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Background: This study aimed to clarify the influence of predicting a correct diagnosis from 

the history on physical examination by comparing the diagnostic accuracy of auscultation with 

and without clinical information.

Methods: The participants were 102 medical students from the 2013 clinical clerkship course. 

Auscultation was performed with a cardiology patient simulator. Participants were randomly 

assigned to two groups. Each group listened to a different simulated heart murmur and then 

made a diagnosis without clinical information. Next, a history suggesting a different murmur 

was provided to each group and they predicted the diagnosis. Finally, the students listened to a 

murmur corresponding to the history provided and again made a diagnosis. Correct and incor-

rect diagnosis rates of auscultation were compared between students with and without clinical 

information, between students predicting a correct or incorrect diagnosis from the history 

(correct and incorrect prediction groups, respectively), and between students without clinical 

information and those making an incorrect prediction.

Results: For auscultation with or without clinical information, the correct diagnosis rate was 

62.7% (128/204 participants) versus 54.4% (111/204 participants), showing no significant dif-

ference (P=0.09). After receiving clinical information, a correct diagnosis was made by 102/117 

students (87.2%) in the correct prediction group versus 26/87 students (29.9%) in the incorrect 

prediction group, showing a significant difference (P=0.006). The correct diagnosis rate was 

also significantly lower in the incorrect prediction group than when the students performed 

auscultation without clinical information (54.4% versus 29.9%, P,0.001).

Conclusion: Obtaining a history alone does not improve the diagnostic accuracy of physical 

examination. However, accurately predicting the diagnosis from the history is associated with 

higher diagnostic accuracy of physical examination, while incorrect prediction is associated 

with lower diagnostic accuracy of examination.

Keywords: cardiac examination, clinical history, clinical reasoning, diagnostic accuracy, 

general medicine

Background
Performing physical examination is one of the essential skills for clinicians, and accu-

rate examination and evaluation provide information for determining the diagnosis 

and treatment. However, it is not rare to miss abnormal physical findings or perform 

evaluation incorrectly in daily practice. Incorrect assessment of physical findings may 

lead to diagnostic errors, which in turn may result in an adverse outcome for the patient.1 

Depending on whether or not physical examination is performed with an underly-

ing hypothesis, the examination itself and interpretation of the findings will differ.2 

Riegelman3 stated that physical examination represents a collection of diagnostic tests 
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and that a method is required for incorporating each piece of 

information gathered into the diagnostic thinking process in 

consideration of the usability of said information.

Previous studies have shown that obtaining a clinical 

history improves the diagnostic accuracy of auscultation,4 

visual diagnosis,5 interpretation of radiographs,6–11 and inter-

pretation of electrocardiograms.12 Of course, acquisition of 

the history does not guarantee that a correct diagnosis will 

be made in the real-world clinical setting, and incorrect diag-

nostic predictions may be generated. A study comparing a 

group of patients who had a history suggestive of the correct 

diagnosis and group with a misleading history concluded 

that obtaining the history improves the diagnostic accuracy 

of physical examination, provided that a correct diagnosis 

can be predicted from information in the history and that this 

prediction in turn improves the accuracy of examination. 

However, we have not been able to find any studies that 

compared diagnostic accuracy between physical examination 

alone without a history and physical examination with a his-

tory that resulted in prediction of an incorrect diagnosis.

The present study aimed to clarify the influence of 

predicting a correct diagnosis from the history on physi-

cal examination by comparing the diagnostic accuracy 

of auscultation with and without clinical information. 

 Accordingly, medical students who predicted the correct 

diagnosis from the history (correct prediction group) were 

compared with medical students who made an incorrect 

prediction from the history (incorrect prediction group), and 

medical students who performed auscultation without any 

clinical information were also compared with the incorrect 

prediction group.

Methods
Procedures
This study was approved by the Ethics Committee of Chiba 

University School of Medicine (Chiba, Japan). A detailed 

explanation of the study was given to all participants, who 

confirmed that they fully understood the information before 

voluntarily giving informed consent to participate.

Participants
One hundred and two medical students undertaking clinical 

clerkship at Chiba University School of Medicine in 2013 

were enrolled in this study, which was part of the clinical 

clerkship course provided by the Department of General 

Medicine at Chiba University Hospital (“our department”). 

The students had all completed the fourth year of the medi-

cal course and had passed computer-based testing and an 

 objective structured clinical examination. They had also 

received skills training with a cardiology patient simulator, 

which was the same as that used in the present study.

