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Problem-based learning in a multidisciplinary group enhances clinical decision
making by medical students: A randomized controlled trial
Eishu Nango and Yujiro Tanaka

Department of General Medicine, Graduate School of Medical and Dental Sciences, Tokyo Medical and
Dental University.

BACKGROUND: The effect of multidisciplinary
education on clinical decision making by medical
students is not well known. METHODS: Twenty of
fourth, fifth or sixth year medical students were
randomly assigned to multidisciplinary groups
(MultiG, n = 7) with two medical, pharmacy and
nursing students or medical student groups (MedG,
n = 10) with six medical students only and given a
two-day PBL program using evidence-based
medicine (EBM) methodology. The main outcome
measure is clinical decision making by medical
students for the case, measured by a 100 mm
visual analog scale (VAS). Additional patient
information requested and self-evaluation of the
PBL program were also measured. RESULTS:
Correct answers to assess clinical epidemiology
knowledge increased significantly in both groups
(4.1 to 9.9 points in MultiG, p < 0.001: 3.6 to 9.7
points in MedG, p = 0.002), while scores at
baseline and post-program were not significantly
different. The number of additional patient
information cards requested was not significantly
different (p = 0.10). After the program, the VAS for
clinical decision making was significantly different
(54 mm and 89 mm, p = 0.013), although preprogram values for both groups were similar.
CONCLUSION: Pharmacy and nursing students
may have potential to change the clinical decision
making by medical students.
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INTRODUCTION
Recent studies 1,2 show that collaboration between
physicians and nurses with close communication results
in improved patient satisfaction, improved overall
prognosis and reduced costs. Conferences including
multidisciplinary members of the healthcare team are
conducted routinely in many institutions to discuss
patient care issues, and seminars with students from
multiple disciplines or workshops in which multidisciplinary
healthcare workers learn together have been
organized. When multidisciplinary healthcare students
learn together during their undergraduate education,
they may realize the benefits of cooperation which can
be put into practice later in their careers. In fact,
multidisciplinary undergraduate medical education is
widely conducted in Japan as well as in Europe and
Northern America. However, systematic reviews
evaluating the effects of multidisciplinary medical
education found that preceding studies show some
benefit in outcomes including knowledge, attitudes,
skills and behavior, but most studies are inadequate to
conclude a definite effect, especially in clinical outcome 3,4.
If the benefits of multidisciplinary undergraduate
education are confirmed, it is of great significance to
introduce multidisciplinary approach into undergraduate
medical education widely.
The concepts of evidence based medicine (EBM) have
been shown to be useful in improving the quality of
clinical decision making 5. The methodology of EBM is a
four-step process including: formulating patients’
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questions (step 1), searching for the best evidence
（step
2）, critical appraisal of the evidence (step 3), and
application of the evidence to the patient (step 4) 5. In
step 4 of EBM, it is necessary to consider various
factors regarding the patient’s clinical and physical
circumstances, research evidence, patient’s preferences
and actions, and clinical expertise 6. Therefore, a widescope discussion including multidisciplinary healthcare
workers could also result in the high-quality practice of
EBM.
It has been advocated that problem-based learning
(PBL) had to forge the ideas needed in actual practice
when it was first developed at McMaster University 7. In
recent studies regarding PBL, most outcomes were
surrogates such as the acquisition level of knowledge
or students’ attitudes and satisfaction 8,9. Although the
efficacy of PBL was proven in communicating skills and
