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1 | INTRODUCTION

ABSTRACT

Medical students are faced with many unprecedented challenges,
one of which is the large amount of material they are required to learn
and retain. While effective learning strategies have been thoroughly re-
searched, stress levels amongst medical students remain very high due
to perceived failure to retain material, suggesting that novel methods of
implementing such existing strategies are required. Aside from stress lev-
els, additional challenges in medical education include the incorporation
of inconsistent testing methods and the challenge of accommodating dif-
ferent learning styles and preferences. A more evidence-based approach
that aims to cover many learning styles at once may be desirable. The aim
of this commentary is to present some of the current learning and teach-
ing strategies utilized within medical education across the world and to
promote a novel supplementary approach to medical education involving
a variable ratio incentive-based system of active recall and spaced repe-
tition. This system aims to reward small achievements throughout the
semester and complements formal structured examinations in order to
motivate students. While this model has yet to be tested, we hope to
motivate medical faculty to pilot a program with these evidence-based
strategies in mind.
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science acquisition (termed pre-clerkship years) fol-

lowed by two years of clinic-based application (termed

The traditional medical curriculum offered in North clerkship years) (1). Although this structure has been

America typically consists of two years of lecture-based repeatedly shown to prepare medical students success-
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fully for a career in healthcare, the curriculum, specifi-
cally the lecture-based pre-clerkship years, may consist
of learning objectives too copious and too advanced to
truly benefit medical students at the introductory level.
(2) To combat this, there has been a trend to transition
from traditional lecture-based approaches to practical
problem-based learning which combines basic science
knowledge with clinical skill development. (3) In addi-
tion, medical schools have taken the initiative to study
and implement flipped classroom teaching methodolo-
gies in which students are given the time to indepen-
dently explore study topics before group sessions. (4)
This method uniquely features the student as a leader;
meanwhile, the instructor acts as a facilitator rather
than an educator. This movement towards a student-
centered approach is ideal because it adequately pre-
pares students for real-life situations that they will face
throughout their medical career. (2) The aim of this
commentary is to present some of the current learning
and teaching strategies utilized within medical educa-
tion across the world and to present a novel supplemen-
tary approach to medical education involving a variable
ratio (VR) incentive-based system of active recall (AR)
and spaced repetition (SR). This paper introduces a rec-
ommendation to supplement already existing study and
testing techniques utilized by medical schools. Although
it has not yet been tested, the aim is to inspire medical
school administrations to pilot a program that incorpo-
rates such study techniques in order to provide experi-
mental evidence to compare with the supporting theo-
retical data.

1.1 | Challenges Faced by Medical
Students

Despite numerous advancements in education, medi-
cal students are still presented with an overwhelming
volume of material that they must comprehend and re-
tain. Moreover, physicians are life-long learners; as such,
their medical education should serve as the backbone
on which continued learning stands. (1) That being said,
studies have shown that simply reading and explaining

lecture content to oneself is a suboptimal and superfi-

cial learning method for long-term retention of informa-
tion. (5) Increased academic demand paired with seem-
ingly inefficient learning strategies have been shown to
contribute to anxiety, feelings of inadequacy, inability
to cope, self-doubt, and intellectual fraudulence which
has become known in academic circles as “imposter syn-
drome”. (6) Difficulty coping with this stress can pro-
mote thoughts of dropping out and cause a deteriora-
tion in academic performance. (7) Even more concern-
ing is the rates of psychological comorbidities such as
depression and suicidal ideations seen among medical
students. A meta-analysis of nearly 63 000 medical stu-
dents internationally found that 33.5% of medical stu-
dents reported feelings of depression within their first
year with that number dropping slightly to 23.5% to-
wards the end of their medical education (8). This is sig-
nificantly higher than the range of 8.8-9.6% of young
adults with depression reported by the Journal of the
American Academy of Pediatrics (9) Also of concern is
the need that medical students felt to spend the major-
ity of their time studying and the feeling of guilt when-
ever they engaged in other activities during their spare
time. (10) A qualitative study looking at medical stu-
dents’ perception of stress found that students began
compromising their health by not exercising or manip-
ulating their sleep schedules in order to keep up with
their studies. (10) Similarly, a cross-sectional study ad-
ministered a questionnaire to 700 international medical
students and found that nearly 50% of a medical student
cohort self-reported psychological distress throughout
their medical school education. (11) High levels of ex-
haustion are often associated with increased medical
mistakes, negative attitude toward patients, burnout,
and reduced likelihood of success in the healthcare field.
(12, 13)

