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Abstract

Basic sciences are a cornerstone of undergraduate medical education (UME), yet research indicates that students’ basic
science knowledge is not well retained. Many UME curricula are increasing the integration between the basic and clinical
sciences with the goal of enhancing students’ knowledge levels; however, the impact of clerkship training on students’ basic
science knowledge remains inconclusive. Thus, using clerkship directors’ expectations as framework, we aimed to assess
third-year medical students’ basic science knowledge during clerkship training and evaluate the influence of clerkship train-
ing on their basic science knowledge. Using concepts deemed necessary by clerkship directors, we created a basic science
assessment for each clerkship rotation. Assessments were distributed to third-year medical students as a pre- and post-test
to assess their basic science knowledge prior to and at the completion of each rotation. On average, students retained > 60%
of relevant basic science knowledge from pre-clerkship, and neither clerkship rotation order, nor the basic science disci-
pline being assessed, impacted students’ basic science knowledge levels. Post-test data revealed that students, on average,
reinforced fundamental concepts during clerkship. Interestingly, even though lower-performing students demonstrated the
greatest post-test improvement, they still left each rotation with knowledge deficits compared with their highest-performing
peers, suggesting that the clinical experience of clerkship appears to be particularly beneficial for lower-performing students,
in regard to enhancing their basic science knowledge. Overall, results indicate that earlier exposure to clinical learning in
UME, along with integration of basic science education into clerkship, could promote students’ basic science knowledge
acquisition and retention.
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medical education (UME), as they are essential for achiev-
ing overall expertise in the field of medicine [1, 2]. Basic
science education in UME primarily focuses on the disci-
plines of anatomy, biochemistry, microbiology, pathology,
pharmacology, and physiology, all of which are fundamental
for effectively preparing trainees for clinical practice [3-7].
Topics of nutrition and imaging are often integrated with
the basic sciences as they are essential for diagnosing and
managing certain clinical conditions [8, 9]. There is a com-
mon misconception associated with basic science educa-
tion that it is essentially a collection of facts which students
need to memorize and recall, when in actuality, basic science
knowledge is fundamental for students when reconstructing
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characteristics of a disease [3]. Therefore, in order to be
proficient in a clinical setting, students must first master the
foundations of the basic sciences, following which they can
start to conceptualize the relevant clinical concepts and diag-
noses [3, 6, 10-12].

Basic science knowledge is vital for fostering trainees’
proficiency in a clinical setting, as it is fundamental for the
development of students’ clinical reasoning skills, which are
essential for the problem-solving process physicians rely
on to construct differential diagnoses and reach a clinical
decision [2, 13, 14]. When trainees are evaluating patient
signs and symptoms, they are relying on their basic sci-
ence foundation to determine the most probable diagnosis
[14]. Further evidence suggests that novices, such as clerks,
actively rely on their basic science knowledge more so than
experts in the field [14, 15], and the importance of strong
basic science knowledge holds true as trainees are transi-
tioning into their post-graduate career, as a lack of basic
science knowledge has been directly correlated with failure
rates on medical board examinations [16—18]. Additionally,
a strong basic science foundation has been associated with
enhanced diagnostic accuracy in the clinic [4, 6, 14]. For
example, when patients present with complex signs and
symptoms that are not easily diagnosable, trainees must
rely on their basic science foundation in order to navigate
and interpret the clinical condition, and ultimately reach a
conclusion [6, 11, 19]. However, trainees are not the only
cohort who requires a strong basic science foundation in the
clinic as research also indicates that for complex clinical
cases and diseases, senior physicians more actively rely on
basic science concepts during the clinical reasoning process
[20]. Overall, this suggests that comprehension and reten-
tion of basic science knowledge, which underpins all clinical
conditions, are fundamental for the development of clinical
science knowledge, clinical reasoning skills, and diagnostic
accuracy, all of which are essential for success on board
examinations, and achieving overall competence as a physi-
cian [2, 14, 21].