Design
This study employed a cardiology patient simulator (Ichiro®; 

Kyoto Kagaku Co, Kyoto, Japan), which is currently used 

at approximately 120 educational institutions in Japan. This 

device provides training in the auscultation of 26 different 

heart sounds, palpation of arteries at eight sites, observation 

of the jugular veins, and palpation of cardiac impulses, and 

it also displays electrocardiographic waveforms.13

Four valvular abnormalities (mitral stenosis [Q1], aortic 

stenosis [Q2], aortic regurgitation [Q3], and mitral regurgi-

tation [Q4]) were selected from among the cardiac condi-

tions that the students had studied in their cardiovascular 

medicine course as the diagnoses to be made by physical 

examination.

The participants were randomly assigned to two groups 

(Group A and Group B). First, Group A performed ausculta-

tion for Q1 and Q2, while Group B performed auscultation for 

Q3 and Q4. The participants were then asked to make a diag-

nosis based on their findings at auscultation (diagnosis without 

clinical information, n=204 examinations [51 students ×2 

questions ×2 groups]). Next, a clinical history suggestive of 

Q3 and Q4 or a history suggestive of Q1 and Q2 was provided 

to Group A and Group B, respectively, and the students were 

asked to make the most appropriate diagnosis based on the 

data in the history. Subsequently, the students listened to 

simulated heart murmurs corresponding to the history that 

they had been given and were again asked to make the most 

appropriate diagnosis (diagnosis with clinical information, 

n=204 examinations [51 students ×2 questions ×2 groups]) 

(Figure 1). The histories provided to the students were based 

on questions from prior national examinations for medical 

practitioners, and their appropriateness was assessed by an 

expert panel from our department before use. The same history 

was given to the participants for each question.

When a pilot study of students undergoing the clinical 

clerkship rotation at our department was conducted last year, 

all students made their diagnostic predictions within 10 min-

utes after being provided with a history and within 3 minutes 

after performing auscultation. Therefore, the time limits for 

this study were set according to those findings.

In order to avoid leakage of the questions, the partici-

pants were told that this study had nothing to do with their 

grades and were asked not to discuss the questions with 

other persons.
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Main measures
The diagnostic accuracy of auscultation was compared 

between students who received clinical information and 

those without clinical information, between the correct 

prediction group and the incorrect prediction group, and 

between students without clinical information and the incor-

rect prediction group.

Subsidiary measure
The relationship between the number of correct diagnoses 

made without clinical information and the number of correct 

diagnoses predicted with clinical information was examined 

by cross tabulation.

Statistical analysis
Statistical analyses were performed by using SPSS Statistics 

for Windows 20.2 (IBM Corporation, Armonk, NY, USA), 

with the level of significance being set at P,0.05. The diag-

nostic accuracy of auscultation was compared between the 

groups by using the chi-square test. The relationship between 

the number of correct diagnoses made without clinical infor-

mation and the number of correct diagnoses predicted with 

clinical information was examined by using the chi-square 

test or Fisher’s exact test.

Based on the results of the pilot study mentioned above, 

the diagnostic accuracy of auscultation was predicted to be 

60% when students received clinical information and 40% 

when they had no clinical information. Assuming an α error 

of 0.05, β error of 0.2, and power of detection of 0.8, a sample 

size of at least 97 participants was required for each of the 

correct and incorrect prediction groups to allow comparison 

of the diagnostic accuracy of auscultation.

Results
Comparison between the medical students performing 

auscultation with or without clinical information showed 

that a correct diagnosis was made in 128/204 examinations 

(62.7%) when they received clinical information versus 

111/204 examinations (54.4%) when they had no clinical 

information. There was no significant difference in the diag-

nostic accuracy of auscultation between medical students 

with and without clinical information (P=0.09) (Table 1). 

Comparison between the correct and incorrect prediction 

groups showed that the correct prediction group made a 

correct diagnosis after auscultation in 102/117 examinations 

102 students

Random allocation

Group B
(51 students)

Group A
(51 students)

Q1 and Q2

Q1 and Q2

Q3 and Q4

Q3 and Q4

Without clinical information
(n=204 examinations)

With clinical information
(n=204 examinations)

Correct prediction
group

Incorrect prediction
group

Clinical history

Auscultation

Auscultation

Figure 1 Outline of the study.
Notes: One hundred and two students were randomized to Group A (51 students) that started with question (Q)1 and Q2 or Group B (51 students) that started with 
Q3 and Q4. The students initially performed auscultation without clinical information (n=204 examinations, 51 students ×2 questions ×2 groups), and then performed 
auscultation again after being given a history (n=204 examinations, 51 students ×2 questions ×2 groups). The students were then classified into correct or incorrect prediction 
groups, depending on whether correct or incorrect diagnoses were predicted from the clinical information, respectively.

