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Abstract

Introduction:
Available evidence suggests that traditional method of instructions might not be the best for skill
development and advanced knowledge acquisition due to their non-interactive nature if compared to
flipped classroom (FC). Yet, it remains unclear whether a FC using audio-visual aids outperforms
traditional teaching methods for medical students in low-resource settings. Our study aimed to evaluate
the preliminary effectiveness of the FC in teaching postpartum intrauterine device (PPIUD) knowledge and
insertion skills to undergraduate medical students in clinical rotations.

Methods
A two-arm, quasi-experimental design was used. The FC group underwent a pre-recorded lecture and video
on PPIUD insertion, followed by interactive sessions and procedural practice. The traditional group
received an hour-long lecture and onsite skills demonstration, followed by skill practice. Paired t tests were
used to determine knowledge and skills acquisition in each group and independent samples t tests was be
used to compare groups. Stata version 17 and GraphPad Prism version 9 were used for analysis.

Results
A total of 67 students were included in the final analysis, 37 in the traditional group and 30 in the FC
group. There was a significant improvement in post-test scores compared to pre-test scores in both groups
p < 0.001. The mean post-test score was higher for FC compared to the traditional teaching methods group
although, it was not statistically significant (p = 0.069). Certain categories of students performed better
with FC, especially those who failed pre-tests p = 0.021), in bachelor or of medicine and bachelor of surgery
(MBChB) year 3 class (p = 0.011), students who joined the university directly from advanced level
certificate (p = 0.018) and aged younger than 25 years (p = 0.002). There was no statistically significant
difference in the mean procedure performance score between the intervention and the traditional teaching
methods (p = 0.634).

Conclusion
The FC had shown a positive impact on the knowledge and skills of medical students indicating its role in
reproductive health training in resource-limited settings. Additionally, future studies could investigate how
FC can combined with other teaching methods to create a blended learning approach that maximizes the
benefits and enhanced learning.

INTRODUCTION
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There is a growing body of evidence suggesting that traditional methods of learning such as didactic
lectures are not optimal for developing skills, attitudes, and higher-order knowledge acquisition as it lacks
interactivity and student-centeredness, and the pace of information delivery can impact the extent to which
students can process the material and retain it in their long-term memory(1). This calls for innovation into
more interactive and student-centred approach of giving instructions. The ubiquitous presence of audio-
visual contents in all types of learning activities, including clinical settings, is a result of the advancements
in information and communications technologies(2). Use of audio-visual contents positively affects
student learning by appealing to different learning styles(3) and helping them visualize things that may
not be illustrated(4, 5). Audio-visual contents enhances students’ memory, comprehension, active learning,
motivation, and caters for individual difference(6). Audio-visual contents is key in the implementation of
the flipped classroom (FC) method of instruction.

The FC mode of instruction supports out-of-class learning and group-based activities, and can be
combined with face-to-face instruction that forms the basis of blended learning(7). The effectiveness of
the FC has been widely studied and shown to outmatch the traditional lecture-based methods(8). The FC is
intended to maximize interactive learning while minimizing direct teaching, allowing learners to take their
learning responsibilities(9), at their pace, and direct their efforts to the points that they need (10) .

Despite the high knowledge of e-learning modalities such as the FC, the utilization is low in low-resource
settings due to poor internet connectivity and related cost and negative attitudes(11), inadequate
resources and lack of skilled professionals (12). The FC contents can help bridge the gaps in procedural
learning in already crowded bedside teaching(clerkship) placements in low income countries like
Uganda(13).

Medical students in low resource settings experience difficulties in obtaining instruction for procedural
skills due to fewer trainers, increasing number of students(14). This has been worsened due to the covid-
19 pandemic where semesters have been shortened to catch up the time lost and fewer students are
allowed for social distancing requirements (15).

In resource-limited settings, such as Uganda, more extensive research is needed to assess the
effectiveness of the FC in undergraduate medical education, particularly in the teaching of theoretical
knowledge and practical skills. We aimed to assess the initial effectiveness of the flipped classroom
compared to traditional methods of instruction in PPIUD knowledge and insertion skills training among
undergraduate medical students in clinical rotations at Gulu University, a public medical school in an
upcoming city in Northern Uganda.

