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Abstract

Background: Knowledge and understanding of basic biomedical sciences remain essential to medical practice,
particularly when faced with the continual advancement of diagnostic and therapeutic modalities. Evidence
suggests, however, that retention tends to atrophy across the span of an average medical course and into the early
postgraduate years, as preoccupation with clinical medicine predominates. We postulated that perceived relevance
demonstrated through applicability to clinical situations may assist in retention of basic science knowledge.

Methods: To test this hypothesis in our own medical student cohort, we administered a paper-based 50 MCQ
assessment to a sample of students from Years 2 through 5. Covariates pertaining to demographics, prior
educational experience, and the perceived clinical relevance of each question were also collected.

Results: A total of 232 students (Years 2–5, response rate 50%) undertook the assessment task. This sample had
comparable demographic and performance characteristics to the whole medical school cohort. In general,
discipline-specific and overall scores were better for students in the latter years of the course compared to those in
Year 2; male students and domestic students tended to perform better than their respective counterparts in certain
disciplines. In the clinical years, perceived clinical relevance was significantly and positively correlated with item
performance.

Conclusions: This study suggests that perceived clinical relevance is a contributing factor to the retention of basic
science knowledge and behoves curriculum planners to make clinical relevance a more explicit component of
applied science teaching throughout the medical course.
Background
The current paradigm of medical education has been
called into question as the demands for the quality and
quantity of medical graduates increases [1]. The optimal
integration of basic medical sciences into undergraduate
education and then, eventually, into clinical practice is
one such area under scrutiny [2].
For medical students to make competent clinical deci-

sions based on sound scientific principles, they must be
able to retain knowledge from the preclinical phase of
their medical course [3-6]. Evidence from published lit-
erature indicates that failure rates on certifying examina-
tions and board certification status were significantly
associated with the assessment of retained basic sciences
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knowledge from medical school education [7]. D’Eon [8]
found a considerable knowledge loss among medical
students in immunology (13%), neuro-anatomy (46.5%)
and physiology (16%) on retest ten months later. He
concluded that knowledge loss did not seem to be re-
lated to the marks on the final examination or the as-
sessment of course quality by the students. Ling et al. [9]
revealed dramatic decline in examinee performance in
biochemistry, followed by microbiology and pharmacol-
ogy during the Step 1 United States Medical Licensing
Examination (USMLE) in comparison to the Step 2
USMLE. Observed gains in physiology, anatomy and
pathology appeared to be related to reinforcement of
material during patient care in clerkships. Harris et al.
[10] concluded that when knowledge gained is not dir-
ectly relevant or applicable to clinical contexts, it is lost
rather quickly. They recommended that in order to
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prevent extensive loss of knowledge, the information
given must be relevant. Perceived relevance of a subject
matter facilitates knowledge retention and application,
while a lack of relevance is associated with the converse
of this [11].
The Australian Medical Study (AMES) [12] in 2008

evaluated the critical educational factors contributing
to the outcomes of undergraduate medical education in
Australia. They reported variation across Australia in
the amount, type and method of bioscience teaching
and learning within medical school programs. Studies
have also shown that demographic factors such as stu-
dent gender, age, language background and ethnicity in-
fluence retention and academic performance [13-15].
Some studies have reported higher academic achieve-
ments by female students and more mature students in
comparison to their male and younger counterparts re-
spectively [13,15]. However, there are inconsistent re-
sults on the relationship between these factors and
academic success [14]. Furthermore, their influence on
the retention of basic science knowledge needs to be
further explored.

Study context
The Tasmanian School of Medicine (TSoM) has a five-
year undergraduate entry Case-Based Learning (CBL)
curriculum which includes vertical and horizontal inte-
gration of basic sciences and clinical teaching. Vertical
integration of the curriculum is promoted through a the-
matic structure usage in all the five years of the pro-
gram. Students are increasingly (from Years 1 to 5)
exposed to clinical situations through CBL tutorials and
clinical placements. The first two years of the course
provide a systems-based introduction to the foundations
of medicine, with an early opportunity to develop com-
munication and clinical skills. In the third year of the
program, students commence clinical rotations in Medi-
cine, Surgery, Primary Care and specialty areas (Obstet-
rics & Gynaecology, Psychiatry and Paediatrics); whilst
the final two clinical years are taught at one of three
dedicated clinical schools where learning is consolidated
in the context of clinical and community placements.
The value of CBL lies in exploiting the “basic human