Table 1 Diagnostic accuracy of auscultation without clinical in-
formation and with clinical information

Without clinical  
information 
(n=204)

With clinical 
information 
(n=204)

Correct diagnosis, n (%) 111 (54.4) 128 (62.7)
Incorrect diagnosis, n (%) 93 (45.6) 76 (37.3)

Note: No significant differences were noted between the students without clinical 
information and with clinical information (P=0.09).
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(87.2%), while a correct diagnosis was only made in 26/87 

examinations (29.9%) by the incorrect prediction group. The 

diagnostic accuracy of auscultation was significantly higher 

in the correct prediction group (P=0.006) (Table 2). When 

the students without clinical information and the incorrect 

prediction group were compared, performing auscultation 

without clinical information led to a correct diagnosis in 

111/204 examinations (54.4%), while a correct diagnosis was 

made only in 26/87 examinations (29.9%) in the incorrect 

prediction group, and the diagnostic accuracy of ausculta-

tion was significantly lower in the incorrect prediction group 

(P,0.001) (Table 3). There was no relationship between the 

number of correct diagnoses made by auscultation without 

clinical information and the number of correct predictions 

made with clinical information (P=0.446) (Table 4).

Discussion
This study showed that simply being provided with clinical 

information from the history did not affect the diagnostic 

accuracy of auscultation by medical students. However, 

the diagnostic accuracy of auscultation increased when 

the correct diagnosis was predicted from the history, while 

it decreased when an incorrect diagnosis was predicted. 

Accordingly, the diagnostic accuracy of auscultation was 

influenced by whether or not the medical students made a 

correct diagnostic prediction from the history.

Our finding that obtaining the history alone did not affect 

the diagnostic accuracy of auscultation is not consistent 

with the report of Sibbald et al,4 who concluded that obtain-

ing the history improved the diagnostic accuracy of physical 

examination. However, Sibbald et al4 provided a history 

that allowed easy diagnosis, and the accuracy of diagnostic 

prediction based on the history alone was 86.0%, which was 

higher than in our study (57.4%). We provided the partici-

pants in the present study with more difficult histories, and 

fewer participants could make a correct diagnostic prediction 

compared with Sibbald’s study, which could explain why the 

availability or lack of clinical information did not influence 

the diagnostic accuracy of auscultation in our study.

Table 2 Diagnostic accuracy of auscultation in the correct 
prediction group and incorrect prediction group

Correct  
prediction group 
(n=117)

Incorrect  
prediction group 
(n=87)

Correct diagnosis, n (%) 102 (87.2) 26 (29.9)
Incorrect diagnosis, n (%) 15 (12.8) 61 (70.1)

Note: The correct diagnosis rate of auscultation was significantly higher in the 
correct prediction group than in the incorrect prediction group (P=0.006).

Table 3 Diagnostic accuracy of auscultation without clinical 
information and in the incorrect prediction group

Without clinical  
information 
(n=204)

Incorrect  
prediction group 
(n=87)

Correct diagnosis, n (%) 111 (54.4) 26 (29.9)
Incorrect diagnosis, n (%) 93 (45.6) 61 (70.1)

Note: The correct diagnosis rate of auscultation was significantly higher without 
clinical information than in the incorrect prediction group (P,0.001).

Table 4 Relation of correct diagnoses made after auscultation 
without clinical information to correct diagnoses predicted with 
clinical information

With clinical information 
Number of correct predictions

0 1 2

Without clinical  
information
Number of  
correct diagnoses

0 6 (28.6%) 11 (52.4%) 4 (19.0%)
1 9 (17.6%) 24 (47.1%) 18 (35.3%)
2 5 (16.7%) 12 (40.0%) 13 (43.3%)
Total 20 (20.6%) 47 (50.0%) 35 (29.4%)

Note: There was no relation between the number of correct diagnoses made 
by auscultation without clinical information and the number of correct diagnoses 
predicted from the history (Fisher’s exact test, P=0.446).

Our finding that predicting the correct diagnosis from the 

history led to improved diagnostic accuracy of auscultation 

is consistent with the report by Leblanc et al,5 who stated 

that making a correct diagnostic hypothesis based on the 

history improved the accuracy of visual diagnosis. Leblanc 

et al5 considered that evaluation focused on the predicted 

diagnosis led to collection of key information and influenced 

the interpretation of data to improve the diagnostic accuracy. 

