salama et al. 
(2016)

Video Noncollaborative Lecture Engineering

Saterbak et al. 
(2016)

Video + quiz None Collaboration Discussion/
problem solving

Engineering

Sengel (2014) Video + 
problem-
solving

Question & 
answers

Collaboration Discussion, 
problem-solving

Science

Şengel (2016) Video None Noncollaborative Discussion, 
problem-solving

Science

Street et al. 
(2014)

Video + quizzes Quiz Collaboration Interactive 
activities 

Science

Sun & Wu 
(2016)

Video None Collaboration Activities Science

Timmerman et 
al. (2016)

Video + quiz None Noncollaborative Activities, 
quizzes

Engineering

Tsai et al. (2015) Video + online 
discussions 

None Collaboration Activities, 
discussions

Technology

Table 1 (continued)
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Table 1. (Continued)   Description of Flipped Instruction Features in Individual Studies

Author Pre-class 
instruction 
features 

In-class 
strategy 
to assess 
pre-class 
learning

Structure of in-class 
activity 

In-class teaching 
approach 

Subject domain

Tutrang & 
Schenke (2017)

Video Quiz Noncollaborative Problem-solving Science

Van Sickle 
(2015)

Video + 
notetaking

Quiz Collaboration Problem-solving Math

Velegol et al. 
(2015) Video + 

assessment 
Question & 
answers Noncollaborative

Problem-solving, 
field trips, & 
quizzes

Engineering

Wasserman et al. 
(2017)

Video + 
homework

None Noncollaborative Lectures & 
problem-solving

Math

Webster et al. 
(2016) Video None Collaboration Problem solving 

& quiz Engineering

Whillier et al. 
(2015)

Video + 
readings + 
quizzes

None Collaboration Tutorials & 
problem-solving Science

Yelamarthi & 
Drake (2015) Video + quiz Reflection Collaboration Problem-solving, 

quizzes Engineering

Figure 1 
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Flipped Instruction as a Constructivist 
Learning Approach
 Core principles of constructivist learning support FI 
methods. A fundamental underpinning of constructivist 
learning is that learners create meaning by interacting 
with meaningful ideas from a sensory input presented to 
them (Dewey et al., 1997; Hein, 1991; Richardson, 2003). 
That is, learning emanates from actions/situations that 
spur students to act on and construct knowledge from 
experiences that are meaningful to them (Bhattacharjee, 
2015). As FI lies on the premise that students’ active en-
gagement with materials and responsibility for construct-
ing knowledge in all stages of FI increases learning out-
comes (Ranalli & Moore, 2016), at the center of construc-
tivist learning is that deep learning is attained with the 
use of active learning techniques. (Bhattacharjee, 2015). 
One fundamental principle of constructivism is that the 
teacher’s role changes from an all-knowing teacher to a 
facilitator who supervises students’ work and activities 
and guides them to learn better. Unlike the traditional 
teaching approaches, FI advances this learner-centered 
pedagogical approach.
 Constructivists view learning as a gradual process that 
benefits from prior knowledge and interaction. Students 
need opportunities to revisit, think about, play with, re-
flect on, and apply ideas; as repeated exposure to content, 
a learning material deepens learning (Hein, 1991). FI 
presents the pre-class opportunity to build prior knowl-
edge that will accelerate in-class learning and the oppor-
tunity to relearn, practice, and demonstrate those skills 
in class (Cieliebak & Frie, 2016; Clark et al., 2016). These 
opportunities to make cognitive connections with prior 
knowledge facilitate deeper learning. Moreover, the FI 
method of engaging students in class/group discussions, 
problem-solving, and projects where they interact and 
share ideas creates the social setting that the constructiv-
ist learning approach encourages (Richardson, 2003).

Learning Benefits of Flipped Instruction
 Repeated research shows that FI enhances student 
learning (e.g., Feng et al., 2016; Foldnes, 2016; Jonsson, 
2015; Kostaris et al., 2017). The critical factor that has 
contributed to the success of FI is inherently its delivery 
style (Elmaleh & Shankararaman, 2017). It advances in-
dependent learning as the learning responsibility is shared 
between students and teachers (Abdelaziz, 2014). For FI 
to be effective, students must watch videos and engage 
in related work from home. The teacher primarily supports 
students during class as they develop higher order and 
meta-cognitive skills such as reflection, self-assessment, 
think-aloud, and summarizing and synthesizing informa-
tion (Clark et al., 2016). In class, students have ample op-
portunities to critically analyze relevant aspects of course 
topics, taking ownership of their learning (Bradford et al., 
2014). 
 Moreover, FI provides a form of individualized educa-

tion every learner’s needs can be addressed (Abdelaziz, 
2014; Bergmann & Sams, 2012; Thai et al., 2017). Stu-
dents and teachers interact in a “self-paced “pause and 
rewind” capability” (Clark et al., 2016, p. 5). In order 
words, ample time is given in pre-class for convenient 
self-paced learning and during in-class relearning of the 
materials where students come prepared to interact with 
the teacher and other students. This kind of individualized 
learning could enhance a deep understanding of content 
for all categories of learners (Abdelaziz, 2014). 

