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Abstract

Basic sciences are a cornerstone of undergraduate medical education (UME) as they provide a necessary foundation for the
clinical sciences to be built upon and help foster trainees’ competency. However, research indicates that students’ basic science
knowledge is not well retained, and as a result, students are ill-prepared, with respect to their basic science knowledge, when
entering clerkship. One potential reason why students may not be prepared for clerkship is a lack of understanding as to which
basic science concepts are critical for medical students to retain from pre-clerkship. We facilitated interviews with all core UME
clerkship directors to establish which basic science concepts they expect students to know prior to each clerkship rotation, along
with student’s basic science strengths and areas of improvement. Interviews revealed that students are expected to have some
knowledge of every basic science prior to clerkship, with pharmacology being a strong focus, as many specialties deal with
common drugs and classes of drugs. Additionally, general anatomy and physiology knowledge were deemed student strengths in
two rotations. Clerkship directors focused on perceived areas of improvement more than perceived strengths, with the most
prevalent areas being pharmacology, microbiology, and detailed anatomy. These results represent views of clerkship directors
from one Canadian institution; however, since clerks rotate through institutions across Canada, this data provides the impetus for
creating a national discussion to help foster standardization of UME curricula, with the overarching goal of ensuring all graduates
are proficient in the necessary fundamentals as they transition into residency.
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Introduction

The basic sciences are a fundamental component of undergrad-
uate medical education (UME) curricula, and pioneers of medical
education believe that the basic sciences provide a necessary
foundation in medical training [1-5]. Basic sciences are a corner-
stone of medical education, providing the framework upon
which the clinical sciences are built [2, 6-9]. In order to be
proficient in a clinical setting, students must first master normal
structure and function of the basic sciences, following which they
can start to create mental representations of diseases and concep-
tualize the relevant clinical concepts [4, 8, 10—12]. Not only do
the basic sciences create a solid foundation for the understanding
of clinical conditions [8, 12], but a strong basic science founda-
tion has also been associated with enhanced diagnostic accuracy
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in the clinic [4, 13, 14]. For patients that are presenting with
complex signs and symptoms that are not easily diagnosable,
trainees must rely on their basic science foundation in order to
interpret the clinical condition, problem solve, and ultimately
reach a conclusion [4, 11, 15]. The importance of a basic science
foundation holds true even as trainees are approaching clinical
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expertise, as basic science knowledge has also been shown to be
a vital element for practicing physicians and experts in the field
[16-18]. With the basic sciences essentially being the language
of medicine [19], trainees must be proficient in the necessary
fundamentals in order to navigate the exponentially increasing
body of both basic and clinical science medical research [4], and
ultimately keep up with today’s dynamic health care demands
[20, 21].

Abraham Flexner was a pioneer of medical education who
believed that basic science education was the cornerstone of
UME curricula [1, 2]. Flexner created a UME curricular mod-
el in which the first two years comprised basic science educa-
tion, followed by two years of clinical training [1, 5, 14, 22].
Nowadays, the importance of basic science rigor during pre-
clerkship continues to be supported by present-day educators
and learners as most Canadian medical schools follow an
adapted Flexnerian model of medical education in which the
basic and clinical sciences are integrated into the first two
years of study (pre-clerkship), with the remaining two years
focusing primarily on clinical training [6, 8, 12, 14, 19].
Regardless of this time-tested model [23], one challenge that
many curricula committees and educators are faced with is
determining which basic science content to include in pre-
clerkship. Currently, there is no core basic science curriculum
or standardized syllabus outlining which concepts are critical
for medical students to retain by the end of their pre-clerkship
training, and as a result, the basic science curricula tend to
develop and evolve independently at each institution [5].
Based on the literature, we know that pre-clerkship should
focus on fundamental basic science and medical knowledge
to prepare trainees for their future career [4, 16]; however, the
specific basic science concepts that students are expected to
know, and the depth in which they are expected to learn them,
have yet to be determined [4].