capacity to learn from stories” [16]. CBL has been ac-
knowledged as a structured approach to collaborative
learning that consolidates and integrates newly acquired
knowledge and skills [17,18]. CBL ensures the consolida-
tion of newly acquired knowledge through its application
and discussions [18,19]. With this integrated approach,
the learner is required to gather information, prioritise
according to relevance or importance and filter out
irrelevant information [20]. We therefore hypothesise
that the demonstrated relevance and applicability of
basic sciences to clinical situations will foster retention
of gained knowledge. Using a cross-sectional study design,
we aimed to answer the following research questions:

� What are the demographic factors that influence
retention of basic science knowledge?

� Does perceived clinical relevance of basic science
materials relate to retention of knowledge?

Methods
Participants
All Years 2 to 5 medical students (approximately 120
students per class) were invited to participate in this
study. Year 1 students were excluded from the study be-
cause it was considered unlikely that they would have
had sufficient course time to integrate basic science into
clinical contexts and make informed judgments on the
clinical relevance of the assessment items. Face-to-face
cohort announcements were made to encourage partici-
pation, and as an incentive, participants were given the
opportunity to enter into a drawing to win an iPad. Stu-
dents were assured of no adverse academic repercus-
sions for non-participation. The study was conducted in
September 2012, two (2) months prior to the students’
end of year examinations. This was to avoid the
confounding effect of students studying for their sum-
mative exams. Feedback on their total scores and sum-
mary statistics was provided, three (3) weeks after the
exams, to participants who elected to receive it. Ethics
approval for this study was obtained from the Tasmanian
Social Sciences Human Research Ethics Committee
[HREC project number: H0012584].

Procedure
Students were asked to complete an 80-minute paper-
based examination consisting of fifty (50) A-type (single
best response of five) multiple-choice questions (MCQs)
from past second year written examinations in a lecture
theatre setting. This formative assessment tested student
knowledge on five (5) basic science disciplines with
equal weightings. These were anatomy, physiology,
pharmacology, pathology (including microbiology and
immunology) and biochemistry. Ten (10) MCQs were
used for each discipline. At the start of the examination,
participants were instructed to provide demographic in-
formation including: identification number, year of
study, age, gender, student origin, highest level of previ-
ous qualification, proposed future career and if they
were involved in academic tutoring.
Examination questions with difficulty index of 0.3-0.8

(defined as the proportion of previous students who an-
swered the question correctly) and discrimination index
of 0.3-1.0 (the difference between the proportions of the
high and low performing groups) were randomly se-
lected from our existing validated item bank [21] using



Table 1 Comparison of performance between participants
and non-participants in previous exams

Year of study Participants
(mean ± SD)

Non-participants
(mean ± SD)

T-Test

Year 2 56.2 ± 11.7 55.0 ± 10.6 0.56

Year 3 69.0 ± 8.0 66.0 ± 6.4 0.20

Year 4 59.1 ± 8.4 57.0 ± 11.0 0.29

Year 5 70.6 ± 7.1 70.5 ± 6.7 0.70
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the IDEAL software package [22]. The examination
questions had been pre-validated through blueprinting
(the mapping of test items to the intended learning out-
comes) and item analysis (statistical process that assesses
the quality of test items). Due to the random selection,
not all questions had clinical vignettes. The students
were instructed to answer all questions to the best of
their ability and then rate each question on a Likert
scale of 1–5 according to their perception of its rele-
vance to the clinical practice of medicine (with 1 =
highly irrelevant and 5 = highly relevant). For the pur-
pose of this study, clinical relevance is defined as the
practical applicability of the basic science item to the
hospital setting. Care was taken to explain to the partic-
ipants that the standard was targeted at an intern/junior
doctor level.