2 | CURRENT TESTING METHODS

Many different testing methods are currently being uti-
lized by medical schools across the world. Some of these
methods include but are not limited to essay style ques-

tions, multiple choice exams, group projects, matching
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items, case assessments and Objective Structured Clini-
cal Exams (OSCE). (14) It has been suggested that there
are important factors for faculties to consider prior to
choosing which method would work best for their co-
horts such as what material is to be assessed, the rea-
son behind the assessment, and the validity and reliabil-
ity of such methods. (14) For example, although patient
management problems, which stimulates a clinical envi-
ronment, asks students to pick the appropriate solution
and provides them with the results of the action they se-
lect, seem to be heavily relied upon by medical schools
as the preferred testing styles, they have been shown
to lack face validity. (15) In fact, utilizing a method such
as multiple-choice questions yielded better outcomes
for students, with better reliability and validity in prac-
tice. (15) In addition, even within multiple choice testing,
the number of choices has been a topic of discussion
and multiple papers have proposed different ideas for
the optimal number of selections. (15) Furthermore, ex-
tended discussions have also taken place with regards to
implementing open-ended questions in written summa-
tive assessments, in which a definitive conclusion about
its use was difficult to make. (16) On the other hand, a
literature review assessing study strategies found that
medical students who engage in self-directed retrieval
methods with spaced repetition perform better on for-
mal examinations that assess clinical knowledge. (17)
Another study recruited 72 medical students to com-
plete a survey regarding study strategies which showed
the benefits of retrieval practice in a classroom setting
and illustrated advantages of utilizing many spaced repe-
tition initiatives. (18) While there has not been a consen-
sus on the best testing methods for medical schools, it
appears that some strategies have shown more promis-
ing outcomes than others.

2.1 | Current Studying Techniques

Medical school students must commit long hours to
understand, retain, and apply the large amount of in-
formation which is taught throughout their education.
(19) Although each student differs in their approach

to learning, there are several common trends in the

study techniques utilized by medical students around
the world. According to a study investigating medical
students’ study habits, the overwhelming majority of
students (77%) utilized self-made summary notes based
on lecture material which they then committed to mem-
ory. (20) Others utilized a slightly more advanced learn-
ing strategy by designing charts, tables and flow-charts
into their notes. However, only 27% of participants used
evidence-based active learning strategies. (20) A study
method that is gaining much traction is Anki - an open-
source program designed to reinforce concepts by im-
plementing knowledge retrieval via flashcards. Anki is
designed to allow students to self-assess their knowl-
edge (i.e., if they feel the concept to be “easy”, it will not
be tested for a longer duration than a concept that is
deemed “hard”). A literature review study conducted in
the United States showed that students who self-test
in preparation for exams often use traditional multiple-
choice strategies while only 31% of students used Anki
as a preparation tool, despite being associated with
higher scores on formal examinations. (17) Another suc-
cessful study strategy, albeit uncommon, is by utilizing
case-based learning. This was shown to be positively
correlated with exam results in a medical student cohort
during their emergency psychiatry learning section. (21)
Although studies have shown the advancement of stu-
dents towards evidence-based learning strategies such
as active recall and spaced repetition (22), a significant
portion of students remain dedicated to the traditional
methods of studying.

2.2 | Barriers to Change in Medical
Education

The many challenges that medical students face are not
foreign to medical school faculty. However, implement-
ing new learning strategies has proved challenging due
to a lack of resources and limited time. (23) A great
deal of consideration must be taken prior to making
changes in a medical school curriculum to ensure it ap-
propriately accommodates for the students’ needs. Im-
plementation of new curricula would require constant

evaluation by faculty members, frequent communica-
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tion and feedback between faculty and students, train-
ing support to faculty members, an evaluated reward
structure, and prevention of a drop in the students’ per-
formance as they adapt to a new strategy. (23) Even
after these changes are made, ensuring smooth imple-
mentation and efficiency of a novel approach is a time-

consuming and resource-consuming endeavour. (5)