Despite the basic sciences providing the language for
the field of medicine, many studies demonstrate that medi-
cal students’ basic science knowledge is not well retained,
and there is a consistent decrement of their basic science
knowledge as they progress through their training, which
unfortunately can translate to a compromised quality of
patient care [4, 22-24]. When evaluating basic science
content learned in the first year of study, medical students’
knowledge of some concepts can drop to a retention rate
as low as 46% after 8—10 months of initial exposure to
the material [25], and other research demonstrates that
students’ knowledge declined below the minimal level
of competency of 65% within 5-11 months [23]. When
assessing specific basic science disciplines, medical stu-
dents’ knowledge dropped to an average of 61.7% and
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67.1% after a period of 10-11 months in the topics of
immunology and physiology, respectively; however, their
knowledge fell to 41.5% in the subject of neuroanatomy,
which may suggest that the extent to which students retain
their basic science knowledge could be subject specific
[26]. These knowledge deficits that many trainees display
may be contributing to the lack of proficiency they tend to
demonstrate in a clinical setting [23, 27].

With the current reported retention rates of basic science
knowledge, many UME curricula are enhancing the integra-
tion between the basic and clinical sciences with the goal
of promoting students’ knowledge acquisition and retention
[28]. According to one learning principle that is rooted in
cognitive psychology, students’ learning is most effective
when the organization of knowledge is aligned with how the
knowledge will be used [29]. In the context of UME, deliv-
ering basic science content with a clinical focus, and con-
sistently making connections between the basic and clinical
sciences, can enhance students’ understanding and retention
of the material [30, 31]. However, there is very little research
focusing solely on students’ basic science knowledge rein-
forcement during their clinical training. Some studies have
demonstrated that clinical experiences integrated early on
in UME can enhance students’ learning of clinical science
knowledge, clinical skill proficiency, and their understand-
ing of student-patient relationships, compared with students
without early clinical experiences [32, 33]. Therefore, when
clinical learning sessions are effectively integrated with
basic science instruction, we may be able to foster students’
learning in the necessary basic sciences knowledge concepts
[2, 21, 28, 30, 34].

Based on the evidence provided above, there is a need
for an educational model that ensures that students are
competent in the basic science fundamentals. Traditionally,
many UME curricula present the basic sciences in the first
2 years of study (pre-clerkship), with the subsequent years
of training focusing primarily on the clinical sciences [1, 4,
7, 35]. While the importance of basic science rigor at the
pre-clerkship level continues to be supported by present-day
educators, many UME curricula are increasing the verti-
cal integration within their program to help make students’
learning more relevant, and ultimately better preparing them
for clinical practice [28, 34]. With vertical integration, there
is enhanced integration between the basic and clinical sci-
ences across the years of UME training [28, 30, 34, 36].
For example, educators will incorporate case studies and
clinical examples into their basic science lectures to aid
with students’ understanding of the basic science content
[28]. Further to this, some medical curricula are introduc-
ing earlier clinical experiences for students, such as taking a
patient’s medical history, which has been shown to enhance
students’ preparedness for their transition to their next stage
of training [36, 37]. However, it is not fully known how, or
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to what extent, the clinical experience of clerkship impacts
students’ basic science knowledge.

The majority of basic science knowledge retention studies
utilize existing course assessments; however, in the present
study, we evaluated students’ basic science knowledge levels
according to concepts clerkship directors expect students
to know when entering clerkship. Through the evaluation
of students’ basic science knowledge retention and rein-
forcement levels during their clerkship training within the
existing UME curriculum, we can provide insights into the
effectiveness of basic science education at the pre-clerkship
level and determine the influence of clerkship training on
students’ basic science knowledge levels, and collected data
can be utilized by educators to help inform curricular revi-
sions to enhance the delivery of basic science content at
the pre-clerkship level. Thus, the specific aims of this study
were to (i) assess current third-year medical students’ knowl-
edge retention of basic science concepts deemed necessary
for students to know by clerkship directors and (ii) evaluate
the influence of the clinical experience of clerkship on stu-
dents’ basic science knowledge levels.

Materials and Methods

This research was conducted at the Schulich School of
Medicine and Dentistry, during the 2017-18 academic
year. Schulich has a 4-year UME training program where
the basic sciences are integrated with the clinical sciences
into systems-based courses. The basic sciences are delivered
during pre-clerkship (years one and two) using primarily
large group learning (didactic lectures), small group learn-
ing (laboratory sessions, small group discussions), and inde-
pendent learning methods. In year 1, students study the basic
sciences in the following courses: Introduction to Medicine,
Blood, Infection & Immunity, Skin, Heart & Circulation,
Respiration & Airways, and Genitourinary System. In the

second year of study, the basic sciences are incorporated into
Digestion & Nutrition, Endocrine & Metabolism, Reproduc-
tion, Key Topics in Family Medicine, Musculoskeletal Sys-
tem, Emergency Care, Neurosciences, Eye & Ear, and Psy-
chiatry & the Behavioral Sciences (Table 1). Following the
first 2 years of study, students begin clerkship year, in which
there are six different core rotations: pediatrics, obstetrics
and gynecology (OB/GYN), internal medicine, family medi-
cine, psychiatry, and surgery. Students are also required to
participate in an emergency medicine and an anesthesia rota-
tion, which are mandatory sub-rotations of internal medicine
and surgery, respectively. Following clerkship year, students
complete clinical electives, the post-graduate matching pro-
cess (Canadian Resident Matching Service (CARMs)), and
a course that focuses on the transition to their post-graduate
training (Integration & Transition).