METHODS

Study Design
This was a two-arm, before-and-after, quasi-experimental study.

Setting and population
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The study was conducted at the Faculty of Medicine, Gulu University, a public university located in Gulu
city in Northern Uganda. The city is located 350km North of Kampala, the Capital of Uganda. The target
participants for this study were medical students in their clinical rotation; year 3 and 5 (MBChB 3 and 5).
There are two tracks for admission to the MBChB program in the university; the direct entry scheme in
which students are admitted directly from Advanced-levels (high) schools and hence had no prior medical
knowledge or skills, meanwhile the diploma/mature age entry scheme where people with prior health
professional training are competitively admitted. Year 3 and year 5 medical students rotate in four (4)
major clinical departments; Reproductive health (Obstetrics and Gynaecology), General Surgery,
Paediatrics and Child Health and Internal Medicine. Each student is expected to rotate in a given
department for 8 weeks in a given academic year. Students in clinical rotations are divided into two
rotation lots, Paediatrics/Surgery and Reproductive Health/Internal medicine. PPIUD training is not
included in the Gulu University MBChB curriculum hence this study provided a good ground to test the use
of the FC in knowledge and psychomotor skills transfer without putting more time pressure on the medical
students.

Allocation
Four rotations were possible; MBChB 3 Paediatrics, MBChB 3 Surgery, MBChB 5 Paediatrics and MBChB 5
Surgery. MBChB 3 Surgery and MBChB 5 Paediatric rotations were conveniently allocated to the traditional
method of instruction group whereas MBChB 3 Paediatric and MBChB 5 Surgery rotations were allocated
to the FC group (Fig. 1). The first two trainings were for the traditional teaching methods group and last
two for the FC group. This was designed to reduce contamination in case participants in the traditional
teaching group accessed the FC materials. Since the study was being conducted in the Department of
Reproductive Health, students currently rotating in Obstetrics and Gynaecology were excluded from the
study due to the potential influence of their presence in the department on their decisions in participating.

Recruitment
All participants were invited by a flier posted on their rotation’s WhatsApp group. At first, the tradition
method of instruction groups was informed of the purpose of the study and for those who accepted to
take part a written informed consent was obtained. Thereafter a participant was allocated a unique group
number based on clusters as seen in Fig. 1, and then pre-tested before onset of the training.

The recruitment process was similar for participants in the intervention group, except that a pre-test was
given as well as a unique group identification number a week earlier before the training. Each participant
was asked to provide an email address through which the audio-visual materials were shared. The
materials were uploaded into a YouTube account, unlisted and shared the same day after pre-test. This
unlisted link allows a restricted access to only people who have the links. The participants were advised
not to share the links with others and reminded three times through emails to watch and attend the
planned face to face training.

Course content covered in both arms
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The PPIUD course content covered a range of topics related to the insertion of IUDs immediately after
childbirth. Basic knowledge about PPIUDs including the types of IUDs available, their efficacy rates,
indications and contraindications for their use and potential side effects. Counselling skills were taught to
enable participants discuss the benefits and risks of PPIUDs with patients and help them make informed
decisions. Infection prevention measures such as hand hygiene, decontamination, high level disinfection
and sterilization techniques were emphasized. The training materials were based on a manual developed
for providers(16) and the lecture was delivered by the principal investigator who is an experienced PPIUD
trainer.

Procedural demonstrations cover the steps involved in inserting the intrauterine device (IUD) including
assessing the uterine size, positioning the device, and ensuring adequate follow-up care and this was
based on PPIUD insertion steps by the Centre for International Reproductive Health Training (CIRHT) (17).
The PPIUD training was carried out over the weekends to avoid interfering with the normal academic
activities in the faculty.

Traditional teaching methods arm
The teaching and demonstration of PPIUD using traditional methods typically involved didactic lectures,
small group discussions, and on-site demonstrations. During the 1-hour didactic lectures, the PPIUD course
content was covered. Small group discussions (4–5 participants) enabled participants to ask questions
and exchange ideas with their peers, promoting a better understanding of the information presented. On-
site demonstrations of PPIUD insertion were carried out using Mama U trainers, which are anatomical
models that simulate the female reproductive system. The demonstration was done by 4 midwives who
are certified PPIUD trainers and this was based on the OSCE sample stations for contraception and
abortion reference materials(17). After demonstration, students were allowed to practice the steps in
groups of 10 participants under guidance for 4 hours before they were assessed.

