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ORIGINAL ARTICLE

The Effects of an In-classroom Diagnostic Thinking Program on
Medical Students: a quasi-experimental study

Background: One of the expected competencies of physicians is
clinical reasoning. Therefore, diagnostic thinking in medical students
is important. The aim of this study was to investigate the effect of
diagnostic thinking instructional program on medical students.
Method: The research was quasi-experimental. The target group
was medical students who spent their internship in the internal
department. The sample size for each group was 20 participants.
20 interns in the three-month rotation of autumn 2018 were
considered as control and 20 interns entering the department in
the winter rotation of the same year were considered as the
intervention group. Students were evaluated using Diagnostic
Thinking Questionnaire (DTI). Data analysis was done with
descriptive and analytical statistics.

Results: The two groups did not differ in terms of the number of
participants, age, grade point average and mean DTI score in the
pre-test (P>0.05). The pre-test scores of two groups in the
flexibility of thinking (P=0.09), memory structure (P=0.68), and
the total score of diagnostic thinking (P=0.4) were not significantly
different. The post-test scores of students in the sections of
flexibility of thinking, memory structure, and the total score of
diagnostic thinking of both groups did not change significantly
compared to the pre-test scores (P>0.05). There was a significant
relationship between only the two variables of grade point average
and memory structure score in the post-test (r=0.46, P=0.004).
Conclusion: The in-class diagnostic thinking instructional program
did not affect students' diagnostic thinking in the absence of
patients which is probably due to the lack of patient encounters.
Keywords: Diagnostic thinking; Diagnostic reasoning; Clinical
reasoning; Medical students; Medical education
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In-classroom Diagnostic Thinking Program

INTRODUCTION

The problem-solving process used by physicians is generally
recognized as clinical reasoning (1) which is the basis of
clinical work (2). This ability is a multidimensional
phenomenon (3) that help doctors to solve clinical
problems. In clinical reasoning process, a person identifies
and prioritizes relevant clinical data to make a hypothesis and
a plan to confirm or reject that hypothesis (4—0) so that he
can diagnose and treat the individual's disease. Studies
showed that clinical reasoning was associated with diagnostic
thinking (7). The process of diagnosting thinking involves
arranging information in memory and developing strategies
to retrieve it (8). Studies show that errors in diagnosis in
medicine are the cause of 40,000 to 80,000 deaths per year
(9), of which 10 to 20% are related to misdiagnosis, delayed
diagnosis or no diagnosis (10) which are due to insufficient
knowledge, incomplete data collection or incorrect
confirmation (11) . It is estimated that 75% of diagnostic
failures are related to failures in physician diagnostic thinking
(12) which could be prevented (11). As a result, the
development of cognitive processes, which is the basis of
physicians' diagnostic thinking and begins in medical school,
is an important issue in medical education.

The best strategy for reducing errors is to make students
aware of biases and encourage them to rely more on
diagnostic analytical thinking (13) to eliminate cognitive and
diagnostic biases in the reasoning process (14) when
encountering with complex or unfamiliar issues in future.
Teaching this type of thinking, diagnostic errors, and the
pitfalls that a doctor may fall into due to these errors while
solving a clinical problem are among the important strategies
that could help to promote analytical thinking (12).
However, few studies have been conducted on teaching
these strategies to promote diagnostic thinking in medical
students. Therefore, this study was designed and
implemented to investigate the effects of answer the
question: Is a diagnostic reasoning instructional program
effective for medical students?

METHODS

This study was a quasi-experimental study with a non-
equivalent control group performed with medical students
in the internal medicine department of Birjand University of
Medical Sciences in 2021. Medical internship students at this
university spend three months of their internship in the
internal department. In this university, about 20 interns and
60 staff in each rotation enter this department and are
divided into different rotations of the internal department,
including general and subspecialty wards, clinic, internal
emergency ward, as well as hematology and oncology. They
become familiar with history taking and the diagnosis, and
treatment of different cases in outpatient and inpatient parts
of this ward. In addition, several classes are held during this
course, where the topics of major internal diseases are
taught. Morning report and inpatient rounds are also held in
this section. Students are normally assessed with a written
multiple choice and an essay test at the end of the rotation.