teamwork 10,11, recent studies showed no positive effect
in medical judgment 12, and the level of evidence of PBL
for problem-solving and critical thinking is also
somewhat weak 8. A positive effect on clinical reasoning
may exist but has not been confirmed by a randomized
controlled trial 13. In conclusion, to date, no randomized
controlled trial has demonstrated an effect of PBL using
an outcome measure to demonstrate a change of
physicians’ medical decision making in clinical practice.
This randomized controlled trial was conducted to
verify whether PBL with a team of multidisciplinary
healthcare students can affect the clinical decision
making by medical students when compared with a PBL
program including medical students only.
MATERIAL and METHODS
Participants
Inclusion criteria for study participants were status as
a fourth, fifth or sixth year medical student (of a sixyear program) having passed the Common Achievement
Tests (a Japanese nationwide examination similar to
the USMLE Step 1 examination), and pharmacy and
nursing students enrolled in a master’s degree program.
The first year of a master’s program in pharmacy and
nursing roughly corresponds to the fifth year of medical
school in Japan. Medical students who have formally
studied the critical appraisal of medical literature, have
joined multidisciplinary education programs or
graduated in other health care disciplines were
excluded. This study conformed to the Declarations of
Helsinki guidelines and all participants provided oral
and written informed consent. The ethical review
committee for clinical research of the School of
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Medicine, Tokyo Medical and Dental University,
approved this study.
Intervention
Medical students were randomly assigned to either
multidisciplinary groups (MultiG) that consisted of six
multidisciplinary students (two medical students, two
pharmacy students and two nursing students) or
medical student groups (MedG) that consisted of six
medical students only, in a ratio of 2:3 using computer
generated random numbers (Figure 1). All pharmacy
and nursing students were allocated to a MultiG group.
Randomization was stratified by gender. Allocation of
randomization was concealed until the randomization
was completed.
PBL program
The PBL program was planned as a two-day session
(Table 1). The purpose of the PBL program was to
acquire the ability to construct an algorithm for clinical
decision making to solve a patient’s problem. All
students received an original textbook that briefly
explained the concepts of EBM by e-mail two to four
days before the first day of the program. The program
on Day 1 lasted three hours. First, students took a
written test to evaluate their knowledge of clinical
epidemiology. All students received a 15 minute lecture
explaining the four steps of EBM. They were then
separated into groups, and had a 90 minute small group
discussion (SGD-1) for the case presentation and
formulation of a clinical question.
The case scenario was designed to decide whether
beta blocker treatment should be used for cardiac
protection in a 79-year-old man who had diabetes,
chronic obstructive lung disease, atrial fibrillation, and
repeated hospitalizations with exacerbation of cardiac
failure. The English translation of original case scenario
is in appendix.
During SGD-1, clinical questions about the case
scenario were generated and formulated as a four-part
question of PICO (patient, intervention, comparison and
outcome). At the beginning of the presentation, only the
core information of the case was presented. The
strategic inquiry method was used when additional
information was provided on patient information cards
prepared ahead of time, and given only when students
requested this information during the SGD. Patient
information was divided on 36 cards, 12 about biomedical information, and 24 about psycho-social
information. At the end of Day 1, they had a 30 minute
small group discussion (SGD-2) to identify the best
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Figure 1 : Assignment of Study Participants to MultiG and MedG Groups