Furthermore, research demonstrates that students’ basic
science knowledge from their pre-clerkship training is not
well retained [12, 14, 24, 25], and there is a further decline
of trainees’ basic science knowledge as they progress through
their education [26]. This decrement of basic science knowl-
edge can unfortunately translate to a lack of overall compe-
tency as students complete their medical training, and can also
result in poor outcomes on medical board examinations [12,
17, 27]. Moreover, although the literature demonstrates that
teaching the basic sciences in conjunction with the underlying
clinical relevance can actually help foster students’ basic sci-
ence knowledge retention [28, 29], the integration of clinical
sciences into pre-clerkship decreases the time dedicated to the
basic sciences [30, 31], which may also negatively influence
students’ knowledge retention. Thus, based on the current
reported retention rates of students’ basic science knowledge,
we need to ensure trainees are retaining the relevant basic
science concepts, and are proficient in the necessary funda-
mentals prior to entering a clinical setting.
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As previously discussed, the goal of UME is to provide stu-
dents with the necessary knowledge and skills that will set them
up for clinical success after graduation. However, research indi-
cates that students training under present-day UME curricula
often display a lack of confidence and proficiency as they tran-
sition into a clinical setting, which is likely multi-factorial, but
may be due to a weak basic science foundation [30]. This lack of
clinical competence is echoed by research indicating that a num-
ber of newly minted medical graduates often feel unprepared for
clinical practice, with respect to their basic science knowledge
[32]. While there is variability among institutions and graduating
cohorts, the literature highlights that the number of students who
feel unprepared for practice, with respect to their basic science
knowledge, can range from 8% upwards of 81% [32-34], which
can unfortunately translate to a decreased quality of patient care
[32]. The lack of proficiency and basic science knowledge reten-
tion we see in current trainees may also be stemming from a
disconnect among medical educators within the various stages
of medical training, such as pre-clerkship and clerkship. While
these medical educators may consider all basic science content to
be important in UME, it remains unclear which basic science
concepts can lead to enhanced student performance in clerkship.
Therefore, by facilitating communication among pre-clerkship,
clerkship, and residency educators, we can hopefully improve
basic science education in UME, thereby promoting continuity
throughout a trainees” medical education and fostering student
success in a clinical setting.

Based on the necessity of basic science knowledge, the
current reported knowledge retention rates, and the percep-
tions of current medical graduates, there is a need for an edu-
cational model that ensures students are proficient and com-
petent in the necessary basic science fundamentals prior to
clerkship, and ultimately prior to graduation. The literature
has been focused on the expectations of students’ clinical
skills and competencies, such as professionalism and commu-
nication, prior to clerkship [35, 36]; however, the specific
basic science concepts that should be delivered in pre-
clerkship curricula, and the detail in which they need to be
taught, is currently unknown. Thus, the purpose of this study
was to determine which basic science concepts UME clerk-
ship directors expect medical students to know prior to enter-
ing each clerkship rotation, along with their perceptions of
current student strengths and areas requiring improvement,
with respect to their basic science knowledge.

Materials and Methods
Schulich UME Curriculum
The Schulich School of Medicine & Dentistry has two cam-

puses located in London, Ontario, Canada, and Windsor,
Ontario, Canada. Within the current UME curriculum at the
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Schulich School of Medicine & Dentistry, the basic and clin-
ical sciences are integrated into systems-based courses that
span years one and two. In year one, students study the basic
and clinical sciences in the following courses: Introduction to
Medicine, Blood, Infection & Immunity, Skin, Heart &
Circulation, Respiration & Airways, and Genitourinary. In
the second year of study, the basic and clinical sciences are
incorporated into Digestion & Nutrition, Endocrine &
Metabolism, Reproduction, Musculoskeletal System,
Neurosciences, Eye & Ear, and Psychiatry & Behavioral
Sciences. Following the first two years of study, students be-
gin clerkship year, in which there are six different core rota-
tions: pediatrics, obstetrics and gynecology (OB/GYN)), inter-
nal medicine, family medicine, psychiatry, and surgery
(Table 1). Students are also required to participate in an emer-
gency medicine and an anesthesia rotation, which are manda-
tory sub-rotations of internal medicine and surgery,
respectively.

