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 ABSTRACT 

 

Article information 

 

Background: Flipped classroom shifts lectures outside the classrooms through 

encouraging students to read papers and watch videos at home then do exercises at 

classrooms. 

Objective: To compare medical students' performance and perception with flipped 

classroom [FC] model versus traditional classroom [TC] model. 

Methods: A randomized controlled trial was conducted on 74 fourth-year medical 

students who were divided randomly into two groups. Each group was exposed to 

both teaching models with a crossover of models in different topics. All participants 

completed the pretests. In TC model, participants received a 50-minute lecture then 

solved homework problems at home. In FC model, a same lecture was pre-recorded 

and posted as an online video to participants who were asked to watch this video 

before class to be able to work in small assigned groups on homework problems in 

class. Then, all participants completed posttests and questionnaire about their 

perception of FC model. 

Results: The post-tests of FC groups had significantly higher scores than TC groups. 

Most students agreed that FC improved their communication ability [81.1%], 

teamwork skills [74.4%], self-directed learning ability [64.9%], motivation and 

engagement to learning [71.6%] and allowed them to have access to the lectures at 

their own pace [70.3%]. Although 77% of them agreed that FC was more interesting 

than TC, FC occupied too much of their spare time [35.1%] and gave them too much 

burden and pressure [36.5%]. 

Conclusion: FC model was more effective in improving students‟ performance than TC 

model and their perception towards it was generally positive.    
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INTRODUCTION 

Universities are responsible for generating 

innovative graduates who are able to respond 

to complex socio-ecological problems
 [1]

. 

Recently, there is a growing interest about the 

general quality of medical education which has 

created a necessity for reform of existing 

teaching methods in order to better prepare 

students for prospective careers in medical 

practice
 [2]

.
 
Medical courses are usually taught 

through traditional teaching strategies, such as 

tutorials, didactic lectures and practical classes 

that mainly depend on the passive transfer of 

knowledge from the lecturer to the learner
 [3]

. 

This causes students to lose motivation and 

lack the self-study capacity
 [4]

.
 
Learning should 

be an active process rather than a passive one 

where the role of the instructors is to mentor 

and facilitate the learning process. Instructors 

are constantly challenged to look for novel 

ways to engage learners in the class to make 

the education process more effective
 [5]

.
 

mailto:%20gadamaged2@gmail.com
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The flipped classroom is one of the novel 

active learning strategies which reverse the 

traditional learning process. In the traditional 

classroom, students attend regular lectures in 

classrooms, and then do exercise at home while 

flipped classroom shifts lectures outside the 

classrooms through encouraging students to 

read papers and watch videos at home then do 

exercises at classrooms
 [6]

.
  

Flipped teaching has two essential 

components: the out-of-class and the in-class 

learning activity 
[7]

. In the out-of-class learning, 

the students are provided by background 

knowledge as homework before the class 

session. The in-class learning is considered as 

the crucial component of flipped teaching 

where face-to-face lectures, are opportunities to 

deepen, broaden and apply the students 

understanding of the out-of-class material 

thought „active learning activities‟ in class time
 

[8]
. These learning activities help students to 

practice concepts and interact with peers within 

the classroom so they build team work skills, 

mutual understanding and confidence
 [6]

. 

Although flipped classrooms usage has 

become more and more common in medical 

education, the results about its effectiveness 

were contradictory and its effectiveness 

compared to conventional learning methods 

hasn‟t been proved so far. According to 

systemic review conducted by Chen et al., 

there was variety in measures of effectiveness 

of FC; consequently, it is vital to assess the 

impact of the flipped classroom every time that 

it is introduced to a new setting. Although the 

FC is a promising teaching strategy to rise 

learners' motivation and engagement, more 

solid evidence on its influence on changes in 

knowledge and skills are necessary 
[9]

.  

Flipped classroom was recently introduced 

as new learning/teaching method in the new 

Integrated Competency Based MBBCH 

program at Faculty of Medicine, Zagazig 

University in the academic year 2018/2019 and 

at the time of our study, it was applied only on 

1
st
 and 2

nd
 year medical students without 

evaluation of its effect on the performance and 

perception of these students compared to the 

conventional educational methods. So, we 

decided to assess this effect by conducting this 

study on the students belonged to the 

traditional MBBCH program who never 

exposed before to flipped classroom teaching.  

