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Abstract
The recent movement to integrate the flipped classroom model into higher education has 
resulted in significant changes that affected both teaching and learning practices in different 
ways. After almost a decade of research on the flipped classroom model, different emergent 
outcomes have been reported in a domain specific context. To gain a comprehensive under-
standing of the flipped classroom implementation in a university context, a review of the lit-
erature on the use of flipped classroom in a university context was conducted. This study was 
guided by interpreting the previous research findings according to the domain of utilization, 
opportunities, challenges, and extensions to the conventional flipped classroom model. This 
study found that the utilization of flipped classroom in various disciplines is mainly advo-
cated to promote students’ engagement, metacognition, attitude, performance, understand-
ing, and achievement, as well as other learning outcomes. The key challenges of this method, 
shared across all disciplines, were devoted to the length of the video/digital materials and time 
required for instructors to prepare the learning materials and for students to master it. Recom-
mendations for policy makers and other crucial insights for the future studies were highlighted.

Keywords  Improving classroom teaching · Teaching/learning strategies · Lifelong learning

Introduction

The concept of learning continues to evolve from time to time especially with the utili-
zation of various teaching and learning strategies for the promotion of students’ learning 
and autonomy (Al-Samarraie and Saeed 2018). This is evident from the continued empha-
sis of educational policy, which focuses on ensuring that both students and instructors are 
equipped with the most effective instrumentation essential for facilitating communication. 
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In a university context, students are expected to engage in the course material regularly 
with minimal support from the instructor (Baragash and Al-Samarraie 2018a, b; Andreasen 
et al. 2003; Zeichner 2010). This is where flipped/inverted classroom is used as a solution, 
mainly, to take the lecture from in-class time and move it to pre-class preparation so that 
in-class time could be maximized for active learning activities.

Flipped classroom as a model requires students to take charge of their learning and deci-
sions during pre-class, in-class, and post-class (Prust et al. 2015). The knowledge obtained 
from each phase is used to promote students’ reflection and communication throughout 
the learning process. Students in the ‘pre-class’ phase are expected to engage with the 
learning materials provided by the instructor to obtain the necessary exposure of the ‘in-
class’ phase, where they are provided with a set of learning activities such as discussion 
and group presentation with minimal support from the instructor. Then, in the ‘post-class’ 
phase, students are exposed to different assignments or quizzes as an enrichment activity 
for strengthening their knowledge gained from the previous phases. The outcomes resulted 
from these learning phases have motivated several previous studies to validate the potential 
of flipped classroom in different learning contexts (Gong et al. 2018; McLean and Attardi 
2018). This is basically because the common belief about the flipped classroom model is 
that it offers students meaningful learning experiences by enabling them to link between 
the new and prior knowledge in order to overcome conceptual challenges in a domain-
specific context (Yilmaz and Baydas 2017).

However, previous reviews on flipped classroom effectiveness and utilization in higher edu-
cation (e.g., Bishop and Verleger 2013; DeLozier and Rhodes 2017; O’Flaherty and Phillips 
2015) offer a limited depth of evidence regarding the opportunities (e.g., offering time flexibil-
ity, interacting collaboratively with peers, engaging in higher-order cognition, etc.) of flipped 
classroom in stimulating certain learning outcomes. According to Bishop and Verleger (2013), 
the utilization of flipped classroom across learning domains may imply different outcomes for 
students or change the cohort format of the class. In addition, applying the flipped classroom 
model may result in customization of learning materials that do not impose pedagogy or qual-
ity criteria (Graham et al. 2014). With the growing number of educators designing and imple-
menting the flipped classroom model as a means for improving students’ learning outcomes, 
there is a notable lack of evidence-based best practices for the application of flipped classroom 
in higher education (Betihavas et al. 2016; Khanova et al. 2015). Hence, this study reviewed 
previous works on the use of flipped classroom approach in a university context. Precisely, a 
demonstration of the effects of flipped classroom on students’ learning in various university 
disciplines was provided. This study also listed the current extensions to the flipped classroom 
model, along with the key opportunities and challenges, in order to reach a generally accept-
able conclusion about the potential of this method in a university context.

Flipped classroom in this study refers to the full utilization of the model phases as 
shown in Fig. 1 where students are provided with video/digital media lessons before class 
to gain first exposure to the learning materials. In addition, students involved in the flipped 
classroom process must have had an opportunity to complete assignments/quizzes before 
or at the start of class. Finally, instructors must guide and provide answers to students’ 
questions through in-class sessions, as well as allowing them to collaborate with each other 
to practice and apply the learning materials received prior to the class.

A number of systematic review articles have been published within higher education 
focusing on various important topics. For example, Betihavas et  al. (2016); Tan et  al. 
(2017) conducted a systematic review on the role of flipped classroom in nursing educa-
tion. Chen et al. (2017) reviewed the literature on the effectiveness of flipped classroom 
in medical education. Another review was conducted by Karabulut-Ilgu et  al. (2018) in 
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engineering education. Despite these reviews, there is a lack of review studies with focus 
on investigating the impact of flipped classroom on students’ learning across disciplines. 
Since flipped classroom has become an important focus of both instructors and educational 
policy makers (Giannakos et al. 2018), it seems appropriate to address this research gap.

