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Abstract
Background  Studies using spaced repetition for teaching and learning in undergraduate clinical rotations such 
as paediatrics are limited, even more so in the South Asian region. Therefore, this study aimed to identify the 
effectiveness of utilizing spaced repetition compared to traditional learning methods among undergraduate medical 
students during their paediatric rotation at a medical university in Pakistan.

Methods  Bahria University Medical and Dental College (BUMDC) conducted quasii-experimental research in Karachi. 
Four topics were identified from the Year 5 Pediatrics curriculum to be used in the study, using which the study 
content was developed along with 50 multiple choice questions (MCQs) for assessment. All BUMDC Year 5 medical 
students rotating in Pediatrics were included and randomly allocated to the control or intervention group. In the 
control group, they provided the students with traditional study methods consisting of books and lectures to learn 
topics. In the intervention group, we created an Anki flashcard deck of the same topics to enable learning via spaced 
repetition. The researchers conducted a pretest and post test assessment of the 50 MCQs in both groups at the 
beginning and after the four-week study interval. The data were analysed using SPSS 19.

Results  A total of 115 BUMDC medical students agreed to participate in the study; 70 (59.1%) were in the 
intervention group, and 45 (41.7%) were in the control group. The pretest mean score of the control group was 
27.96 ± 3.70, and the posttest mean score was 27.22 ± 5.02, with no statistically significant difference at the 95% 
confidence level. The mean score of the pretest for the intervention group was 27.93 ± 4.53, and that of the posttest 
was 30.8 ± 4.56, with a statistically significant difference at the 95% confidence level. The intervention showed a 
significant effect size of 0.8.

Conclusion  The use of spaced repetitions resulted in significantly greater scores for medical students studying 
paediatrics than for those using more traditional methods of learning, compromising medical books and lectures. 
Considering that medical students need to retain a vast amount of information, using spaced repetition through 
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Background
Learning in medical school comprises building factual 
and theoretical knowledge, followed by practical appli-
cation of that knowledge in a clinical setting. Due to 
the extensive medical curriculum, undergraduate medi-
cal students need help in the long-term retention of 
knowledge taught in clinical and nonclinical disciplines. 
Furthermore, medical students are in critical need of effi-
cient self-study teaching and learning methods to help 
them retain the vast amounts of knowledge and clini-
cal skills required to fulfil medical school competencies 
[1]. However, students must be aware of efficient learn-
ing strategies that can improve their long-term memory 
retention [2].

A study by Gilbert, M. M. (2023), conducted in the 
Boonshoft School of Medicine, USA, explored tech-
niques that help students improve learning and found 
that spaced repetition was the best technique for enhanc-
ing student learning [3]. It has already been proven that 
the retention of factual knowledge is improved by using 
practice tests and spaced repetition [4]. Undergraduate 
and postgraduate medical students globally use spaced 
repetition despite being a comparatively new concept in 
medical education. It not only helps individuals attain 
proficiency but also aids in active recall and the appli-
cation of clinical knowledge [5]. Numerous studies have 
shown evidence of the effectiveness of spaced repetition 
in long-term memory retention. A study of undergradu-
ate medical students showed better short-term and long-
term memory retention using spaced repetition learning 
[6].

Flashcards are the most popular method for utilizing 
spaced repetition learning. Anki. Web consists of flash-
card software built on a spaced repetition algorithm. The 
literature has shown that Anki flashcards are beneficial 
for learning basic sciences such as anatomy [7]. Anki has 
become a popular learning tool in medical schools across 
the globe since it not only boosts performance on medi-
cal licensing exams but also allows most American first-
year medical university students to use Anki flashcards to 
supplement their studies [8, 9].

