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Availability Bias Causes Misdiagnoses by Physicians:
Direct Evidence from a Randomized Controlled Trial

Ping Li, Zi yan Cheng and Gui lin Liu

Abstract:
Objective Empirical evidence on the availability bias associated with diagnostic errors is still insufficient.

We investigated whether or not recent experience with clinical problems can lead physicians to make diag-

nostic errors due to availability bias and whether or not reflection counteracts this bias.

Methods Forty-six internal medicine residents were randomly divided into a control group (CG) and ex-

perimental group (EG). Among the eight clinical cases used in this study, three experimental cases were simi-

lar to the disease of dengue fever (DF) but exhibited different diagnoses, one was actually DF, and the other

four filler cases were not associated with DF. First, only the EG received information on DF, while the CG

knew nothing about this study. Then, six hours later, all participants were asked to diagnose eight clinical

cases via nonanalytic reasoning. Finally, four cases were diagnosed again via reflective reasoning.

Results In stage 2, the average score of the CG in the diagnosis of experimental cases was significantly

higher than that of the filler cases (0.80 vs. 0.59, p<0.01), but the EG’s average score in the two types of

cases was not significantly different (0.66 vs. 0.64, p=0.756). The EG and CG had significantly different

scores for each experimental case, while no difference was observed in the filler cases. The proportion of dis-

eases incorrectly diagnosed as DF among experimental cases ranged from 71% to 100% in the EG. There

were no significant differences between the mean diagnostic accuracy scores obtained by nonanalytic reason-

ing and those obtained by the reflective reasoning in any cases.

Conclusion Availability bias led to diagnostic errors. Misdiagnoses cannot always be repaired solely by

adopting a reflective approach.
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Introduction

People, including physicians, often do not use calculated

or rational decision strategies, instead relying on heuristics

strategies to make decisions (1, 2). Heuristics can reduce the

time and effort in decision making but may also lead to sys-

tematic cognitive biases in medicine settings (3).

Many studies have reported that heuristics biases play an

important role in medical diagnostic errors (4-7), which are

most prevalent in internal, family and emergency medi-

cine (8-10). There are over 50 heuristics related to the cog-

nitive biases (11), and physicians’ use of the availability

heuristic is one of the most common cognitive biases related

to diagnostic errors (12). The availability bias is the ten-

dency to overestimate the likelihood of events when they

readily come to mind (13). Thus, physicians who are influ-

enced by a recent experience with a certain kind of disease

may be more likely to diagnose other similar diseases as

that particular disease.

There have been many descriptive studies on availability

bias, but to our knowledge, only two experimental studies

have been conducted: one by Mamede and one by

Schmidt (14, 15). More direct evidence is therefore neces-

sary to understand what roles availability biases play in

physicians’ diagnostic errors. In this study, we used the defi-

nition of diagnostic errors established by the National Acad-

emy of Medicine: the failure to establish an accurate and
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Figure.　Research flowchart.

timely explanation of the patient’s health problem or com-

municate that explanation to the patient.

Experimental studies provide more direct evidence than

descriptive studies. However, only the diagnostic accuracy

from filler cases and experimental cases on their own is

compared in these studies (14, 15). In Mamede’s study, it

was argued that participants were affected by availability

bias (14). However, that conclusion was based on the as-

sumption that there was no difference in participants’

knowledge between the experimental cases and the filler

cases. If participants’ knowledge of filler cases and experi-

mental cases differs due, for example, to differences in par-

ticipants’ clinical experiences or for other reasons, the par-

ticipants’ diagnostic accuracy may differ between experi-

mental cases and filler cases, giving a false-positive result.

Unfortunately, previous studies (14, 15) have simply as-

sumed that there were no differences in participants’ knowl-

edge between filler and experimental cases, and no strict

tests to confirm this were conducted.

Once availability bias has been documented, it is particu-

larly important to find ways to counteract a physicians’

availability bias. One way to counteract such biases, as sug-

gested by previous studies (7, 14-16), is to encourage physi-

cians to adopt more reflective reasoning, which is analytical

in nature and requires careful and effort-driven consideration

of the findings of a case. However, while some studies have

found support for the claim that reflection can lead to a

more accurate diagnosis, this finding is not completely uni-

versal (17, 18). Mamede et al. also argued that diagnostic

errors are actually more likely to be provoked by reasoning

processes, as the errors made by participants due to nonana-

lytic reasoning can be repaired by reflective reasoning (14).

Except for recent experience with clinical problems, the

diagnostic reasoning mode or the physicians’ knowledge

about experimental cases and filler cases also contribute to

significant differences in the diagnostic accuracy. However,

due to limitations in the study design, the previous studies

cannot distinguish one reason from the other two in a spe-

cific case.