Methodology

This study was undertaken to answer three research questions: ‘What is the effect of using 
flipped classroom on students’ learning across university disciplines?’ ‘What are the 
opportunities and challenges from using the flipped classroom model in these disciplines?’, 
and ‘What are the major extensions to the traditional flipped classroom model?’ Based on 
a wide-ranging review of existing survey in higher education, this study can be used to 
provide an in-depth understanding and form an integral view of the main aspects related to 
the use of flipped classroom in higher education. This includes identifying the classifica-
tion elements relevant to the research questions, as recommended by Searcy and Mentzer 
(2003), Chugani et  al. (2017), Al-Samarraie and Hurmuzan (2018). According to these 
studies, the process of analysis contains four steps:

(1)	 Defining unit of analysis: the unit analysis has been defined as a single research article 
or thesis. The materials were further delimited as per the scope and relevance to the 
context of higher university.

(2)	 Classification context: previous studies were classified according to discipline or 
domain (e.g., engineering, language, arts, etc.) (Egger et al. 2001; Khan et al. 2003) 
in order to provide a better understanding of how the flipped classroom model can be 
used to promote students’ learning.

(3)	 Then, the effects of flipped classroom on students’ learning outcomes in each discipline 
were reported along with the major opportunities and challenges. Other extensions to 
the traditional flipped classroom model were also examined in this study.

(4)	 Material evaluation: the materials used to identify the major aspects of this study were 
analyzed and sorted according to the proposed classification context. Certain key-

LECTURER-BASED APPROACH 

Before class 

Students read 
the course materials before  

coming to class

In class 

Lecturer help students gain 
first exposure to learning 

materials

After class 

Students work on 
homework

FLIPPED CLASSROOM 

Before class 

Students gain first exposure 
to material via video

Before/at start of class 

Students complete 
assignment/quiz

In class 

The lecturer answers 
questions, and students 

collaborate with each other

Fig. 1   A comparison between the traditional and flipped classrooms
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word combinations were used: ‘flipped classroom’ OR ‘flipped classroom OR ‘flipped 
model’ OR ‘flipped learning’ OR ‘flipped approach’ OR ‘flipped environment’ OR 
‘flipped teaching’ AND ‘university learning/context’ OR ‘higher education’ OR ‘uni-
versity students’ OR ‘undergraduate/postgraduate students’. Five main databases were 
used to search for articles based on these keyword combinations. Google Scholar, 
NREL, Science direct, and Web of Science. The extracted articles were confirmed 
according to some selection criteria suggested by previous reviews (e.g., Beelmann 
2006; Kitchenham 2004) related to the language of research and research design. This 
is due to the lack of resources and time available for translation, and the need for clues 
about the flipped classroom effect that this study is aiming to review.

(5)	 Collecting publications and delimiting the field: the review of the literature in this study 
was typically devoted to studies published in peer-reviewed journals, conference proceed-
ings, and book publishers. To establish a time span, a starting point was set at 2009.

A total of 1621 articles from different databases were extracted; however, only 195 arti-
cles were found to meet our inclusion criteria: written in English, and validated by at least 
one research design (qualitative/quantitative) to assess factors hypothesized to predict, influ-
ence or explain individuals’ learning outcomes in a university context. The initial screening 
result performed by the researchers led to the inclusion of 93 papers. Subsequently, retained 
full-text articles were further screened by the researchers based on the same two inclusion 
criteria utilized during screening of the article records with an additional criteria that the 
flipped classroom model is fully defined and utilized (previous studies that partially used the 
flipped classroom model were not included). As such, seven articles that used flipped class-
room partially along with other methods were excluded from this study (see Fig. 2).

The quality of the 85 articles was assessed by three experts (score from 1 to 3, low-
high) based on; (1) appropriateness of the research description in terms of topic and meas-
ures used, (2) appropriateness of the methods and analysis used for answering the research 
questions, (3) relevance to the context of focus and (4) whether the findings are credible 
and transferable. The weight of each article was assessed based on the available evidence 
calculated by summing scores on each of the four dimensions. The inter-rater reliability (r) 
result obtained for all articles was 0.87, showing good agreement between the three experts 
regarding the quality of the selected articles. Articles that received medium and high scores 
were considered in this study, leaving us with only 85 solid articles used in constructing 
this study.

Results

The distribution of the 85 studies (see Fig. 3) was mainly across seven disciplines: Engi-
neering and technology (16.2%); Mathematics (9.4%); Medical and health sciences 
(23.5%); Natural sciences (20%); Social sciences and humanities (20%); Education (8.2%); 
and Arts (3.5%). The result from reviewing these studies showed how the flipped classroom 
model can be used in teaching and learning across university disciplines. This includes 
identifying the main opportunities and challenges from using the flipped classroom model 
in these disciplines.

Table 1 presents a chronological (2009–2018) list of studies that were included in this 
study. These studies were presented based on the purpose of using flipped classroom, 



1021A flipped classroom model in higher education: a review of the…

1 3

Number of articles retrieved 
from different databases  

(n=1621) 

1417 articles were excluded in the 
screening stage  

102 articles were excluded 
(irrelevant to higher education) 

195 articles were selected for abstract 
review

7 articles were excluded after full-text review 

93 articles were selected for full-text 
review 

A total of 85 articles were used 
in this study

Fig. 2   The selection of previous studies

Fig. 3   Distribution of previous studies on flipped classroom across disciplines
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discipline of the study, and outcomes. The following sub-sections describes the application 
of flipped classroom in these disciplines.