THE AIM OF THE WORK 

Our study aimed at improving the quality of 

the medical education by using new method of 

teaching. Our research question was “in 

medical students how did the Flipped 

Classroom method of teaching affect their 

performance and perception compared to 

traditional method?”   

The objective of our study was to compare 

medical students' performance and perception 

with the Flipped Classroom [FC] model versus 

the Traditional Classroom [TC] model. 

METHODS 

Study design 

A randomized controlled trial was 

conducted in Community Medicine 

Department of Faculty of Medicine at Zagazig 

University, Sharkia Governorates, Egypt 

during the academic year 2019/2020 from the 

beginning to the end of January 2020.   

Study participants 

Sample size was calculated to be 68 students 

using Open Epi I program depending on the 

following parameters; confidence interval 95%, 

power of test 80%, ratio between two groups 

1:1, and the percent of students with improved 

performance with FC model was 89.6% versus 

56.8% with TC model according to previous 

study 
[10]

. Taking into consideration 20% 

dropouts, the total sample size was 82 

participants. 

Our study participants were chosen from the 

4th year medical students because; firstly, they 

belonged to the traditional MBBCH program 

so they never exposed before to FC model. 

Secondly, they were the most accessible to us 

as the community medicine curriculum from 

which we derived the topics used in the 

intervention is taught in the 4th year of 

traditional MBBCH program.  
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Students were chosen as follow; the faculty 

of Medicine divided the 4th year medical 

students into four groups; one group out of 

these four groups was selected randomly as a 

cluster sample. By using simple random 

sample technique, the sample size was selected 

form the chosen group.  

The selected participants were allocated 

randomly and equally into two groups by 

computer to ensure blinding and concealed 

allocation; each group consisted of 42 students. 

By using cross over design method, the two 

groups were exposed to both teaching [FC and 

TC] models to avoid the bias of individual 

variations between students that could affect 

the results i.e., as our intervention depended on 

teaching of two topics, during teaching of the 

first topic, one of the study groups exposed to 

FC model and the other group exposed to TC 

model while during teaching of the second 

topic, we reversed the models where the group 

which exposed to FC model in the first topic 

was exposed to TC model in the second topic 

and vice versa. At the end of the intervention, 

each group consisted of 37 students with total 

of 74 students in both groups as eight students 

were excluded. 

Exclusion criteria 

At the start of intervention, we excluded 

students who refused to participate and 

replaced them by other students who accepted 

to participate to keep the calculated sample size 

taking into consideration the possible dropouts 

throughout the study while during the 

intervention, we excluded students who lost 

because of their absence from some sessions, 

incomplete tests or technical errors prevented 

them from watching the online videos before 

attending FC sessions. 

Data collection tools 

1. Pretests and Posttests: they were used to 

measure the student's performance. They were 

formulated to cover the learning outcomes of 

two topics of the same weight and level of 

difficulty from 4th year medical Curriculum in 

the area of Communicable Diseases 

[Tuberculosis and Hepatitis].  

Each test consisted of 10 multiple choice 

questions ranging in complexity as established 

by Bloom‟s taxonomy from low to high 

cognitive skill. Low level questions evaluated 

basic comprehension and definitions. Medium 

level questions challenged students to apply 

learned concepts. High level questions allowed 

students to use more than learned concept to 

analyze data and draw conclusions 
[11]

.  

At the end of the trial, the same 10 questions 

were used for posttest. Each correct answer 

was given one point with total score of 10 

points. Researchers shared their test questions 

with experts in the fields of Community 

Medicine for review and testing for content 

validity. The responses of the experts were 

scored from 4-1 points; 4=strongly relevant, 3= 

relevant, 2=little relevant, and 1=not relevant. 

The test validity was calculated in view of 

experts' conclusion and found to be [93%]. 

Reliability test was also done whereas 

Cronbach‟s Alpha equals 0.87. 

2. Questionnaire about Student's 

Perception of FC Model: It was used to 

measure the students‟ perception of the FC 

model. It was a structured, self-administered 

15-question questionnaire. It composed of 4 

sections; the students‟ overall satisfaction 

about FC [3 items], their self-perceived 

competencies after FC [5 items], their opinions 

about positive aspects of FC [4 items], and 

negative aspects of FC [3 items]. The students 

were asked to rate their responses on three 

points Likert scale [agree, neutral, disagree]. 

