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can be expertly administered.18 Ideally, as many patients
as possible would be treated within 90 or 120 minutes of
onset, when benefit is maximal. The time has come for
proponents of thrombolysis and reformed thrombolytic
contrarians to join together to improve systems of acute
stroke care worldwide so that more properly evaluated,
properly selected, and properly informed stroke patients
can be treated with intravenous thrombolytics within
three hours of onset.

JLS, CSK, and SS have served as site investigators in acute stroke
clinical trials sponsored by several (15, 11, and 17 respectively)
pharmaceutical and biotechnology companies, including
Genentech and Boehringer-Ingelheim; have received speaking
honorariums from several (12, 5, 8) pharmaceutical companies,
including Genentech and Boehringer-Ingelheim; and have
served as consultants on scientific advisory boards for several (7,
1, 5) pharmaceutical and biotechnology companies developing
acute stroke treaments, including Boehringer-Ingelheim and
Genentech.
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Evidence base of clinical diagnosis
Clinical problem solving and diagnostic decision making:
selective review of the cognitive literature
Arthur S Elstein, Alan Schwarz

This article reviews our current understanding of the
cognitive processes involved in diagnostic reasoning in
clinical medicine. It describes and analyses the psycho-
logical processes employed in identifying and solving
diagnostic problems and reviews errors and pitfalls in
diagnostic reasoning in the light of two particularly
influential approaches: problem solving1–3 and decision
making.4–8 Problem solving research was initially aimed
at describing reasoning by expert physicians, to
improve instruction of medical students and house
officers. Psychological decision research has been
influenced from the start by statistical models of
reasoning under uncertainty, and has concentrated on
identifying departures from these standards.

Problem solving
Diagnosis as selecting a hypothesis
The earliest psychological formulation viewed diagnos-
tic reasoning as a process of testing hypotheses.
Solutions to difficult diagnostic problems were found by
generating a limited number of hypotheses early in the
diagnostic process and using them to guide subsequent
collection of data.1 Each hypothesis can be used to pre-
dict what additional findings ought to be present if it
were true, and the diagnostic process is a guided search
for these findings. Experienced physicians form hypoth-
eses and their diagnostic plan rapidly, and the quality of
their hypotheses is higher than that of novices. Novices

struggle to develop a plan and some have difficulty mov-
ing beyond collection of data to considering possibilities.

Summary points

Problem solving and decision making are two
paradigms for psychological research on clinical
reasoning, each with its own assumptions and
methods

The choice of strategy for diagnostic problem
solving depends on the perceived difficulty of the
case and on knowledge of content as well as
strategy

Final conclusions should depend both on prior
belief and strength of the evidence

Conclusions reached by Bayes’s theorem and
clinical intuition may conflict

Because of cognitive limitations, systematic biases
and errors result from employing simpler rather
than more complex cognitive strategies

Evidence based medicine applies decision theory
to clinical diagnosis
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It is possible to collect data thoroughly but
nevertheless to ignore, to misunderstand, or to
misinterpret some findings, but also possible for a
clinician to be too economical in collecting data and
yet to interpret accurately what is available. Accuracy
and thoroughness are analytically separable.

Pattern recognition or categorisation
Expertise in problem solving varies greatly between
individual clinicians and is highly dependent on the
clinician’s mastery of the particular domain.9 This find-
ing challenges the hypothetico-deductive model of
clinical reasoning, since both successful and unsuccess-
ful diagnosticians use hypothesis testing. It appears
that diagnostic accuracy does not depend as much on
strategy as on mastery of content. Further, the clinical
reasoning of experts in familiar situations frequently
does not involve explicit testing of hypotheses.3 10–12

Their speed, efficiency, and accuracy suggest that they
may not even use the same reasoning processes as
novices.11 It is likely that experienced physicians use a
hypothetico-deductive strategy only with difficult cases
and that clinical reasoning is more a matter of pattern
recognition or direct automatic retrieval. What are the
patterns? What is retrieved? These questions signal a
shift from the study of judgment to the study of the
organisation and retrieval of memories.