Intervention arm
The same course content as in the traditional methods of instruction was used to create pre-class material
for the FC. The produced 32 minutes PowerPoint voiceover and a 16 minutes procedure steps audio-visual
content were uploaded into a YouTube account and the unlisted link sent to the students a week earlier
through their email addresses. Students were encouraged to find time to watch the materials and answer
some of the questions included in the voiceover lecture material to prepare them for the in-class activities.
In a planned 30 minutes in-class activities, the objectives of the topics were discussed followed by small
group discussions and presentations of questions and answers. The procedure steps recorded video was
replayed on a large 75-inch interactive screen and students allowed to practice the procedures. They were
free to access the videos while practicing the steps until they are confident in the steps. The practice was
done in groups of 10 participants for 4 hours before assessment.

Data collection/measures
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Having received a one-day intensive training based on their group assignment (traditional method of
instructions or intervention) they had a post-test which composed of MCQs knowledge test, and a PPIUD
procedural skills performance checklist. The post test questions were the same as the pre-test this was
adapted from(18).

Basic information regarding the student’s age, mode of university admission and class were collected with
the results of pre-test, post-test, PPIUD procedural skills assessment. The procedural skills assessments
step was observed by two assessors who scored independently. The pre-tests and post-tests and
procedural assessment tool had no student’s identification details except for unique student allocation
group and numbers.

Statistical analysis
Paired t tests were performed to determine the differences in knowledge and skills acquisition in each
group and independent samples t tests was be used to compare groups. Stata version 17 and GraphPad
Prism version 9 was use for analysis in this study. The data was analysed by modified intention to treat
basis.

RESULTS
Enrolment 

figure 2. 

A total of 82 medical students were invited to participate in the study, with 40 assigned to the traditional
method of instructions and 42 to the FC. In the traditional method of instructions group, 3 students
declined the invitation to participate. In the FC group, 5 students declined the invitation, 1 student did not
register for the semester, 4 students did not complete the training, and 2 students forgot their unique
identification number and these were all excluded. The remaining 67 were included for the final analysis,
37 in the traditional teaching methods arm and 30 in the intervention group as seen in figure 2. 

 Table 1: Baseline characteristics of the study participants
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Variable All

(N =67)

Standard practice (n=37) Intervention (n=30) P-Value

Age, mean, years 67 28.4±5.9 27.4±5.1 0.238

Age Group  

20-24 years 23 11 12 0.636

25 -30 years 23 13 10  

> 30years 21 13 8  

Class  

MBChB 3 33 19 14 0.703

MBChB 5 34 18 16  

Mode of entry  

Direct 39 20 19 0.444

Diploma/Mature aged  28 17 11  

The mean age of the students was similar 28.4 and 27.4 for traditional method of instructions and
intervention groups respectively. A total of 33 MBChB 3 were included in the analysis, 19 (57.6%) in the
traditional method of instructions and 14(42.4%) for intervention group. Of the 34 MBChB 5 included in the
final analysis, 28(52.9%) were in the traditional method of instructions group and 16(47.1%) in the
intervention group (table 1).  Of the 67 participants, 39(58.2%) were admitted through direct entry while
41.8% were through diploma/mature entry scheme. The direct entrants had 20(51.3%) in the traditional
method of instructions group and 19(48.7%) in the intervention group, meanwhile for those under
diploma/mature age entry, 17(60.7%) were in the traditional teaching methods and 11(39.3%) in the
intervention (table 1).   