Creation of Basic Science Assessments

Using basic science concepts deemed necessary by clerkship
directors at Schulich UME [38], a basic science assessment
was created for each core clerkship rotation: pediatrics, OB/
GYN, internal medicine, family medicine, psychiatry, and
surgery. For the purpose of this study anatomy, biochemis-
try, imaging, microbiology, nutrition, pathology, pharmacol-
ogy, and physiology were classified as the basic sciences.
Each assessment was comprised of 45 clinical-vignette style,
basic science multiple-choice questions (Fig. 1), which were
reflective of the basic science concepts and the frequency of
topics that were mentioned in the interviews with clerkship
directors [38]. Prior to implementation, each assessment
was reviewed by clerkship directors, basic scientists, and a
focus group consisting of fourth-year medical students, to
ensure the assessments were appropriate. While the assess-
ments were reviewed by the clerkship directors, the majority
of clinical instructors and preceptors were not privy to the
assessment questions.

Table 1 Schulich School of Medicine & Dentistry Undergraduate Medical Education sample academic calendar for the basic science pre-clerk-

ship curriculum (Year one and two), clerkship (Year three), and Year four

2017-18 Schulich UME Academic Calendar
Year Term 1 Term 2
1 Intro. To Infection & . Heart & Respiration & . .
Medicine Blood Immunity Skin Circulation Airways Genitourinary
Year Term 3 Term 4
2 Digestion | Endocrine Reproductive Family Musculoskeletal | Emergency | Neuroscience, | Psychiatry
& & System Medicine System Medicine Eye, & Ear &
Nutrition | Metabolism Behavior
Year L Internal Medicine Family . Surgery
3 Paediatrics OB/GYN Emergency Medicine Medicine Psychiatry Anesthesia
Year Clinical Electives CARMs Integration & Transition
4
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A 40-year-old woman with ovarian cancer underwent a total
hysterectomy, and an extensive lymph node dissection along the right
lateral wall of her pelvis. Post-op, she experiences muscle spasms,
pain, and numbness along the medial aspect of her right thigh.

Which of the following nerves was damaged during the dissection?
Right Femoral Nerve

Right Genitofemoral Nerve

Right Obturator Nerve

Right Pudendal Nerve

Right Sciatic Nerve

moow>

Fig.1 Example of a clinical-vignette style question, demonstrating
the clinical stem and corresponding multiple-choice options, that
would be included in the basic science assessments to evaluate stu-
dents’ clinically relevant basic science knowledge levels

Eight groups of students (groups A—H) (Table 2) rotated
through the six core clerkship rotations, four of which are 6
weeks in length. Surgery and internal medicine are 12-week
rotations with two groups of students rotating through each
of them simultaneously, both of which have mandatory sub-
rotations of anesthesia and emergency medicine, respec-
tively. It is important to note that each group of students
(A-H) would follow a different rotation order depending on
their schedule.

Implementation of Basic Science Assessments

Prior to implementation, the students were briefed on the
formative nature of the assessments, and how the assessment
data was going to be used for research purposes. Informed
consent was not required from participants as this research
was deemed Quality Improvement/Quality Assessment (QI/
QA) by Western Research Ethics. During the 2017-2018
academic year, the basic science assessments were dis-
tributed to third-year medical students (n = 172) prior to
(pre-test) and at the completion (post-test) of each of the
six core clerkship rotations to assess students’ basic sci-
ence knowledge retention and reinforcement (Table 3). The
questions were the same on both the pre- and post-tests,
with the post-test questions arranged in a scrambled for-
mat so students were less likely to rely on their memory to
complete the assessment. Students completed the pre- and
post-tests, which had a time limit of 70 min, using the Uni-
versity of Western Ontario’s Learning Management System,
OWL (Sakai 11.3-owl3.1). After completing the pre-test,
students were provided with general formative feedback on
the assessed topics, while following the post-test students
received individualized feedback to help promote their

personal development during clerkship year. Once all six
rotation assessments were completed, an item analysis was
conducted on each individual assessment question (n = 270)
to evaluate student performance and means and to ensure
the questions were of high quality. Assessments were not
evaluated for equivalency of difficulty level since the assess-
ment questions were derived from interviews with clerkship
directors [38].