Table 1. Program Schedule

Day 1

20min

Test to evaluate knowledge of clinical epidemiology

15min

orientation

15min

Lecture: Four steps of EBM

10min

Introduction
← VAS I

90min

SGD 1: step 1. Case presentation and formulating clinical questions

30min

SGD 2: step 2. Finding the best evidence and showing CAT sheet
← VAS II
← VAS III

Day 2

30min

SGD 3: review of Day 1

60min

SGD 4: step 3. Critical appraisal of the article

75min

SGD 5: step 4. Application to the patient in this case

← VASIV
← VAS V
15min

closing

20min

Test to evaluate knowledge of clinical epidemiology

SGD: small group discussion，CAT: critically appraised topic
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evidence. During SGD-2, students could access
electronic information including UpToDate (http://www.
uptodate.com) and the EBM Library for Cardiovascular
Trials (http://www.ebm-library.jp/circ/index_top.html), a
web-based database of structured abstract of
cardiovascular trials for searching available evidence.
The article used for the PBL program was available in
the EBM Library for Cardiovascular Trials with a
structured abstract in Japanese so that students could
rapidly understand the material. Such structured
abstract is so called Critically Appraised Topic(CAT)
sheet.
Two weeks later, the Day 2 session was completed in
four hours. Students had SGD-3 as review of the first
day for 30 minutes and SGD-4 for critically appraising
the article for 90 minutes. The article used during SGD4 was a randomized controlled trial14 about the
efficacy of carvedilol (a widely used oral beta blocker)
in Japanese patients with chronic heart failure and was
p r o vided at this time. After SGD-4, SGD- 5 w a s
conducted to apply the information to the patient in this
case specifically. The closing session was then
conducted and again students took a test to evaluate
their knowledge of clinical epidemiology.
A physician (EN), nurse or pharmacist with teaching
experience during EBM workshops facilitated the
discussions as a tutor for each group and supported
student learning. Different tutors facilitated each group
on Day 1 and Day 2 to avoid any bias of the tutor.
However, based on study design, it was impossible to
blind the nature of the intervention.
Measurement of Outcomes
At the beginning of the study, students’ knowledge of
clinical epidemiology was assessed on the following
twelve items by free description and the number of
correct answers counted: PICO, Medline and PubMed,
MeSH, Bias, Randomized controlled trial, Random
allocation, Intention-to-treat analysis, Masking, Sample
size, Relative risk (RR), Relative risk reduction (RRR),
Absolute risk reduction (ARR) and Number needed to
treat (NNT), p value and 95% confidence interval.
The primary endpoint of the study was the clinical
decision making by medical students at the end of the
PBL program using a 100 mm visual analog scale (VAS),
ranging from 0 (no desire to use at all) to 100 (absolutely
want to use) to quantitate their likelihood to prescribe
beta blocker therapy. Using a VAS can express the
ambivalence of judgment of medical students because
it is an analog scale. Clinical decision making was
assessed not only at the end of the PBL program (VAS
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Ⅴ) for the primary endpoint, but also other points such
as immediately after the case presentation (VAS Ⅰ),
following review of the CAT sheet (VAS Ⅱ), before (VAS
Ⅲ) and after (VAS Ⅳ) the critical appraisal (Table 1).
Secondary endpoints of the study were the students’
comprehension of the case scenario, the change in
knowledge of clinical epidemiology before and after the
PBL program, attitude of the students and evaluation of
the PBL program. To evaluate the students’
comprehension of the case scenario, the numbers of
additional patient information cards requested by
students with strategic inquiry method were counted.
The students’ self-evaluation of the PBL was evaluated
on a 5-point Likert scale ranging from 1 (not at all) to 5
(definite) for the following eight questions: whether they
obtained knowledge; the knowledge was useful for the
future; educational material was appropriate; the case
scenario was appropriate; SGD was effective; students
themselves could study enthusiastically; other group
members study enthusiastically; and whether they wish
to join a similar PBL program in the future.
Statistical Analysis
An estimated sample size of seven medical students in
MultiG and 11 in MedG was calculated to detect a 25
mm difference between the groups on the 100 mm VAS.
The calculation included an estimated standard
deviation of two points for a two tailed test (α = 0.05,
power = 0.70). To create each group of six students,
the medical students in the MultiG and MedG groups
numbered eight students and 12 students in each
group. As a result, the numbers of groups of MultiG and
MedG are configured to four and two respectively.
Results of the 100 mm VAS for clinical decision making
by medical students, the score of knowledge of clinical
epidemiology, and the number of additional patient
information cards were analyzed by t-tests between
MultiG medical students and MedG students. One-way
ANOVA was used with the analysis between medical,