Reliability test was also done whereas 

Cronbach‟s Alpha equals 0.74. 

Experimental tools 

The out-of-class activities of FC model 

included creating online videos of the selected 

topics using PowerPoint presentation program. 

Videos were peer-reviewed and modified 

according to feedback. They ranged from 25–

30 minutes in length. They were uploaded 

through Learning Management System [LMS] 

for each study group. The in-class activities of 

FC model included preparing quizzes and 

assignments. 
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Study procedure 

The authors were the teachers for both 

groups in both teaching models [TC and FC]. 

The study took two weeks; the 1st week for 

studying tuberculosis topic and the 2nd one for 

studying hepatitis topic. Each week started 

with asking all participants to answer the 

pretests uploaded to them through the LMS. In 

TC model, students received a 50-minute 

lecture that used a mix of PowerPoint 

presentation and white board work with open 

discussion and answering questions then 

homework problems were allocated to be 

answered at home. In FC model, a same lecture 

was pre-recorded, and posted to students as an 

online video, then students were asked to watch 

this video before class and come to class ready 

to work in small assigned groups on homework 

problems. Identical homework problems were 

allocated to both classes. Textbook readings 

prior to class were also allocated to both 

classes. At the end of each week, all 

participants were asked to complete posttests 

and questionnaire about their perception of FC 

model uploaded to them through LMS. The 

flow of the study was presented in Figure [1]. 

Statistical management 

The collected data was analyzed by using 

SPSS [Statistical Package for the Social 

Sciences] version 20.0. Prior to statistical 

analysis, all data were tested for normality and 

homogeneity using the Kolmogorov-Smirnov 

and Bartlett‟s tests. The appropriate statistical 

tests were used as follow; if data were normally 

distributed, paired t test to compare pretests 

and posttests of same group and student's t test 

to compare either pretests or posttests of two 

groups in each topic were used and in case of 

skewed data, Mann-Whitney test was used 

instead of student's t test. 

Ethical considerations 

The research protocol was approved by 

Ethics Committee of Faculty of Medicine, 

Zagazig University, Egypt [zu-IRb#6041]. An 

official permission was also obtained from the 

head of Community Medicine Department, 

Faculty of Medicine, Zagazig University. An 

informed verbal consent was obtained from all 

participants after simple and clear explanation 

of the research objectives. Participants were 

informed about their right to reject 

participation and to withdraw whenever they 

need without giving reasons and with no 

consequences. Total confidentiality of any 

given information was assured. 

RESULTS 

Table [1] shows the basic characteristics of 

the study groups. The two groups were 

comparable where there were no statistically 

significant differences between two groups 

regarding gender, age and mean of total final 

performance scores of 1
st
, 2

nd
 and 3

rd
 years of 

Faculty of Medicine. 

Table [2] shows students' performance with 

the FC model versus TC model. In both studied 

topics, there were no differences between 

students of the FC groups and TC groups in 

pretest scores, indicating that the baseline 

knowledge of these groups was comparable. 

The students of the FC groups had significantly 

higher post-tests scores than those of the TC 

groups [9.3±1.06 vs. 4.4±2.6, P= 0.00 in 

hepatitis topic and 9.1±0.77 vs. 4.1±3.2, P = 

0.00 in tuberculosis topic]. Furthermore, the 

students of the FC groups had significantly 

higher post-tests scores in all types of questions 

[low level, medium level and high-level] than 

those of the TC groups. Regarding the 

comparison between pretest and posttest 

results, the students of the FC groups had 

significantly higher scores in all posttests 

compared to pretests [9.3±1.06 vs. 2.1±2.3, P= 

0.00 in hepatitis topic and 9.1±0.77 vs. 4.1±1.3, 

P=0.00 in tuberculosis topic] while the students 

of the TC groups had significantly higher 

scores in hepatitis posttest compared to 

hepatitis pretest [4.4±2.6 vs. 2.7±3.2, P= 0.00] 

and non-significantly different scores in 

tuberculosis posttest compared to tuberculosis 

pretest [4.1±3.2 vs. 4.3±1.3, P=0.9]. 