STEM Subject Domains 
and Flipped Instruction
 STEM subject domains demand constructivist learn-
ing methods such as FI. STEM subjects are often identi-
fied with complex topics that are challenging for students 
to understand (Clark et al., 2016). Achieving optimal 
learning of such subjects requires learning methods that 
help learners construct their understanding of the top-
ics (Bradford et al., 2014; Smith et al., 2014). However, 
STEM subject domains are known for using lecture-based 
instruction during class and leaving application activities 
for students to complete at home (Love et al., 2014; Mar-
gulieux et al., 2015). Recently, research has shown that 
such instructional structure does not provide the support 
that students need to deeply understand and acquire ap-
plication such knowledge in STEM subjects (Margulieux 
et al., 2015). Constructivist learning methods like FI, 
which allow students to construct knowledge and receive 
feedback during application activities, are called for in 
STEM subject domains (Clark et al., 2016; Margulieux et 
al., 2015). For instance, a meta-analysis that investigated 
the impact of active learning on students’ performance in 
STEM subject domains by Freeman et al. (2014) showed 
that students’ learning outcomes in active learning envi-
ronments increased significantly compared to traditional 
learning environments.
 In many STEM subject domains where FI has been 
employed, student learning outcomes increased com-
pared to when they were taught with TI (e.g., Akkaraju, 
2016; Ichinose & Clinkenbeard, 2016; Maciejewski, 2016; 
Missildine et al., 2013; Olakanmi, 2017; Peterson, 2015). 
With such positive findings, an important question to 
answer is about the role of FI in STEM subject domains. 
Pre-class sessions of FI give students opportunities to 
familiarize themselves with complex topics and abstract 
concepts, establishing some prior knowledge that will 
promote deeper understanding in class (Margulieux et al., 
2015). The structure of FI allows students to identify chal-
lenging concepts and incomprehensible problems during 
pre-class sessions. At the same time, the teacher facilitates 
extensive discussions and hands-on activities that focus 
on such issues. By engaging students in activities stimu-
lating them to process and construct knowledge deeply, FI 
contributes to teaching innovations in college STEM sub-
ject domains as lecture-based TI continues to phase out. 

Building prior knowledge before class and focusing on 
more challenging topics is a virtuous approach that could 
make up for differences in students’ backgrounds (Clark et 
al., 2016). 