Flipped classroom in engineering and technology

The implementation of flipped classroom in teaching engineering and technology-related 
subjects has encouraged instructors to create a challenging environment that helps learn-
ers link new knowledge to old by engaging them in effective discussions and exercises. 
Our review of previous studies in this domain showed that students’ reaction to the flipped 
classroom was generally positive. Many students thought that learning in the flipped class-
room environment would facilitate their understanding of the subject material and assigned 
projects (Zappe et al. 2009). This is because they considered flipped classroom as an effec-
tive approach to stimulate their interaction with the instructor throughout the learning 
phases (Velegol et al. 2015).

Other previous studies (e.g., Amresh et  al. 2013; Velegol et  al. 2015) found that stu-
dents’ performance score and computing self-efficacy were improved even when students 
found the flipped classroom to be overwhelming and intimidating at times. This can some-
how be associated with students’ positive perception of the flipped classroom format in 
which it allowed them to cover more material and, thus, perform better in quizzes and exam 
(Chien and Hsieh 2018; Mason et  al. 2013; Toto and Nguyen 2009). As such, it can be 
anticipated that the structure of the instructional materials for teaching engineering courses 
would benefit from the flipped classroom format as it enables students to take a very active 
approach in carrying out the group activities, debating with each other and researching 
online resources to solve the problems and justify answers.

Flipped classroom can also be used to develop students’ problem solving skills, motiva-
tion, and engagement as well as ownership of learning engineering subjects (McCredden 
et  al. 2017; Panuwatwanich 2017). This led the majority of students in previous studies 
to perceive it as a valuable addition to the traditional method, especially for gaining accu-
rate understanding and judgement of the concepts being taught (Mitchell 2017). However, 
no significant impacts of flipped learning on students’ learning in this domain were also 
addressed. For example, Hotle and Garrow (2015) found no significant difference in stu-
dents’ performance when learning in the flipped and traditional classrooms. They stated 
that none of the flipped classroom and traditional classrooms promoted or inhibited good 
study habits among engineering students, where successful students are likely to continue 
being successful with regards to the medium of instruction. Pardo and Mirriahi (2017) 
explained the negative impact of flipped classroom on students learning, arguing that this 
method may not traverse the revised Bloom’s taxonomy (such as synthesis that are of inter-
est, retention and integration of knowledge or mastery of difficult concepts to increase stu-
dent engagement and active learning in the classroom) appropriately, so that to start from 
acquiring basic knowledge about a concept and then making a transition to the point for 
creating artefacts within that area. This study is of the view that the adaptation period to 
the format and structure of this model may influence the ability of students to make sense 
of the new knowledge.

Based on these observations, it can be said that the utilization of flipped classroom in 
the engineering and technology discipline can promote students’ participation in active 
exchange of ideas and information, which may potentially increase their interest and pro-
mote critical thinking and understanding of the learning materials. In addition, students’ 
achievement, self-efficacy and interaction can also be increased when the flipped model is 
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used. For example, providing learning notes before class may allow students to set short-
term and long-term goals essential for solving assignments, which can be further enforced 
by receiving instructor feedback on their progress in in-class discussion. Finally, students’ 
ability to solve complex problems can be also enhanced with this method by providing the 
motivational bases for independent information search, thus guiding them to become aware 
of the possible solutions to these problems.

Flipped classroom in mathematics

The implementation of the flipped classroom approach for teaching mathematics subjects 
was mostly devoted to the learning of statistics and calculus. Peterson (2016) found that 
using flipped classroom to develop positive impression among students could result in 
higher satisfaction and achievement as compared to the traditional lecture. This is because 
understanding complex statistical concepts via video instruction can help students address 
new gaps in knowledge, or reinforce their learning experience. As students’ knowledge 
of statistics grew, they would often glean additional insight from the videos. Tawfik and 
Lilly (2015) stated that flipped classroom significantly affect students’ self-efficacy, self-
directed learning, and understanding of statistical techniques and methods. McCallum et al. 
(2015), on the other hand, emphasized that students’ involvement in the learning activity 
can be facilitated by this model through the facilitation of note taking, video viewing, and 
collaboration.

The main concern observed from using flipped classroom in this domain was that it can 
provide an alternative source of teaching complex matters that traditional class cannot con-
vey or enforce. Despite these positive experiences, Davies et al. (2013) found no significant 
differences in students’ achievement when using the flipped classroom approach and the 
traditional classroom, where students in the flipped classroom environment were found to 
be less satisfied with how the classroom structure oriented them to the learning of statistics 
(Strayer 2012). Probably, the no significant effect of flipped classroom on students’ learn-
ing can be attributed to the lack in developing the video resources to comply with the com-
plexity of the learning task taught in the class (Reyna et al. 2016).

Based on these, this study anticipated that students’ engagement and behavioral atti-
tudes can be enriched with the use of flipped classroom through collaborative learning and 
sharing of ideas among the members of the course. It is also important to note that engag-
ing students in in-class collaborative exercises can be beneficial for acquiring conceptual 
knowledge needed for the students to develop their critical thinking skills and learning 
performance. Moreover, flipped classroom can offer the medium (in-class activities) for 
students to be involved in making their own rules before the class start, which would facili-
tate their self-directed learning by continuously monitoring own learning progress (receive 
feedback and communicate with others) before and during the class sessions.