Table [3] shows student's perception 

towards the FC model where 77% of the 

students agreed that FC was more interesting 

than TC. Most of them also agreed that FC 

improved their communication ability [81.1%], 

teamwork skills [74.4%] and their self-directed 

learning ability [64.9%]. FC helped 71.6% of 
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them to be motivated and engaged to learning 

and allowed 70.3% of them to have access to 

the lectures at their own pace. Videos were 

better for learning than text-based content from 

the perspective of 67.6% of students. Around 

half of the students reported neutral responses 

regarding; FC allowed teachers for more 

individual interaction with students [50%], FC 

occupied too much of their spare time [55.4%], 

FC gave them too much burden and pressure 

[55.4%], and a traditional teacher lead lesson 

was better than a lesson video [50%]. 
 
 

 
 

 
 

 

Figure [1]: Flow diagram showing the flipped and traditional classroom models 

Table [1]: Basic characteristics of the study groups 

Characteristics 1
st
 group [No.=37] 2

nd
 group [No.=37] Test p value 

Gender Males No [%] 

Females No [%] 

15 [40.5] 

22 [59.5] 

19 [51.4] 

18 [48.6] 
X

2
 = 0.87 0.35 

Age [Mean ±SD] 21±76 21±71 t= 0.00 1.00 

Performance* [Mean ±SD] 2138±48 2159±89 t=1.26 0.21 

Performance*= Final total performance scores of 1st, 2nd and 3rd years of Faculty of Medicine   

 

Pretest 

* Watch the online videos 

* Read the study materials 

* prepare for presentation 

 

 

* Introduction by the instructor 

* Student presentation 

* Answering quizzs 

* Summery of the class 

* Questions  and answers  

 

* Review the study materials 

* Listen to didactic lecture 

* Questions and answers 

Flipped Classroom Traditional classroom 

* Review the study material 
* Finish the homework 

* Feedback from the instructor 

Before class 

In class 

After class 

* Posttest 

* Finish the questionnaire 
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Table [2]: Students' performance with the Flipped Classroom [FC] versus Traditional 

Classroom [TC] 
 Hepatitis topic Tuberculosis topic 

FC 

Mean ±SD 

TC 

Mean ±SD 

Statistical 

test 

[P value]! 

FC 

Mean ±SD 

TC 

Mean ±SD 

Statistical 

test [P 

value]! 

Pretest 

Low Level Q                 

Medium Level Q   

High Level Q 

Total 

 

0.8±0.8 

0.5±1.0 

0.78±1.2 

2.1±2.3 

 

1.2±1.1 

0.4±0.7 

1.1±1.5 

2.7±3.2 

 

[0.43]
**

 

[0.79]
**

 

[0.26]
**

 

[0.96]
**

 

 

0.64±0.78 

0.43±0.6 

2.7±1.0 

4.1±1.3 

 

0.64±0.82 

0.67±0.47 

3.1±1.1 

4.3±1.3 

 

[0.93]
**

 

[0.02]
**

 

1.4 [0.15]* 

0.88 [0.3]* 

Posttest 

Low Level Q 

Medium Level Q 

High Level Q 

Total 

 

2.7±0.41 

2.9±0.22 

3.6±0.75 

9.3±1.06 

 

1.8±0.8 

1.05±0.9 

1.4±1.6 

4.4±2.6 

 

5.9 [0.00]
*
                    

11.2 [0.00]*
 

7.3 [0.00]
*
                        

10.6 [0.00]
* 

 

2.5±0.5 

2.9±0.22 

3.6±0.75 

9.1±0.77 

 

1.5±0.9 

1.5±0.9 

1.4± 1.6 

4.1±3.2 

 

4.5 [0.0]
*
 

11.2 [0.0]
*
 

7.3 [0.0]
*
 

9.2 [0.0] 
*
 

Paired-t test [P 

value]! 
[0.00] [0.00]  [0.00] [0.9]  

* Student t test; ** Mann –Whitney test; ! Significant difference p<0.05 

Table [3]: Student's Perception of the Flipped Classroom [FC] Model 

Item Total = 74 students 

Agree 

No. [%] 

Neutral 

N [%] 

Disagree 

N [%] 

The overall satisfaction about FC: 

1- FC was more interesting than TC.  

