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Introduction 
Flipped learning combines asynchronous lectures (videos, 
tutorials, online teaching material) outside the class with 
in-class student-driven, active, problem-based, group 
learning facilitated by the teacher.1 The former is based on 
direct instructional methods driven by behaviourism, and 
the latter is based on constructivism with social scaffolding 
in group learning. Keeping Bloom’s revised taxonomy of 
cognitive domain of learning in mind, pre-class activities 
help students understand and remember, while in-class 
activities help in application and analysis of their 
knowledge, and post-class assessment of higher order 
synthesis of key concepts focusses on creating, evaluating 
and reflecting on what has been learned.2 While planning 
these flipped classrooms, cognitive load management 
considerations can align learning process effectively with 
human cognitive architecture (Figure-1). By decreasing the 
extraneous load and optimising the germane load, a well-
designed flipped classroom can be an efficient teaching 

approach.3 It can also be tailored according to the expertise 
of the learners. Novices can rewind the videos as per their 
requirements and experts can skip certain parts, thus 
learning at their own pace.4 Cognitive load theory of 
multimedia learning which is primarily based on cognitive 
load theory can form the basis for pre-class technology-
driven activities of a flipped classroom.5  

Learning of procedural skills is based on Dave’s taxonomy,6 
starting from imitations followed by manipulation, 
acquiring precision, then articulation and finally 
naturalisation; culminating step by step into climbing the 
learning curve.  Scientifically-tailored teaching methods for 
procedural skills, like flipped learning, can steepen the 
learning curve.7 

In Pakistan there are 40 units recognised for post-graduate 
training in dermatology, including Fellowship and 
Membership of the College of Physicians and Surgeons 
(FCPS, MCPS) and Medicinae Doctor (MD) training. There is 
a wide variation in learning resources, training methods 
and opportunities for exposure to different procedural 
skills across these teaching units. Acquiring proficiency in 
procedural skills in clinical settings requires learning 
opportunities, and supervision of these opportunities 
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along with timely constructive feedback.8 All these cannot 
be provided to every resident on rotation who is required 
to endorse a large number of procedural skills in their e-
logbooks.  

According to a recent survey, 49% dermatology residents 
in Pakistan can do shave excisions of moles and 35% can 
perform phototherapy.9 Most residents reported deficiency 
in training in dermatoscopy, patch testing, iontophoresis, 
mesotherapy, lasers, botox and dermal fillers.  

The current study was planned to see how a flipped class 
room strategy can be used efficiently. 

Subjects and Methods 
The case-control study was conducted at Dermatology 
department of Pak Emirates Military and Combined Military 
Hospital Rawalpindi from 1/3/2018 to 2/7/2018, and 
comprised post-graduate dermatology residents training 
at Pak Emirates Military and Combined Military Hospital, 
Rawalpindi, Pakistan. After approval from the ethics review 
committee of Riphah University, Islamabad, the sample size 
was calculated using the World Health Organisation (WHO) 
sample size calculator10 while keeping the alpha value as 
5%, power 80%, population standard deviation (SD) as 5 
and difference between the two populations as 5. 
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Figure-1: Conceptual framework for flipped classroom.
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The sample was raised using random sampling from 
among the post-graduate dermatology residents 
undergoing FCPS or MCPS training. Those who consented 
were included, while residents either not willing or not 
present were excluded. 

Those included were randomised into two intervention 
Group A and control Group B. A pre-test consisting of 30 
multiple-choice questions (MCQs) was conducted for both 
the groups. The same 30 questions were included in the 
post-test.  

Students were assessed objectively at the end of both 
flipped and traditional method classrooms by objectively 

structured clinical exam (OSCE). As two flipped classrooms 
were being assessed, the students had the OSCE at 16 
stations of 5-10-minute duration each. The OSCE stations 
were constructed as per the Association for Medical 
Education in Europe (AMEE) Guide 81 A and B.11 

Flipped classroom perception instrument (FCPI),12 a 
validated tool, was used to record the perceptions of 
residents about the intervention. Instrument for qualitative 
data collection were three open-ended questions 
constructed in accordance with the AMEE Guide 87.13 

Triangulation was done for ensuring the validity of the 
study. Post flipped classroom results were checked both by 

MCQ: Multiple-choice questions; OSCE: Objectively structured clinical exam; FCPI: Flipped classroom perception instrument.

Figure-2: Data collection procedure.
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post-test MCQs and the OSCE. Similarly, perception of 
students about the intervention was measured both by 
FCPI and also by open-ended questions. Unknown 
confounders were limited by randomisation (Figure-2).  