Clerkship Director Interviews

Schulich’s basic science pre-clerkship UME curriculum course
objectives were reviewed by two authors including a UME
assistant professor and a doctoral student. The objectives were
used as a framework to create an interview questionnaire. Prior
to implementation, the interview questionnaire was reviewed
by an educational researcher at The University of Western
Ontario to ensure the questions were impartial and targeted
towards the basic science pre-clerkship curriculum. The ques-
tionnaire comprised inquiries that assess clerkship director’s
expectations of students’ basic science knowledge, along with
clerkship director’s perceptions of current student strengths and
weaknesses, and included questions such as “Which basic sci-
ence concepts are students expected to know coming into this
clerkship rotation?”, along with more targeted questions such
as, “Which, if any, specific developmental conditions, fetal or
embryonic, are students expected to have the fundamental
knowledge of, in terms of identifying and explaining the ana-
tomical basis, prior to entering the rotation?”. Depending on the
clerkship director’s answers, follow-up questions, such as
“Which developmental conditions do you feel students struggle
with the most?”’, were asked.

Using the questionnaires as a guide, 1-h interviews were con-
ducted with UME clerkship directors from both London and
Windsor campuses for the six core clerkship rotations: family
medicine, internal medicine, OB/GYN, surgery, pediatrics, and
psychiatry. The clerkship directors of the two core sub-rotations,
anesthesia and emergency medicine, were also interviewed. Each
campus has 1-2 clerkship directors for each rotation; thus, the
number of clerkship directors present at each interview varied
(Table 2). Interviews were audio-recorded (using QuickTime
Player—Audio Version 10.4), following which the interviews
were transcribed. A codebook based on the six core basic

Current Schulich School of Medicine & Dentistry Undergraduate Medical Education sample academic calendar for pre-clerkship and clerkship

Table 1

Schulich UME Academic Calendar

Genitourinary

Respiration & Airways

Heart & Circulation

Skin

Blood Infection & Immunity

Introduction to Medicine
Digestion & Nutrition

Pediatrics

Year 1

Neurosciences, Eye, & Ear

Musculoskeletal System

Endocrine & Metabolism

OB/GYN

Year 2

Surgery

Psychiatry

Family medicine

Internal medicine

Year 3, clerkship

Anesthesia

Emergency med
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Table 2 Breakdown of clerkship
directors at each Schulich campus
who were interviewed

Family medicine  Internal medicine ~ OB/ Surgery  Pediatrics  Psychiatry
GYN
London, ON 1 1 2 1 2 2

Windsor, ON 1

sciences was created and used as a template (Table 3). During the
interview process, certain basic science themes emerged, such as
genetics and immunology, and these themes were included in the
codebook as subcomponents; however, the subcomponents were
not part of the interview questionnaire and so not all clerkship
directors were asked about these subcomponents.

The interview transcripts were then coded by two re-
searchers (using ATLAS.ti software Version 1.6.0) according
to the template in Table 3, and into the following categories:
(1) which basic science concepts clerkship directors deemed to
be necessary and (ii) perceived student strengths or (iii) per-
ceived areas requiring improvement with respect to basic sci-
ence knowledge (Fig. 1). It should be noted that Nutrition and
Imaging are not classified as basic sciences; however, these
topics were discussed with the clerkship directors as they are
an integral part of UME curricula and an essential link be-
tween the basic and clinical sciences [37, 38].

Statistical Analysis

Using the coding data output from ATLAS.ti, frequencies of the
basic science themes were calculated for each clerkship rotation
based on the averages between the two coders. Intraclass corre-
lation coefficients (ICC) were used to assess the inter-rater

Table 3
directors

Basic sciences and sub-components discussed with clerkship

Core basic science Component of core basic science

Anatomy Gross anatomy
Embryology/fetal development
Histology

Imaging

Neuroanatomy

Biochemistry

Immunology

Biochemistry
Microbiology Microbiology
Pathology Pathology
Imaging
Immunology
Pharmacology Pharmacology
Immunology
Physiology Physiology
Genetics

Immunology
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reliability of codes, and the average measures of the ICC tests
were reported. Intraclass correlation coefficient statistical analy-
ses were performed in SPSS using a reliability measures, two-
way mixed model (IBM SPSS Version 21; Armonk, NY, USA).
The following ICC intervals were used to define the magnitude
of reliability [39]: ICC < 0.4 =poor; 0.4 <ICC < 0.59 = fair;
0.60 < ICC <0.74 = good; ICC > 0.74 = excellent.