Assuming o is equal to 0.5, 3 is equal to 0.90, & is equal to 3,

the minimum significant difference between the case group
and the control group is equal to 3 points, according to formula

n (Z1 a2 +Zl—ﬁ)2 * (512 +522) _10%2*9
(1= 1)’ 9

, the required sample size in this study was 20 participants
for each of the intervention and control group, which was
selected with convenient sampling from the students who
entered the internal medicine rotation. The inclusion criteria
for this study were medical students studying at Birjand
University of Medical Sciences who were undergoing an
internship in the internal medicine department. Students
who did not consent to participate in the study, or did not
participate in the pre-test or post-test, or withdrew from the
internship in the internal rotation, were excluded from the
study.

Due to the limited number of students entering the ward
and also to prevent contamination between the two groups,
first the control group and then the intervention group
entered the study so that the control group was trained in
the first 3-month rotation and so did the intervention group
in the next rotation. Training in the first 3-month rotation
(control group) included routine training, i.e. daily
morning report, clinical rounds, classroom lectures, and
clinic. In the intervention group (second 3-month
rotation), in addition to routine instruction, a diagnostic
analytical thinking training course was held. Students who
entered the internal ward were invited to participate in this
study. Students had the right to choose to participate in the
pre-test and post-test or diagnostic thinking training
course. If the students were satisfied, they were included in
the study. In case of not being satisfied to attend this
course, a negative grade was not considered for the
students. Both intervention and control groups, at the
beginning of the course, were assessed with diagnostic
thinking inventory (DTI) which was developed by Bourdieu
et al. in France and has 41 questions on a 6-point Likert
scale. DTI includes two main areas, namely memory
structure and thinking flexibility. According to the 6-item
scale and the total number of questions in the DTI, the
minimum score in this questionnaire was 41 and the
maximum score was 246. This questionnaire was translated
by Dr. Monjemi in Persian and its validity and reliability
were checked in a study by Dr. Soltani et al. (15). The
students in the preset study were provided with the
electronic DTI.

Charactristics of the Diagnostic Thinking Program

This program was held in classroom and in the form of
lectures and case presentations. At the beginning of the
course, the basics of clinical reasoning and the stages of
analytical reasoning were provided to students. This basic
content included the definition of clinical reasoning,
analytical or hypothetico-deductive thinking, and non-
analytical or intuitive thinking, which was scheduled in four
sessions for the first two weeks of the course. Each session
was held for 1.5 hours through case-based questions and
answers. The following topics were taught in order:
Session 1: diagnostic framework and differential diagnosis,
semantic qualifier and summary statement.
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Session 2: illness script and problem list.

Session 3: Test selection and hypothesis refinement.

Session 4: Diagnostic errors and presentation of clinical
scenarios with emphasis on identifying cognitive errors.

In all sessions, students practiced the topics with clinical cases.
Data Analysis

Data normality was determined using Shapirovilk test. Due
to the normality of data distribution, paired t-test was used
to compare scores within the group and independent t-test
was used to compare scores between groups. ANCOVA was
also used to eliminate the confounding effect of the pretest.
Data analysis was done with SPSS software, version 21.

RESULTS

In this study, a total of 40 interns participated in both
intervention and control groups. Of these, one intern in
control group and three in intervention group were
eliminated due to incomplete filling of questionnaire. Hence,
data of 19 interns in control group and 17 interns in
intervention group was analyzed (Table 1).

The results of Table 1 show that there was no significant

difference between the intervention and control groups in
case of age, gender, as well as GPA.