Viewing the process of diagnosis assigning a case
to a category brings some other issues into clearer view.
How is a new case categorised? Two competing
answers to this question have been put forward and
research evidence supports both. Category assignment
can be based on matching the case to a specific
instance (“instance based” or “exemplar based”
recognition) or to a more abstract prototype. In the
former, a new case is categorised by its resemblance to
memories of instances previously seen.3 11 This model
is supported by the fact that clinical diagnosis is
strongly affected by context—for example, the location
of a skin rash on the body—even when the context
ought to be irrelevant.12

The prototype model holds that clinical experience
facilitates the construction of mental models, abstrac-
tions, or prototypes.2 13 Several characteristics of
experts support this view—for instance, they can better
identify the additional findings needed to complete a
clinical picture and relate the findings to an overall
concept of the case. These features suggest that better
diagnosticians have constructed more diversified and
abstract sets of semantic relations, a network of links
between clinical features and diagnostic categories.14

The controversy about the methods used in
diagnostic reasoning can be resolved by recognising
that clinicians approach problems flexibly; the method
they select depends upon the perceived characteristics
of the problem. Easy cases can be solved by pattern
recognition: difficult cases need systematic generation
and testing of hypotheses. Whether a diagnostic prob-

lem is easy or difficult is a function of the knowledge
and experience of the clinician.

The strategies reviewed are neither proof against
error nor always consistent with statistical rules of
inference. Errors that can occur in difficult cases in
internal medicine include failure to generate the
correct hypothesis; misperception or misreading the
evidence, especially visual cues; and misinterpretations
of the evidence.15 16 Many diagnostic problems are so
complex that the correct solution is not contained in
the initial set of hypotheses. Restructuring and
reformulating should occur as data are obtained and
the clinical picture evolves. However, a clinician may
quickly become psychologically committed to a
particular hypothesis, making it more difficult to
restructure the problem.

Decision making
Diagnosis as opinion revision
From the point of view of decision theory, reaching a
diagnosis means updating opinion with imperfect
information (the clinical evidence).8 17 The standard
rule for this task is Bayes’s theorem. The pretest prob-
ability is either the known prevalence of the disease or
the clinician’s subjective impression of the probability
of disease before new information is acquired. The
post-test probability, the probability of disease given
new information, is a function of two variables, pretest
probability and the strength of the evidence, measured
by a “likelihood ratio.’’

Bayes’s theorem tells us how we should reason, but
it does not claim to describe how opinions are revised.
In our experience, clinicians trained in methods of evi-
dence based medicine are more likely than untrained
clinicians to use a Bayesian approach to interpreting
findings.18 Nevertheless, probably only a minority of
clinicians use it in daily practice and informal methods
of opinion revision still predominate. Bayes’s theorem
directs attention to two major classes of errors in clini-
cal reasoning: in the assessment of either pretest prob-
ability or the strength of the evidence. The psychologi-
cal study of diagnostic reasoning from this viewpoint
has focused on errors in both components, and on the
simplifying rules or heuristics that replace more
complex procedures. Consequently, this approach has
become widely known as “heuristics and biases.”4 19

Errors in estimation of probability
Availability—People are apt to overestimate the
frequency of vivid or easily recalled events and to
underestimate the frequency of events that are either
very ordinary or difficult to recall. Diseases or injuries
that receive considerable media attention are often
thought of as occurring more commonly than they
actually do. This psychological principle is exemplified
clinically in the overemphasis of rare conditions,
because unusual cases are more memorable than rou-
tine problems.

Representativeness—Representativeness refers to
estimating the probability of disease by judging how
similar a case is to a diagnostic category or prototype.
It can lead to overestimation of probability either by
causing confusion of post-test probability with test sen-
sitivity or by leading to neglect of base rates and
implicitly considering all hypotheses equally likely. This

Problem solving strategies
• Hypothesis testing
• Pattern recognition (categorisation)
• By specific instances
• By general prototypes
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is an error, because if a case resembles disease A and
disease B equally, and A is much more common than
B, then the case is more likely to be an instance of A.
Representativeness is associated with the “conjunction
fallacy”—incorrectly concluding that the probability of
a joint event (such as the combination of findings to
form a typical clinical picture) is greater than the prob-
ability of any one of these events alone.