3 | EVIDENCE BASED LEARNING
STRATEGIES

Although many studies have thoroughly investigated
evidence-based learning methods, some proven learn-
ing strategies are not a standard component of current
medical education. (24) One such strategy is Active Re-
call (AR), in which a student is prompted to recall infor-
mation through techniques such as flashcards. This has
been repeatedly proven to be superior to recognition
strategies such as those utilized by multiple choice style
questions. (25) In fact, even If students fail to correctly
answer a question, active recall learning strategies have
been shown to optimize retention of information when
compared to other strategies. (24) The second method
of learning is Spaced Repetition (SR), which individual-
izes questions to the learner. (27) In other words, con-
cepts with which the learner is struggling are repeated
more often than concepts that have been mastered. (27)
This has been shown to maximize the efficiency of study
time and optimize long-term retention. (26) Addition-
ally, expanding retrieval practice is a technique which
can be combined with spaced repetition and active re-
call for optimal results. (26) This involves gradually in-
creasing the time interval between testing sessions and
has been proven superior to other study strategies. (27)
Moreover, if students are consistently participating in
such retrieval practice, the information they retain will
be accurate and resistant to extinction, relative to other
methods of study. (24)

3.1 | Incentivized Learning

Therefore, such methods of learning are effective for
students to grasp and engage with the new content. De-
spite this, they are not actively used in traditional med-
ical school curricula. (4) As such, students who may be
currently applying this method of learning must do so
independently, without any direct means for reinforce-
ment or reward. There are many methods of reinforce-
ment that motivate individuals to engage in a certain
task. According to the psychology textbook, The Psy-
chology Around Us (28), reward strategies are typically
characterized into four categories: 1) Variable interval
(V1) in which a response is rewarded after an unpre-
dictable amount of time has passed. 2) Variable ratio
(VR) in which a reward is given after an unpredictable
number of responses. 3) Fixed Interval (Fl) in which the
participant is rewarded after a specific amount of time
has passed. 4) Fixed ratio (FR) in which reinforcement
occurs after a specific number of responses. Although
constant reinforcement has proven to be successful for
the early stages of learning, optimal long-term retention
of information is achieved most rapidly through VR re-
inforcement schedules. (29) Along with being the most
effective as a motivational strategy, VR has also been
identified as the method that is most resistant to extinc-
tion. (28)

4 | INNOVATIVE INTEGRATIVE SO-
LUTION

Based on these evidence-based learning and reward
strategies, we propose a system which uses an incentive-
based approach to motivate students to engage in daily
self-testing and recall activities. Students will be marked
on completion of the activities and would receive pos-
itive reinforcements in the form of grades, delivered
through a VR schedule, which will count towards their
final semester marking scheme. This activity will be op-
tional as some students may not benefit from this addi-
tional intervention as they are already optimizing their
AR and SR strategies.
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4.1 | Implementation

While there are many ways students can implement AR
and SR strategies, one practical method we recommend
involves a VR reinforcement based on students’ daily
flashcard completion. This method uses a pre-existing
program named Anki, a free open-source software that
uses AR/SR algorithms to improve retention of informa-
tion through flashcards. (30) Many developers have cre-
ated public add-ons for users to increase productivity
and enhance program features. We chose to utilize Anki
as our primary program, instead of other applications,
as its resources are easily accessible online and free of
charge. In light of this initiative, we have developed an
add-on that keeps track of the daily number of cards
completed by students.

The decks may be pre-made by senior students or fac-
ulty members. However, the faculty will be responsible
for standardizing decks to ensure high quality and fair
assessment. Medical schools will be able to modify the
minimum required number of cards per day. Moreover,
the faculty will also be able to modify the amount of con-
tent that should be covered per session. For instance,
one school may choose to utilize a cumulative format
whereas another may prefer shorter, non-cumulative
testing strategies. For this reason, decisions will be left
up to individual schools to adjust the add-on in accor-
dance with their unique objectives and teaching goals.
At the end of each successful day, the add-on will auto-
matically reward students with a grade percentage using
a VR reinforcement system. For example, a student may
successfully complete their decks for two days and re-
ceive a reward on the third day in the amount of 0.5%.
Meanwhile, another student will receive their reward on
the fourth successful day. This will motivate students
to continue using the decks on a daily basis as they do
not know when the reward will be given. The addition
of all rewards will maximally equate to 10% by the end
of the semester (or the agreed-upon percentage by the
faculty). The mark will then be incorporated into the tra-
ditional semester marking scheme to incentivize daily
completion of cue cards. Depending on the medical

school, the way students acquire cards may differ. Some

schools may choose to provide students with faculty-
reviewed cards, student-curated decks, or United States
Medical Licensing Exam (USMLE) decks found online
free of charge. Alongside establishing a question bank,
there also needs to be time dedicated to educating stu-
dents about this initiative and incorporating it into the
traditional marking scheme. Medical schools will need
to adequately educate students on the benefits of such
initiative and provide them with training for the desig-

nated software.