Results

The themes depicted in Fig. 2 demonstrate the prevalence of
each basic science appearing in the transcribed interviews from
all six core clerkship rotations and the two sub-rotations of
anesthesia and emergency medicine. Overall, data revealed that
students were expected to have some knowledge of every basic
science prior to entering clerkship year. More specifically, phar-
macology was the most prevalent, and biochemistry was the
least prevalent, with respect to which basic science concepts
third-year medical students are expected to know prior to enter-
ing clerkship. The ICC indicated excellent reliability (> 0.89) of
the coding data for each clerkship rotation.

Interview transcripts indicated that pharmacology had the
highest frequency rate in four clerkship rotations: internal
medicine, surgery, family medicine, and psychiatry. The clerk-
ship directors of these rotations identified classes of drugs,
drug dosing, and drug interventions as fundamental pharma-
cological concepts that undergraduate medical students should
know prior to entering clerkship year. Contrary to this, bio-
chemistry was only deemed necessary by the OB/GYN clerk-
ship directors, and this was in regard to hormones and hor-
mone structure. Directors of surgery and pediatrics rotations
deemed the anatomical sciences of higher importance com-
pared with other basic sciences. Some examples of gross an-
atomical and embryological concepts highlighted were arterial
supply, innervation, anatomical relationships, normal embry-
ological development, and malformation. Histology and neu-
roanatomy were seldom mentioned by clerkship directors as
these topics tend to become more of a focus in upper year
selectives. The data also demonstrated that pathology and
physiology knowledge is expected in every rotation. The most
prevalent pathologies identified by the clerkship directors
were pneumonia, chronic obstructive pulmonary disease, dia-
betes, hypertension, and polycystic ovarian syndrome. These
conditions were supported by the physiology concepts
deemed necessary by clerkship directors, such as heart and
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Fig. 1 Example of coding the “...we would expect them to
pediatrics interview according lo know fetal circulation, along
which basic science concepts the ‘ ‘ ’ — MB
clerkship directors deemed with fetal development, and how E RYOLOGY
necessary for students to know alterations may be lead to
prior to entering their rotation abnormalities...I also think
infections are important for them MICROBIOLOGY
to know along with side effects
o ~ PHARMA
and toxicity of common drugs.” P COLOGY

lung physiology, IV fluids, ovulation, and the underlying
physiology of cellular dynamics and the coagulation cascade.
Furthermore, microbiology concepts of infection, abscesses,
and common bacteria were deemed necessary by family med-
icine, internal medicine, emergency medicine, OB/GYN, sur-
gery, and pediatrics directors. Microbiology was not identified
by the psychiatry or anesthesia clerkship directors, as they
indicated that they typically do not deal with microorganisms
within their respective specialty.

Nutrition and imaging are not classified as core basic sci-
ences; however, these topics were also discussed with clerk-
ship directors as they are an integral part of pre-clerkship and
must be integrated with the basic and clinical sciences [35,
36]. With respect to imaging, understanding the benefits and
drawbacks of different imaging modalities, along with an ap-
proach to a chest x-ray, were the main concepts identified by
surgery, family medicine, OB/GYN, psychiatry, and emergen-
cy medicine clerkship directors. Nutrition was deemed impor-
tant for all eight required clerkship rotations, and was focused
around basic dietary needs of different patient populations,
along with drug interactions with certain foods, vitamins,
and minerals (Table 4).

When discussing basic science concepts that current stu-
dents are proficient in prior to clerkship, directors from two
rotations, internal medicine and family medicine, were able to
identify perceived student strengths, which were anatomy and

Imaging

Nutrition Anatomy

Biochemistry

Physiology

Pharmacology

Fig. 2 Overall frequency of basic sciences that medical students are
expected to know prior to clerkship as identified by clerkship directors.
Pharmacology was the most prevalent, while biochemistry was the least
prevalent basic science theme discussed

physiology. These rotation directors indicated that students
coming into their rotations “knew their anatomy”; however,
they also noted that students only needed a “general” anatom-
ical knowledge base, with less specifics, for these specialties.
Physiology was also identified as a student strength by the
internal medicine clerkship directors, as they stated that cur-
rent students “typically have a solid foundation of physiolo-
gy”” upon which important clinical concepts can be built, but
once again were only expected to have a general knowledge of
this basic science. The clerkship directors of the remaining
rotations (emergency medicine, surgery, anesthesia, OB/
GYN, pediatrics, psychiatry) did not indicate any student
strengths, despite being asked directly for comments on stu-
dent basic science strengths (Table 5).