pharmacy and nursing students comparison of the VAS,
and MultiG medical, MedG medical, pharmacy and
nursing students comparison of the score of knowledge
of clinical epidemiology. All analyses were performed
with SPSS 14.0 J for Windows statistical software
(SPSS Japan Institute, Tokyo, Japan), and performed
according to an intention - to - treat principle.
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RESULTS
Participants
Of 20 medical students, eight were assigned to MultiG
and 12 to MedG. One medical students assigned to
MultiG and two assigned to MedG did not attend the
PBL program, and were excluded from further analysis.
Eight pharmacy students and nine nursing students
were all assigned to MultiG. Final distribution of the
students is shown in Figure 1. MultiG has one group of
one medical student, two pharmacy students and two
nursing students, two groups of two medical students,
two pharmacy students and two nursing students, and
one group of two medical students, two pharmacy
students and three nursing students. On the other hand,
MedG has one group of six medical students and one
group of four medical students. All students who
participated in Day 1 events also attended on Day 2.
The baseline characteristics of medical students were
well balanced between MultiG and MedG (Table 2).
VAS measurement of clinical decision making for
the case scenario
Figure 2 and Table 3 show the results from the VAS
for clinical decision making by medical students for the
case scenario in each group based on the PBL
program. The mean ± SD of clinical decision making
after the case presentation (VAS Ⅰ) at the baseline was
not significantly different between the MultiG and MedG
groups at 35 ± 22 mm vs. 40 ± 20 mm, respectively (p
= 0.64). The clinical decision making for all medical
students was also similar to those for pharmacy and
nursing students after the case presentation (VAS Ⅰ) at
38 ± 20 mm, 29 ± 23 mm and 46 ± 17 mm (p = 0.40).
The clinical decision making by medical students of
both groups was similar after step 2 (VAS Ⅱ), at the
beginning of Day 2 (VAS Ⅲ) and after step 3 (VAS Ⅳ)
as well, and these judgments showed a tendency to use
the beta blocker treatment as the PBL program
advanced.
On the other hand, at the end of the PBL program
(VAS Ⅴ), the VAS of medical students in the MultiG
group at 54 ± 39 mm showed a statistically significant
tendency to avoid the beta blocker treatment as a
result of clinical decision making than did the MedG
group at 89 ± 8 mm (p = 0.013). The clinical decision
making by pharmacy and nursing students at the end of
the PBL program (VAS Ⅴ) scored 53 ± 29 mm and 70
± 23 mm. The differences in clinical decision making
between the initial case presentation (VAS Ⅰ) and the
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end of the PBL program (VAS Ⅴ) were 18 ± 50 mm in
the MultiG group and 49 ± 17 mm in the MedG group,
but these differences were not significant (p=0.096).
The difference in clinical decision making between
before (VAS Ⅳ) and after (VAS Ⅴ) step 4 showed that
medical students in the MultiG group changed toward
not using the beta blocker treatment by a mean change
on the VAS of 30 ± 40 mm, while medical students in
the MedG group changed significantly toward using the
beta blocker treatment, with a mean change on the
VAS scale of 13 ± 14 mm (p = 0.007).
Knowledge of clinical epidemiology
The number of correct answers to assess the
knowledge of clinical epidemiology of medical students
in the MultiG group, those in the MedG group, and
pharmacy and nursing students at the beginning of the
PBL program were 4.1 ± 2.7, 3.6 ± 2.5, 4.6 ± 1.5 and
4.7 ± 1.9 points out of 12 and showed no significant
differences between the groups (p = 0.70). At the end
of the PBL program, the numbers of correct answers
were 9.9 ± 2.2, 9.7 ± 1.5, 7.9 ± 1.2 and 9.1 ± 2.0
respectively, and these also were not significantly
different (p = 0.12). However, the number of correct
answers significantly increased from the beginning of
the PBL program to the end of the PBL program for all
groups tested (p < 0.001, p = 0.002, p = 0.005, p =
0.004).
Quantity and quality of additional patient
information requested
No difference was found in the numbers of additional
patient information cards that MultiG and MedG
students requested (28 ± 3.8 vs. 22 ± 0, p = 0.10).
Neither the number of bio-medical cards (10 ± 1.8 vs.
12 ± 0, p = 0.2) nor psycho-social cards (17.8 ± 3.8 vs.
10 ± 0, p = 0.052) showed a significant difference
between the MultiG students and the MedG students.
Students’ self-evaluation of the PBL program
In the self-evaluation of the PBL at the end of the
program, all of the scores for the questions were similar
between the MultiG group and the MedG group; whether
they obtained knowledge (4.7 ± 0.5 vs. 4.3 ± 0.7,
p = 0.19); usefulness for the future (4.9 ± 0.4 vs. 4.7 ±
0.5, p = 0.48); educational material was appropriate
(4.3 ± 0.8 vs. 4.5 ± 0.8, p = 0.6); case scenario was
appropriate (4.6 ± 0.5 vs. 4.4 ± 0.8, p = 0.64); SGD was
effective (4.6 ± 0.5 vs. 4.2 ± 0.9, p = 0.35); students
could study enthusiastically (4.1 ± 0.9 vs. 4.3 ± 0.7, p =
0.69); group members studied enthusiastically (4.7 ± 0.5
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Table 2. Baseline characteristics