In particular, medical students struggle to learn about 
numerous volatile topics that require quick recall, such 
as developmental milestones, immunizations, and inte-
grated management of neonatal and childhood illnesses. 
Due to difficulty in recalling such minute facts, students 
will undoubtedly need help to perform well in their pae-
diatric rotations. Furthermore, medical educators have 
conducted global studies to identify the most effective 

teaching and learning strategies in medical education. 
However, data about South Asia, such as Pakistan, still 
need to be available. Additionally, researchers have yet 
to perform many studies to determine effective teaching 
and learning strategies in paediatric rotations for under-
graduate medical students. Therefore, this study aimed to 
identify the effectiveness of the spaced repetition learn-
ing strategy compared to traditional learning methods for 
undergraduate medical students during their paediatrics 
rotation at a private medical university in Pakistan.

Methodology
Setting and participants
This quasi experimental study was conducted at Bah-
ria University Medical and Dental College (BUMDC) in 
Karachi, Pakistan. The total duration of the study was six 
months, and participant assessments were performed at 
four-week intervals.

The sample size was the whole population, which 
included the whole class of BUMDC year 5 medical stu-
dents rotating in paediatrics. Purposive sampling, where 
total population sampling was performed.

Sample Size for Frequency in a Population
Population size(for finite population correction factor or 
fpc)(N):

150

Hypothesized % frequency of outcome factor in the 
population (p):

80%+/-5

Confidence limits as % of 100(absolute +/- %)(d): 5%
Design effect (for cluster surveys-DEFF): 1
Sample Size(n) for Various Confidence Levels

Confidence Level(%) Sam-
ple 
Size

95% 94
80% 63
90% 81
97% 101
99% 112
99.9% 124
99.99% 131

Equation
Sample size n = [DEFF*Np(1-p)]/[(d2/Z2

1−α/2*(N-1) + p*(1-p)]
The inclusion criteria included all BUMDC Year 5 med-

ical students rotating in Pediatrics. The exclusion crite-
ria consisted of five medical students who did not have 
internet access or who did not consent to participate in 
the study. The students were randomly divided into two 
groups: the intervention group and the control group. 

flashcards can be a more effective learning tool that is more cost-efficient and time-efficient than traditional learning 
methods.
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Each group had an equal number of students who were 
selected randomly.

Ethical approval
Data collection started after receiving approval from the 
Ethical Review Committee (ERC) of AKU (2021-6175-
19040) and BUHSC (69/2020).

Consent from participants
The AKU-approved consent form was printed, and 
informed consent was obtained from five medical stu-
dents of the BUMDC who agreed to participate in the 
study. Students were informed that their names and 
results would not be disclosed to anyone (except the stu-
dents themselves) and that the results would not affect 
their rotation performance scores. Upon agreement, the 
students were asked to sign the form that the researcher 
and principal investigator had already signed. Copies of 
the form were given to the students after the signatures 
were completed. The forms are attached as additional file 
5.

Materials
Content selection and validation
Four topics were identified from the year 5 pediatrics 
curriculum to be used in the study for assessing learning 
in both the intervention and control groups. The topics 
included developmental milestones, Integrated Manage-
ment of Neonatal and Childhood Illnesses (IMNCIs), 
immunizations, and malnutrition. These topics were 
selected since knowledge of these topics is commonly 
applied in general paediatric clinics. Furthermore, they 
encompass a broad range of crucial factual knowledge 
that is difficult to recall during clinical practice. The 
learning objectives of these four topics, along with a table 
of specifications (ToS) with relative weights assigned to 
each topic for pretest and post test assessments, are pro-
vided in additional annexure file 1.

We identified eight experts who were FCPSs trained or 
equivalent in pediatrics, had at least five years of teaching 
experience, and had advanced qualifications in medical 
education (master’s or advanced diploma or equivalent). 
All eight experts were sent a request through email to be 
a member of the expert validation panel for our study to 
review our learning objectives and weight given to each 
topic and to select the pretest and post test multiple 
choice questions (MCQs) for assessment. Five experts 
responded positively and were included after their 
approval to participate. The five experts were requested 
via email to review and rate their agreement with the 
learning objectives and the weights assigned to each of 
the four topics we selected from the year 5 Pediatrics 
curriculum using a structured form with a four-point 
scale that varied from ‘strongly disagree’ to ‘strongly 

agree’ (Annexure III). All five experts agreed on the top-
ics’ learning objectives and relative weights (file I). Any 
minor suggestions provided by the experts were reviewed 
and incorporated as necessary (Annexure IV).