Probability transformations
Decision theory assumes that in psychological process-
ing of probabilities, they are not transformed from the
ordinary probability scale. Prospect theory was formu-
lated as a descriptive account of choices involving gam-
bling on two outcomes,20 and cumulative prospect
theory extends the theory to cases with multiple
outcomes.21 Both prospect theory and cumulative pros-
pect theory propose that, in decision making, small
probabilities are overweighted and large probabilities
underweighted, contrary to the assumption of standard
decision theory. This “compression” of the probability
scale explains why the difference between 99% and
100% is psychologically much greater than the
difference between, say, 60% and 61%.22

Support theory
Support theory proposes that the subjective probabil-
ity of an event is inappropriately influenced by how
detailed the description is. More explicit descriptions
yield higher probability estimates than compact,
condensed descriptions, even when the two refer to
exactly the same events. Clinically, support theory pre-
dicts that a longer, more detailed case description will
be assigned a higher subjective probability of the index
disease than a brief abstract of the same case, even if
they contain the same information about that disease.
Thus, subjective assessments of events, while often nec-
essary in clinical practice, can be affected by factors
unrelated to true prevalence.23

Errors in revision of probability
In clinical case discussions, data are presented sequen-
tially, and diagnostic probabilities are not revised as
much as is implied by Bayes’s theorem8; this phenom-
enon is called conservatism. One explanation is that
diagnostic opinions are revised up or down from an
initial anchor, which is either given in the problem or
subjectively formed. Final opinions are sensitive to the
starting point (the “anchor”), and the shift (“adjust-
ment”) from it is typically insufficient.4 Both biases will
lead to collecting more information than is necessary
to reach a desired level of diagnostic certainty.

It is difficult for everyday judgment to keep
separate accounts of the probability of a disease and
the benefits that accrue from detecting it. Probability

revision errors that are systematically linked to the per-
ceived cost of mistakes show the difficulties experi-
enced in separating assessments of probability from
values, as required by standard decision theory. There
is a tendency to overestimate the probability of more
serious but treatable diseases, because a clinician would
hate to miss one.24

Bayes’s theorem implies that clinicians given
identical information should reach the same diagnostic
opinion, regardless of the order in which information
is presented. However, final opinions are also affected
by the order of presentation of information. Infor-
mation presented later in a case is given more weight
than information presented earlier.25

Other errors identified in data interpretation
include simplifying a diagnostic problem by interpret-
ing findings as consistent with a single hypothesis, for-
getting facts inconsistent with a favoured hypothesis,
overemphasising positive findings, and discounting
negative findings. From a Bayesian standpoint, these
are all errors in assessing the diagnostic value of clini-
cal evidence—that is, errors in implicit likelihood ratios.

Educational implications
Two recent innovations in medical education, problem
based learning and evidence based medicine, are con-
sistent with the educational implications of this
research. Problem based learning can be understood
as an effort to introduce the formulation and testing of
clinical hypotheses into the preclinical curriculum.26

The theory of cognition and instruction underlying
this reform is that since experienced physicians use this
strategy with difficult problems, and since practically
any clinical situation selected for instructional pur-
poses will be difficult for students, it makes sense to
provide opportunities for students to practise problem
solving with cases graded in difficulty. The finding of
case specificity showed the limits of teaching a general
problem solving strategy. Expertise in problem solving
can be separated from content analytically, but not in
practice. This realisation shifted the emphasis towards
helping students acquire a functional organisation of
content with clinically usable schemas. This goal
became the new rationale for problem based
learning.27

Evidence based medicine is the most recent, and by
most standards the most successful, effort to date to
apply statistical decision theory in clinical medicine.18 It
teaches Bayes’s theorem, and residents and medical
students quickly learn how to interpret diagnostic
studies and how to use a computer based nomogram
to compute post-test probabilities and to understand
the output.28

Conclusion
We have selectively reviewed 30 years of psychological
research on clinical diagnostic reasoning. The problem
solving approach has focused on diagnosis as hypoth-
esis testing, pattern matching, or categorisation. The
errors in reasoning identified from this perspective
include failure to generate the correct hypothesis; mis-
perceiving or misreading the evidence, especially visual
cues; and misinterpreting the evidence. The decision
making approach views diagnosis as opinion revision

Heuristics and biases
• Availability
• Representativeness
• Probability transformations
• Effect of description detail
• Conservatism
• Anchoring and adjustment
• Order effects
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with imperfect information. Heuristics and biases in
estimation and revision of probability have been the
subject of intense scrutiny within this research
tradition. Both research paradigms understand judg-
ment errors as a natural consequence of limitations in
our cognitive capacities and of the human tendency to
adopt short cuts in reasoning.