Statistical Analysis

Data was analyzed using IBM SPSS Statistics IBM SPSS
Version 21; Armonk, NY, USA). A one-way analysis of vari-
ance (ANOVA) with an alpha () level of 0.05 was used to
determine if clerkship rotation, rotation order, basic science
discipline, or student performance quartiles had any sig-
nificant effect on students’ assessment performance. These
analyses were followed by a post hoc analysis for multiple
comparisons (Bonferroni correction) with an alpha (a) level
of 0.01 to determine which relationships were significantly
different, and p values subjected to the Bonferroni correc-
tion will be denoted as py,; for the purposes of this research
(i.e., Pponr < 0.01). Students’ pre- and post-test scores were
statistically compared using a paired sample, two-tailed ¢ test
(p £ 0.05). Graphs were created using Prism 8 (GraphPad
Software, Version 8.3.1; San Diego, CA, USA).

Results
Students’ Basic Science Knowledge Retention

During the 2017-2018 academic year, Schulich’s UME
passing threshold was 60%, and assessment data revealed
that third-year medical students achieved an average
greater than 60% on the pre-test prior to entering each
clerkship rotation (Fig. 2). More specifically, the high-
est average scores were achieved in internal medicine
(72%), and the lowest in surgery (63%). No significant
differences were identified among the rotation-specific
assessments (ANOVA; p > 0.05). The item analysis of
each assessment question (n = 270) revealed that the
majority of assessment questions were of high quality
with a discrimination index of > 0.2; questions that did
not meet the expected level of quality were reviewed by
the research team, but no questions were removed from
the assessments.

Table 2 Distribution of third-year medical students to their clerkship groups (A-H), demonstrating the number of students assigned to each

group
Group A B C D E F G H
No. of students 23 22 20 22 22 22 20 21
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Table3 Sample clerkship rotation and basic science assessment
schedule for one group of medical students. Four rotations (Paediat-
rics, OB/GYN, Family Medicine, Psychiatry) are 6-weeks in length,
with the remaining two (Internal Medicine, Surgery) are 12-weeks in

length. The basic science pre- and post-test assessments were imple-
mented prior to and at the completion of each rotation, respectively,
to assess students’ basic science knowledge retention and reinforce-
ment

Clerkship Rotation Schedule

Internal
7 7 %
El 6 |E8 & |28 12 &
2| Weeks 7z 2| Weeks 5 £ Weeks )4
=9 o, =%

Pre-Test

Psychiatry
7 B B
6 |&8 6 |&|& 12 .
7| & 7| & %
Weeks 2 £ Weeks E £ Weeks 2

Clerkship directors predicted that basic science knowl-
edge newly acquired or re-enforced in previous rotations
would be carried forward to subsequent rotations and,
as a result, indicated that they expected students in their
final rotation to have a better working knowledge of the
basic sciences compared with students who are entering
their first rotation [38]. However, when we examined the
pre-test scores with a focus on students’ rotation order, we
found that there were no statistically significant differences
among the eight groups (ANOVA; p > 0.05) (Fig. 3). For
example, for students completing pediatrics as their first
rotation (group A), versus students completing pediatrics
as their last rotation (group H), there was no significant
difference (Fig. 3a). This finding was the same for all six
clerkship rotations.
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Clerkship Rotation Assessment

Fig.2 Third-year medical students, on average, achieve>60% on
each basic science pre-test assessment, indicating that they retained
relevant basic science knowledge from pre-clerkship. Scatter plots
demonstrate the range of individual student scores on the pre-test. No
significant differences were identified among the clerkship rotation
pre-test assessments (ANOVA, p > 0.05) (n = number of students
who completed the assessment)

Each assessment question (n = 270) was categorized
according to which basic science was assessed (anatomy,
biochemistry, imaging, microbiology, nutrition, pathology,
pharmacology, physiology), and the question scores were
analyzed. Data revealed that the average score was at least
60% in each basic science discipline on the pre-test, with
the highest mean scores achieved in biochemistry (85%)
and the lowest mean scores achieved in anatomy (61%)
(Fig. 4). It should be noted that only two assessment ques-
tions were mapped to the discipline of biochemistry. Regard-
less of the average score of each basic science discipline,
data also revealed that there were some assessment ques-
tions for which, on average, students did not achieve > 60%.
There were no statistically significant differences among the
average scores in the individual basic sciences disciplines
(ANOVA; p > 0.05).