Spaced repetition and mass learning materials
Anki is a flashcard software built upon a spaced repeti-
tion algorithm that allows users to review studied cards 
after one day, three days, seven days, 14 days, and 28 
days. Flashcards are digitally made and appear at inter-
vals depending on user recall. Flashcards are organized 
into decks, and users review these decks regularly. Based 
on the algorithm, the card being studied can be a new 
card not previously created by the user or an older card 
that reappears after an appropriate interval. Reviewed 
Anki cards that are difficult to remember reappear after 
a short interval, whereas quickly recalled cards reappear 
after a longer interval. This algorithm effectively uses 
spaced repetition technology and allows users to custom-
ize their learning based on their recall power. This spaced 
repetition learning method ensures revision of all topics 
provided on the flash cards.

A deck of Pediatrics flashcards was created using 
the learning objectives of the four selected topics. The 
flashcards were sent to the expert panel for review and 
approval. The content of the flashcards was developed 
using year five medical course books, lectures, and guide-
lines, with references to their respective sources included. 
The flashcards were made on the Anki website and were 
sent to the students in the intervention group. Instruc-
tions were given to the students in the intervention group 
on how to use the Anki website, along with step-by-step 
instructions on how to use the Pediatrics flashcard deck. 
If they had any additional queries, the students were also 
provided with support on WhatsApp regarding how to 
use the Anki flashcards. Upon request, a few students 
were guided face-to-face using the Anki website and flash 
cards.

The control group was requested to follow traditional 
learning methods used at the university, which consisted 
of using lecture notes and books that covered the same 
learning content provided in the flashcards given to the 
other group.

To eliminate potential confounders and correct the 
selection of students, intervention group students had to 
enrol on the Anki website using their emails. The flash-
cards and download instructions, including the paediat-
ric flashcards deck, were given only to the students in the 
intervention group, who were given instructions to keep 
them private. Both groups were added to the respective 
WhatsApp group chats for daily feedback. This feed-
back ensured that the intervention group had no trouble 
using the new Anki flashcards. The total study time given 
to both groups was four weeks to ensure that all topics 
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were studied thoroughly by both groups, and enough 
time was given for learning and retaining the provided 
information.

Development and validation of assessment questions
Seventy-five one-best multiple-choice questions (MCQs) 
were developed based on the learning objectives of the 
four topics selected. Particular attention was given to 
ensuring that all questions not only required factual 
recall but also involved critical thinking for problem-
solving and applying objective knowledge.

A tool for MCQ validation was created for the expert 
panel to use, consisting of a four-point rating scale for 
each item assessing the level of agreement (strongly dis-
agree, disagree, agree, strongly agree) based on relevance, 
content, and clarity. This tool was sent to the expert panel 
through email for review and validation. After incorpo-
rating expert feedback, 50 MCQs were approved and 
finalized for the pretest and post test assessments. These 
50 questions were also validated according to exam 
weight and learning objectives.

Data collection
The Quizizz online quiz website (quizizz.com) was used 
for the pretest and post test assessments in both inter-
vention and control groups, which consisted of the 50 
validated MCQs.

Participants and faculty members were informed of the 
date, location, and timing of the pretest assessment along 
with test instructions via email. On the day of the pre-
test assessment, the students were asked to sign an atten-
dance sheet and sign up for the test using their names and 
roll numbers. The pretest was administered through the 
Quizizz website. Each MCQ was given 90  s to attempt, 
leading to 1 h and 15 min for the pretest assessment of 50 
MCQs. Four faculty members were involved in the invig-
ilation to ensure fair conduct of the examination.