Both approaches have focused more on the
mistakes made by both experts and novices than on
what they get right, possibly leading to overestimation
of the frequency of the mistakes catalogued in this arti-
cle. The reason for this focus seems clear enough: from
the standpoint of basic research, errors tell us a great
deal about fundamental cognitive processes, just as
optical illusions teach us about the functioning of the
visual system. From the educational standpoint, clinical
instruction and training should focus more on what
needs improvement than on what learners do
correctly; to improve performance requires identifying
errors. But, in conclusion, we emphasise, firstly, that the
prevalence of these errors has not been established;
secondly, we believe that expert clinical reasoning is
very likely to be right in the majority of cases; and,
thirdly, despite the expansion of statistically grounded
decision supports, expert judgment will still be needed
to apply general principles to specific cases.

Preparation of this review was supported in part by grant RO1
LM5630 from the National Library of Medicine.

Competing interests: None declared.
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The BMJ as recreational reading

My partners in the practice think it rather odd when I tell them I
take a bundle of unread BMJs from the preceding three months
on holiday with me, for recreational reading. Relax, they say, get
away from medicine for a while. But they are wrong. Apart from
the benefit that, when read, I can discard them, giving me extra
room in the case for packing books to take home, I do find
reading several BMJs in rapid sequence very relaxing.

Looking back to childhood, I remember my elder brother
returning from boarding school and sitting himself happily in an
armchair with a pile of copies of the Eagle comic from the
preceding school term and reading them in rapid sequence. Not
for him the agonising wait for a week to see what has happened
to the Mekon and Dan Dare. He could enjoy it all at one go.

It is a bit like that for me and the BMJ. You get into a good
rhythm and, for example, can follow trends in the News sections
all at once, as it were. My system starts with a scan through the
Editor’s Choice, a steady flick through from there on, homing in
on any article of particular interest. With the recent editorial
policy of publishing a set of letters commenting on a particular
controversy some time after the instigating paper, I can often
read the comments almost at the same time as the offending
piece, so it is fresh in my mind (a recent example is the editorial
on cheating at medical school (12 August 2000) and the
subsequent letters).

Reading the BMJ as a recreation means that I can spend as
long as I like on any particular article and relish the lighter
“magazine” articles, Minerva, and the Fillers. Certain items

achieve a particular status for me—these are the ones I carefully
tear out of the issue in question and preserve for further action
on return to work. Choosing what is worthy of preservation will
always, of course, be a very personal thing.

On my last holiday, I preserved a Minerva piece on marinating
cheese; an editorial describing problems with attention deficit
hyperactivity disorder; another Minerva piece on rowing and
backache to show my son in law, who suffered from just such a
problem; advice for health in old age; a review of Tim Albert’s
latest book on medical writing; a description of emergency care
on aircraft flights; advice on when to use dummies in babies
(Minerva again); a wonderfully succinct guide to gallstone disease;
and a Filler of tips by a ship’s doctor.

I recommend the exercise. Of course, I should read my copies
of the BMJ when I receive them, and I do always return from
holiday with this firm intention. . .

Selwyn Goodacre general practitioner, Swadlincote, Derbyshire

We welcome articles up to 600 words on topics such as
A memorable patient, A paper that changed my practice, My most
unfortunate mistake, or any other piece conveying instruction,
pathos, or humour. If possible the article should be supplied on a
disk. Permission is needed from the patient or a relative if an
identifiable patient is referred to. We also welcome contributions
for “Endpieces,” consisting of quotations of up to 80 words (but
most are considerably shorter) from any source, ancient or
modern, which have appealed to the reader.
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epithelium of lenses in our trial was, however, less than
the minimum dose reported to cause cataract (200
cGy).5 6 In addition � radiation is often used on bare
sclera to treat pterygia. Despite a larger dose of
radiation to the lens, cataract is not common. Finally,
radiation induced cataract is a characteristic pattern of
cortical opacity, starting at the site of application.7 This
pattern was not observed in our patients.