Students’ Basic Science Knowledge Reinforcement

Students’ average post-test scores were significantly
higher compared with their pre-test scores for all rotations
(p £0.05) (Fig. 5), indicating that they reinforced funda-
mental basic science knowledge during every rotation.
Students achieved the highest average post-test score in the
pediatric rotations (78%), and conversely, had the lowest
average post-test score in the surgery rotation (68%). The
largest increase, from pre- to post-test score, occurred dur-
ing the pediatric rotation (10%), with the smallest increase
taking place in internal medicine (2%).

To determine if the clerkship groups were comparable
with one another and if prior clerkship experiences rein-
forced students’ basic science knowledge at the completion
of each rotation, students’ post-test scores were analyzed
according to clerkship rotation order. No differences were
found among the clerkship groups in all six clerkship rota-
tions (ANOVA; p > 0.05) (Fig. 6).

Students’ pre-test scores were divided into quartiles to
determine if lower-performing (quartiles 1 and 2), higher-
performing (quartiles 3 and 4), or all students were improv-
ing their basic science knowledge levels between pre- and
post-test assessments (Fig. 7). The analysis revealed that
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lower-performing students’ post-test scores were signifi-  p < 0.001) and psychiatry (Fig. 7e; p = 0.005) rotation. For
cantly higher (p < 0.01) compared with their pre-test for all ~ students in the fourth quartile, there were no differences
clerkship rotations. Additionally, the post-test scores were  between their pre- and post-test scores, except for psychia-
also significantly higher for students whose pre-test scores  try, where the post-test score was significantly lower than
were in the third quartile during the pediatrics (Fig. 7a;  the pre-test score (Fig. 7e; p = 0.001).

@ Springer



Medical Science Educator

100+
—_ °ed
é - —
g 80 E
3 .
m -
s e
% 60 oo
()
=
(¢} o
-
3 s
[ 40
s
o ‘ . o
(=] [ °
o 20+ oo .
g : : g
I J
°
0 T T T T T IA T T
S .(\g . O
& & & & &P
& & RN 8 PN & &
~0£’(\ \(} Q Q(Q Q‘(\
i )
2 Q’(\

Basic Science Discipline

Fig.4 Medical students’ basic science knowledge was not influenced
by the basic science discipline being assessed. Average pre-test
assessment question scores revealed that students achieved, on
average,>60% in each basic science discipline. No significant
differences were identified in assessment question scores among the
basic science disciplines (ANOVA; p > 0.05)

While quartile 1 students achieved significantly higher
scores on the post-test compared with the pre-test, their post-
test scores were significantly lower (py,,,s < 0.01) compared
with quartile 4 students’ pre-test scores in all six clerkship
rotations (Fig. 7). Additionally, quartile 1 students’ post-test
scores remained significantly lower (py, s < 0.01) compared
with students’ post-test scores in quartile 4 in five clerkship
rotations, with the exception of psychiatry.

Discussion
Students’ Basic Science Knowledge Retention

To our knowledge, no other study has examined students’
knowledge retention of basic science concepts based on
clerkship directors’ expectations. In the present study, we
revealed that, on average, students achieved a score greater
than 60% on the assessments prior to entering each clerk-
ship rotation (pediatrics 68% (+ 12%) (range 20-96%); OB/
GYN 67% (£ 12%) (range 22-91%); internal medicine 72%
(£ 12%) (range 38-91%); family medicine 70% (£ 11%)
(range 13-91%); psychiatry 67% (+9%) (range 13-91%);
surgery 63% (£ 12%) (range 9-96%); Fig. 2). This indicates
that students do, on average, retain relevant basic science
knowledge from their pre-clerkship training prior to entering
clerkship, which has previously been shown in the litera-
ture [26, 39]. However, the data also revealed that there are

students in every rotation whose scores fall below 60% on
the pre-test. This trend has been documented in the litera-
ture indicating that students’ basic science knowledge levels
can drop below 60% within 1 year of initially learning the
material [25, 26, 40]. Even though average retention lev-
els appear to be standard across student cohorts and cur-
ricula, the required level of basic science knowledge reten-
tion for a medical student entering a clinical setting remains
inconclusive.