In the present study, these factors may have contributed to 

the higher diagnostic accuracy of auscultation in the correct 

prediction group.

Conversely, making an incorrect diagnostic predic-

tion from the history was associated with lower diagnostic 

accuracy of auscultation in the present study. This finding is 

consistent with the report that an incorrect history decreases 

the diagnostic accuracy of cardiac physical examination,14 

as well as reducing the accuracy of visual diagnosis15 and 

interpretation of the electrocardiogram.12 A new finding of the 

present study was that the diagnostic accuracy of examination 

was lower when an incorrect diagnostic prediction was made 

from the history than when examination was performed with 

no history. This indicates that predicting the correct diagnosis 

from the history is critical for reducing errors when perform-

ing physical examination. Although it is possible that medi-

cal students who interpret the history inaccurately may also 

be less proficient at auscultation, there was no  relationship 

 
A

dv
an

ce
s 

in
 M

ed
ic

al
 E

du
ca

tio
n 

an
d 

P
ra

ct
ic

e 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

54
.1

91
.4

0.
80

 o
n 

20
-J

un
-2

01
7

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

www.dovepress.com
www.dovepress.com
www.dovepress.com


Advances in Medical Education and Practice 2015:6 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

147

Correct prediction from history is important

between the number of correct diagnoses made without 

clinical information and the number of correct predictions 

made from the history.

Heuristic bias could explain why the diagnostic accuracy 

of auscultation was lower in the incorrect prediction group 

than when auscultation was performed without any clinical 

information. Potential heuristic biases include availability 

bias (making decisions based on information that comes to 

mind easily), anchoring bias (the tendency to place too much 

trust in the initial diagnosis), confirmation bias (the tendency 

to look for information that supports one’s hypothesis and 

ignore information that contradicts it), and premature closure 

(termination of the clinical reasoning process before reaching 

a correct diagnosis or considering alternative diagnoses).16 

In this study, confirmation bias and premature closure may 

have been involved in reducing the diagnostic accuracy of 

auscultation in the incorrect prediction group. After an incor-

rect diagnostic hypothesis was made from the history, the 

medical students may have based their final diagnosis on this 

prediction even though data obtained by auscultation were 

inconsistent with the predicted diagnosis.

In this study, approximately 30% of the students made 

an incorrect diagnostic prediction based on the history, but 

subsequently made a correct diagnosis after performing aus-

cultation (Table 2). The abovementioned electrocardiogram 

study showed that experts were less likely than beginners to 

make errors of interpretation even if they predicted an incor-

rect diagnosis from the history.12 In our study, the students 

who made an incorrect diagnostic prediction from the history 

but obtained the correct diagnosis after auscultation may have 

been more skillful at performing auscultation and capable of 

detecting disease-specific findings, and thus made a correct 

diagnosis based on their findings without being derailed by 

confirmation bias and premature closure.

This study had several limitations. First, the subjects 

were medical students with limited clinical experience, so 

the present findings may not be applicable to physicians with 

greater skill in performing physical examination. Second, 

the level of confidence that subjects had in the preliminary 

diagnosis made from the history was not evaluated. If the 

level of confidence is low, confirmation bias and premature 

closure will have little effect even if an incorrect diagnostic 

prediction is made, and a decrease in the diagnostic accuracy 

of physical examination may not occur.

Conclusion
Obtaining a history does not improve the diagnostic accuracy 

of physical examination. However, accurately predicting 

the diagnosis from the history is important, because it is 

associated with a higher diagnostic accuracy of physical 

examination, while incorrect prediction decreases the diag-

nostic accuracy of examination.

Author contributions
KS, MI, YO, MM, and SS designed and coordinated the 

study. YO, MH, KN, TT, and TU carried out data analysis and 

interpretation. KS, MI, YO, and MM drafted the manuscript. 

SS, MH, KN, TT, and TU revised it for important intellectual 

content. All authors read and approved the final manuscript 

and agree to be accountable for all aspects of the work in 

ensuring that questions related to the accuracy or integrity 

of any part of the work are appropriately investigated and 

resolved.

Disclosure
The authors report no conflicts of interest in this work.

References
 1. Gandhi TK, Kachalia A, Thomas EJ, et al. Missed and delayed diagnoses 

in the ambulatory setting: a study of closed malpractice claims. Ann 
Intern Med. 2006;145:488–496.