Therefore, evidence concerning the availability bias in

medical diagnosis is still unclear, and more rigorous experi-

ments, such as randomized controlled trials, should be con-

ducted.

In this study, several blank control trials and strict tests

were performed in order to exclude the possibility of false-

positive results caused by difference in participants’ knowl-

edge between filler and experimental cases. The present

study thus investigated whether or not availability bias oc-

curs after physicians were given specific disease informa-

tion. This study also explored whether or not reflection can

counteract the availability bias and produce significant im-

provements in the diagnostic accuracy.

Materials and Methods

Participants

The 46 volunteers for this study were internal medicine

residents from the Second Affiliated Hospital & Yuying

Children’s Hospital of Wenzhou Medical University in Zhe-

jiang Province, China. The participants were invited for the

study through their residency program directors. They were

randomly divided into two groups, each with 23 residents: a

blank control group (CG) and an experimental group (EG).

This study was approved by the ethics committee of Wen-

zhou Medical University.

Study design and procedure

This study consisted of three stages and was conducted

sequentially in one day. The procedure is shown in Figure.

In stage 1, the EG was asked to view a news video about

dengue fever (DF), which had recently been reported in the

mass media. They then received a copy of a DF entry from

Baidu encyclopedia, a popular online encyclopedia in China,

and were requested to evaluate the accuracy and complete-

ness of statements about the epidemiology, transmission,

symptoms and laboratory tests encountered in the text. Sub-

sequently, they wrote down the inaccurate and incomplete

statements and assigned a score to the entry on a five-point

scale. After completing that test, the EG were thanked for

their contributions, and then they returned to their daily

clinical work. During stage 1, the CG did not receive any

information about DF and knew nothing about the experi-

ment.

In stage 2, which was conducted about six hours later, the

EG and CG were asked to diagnose eight clinical cases.

Great care was taken to ensure that stage 2 appeared to be

an unrelated study.
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In stage 2, the participants were required to diagnose the

cases described in the reading materials under the supervi-

sion of an experimenter who had not appeared in stage 1.

The eight clinical cases were based on actual patients

with a confirmed diagnosis that had been prepared and

judged by two experts of internal medicine. These 2 experts,

each with over 10 years’ experience in clinical practice and

teaching internal medicine, were not a part of this study and

were not aware of the study hypothesis or the DF entry. One

expert prepared the case, and the other checked it and con-

firmed the diagnosis.

Four of the eight cases were “filler” cases, in which the

descriptions of clinical manifestations were unrelated to

those frequently encountered in patients with DF. The re-

maining cases were “experimental” cases, among which

three had clinical manifestations similar to DF but had dif-

ferent diagnoses, while the other was consistent with DF.

The diseases of bronchiectasis, alcoholic hepatitis, lung can-

cer and acute left heart failure were designated as filler

cases, and measles, scarlatina, DF and typhia were treated as

experimental cases.

Each case included a brief description of the patient’s

medical history, signs and symptoms, test results and four

possible diagnoses (see an example of case in Box 1).

――――――――――――――――――――――――
Box 1. Example of a Case (Diagnosis: DF fever): A 42-

year-old man visited his relatives in Indonesia for 3 months

before returning to Fujian Province (located in southeast

China) in March. Five days ago, the patient presented with

sudden-onset chills with no obvious cause. An hour later, his

temperature rose to 39℃, accompanied by arthralgia, head-

ache (located behind the eyes), myalgia and asthenia. Symp-

toms of cough, pharyngalgia, nausea, vomiting, abdominal

pain, diarrhea and melena were not observed. Three days

ago, a rash described as “islands of white on a sea of red”

appeared on the face and bilateral upper limbs, and the

small red spots disappeared when the skin was pressed. Red

maculopapules the size of needle tips were also found over

both lower extremities in last three days. The patient lost his

appetite during the course of the disease. His sleep, feces

and urine were normal.

Physical Examination
No abnormalities other than mental fatigue, an acute feb-

rile appearance and a maculopapular rash were observed.

BP: 110/75 mmHg; pulse: 88/min; temperature: 38.4℃.

Laboratory Tests
White blood cells: 2.5×109/L (normal, 3.5-9.5×109/L), nor-

mal; red blood cells: 5.3×1012/L (normal, 4.0-5.5×1012/L);

hemoglobin: 157 g/L (normal, 120-160 g/L); Blood platelet:

44×109/L (normal, 100-300×109/L).