Statistical analyses
A power analysis [23] calculation was conducted prior
to commencement of study to determine sample size. A
General Linear Model (GLM) procedure in SAS [24]
was utilised in computing least square means of the ex-
planatory variables, their effect on participants’ test
scores as well as differences in retention of knowledge
in individual disciplines. The initial model included the
fixed effects of sex, gender, student origin, year of
study, involvement in tutoring, highest level of previous
qualification and proposed future career. Only signifi-
cant factors and their two-way interactions were
retained in the final model. Significant levels were
set at p < 0.01. Effect sizes were calculated using partial
eta-squared (ηp

2), to determine the magnitude of statis-
tically significant relationships. The effects were inter-
preted as defined by Cohen [25]: small effect - >0.01;
medium effect - >0.058, and large effect - >0.137. Pear-
son correlation coefficients between variables were
computed to establish the strength and direction of as-
sociations; and significance was tested using Bonferroni
probability. To enable comparison, all scores were
expressed as percentages of the correct answers in the
total test and individual disciplines. In addition, for
each item in the examination, a ratio using the percent
score achieved by the participants divided by the aver-
age score achieved on the same item when it was ad-
ministered to the ‘reference group’ – a cohort of Year 2
(preclinical) students, was computed. This ratio, which
is a possible indicator of knowledge retention, was cor-
related with perceived relevance [10]. Reproducibility
(Kuder-Richardson 20 - KR-20) of the test was calcu-
lated using the classical test theory as provided in
IDEAL 4.1, an Item Analysis Program [26]. To ensure
that participants were representative of their respective
classes, their mean scores on regular in-course forma-
tive and summative examinations were compared with
those of their non-participating counterparts. This was
calculated using a two-tailed t test.
Results
Two hundred and thirty-two (232) students participated
in this study, representing 50.0% of the Years 2–5 stu-
dents. This comprised 44 Year 2 students (40.7% re-
sponse rate), 71 Year 3 students (60.7%), 62 Year 4
students (50.4%) and 55 Year 5 students (47.4%). The
mean age of the study group was 22.7 ± 3.38 years (range
18–49 years). The cohort comprised of 78.9% domestic
(n = 183) and 21.1% international (n = 49) students and
there were more females than males (56.0% (n = 130) vs
44.0% (n = 102)). Most of the participants (59.1%, n =
137) were undecided about their future specialty areas;
only 22.0% of them (n = 51) were involved in tutoring
and only 12.9% of them (n = 30) had previously com-
pleted a tertiary degree. In addition, comparison of par-
ticipants’ in-course examination results with those of
their non-participating colleagues were non-significant,
indicating study participants were representative of their
respective cohorts (see Table 1).
On the whole, Year 2 students had significantly lower

overall exam scores than the Years 3 and 4 but not Year
5. The mean score for the examination was 54.18%
(SD = 6.13; range = 26-84%). The KR-20 reliability was
0.72 and the standard error of measurement (SEM) was
3.26. As shown in Figure 1, significant effects (p < 0.01)
were seen on mean discipline-specific and overall
scores, according to year of study, gender and origin of
the participants. Although Year 2 students had the least
scores in all domains, the difference was only signifi-
cant for biochemistry (p = 0.0002; ηp

2 = 0.10), pathology
(p = 0.007; ηp

2 = 0.07) and the overall exam score (p =
0.009; ηp

2 = 0.06) (Figure 1). Irrespective of year of
study, similar discipline-specific performance trends
were observed, with each cohort obtaining lowest scores
in anatomy (Figure 1.1). As shown in Figure 1.2, the
male students outperformed the females, with signifi-
cantly higher scores in anatomy (p = 0.002; ηp

2 = 0.05).
Domestic students had significantly higher scores than
international students in biochemistry (p = 0.001; ηp

2 =
0.06), pharmacology (p < 0.0001; ηp

2 = 0.08) and the



Figure 1 Mean student scores (± standard deviation) and level of significance (P-values) for each discipline and overall exam score.
Within discipline, differences are signified by letters above columns, differing superscripts (a, b) show significant differences (P < 0.01).
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overall exam scores (p = 0.0004; ηp
2 = 0.07). Mature-

aged (>25 years) participants and those who had been
involved in tutoring obtained higher scores than their
counterparts respectively, but the differences were not
significant (see Additional file 1). No significant differ-
ences in performances were seen for students who had
previously completed a tertiary degree.
Significant (p < 0.05) origin by age-group interaction

effect was observed in anatomy and physiology where
younger domestic students obtained higher scores than
their older counterparts, while the reverse was the case
for international students. Sex by age-group interaction
effects were also significant (p < 0.05) for biochemistry,
anatomy and overall scores where younger male stu-
dents outperformed older male students. Conversely,
older female students did better than the younger ones.
Significant (p < 0.01) year of study by sex interactions
were observed in the pathology and pharmacology
scores. In pathology, Years 3 and 5 male students
performed better than their female counterparts; while
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in pharmacology, Years 4 and 5 males performed better
than the females.
In comparison to their senior colleagues, Years 2 and