Table 2 shows the results of the comparison between the DTI
scores in the pre-test and post-test scores in two groups. The
results showed that at the beginning and end of the course,
there was no significant difference between the control and
intervention groups in terms of thinking flexibility, memory
structure and total score. (P>0.05). Also, intra-group
comparison of students' scores showed no significant change
in post-test scores compared to pre-test in both study groups
(P>0.05).

In this study, the results of the ANCOVA also showed that the
diagnostic thinking training course had no effect on this
ability of the students (Table 2).

The relationship of the variables age and GPA with thinking
flexibility, memory structure, and total score of DTI before
and after the instructional program is given in Table 3.
Among the investigated relationships between age/GPA and
the components of the questionnaire, the only significant
correlation was related to GPA and memory structure in the
post-test (table 3).

Table 1. Frequency distribution of gender status of participating students
Control Intervention
P-Value*
Number (Percent) Number (Percent)
Female 14 (73.7) 10 (58.8)
Gend Mal 5(26.3) 7(41.2) 2L
ender ale . : P:0.34
Total 19 (100) 17 (100)
Mean + SD Mean + SD P-Value*
Sig: 0.12
Age 23.89+0.73 24.7+2.28 F-2.50
Sig: 0.81
GPA 16.52 +1.09 15.72 £ 1.07 F- 0.58
*independent t.test
Table 2. Comparison of the mean pre-test and post-test DTT score in two intervention and control groups
Pre-test Post-test Ancova
Variable Group P-Value *
Mean = SD Mean + SD F P-Value Eta square
inki Control 74.74+8.12 72.73£9.15 0.5
Thinking 0.049 0.826 0.001
flexibility Intervention 70.29+7.2 71.747.26 0.52
Sig** 0.09 0.71
Control 73.89+5.69 75.47+8.49 0.56
Memory 3.45 0.072 0.095
structure Intervention 74.82+8.04 73.41+4.98 0.6
Sig** 0.68 0.38
Control 148.6+11.66 148.21£15.25 0.93
Total 0.398 0.532 0.012
Intervention 145.11+13.42 145.11+6.93 1
P-Value ** 0.4 0.448
*Paired t-test
**Independent t-test
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Table 3. The corerrelation of age/GPA with the DTI components

Pretest of Pretest of
Variable thinking memory
flexibility structure
Pearson correlation -0.97 -0.53
Age
Sig 0.57 0.75
Pearson correlation 0.033 -0.56
GPA
Sig 0.84 0.74

Total pretest Pos'tte§t of Posttest Total Posttest
DTI thinking memory DTI
flexibility structure
-0.91 -0.251 -0.05 -0.20
0.59 0.14 0.75 0.23
-0.10 -0.63 0.46* 0.22
0.95 0.71 0.004 0.18

* Correlation is significant at the 0.01 level

DISCUSSION

In this study, the level of diagnostic and clinical reasoning
skills of medical intern students was investigated. The DTI
tool was used as a standard tool in assessing students'
diagnostic reasoning skills at the beginning and end of the
internal disease internship in medical interns. The results of
this study showed that there was no significant difference in
the DTI post-test scores compared to the pre-test in any of
the intervention and control groups. In addition, there was
no significant difference between the two groups in the mean
scores of the DTI post-test. These results show that the
diagnostic analytical reasoning course could not have an
effect on medical students' clinical reasoning skills in a short
time of internal ward rotation.

In the present study, the average score of DTI in students
before and after the course was in the range of 145-148 and
there was no significant change after the instruction. In
Bordage's study, who designed the DTI questionnaire, 270
people participated in nine groups, including medical
students, residents, general practitioners, and specialists. In
Bordage's study, the first- and third-year medical students
scored 154 and 158, respectively, and with the increase in
clinical experience, the scores of the DTI test also increased.
In this way, the first and third-year students got the lowest
score and were distinguished from the other seven groups.
The first-year residents also got the lowest score among other
seven groups and the specialists got the highest score, 180
(16). The results of Bordage's study showed that the average
score of medical students is to an extent similar to the same
average in the present study.

