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Abstract

Purpose: Medical students’ knowledge assessment is a challenge. Multiple-choice questions (MCQs) despite their limitations are
commonly used for this purpose. The Concept Retrieval Technique (CRT) is a relatively new knowledge assessment method. In this
study we investigated the use of CRT to assess a particular long-term knowledge of medical students from different study levels.
Method: One hundred forty-four medical students (50% females) participated in an Endocrinology CRT exam. The students were
either in fourth, fifth-or sixth-year of the medical program. Fourth-year students were tested before they received an endocrinology
course whereas students from the fifth- and sixth-year respectively took the course ten and twenty-four months before being tested.
The CRT was rated by two raters independently.

Results: There was strong effect of year of study on the CRT score. Fourth-year students scored significantly lower than fifth- and
sixth-year students. No significant differences in CRT score emerged between fifth- and sixth-year students. The inter-rater
agreement was acceptable indicating that the CRT is a reliable assessment method. The CRT showed construct validity.
Conclusion: The CRT is an assessment tool that could assess long-term knowledge retention properly, and has the ability to
differentiate students according to their study level.

© 2019 King Saud bin Abdulaziz University for Health Sciences. Production and Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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- 1. Introduction
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Medical curricula have developed over the last
decade significantly under the influence of the pro-
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sional attributes, communications skills and others.
Among all the domains, the knowledge acquired
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during medical school forms the scaffold where the
students build on. Moreover, sufficient knowledge is
fundamental to clinical reasoning, a competency that
each medical student should develop.l Therefore, it is
important to assess the knowledge properly however,
effective and simple assessment of medical knowledge
is a challenging task. Effective assessment method
should be reliable, valid, have a positive impact on
students’ future learning and be cost effective.’

Multiple knowledge-directed assessment tools are
available but, all of them have limitations and deficient
in a way or another.”” The most commonly used
method in this regard is Multiple-Choice Questions
(MCQs). A prominent advantage of MCQ exams is the
ability to encompass a large extent of knowledge in a
single exam. Moreover, administering and correcting
MCQ exams are relatively easy. However, a major
limitation of MCQ exams is the significant variability
in its quality.”” Indeed, Poorly written MCQs are quite
common and usually assess recall of isolated facts as
writing a good quality MCQ directed to higher levels
of knowledge processing is a challenging task and time
consuming.”® Therefore the search for alternative
knowledge-focused assessment methods will always be
an area of interest to the medical education community.

It is therefore self-evident (but not common practice)
that an understanding of the process of knowledge
storage and retrieval from the mind should be used in the
development of assessment tools. A widely accepted
theory of this process is semantic network theory.” "'
A semantic network represents semantic relations be-
tween concepts in the mind. Accordingly, the knowl-
edge of medical students regarding any topic is
represented in the mind as a set of interrelated concepts.
Students acquire and use new concepts to reconstruct
and embellish their semantic networks as they progress
in their learning. The retrieval of the knowledge later on,
for instance to answer questions on a test or solve a
medical problem, requires activation of these net-
works.”® The better the semantic network is organized,
that is: the stronger the relationships between the con-
cepts are, and the more concepts are held together, the
easier activation of that knowledge is. An assessment
tool focusing directly on the contents of these semantic
networks makes sense to use if feasible and easy to
administer.

A well-known instrument that does just that is the
concept map.'~ A concept map is a diagram produced
by a student that includes concepts and their in-
terrelations on a given topic as he or she remembers
them. It is a visual representation of knowledge orga-
nization in the mind.'*'? However, using concepts maps

as an assessment tool is a challenge. Concept maps vary
to a very large extent from one student to another
based on each student knowledge organization in his
mind.'*'” Therefore in order to score concept maps, all
possible concepts and all conceivable relationships be-
tween all these concepts need to be part of an answer
key. This task is extremely difficult. For this reason
concept maps are primarily used as a teaching tool
rather than an assessment one.'®'”

A relatively recently developed assessment tool is
the concept retrieval technique (CRT). Like the concept
map, the CRT is rooted in the theory of semantic net-
works of medical knowledge. In this test, the students
are asked to simply list all concepts he or she knows
about a particular topic as a measure of how much he or
she learnt about it. In order for the student to list all
important concepts, he or she will have to activate the
relevant semantic network from his mind. The better his
knowledge is organized; the more concepts he will be
able to retrieve.'® ?" The CRT has been used success-
fully as an assessment tool in problem-based learning
(PBL) to assess immediate knowledge gain.'® ?!
Moreover, CRT score was found to be correlated posi-
tively with short essay scores, suggesting that the CRT is
a valid instrument for assessing knowledge.'®"”