After four weeks of study, a posttest assessment was 
performed. The participants and faculty members were 
again informed of the date, location, and timing of the 
post test assessment along with the test instructions via 
email. The post test assessment was the same as the pre-
test assessment. Similarly, each item was given 90 s, and 
1 h and 15 min were given for the entire post test. On the 
day of the post test assessment, the students were told 
to sign an attendance sheet and sign up for the post test 
assessment by name and roll number. Four faculty mem-
bers were involved in the invigilation to ensure fair con-
duct of the examination.

Ethical considerations
Student names were kept anonymous since coding was 
used to mask their names. No one had access to the 
data except the data reviewers. All hard copies of the 

consent forms were kept in a locked file, and the assess-
ment results were password-protected on a computer. 
Both assessments were formative and did not affect their 
rotation performance assessment. After the post test 
assessment was completed, the Anki flashcard deck and 
instructions were provided to all the students, includ-
ing those in the control group, in case they wished to use 
them later to prepare for their summative assessment.

Data analysis
The Statistical Package for Social Sciences (SPSS) ver-
sion 19 was used to analyse the data. All inferential analy-
ses were two-sided, and p values < 0.05 (95% confidence 
level) were considered to indicate statistical significance. 
For pretest and post test assessment results, quantitative 
data are reported as the mean ± SD, whereas for qualita-
tive variables, frequencies are reported as percentages. 
Content validity evidence (ToS) was obtained from con-
tent experts (Appendix V). Reliability was determined 
using Cronbach’s alpha for both pretest and posttest 
assessments.

An independent sample t test was used to determine 
the difference between the two groups (intervention 
versus control) between the pretest and posttest assess-
ments. A paired t test was used to independently mea-
sure the differences between the pretest assessment 
results and posttest assessment results of the two groups 
(intervention and control). Figure 1 depicts the inferen-
tial strategy utilized.

Results
Of 145 year 5 BUDMC medical students, 115 agreed to 
participate in the study for pretest and posttest assess-
ments. Participant characteristics and test results are 
shown in Table 1. Among these, 45 (41.7%) were from the 
control group, and 70 (59.1%) were from the intervention 
group. Overall, among all participants, 77 (65.8%) were 
female, and 40 (34.2%) were male.

Overall, for all participants, the mean pretest score was 
27.94 ± 4.185, while the posttest score was 29.41 ± 5.04. 
There was no significant difference in the pretest scores 
between the intervention and control groups (p = 0.973). 
However, a significant difference was found between 
the posttest scores between both groups, with the inter-
vention group scoring higher, with a mean score of 
30.86 ± 4.56, while the control group scored lower, with a 
mean score of 27.93 ± 4.53 (p < 0.001).

A comparison of the pretest and posttest results using 
a paired t test is shown in Table 2. Overall (need info for 
overall if there was a significant difference). For the con-
trol group, there was no significant difference between 
the pretest and posttest scores (p = 0.275). However, for 
the intervention group, the posttest score was signifi-
cantly greater, with a mean of 30.86 ± 4.56, than the mean 
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pretest score of 27.93 ± 4.53 (p < 0.01). The reliability 
analysis using Cronbach’s alpha for the pretest was low 
(0.466), while for the posttest, it was high (0.717).

Discussion
Effective learning and recall of essential pediatric medi-
cine concepts to perform well in a clinical setting is vital 
for medical students. Educators and students employ 
various teaching and learning methods to enable effi-
cient learning and recall of complex concepts. Our study 
showed that compared to students in the traditional 
learning methods group, students in the intervention 
group using spaced repetition performed significantly 
better on their posttest assessments than on their pre-
test assessments. Although statistically, posttest scores 
showed high reliability, pretest scores demonstrated low 

reliability, which may be due to no or minimal prepara-
tion of the students for the pretest assessment.