In another study in which DTI test was taken from 105
residents and 100 interns, the total score in interns and
residents was 158 and 161, respectively that was not
significant (P = 0.56). Also, the average score of thinking
flexibility was 75 in interns and 76 in residents, and the
average score of memory structure was 82 and 85 in interns
and residents, respectively, none of which was significantly
different (P>0.05) (15). It seemed that the DTI score in
residents should be higher than that of interns. This result
can be due to the fact that probably the interns were at the
end of the internship period and the residents were in the
first or second year of their residency, in a way that they were
new to the field and the content was still not organized
enough in their minds.

It seems that the structure of memory and the flexibility of

thinking are two structures that need more time to improve,
and this could be one of the reasons why the average DTI
scores, in general and in each of its components, did not
change significantly in a short-term course. Another reason
that can be mentioned for the lack of effectiveness of the
present program is the lack of observation of a sufficient
number of patients during the rotation by the students.
Therefore, students had no enough opportunities for
reflective clinical practice and application of their learning on
the bed, while reflective practice has been introduced as one
of the important methods in promoting diagnostic thinking
in doctors (13). Considering that the knowledge, experience,
and learning environment which are the main elements in
diagnostic reasoning (14,17), teaching diagnostic reasoning
skills alone is not enough for improvement. As the study of
Sobocan et al. also showed that medical students did not
perform dramatically different in the DTI test when they were
taught by using a virtual patient compared to the problem-
solving method in internal medicine rotation. However, they
improved in the flexibility of their thinking and structure of
memory (18).

In addition, since in the present study, the educational
sessions were conducted in classroom, the results could be
indicated that in-classroon instruction, even though in a case-
based manner, cannot replace case-based training at the
patient's bedside. Although the present study showed the
insignificant effect of the training program on diagnostic
reasoning skills, there is no evidence for the effect of bedside
teaching on this ability in medical students. Therefore, it is
suggested the further research in bedside.

The present results showed that there was a significant
correlation between GPA and memory structure score after
the intervention, that could be an indicator that students
with higher GPAs had more readiness to have structured
memory after a preparedness program, even though it was a
short-term program.

Our comprehensive review of the literature found limited
studies in which the effects of an instructional course on
diagnostic thinking would be investigated through a pretest-
posttest analysis. For this reason, the available studies
emphasize the amount of diagnostic thinking of students and
assistants, and based on these results, it is not possible to
conclude whether the instructional programs, especially if it
is short-term, will be effective on this ability of students or
not. This is also another critical area of inquiry.

The present study was accompanied with some limitations.
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Since the number of students entering the internal rotation
in each course was small, it was not possible to divide them
into intervention and control groups in one rotation, and if
possible, there was a possibility of information leakage
between the two groups. For this reason, this study was a
quasi-experimental. Two consecutive internship rotations of
students were used as intervention and control groups, and
it was probably associated with biases. Although the small
exposure of students to multiple patients in the ward was
another limitation of this study, given the fact that the
experience of students is considered as a confounding factor
in examining the effect of diagnostic reasoning training in the
classroom, this limitation also would be considered as a
strength for this study.

CONCLUSION

The results of this study demonstrated that holding
diagnostic reasoning development workshops may have no
effect on students' empowering in this ability. The review of
similar studies showed that medical students in different
studies had the same mean as the students participating in
this study. Therefore, it seems that the variable of time is an
important factor in developing these skills in students. In
addition, the students in this study did not have enough
opportunities for direct exposure at the patient's bedside,

and this showed that classroom teaching, even on a case-
based basis, would not replace bedside teaching for
improvement of diagnostic skills. Therefore, it is suggested
to conduct more studies. In addition, due to the existence of
biases in quasi-experimental studies, conducting more
studies in different contexts with stronger methodology is
recommended.
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