The diagnosis of this case is most likely to be:
A. Measles B. Scarlet Fever C. Dengue fever D. Typhoid

――――――――――――――――――――――――
The cases were presented on a test paper in random se-

quence. The CG and EG diagnosed the same eight cases in

stage 2. The instructions for the test paper were as follows:

“Please review the cases and then select the most likely di-

agnosis from the listed diseases. Make a decision as quickly

as possible without sacrificing accuracy.” At this stage, a

rapid and largely unconscious diagnostic approach was

adopted by the participants because of the limited amount of

time available to make the diagnosis (14).

In stage 3, each resident received another test paper that

had four cases. It included one filler cases (Bronchiectasis)

and three experimental cases (DF, measles and typhia) that

the participants had diagnosed in stage 2. To induce reflec-

tive reasoning, the participants were told that they should re-

view the four cases and comply with the instructions as fol-

lows: “1) Peruse these cases carefully again; 2) write down

your initial diagnosis for the cases in stage 2; 3) list the evi-

dence in the case statement that supports the initial diagno-

sis; 4) list the items that speak against the initial diagnosis;

5) list the evidence that should be present if the initial diag-

nosis was accurate but was not mentioned in the case.” Sub-

sequently, the participants were asked to list alternative diag-

noses if they felt that their initial diagnosis was incorrect

and to follow the same procedure (steps 3-5) for each alter-

native diagnosis considered for the case. Finally, they were

asked to draw a conclusion by writing down their final diag-

nosis for the case.

Data analyses

Information on the sex, age, years of clinical experience

and educational background of all 46 participants was col-

lected. The mean age of the participants was 27.0 years old

[standard deviation (SD)=2.16 years], and they had an aver-

age of 2.1 years of clinical experience (SD=0.95 years). The

ratio of men to women was 18:28, and there were 17 par-

ticipants with bachelor’s degrees, 26 with master’s degrees

and 3 with PhDs.

Because the data characteristics did not meet the require-

ments of parameter tests, the Mann-Whitney U test, which is

the most commonly used nonparametric test for two-

independent-sample tests, was used to compare the differ-

ences in the baseline situation between the CG and EG.

All eight cases had a specific diagnosis that could be used

as a standard to evaluate the accuracy rate of the partici-

pants’ diagnoses. The diagnoses were considered correct or

incorrect. A score of 1 was given if the participant selected

or wrote down the correct diagnosis; otherwise, 0 points

were given. For each group, the mean scores (or accuracy

rate) obtained in stages 2 and 3 for the filler and experimen-

tal cases were computed.

A second Mann-Whitney U test was performed to clarify

whether or not differences in physicians’ knowledge be-

tween the filler cases and experimental cases led to a differ-

ence in diagnostic accuracy and whether or not a false-

positive result had occurred in those studies (14, 15).

A third Mann-Whitney U test was used to compare the

diagnostic performances between the EG and CG in stage 2.

We tested the hypothesis that recent exposure to a similar

disease would induce an availability bias and that this bias
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Table　1.　The Difference of Diagnostic Accuracy Scores between the 
Experimental Cases and Filler Cases.

Group
Mean scores (SD) of all

experimental cases
Mean scores (SD) of all

filler cases
p valuea

CG 0.80 (0.212) 0.59 (0.207) 0.001*

EG 0.66 (0.234) 0.64 (0.211) 0.756

aMann-Whitney U Tests; *p<0.05. SD: standard deviation, CG: control group, EG: ex-

perimental group

Table　2.　The Mean Scores and Number of Incorrectly Diagnosed as DF in Stage 2.

Cases
Mean score (SD)

Number of incorrectly 
diagnosed as DF in gross

diagnostic errors

CG EG p valuea CGb EGb EG vs. CGc

Experimental 
cases

Measles 0.74 (0.45) 0.43 (0.51) 0.038* 4/6 11/13 +7 (100%)

Scarlatina 0.96 (0.21) 0.74 (0.45) 0.042* 1/1 5/6 +4 (80%)

DF 0.70 (0.47) 0.96 (0.21) 0.021* 0/6 0/1 -5 (100%)

Typhia 0.83 (0.39) 0.52 (0.51) 0.029* 2/4 7/11 +5 (71%)

Filler cases Bronchiectasis 0.65 (0.49) 0.52 (0.51) 0.374 - - -

Alcoholic hepatitis 0.17 (0.39) 0.30 (0.47) 0.305 - - -

Lung cancer 0.87 (0.34) 0.91 (0.29) 0.639 - - -

Acute left heart failure 0.65 (0.49) 0.83 (0.39) 0.184 - - -

aMann-Whitney U tests. *for all p<0.05. bnumber of incorrectly diagnosed as DF / all incorrect diagnostics. cthe difference of in-

correctly diagnosed as DF between CG and EG and the percentage of incorrectly diagnosed as DF in gross wrong diagnostics. 