Flipped classroom in medical and health sciences

The review of previous studies (e.g., Hanson 2016; Porcaro et  al. 2016) revealed an 
exceptional role of the flipped classroom in teaching medical and health sciences sub-
jects. Interestingly, the utilization of flipped classroom was mostly found in areas related 
to the teaching of pharmacy and healthcare professional subjects (23.5%). This can be 
reasoned to that medical, nursing, and pharmacy schools all have been challenged to 
better prepare their students to meet the evolving health care needs of society (Pierce 
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and Fox 2012). The majority of these studies reported significant effects of flipped class-
room on students’ learning. For example, the flipped classroom model was extensively 
used to aid learners’ understanding of complex health concepts (Gilboy et al. 2015).

In pharmacy education, McLaughlin et al. (2014) asserted that flipped classroom can 
be used to facilitate aspects related to learning, guiding students to the content, organ-
izing interactive experiences, challenging students to think creatively, and providing 
expert insight and feedback. Furthermore, nursing education was another key area that 
benefited from using flipped classroom as it allowed nursing students to establish small 
group discussion in case studies, simulation, and other learning activities related to clin-
ical practice. This is evident from the work of Missildine et al. (2013) who examined 
differences among three educational delivery methods (traditional lecture only, lecture 
capture as an adjunct to traditional lecture, and flipped classroom) on students’ mean 
examination scores. They found that the use of the flipped classroom method offered a 
higher course examination average for students than other methods. While the format 
of courses in this domain varies significantly (e.g., courses designed where the tradi-
tional gender role is female) (Stott 2004), a wide array of active-learning strategies has 
been shown to improve learning by dispelling traditional nurse role stereotypes when 
the goal of retaining male nursing students is to be realized. This could explain why 
McLaughlin et  al. (2013) found the flipped classroom to be an effective approach for 
improving students’ examination scores and satisfaction. Also, Schwartz (2014) found 
the flipped classroom to be a highly effective method for engaging nursing students with 
the activities.

Yet, results of some students were inconsistent to what previously stated about the 
flipped classroom effectiveness in this domain. For example, Moffett and Mill (2014) noted 
that students in the traditional classroom have outperformed the flipped classroom stu-
dents. The authors reasoned that students could be reluctant to do the extra work required 
if they do not see the benefit of doing it. Whillier and Lystad (2015) reported no significant 
differences in students’ final grades and self-rated knowledge in the flipped and traditional 
classrooms. This led us to assume that flipping the classroom still requires flipping stu-
dents’ perceptions in order for them to accept the responsibility for teaching themselves 
and spending their own time online to cover much of the materials. This was supported 
by other previous studies (e.g., Harrington et al. 2015; Liebert et al. 2016; Simpson and 
Richards 2015) that showed no difference between mean scores in two treatment groups 
(flipped classroom versus traditional lecture). It is also important to say that the focus of 
the flipped curriculum in medical education is limited to the learning of simulation-based 
skills, where students’ performance and perception alone may not be fully representative of 
student learning in such context (Wong et al. 2014).

In summary, one can conclude that when students are provided with the video materials 
to supplement in-class discussion, an increase in their mental effort is expected, thereby 
maintaining performance at a constant level (but, at the cost of an increase in cognitive 
load). This would probably help students gain a better understanding of the topic and moti-
vate them to express their own thoughts during the collaborative learning process. It is also 
likely that students’ satisfaction with the course will be enhanced as they become more 
familiar and confident to take an active role in class discussion. Meanwhile, self-direction 
can be encouraged when using flipped learning, particularly by assigning pre-recorded 
video lectures to students for homework in addition to selected reading assignments, thus 
facilitating performance during collaboration.
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Flipped classroom in natural sciences

The flipped classroom has also been widely used for teaching natural sciences subjects 
(Esson 2016). The review of the literature revealed that chemistry was the main area that 
benefited from utilizing such a method. The flipped approach was found to facilitate stu-
dents’ engagement and self-efficacy in learning by encouraging them to think about the 
topic and work with peers to solve problems (Soult 2016). These activities were believed to 
have enabled students to achieve high grades as compared to outcomes from the traditional 
lecturing method (Yestrebsky 2015, 2016).

In the biology course, Van Vliet et  al. (2015) found that using the flipped classroom 
enhanced students’ metacognition and collaborative-learning strategies in the class, mainly 
because it helped them discuss concepts with one another (“buzz groups”) and engaged 
them in deeper learning. Another study by Mzoughi (2015) applied the flipped approach in 
learning physics in which he indicated that students, generally, valued the interaction with 
the instructors and other peers.

Despite these views, some conflicting results about its effectiveness in teaching chem-
istry subjects were noted. For example, Ryan and Reid (2015) and Ojennus (2016) found 
no difference in exam performance between the flipped and control groups. Jensen et al. 
(2015) also found no significant differences in learning gains and attitudes among students 
who used the flipped and traditional classrooms. There may be a number of factors associ-
ated with such outcomes, such as cross-talking between students, which may significantly 
affect the sharing of resources and understanding of the content in the flipped classroom 
environment (see next section).

Our review of the literature on the use of flipped classroom in natural sciences lead us 
to conclude that experiences associated with students’ self-learning prior to the class and 
collaboration during the class session can ultimately increase performance and self-effi-
cacy among students. This include learner-to-learner interaction, and possibly even student 
metacognitive development, by leveraging student reflections on learning-based experi-
ence and understanding of complex concepts. For example, when students are shown how 
to solve problems they will encounter using video examples, their knowledge application, 
interaction, and independent learning skills are likely to be relevant to the classroom dis-
cussion. This, as a result, can increase students’ satisfaction by developing their interest to 
demonstrate what they know and disguise what they do not know so they can act on their 
learning during the class period.