As previously mentioned, clerkship directors expect
more basic science knowledge from students who are in
their final rotation of clerkship versus students just entering
clerkship [38]. Further to this, some literature demonstrates
that students who completed their pediatric rotation near the
end of clerkship year tended to perform better on relevant
clinical assessments and board examinations, compared
with students who completed pediatrics at the beginning
of their clinical training [42]. Knowing this, we expected
that students would further learn fundamental basic sci-
ence concepts during their clinical training and, therefore,
achieve higher assessment scores on pre-tests as they pro-
gressed through clerkship. However, we found that rotation
order had no effect on students’ performance (Fig. 3), and
therefore, their clinical experiences in previous clerkship
rotations had no influence on their basic science knowledge
retention levels. To our knowledge, there is no literature
focusing specifically on the effect of clerkship rotation order
on students’ basic science knowledge levels. Interestingly
though, when analyzing the clinical sciences, other research
has shown that students who complete their surgery, psy-
chiatry, pediatrics, or OB/GYN rotations towards the end
of clerkship year tend to perform better on rotation specific
assessments [41-44]. However, contrary to this, Park et al.
[45] highlighted that the timing of students’ psychiatry rota-
tion had no effect on student performance with respect to
their psychiatry rotation exam and clinical skill assessment
scores. The present study focused strictly on the basic sci-
ence concepts that clerkship directors expect students to
know coming into clerkship; thus, overall, these findings
may suggest that rotation-specific learning provides students
with the opportunity to hone their clinical science knowl-
edge more than their basic science knowledge, simply due
to the clinical focus of clerkship.

Others have shown that students’ basic science knowl-
edge retention can vary across the basic science disciplines
[26, 39]; however, in the present study, we found that, on
average, students achieved > 60% in each basic science dis-
cipline, with the highest and lowest average scores achieved
in biochemistry (85%) and anatomy (61%), respectively
(Fig. 4). However, it should be noted that there were only
two assessed concepts associated with biochemistry, and
thus, these concepts may be identified as high yield and may
not be representative of general biochemistry knowledge
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Fig.5 Third-year medical
students, on average,

achieve >60% on each basic
science pre-test, and their
average scores significantly
improve in every rotation on the
post-test assessment. Third-year
medical students achieved, on
average, > 60% on the pre-test
assessment in each rotation
(column with lines), indicating
that they retained relevant
basic science knowledge from
pre-clerkship. On average, the
post-test scores (filled column)
were significantly higher in

all six clerkship rotations
indicating that students, on
average, reinforced basic
science knowledge during
each rotation (paired sample

t test; *p < 0.05). Scatter

plots demonstrate the range

of student scores on both the
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post-test assessments)

retention. In agreement with our findings, other studies
have found that, when testing students’ knowledge after
12-21 months of initially learning the material, students,
on average, did achieve a passing grade in the disciplines
of anatomy [46], physiology [47], and pharmacology [48].
While the average scores did vary across the disciplines,
there were no significant differences among the basic sci-
ence disciplines, suggesting that students’ basic science
knowledge retention is not discipline specific.

Overall, these findings indicate that students, on aver-
age, retained fundamental basic science knowledge from
pre-clerkship. However, despite the average scores, pre-
test data highlighted that there were some concepts where
the average grade of the students was below the minimal
level of competency (60%). One potential solution to help
increase students’ basic science knowledge retention could
be to implement more well-defined milestones into basic
science pre-clerkship curricula [49]. By implementing
clear, fixed assessment outcomes, all students can work
towards achieving the same educational goals and increase
their self-accountability as they do so [50-53]. With this
type of curricular framework, educators and curricula com-
mittees can ensure that all students are achieving a level of
competency in the basic sciences that is expected of them
prior to entering clerkship.