DF: dengue fever, SD: standard deviation, CG: control group, EG: experimental group

would not occur in filler cases. The proportion of incorrect

diagnoses in stage 2 was calculated. Then the number of in-

correct diagnoses of DF between the EG and CE was com-

pared to understand the role of availability bias in physi-

cians’ diagnostic errors.

A fourth Mann-Whitney U test was used to compare the

diagnostic accuracy between participants in stage 2 (no ana-

lytical reasoning) and stage 3 (reflective reasoning). Whether

or not reflective reasoning promoted diagnostic accuracy in

the EG and CG was then assessed.

In this study, significance was set at p<0.05. The SPSS

software program, version 19 (SPSS, Chicago, USA), for

Windows was used for the analyses.

Results

All 46 residents finished the test. The Mann-Whitney U

test revealed no significant difference in the sex, age, years

of clinical practice or educational background between the

EG and CG.

The mean diagnostic accuracy scores obtained from the

experimental cases and filler cases by CG and EG in stage 2

are shown in Table 1. The Mann-Whitney U tests revealed a

significant difference in the mean diagnostic accuracy scores

between the experimental and filler cases in the CG but not

in the EG. The significant finding in the CG suggested that

the participants’ knowledge of experimental cases might

have been better than that of the filler cases. Further tests

should be performed to clarify whether or not the availabil-

ity bias caused the non-significant result in the EG.

Table 2 shows the mean scores obtained by the CG and

EG when cases were diagnosed through non-analytical rea-

soning. The Mann-Whitney U tests revealed a significant

difference in the mean diagnostic accuracy scores between

the CG and EG in experimental cases but not filler cases.

The EG score was significantly lower than the CG for the

diagnostic test except in the DF cases. This can be explained

by the fact that the EG showed higher scores in the DF

cases due to the interference of availability bias. The right-

most column of Table 2 shows that the diagnosis of other

diseases as DF by the EG primarily contributed (contribu-

tion from 71% to 100%) to the low scores for experimental

cases. Furthermore, the diagnostic accuracy of experimental

cases decreased when the EG was exposed to information

on DF in advance, as a good consistency of diagnostic accu-

racy was noted between the CG and EG in the filler cases.

Because they had not received any information on DF, the

CG was uninfluenced by such information when all cases

were diagnosed.

We may therefore draw the following inferences: 1) the

participants’ diagnostic ability for all cases did not differ

markedly between the CG and EG, 2) the information in DF

received by the EG six hours earlier did not affect the EG’s

diagnostic accuracy for filler cases, 3) the lower mean

scores for the EG than the CG in stage 2 were consistent

with an availability bias; and 4) if differences in partici-

pants’ knowledge between experimental and filler cases are

not considered, a false-positive results may be obtained.

The mean diagnostic accuracy scores obtained through

nonanalytic reasoning (stage 2) were compared with those
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Table　3.　The Mean Scores and Mann-Whitney U Tests between Stage 2 and Stage 3 
for 4 Cases.

Cases
Mean score (SD) of CG Mean score (SD) of EG

Stage 2 Stage 3 p value Stage 2 Stage 3 p value

Bronchiectasis 0.65 (0.49) 0.65 (0.49) 1.000 0.52 (0.51) 0.57 (0.51) 0.770

Measles 0.74 (0.45) 0.87 (0.34) 0.270 0.44 (0.57) 0.65 (0.49) 0.143

DF 0.70 (0.47) 0.91 (0.29) 0.066 0.96 (0.21) 0.96 (0.21) 1.000

Typhia 0.83 (0.39) 0.70 (0.47) 0.305 0.52 (0.51) 0.78 (0.42) 0.066

SD: standard deviation, CG: control group, EG: experimental group, DF: dengue fever

obtained through reflective reasoning (stage 3) by the CG

and EG for four cases (one filler cases and three experimen-

tal cases) as presented in Table 3. Our findings showed that

the changes in the mean diagnostic accuracy scores of stage

2 and stage 3 in the EG and CG were complicated, and

Mann-Whitney U tests revealed no significant difference be-

tween the scores at the two stages. Reflection therefore does

not significantly improve all participants’ diagnostic accu-

racy compared with nonanalytic reasoning. Of note, how-

ever: reflection reduced the diagnostic accuracy of the CG

in the typhia case.

Discussion

Previous studies that have investigated availability bias in

clinical settings through self-control experiments have failed

to consider differences in participants’ knowledge between

filler cases and experimental cases, potentially resulting in

false-positive results (14, 15). In the present study, a ran-

domized control trial was performed, and strict tests were

carried out to check for difference in the participants’

knowledge between the filler cases and the experimental

cases. In this way, an availability bias can be considered as

an independent variable, and more accurate results can be

acquired.