3 students gave significantly higher (p < 0.001) ratings of
the clinical relevance of all the basic science subjects. In
general, Year 4 students consistently gave the lowest rat-
ings (see Figure 2). Figure 3 depicts the correlation be-
tween perceived relevance and knowledge retention ratio
for each year group. There were increasingly positive
correlations between the items that were answered
correctly and their perceived relevance from Years 2
to 5, implying that items that were rated as clinically
relevant were more likely to be answered correctly
by the senior students than by the junior students
(Figure 3).

Discussion
This study highlights the increasingly positive correl-
ation between perceived clinical relevance and the reten-
tion of basic science knowledge with progression to
more senior years.

What are the demographic factors that influence
retention of basic science knowledge?
On the whole, in our study, retention of basic science
knowledge was significantly affected by year of study,
gender and student origin. The marked decline in reten-
tion of basic medical sciences with increasing student
seniority has been well documented in the literature
[4,7,8]. However, we observed the opposite trend
amongst our students. Interestingly, the lowest scores
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were attributed to the Year 2 students who, in theory,
have had the most recent exposure to the basic science
content material. Given the intensity and overload of
medical curricula, junior students often postpone
studying until just before exams [27,28]. The fact that
this study was conducted prior to students’ preparation
for exams may have accounted for the lower perform-
ance in Year 2 and could be a reflection of little or
no engagement with the learnt content. The generally
better en bloc performance of Years 3–5 students may
be a reflection of on-going teaching activities and
placements reinforcing the clinical application of basic
science knowledge. This is supported by evidence that
prolonged contact with a domain is the greatest deter-
minant of long term retention of knowledge [29].
Longitudinal testing of individual year-cohorts may
strengthen this hypothesis.
The observed gender difference in anatomy, where

males performed significantly better than females echoes
the findings of Snelling et al. [30], who reported that fe-
males tend to react more adversely to cadaveric dissec-
tions. This may have reduced their level of engagement
with the subject. It was also noted that generally, stu-
dents performed poorly in anatomy despite the ques-
tions being similar in difficulty to those of other
disciplines. It is likely that the reason for this is multifac-
torial in nature; one such factor may be the lower rela-
tive perceived relevance of the subject. Another reason
may be that in learning anatomy, the students might
have focused on memorisation at the expense of under-
standing [31]. Furthermore, the observed interactions
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indicate that there are complex and intricately inter-
woven relationships between demographic factors and
retention of basic science knowledge. Exploratory stud-
ies would be required to further investigate the reasons
for these findings.
International students had significantly lower scores

than their domestic counterparts, particularly in bio-
chemistry and pharmacology. This supports existing lit-
erature and suggests that international students may
not be as well adjusted to the self-directed learning
style that requires critical thinking and application of
knowledge [32]. Better performance by students in-
volved in tutoring, though not significant, points to the
positive impact of tutoring on increased retention of in-
formation [33].
Innovative educational interventions may be helpful to
assist those student categories (such as females in anat-
omy and international students) who seem to have
retained lesser basic science knowledge [34-36].

Does perceived clinical relevance of basic science
materials relate to retention of knowledge?
Traditionally, there has been a disparity between learnt
basic sciences and clinical sciences, where complete
mastery of the former was not necessarily essential to
enable the latter [5]. Echoing the reports of Custers [4],
D’Eon [8] and Ling et al. [20], our findings indicate that
as students progress through their medical course, they
become more critical of the clinical relevance of basic
science subjects, such as biochemistry and anatomy.
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Allied with this finding, they tend to have least retained
knowledge in these disciplines. The widely-held percep-
tion that anatomy is regarded by educationalists as a dif-
ficult subject [37] may have been the reason for the
observed low performance in anatomy and the subse-
quent low relevance ratings in this study. This may be
overcome by using contemporary educational strategies
that foster the development of personal framework of
understanding [35] and also emphasise the relevance
and clinical application of anatomy.
In spite of the tendency to lower performance of Year 5