Previous Reviews and Meta-Analyses
 The effect of FI on college student learning has been 
repeatedly studied over the last five years. Generally, pre-
vious reviews have provided some insights on its use in 
different/specific subject domains, its research trends, 
benefits, and challenges. For example, Akçayır and Akçayır 
(2018) reviewed its advantages and challenges. Rahman 
et al. (2014) conducted a descriptive review of studies on 
FI comprising the instruments used to measure learning 
achievement, the disciplines where it has been applied, 
and brief explanations of individual studies, including the 
contexts, focus, and results. Zainuddin and Halili (2016) 
reviewed 20 studies on the trends in FI research in dif-
ferent subject domains within the period 2013-2015. 
O’Flaherty and Phillips (2015) reviewed 28 studies on the 
use of FI in higher education with a focus on the types 
of resources and development of resources used in flipped 
classrooms, the activities in pre-class and in-class ses-
sions, perception of staff and students, and the design and 
learning outcomes of FI. 
 Regarding the effect of FI on college students’ learn-
ing, some reviewers have reported positive effects of FI 
in studies (e.g., Rahman et al., 2014; Zainuddin & Halili, 
2016), while some have reported mixed findings (e.g., 
Hughes & Lyons, 2017; Kozikoğlu, 2019; Margulieux et 
al., 2015; O’Flaherty & Phillips, 2015). Two other reviews 
on FI related to STEM-subject domains reported differing 
findings. In the more subject-specific one, Karabulut-Ilgu 
et al. (2018) qualitatively analyzed 62 studies on the use 
of FI in engineering education and reported mixed results 
on the effect of FI. On the contrary, Huber and Werner 
(2016) authored a review of the use of FI in STEM subject 
domains, examining 58 studies in higher education, and 
found no statistical difference between FI and TI methods. 
This heterogeneous trend of reports on the effect of FI on 
college students’ learning is not limited to previous litera-
ture reviews. 
 Previous meta-analyses have shown mixed findings 
on the moderator effect of subject domains on the effect 
of FI. In a prior meta-analysis on the effectiveness of FI on 
college students’ learning in diverse subject domains, Shi 
et al. (2020) analyzed the effect sizes of 33 studies pub-
lished from 2013 to 2017. They showed an overall posi-
tive effect size (Z = 6.22, P < 0.05) for FI. As the subject 
domain was one of the moderator variables analyzed, it 
was found to be a non-significant moderator. Cheng et 
al. (2019) examined FI’s effects on students’ learning in 
diverse subject areas in both K-12 and college education, 
analyzing 115 effect sizes. The results showed an overall 
statistically significant effect size (g = 0.193, p < .001, 
95% CI [0.113–0.274]). Further analysis of moderator 
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variables, including subject areas (mathematics, science, 
social sciences, engineering, arts and humanities, health, 
and business), showed that subject domains significantly 
moderated the effect of FI. 
 Likewise, Låg and Sæle (2019) conducted a meta-
analysis on FI for both K-12 and college levels and diverse 
subject domains. They found overall positive learning ef-
fect of FI (g = 0.35, p < .001, 95% CI [0.31, 0.40]) while 
subject domains significantly moderated the effect. In a 
similar meta-analysis of 174 studies, Strelan et al. (2020) 
found an overall moderate positive effect of FI (g = 0.50) 
on student performance across education and subject 
areas. However, levels of education and subject areas sig-
nificantly moderated the effect size. In addition, findings 
from Jang and Kim’s (2020) meta-analysis of 43 FI studies 
on students’ cognitive, affective, and interpersonal out-
comes in different college subject domains showed that 
FI had a lower effect on students’ cognitive outcomes (ES 
= 0.24) than affective (ES = 0.59) and interpersonal (ES 
= 0.53) outcomes. Moreover, higher positive effects were 
found for some subject domains than others (Computer 
Science, ES = 0.96, Education, ES = 0.80, Psychology, ES 
= 0.45, Nursing, ES = 0.44, Mixed subject, ES = 0.44, 
Science, ES = 0.43, Medicine, ES = 0.37, Pharmaceutical 
Medicine, ES = 0.29, Physiology, ES = 0.22, Manage-
ment, ES = 0.19, Engineering, ES = 0.17, Physics, ES = 
0.15, Math, ES = 0.13, English, ES = 0.12, Chemistry, ES 
= 0.10, and Business, ES = −0.93). Chen, Monrouxe, et 
al. (2018) also analyzed 46 health and non-health profes-
sions education studies and found a statistically significant 
positive effect size in favor of FI on students’ examination 
scores (g = 0.47), while subject domains were a sig-
nificant moderator. While Chen, Monrouxe, et al. (2018), 
Cheng et al. (2019), Jang and Kim (2020); Låg and Sæle 
(2019), and Strelan et al. (2020) found subject domains 
to be a significant moderator of the effect of FI, Shi et al. 
(2020) reported it as a non-significant moderator. Such 
findings neither provide us with an adequate understand-
ing of the effect of FI nor the circumstances under which 
FI is advantageous or not to college students learning in 
STEM subject domains.
 In addition, mixed results were found among some 
other meta-analyses that specifically focused on the 
use of FI in STEM-related subject domains, including 
pharmaceutical education (Gillette et al., 2018), health 
professions education (Hew & lo, 2018), and nursing edu-
cation (Hu, Gao, et al., 2018; Tan et al., 2017). Hew and 
Lo (2018) analyzed 28 studies that compared FI with TI in 
health professions (e.g., medicine, pharmacy, and nurs-
ing). The results showed a statistically significant effect 
size for FI (SMD = 0.33, 95% CI 0.21–0.46, p < 0.001) 
while starting in-class sessions with quizzes that assessed 
students’ pre-class learning was the only significant mod-
erator variable (Q = 5.34, df = 1, p = 0.02). Gillette et al. 
(2018) conducted a meta-analysis synthesizing five stud-
ies in pharmaceutical education and found no significant 

effect for FI. Tan et al. (2017) conducted a meta-analysis 
on the effect of FI with 29 studies in nursing education, 
while Hu, Gao, et al. (2018) conducted a like study with 
11 studies. The two studies found positive effects, with 
Tan et al. (2017) reporting increased students’ academic 
performance (SMD = 1.13), skills (SMD = 1.68), and self-
learning abilities (SMD = 1.51). Hu et al. (2018) reported 
higher theoretical knowledge and skills for the FI group 
(SMD = 1.06, 95% CI: 0.70–1.41, p < 0.001). However, 
these subject-specific meta-analyses provide no full grasp 
of the effect of FI on college students’ learning in STEM 
subject domains in general. A lack of comprehensive, 
evidence-based meta-analysis that shows the condi-
tions under which FI enhances or inhibits college students’ 
learning in STEM subject domains calls for further meta-
analysis in this regard. 