Clerkship directors identified areas where students could
improve their level of knowledge in every basic science.
However, anatomy (surgery, emergency medicine, OB/
GYN, anesthesia), microbiology (family medicine, internal
medicine, OB/GYN, pediatrics), and pharmacology (internal
medicine, emergency medicine, OB/GYN, anesthesia) were
identified as the most prevalent basic sciences requiring im-
provement. Surgery rotation directors identified arterial sup-
ply, important arterial branches, and anatomical relationships
as anatomical areas requiring improvement. One example pro-
vided by surgery clerkship directors was that students should
know the head of the pancreas is resected with the duodenum
because of the shared blood between the two structures during
a Whipple’s procedure. The clerkship director of emergency
medicine identified a lack of knowledge in musculoskeletal
(MSK) anatomy, specifically the hand since many individuals
present to the emergency department with hand lacerations.
Vasculature of the pelvis and respiratory system anatomy were
identified as areas requiring improvement by OB/GYN and
anesthesia clerkship directors, respectively. When discussing
microbiology, OB/GYN clerkship directors identified infec-
tious diseases, wound infection, and abscesses as areas where
student knowledge is currently lacking. Collectively, family
medicine, internal medicine, and pediatrics rotation directors
identified general microbiology and underlying microorgan-
isms as an area needing improvement for current students. In
regard to pharmacology, antibiotics and appropriate treatment
of infectious diseases were identified as topics requiring im-
provement by both internal medicine and OB/GYN clerkship

@ Springer
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Table 4  Average percent frequencies of basic science themes identified by UME clerkship directors as necessary for their rotation

% Frequency
Basic science themes Internal med. Emergency med. Surgery  Anesthesia Family med. OB/ Peds. Psych.
GYN
Anatomy 10.8 17.4 28.3 7.5 113 20.3 30.6 15.4
Gross Anatomy 2.0 93 94 3.0 0.5 10.9 0.7 2.6
Embryology 0.5 0 11.0 0 7.5 9.4 18.2 1.3
Histology 0 0 1.3 0 1.1 0 0 0
Imaging 8.3 8.1 5.7 4.5 22 0 11.7 3.8
Neuroanatomy 0 0 0 0 0 0 0 7.7
Biochemistry 0 0 0 0 0 4.7 0 0
Biochemistry 0 0 0 0 0 24 0 0
Immunology 0 0 0 0 0 23 0 0
Microbiology 15.7 23 11.3 0 8.0 1.5 9.1 0
Nutrition 4.9 23 32 3.0 21.0 10.2 18.2 14.1
Pathology 17.6 442 44 19.4 15.6 11.7 10.3 5.1
Pathology 132 26.7 3.8 16.4 134 11.7 9.1 39
Imaging 44 17.4 0 3.0 22 0 0.6 1.3
Immunology 0 0 0.6 0 0 0 0.6 0
Pharmacology 373 314 30.8 56.7 242 14.1 14.9 29.5
Pharmacology 373 314 30.8 56.7 242 14.1 13.0 29.5
Immunology 0 0 0 0 0 0 1.9 0
Physiology 13.7 1.2 8.2 13.4 13.4 29.7 16.9 20.5
Physiology 29 1.2 8.2 13.4 2.6 16.4 3.9 6.4
Genetics 9.8 0 0 0 10.8 133 104 14.1
Immunology 0.9 0 0 0 0 0 2.6 0
Imaging 0 1.2 8.8 0 6.5 7.8 0 15.4
Surgery specific — incisions 0 0 5.0 0 0 0 0 0

directors. The emergency medicine rotation director indicated
toxicology and pharmacological resuscitation as areas where
students should improve their knowledge prior to clerkship.
Many students are presented with patients suffering from hy-
potension, hypertension, bradycardia, or tachycardia during
their clerkship year; thus, the anesthesia rotation director iden-
tified that incoming student’s knowledge of pharmacological
treatments for these conditions could be improved (Table 5).