Table 2: Paired sampled t-test comparing pre test scores among the standard practice and intervention
groups.
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Variable  Observation
(N) 

Standard practice (n=37),
mean±SD%

Intervention (n=30),
%

P-
Value

All 67 53.4±12.9      58.8±11.6 0.039*

MBChB 3 33 47.1± 9.5    54.6±13.7 0.035*

MBChB 5 34 60.0±12.9 62.5±8.4      0.257

Diploma entry 28 53.2±14.8 61.8±11.0 0.056

 Direct Entry 39 53.5±11.5 57.1±11.9 0.171

Age20-24
years

23 53.6±10.5 53.7±13.0 0.491

Age25-
30years

23 49.614.9 59.0±9.1 0.047*

Age >30
years

21 56.9±12.5 66.3±9.1 0.042*

*Statistically significant 

The mean pre-test scores were significantly higher among participants in the intervention group (58.83±%
versus 53.38±%, p= 0.039). The mean pre-test for MBChB 3 was 47.1 and 54.6 for the traditional teaching
methods and intervention group respectively. Similarly, MBChB 5 scored 60 and 62.5 on average and this
are not statistically different. Direct entrants had similar scores among the standard practice and
intervention group; 53.4 vs 57.1 (table 2). 

The mean post-test and pre-test score were 78.5±9.2 and 53.4±12.9 for traditional teaching methods
group(A) and 81.6±7.2 and 58.8±11.6 for intervention group(B) respectively, and this was statistically
significantly different p <0.001 (figure 3).

Table 3: Comparison of post-test scores among the traditional method of instructions and intervention
groups
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Variable  Observation
(N) 

Standard practice
(n=37)

Intervention
(n=30)

P-
Value

All 67 78.5± 9.1 81.6± 7.2 0.0693

MBChB 3 33 76.3± 9.8    83.8±6.9     0.011*

MBChB  5 34 80.8±8.1        79.7±7.2      0.667

Diploma entry 28 82.6±8.3       83.6±7.8   0.378

 Direct Entry 39 75.0±8.6     80.4±6.8       0.018*

Age20-24 years 23 71.4±6.6  82.3±5.5  0.002*

Age25-30years 23 79.6±9.0   79.5±8.3 0.517

Age >30 years 21 83.5±8.3   83.1±9.2  0.534

scored <50% pre-test 14 75.0± 7.1 85.0±5.0     0.021*

Scored 50 to <75% in pre-
tests

44 78.9±9.9       81.0 ±8.2      0.2143

scored 75% or more in pre-
tests

9 86.35±6.3      82.0 ±2.7     0.8941

         

*Statistically significant 

The students who had the intervention had a higher average post test scores compared to the traditional
method of instructions although, this was not a statistically significant difference, p 0.069. The post-test
scores were higher for the intervention compared to the  traditional method of instructions among those
who failed pre-tests (85.0±5.0 Vs 75.0± 7.1, p=0.021), in MBChB 3 class (83.8±6.9 Vs 76.3± 9.8, p=0.011),
direct entrant schemes(80.4±6.8 Vs 75.0±8.6 p=0.018) and aged younger than 25 years(82.3±5.5 Vs
71.4±6.6 p=0.002) as seen in table 3 above. Although the mean post test scores among mature/diploma
entrants and those whose pre-tests scores are between 50-70% was higher among the intervention, it is not
statistically significant p=0.2143 and 0.378 respectively.   However, among those who scored more than
75% in the pre-tests, they performed better with the traditional teaching methods p=0.8941. There were
similar mean post test scores among those in year 5 class, aged 25-30 years and aged above 30years old
(table 3).

Table4: Comparison of mean PPIUD skills procedure score among the traditional method of instructions
and intervention groups.
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Variable  All

 (N) 

traditional teaching methods (n=37)          
mean ± SD                                                   

Intervention
(n=30)

mean ± SD        
                     

P-
Value

All   79.2±5.9 78.5±5.3 0.634

MBChB  3 33 83.0±11.2     78.1±7.9    0.989

MBChB  5 34 78.8±6.8   75.3±8.0   0.146

Diploma entry 28 81.0± 8.0 81.3±6.8  0.467

 Direct Entry 39 77.7±10.6     76.9±6.3     0.601

Age20-24 years 23 76.8±10.3 77.9±5.2 0.368

Age25-30years 23 77.2±10.5 78.8±7.3 0.659

Age >30 years 21 81.1±7.9 81.1±8.0 0.5624

scored <50% pre-
test

14 83.2± 5.7    77.2±6.4     0.928

Scored 50 to
<75% in pre-tests

44 78.5±10.1     79.1±7.1     0.404

scored 75% or
more in pre-tests

9 76.7±11.9     72.3±5.9     0.242

Overall, the mean procedure scores for intervention and traditional teaching methods were similar. For
participants in year 5 and those who scored more than 75% in pre-test had better score in the intervention
compared to the traditional method of instructions group although these were not statistically significantly,
p=0.146and 0.243 respectively. The interrater agreement between assessor 1 and 2 was poor (4.48%) for
the expected 5.10%, p=0.059(table 4).