Challenges of Flipped Instruction  
 While FI yields numerous learning benefits, it presents 
some challenges as well. Some of the practical difficulties 
of designing FI include students’ failure to watch pre-class 
videos, poor quality of videos, and time constraints for 
instructors to produce quality videos (Akçayır & Akçayır, 
2018; Peterson, 2015; Zainuddin & Halili, 2016). To ensure 
that students watch videos before class, some research-
ers suggest that videos be accompanied by tasks such 
as quizzes, discussion, note-taking, or question prepara-
tion (Aşıksoy & Özdamlı, 2016; Jonsson, 2015; Peterson, 
2015). Moreover, a suspected challenge to implementing 
FI could be the inaccessibility of technology to all students, 
although this has not been reported in the literature. 
 Studies have indicated that students find it chal-
lenging to adapt to FI and have negative responses at 
its introductory stage (Missildine et al., 2013; Zainuddin 
& Halili, 2016). However, they develop good perceptions 
of it after a while of getting familiar with its structure, 
which explains the high positive perceptions among stu-
dents reported in studies (e.g., Chen, Yang, et al., 2016; 
Gullayanon, 2014; Khan & Ibrahim, 2017; Prashar, 2015). 
O’Flaherty and Phillips (2015) suggested the introduc-
tion of FI to students earlier in their programs to get them 
accustomed to it. As research on FI has produced mixed 
findings (Bradford et al., 2014; Fryling et al., 2016; Ma-
neeratana et al., 2016; Ryan & Reid, 2015; Saterbak et al., 
2016; Strayer, 2012), some scholars have attributed this 
inconsistency of findings to its design (e.g., de Araujo et 
al., 2017; Peterson, 2015; Strayer, 2012). To address this 
challenge, Peterson (2015) emphasized the need for the 
same teachers to be responsible for the content creation 
of both the pre-class and in-class sections to ensure that 
pre-class content meshes well with the in-class activities. 

Method
 We strictly followed published guidelines for con-
ducting meta-analyses outlined by Adesope et al. (2010), 

Adesope et al., 2017, Nesbit and Adesope (2006), and 
Lipsey and Wilson (2001), as well as the PRISMA 2009 
checklist (Moher et al., 2009). 

Purpose of the Present Meta-Analysis
 The present meta-analysis focuses on studies that 
assessed college student learning outcomes with FI in 
STEM subject domains. In this study, learning outcomes 
are the results associated with instructional experiences, 
as measured and reported in the FI studies (Anderson et 
al., 2005). Studies in this meta-analysis reported mea-
suring students’ learning outcomes as their performance 
on tests of knowledge retention, problem-solving, and 
conceptual and procedural knowledge of learned materi-
als. Tests used in the studies varied in formats, including 
open-ended, short-answer, and multiple-choice items. 
While FI is shown to yield increased learning outcomes, 
less is known about its effects on different populations 
and specific subject domains due to the mixed findings in 
previous research. Its impact on college students’ learning 
has been investigated in earlier meta-analyses in various 
subject domains (Chen et al., 2018; Cheng et al., 2019; 
Gillette et al., 2018; Hew & Lo, 2018; Hu, Gao, et al., 2018; 
Låg & Sæle, 2019; Shi et al., 2020; Tan et al., 2017). Inter-
estingly, analyses of moderator variables in the diverse-
subject-area meta-analyses showed mixed findings on 
whether the subject domain was a significant moderator.
 Moreover, none of the previous meta-analyses illumi-
nates the learning effect of FI in STEM subject domains in 
general and the conditions under which FI is beneficial in 
STEM subject domains, such as the instructional features 
of FI in the studies. The present meta-analysis investigates 
the learning effects of FI in STEM subject domains and 
seeks to uncover the different conditions under which it 
is effective. Hence, this meta-analysis aims to answer the 
following research questions:

1. What are the effects of flipped instruction compared 
to traditional education in STEM subject domains?

2. How do the effects of flipped instruction vary across 
different STEM subject domains? 

3. How are the effects of flipped instruction moderated by 
instructional features, design features, and context? 

Inclusion Criteria
 To carry out this meta-analysis, some inclusion criteria 
were established. For a study to be included in this meta-
analysis, it must:
•	 compare the effect of FI with TI in STEM subject  
  domains
•	 include at least a visual-audio presentation of a les 
  son for the FI group
•	 the report measured cognitive learning outcomes  
•	 report sufficient data (basic statistics such as  
  means, standard error, and standard deviation) for  
  effect size extraction or calculation
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•	 be publicly available either online or in library ar 
 chives
•	 be peer-reviewed