Flipped classroom in social sciences and humanities

The literature in the social sciences and humanities has shown how the flipped approach 
was used to increase the interaction between students or between student and instructor. 
The use of flipped classroom was mostly devoted to the teaching of language courses 
where it has contributed positively to students’ learning outcomes and attitudes/percep-
tions toward the learning experience (Chen et  al. 2018a, b; Evseeva and Solozhenko 
2015; Hung 2015; Phillips and Trainor 2014). It is also important to say that this method 
played a key role in increasing students’ level of motivation by making them more active 
in using idioms in class (Chen Hsieh et al. 2017), perception (Roach 2014), involvement 
in learning, understanding of the material, and confidence (Kurtz et  al. 2014; Prashar 
2015). This is probably because the flipped learning approach may have transformed the 
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way students communicate with the tutor, which, as a result, has greatly stimulated their 
sense of engagement and performance (Wright et al. 2017). In addition, Lee and Wal-
lace (2018) found that students in the flipped course achieved higher average scores than 
those in the non‐flipped course.

However, Wanner and Palmer (2015) found that not all students in the flipped class-
room environment were ‘flexible students’ and not every student was ready for, and 
open to, more personalized and self-regulated learning. The time commitment for stu-
dents to learn and discuss shared outcomes among students was not supported by the 
flipped classroom model. This is supported by Brooks (2014) who found that teaching 
information literacy with the flipped approach had no effect on students’ learning and 
perceptions towards the course.

So, in conclusion, it is reasonable to say that the utilization of flipped classroom 
in social sciences and humanities disciplines can foster students’ engagement through 
affective interaction with the video and other supplementary learning materials before 
the class session. These are believed to provide the necessary clarification for students 
to retain the information they are learning which may help them to effectively revise 
their work based on the feedback they get from instructors in face-to-face classes dis-
cussion. The flipped classroom can also increase students’ involvement in the collabora-
tive task. It is assumed that when students are able to individually solve problems before 
the class, they will be more oriented toward task-mastery goals which may contribute to 
their ability to solve complex problems when they progress in their studies. Meanwhile, 
students may develop positive perceptions about the learning process for the mastery 
of the topic. These perceptions can increase students’ motivation to communicate with 
their instructors during the class period, thus allowing them to deeply understand the 
learning materials given prior to the class.

Flipped classroom in education

In the teaching of education courses, most previous studies found the flipped model to 
enable students to process higher level of reflection and inquiry (Vaughan 2014). The 
flipped classroom can also promote students’ creativity through fluency, flexibility and 
novelty (Al-Zahrani 2015). This is because the nature of the challenge in this model 
would stimulate the development of learners’ self-efficacy and knowledge (Hao and 
Lee (2016), and promote their positive perceptions towards the course (Zainuddin and 
Attaran 2016). Xiu et al. (2018) stated that using the flipped classroom can enable stu-
dents to develop positive attitudes toward the learning process. Ritzhaupt and Sommer 
(2018) found that using the flipped classroom can potentially increase students’ satisfac-
tion with the learning process, but not their achievement. Similarly, Fraga and Harmon 
(2014) found no significant differences in students’ achievement when using the flipped 
and traditional teaching approaches.

In conclusion, learners’ participation in collaborative sessions during class can pro-
mote positive interdependence while at the same time maintaining a certain level of 
competition essential for keeping students’ interest in in-class discussion. When stu-
dents are exposed to learning problems using supportive materials that are consistent 
with their learning styles, they are likely to develop positive attitudes towards the way 
of instruction they have experienced. This also often involves enacting behaviors that 
can lead to satisfaction, and attainable learning outcomes.
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Flipped classroom in arts

The implementation of the flipped classroom for teaching Arts courses was limited to 
captioning and simplifying the process for creating text during the audio portion of a 
video (Enfield 2013). The flipped classroom was also found to offer a feasible solution 
for students to connect new and previous knowledge in a cooperative learning experience 
(Danker 2015). In 2018, Ng (2018a) reported no significant differences between students’ 
final scores when learning with the traditional and flipped lectures. Still, the use of flipped 
classroom in the Arts disciplines can serve as an effective medium for students to actively 
participate in design-related problems especially when ideas and thoughts can be conveyed 
during the in-class discussion.

After all, we extracted information about the impact of the flipped environment in pro-
moting learners’ learning. In our compilation of the learning factors across the seven disci-
plines, we only included those that were mentioned in more than one of the previous stud-
ies. As presented in Table 2, a total of 14 learning outcomes were identified (engagement/
participation, perceptions and attitude, metacognition, performance, understanding, self-
efficacy, satisfaction, problem solving, motivation, involvement, time commitment, inter-
action, and self-directed learning). To quantify the effect of using the flipped classroom 
approach on students’ learning, the effect size (Cohen’s d) based on the means and standard 
deviation reported in each study was computed. In order to obtain the net mean and stand-
ard deviation for each learning outcome, we added together all the means and standard 
deviations of each factor and divided the figures obtained by the total number of studies. 
Then, further analyzes was conducted based on the sample sizes and averaged effect sizes. 
Meta-analyses were conducted using a fixed effects model. Chi square statistic (Q) and the 
I2 measure were used to explore the homogeneity of the selected studies.

In the 85 studies that reported the potential influence of flipped classroom on students’ 
learning across disciplines, only observational studies were used to calculate the effect size 
for the learning outcomes listed in Table 2.