Discussion

Basic sciences are a cornerstone of UME, and educators be-
lieve that a strong basic science foundation is necessary for
medical students to achieve overall competence [1-5, 8, 9].
However, the specific basic science concepts students need to
retain from pre-clerkship, and the depth in which they are
expected to learn them, have yet to be determined. This poses
a challenge when curricula committees and educators are try-
ing to determine which content to incorporate into their UME

@ Springer

program. One way to approach this discrepancy is by increas-
ing communication between pre-clerkship and clerkship edu-
cators and incorporating the basic science concepts that clerk-
ship directors deem “necessary for students to know” into the
pre-clerkship curriculum. In this study, we found that clerk-
ship directors expect students to have some knowledge of
every basic science prior to entering clerkship year, with phar-
macology being the most prevalent for students to know, and
biochemistry the least. When discussing current students’ ba-
sic science knowledge, clerkship directors noted more areas
where they would like to see improved basic science knowl-
edge than students’ strengths in current knowledge.
Pharmacology was deemed necessary for students to know
prior to every rotation as students must know common drugs
and classes of drugs for every specialty. Pharmacology is a
fundamental aspect of medical education [40, 41], and based
on our results, it was the most prevalent basic science identi-
fied in family medicine, surgery, internal medicine, and psy-
chiatry, as these specialties heavily rely on pharmacological
interventions. Additionally, four clerkship directors (internal
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Table 5
current student strengths and areas in need of improvement

The most prevalent basic science topics identitied by UME clerkship directors as necessary for their rotation, along with their perceptions of

Basic science  Clerkship directors’ expectations

Clerkship directors’
perceptions of current

Clerkship directors’ perceptions of current
student areas in need of improvement

General anatomy

Arterial supply, arterial branches, anatomical relationships,
musculoskeletal anatomy of the hand, respiratory system
anatomy

N1

General microbiology, infectious diseases, wound infection,
abscesses

N1

student strengths

Anatomy Arterial supply, innervation, anatomical

relationships, normal embryological

development, malformation
Biochemistry Hormones, hormone structure N/T
Microbiology Infection, abscesses, common bacteria N/I
Nutrition Basic dietary needs of different populations, N/I

drug interactions with certain foods,

vitamins, and minerals
Pathology Pneumonia, chronic obstructive pulmonary  N/I

disorder, diabetes, hypertension,
polycystic ovarian syndrome

Pharmacology Classes of drugs, dosing of drugs, drug N1
interventions

Physiology Heart and lung physiology, ovulation, IV
fluids, underlying physiology of the
coagulation cascade

Imaging Approach to a chest x-ray, benefits and N/I

drawbacks of different imaging modalities

N/I

Antibiotics, toxicology, pharmacological resuscitation,
treatment for: infectious diseases, hypotension,
hypertension, bradycardia, and tachycardia

General physiology N/T

N/

N/I, not identified

medicine, emergency medicine, OB/GYN, anesthesia) identi-
fied pharmacology as a basic science where students could
improve their knowledge level. Other basic sciences, such as
physiology and biochemistry, underpin pharmacology [42],
and this complexity may lead to clerkship directors perceiving
a lack of knowledge in current trainees [43]. However, med-
ical students are not the only cohort struggling with pharma-
cology; other studies indicate that junior doctors also lack
confidence and proficiency in their ability to safely prescribe
medications [43, 44]. By not having a fundamental working
knowledge of the underlying basic sciences, such as physiol-
ogy and biochemistry, students may not achieve a full under-
standing of pharmacology, which consequently could nega-
tively affect their proficiency in clerkship and lead to this
perception clerkship directors have of students.

Anatomy and physiology were also deemed fundamental for
students to know by all rotation directors, which is in agreement
with Flexner who stated that anatomy and physiology are the
pillars of a strong basic science foundation [1], and more recent
educator-scholars who suggest that UME curricula must ensure
that medical students are receiving a robust education in these
two basic sciences [45—47]. With anatomy and physiology be-
ing complementary basic sciences, structure and function are
often taught in tandem with one another, and this integration
may symbiotically promote knowledge retention of each sub-
jects’ concepts [9]. The family and internal medicine clerkship
directors identified anatomy and physiology as current student
strengths. Although students were only expected to have a