Location and Selection of Studies
 We used the search terms “flip OR flipped OR inverted 
classroom OR flipped instruction/classroom” to retrieve 
relevant studies. In IEEE, ERIC, PsycINFO, EBSCOhost, and 
Google Scholar, studies were searched. In addition, we ex-
plored the reference lists of selected studies referred to as 
other sources in Figure 1. Studies were searched from fall 
2018 to fall 2020. A total of 73 papers that met the inclu-
sion criteria were included in this meta-analysis. Figure 1 
shows the location, screening, and selection of studies.

Extraction and Calculation of Effect Sizes
 Two researchers independently coded all 73 stud-
ies by extracting variables such as source (conference or 
journal), media of presentation (pen and paper, computer 
only or mixed), subject domain (science, technology, en-
gineering, and mathematics), country (the US and “other 
countries”), design features which included randomiza-
tion or no randomization, control of prior differences or 
none, test format (open-ended, multiple choice, mixed 
and unknown), media of test presentation (pen and pa-
per or computer), and video types (duration: 0-15 min-
utes, 16-30 minutes, and 31-60 minutes and audiovisual 
format: video-based or narrated PowerPoint), pre-class 
instructional features (video only, video with non-assess-
ment activities and video with assessment), strategy for 
starting in-class sessions (pre-class learning evaluation or 
no assessment), and structure of in-class activities (col-
laboration or no collaboration). We also coded the sample 
sizes, means, standard deviations, and effect sizes or other 
statistics provided by the authors that will enable effect 
size calculation. The mean interrater agreement among 
coders is 98% on all the coded variables, which indicates 
high reliability, according to Howell (2007).
 Cohen’s d effect size was calculated for each study 
included in this meta-analysis to obtain a standardized 
estimate of the difference in learning outcomes between 
students who learned with FI and those who learned with 
TI. For a few studies that did not provide basic descriptive 
statistics (e.g., mean and standard deviation), the effect 
sizes were obtained through estimations from other sta-
tistics using conversion formulas. For instance, since such 
studies provided standard errors, the standard deviations 
were obtained by converting the standard error to stan-
dard deviation using the formula. A positive and signifi-
cant effect size indicates that FI is beneficial for learning.

Data Analysis
 While following standard guidelines for running a 
meta-analysis of studies (Authors, 2010, 2017; Cooper 
& Hedges, 1994; Lipsey & Wilson, 2001), data were ana-
lyzed using Comprehensive Meta-Analysis 3.0 (Borenstein 

et al., 2008). The weighted mean effect sizes were aggre-
gated to an overall weighted mean estimate of the effect 
of FI (i.e., g+). The significance of each weighted mean 
effect size was determined by its 95% confidence interval. 
When the lower confidence interval limit was greater than 
zero, the mean effect size indicated a statistically detect-
able result favoring FI. Since all the effect sizes were com-
bined into a mean to determine if they all estimated the 
same population effect size, homogeneity of variance was 
examined using the Q and associated statistics generated 
by CMA. A p-value less than .05 means that the mean ef-
fect size is heterogeneous and does not estimate a com-
mon population mean.

Results
 In all, 73 independent effect sizes were analyzed. Fig-
ure 2 shows a summary of statistics for individual studies, 
including their effect sizes (Hedges’ g), standard errors, 
homogeneity of variance, z statistics value, significance 
levels (p-value), and confidence intervals. The positive ef-
fect size indicates that FI is beneficial for learning.

Effects of Flipped Instruction
 The major purpose of this meta-analysis was to inves-
tigate the effect of FI on college students learning in STEM 
subject domains. Table 2 shows the overall results of the 

weighted mean of all independent effect sizes analyzed. 
Specifically, the table shows the number of participants 
(N), the weighted mean effect size (g+) and its standard 
error (SE), the 95% lower and upper confidence intervals 
(CI), the results of a test of homogeneity (Q) along with its 
degrees of freedom (df), and the percentage of variability 
that is due to true heterogeneity or between-studies vari-
ability (I 2). Overall, the results showed that FI is effective 
for learning STEM subjects (g = 0.23). The distribution 
was heterogenous Q (72) = 1198.26, p < .001,  I 2 = 
93.99. A total of 94% of the variance due to true hetero-
geneity was between-studies variance, while 6% of the 
variance was within-study variance based on sampling 
error. More variability was found among independent ef-
fect sizes than samples from a single population. Because 
of the high heterogeneity between studies, moderator 
analyses were further conducted.