The results of this study are consistent with those of pre-

vious studies and demonstrated that diagnostic errors can

occur as a result of availability bias. Several reasons for this

are proposed. First, there was no marked difference in the

characteristics of the participants between the CG and EG,

and they used the same reasoning process (nonanalytic rea-

soning) in stage 2. If the diagnostic errors had been mainly

caused by the decision process, no marked differences in the

diagnostic accuracy scores would have been noted between

the CG and EG in all cases. Obviously, the evidence ob-

tained in this study did not support this hypothesis. The sig-

nificant differences in diagnostic accuracy scores between

the CG and EG in experimental cases can be interpreted to

mean that because the EG had recently been exposed to in-

formation on DF, placing thoughts of DF readily in their

mind, they were more likely than the CG to diagnose ex-

perimental cases as DF, and this phenomenon did not appear

in the CG because they did not receive information in ad-

vance on DF. Second, the incorrect diagnosis of other dis-

eases as DF by the EG markedly contributed (from 71% to

100%) to their lower scores for the diagnoses of the experi-

mental cases.

In previous studies on the availability bias, reflective rea-

soning has been considered an effective method for improv-

ing the diagnostic accuracy (5, 14, 15, 19). However, the

present study found that participants’ diagnostic accuracy

was not significantly improved by reflective reasoning. In

fact, surprisingly, the diagnostic accuracy of typhia by the

CG was even lower than that with nonanalytic reasoning.

Several reasons for why the diagnostic accuracy with reflec-

tive reasoning failed to achieve significant improvement are

proposed. First, if logical and analytical processes (reflective

reasoning) fail to identify and correct the errors which stem

from nonanalytic processes, then such errors will con-

tinue (18). Furthermore, when a wrong initial hypothesis is

triggered by availability bias, other biases, such as the an-

choring effect, confirmation bias and premature closure, may

activate, thereby hindering the correction of the incorrect di-

agnoses (9). For those reasons, in some cases, the diagnostic

accuracy scores did not change at all when reflective reason-

ing was introduced or actually decreased compared with

nonanalytic reasoning in the present study. The findings of

our study also agree with those of other studies (20-22),

providing some evidence to support this hypothesis (9). Sec-

ond, the diagnoses in previous studies were usually consid-

ered correct, partially correct or incorrect and scored as 1,

0.5 or 0 points (14, 15). In the present study, however, the

experts suggested that it was more appropriate to classify

the diagnosis as correct or incorrect, as a simply partially

correct diagnosis may lead to inappropriate treatment and

cause serious adverse consequences. Differences in the scor-

ing method may thus have affected the score gap between

nonanalytic and reflective reasoning. This change may also

have led to the differences in statistical results. Improving

the diagnostic accuracy by reflective reasoning remains an

issue that needs further investigation.

Nonanalytic reasoning, such as that using the availability

heuristic, is a rapid and largely unconscious diagnostic ap-

proach that can work well in many situations (23). However,

reliance on nonanalytic reasoning may be more easily af-

fected by bias than reflective reasoning (24, 25), although

diagnostic errors are not simply a consequence of over-

reliance on one way of thinking (21). Our study indicated

that availability bias is mainly prompted by recent experi-

ence with a similar disease rather than nonanalytic reasoning
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itself. This finding may provide some insight into the

mechanisms underlying availability bias.

Several limitations associated with the present study war-

rant mention. First, some degree of both nonanalytic and

analytic reasoning may take place when physicians make di-

agnostic decisions, even if one reasoning process may domi-

nate a specific scene. It is difficult to discriminate strictly

between nonanalytic and analytic reasoning through our ex-

periment design. Some degree of reflective reasoning may

therefore have occurred even though participants were asked

to respond promptly (17). Second, although the cases were

based on real patients and the tasks simulated medical

decision-making procedures, there may be some limitations

in extending our findings to real-world situations. This is be-

cause the factors that affect diagnostic decisions are always

more complex in real problem solving situations. Third, the

role of the reasoning approach in availability bias is still un-

clear, and further investigations should be performed.

Conclusion

In summary, the present study conducted several blank

control trials and strict tests to exclude potential false-

positive results caused by differences in participants’ knowl-

edge between filler cases and experimental cases, finding

that the recent experiences of participants with similar cases

induced an availability bias in medical situations. Further-

more, the availability bias seemed to account for the bulk of

diagnostic errors and was not well repaired by reflective rea-

soning.
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