Until now, up to our knowledge the tool has only been
used to measure knowledge acquisition over the course
of a single day.'® ' But knowledge acquisition in
the context of medicine is a process that takes place
over much longer time frames. In this study, we were
particularly interested whether the CRT was able to
represent knowledge of endocrinology in 4—6th year
medical students, one year before students attended a
course specifically focused on advanced knowledge of
this topic, and one year after this course. Our predictions
were that the effects of learning, both short-term
(directly after the course) and long-term (after at least
10 months) would be reliably represented in the
CRT-scores of these students.

2. Method

The study is a cross sectional study about the use of
CRT to assess medical students’ knowledge about three
topics in an endocrinology course.

2.1. Farticipants

The participants in this study were all from one
governmental Saudi medical school. This medical
school accept around 300 Saudi national students per
year (around third of them female). All the students
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from the same year study the same integrated courses
at the same time but male and female students are
separated. One hundred forty-four medical students
conveniently and voluntarily recruited to participate in
the study (50% of them were female). One-third of the
participants were students in fourth-year, a second
third were in their fifth-year, and the rest were in the
sixth-year of the medical program. Students from fifth
and sixth year must have taken the endocrinology
course in order to participate in the study.

To recruit the students to the study, the study team
attended with the students the last 10 min of a regular
lecture, after the lecture finished the research team
introduced the available students to the study. The
students who remained after the study introductory
session and signed consent then took the CRT exam.
This procedure was done for male and female students
from each study level separately.

2.2. Materials

The CRT consisted of three questions on three
different endocrinology topics, the questions asked
about both biomedical and clinical sciences knowledge.
The test was developed by two endocrinologists who
are involved in teaching of the endocrinology course in
the curriculum. The questions were as follows: 1. List
all relevant concepts about pathogenesis of graves’
hyperthyroidism. 2. List all relevant concepts about
primary Adrenal insufficiency (including pathogenesis,
diagnosis and management of primary adrenal insuffi-
ciency). 2. List all relevant concepts about diagnosis of
type 2 diabetes. A list of all possible concepts that can
be considered correct answers for each question
constructed by the same two endocrinologists who
developed the CRT questions. The list of all admissible
concepts used in the scoring of the CRTs is presented in
Appendix 2.

2.3. Procedure

The medical curriculum of the Saudi medical school
where the study was conducted is an integrated cur-
riculum where biomedical and clinical sciences are
integrated throughout all the courses. However, the
students spend two preparatory years studying disci-
pline based basic sciences before they start the inte-
grated courses of the medical curriculum in third year
of their study. The endocrinology course is a four-week
course delivered during the last month of the first se-
mester in year four of the medical program. The course
is delivered mainly through problem-based learning

(PBL) where each week is about one problem. Rele-
vant lectures, laboratory and clinical teaching sessions
are also conducted in each week. The first week of the
course is about thyroid disorders including hyperthy-
roidism and hypothyroidism; the second week is about
pituitary disorders while the third week is about
adrenal disorders including adrenal insufficiency. The
last week of the course is about different types of
diabetes including type 2.

The study participants who were from fourth year
did the CRT before they took the endocrinology course
while fifth-and sixth-year students took the course
respectively around ten and twenty-four months prior to
the study. The CRT was administered to the students in
a supervised classroom setting. To help the students
understand how to respond to the CRT, they were given
a one-page example of a non-related CRT question with
its standard answer (appendix 1).

2.4. Statistical analysis

Two content experts scored the exam independently
using the answer key. Each correct concept was given
one mark. Inter-rater agreement was assessed by
Cohen's Kappa and was found to be 0.67 for Question
1, 0.71 for Question 2 and 0.59 for Question 3 which
was considered acceptable. Raters then sat together
and resolved differences of opinion. Then total scores
for each student were calculated.

CRT scores were computed by summing the number
of concepts written down for each of the three questions
and their total. The data was analyzed through one-way
analysis of variance (ANOVA) using the Statistical
Package for the Social Sciences (SPSS v20). Bonfer-
roni correction was applied to counteract the effect of
multiple comparisons on the alpha level of 0.05.