general knowledge of these subjects, our data suggests that
students’ pre-clerkship education is providing them with the
anatomical and physiological foundational knowledge neces-
sary for success in these two rotations. In contrast, clerkship
directors indicated that students’ knowledge of anatomy and
physiology required improvement when entering the remaining
rotations (OB/GYN, surgery, pediatrics, psychiatry, anesthesia,
emergency medicine), noting that these rotations require stu-
dents to know more complex and detailed concepts related to
each basic science. There are multiple factors that could influ-
ence students’ knowledge retention of more complex anatomy
and physiology content [48, 49], but based on the necessity of a
strong foundation in these two basic sciences for the successful
practice of medicine, we must ensure that students are learning
and retaining the necessary concepts that are fundamental for
every clerkship rotation.

Pathology was deemed necessary by all rotation directors
supporting the literature indicating that it is a vital component
to the study of medicine [50-52]. Clerkship directors did not
indicate pathology as a strength or an area requiring improve-
ment suggesting they perceive students to have an adequate
level of pathology knowledge when entering clerkship. As
previously mentioned, many present-day UME curricula inte-
grate the clinical and basic sciences in pre-clerkship resulting
in the underlying pathologies and clinical conditions being
taught in conjunction with the “normal” structure and func-
tion. This integration may foster students’ knowledge reten-
tion of pathology.
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Microbiology was deemed necessary for students to know
in five of the six core clerkship rotations, with the exception of
psychiatry, and was further identified as an area where stu-
dents could improve by family medicine, internal medicine,
OB/GYN, and pediatrics clerkship directors. Literature indi-
cates that there is limited time dedicated to microbiology in
UME, which may lead to a lack of microbiology knowledge in
current students [53]. Consequently, this deficiency in knowl-
edge may translate to decreased diagnostic accuracy in the
clinic [54]. This provides the impetus to review the intricacies
of microbiology content within the curriculum, with the over-
arching goal of enhancing microbiology education in UME.

Biochemistry was only deemed necessary for students to
know by OB/GYN directors in regard to reproductive hor-
mones, which initially suggests that most rotation directors
do not consider this basic science necessary for students to
know prior to entering clerkship. However, as previously
mentioned, biochemistry underpins and compliments other
basic sciences, such as pharmacology [42]. For clerkship di-
rectors and practicing physicians, this biochemical knowledge
may now be second nature as they are relying on it daily when
prescribing and adjusting pharmacological treatment plans
[55, 56], whereas medical students still need to develop their
foundational background. Therefore, this basic science is still
fundamental for students to learn during pre-clerkship, but the
relevance of biochemistry and the way in which it is integrated
into UME curricula may need to be revised [55].

Nutrition was deemed fundamental for students to know
for each rotation, as it can play an integral role in disease
prevention and treatment [57, 58]. However, the literature in-
dicates that nutrition education is inadequate in many UME
curricula [57]. As a result, clinicians are not confident in pro-
viding nutritional counseling to patients [59, 60], which was
echoed in our interviews when clerkship directors perceived
students as being uncomfortable with nutritional counseling
for patients. Therefore, it is necessary to ensure students are
receiving a comprehensive education in nutrition across all
specialties and body systems, ultimately providing them with
the knowledge and confidence to provide patients with nutri-
tional guidance [59].

Imaging was deemed essential by four clerkship directors
(surgery, family medicine, OB/GYN, psychiatry). While stu-
dents are not required to understand the intricacies and com-
plexities of all imaging modalities prior to clerkship, clerkship
directors noted that it is pertinent that they know basic x-ray
practices. The use of all imaging techniques is on the rise due
to factors such as improved technology and an increased de-
mand from today’s patient population and can lead to earlier
diagnoses for certain clinical conditions [61]. However, errors
in diagnosis, or misdiagnosis, can result in serious or fatal
medical mistakes [62]. Therefore, it is imperative that medical
students are learning and retaining the necessary fundamentals
of medical imaging during their pre-clerkship training so they
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can effectively employ various modalities as a supplemental
tool to accurately diagnose patients and promote positive pa-
tient outcomes.