Analysis of Moderator Effects 
on Flipped Instruction
 Moderator effects were analyzed for ten variables to 
examine the conditions under which FI was more or less 
effective for learning STEM subjects. The analyses were or-
ganized into research design features (control of prior dif-
ferences, randomization of participants, and test format), 
instructional features (pre-class instructional features, in-

Figure 1.     PRISMA Flow Chart of Location and Selection of Studies
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class starting, structure of in-class activities), and context 
(subject domain, country, and source). The results are pre-
sented in the following section, while their significance is 
discussed in the discussion section. Other variables coded 
for, such as video types and media of test presentation, 

were excluded from the analyses because most studies did 
not provide information on them. In contrast, the treat-
ment context was excluded because all the study treat-
ments were conducted in a classroom context.

Instructional Features
 The instructional features of FI, including the pre-
class and in-class features, were considered essential 
variables that could have moderated the effect of FI since 
they are a critical part of the design and implementation 

Figure 2.   Statistics for Individual Studies
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of FI. While coding studies for this meta-analysis, it was 
observed that studies had different ways of designing 
and implementing FI. For the pre-class session, some au-
thors provided students with some tasks to do alongside 
watching videos in preparation for the in-class session, 
while others did not. The tasks given to students were cat-
egorized into assessment tasks (e.g., quizzes and solving 
exercises) or non-assessment tasks (e.g., online discus-
sions and preparing questions for class). As shown in Table 
3, the results showed that pre-class instructional features 
were a significant moderator variable with a significant 
between-levels difference QB(2) = 44.64  (p < .001). 
Giving students videos with an assessment task produced 
the highest effect for FI (g = 0.38). In contrast, smaller 
effects were associated with studies that had videos with 
non-assessment activities ((g = 0.18) and videos only (g 
= 0.16). The post hoc analysis further demonstrated that 
giving students videos with assessment tasks was associ-
ated with a larger weighted mean effect size.
 For the in-class instructional features, the instruc-
tor’s strategy for starting in-class sessions, which includes 
whether there was an assessment of pre-class learning 
(using quizzes or question and answers) or not, and the 
structure of in-class activities, which included the use of 
collaboration among students (e.g., group discussions and 
group problem solving) or not were analyzed. The results 
showed that the strategy for starting in-class sessions 
was not a significant moderator of the effect of FI QB(1) 
= 1.93,  (p = .16). Nevertheless, the structure of in-class 
activities was a significant moderator with a significant 
between-levels difference QB(1) = 102.52,  (p < .001). 
Studies where collaboration was used showed a large ef-
fect for FI (g = 0.49) and were significantly different from 
studies that did not involve collaboration (g = 0.14).

Design Features
 Because design is critical to the degree of effective-
ness of FI (Strayer, 2012), control of prior differences, ran-
domization of participants, and test format, were analyzed 
to see how they might have influenced the effect of FI. 
Table 4 presents the results of the analyses. Controlling for 
students’ prior knowledge differences and randomization 
of participants when assigning them to study groups was 
an essential factor to consider in judging the effectiveness 
of FI as it was part of the study methodology (Peterson, 
2015). However, it was not a statistically significant mod-
erator. The test format of the studies was a significant 
moderator of the effect of FI QB(3) = 41.98 (p < .001). 
Studies with open-ended tests showed the highest effect 
for FI (g = 0.36), followed by studies with a mix of open-
ended and multiple-choice tests (g = .24). In contrast, 
studies with multiple-choice tests showed the least effect 
(g = .12). Post hoc analysis revealed that studies that had 
open-ended test formats yield high weighted mean ef-
fect size compared to studies in other categories of the test 
format.

Table 2.    Overall Weighted Mean Effect Size for all Studies

Table 3.    Weighted Mean Effect Sizes for Instructional Features

Table 4.      Weighted Mean Effect Sizes for Design Features
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Context 
 STEM subject domains, country of study, and source 
of papers were analyzed as moderator variables under 
context. Since this meta-analysis specifically investigated 
the effect of FI on STEM subject domains, it was important 
to examine whether there were differential effects of FI in 
different subject domains. Results are presented in Table 
5. Results showed that the subject domain was a signifi-
cant moderator of the overall effect of FI QB(3) =14.24, 
p < .001. Higher effects were found in the mathematics 
domain (g = 0.29) and science domain (g = 0.28) while 
smaller effects were found in engineering (g = 0.18) and 
technology (g = 0.15). Post hoc analysis revealed that 
studies in mathematics and science domains were asso-
ciated with a larger weighted mean effect size and were 
significantly different from studies in other STEM subject 
domains. 
 Another interesting moderator variable analyzed 
is the country where studies were conducted. We were 
specifically interested in exploring whether the effect of 
FI in studies conducted in the US might vary from that of 
studies carried out in other countries. Results showed that 
the between-levels difference was statistically significant, 
QB(1) = 10.14, p < .001, while studies conducted in the 
U.S. produced a larger weighted mean effect size (g = 
.27) than studies conducted outside the U.S. (g = .17). 
Post hoc analysis showed that the results in studies con-
ducted in the US were significantly different from studies 
conducted outside the U.S. The source of papers, whether 
a study was published as a journal or conference paper, 
was not a significant moderator of the effect of FI.