students in comparison to their juniors (Years 3 and 4),
their ratings of the clinical relevance of the questions were
better correlated with their retention of knowledge. This
finding confirms that perceived relevance of a subject mat-
ter fosters retention of knowledge [10,11]. The fact that
their perception of clinical relevance was the most accur-
ately correlated with retention of knowledge suggests that
the senior students were able to make more precise judge-
ments than junior students about the clinical relevance of
basic science questions [12]. Too much of seemingly ir-
relevant material in a curriculum encourages surface
learning [38]. Therefore, course evaluation by graduating
students, which includes feedback about clinical relevance
of biomedical science teaching, would be valuable. This
outcomes-based approach, together with strategies to in-
crease student awareness of clinical relevance, will further
foster the integration of basic sciences with clinical sci-
ences and enhance application and retention of acquired
knowledge for lifelong learning. The reasons why clinical
relevance is an important factor in promoting knowledge
retention is not addressed in this study. It is likely how-
ever, that students would rate this information to be of
greater significance, and thus rehearse, reinforce and use it
more often. Knowledge that is not of use or clinically ir-
relevant becomes inert and inaccessible [39].
Further studies could also explore the performance and

perceptions of new medical graduates (PGY1). This will
provide insight into whether further experience in the
workplace reinforces relevant information presented early
in medical school or not. In addition, inclusion of Year 1
students could serve as a useful control group for future
studies. Exploratory studies could help elucidate reasons
for the differences in perceptions of relevance of the dif-
ferent basic science subjects and possibly result in targeted
educational strategies that support reinforcement and pro-
gressive retention of gained knowledge.

Limitations of the study
Generalisability of the findings from this study may be
limited by several factors. Our definition of clinical rele-
vance may have unduly constrained the participants’ per-
ception of clinical applicability, although care was taken
to explain the term to the participants at the start of the
assessment. Furthermore, the applicability of the results
of this study may have been restricted by the use of vol-
untary participation and the fact that it was a low stakes
examination. However, comparison of performance on
regular in-course examinations indicated that partici-
pants were representative of their respective cohorts.
This limitation was also mitigated by the administration
of the assessment prior to students’ preparation for their
in-course examination. This allowed for better elucida-
tion of retained basic science knowledge.
The study could have also benefited from the use of

more items per discipline to allow for greater breadth of
content within each discipline, but this would have in-
creased the duration of the examination and possibly
discouraged participants. Further, due to the random se-
lection of validated questions within each discipline,
some questions may not have had a clinical stem, which
could have biased students’ perception of clinical rele-
vance. However, this is unlikely to have been skewed
with respect to any particular basic science discipline.
Although we have inferred perceived clinical relevance,

as measured by our survey, to have causal influence over
knowledge retention of basic science items, it is conceiv-
able that in some instances, the direction of causality
may in fact be reversed. Students may declare relevance
for facts that they know well or have previously re-
hearsed, although the degree of such rehearsal is un-
known and likely to be variable. While this is worthy of
further enquiry, the present study cannot address it in
any more detail. Obtaining independent ratings of clin-
ical relevance may be one way of resolving the issue.
Finally, while it could be postulated that future career

aspirations may influence performance and perceptions
of relevance with respect to certain basic sciences, this
could not be confirmed by the study, which was likely
due to the fact that the questions asked were not suffi-
ciently rigorous to elucidate adequately interpretable re-
sponses. This should be the focus of ongoing work.
Conclusions
The results of this study suggest that a CBL curriculum
can provide a platform for continued formal integration
of the basic sciences with clinical sciences, although fur-
ther research comparing results in CBL and non-CBL
settings is required for the generalisability of our find-
ings. Understanding the clinical relevance of basic sci-
ence knowledge may directly or indirectly be an
important factor in the retention of basic science know-
ledge and its ultimate application in the clinical context.
However, a proactive reinforcement and systematic re-
view of basic sciences in the later years of undergraduate
medical education may also be needed to ensure know-
ledge retention.
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Additional file 1: Factors that determine knowledge retention*.
(*for each trait, means bearing different superscripts within the same
column are significantly different (p < 0.01).
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