3. Results

One hundred forty-four medical students partici-
pated in the study. All the participants were included in
the final analysis. Table 1 shows means, standard de-
viations, per question and total CRT for students from
each year. The mean total CRT score was 2.9 (mini-
mum score 0 and maximum score 10.0) for 4th year
student, 10.5 (minimum score 2.0 and maximum score
20.0) for 5th year students and 8.6 (minimum score 2.0
and maximum score 20.0) for 6th year students.

A one-way ANOVA was conducted using the Bon-
ferroni correction. The results of the analysis showed a
strong significant overall effect of year on CRT-
performance: F (2, 143) = 51.23, p < .0001, partial
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Table 1
Sample sizes (N), means and standard deviations for the three ques-
tions and total CRT-scores by curriculum year.

N Year 4 Year 5 Year 6

48 48 48

Mean SD Mean SD Mean SD
Question 1 CRT 9 9 2.4 1.2 2.3 1.2
Question 2 CRT 4 9 34 2.2 2.8 2.1
Question 3 CRT 1.6 1.3 4.6 24 3.6 2.0
Total CRT 2.9 2.3 10.5 4.6 8.6 4.1

eta-squared = 0.42. (The latter indicates that differ-
ences in year-of-study explain 42% of the variation in
CRT-scores.) This effect was also visible for each of
the three questions separately. Pairwise comparisons
revealed that—overall-the increase in number of con-
cepts retrieved between almost all years was statisti-
cally significant (Year 4 versus Year 5: p < .0001, Year
4 versus Year 6: p < .0001) with the exception of Year 5
versus Year 6: p = .054). The actual difference between
Year 5 and 6 indicates that sixth-year students retrieved
fewer concepts than fifth-year students but this effect is
only marginally significant. Fig. 1 shows the differ-
ences for each CRT question and the total CRT score
between the three years. No significant differences were
observed between male and female students.

4. Discussion

The CRT has served as a sensitive formative assess-
ment tool immediately after learning activity.'® >’

However, there have been no published studies on its
use as a summative assessment of long-term knowledge.
In this study, we wanted to examine the use of CRT to
assess medical students' knowledge in endocrinology in
relation to students’ study level and time of exposure to
the tested knowledge. The total CRT score was signifi-
cantly different between students from different
studying levels. The fourth-year students significantly
recalled fewer concepts compared to either fifth-or sixth-
year students. This finding supports that CRT is sensitive
to reflect the difference in knowledge level in relation to
knowledge exposure even if knowledge exposure was
some time ago. The reason of why fourth-year students
scored lower on the test could be explained on the basis
of semantic network theory. As it is known, semantic
networks are established in the mind by first learning
activity and mature to expert level in relation to
advancement in learning about a given topic. In this
study, Fourth-year students acquired some endocri-
nology knowledge in the context of other courses but
were not yet systematically exposed to the topics tested
in the exam. Therefore, their semantic network of the
topics tested by the CRT was poor in terms of the number
of concepts and poorly structured in terms of the re-
lationships between these concepts, if any at all. The
result was that they, on average, retrieved few concepts.
On the other hand, student from year 5 and 6 already
studied the endocrinology topics tested by the CRT.
Therefore, their semantic networks of the tested
knowledge were better developed which was reflected
by more concepts being retrieved by the students. Hav-
ing said that, fifth-year students recalled more concepts

Chart Title

12

10

Mean CRT score

N

Year 4

W Question 1 CRT

W Question 2 CRT

Year 5 Year 6

Question 3 CRT  mTotal CRT

Fig. 1. The Mean CRT scores by year of study.
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when compared to sixth-year students, however the
difference between the two groups did not reach statis-
tical significance. Both groups; fifth-and sixth-year stu-
dents; were exposed to the endocrinology course,
however the time from the exposure to the course when
the study conducted was more than doubled for sixth-
year students compared to students from the fifth year.
As we have said before, the semantic networks of
knowledge mature to an expert level as we learn more
about a given topic. However, if the learning is inter-
rupted for a significant period of time then these net-
works are expected to not improve and actually some of
the concepts may decay or become less easily acces-
sible.”” The sixth-year students were more senior than
fifth-year students but their exposure to the specific
knowledge that was tested in the CRT was acquired
longer ago. The exposure to the tested knowledge was at
one specific time during the curriculum with probably
insufficient formal consolidation of this specific
knowledge afterwards. Therefore, somewhat lower
number of concepts retrieved by the sixth-as compared
to fifth-year students is likely due to decay of knowledge
in the absence of sufficient knowledge consolidation
activity. This decay of knowledge due to insufficient
consolidation is a phenomenon from which medical
education as a whole suffers.”” >