The results showed an effect size difference of d = 0.9 (95% CI 0.7 to 1.1, p < .03). This 
finding suggests that the identified learning outcomes had positively affect students’ learn-
ing across disciplines. The Chi-square test for heterogeneity was non-significant (p = .13), 
and the I2 measure of heterogeneity was 41.2%.

From the table above, it can be seen that promoting student’ engagement and partici-
pation in the learning process was the main learning focus of previous studies on flipped 
classroom across the seven disciplines. This can be due to the role of flipped classroom in 
facilitating reasoning on learning resource usage as well as allowing students to participate 
in active-learning exercises during face to face class time. In addition, the flipped learning 
approach can positively influence students’ attitudes and perceptions towards the learning 
process mainly through skill improvement. Metacognition skills such as critical thinking 
and retention were also influenced by the flipped learning model across all disciplines, 
except for Arts major students, which can be due to its role in promoting student empow-
erment and student-centered course design. The results also showed that performance of 
students can be effectively improved by engaging them in the flipped learning activities. 
This can be reasoned to the effectiveness of flipped classroom in increasing effort or moti-
vation among students when attempting to solve certain learning problems. The application 
of flipped learning in promoting students’ understanding and achievement was commonly 
found in disciplines such as engineering and technology, social sciences and humanities, 
and natural sciences. It is possible that students in these disciplines may be more computer 
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literate than others which enables them to progress more easily, thus achieving better learn-
ing performance. And the same thing can be said with regard to the influence of flipped 
learning on students’ self-efficacy in the disciplines of engineering and technology, math-
ematics, and natural science. The potential of using flipped classroom for increasing stu-
dents’ satisfaction about the course was also addressed by few previous studies in dis-
ciplines such as education, social sciences and humanities. It is believed that the use of 
the flipped classroom approach could increase levels of participation among students and 
control over their learning. As for promoting students’ problem-solving skills, the results 
showed a promising impact of the flipped learning approach in science-based disciplines 
where constructing knowledge may rely less on personal opinions than on weighing up 
evidence from multiple sources (Brownlee 2004).

However, the use of flipped classroom for the promotion of students’ problem solv-
ing, motivation, involvement, time commitment, interaction, and self-directed were the 
least studies topics across all disciplines. For example, a literature survey showed no stud-
ies on the application of flipped classroom in disciplines such as education, arts, medical 
and health sciences, social sciences and humanities. The reason for the limited studies on 
flipped learning in these disciplines can be largely due to the nature and the practical use 
of the flipped learning model itself, which tends to be more successful when the instruc-
tor provides multiple methods for students (Lento 2016). Therefore, future studies can and 
must change in these directions in order to provide a wider range of perspectives that facili-
tate students’ development in these areas.

Opportunities and challenges of flipped classroom

The use of flipped classroom in higher education would offer some opportunities (see 
Table 3) for students to master and manage their learning. This include the development 
of students’ deep understanding of the materials by enabling them to re-watch and skip the 
parts they have mastered (Zainuddin and Attaran 2016).

(1)	 In medical and healthcare, the flipped learning can be used to offer application of 
theoretical information to foster the clinical and other health professional practices, 
which might create a forum to develop shared expectations among students and faculty. 
It is evident from the literature that this approach may facilitate students’ attention 
on certain problems or discussions by engaging them in enriched conditions and for-
mats (McLaughlin et al. 2014). Experiences emerged from using the flipped learning 
approach were claimed to have profound consequences on students’ mastery of the 
topic as it enables them to add to the existing knowledge and make inferences based 
on those knowledge resources (Harrington et al. 2015).

(2)	 In engineering and technology, the flipped classroom may offer opportunities to save 
the time required for instructors to teaching and convey the new information to the 
students. It is generally perceived as a practical way for instructors to provide instant 
reflection and feedback to the students.

(3)	 In mathematics, the flipped classroom can provide opportunities for students to transfer 
their knowledge between contexts along with the acquisition of information, ideas, and 
reflects in a task-specific sense (Strayer 2012). In addition, it can enable students to ask 
relevant questions and receive answers from other members.

(4)	 In social sciences and humanities, the flipped classroom can offer a meaningful solution 
for teachers to provide multiple visual inputs essential for students to acquire deeper 
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learning (Phillips and Trainor 2014). It can enable students to invest their time in inde-
pendent self-study away from the classroom. Thus, the learning outcomes from such 
practices may significantly shape students’ positive perception about the effectiveness 
of flipped classroom to learn the content with minimal confusion.

(5)	 In natural sciences, the flipped classroom can offer exceptional opportunities for stu-
dents to underpin the practical procedures before the laboratory session starts, as well 
as provide more timely and accurate preparation for deep learning (Van Vliet et al. 
2015). It can reduce the cognitive load of the learner by creating individualized dif-
ferentiated learning environments (Esson 2016).

(6)	 In education, the flipped classroom may potentially facilitate students work process 
in a collaborative setting that, typically, requires appropriate “soft skills” and use of 
sufficient instructional resources in the classroom environment (Hao and Lee 2016). 
This can be achieved by helping students expand and elaborate during the discussion 
process, which might contribute to developing shared understandings (Vaughan 2014).

(7)	 In Arts (e.g., multimedia and filming), the flipped classroom can help in decreasing 
the amount of preparation time and delivering the content to large classrooms (Conner 
et al. 2014; Danker 2015).