Our study demonstrated the efficiency of using Anki 
flashcards for spaced repetition as an effective tool for 
learning pediatric medicine topics compared to tradi-
tional learning methods. Our study revealed that not 
only does space repetition lead to more effective learn-
ing, but students also tend to score higher due to this 
learning method. A recent blog by Lecturio, a commonly 
used study platform by medical students, agrees with our 
findings and states that using flashcards leads to active 
recall of knowledge, which has been shown to be more 
advantageous in retaining information than other pas-
sive learning methods [10]. Compared to basic sciences 
subjects of medicine, which require extensive studies of 
minute factual details, several studies have also shown 
flashcards to be practical learning tools for retaining vast 
amounts of factual knowledge [7, 11, 12]. Interestingly, 
Lu et al. also found that using Anki flashcards for spaced 
repetition resulted in higher scores on the United States 
Medical Licensing Exam (USMLE) Step 1 exam, which 
is heavily based on fundamental scientific factual knowl-
edge [13].

Similarly, in clinical fields requiring more application of 
knowledge than just factual recall, the use of flashcards 
has also been shown to improve performance scores and 
retention, such as in the fields of obstetrics and gynae-
cology, radiology, psychiatry, urology and otolaryngol-
ogy and internal medicine [14–19]. With respect to the 
field of pediatrics in particular, most studies performed 
to show the effectiveness of spaced repetition have been 
conducted mainly at the postgraduate and professional 
levels. For instance, in contrast to our study findings, 
a study performed on pediatric residency trainees by 
McConnery et al. using spaced repetition learning did 
not show improved performance on assessment [20]. 

Table 1  Comparison of participant characteristics and test 
results between the control and intervention groups
Test Results All 

Participants
(n = 115)

Control 
Group
(n = 45)

Interven-
tion Group
(n = 70)

p value

Pretest 
(Mean ± SD)

27.94 ± 4.18 27.96 ± 3.69 27.93 ± 4.53 p = 0.973

Posttest 
(Mean ± SD)

29.41 ± 5.04 27.22 ± 5.02 30.86 ± 4.56 p < 0.001

Note: p value significant < 0.05

Table 2  Comparison of pretest and posttest results within 
participant groups
Participants Pretest Result

(Mean +/- SD)
Posttest Result
(Mean +/- SD)

p value

All Participants (n = 155) 27.94 ± 4.18 29.41 ± 5.04 -
Control group (n = 45) 27.96 ± 3.69 27.22 ± 5.02 0.275
Intervention group (n = 70) 27.93 ± 4.53 30.86 ± 4.56 < 0.01
Note: Note: p value significant < 0.01

Fig. 1  Plan for inferential analysis
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However, they noted that barriers such as limited time 
and limited participation may have hampered learning. 
Similarly, in another study related to pediatric acute ill-
ness management, after observing 12 critical illness sce-
nario demonstrations, which were spaced fortnightly, 
learners demonstrated improved pediatric resuscitation 
skills [21].

Most studies on spaced repetition tend only to assess 
direct recall, especially those performed with students 
from undergraduate medical schools. In comparison, 
our study made a conscious effort to evaluate students 
not only for factual recall but also for problem-solving 
and clinical application of knowledge. Only a few studies 
in the literature have also assessed the problem-solving 
skills of students at the undergraduate level. One such 
study by Tshibwabwa et al. was conducted in second-year 
preclinical students at the American University of Medi-
cine, in which they used spaced learning in radiology 
as part of an integrated curriculum. As a result, spatial 
learning enhances the retention of radiological concepts 
and improves problem-solving and radiological assess-
ment skills [22].