Examining Publication Bias
 One of the criticisms meta-analyses and systematic 
reviews have faced the potential for publication bias. In-
deed, it is well-documented that non-significant studies 
may not be published as frequently as studies that pro-
duced statistically significant findings (Borenstein et al., 
2009; Rosenthal & DiMatteo, 2001). Significant results are 
often favored “while nonsignificant results are relegated to 
file drawers” (Rosenthal & DiMatteo, 2001, p. 66). In the 
present study, Comprehensive Meta-Analysis was used 
to compute two approaches to examine the presence of 
potential publication bias that could threaten the valid-
ity of its overall result. The first was the funnel plot which 
estimates the effects of the individual studies against the 
standard error. The funnel plot, as presented in Figure 3, 
showed a nearly symmetrical distribution around the 
weighted mean effect. According to Song et al. (2002), 
symmetrical funnel plots indicate the absence of publica-
tion bias. Because the distribution of the obtained funnel 
plot was not perfectly symmetrically distributed, a second 
approach was further computed to cross-check the ab-
sence of publication bias in the study.
 The second approach, “Classic Fail-safe N,” was used 
to determine the number of null effect studies that would 

be needed to raise the p-value associated with the aver-
age effect above an arbitrary alpha level (set at α = .05). 
This approach was used because it explains the robustness 
of significant results of meta-analysis studies. The results 
showed that it would take 4,359 additional studies to 
this meta-analysis to diminish the statistical significance 
of the results of this study. Obtaining 4,359 more studies 
to include in this meta-analysis is unrealistic and signi-
fies the unlikeness that the effect size of this study can be 
reduced to zero. These results suggest an absence of pub-
lication bias in this study.

Discussion
 This meta-analysis examined a sample of 73 studies 
that met the inclusion criteria for this study. Overall, the 
analysis revealed a statistically detectable positive effect 
of FI on learning STEM subjects. As no published meta-
analysis investigated the effect of FI specifically on STEM 
subject domains, the findings of this meta-analysis dem-

onstrate that FI is beneficial for learning in STEM subject 
domains at the college level. Moreover, the results of this 
meta-analysis align with the hypothesis and research 
findings that constructivist learning strategies like FI in-
crease learning in STEM subject domains (Freeman et 
al., 2014; Margulieux et al., 2015). The rationale behind 
FI is that learning increases when students take active 
responsibility for learning and constructing knowledge 
(Kummer & Godoy, 2015). This meta-analysis informs 
classroom practice and contributes to theories of learning 
in that FI is one of the ways constructivist learning could 
be implemented, and the different instructional features 
implemented in the studies such as problem-solving, dis-
cussion, hands-on activities, simulations, and case studies 
offer practitioners a range of options on how to adapt FI in 
the classroom. 
 Moderator variables were analyzed to examine the 
situations under which FI had more excellent learn-
ing effects for STEM subject domains. Design of studies 
and methods for implementing FI have been associated 