Despite the various opportunities associated with the use of flipped classroom, the 
implementation this model in the domains mentioned above, unfortunately, comes with 
some challenges (see Table 3). The main challenge of this method, shared across all disci-
plines, was mostly devoted to the length of the video and time required for students to mas-
ter the learning material (Koo et al. 2016; Velegol et al. 2015; Whillier and Lystad 2015). 
Meanwhile, the lack of immediate feedback—provided to students—and course structure 
were found to negatively influence the implementation of the flipped classroom in a univer-
sity context (Hotle and Garrow 2015; Peterson 2016).

(1)	 In engineering and technology, students’ interactions with the video and other peers can 
be easily affected by the lack of practical sessions important for enriching their under-
standing of the activity in the flipped classroom environment (Blair et al. 2016), which 
might also increase the frustration of weaker students. The pedagogical challenge of 
using this method in teaching math was related to the lack of focused activities, so that 
students can successfully accomplish their learning in practice. Other standardization-
related issues between the learning phases were also addressed to impose additional 
demands on students to adapt to a new structure that they are not familiar with (Peter-
son 2016).

(2)	 In the mathematics domain, challenges of flipped classroom were mostly related to 
limiting students to express about their views while watching the videos. Also, students 
in the flipped learning session may not truly engage in self- discipline.

(3)	 In medical and health sciences, aspects related to the needs for sufficient technical 
support to facilitate delivery of pre-recorded lectures and requirements for in-person 
faculty contact were repeatedly highlighted when using this method. In addition, the 
difficulty to meet all accreditation criteria when restructuring the flipped instructions 
was claimed to be the key obstacle for using it in this domain (Wong et al. 2014).

(4)	 Although the flipped classroom has gained popular attention in the teaching of social 
sciences and humanities subjects, several challenges can be still identified. For exam-
ple, this method may not necessarily provide the temporal flexibility when the homo-
geneity and integrity of contents are in question. This is possibly due to the structure 
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of the social science disciplines which is designed to favor theoretical knowledge over 
practical knowledge. The observation of the literature lead us to assume that the learn-
ing experience in the flipped classroom environment may not encourage students to 
further expand into new and more challenging territories (Wanner and Palmer 2015), 
so they acquire the skills to engage in deeper learning experiences.

(5)	 As for the challenges emerged from using the flipped classroom in teaching natural 
sciences subjects, poor note-taking and presence of the instructor were the main factors 
that could influence students’ learning and perceptions of the environment (Jensen et al. 
2015; Ryan and Reid 2015).

(6)	 In the education domain, issues related to the requirement for discipline-specific skills 
and pre-preparation to implement the flipped learning model were mostly noted in the 
literature (Al-Zahrani 2015). Other issues related to sound quality and the placement of 
lectures were also addressed, which claimed to distract students during the discussion 
session (Fraga and Harmon 2014).

(7)	 Furthermore, the main challenge of using flipped classroom in teaching Arts subjects 
was found to be associated with students becoming bored with the repetitive exercises 
and instructions in the video (Enfield 2013).

Based on these opportunities and challenges, this study anticipated that implementing 
the flipped learning approach would result in different consequences, thus influencing the 
overall learning experiences of the students.

Extensions to the flipped classroom model

Many studies have extended the design of this method as an attempt to overcome the 
abovementioned challenges. For example, Chen and Chen (2014) and Wang and Liu 
(2018) proposed revising the current flipped classroom model to offer a better solution to 
the current pedagogical discourse by covering aspects related to flexible attributes, learner-
centered approach, intentional content, professional educators, progressive networking 
activities, engaging and effective experiences, and diversified and seamless platforms. 
However, students in this model are still facing adoption related difficulties because of their 
residual passive learning ways which emerged from the traditional classroom, where learn-
ing required less proactive effort.

Jinlei and Baohui (2013), on the other hand, extended the current formation of the 
flipped classroom model using game-based learning in order to create an effective and 
relaxing environment. The use of games with the flipped classroom approach was claimed 
to foster students’ initiatives, creativity and teamwork skills, something that the conven-
tional model cannot exploit alone. This practice has been later extended by Latulipe et al. 
(2015) who proposed structuring the flipped classroom format with lightweight teams and 
gamification for the purpose of increasing students’ engagement in the discussion by sup-
porting their problem solving practices. It was argued that using lightweight teams will 
promote students’ social needs without the stress within a high-stakes team. Despite the 
effectiveness of the flipped classroom, inexperienced students may still find it frustrating 
when they cannot work with others.

Another attempt was carried out by Jonsson (2015) and Chen et al. (2018) to empower 
the flipped lectures combined with certain elements of peer discussion and just-in-time 
teaching. Results showed that using this extension would significantly increase students’ 
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learning of engineering and technology courses. Another effort to enforce the active learn-
ing practices among students in the flipped learning environment was performed by Li 
et al. (2013) using Facebook-based learning platform. It was claimed that using this exten-
sion will significantly contribute to learners’ participation and interaction in blended learn-
ing activities.

In teaching medical and health related topics, Talley and Scherer (2013) and Ng (2018b) 
combined the flipped learning activities with other learning techniques such as self-expla-
nation and practice testing in order to increase students’ achievement. The process involved 
the use of self-explanation technique to help students to interpret the process in their own 
words, which claimed to increase their time to study and understand the course materials. 
Galway et al. (2014) proposed an integration of the online NextGenU portal and the flipped 
learning approach in public health higher education. They stated that using such combina-
tion helps to stimulate students’ positive learning experience and attitudes towards environ-
mental and occupation health.