Graduates are competent medical trainees who perform well
on Medical Council of Canada licensing exams; however,
clerkship directors still identified many areas where students
could be stronger in their basic science knowledge. These find-
ings are consistent with literature indicating that students are
lacking basic science knowledge after completing their pre-
clerkship training [12, 14, 24, 25], and although the basic sci-
ence concepts are taught during pre-clerkship, it has been
shown that students lose their basic science knowledge as they
progress through the remainder of their medical training [26].
Further to this, research indicates that new medical graduates
often lack proficiency and feel ill-prepared for clinical practice
with respect to their basic science knowledge [30, 32-34].
Unfortunately, these shortcomings in basic science knowledge
can result in a lack of overall competence in medical training,
which ultimately can translate to poorer patient care [32]. Based
on these findings, one may question why clerkship directors
perceive students are not retaining fundamental basic science
content, despite it being taught in the curriculum.

There are likely many elements that are influencing these
perceptions. One potential factor is that pre-clerkship courses
are delivering too much information, which can lead to super-
ficial learning of the content, making it difficult for students to
retain the high-yield, fundamental basic science concepts that
are required for clerkship [2, 63]. Another potential factor could
be a lack of integration between some basic and clinical science
concepts [64]; as a result, basic science concepts are typically
out of context which can impede students’ learning and reten-
tion of basic science knowledge [22], and negatively affect their
abilities in clerkship. Or could the clerkship directors’ percep-
tions be due to a disconnect between what pre-clerkship educa-
tors are teaching and what knowledge clerkship educators are
expecting? This study reveals the expectations of the clerkship
directors, and the collected information will be fed forward to
pre-clerkship educators to promote continuity between pre-
clerkship and clerkship education. Moving forward, the data
collected from this study can be used as a guide to assess stu-
dents’ basic knowledge retention and to evaluate the current
basic science curriculum with the overarching goal of improv-
ing basic science education in UME.

Limitations

The observations identified in this study are from a single
institution; therefore, results may vary not only between
clerkship directors and preceptors but also across UME
curricula; however, this data provides insight into the con-
cepts clerkship directors are expecting students to know
and because undergraduate medical trainees participate in
elective clerkship rotations across Canada, this is an
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expectation of all students nationally. When interviewing
the clerkship directors, the interviews were guided with
the use of questionnaires, while the questionnaires aided
in providing consistency across all interviews and helped
to guide the discussion in a sequential manner, the struc-
tured format of the interviews may have limited the con-
versation, and as a result, key discussion points may have
been missed. One caveat to the interviews is that it was
purely based on the clerkship directors’ perceptions of
current students’ basic science knowledge; thus, some po-
tential biases could have stemmed from the interviews as
the directors could have been biased towards their special-
ty. Additionally, negative information tends to have a
stronger influence during evaluations, compared with pos-
itive information [65], which likely influenced the data
when discussing current student strengths and weak-
nesses. To support this likelihood, clerkship directors
mentioned in the interviews that they are not surprised
when a clerk knows something while on rotation, but
what does catch them off guard is when a clerk is lacking
fundamental knowledge. Thus, while clerkship directors’
views of students’ basic science knowledge level are in-
formative, their perceptions are just one factor that will be
used in conjunction with other metrics to inform curricu-
lar decisions.

Conclusion

Clerkship directors expect students to bring knowledge of
every basic science to their clerkship rotations. Additionally,
they perceive there to be many areas where students could
improve their basic science knowledge level, as they are
transitioning into clerkship. These perceptions are likely mul-
tifactorial; however, some potential factors may be teaching
too much detail that it overshadows the fundamental basic
science concepts that students must know, a lack of integration
between relevant basic and clinical science concepts, or a po-
tential disconnect between pre-clerkship and clerkship curric-
ula. Thus, this study provides the impetus to conduct further
research to explore the potential influences on clerkship direc-
tors’ perceptions of medical students’ basic science knowl-
edge. Although this research data only represents one intui-
tion’s voice, due to the fact that clerks rotate through institu-
tions across Canada, this discussion should be initiated at the
national level to ensure that the expectations of students and
the basic science concepts taught in pre-clerkship are stan-
dardized. Furthermore, this research methodology can be used
as a template by other faculty and educators for evaluating
which basic science content should be included in other pre-
clerkship curricula, with goals of creating dialog across insti-
tutions, and ultimately, fostering consistency among basic sci-
ence education in UME curricula.
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