Previous knowledge or expertise of residents could serve 
as a bias but pre-test was done to limit this possibility. 
Group equivalence was maintained by using the same 
teaching material, giving equal practice time after 
workshop and same assessment for both the groups. We 
couldn’t ensure that the group exposed to flipped 
classroom did not share their teaching material before the 
flipped class with the other group, but we tried to minimise 
this bias by educating the study group about the 
educational importance of the concept while taking 
consent. FCPI reliability was established by introducing the 
questionnaire to five participants of flipped classroom after 
phototherapy class and Cronbach alpha was calculated to 
be 0.91. It was later used after the second flipped classroom 
for the entire interventional group.  

Quality assurance measures were done for the qualitative 
aspect of the study as well. For credibility, responses to 

open-ended questions were subjected to member 
checking when thematic analysis was done. Furthermore, 
peer debriefing during formulation and expert validation 
of open-ended questions was done. Again, the responses 
to questions and the generated themes were analysed by 
Dermatology Department faculty to point out over- or 
under-emphasised points, general errors and biases at any 
stage. Triangulation in the form of checking students’ 
perceptions by FCPI Likert-scale also ensured confirmability 
and dependability besides credibility. As far as 
transferability was concerned, purposive sampling, i.e. only 
exposing the flipped group to open-ended questions, was 
done. 

Quantitative data was analysed using SPSS 21. Shapiro-Wilk 
significance or p<0.05 for the flipped and non-flipped 
group rejected the null hypothesis for the test of normality. 
As such, non-parametric tests were used. Mann-Whitney U 
test was used for comparison of the OSCE results of the 
interventional and control groups. Wilcoxon signed rank 
test for pre- and post-intervention MCQ score of both the 
groups was used. Reliability of the OSCE stations and the 
FCPI tool were assessed independently using Cronbach 
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Items of FCPI 
1. Interactive, applied, in-class activities enhance learning. 
2. I participate and engage in activities during class 
3. In-class application of core content enhances learning 
4. In-class discussions of core content enhance learning 

5. Working in a group enhances learning 
6. E-mailed teaching material greatly enhance learning 
7. Learning key content before the session enhances learning 
8. The combination of e-mailed teaching material with in-class 

application improves my learning

Figure-3: Data collection procedure.
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alpha, and the values were 0.769 and 0.914 respectively, 
indicating acceptability. Responses to each item in FCPI 
were analysed in terms of frequency and percentages. 

Open-ended questions were analysed using an inductive 
coding process consistent with content analysis. Initial 
codes were narrowed down to 9 codes for advantages, 5 
for disadvantages and 3 for limitations of the implemented 
flipped classroom. Themes were generated finally by 
aggregating similar codes to highlight the major ideas in 
the data, leading to 3 each for advantages and 
disadvantages, and 2 for limitations. Coding analysis was 
performed manually as there was a small database to 
analyse. 

Results 
Of the 40 subjects, there were 40(50%) in each of the two 
groups. Median pre-test score for the flipped class was 47 
(interquartile range [IQR]: 24.5) which increased in post-test 
to 97 (IQR: 9.25) (p<0.001). For the non-flipped group, 
median pre-test score was 37 (IQR: 12.25) which improved 
to 90 (IQR: 13) (p<0.001). In the flipped group, median OSCE 
score was 83.75 (IQR: 3.75). In the non-flipped group, the 
median score was 73.13 (IQR: 11.57) (p<0.001). 

Overall mean score for FCPI items was 4.613±0.043  
(Figure-3). 

Results of open-ended questions revealed advantages 
which can be categorised as general (promoting deep 
learning, speeding up learning, student centred-approach 
and improved learning abilities of students), related to pre-
class activities (self-paced learning, engaging study 
material and re-usable study material) and in-class activities 
(efficient use of time and improved student engagement). 
Limitations were categorised as general (resource 
intensiveness), in-class activity (loss of student’s interest) 
and pre-class (time consuming and uselessness for 
unmotivated students). Students recommended 
improvement in videos by making them short and concise, 
and giving more time to students for pre-class activity. 

Discussion 
Comparison of pre- and post-intervention MCQs’ result of 
flipped and non-flipped classrooms showed significant 
improvement in post-test results. But percentage increase 
in non-flipped (143.2%) was more than the flipped 
classroom (106.38%). The reason for this could be that the 
randomly selected students for flipped classroom 
intervention performed better in their pre-test compared 
to the control group because of their better pre-
knowledge. And although their scores improved in 
post-tests, the improvement was not more than in the 
control group whose performance was poorer in the pre-

test. Another study carried out in 2015 during 
Gynae/Obstetric clerkship revealed similar unexpected 
situation when the MCQ scores in traditionally-taught 
group were better than the flipped group.14 It may be 
inferred from our results that assessing knowledge 
acquisition by checking students’ scores in MCQs was not 
sufficient enough. It only addressed the information 
accumulation aspect. The other dimensions of knowledge 
acquisition, like information accessibility, information 
stimulation, information communication and, finally, 
information interaction, need also to be addressed before 
making inferences.15 