Based on these extensions, this study is of the view that the flipped classroom model has 
proven to be remarkably effective in teaching engineering and medical subjects. Insights 
from these extensions can be linked with production of learning strategies to deepen stu-
dents’ knowledge gained from the post phase, which, as a result, could stimulate their 
engagement and understanding of the materials. Yet, further works are still needed in order 
to ensure efficient execution of flipped learning in a domain-specific context.

Final remarks

This study was concerned about mapping the effectiveness of the flipped classroom 
approach in various domains to help students achieve certain learning outcomes. For exam-
ple, this study found that applying the flipped classroom in mathematics can help students 
to engage in deeper learning and understand the taught concept through the stimulation 
of their awareness of the critical inquiry process. The flipped classroom can also provide 
a promising solution to the learning of theoretical knowledge as it builds the necessary 
experience for students to be involved in the learning process within a shorter period of 
time. This led us to think that the flipped classroom model is a good fit for teaching social 
sciences-related courses. It can be due to the nature of these courses, which related to lin-
guistic and logical intelligence that benefit from the re-watching of lecture videos to master 
the task at hand. Learning of these courses is less likely to require previous educational or 
work experiences as compared to engineering and science subjects (Head 2008).

Yet, it is important to mention that flipped learning is not necessarily advantageous for 
promoting positive perceptions and attitude among learners. This assumption, of course, 
varies from one context to another based on the strategies used to design the instructional 
videos. The time spent, and technical difficulties were found to be the main obstacles faced 
by students and instructors when using or designing the flipped classroom model. Other 
design complexity and limited practical sessions were also reported to have a negative 
influence on students’ and instructors’ perception about the flipped classroom effective-
ness, particularly in engineering and medical domains. The implementation of flipped 
classroom in higher education is used to promote students’ engagement, perceptions and 
attitude, different forms of metacognition, performance, understanding, achievement, and 
self-efficacy, respectively. The role of facilitator to help ensure timely discussion between 
learners in the group has contributed to these outcomes. In addition when learners spend 
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less time in mastering the task, they will be able to give more time to other functions that 
would contribute to the development of their learning outcomes (Davies et al. 2013).

Many issues are still debated, but from what we have reviewed, extending the flipped 
classroom model to cover relevant concepts in a particular domain is needed. This is sim-
ply because applying the conventional form of the flipped classroom in certain domains 
may not really pay off (see Table 3). Therefore, when designing the instructional materi-
als, it is advised that instructors and educational policy makers consider the nature of the 
learning task and efforts needed from student to invest. More works are also needed to 
reform the structure of the learning sessions to avoid any potential confusion among stu-
dents when introducing a new concept. More precisely, using the flipped learning approach 
in teaching science and engineering courses can be further improved with the use of verbal 
instructions and task-specific scaffolding, for example, the design of instructional videos 
can benefit from adding extra tutorials and hand-on practices between the sessions, which 
may help the instructor in conveying the same information taught in the traditional class-
room. On the other hand, extending the design of this model can potentially support uni-
versity students’ learning experiences through group discussion, applying active learning 
strategies, and in-class assignments.

Finally, the development trend of flipped classroom implementation in higher education 
is illustrated in Fig. 4. From the figure, it can be asserted that recognizing the potential of 
flipped learning in higher education has gradually increased across disciplines. For exam-
ple, the use of flipped classroom has been mostly to positively influence students’ learning 
in areas such as medical and health sciences, natural sciences, social sciences and humani-
ties. The utilization of the flipped classroom approach in these disciplines is mainly advo-
cated to promote students’ engagement, metacognition, attitude, performance, understand-
ing, and achievement, as well as other learning outcomes. It is also reasonable to say that 
the implementation of this model has provided substantial improvements in students’ par-
ticipation and perception. Our classifications and mapping of flipped classroom use across 
disciplines will certainly help academicians, practitioners and researchers to understand 
this new method from a wider perspective.

Conclusion

This study reviewed previous research on the use of flipped classroom in seven disci-
plines. The results showed the potential of using flipped classroom in promoting certain 
learning outcomes (e.g., engagement, attitude, metacognition, performance, self-effi-
cacy, and understanding) across disciplines. The main opportunity offered by the flipped 
classroom model was related to the development of students’ deep understanding of 
the materials by providing them with more control over what and how they learn. The 
flipped classroom was also found to help students to transfer their knowledge between 
contexts, thus strengthen their conceptual understanding. This also includes facilitating 
students’ acquisition of information, ideas, and reflects upon their self-learning experi-
ences. Despite the opportunities provided by the flipped classroom model, several key 
challenges were reported. For example, the lack of immediate feedback, course struc-
ture, length of the video, and time required for a learner to master the learning mate-
rial were commonly reported in the literature. However, much fewer challenges were 
reported in disciplines such as Natural Sciences, Education, and Arts. Students in these 
disciplines were the least affected by the flipped learning approach, possibly because 



1045A flipped classroom model in higher education: a review of the…

1 3

Fig. 4   The development trend of flipped classroom use in higher education

these disciplines are quite vast. Findings from this study can be used by educational 
decision makers and instructors to understand how using the flipped learning model can 
promote certain learning outcomes. In addition, understanding the challenges that stu-
dents may face in the flipped learning environment can help education decision makers 
consider the use of effective interventions to eliminate them.
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