2- I prefer FC over TC in my upcoming classes. 

3- I‟d like to suggest FC to other students. 

The student’s self-perceived competencies after FC: 

4-FC improved my self-directed learning ability. 

5- FC improved my communication ability. 

6- FC improved my critical thinking ability. 

7- FC improved my ability to give presentations. 

8-FC improved my teamwork skills 

The positive aspects of FC: 

9- FC increases motivation and engagement to learning.  

10- FC allows me to have access to the lectures at my own pace.   

11- FC allows teachers for more individual interaction with students. 

12- Videos are better for learning than text-based content 

The negative aspects of FC: 

13- A traditional teacher lead lesson is better than a video lesson. 

14- FC occupies too much of my spare time. 

15- FC gives me too much burden and pressure 

 

57[77.0] 

41 [55.4] 

39 [52.7] 

 

48 [64.9] 

60 [81.1] 

43 [58.1] 

43 [58.1] 

55 [74.4] 

 

53 [71.6] 

52 [70.3] 

27 [36.5] 

50 [67.6] 

 

30 [40.5] 

26 [35.1] 

27 [36.5] 

 

12 [16.2] 

22 [29.7] 

23 [31.1] 

 

14 [18.9] 

9 [12.2] 

18 [24.3] 

23 [31.1] 

14 [18.9] 

 

16 [21.6] 

20 [27.0] 

37 [50.0] 

22 [29.7] 

 

37 [50.0] 

41 [55.4] 

41 [55.4] 

 

5 [6.8] 

11 [14.9] 

12 [16.2] 

 

12 [16.2] 

5 [6.7] 

13 [17.6] 

8 [10.8] 

5 [6.7] 

 

5 [6.8] 

2 [2.7] 

10 [13.5] 

2 [2.7] 

 

7 [9.5] 

7 [9.5] 

6 [8.1] 

 
 

 
 

DISCUSSION 

Our study has shown that the FC model 

improved students‟ performance compared to 

the TC model, as the mean scores of all 

posttests advanced substantially in the FC 

model. This can be explained by studying the 

posted materials in advance of the class in the 

FC model helped learners to acquire the 

fundamental concepts efficiently, which 

supplied the facilitator additional space during 

the class time to focus on the lecture crucial 

aspects, practice, and ability to solve problems. 

This explanation is supported by Milman 
[12]

 

who reported that the FC model provides 

additional time in class for more interactive 

teaching, student participation, and focused 

discussion.
 
 

Literature review revealed that the results 

about FC effectiveness were contradictory. Our 

results are consistent with the majority of 

revised studies which concluded that the FC 

model improved or at least didn‟t harm 

students‟ performance compared to the TC 

model. Examples of these studies include 

Veeramani et al.
 [13]

 who reported that the 
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performance of first year medical students in 

the neuro-anatomy after the FC sessions was 

better than those who had only traditional 

teaching. Also,
 
Bhagat et al.

 [14]
 found that 

high school students attending flipped 

classroom achieved a higher degree of 

accomplishment in learning mathematics 

concepts relative to student undergoing 

traditional teaching methods.
 

Tanget al. 
[2]

 

found that fourth year medical students in the 

FC performed better on the posttest of 

ophthalmology when compared to those from 

the TC.
 
Cabi 

[15]
 indicated that the use of the 

FC model didn‟t have significant impact on the 

students‟ academic achievement compared to 

TC, and Aggarwal et al. 
[16]

 who found that the 

mean assessment scores of first year medical 

students in biochemistry in the flipped and 

traditional classrooms were statistically 

insignificant and concluded that learning gain 

not affected by the method of teaching.
 
 Few 

studies only e.g., Gundlach et al. 
[17]

 

concluded that students in TC preformed 

significantly better than the students in FC.
  

Furthermore, our post-tests of the FC groups 

had significantly higher scores compared to the 

TC groups in all types of questions including; 

low level questions assessing knowledge, 

medium level questions assessing application 

and high-level questions assessing analysis. 

This can be explained by FC allows more 

retention of knowledge through enabling the 

student to revisit the recorded lecture more 

than one time even immediately before exam. 