Furthermore, with the South Asian region under the 
spotlight, we found very little research on spaced learn-
ing methods in medical education. Of the few studies we 
observed from the region, two were performed in India 
and showed improved learning using spaced repetition 
among undergraduate students [23, 24]. However, unfor-
tunately, no study has been conducted in Pakistan, a 
country with a significantly increasing number of medi-
cal students and physicians produced per year [25]. In 
Pakistan, medical education in medical universities pri-
marily relies on traditional methods of teaching, such as 
using medical books and lectures. Although these meth-
ods may be good learning tools, medical colleges should 
integrate spaced repetition into their curriculum to make 
teaching and learning more effective. In a low- to middle-
income country such as Pakistan, using premade digital 
flashcard decks for various subjects may be a more cost-
effective learning tool for medical students than buying 
expensive medical books to obtain the same information. 
Furthermore, spaced repetition can also be more time 
efficient during revision periods since it can help students 
focus more on key points and revise weak areas rather 
than the information the student already knows well.

In our study, we also identified specific pediatric top-
ics that are difficult to recall in a clinical setting but are 
undoubtedly crucial to remember, such as developmen-
tal milestones, malnutrition, immunization, and IMN-
CIs. Our results showed that students using traditional 
learning methods struggled more to retain this infor-
mation, as reflected in their posttest assessment scores. 
Similarly, a cross-sectional study conducted at Sultan 
Qaboos University, Muscat. Studies on the perceptions 

of undergraduate medical students toward Integrated 
Management of Childhood Illness (IMCI) Preservice 
Education have shown that five-year-old medical stu-
dents need more knowledge regarding IMNCIs [26]. 
Another cross-sectional study aimed at assessing the 
nutritional knowledge and attitudes of medical students 
at King Abdul-Aziz University, Jeddah, Saudi Arabia, 
demonstrated that participants needed better knowledge 
regarding malnutrition in children [27]. These findings 
indicate that medical students struggle to retain critical 
yet factual concepts related to pediatric health, which 
will ultimately affect their performance in their clinical 
rotations and future training. Using improved learning 
techniques, such as spaced repetition, will aid in retain-
ing minute yet important information and can produce 
more competent physicians who recognize and promptly 
address childhood illnesses, improving underfive child-
hood mortality.

The strengths of our study are that it is the first study 
of its kind on the use of spaced repetition from Paki-
stan and the first study of undergraduate medical stu-
dents studying paediatric medicine. Our sample size 
included the entire class. An expert panel also validated 
our assessment content and questions. Both the inter-
vention and control groups were given the same content 
to study (although in different forms) to ensure fairness 
in the knowledge provided. We used WhatsApp group 
chats to ensure that the intervention group completely 
understood how to use the new learning technology, with 
daily feedback on several cards reviewed to ensure the 
completion of cards by the intervention group. Our study 
also employed pretest and posttest assessments, which 
enabled us to determine the difference between the two 
groups under similar testing environments. The MCQs 
used in the assessment not only involved factual recall 
but also included critical thinking and problem-solving 
skills.

Our most significant limitation is that this was a single-
institute study, and we could not include a larger sample 
size, which could have led to a more robust analysis. Fur-
thermore, if we extended the time for learning for more 
than four weeks, we may have shown improved assess-
ment outcomes. Another limitation of our study is that 
due to time constraints, we could not study the long-
term effects of using spaced repetition on final summa-
tive or end-of-year exams. Another limitation was that 
the students were informed that the assessment scores 
of the pretest and posttest assessments were formative 
only. A qualitative aspect of this study could have been 
included in which students reported their perception of 
the effectiveness of their respective learning tools. It was 
also almost impossible to ensure that the intervention 
group students would not share the flashcards with their 
friends from the control group. In addition, we did not 
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assess clinical skills using spaced repetition and tested 
only clinical knowledge.

Conclusion
Currently, there is more literature about the use of spaced 
repetition in undergraduate medical students, especially 
in South Asia. Our study, which was conducted in an 
undergraduate medical program in Pakistan, showed that 
spaced repetition via Anki flashcards resulted in signifi-
cantly higher scores for medical students studying pae-
diatrics than for students using more traditional learning 
methods, compromising medical books and lectures. 
Considering that medical students need to retain a vast 
amount of information, using spaced repetition through 
flashcards can be a more effective learning tool and is 
more cost-effective and time-efficient than traditional 
learning methods.
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