The reliability and validity of the CRT as an in-
strument for measuring long-term retention was tested
in this study. The extent of agreement between inde-
pendent raters is considered the most meaningful in-
dicator of reliability for free recall-type of questions.”®
The reasonable inter-rater agreement of the CRT in
our study indicates that it is a reliable assessment tool
when used to assess long-term knowledge. Other
studies have demonstrated somewhat higher inter-rater
agreements when CRT was used for immediate/short
term knowledge acquisition.”’ It seems that assessing
long-term retention of concepts is slightly harder to do,
because students may come up more often with con-
cepts not foreseen in the answer key but nevertheless
sometimes meaningful.

One way of assessing the validity of an instrument
is looking at its construct validity, which is the degree
to which a test is measuring what it sets out to test.”
Borsboom et al. explains that if one is concerned
with establishing the validity of a new measure, what
needs to be demonstrated is that manipulation of the
(non-observable) attribute being measured results in
changes in the scores of the measure.”” The Construct
validity of CRT is assessed in this study indirectly by
testing the change in CRT score in relation to learning

over time. The difference in CRT scores clearly linked
to learning suggests that the CRT is indeed valid.

Using the CRT as an assessment tool seems feasible.
Its advantage lies in its direct assessment of the se-
mantic networks of specific knowledge in a holistic
and comprehensive way. Second, it is easy to develop
as a single question is easy to write and could test a
large span of knowledge. However, the rating of
the answers is time-consuming and more prone to
subjectivity compared to MCQs. Having said that,
Development of a comprehensive answer key to be
used by the test raters is a necessary step to overcome
this limitation to some degree. In addition, attempts are
underway to score CRTs automatically using artificial
intelligence of a computer program.”’

5. Conclusion

Our study is the first to examine the use of CRT to
assess long-term knowledge of medical students. CRT
is a valid and reliable assessment tool for long term
knowledge assessment and has the ability to differen-
tiate students according to their study level.

CRT shows promise and hope that a new knowledge-
directed assessment tool can be put in the hands of the
medical teacher, in the tradition of the concept-mapping
technique but without its disadvantages. However, the
study was conducted in one medical school and with a
limited number of students. Direct comparison of the
CRT with MCQs and short-essay questions to assess its
usefulness as an alternative are next research steps.

Appendix 1.

Example of a concept retrieval test (This example
used in our CRT as a leading example on how to
answer the questions).

Write down everything you remember about the
topic of osmosis.

Do not use full sentences, use powerpoint-type
response. Initially this may look somewhat artificial.
But try to remember how the process goes and what
factors are involved. For instance: “Mmm, ...0Smosis
takes place in cells. Water molecules go through the
semipermeable membrane of the cell. But why? There
are concentration differences between the cell itself
and its environment. This leads water molecules from
an area with high concentration to the lower concen-
tration in the cell. Movement of water molecules is
through Brownian movement. This diffuses the water.”
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This retrieval of everything you remember about
osmosis leads to the following concepts:

Cells.

Water molecules.

Differences in concentration.

Semipermeable membrane.

Diffusion.

Brownian movement.

Appendix 2.

First question: List all relevant concepts about
pathogenesis of graves’ hyperthyroidism.

e Autoimmune disorder

e Thyroid

o T cells

e B cells

e Thyroid stimulating antibodies (TSI, TRAb,TBI)
e TSH receptors

e Thyroid hormones synthesis

e High thyroid hormones in tissues

e Hyperthyroidism

Second question: List all relevant concepts about
primary Adrenal insufficiency (including athogenesis,
diagnosis and management of primary adrenal
insufficiency).

e Adrenal disease

e Autoimmune adrenalitis
e Infiltrative diseases

e Nausea and vomiting

e Low blood pressure

e Low cortisol

e Low mineralocorticoides
e High ACTH

e Low sodium

e High potassium

e ACTH stimulation test
e Hydrocortisone

e Fludrocortisone

e Stress management

Third question: List all relevant concepts about
diagnosis of type 2 diabetes.

e Sedentary life style

e Family history of diabetes
e Metabolic syndrome

o Obesity

e Family history

e Acanthosis Nigerians

e Insulin resistance

e Hyperglycemia

e Polyuria

e Polydipsia

o Weight loss

e Hyperglycemic hyperosmolar state
e Fasting glucose

e Random glucose

e Hemoglobin Alc

e Oral glucose tolerance test
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