Medical students

Age (mean yr±SD)
Male : Female

Pharmacy

Nursing

MultiG
n=7

MedG
n=10

Total
n=17

students

students

n=8

n=9

24±1.4

25±4.3

25±3.4

23±1.1

30±5.5

4:3

5:5

9:8

2:6

0:9

8 (100)

9 (100)

29±23

46±17

Year in School
First year of
master’s program (%)
Sixth year (%)

1 (14)

0(0)

1 (6)

Fifth year (%)

5 (71)

8 (80)

13 (76)

Fourth year (%)

1 (14)

2 (20)

3 (18)

35±22

40±20

38±20

Clinical decision
making after case
presentation (mm)

MultiG: multidisciplinary group, MedG: medical student group, SD: standard deviation

Figure 2 : V AS of clinical decision about case scenario during PBL
Med-MultiG: Medical students in a multidisciplinary student group,
Med-MedG: Medical students in a Medical student only group
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Table 3. VAS of clinical decision about case scenario during PBL

VAS

Medical students

Pharmacy
students
n=8

Nursing
students
n=9

P value

MultiG
n=7

MedG
n=10

Ⅰ (mean±SD)

35±22

40±20

29±23

46±17

0.64 †
0.40 ‡

Ⅱ (mean±SD)

60±33

54±23

43±26

71±10

0.69 †

Ⅲ (mean±SD)

81±27

69±21

63±25

74±18

0.30 †

Ⅳ (mean±SD)

83±21

76±15

69±27

74±24

0.42 †

Ⅴ (mean±SD)

54±39

89±8

53±29

70±23

0.013 †

MultiG: multidisciplinary group, MedG: medical student group, SD: standard deviation
† comparison between the MultiG and MedG medical students
‡ comparison between medical (MultiG and MedG), pharmacy and nursing students

vs. 4.6 ± 0.7, p = 0.72); and whether they wish to join a
similar PBL program (4.4 ± 0.5 vs. 4.3 ± 0.7, p = 0.68).
DISCUSSIONS
This study demonstrates that the clinical decision
making by medical students was affected through PBL
programs with multidisciplinary healthcare students
compared to those with medical students only. It is of
value because there are few randomized controlled
trials that evaluate the effect of medical education,
especially on physicians’ medical decision making, in
clinical practice 8.
The case scenario used in this PBL was to decide
whether beta blocker therapy should be used for
cardiac protection in a 79-year-old man with diabetes,
chronic obstructive lung disease, atrial fibrillation, and
repeated hospitalizations with an exacerbation of
cardiac failure. Although a randomized controlled trial 14
has shown that beta blocker treatment improves the
prognosis of patients with chronic heart failure, there
are many barriers to their use in actual medical
p r a c t i c e . 15-17 B e t a b l o c k e r s r e q u i r e p r o l o n g e d
hospitalization because their dose must be adjusted
gradually 18 and furthermore, beta blockers have to be
discontinued with exacerbation of heart failure and restarting the medication is then required. Additionally,
the patient in the case scenario did not want to be
hospitalized and was at high risk for exacerbation of
heart failure because he could not comply with dietary
restrictions. Medical students in the MedG groups
decided to use the beta blocker treatment since they
considered only part of the evidence. On the other