Table 5.      Weighted Mean Effect Sizes for Study Context

Figure 3.    Funnel Plot
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with the mixed results found in some studies (Peterson, 
2015; Strayer, 2012). The moderator variables that were 
majorly related to study design and implementation were 
analyzed. Three moderator variables were examined un-
der the plan, and instructional features were insignificant 
(strategy for starting in-class sessions, randomization of 
participants, and control for prior knowledge differences). 
For the critical moderators, the results of the analyses con-
firmed some of the issues raised in the literature concern-
ing FI to a reasonable extent. For instance, the pre-class 
instructional feature analysis results address one of the 
concerns about implementing FI. One of the challenges 
associated with FI is the failure of some students to watch 
pre-class videos. Some authors have suggested that vid-
eos must be accompanied by a task to address this chal-
lenge. The findings showed that FI was more effective 
when students had a task, mainly an assessment task, 
that evaluated their understanding of the video content 
or engaged them with the video. This finding is critical 
for designing and implementing FI, particularly in STEM 
domains, where students often encounter complex con-
cepts/topics. FI might be more profitable when students 
have some assessment tasks to engage them with the 
pre-class videos. Likewise, the results of the analyses for 
test format indicate that the format of tests used to evalu-
ate students’ learning outcomes may need to be consid-
ered when implementing FI. The highest weighted mean 
effect associated with the open-ended test format, fol-
lowed by a mix of open-ended and multiple-choice tests, 
suggests that giving students open-ended tests that are 
not only proxies for transfer-type questions but also allow 
students to demonstrate learning in detail might serve 
better in approximating the learning gains of FI than other 
test formats. 
 One of the strengths of FI lies in the use of construc-
tivist learning methods that support students to construct 
knowledge and learn content deeply. In the studies 
included in this meta-analysis, the classroom activities 
were majorly problem-solving, discussion, hands-on ac-
tivities, simulations, and case studies, which are common 
in flipped in-class learning section (Akçayır & Akçayır, 
2018; DeLozier & Rhodes, 2017; Rahman et al., 2014). 
The structure of activities could not only determine the 
kinds of cognitive processes they elicit from students but 
also students learning and behaviors (DeLozier & Rhodes, 
2017). As the structure of the activities was analyzed, the 
findings revealed that collaboration between/among 
students yielded greater learning effects. This result dif-
fers from the conclusions of another meta-analysis where 
both individual and collaborative active learning activities 
were equally effective (Shi et al., 2020). However, it aligns 
with the literature that supports collaborative learning in 
flipped classrooms to increase students’ engagement and 
learning (DeLozier & Rhodes, 2017; Galway et al., 2014). 
For study context, country of studies and STEM subject 
domains were significant moderators of the effect of FI. 

While it is puzzling that studies conducted in the U.S. 
showed higher effects for FI than studies from other coun-
tries, we encourage caution in interpreting the results. Fu-
ture meta-analyses need to explore the impact of FI more 
robustly in different subject domains, educational levels, 
and study countries. More significant learning gains of FI 
were associated with math, followed by science, while 
lesser gains were associated with engineering and the 
least with technology. These findings align with those of 
a previous meta-analysis. Cheng et al. (2019) conducted 
moderator analyses for subject domains that included 
STEM and non-STEM domains and reported results for 
STEM subject domains, excluding the technology do-
main. The findings showed that the learning effects were 
higher for math, followed by science, while engineering 
was associated with the least effect. However, the previ-
ous meta-analysis was cautious in making conclusions on 
the results for engineering because it had only five stud-
ies representing the domain. The present meta-analysis 
had 14 studies representing engineering and produced 
fewer effects for engineering compared to math and sci-
ence domains. FI has received significant attention in the 
engineering domain since 2012, with studies showing 
other gains of FI, including engagement and self-efficacy. 
However, most studies did not report descriptive statis-
tics to compute effect sizes (Karabulut-llgu et al., 2018). 
Even though engineering and technology domains were 
associated with fewer effects, their effect size was statisti-
cally significant, suggesting that FI seems promising in all 
STEM subject domains. 

Conclusion
 It could be gleaned that FI is a virtuous approach to 
deepen learning and student engagement in college STEM 
subject domains, although previous research has reported 
mixed results. As discussed earlier in the previous meta-
analysis section, the mixed results in research are likely at-
tributable to some design issues related to the implementa-
tion of FI. While we found diverse modes of implementing 
FI, one similar element that cuts across studies was using 
videos for pre-class sessions. The quality of videos is part 
of design issues that have been raised because it is thought 
to have an impact on students’ learning outcomes in the 
flipped classroom (Zainuddin & Halili, 2016). Video type 
was one of the variables coded but was not included in the 
moderator analyses because most studies did not report 
the video features needed for such analyses. Hence, we 
could neither objectively determine the quality of videos 
used in the studies nor evaluate how it might moderate the 
overall effect of FI. We recommend that future studies on FI 
report in detail the features of videos used to enable such 
evaluation in future meta-analyses and support teachers in 
translating research into practice. 
 Moreover, one thing identified in research on FI is that 
many studies focused on students’ perceptions and satis-

faction. In contrast, some studies did not report descrip-
tive statistics to be included in the present meta-analysis. 
As some existing studies on students’ perception (e.g., He 
et al., 2016; Roach, 2014; and Van Sickle, 2016) suggest 
that students positively perceive FI for reasons including 
an increased opportunity for interaction during in-class 
sessions, more studies that measure students’ learning 
outcomes in STEM subject domains are recommended. As 
this meta-analysis only analyzed the effect of FI on college 
STEM subject domains, similar studies with K-12 students 
need to be analyzed to examine the robustness of FI across 
educational levels.
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