In a study using flipped classroom intervention for ocular 
trauma module there was no difference between the pre-
test MCQ scores of the interventional and control group, 
but there was a significant increase in the post-test result 
of the flipped group.16  

While comparing flipped team-based learning course for 
advanced cardiac support with traditional course, two of 
the three tests showed statistical improvement for the 
flipped format.17 

With respect to OSCE results, there was significant 
difference between the groups, indicating that flipped 
classroom can be good option for teaching procedural 
skills as OSCE is a better assessment tool for procedural 
skills in which the flipped group performed better. 
However, the percentage improvement in the non-flipped 
group in MCQs was better. 

In a study carried out in dental undergraduates in India, 
competency in denture treatment showed statistically 
significant result in students trained by flipped classroom 
intervention (p<0.001) compared to those trained by 
traditional methods.18 

An important aspect of quality control of the OSCE is its 
reliability which is a source of internal structure validity. 
Cronbach alpha estimates one facet of measurement errors 
in the OSCE, i.e. scores on stations,19 which normally range 
from 0 to 1. The closer the value is to 1, the better is the 
internal consistency of results of the OSCE at different 
stations. Reliability measured as Cronbach’s alpha for the 
16 OSCE stations with 5 marks each, in which 40 candidates 
were examined, was 0.769, which is acceptable. 

Cronbach’s alpha reliability coefficient was 0.914 during 
pilot testing the FCPI, an already validated tool containing 
8 items. It was an excellent reliability showing good internal 
consistency of items used in the questionnaire. 

Mean score was 4.613 for 8 items in the FCPI in our study. 
It was 3.94 in quality improvement classroom in residency 
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education as checked across 143 residents at Mayo clinic 
in 2014.20 It was 3.94 after implementing flipped 
continuing medical education (CME) module for 167 
participants in Mayo clinic 2015 Internal Medicine Board 
Review (IMBR) course.12 Our mean score was better, 
showing better satisfaction level. 

As a result of qualitative analysis, 34 advantages came as a 
response from 20 candidates. Promotion of deep learning 
was the most perceived advantage of the intervention. 
Other general advantages were speeding up the learning 
curve, student-centred approach and improvement in 
learning abilities of the students. Advantages of pre-class 
activities were evident in 7 responses focussing on self-
paced learning, engaging process and re-usability of study 
material. Advantages related to in-class activities were 
better student participation and efficient use of class time 
by the teacher. A study showed that students value 
interactivity, creativity and application in the flipped 
classroom.17 Teacher gets flexibility for teaching methods 
and content delivery, gets more time for interaction with 
students and give timely feedback and instructions.21 

In response to question regarding limitations, most 
students pointed out the resource intensiveness of the 
intervention as the major pitfall followed by time 
requirement for pre-class activities. Some pointed out that 
it cannot help unmotivated students, does not cater to 
different learning styles and leads to monotonous effect of 
classroom due to repetition and re-enforcement of the pre-
class teaching activity. The last-mentioned limitation 
resembles the one mentioned in another study which 
pointed out that students can get off the topic due to 
repetition.22 Another study pointed out technological 
glitches as the major limitation of the process.15 This comes 
under the same umbrella of resource intensiveness as 
pointed out in our study. 

Student’s recommendations about improvement in the 
flipped classroom included improvement in quality of 
videos, short and concise pre-class study material, and 
more time to go through the pre-class material. Our 
findings matched those in another study where students 
recommended replacement of traditional power-point 
videos with videos and demanded periodic revision of 
practice questions and clinical reasoning cases.23 

The current study has a few limitations, like a small sample 
size from a single centre. Besides, teachers’ perspectives 
have not been incorporated. More open-ended questions 
could have been added to capture the full breadth of 
residents’ attitude. Also, one group was kept as the control 
groups throughout both the flipped classes. There are 
many variables related to a student’s abilities, like 

motivation level etc., which could have been 
accommodated with a cross-over in second flipped 
learning session. Finally, long-term effects of the process 
could have been recorded by more authentic work-place-
based assessments, like direct observation of procedural 
skills. 

Despite the limitations, however, the study will give 
residency programme directors and tutors better insight 
into the mechanism of flipped classroom for procedural 
skills, and will encourage them to utilise this strategy to its 
full potential.  

Conclusion 
Flipped classroom was found to be an effective teaching 
strategy for procedural skills in dermatology residents. The 
same can be applied in other fields of medicine and 
surgery, and both for post-graduate and undergraduate 
courses. 

Disclaimer: The text is based on a Master’s in Health 
Professional Education thesis. 
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