hand, these results suggest that non-medical students
valued this kind of information more than medical
students did, because students in the MultiG requested
a greater number of psycho-social cards. Furthermore,
medical students in the MultiG groups tended not to use
beta blocker treatment as a result of getting further
information about the method of using beta blocker
treatment, and the fact that it takes several weeks,
based on information from the pharmacy students and
of the patient’s desires regarding their care from the
nursing students. The change in clinical decision
making by medical students may have great
significance for their future practice of medicine when
influenced by the opinions of pharmacy and nursing
students.
In order to assess outcomes quantitatively, we used a
VAS in this study. The VAS was originally developed for
19,20
, and has been
the diagnosis of psychiatric disease
applied clinically to judge pain intensity. 21 Recent
literature has described the VAS as a very sensitive
scale to evaluate judgments. 22 Because we want to find
a delicate change of clinical decision making by medical
students through the PBL program, a sensitive scale
such as the VAS was adopted.
After step 1 of EBM (formulating the patient’s problem),
the VAS (VAS Ⅱ) was still not different between the two
groups. This may be due to the fact that the students’
discussion was only based on patient information and
lacked information about the beta blocker treatment.
On the other hand, the judgment remained unchanged
at step 2 (VAS Ⅱ) (searching for the best evidence) and
step 3 (VAS Ⅳ) (critical appraisal of the evidence)
perhaps because it had not been realized to be part of
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the patient’s problem despite appraising the evidence.
Both patient-related factors and the clinical evidence
for treating patients are necessary to appropriately
apply clinical decision making, and it would be more
effective when the process of EBM is introduced to the
PBL program.
Learning alongside multidisciplinary healthcare
students is meaningful to discuss at both steps 1 and 4
(applying the evidence to the patient) in depth. Since
prescribing medication is permitted only for physicians
in Japan, they tend to judge the value of treatment
based on an isolated and sometimes arbitrary decision.
Some physicians have a strong bias toward bio-medical
information such as pathophysiologic effects. It is
important for physicians to acquire information and
ideas from other members of the healthcare team and
for medical students to learn the importance of
collaboration with healthcare workers during
undergraduate medical education. Past studies
evaluating the effectiveness of inter-professional
collaboration were concerned mainly with the
23-29
but
interactions between physicians and nurses
little has been studied regarding physicians and
pharmacists 29,30. The findings in our study are also
meaningful because the difference was seen not in the
surrogate outcomes but in the important outcome of
clinical decision making.
When PBL is performed with multidisciplinary
healthcare students, it is necessary to prepare
scenarios that allow students to apply knowledge from
each of their own background. In situations very similar
to actual practice, students can study using the
strategic inquiry method which uses patient information
cards to provide additional information, as was done in
this study. This technique limits the information provided
which the student considers important. Additionally,
through the PBL, medical students can be aware of
issues that are considered only by students with other
background.
In the evaluation of PBL, it is difficult to determine the
effect of learning on the quality of medical care. Thus, it
may be more appropriate to evaluate how much
information medical students receive from students with
other background or how many social and psychological
factors are included in the process of clinical reasoning
after the PBL program.
Limitations of the study
Although the students in this study were randomly
assigned, the interaction between the group members
can not be excluded. This could be a limitation of this
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kind of educational researches by differing from animal
studies.
The number of patient information cards students
requested was greater in the MultiG group but this
difference was not significant. This may be due to an
insufficient number of groups since this study included
only four MultiG groups and two MedG groups.
Organization of a PBL program with multidisciplinary
healthcare students may not be well accepted, since it
requires more effort, and avoided if there remains no
clear advantage to students other than the medical
students. Thus further study is necessary to examine
whether the patient’s compliance with instructions and
the nursing care plan are changed similarly when
pharmacy and nursing students learn during a PBL
program with multidisciplinary healthcare students.
Conclusion
A PBL program with multidisciplinary healthcare
students significantly affects the clinical decision
making by medical students. This change in behavior
may be partially due to the fact that the medical
students seek more information from pharmacy and
nursing students in evaluating the patient, especially
regarding psycho-social information. Therefore,
pharmacy and nursing students may have the potential
to change the clinical decision making by medical
students and it is valuable to organize multidisciplinary
PBL.
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APPENDIX
The clinical scenario in the PBL session
Mr. U is a 79-year-old man with a history of heart
failure, hypertension, type 2 diabetes, chronic renal
failure and chronic obstructive pulmonary disease, and
admitted to this hospital with exacerbation of heart
failure. He has felt dyspnea and weight gain of eight
kilograms since two weeks before admission and got
better by furosemide. Although it is written that the
beta-adrenergic antagonist is effective for heart failure
on textbooks, there is no such medication in Mr. U’s
prescription. You are going to read the following paper
to think of whether you should admit carvedilol or not
to improve his prognosis.
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