@ Springer

T
Paediatrics OB/GYN

7777,
4

her

N
N
N

ZA 1] v

|

T
Family  Psychiatry Surgery

N
\
§
\
\
\
\

T
Internal

Clerkship Rotation Assessment

Students’ Basic Science Knowledge Reinforcement

There is limited research analyzing students’ reinforcement
of basic science knowledge during clerkship training. In the
present study, we revealed that students’ post-test scores
were, on average, significantly higher compared with their
pre-test scores in each clerkship rotation (Fig. 5), with the
largest increase occurring during the pediatric rotation
(A10%). Interestingly, the clerkship directors of the pediatric
rotation indicated that there was a higher volume of out-of-
clinic learning sessions compared with the other clerkship
rotations. Thus, the out-of-clinic learning sessions that stu-
dents were immersed within during the pediatric rotation
may have provided them with the opportunity to further
learn fundamental basic science concepts, ultimately lead-
ing to enhanced performance on the post-test scores. There
is evidence in the literature demonstrating that vertical inte-
gration across the basic and clinical sciences can foster stu-
dents’ understanding of clinically relevant content [28, 30,
36], and the findings from the present study suggest that the
out-of-clinic learning sessions may have had a similar effect
on students’ basic science knowledge. Therefore, by enhanc-
ing the vertical integration within UME curricula through
incorporating more basic science learning sessions during
clerkship training, students can better integrate their basic
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Fig. 6 Medical students’
basic science knowledge
reinforcement, following
each clerkship rotation, was
not enhanced by previous
clerkship experiences. Students
post-test scores (+SD) were
plotted against students’
clerkship rotation order. No
significant differences among
student groups were found
(a—f) (ANOVA; p > 0.05)

(n = number of students)
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Fig.7 Lower-performing
students improve their basic
science knowledge during
clerkship; however, they do
not achieve the knowledge
levels of higher-performing
students. Students’ pre-test
scores (square with lines) were
used to generate quartiles.
Analysis revealed that lower-
performing students (quartiles
1 and 2) achieved significantly
higher scores on the post-test
(filled square) assessment

in all clerkship rotations

(a—f), and quartile 3 students
achieved significantly higher
scores on the post-test during
pediatrics and psychiatry (7 test;
*p <0.01). Additionally, higher-
performing (upper quartiles)
students’ pre- and post-test
scores were significantly
higher compared with lower-
performing (lower quartiles)
students’ post-test scores in
five clerkship rotations, with
the exception of psychiatry
(ANOVA, Bonferroni post hoc
test; **py ¢ < 0.01), suggesting
that lower performing students
do not achieve the knowledge
levels of higher-performing
students. Note: each data
point represents an individual
students’ score on the basic
science assessments
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and clinical science knowledge [28, 30, 34], which could
enhance their understanding and retention of fundamental
basic science content.

Consistent with the trend identified with the pre-test
scores, the order of clerkship rotations did not influ-
ence students’ post-test scores as there were no differ-
ences among the student groups (Fig. 6). Similar results
have been found pertaining to the clinical sciences dur-
ing clerkship, as Myhre et al. demonstrated that two
groups of third-year medical students were comparable
with one another with respect to their clinical science
knowledge [54]. Thus, our findings suggest that rotation
order had no effect on students’ basic science knowledge
reinforcement.

While students’ average post-test scores significantly
increased during each clerkship rotation, our data fur-
ther revealed that lower performing students (quartiles
1 and 2) demonstrated a significant improvement on
their post-test, compared with their pre-test, in all six
clerkship rotations (Fig. 7). Consistent with the findings
from the present study, Koles et al. [55] determined that
when second-year undergraduate medical students are
learning pathology with a clinical focus via team-based
learning and case-based learning, students in the lowest-
performing quartile demonstrated the greatest improve-
ment on their end-of-course pathology assessment, com-
pared with their higher-performing peers. Similar results
have been found in a clinical setting which revealed that
undergraduate medical students who are completing their
surgery clerkship rotation and are ranked in the lowest
quartile on their entry exams for surgery demonstrated
the greatest improvement on their final surgical exami-
nation in that same specialty, both of which consisted
of multiple-choice questions and a clinical assessment
[56]. Taken together, these results suggest that the clini-
cal focus of clerkship that trainees are exposed to may
enable lower-performing students to further learn, or
reinforce, fundamental basic science concepts that are
pertinent to that particular rotation.

Quartile 3 students also showed improvement in their
post-test scores in two rotations: pediatrics and psychiatry
(Fig. 7a, e). Just as we saw for quartiles 1 and 2, these stu-
dents are also benefitting from the clinical experience of
clerkship, with respect to their basic science knowledge.
Alternatively, these findings could also be representative of
a ceiling effect. This phenomenon has been identified in a
gross anatomy course for medical students [57], and in other
educational contexts, such as foreign language and statis-
tics courses [58, 59], and suggests that higher-performing
students receive their highest achievable grade, relative to
their peers, on their first examination [60]. Thus, perhaps the
higher-performing students in this study, with the exception
of quartile 3 students in pediatrics and psychiatry, achieved