Extremely shallow anterior chambers have been
linked with cataract formation.8 9 In our study such
chambers were rare. It has also been suggested,
although reports vary, that eyes with slightly low
intraocular pressures may be at higher risk of cataract
formation.10 11 Lower intraocular pressures in the �
radiation arm could explain some of the increase in
cataract risk.

We observed a higher incidence of mild uveitis
among the radiation group. After controlling for this,
evidence of an association between � radiation and risk
of cataract remained. Uveitis therefore does not
explain all of the increased risk.

The use of steroids during the postoperative period
may induce cataract formation but would require
differential use between the two groups. Randomisa-
tion and a similar pattern of follow-up visits in the two
groups make this less likely.

� radiation is carried out at the time of original
glaucoma drainage surgery and does not require post-
operative compliance or direct costs. It has a major,
clinically important benefit on control of intraocular
pressure and has appeal in resource poor settings.

Although blindness caused by cataract is reversible,
blindness caused by glaucoma is not. Restoration of
vision with subsequent cataract surgery must represent
a better outcome than permanent blindness from
glaucoma.

We thank Peter Constable, Rosemary Foley, Casper Willemse,
and Louis Goedhals for information and advice on � radiation;
Johan van den Berg, Asgar Sahib, Rossi Stoyanova, Hendrick
van Wyk, and Anthony Zabarowski for preliminary data analysis,
quality control, and clinical support. Data collection and exami-
nation support was also undertaken by James Beatty, Jan Botha,
Hussein Dawood, Stefano Gugliametti, Anton van Heerden,
Sumaya Karrim, Kapil Moodley, Wayne Marais, Daniel Senekal,
and Vanessa Thundstrum. We also thank the patients for their
input and the community members who assisted in tracking
down and encouraging maximum returns for review.
Contributors: See bmj.com.
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Nos 068244 and 056045). Professors Gordon Johnson and Peng
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Competing interests: None declared.
Ethical approval: This study was approved by the research ethics
committees of all included centres, along with the Institute of
Ophthalmology.
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Corrections and clarifications

August is medical staffing month
Iain Varley, the author of this filler article (BMJ
2006;333:751, 7 Oct), has asked us to point out that
the medical staffing department that he criticised
was not that of York Hospital, whose address he
gave as the place where he was working at the time.
The BMJ apologises for a failure of communication
that meant we didn’t edit the filler to make this
clear.

Watchdog brands two thirds of NHS trusts as “fair” or
“weak”
After we went to press, we were alerted to an error
in one of the Health Commission’s results given in
this news article by Adrian O’Dowd (BMJ
2006;333:769, 14 Oct). In the fifth paragraph, we
said that, of all the NHS trusts in England
examined in the commission’s annual “health
check,” primary care trusts performed least well,
with 78% of them being rated as “fair or weak.” In
fact, the percentage should have been 70%.

Anaesthesia, Elvis, and lawnmowers
The Association of Anaesthetists’ Anaesthesia
Heritage Centre mentioned by M Dylan Bould in
this filler article (BMJ 2006;333:793, 14 Oct) is at
21 Portland Place (not Portland Road), London
W1B 1PY (see www.aagbi.org/ for more details).

Clinical problem solving and diagnostic decision
making: selective review of the cognitive literature
A misspelling of an author’s name has rather
belatedly been brought to our attention. In this
Education and Debate article by Arthur S Elstein
and Alan Schwartz, we wrongly omitted the “t”
from the second author’s name (BMJ
2002;324:729-32).

What is already known on this topic

The efficacy of glaucoma surgery in South Africa
is limited by postoperative scarring

No universally accepted method exists for dealing
with this problem

What this study adds

� radiation as an adjunct to glaucoma drainage
surgery in South African patients significantly
improves surgical success rates over at least two
years

The radiation group seemed to develop an excess
of cataract
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