Also, FC builds the student‟s application and 

analysis through in-class group discussion and 

teachers‟ individual support. Group discussion 

or cooperative learning has often been referred 

to as a means of promoting higher order 

thinking skills and has been proved to 

positively correlate to the students‟ academic 

achievement
 [18]

. These results are different 

from Morton and Colbert-Getz 
[18]

  and  Van 

Vliet et al. 
[20]

  who reported that FC students 

performed better than TC students only on high 

cognitive level question assessing analysis but 

there were no differences in performance 

between them for low cognitive level questions 

assessing knowledge or application. 

Regarding students‟ perception of FC 

model, although 77% of participants were 

satisfied with the new learning model, around 

50% of them only would prefer FC in their 

upcoming classes and would suggest FC to 

other students. This can be attributed to the 

negative aspects of FC model reported in this 

study. The first negative aspect was, some 

students preferred a traditional teacher lead 

lesson over a lesson video. This can be 

explained by although good instructors will do 

their best to build-in effective communication 

activities while students watch the video, they 

may still unable to provide enough 

communication activities for all types of 

learners. Also, students are unable to ask 

questions and get immediate targeted answer to 

difficult concept if they watch the video alone 

and they had to wait for class time to ask 

instructor or peers which delay comprehension 
[12]

.
 
The other negative aspects of FC model 

were time consuming and stressful pre-class 

preparation efforts which were mentioned in 

other studies 
[2, 21]

. 

Regarding the student‟s self-perceived 

competencies after FC, most students agreed 

that FC model helped them to improve their 

communication ability, teamwork skills and 

self-directed learning ability and some of them 

agreed that FC model helped them to improve 

their critical thinking ability and ability to give 

presentations. These competencies are 

considered indirect learning outcomes to FC 

model and are causes for positive student 

perceptions toward it as reported in many 

previous studies 
[2, 13, 21, 22]

. 

Regarding other positive aspects of FC 

model, most students agreed that FC model 

increased their motivation and engagement to 

learning. This is consistent with Nouri 
[23]

 who 

noted that the majority of students had a 

positive attitude towards the FC model which 

was strongly correlated with their perception of 

increased engagement, motivation, and 

successful learning. Another positive aspect of 

FC model was accessibility of online recorded 

lectures to students at their own pace leading to 

better motivation in terms of self‐directed 

preview learning 
[24, 25]

. Also most of students 

agreed that videos were better for learning than 

text-based content and this is consistent with 

https://www.sciencedirect.com/science/article/pii/S0360131519301113#bib27
https://www.sciencedirect.com/science/article/pii/S0360131519301113#bib40
https://www.sciencedirect.com/science/article/pii/S0360131519301113#bib40
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many other studies provided that good 

instructional and technical quality of the video 

is achieved 
[12 ,24 ,25]

. 

This study provides further evidence on the 

effectiveness of the flipped classroom over the 

traditional classroom as an important strength 

of this study was the attempt of the researchers 

as much as possible to limit confounders 

through exposing the same participants to the 

two models of learning by the same instructors 

in topics of same weight and level of difficulty.  

Limitations of the study: First, dependence 

on self-assessment of the participants to 

indirect learning outcomes such as 

communication skills, critical thinking skills 

although it was better to consider objective 

assessment methods. Second, we investigated 

only the pre-class time and not investigated the 

after-class time that students took. Students in 

the TC may spend more time after class to 

review the lecture and do the homework 

assignments while students in FC may spend 

more time before the class to watch the online 

video and prepare themselves to work during 

class time. Third, performance assessment was 

limited to two topics and it may be more 

meaningful when applied for multiple and 

diverse topics however, broad implementation 

of FC in the curriculum would require training 

of more faculty members in such approach. 

Also, the entire public health course cannot be 

taught using flipped classroom. Hence, it is 

important to plan before delivering a course 

using a flipped classroom model. Finally, a 

long-term learning gain was not assessed in the 

current study.   

Conclusion 

The flipped classroom model was effective 

in improving students‟ performance compared 

to traditional classroom model and their 

perception towards it was generally positive as 

it improved their soft skills and increased their 

motivation and engagement to learning. So, we 

recommend that the flipped classroom model 

should be incorporated in teaching of the 

different medical curricula as it can play a 

successful role in preparation of future 

physicians with better professional perform-

ance. Finally, this study can be a guide for 

instructors on how to alter the learning 

environment from traditional classroom to 

flipped classroom. 
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