their highest possible score on their initial assessment, the
pre-test, and as a result, there was limited room for improve-
ment on the subsequent post-test assessments [60, 61].
Although students in quartile 1 did demonstrate a sig-
nificant improvement on the post-test, their performance
did not rise to the level of the average pre-test assess-
ment scores of quartile 4 students in all six rotations
(Fig. 7). Other studies have indicated that prior academic
performance is the best predictor of success on future
assessments. For example, second-year medical students’
pre-test scores were found to predict their post-test per-
formance on diagnostic classification during a micro-
scopic pathology course [62], and when analyzing the
impact of face-to-face and online instruction on student
performance, incoming grades were shown to be a sig-
nificant predictor, for overall course performance in both
an undergraduate microscopic anatomy and a systemic
human anatomy course [63, 64]. Similarly, we found
that lower-performing students’ pre-test scores were a
predictor for their basic science knowledge levels at the
end of each clerkship rotation. As previously discussed,
enhanced integration between the basic and clinical sci-
ences can promote students’ learning and understanding
of the content [28], and there is evidence to suggest that
earlier exposure to the clinical sciences can have a posi-
tive impact on students’ overall learning [33 65 66]. Thus,
by increasing the vertical integration between the basic
and clinical sciences in UME through the introduction of
clinical experiences earlier in pre-clerkship and by pro-
moting basic science education in the latter years, we may
be able to enhance students’ knowledge acquisition and
retention of the fundamental basic sciences, particularly
for lower-performing students, thereby ensuring that all
students are proficient in the necessary basic science fun-
damentals after completing their pre-clerkship training
to improve their transition to clerkship [28, 30, 67-69].

Limitations

The results from this study are from a single academic
year at one institution; therefore, data may not be repre-
sentative of other student cohorts nor other UME curric-
ula. In regard to the assessment data, a re-test bias could
have positively influenced students’ post-test scores as
students may have had some recollection of the pre-test
questions that they previously completed. Further to
this, students received generalized pre-test feedback; as
a result, they could have targeted their learning towards
concepts included on the pre-test, which could have posi-
tively impacted their post-test performance. Addition-
ally, students’ intrinsic motivation, or lack thereof, could
have positively or negatively impacted their assessment
score(s).
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Conclusion

Overall, the results from this study revealed that students,
on average, retain at least 60% of their basic science knowl-
edge from pre-clerkship. However, regardless of students’
average scores, our data also highlighted that there are
some basic science concepts where the average grade of the
students is below the minimal level of competency (60%).
One way in which curricula committees and educators can
help increase students’ basic science knowledge levels is
by incorporating more well-defined assessment outcomes
throughout pre-clerkship. Under this curricular framework,
all students can work towards achieving the same academic
goals, and thus, educators can ensure that all trainees are
attaining the minimum level of proficiency in the basic
sciences that are necessary for students to successfully
transition to clerkship. We also found that students, on
average, reinforced fundamental concepts during clerk-
ship, suggesting that the clinical experience of clerkship
has a positive influence on students’ basic science knowl-
edge levels. Interestingly, the largest increase from pre-
to post-test scores occurred during the pediatric rotation
where there was a higher volume of out-of-clinic learning
sessions. This result suggests that through the integration
of more basic science learning sessions during clerkship
year, we may be able to enhance students’ understanding of
fundamental basic science concepts. Most notably, our data
revealed that even though lower-performing students dem-
onstrated the greatest improvement on the post-test, they
still displayed deficits in their basic science knowledge at
the end of each rotation, when compared with their higher-
performing peers. This finding indicates that the clinical
experience of clerkship appears to be most beneficial for
lower-performing students’ basic science knowledge. As
previously discussed, learning the basic sciences with a
clinical focus has been shown to enhance students’ learn-
ing of the material. Thus, these results from this study may
suggest that earlier exposure to clinical experiences could
enhance the relevance of the basic sciences, thereby pro-
moting an increased rate of basic science knowledge reten-
tion. Therefore, by enhancing the integration between the
basic and clinical sciences via earlier clinical experiences
during pre-clerkship and extending basic science education
into clerkship year, we may be able to help foster students’
basic science knowledge retention so that all students are
well equipped with the basic science knowledge that is
necessary for successful clinical practice. Moving forward,
future research should explore the impact of earlier clinical
experiences on students’ basic science knowledge levels
during their pre-clerkship training, to help ensure all stu-
dents are competent in the fundamental knowledge prior to
entering a clinical setting.
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