 2. Yudkowsky R, Otaki J, Lowenstein T, Riddle J, Nishigori H, Bordage G. 
A hypothesis-driven physical examination learning and assessment 
procedure for medical students: initial validity evidence. Med Educ. 
2009;43:729–740.

 3. Riegelman RK. Minimizing Medical Mistakes: The Art of Medical 
Decision Making. Boston, MA: Little, Brown and Company; 1991.

 4. Sibbald M, Panisko D, Cavalcanti RB. Role of clinical context in 
residents’ physical examination diagnostic accuracy. Med Educ. 
2011;45:415–421.

 5. Leblanc VR, Brooks LR, Norman GR. Believing is seeing: the influence 
of a diagnostic hypothesis on the interpretation of clinical features. Acad 
Med. 2002;77:67–69.

 6. Doubilet P, Herman PG. Interpretation of radiographs: effect of clinical 
history. AJR Am J Roentgenol. 1981;137:1055–1058.

 7. Houssami N, Irwig L, Simpson JM, McKessar M, Blome S, Noakes J. 
The influence of clinical information on the accuracy of diagnostic 
mammography. Breast Cancer Res Treat. 2004;85:223–228.

 8. Suzuki S, Ikusaka M, Ohira Y, et al. Effect of diagnostic predictions 
combined with clinical information on avoiding perceptual errors of 
computed tomography. Jpn J Radiol. 2013;31:731–736.

 9. Leslie A, Jones AJ, Goddard PR. The influence of clinical information on 
the reporting of CT by radiologists. Br J Radiol. 2000;73:1052–1055.

 10. Filippone A, Cianci R, Iezzi R, Legnini M, Storto ML. Effect of clinical 
history in focal liver lesion detection and classification on 4-detector 
row computed tomography and gadoxetic acid enhanced MR imaging 
in oncologic patients. J Comput Assist Tomogr. 2009;33:851–857.

 11. Dhingsa R, Qayyum A, Coakley FV, et al. Prostate cancer localization 
with endorectal MR imaging and MR spectroscopic imaging: effect of 
clinical data on reader accuracy. Radiology. 2004;230:215–220.

 12. Hatala R, Norman GR, Brooks LR. Impact of a clinical scenario 
on accuracy of electrocardiogram interpretation. J Gen Intern Med. 
1999;14:126–129.

 13. Takashina T, Shimizu M, Katayama H. A new cardiology patient 
simulator. Cardiology. 1997;88:408–413.

 14. Sibbald M, Cavalcanti RB. The biasing effect of clinical history 
on physical examination diagnostic accuracy. Med Educ. 2011;45: 
827–834.

 
A

dv
an

ce
s 

in
 M

ed
ic

al
 E

du
ca

tio
n 

an
d 

P
ra

ct
ic

e 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

54
.1

91
.4

0.
80

 o
n 

20
-J

un
-2

01
7

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

www.dovepress.com
www.dovepress.com
www.dovepress.com


Advances in Medical Education and Practice

Publish your work in this journal

Submit your manuscript here: http://www.dovepress.com/advances-in-medical-education-and-practice-journal

Advances in Medical Education and Practice is an international, peer-
reviewed, open access journal that aims to present and publish research 
on Medical Education covering medical, dental, nursing and allied 
health care professional education. The journal covers undergraduate 
education, postgraduate training and continuing medical education 

including emerging trends and innovative models linking education, 
research, and health care services. The manuscript management system 
is completely online and includes a very quick and fair peer-review 
system. Visit http://www.dovepress.com/testimonials.php to read real 
quotes from published authors.

Advances in Medical Education and Practice 2015:6submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

Dovepress

148

Shikino et al

 15. Leblanc VR, Norman GR, Brooks LR. Effect of a diagnostic suggestion 
on diagnostic accuracy and identification of clinical features. Acad Med. 
2001;76:18–20.

 16. Norman G. Dual processing and diagnostic errors. Adv Health Sci Educ 
Theory Pract. 2009;14:37–49.

 
A

dv
an

ce
s 

in
 M

ed
ic

al
 E

du
ca

tio
n 

an
d 

P
ra

ct
ic

e 
do

w
nl

oa
de

d 
fr

om
 h

ttp
s:

//w
w

w
.d

ov
ep

re
ss

.c
om

/ b
y 

54
.1

91
.4

0.
80

 o
n 

20
-J

un
-2

01
7

F
or

 p
er

so
na

l u
se

 o
nl

y.

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.dovepress.com/advances-in-medical-education-and-practice-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