Discussion
The aim of this study was to compare the preliminary effectiveness of the FC versus the traditional
method of instructions among medical students in clinical rotation. The results showed that there was
significant improvement in post-test scores compared to pre-test scores in both the standard practice and
intervention groups. This suggests that the FC is effective in imparting knowledge in undergraduate
medical education in Uganda replicating other studies done elsewhere (8, 19, 20) .

The mean post-tests score among those who had FC teaching methods was higher compared to
traditional teaching methods, although this was not statistically significant. The disparities in PPIUD skills
procedure scores were also not significant between the intervention and traditional method of instruction
groups.
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However, further analysis showed that the benefits of FC teaching methods were more pronounced among
certain groups of students. For instance, students who failed pre-tests, similar to a finding in one study
that showed that low achieving had better scores in post-test after the FC usage compared to the
traditional methods (21). Also, students who were MBChB 3 class performed better than the MBChB 5
contrary to a finding in which the more senior students performed better in FC methods of instructions(22).
Also, direct entrants, and those aged younger than 25 years had higher post-test scores in the intervention
group than in the traditional teaching methods group. However, this may be due to the fact that the direct
entrants are also young bringing a collinearity. Despite all these, the study suggests that the FC teaching
methods may be particularly useful for these groups of students.

On the other hand, among those who scored more than 75% on the pre-tests, the traditional teaching
methods were found to be more effective. This suggests that there may be a threshold beyond which the
benefits of FC teaching methods may not be as pronounced. Additionally, the study found that there were
no significant differences in post-test scores among students in the MBChB 5 class, those aged 25–30
years, and those aged above 30 years old

Regarding the procedural training, the FC procedure videos resulted into lower overall mean post-test
scores compared to the traditional teaching methods. However, the study did identify some potentially
important trends in PPIUD skills procedure scores, particularly among students in MBChB 5 and those who
scored well on the pre-test. While these higher procedural scores among the intervention group did not
reach statistical significance, they suggest that this method of giving instruction is comparably effective
with the traditional teaching methods and further research is warranted to explore the potential benefits of
FC procedure videos in medical education.

Study strengths and limitations
Overall, the study's robust design and inclusion of a mechanism to lessen contaminations strengthened
the credibility of the findings, enhancing the confidence in the preliminary effectiveness of FC in
undergraduate PPIUD training. It important to note that study had a scope (PPIUD), which may not fully
capture the potential effects or benefits of using FC in undergraduate Obstetrics and Gynaecology
education. It is possible that the outcomes observed in this limited context may not be representative of
the broader impact of FC across various topics and over a longer period of training. Another limitation is
related to the fact that this study did not investigate the extent to which the knowledge and skills acquired
through FC were retained by the students over time. This information would have provided valuable
insights into the long-term impact of FC on knowledge retention and its potential benefits for the students'
future clinical practice.

Conclusions
Despite these limitations, the findings of this study have important implications for sexual and
reproductive health education. The FC teaching methods can provide students with greater flexibility and
accessibility to educational materials, which may be particularly important for students in low income
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countries. Furthermore, FC teaching methods may be an effective way to improve student performance,
particularly among certain groups of students. Although it should be noted that the method may have
some threshold beyond which it is not effective. Therefore, medical schools and educators should
consider incorporating the FC teaching methods into their curricula, while also considering the unique
needs and learning styles of their students. Additionally, future studies could investigate how different
teaching methods can be combined to create a blended learning approach that maximizes the benefits of
both the FC and traditional teaching methods.
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Figures

Figure 1

Allocation Based on possible rotation among the medical students in clinical rotation
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Figure 2

CONSORT Flow diagram showing allocation of the participants
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Figure 3

Before and after graph showing pre and post test scores of the participants; A traditional method of
instructions group(N=37), B intervention group(N=30)