In addition to utilizing evidence-based learning
strategies and an incentivized participation system, this
method provides some additional benefits. First, by
incorporating an evidence-based approach to learn-
ing and reward, medical schools could potentially as-
sist students in coping with new academic challenges.
This would be achieved by shifting the yearly marking
scheme from a traditional examination approach to a
more engaging daily incentive building initiative. Re-
search has shown that, among other factors, participa-
tion and high self-efficacy beliefs among medical stu-
dents contributed to higher test performances and in-
creased motivation for learning. (31) As such, partic-
ipation in the proposed activity will allow students to
be constant participators and will provide rewards. This
will increase self-efficacy and motivation, leading to bet-
ter overall performance. Furthermore, given the data
collected by the software, it will be possible to track
the progress of students and to acknowledge the ma-
terial that students find difficult. Faculty can then use
this knowledge when updating or designing exams or
other assessments. Moreover, faculty can determine
large areas of content that are difficult for students to
grasp and dedicate more time and resources to teach-
ing this in future years. The discussed method should
not consume much of the staff’s limited time as it will
only require the initial setup of the question bank, which
can be re-used each year. The questions may be modi-
fied over the years as the medical school curriculum ad-
vances and adapts. However, the bulk of the curriculum
should remain relatively unchanged as it represents well-

established scientific principles.
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FIGURE 2
given course period.

5 | LIMITATIONS

Despite the presented effectiveness of AR/SR learn-
ing strategies, certain limitations pertaining to our ini-
tiative need to be addressed. First, since this activity
will be done outside the classroom, students may be in-
clined to simply guess or randomly select answers to
obtain participation marks. However, by doing so, stu-
dents will not benefit from AR/SR and would be misus-
ing their time. It is important to note that AR/SR are
effective learning strategies because they are personal-
ized to the individual’'s knowledge. (24) It is therefore
necessary to initially educate students on the efficacy
of such evidence-based approaches to incentivize par-
ticipation. Additionally, the purpose of this study tech-

nigue is not limited to assessing current knowledge, but

(A) Grade percentage given for flashcard session review (end of day); (B) Total grade output screen for

rather to encourage students to actively participate and
become engaged in the subject material. This rationale
is supported by the fact that benefits from AR/SR occur
even when responses are not correct. (24) Moreover,
the implementation of electronic flashcards may not be
suitable for all students, particularly auditory learners.
While this initiative may work best for specific groups of
students, we believe the concept of utilizing AR and SR
should be promoted, even if it is through other means.
In the future, we hope to be able to incorporate more
Anki add-ons that incorporate different learning strate-
gies. By adding options such as auditory cards or incor-
porating videos into the explanation of answers, we di-
versify this learning strategy to more types of learners
and facilitate a more inclusive environment. The AR/VR
strategy also has the potential to motivate more stu-



Aziz Rizk et al.

MJM |,

dents to begin and commit to these learning strategies.
Although the AR/SR/VR initiative could increase stu-
dent workload, we recommend that routine feedback
surveys be implemented to allow faculty to meet the
needs of their cohorts and adjust accordingly. As this is
paper simply recommends a technique that has not yet
been tested in medical education, there are quite a few
unknowns. Future studies are needed to comprehend
the usefulness of this proposed intervention. Feedback
forms are one method that may be utilized to evaluate
the student interest and participation in this program.
However, experimental studies should be considered to
discern true effectiveness by looking at variables includ-
ing but not limited to: Mental health and well-being of
medical students (through self-reported feelings of anx-
iety, depression, imposter syndrome etc.), scores on ex-
ams focused on knowledge acquisition (specifically in
the pre-clerkship years), and clinical application skills in

clerkship years.

6 | CONCLUSION

Medical education involves a substantial amount of con-
tent that must be comprehended and applied success-
fully before a student can proceed to the next phase of
their training. In this paper, we proposed an evidence-
based learning approach in which students are moti-
vated to continuously recall content through AR and
SR methods. By providing VR incentives in the form of
participation grades, students are encouraged to partic-
ipate in these strategies, which have been proven to in-
crease the persistence of students and minimize extinc-
tion. (27) Successful implementation of new strategies
will require collaboration among medical school faculty
and students. We, therefore, recommend that medical
educators implement this strategy and tailor it to their
specific curriculum and mission statements.
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